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afRO PUCTION 

lbe purpos~ and org4Diz4tion ot this docuaent, 
applicable docuaents; anu the OrDiter "isaion 
Objectiwes and batiic description. are presented belov. 

UOCOftENl ~URPOSE 

Tht Pioneer-Venus vrb4ter Operational Cbaracteristics 
aocu.ent ~as 1~nerat~d Ly KugbdS Aircrait Coapany 
Detween Septea~er 1~1b and June 1911 for tb~ lat40na1 
Aeronautics and Spacd lda4nistration, 'aes iesearcb 
C~nter, under Contract .a.ber NA~ 2-~36b. The purpose 
or th~ uocuaent ~s to de&Cr~be tbe op~r~tiona1 
churacteristi~s of the Orbiter ~pacecra1t and its 
~uDsystelis in ~xt.nsiy~ d'*ta41. to tbe NASA/ABC 
personnel b~v4n9 the responsiDi14~1 tor conauct4nq the 
P~one~~-V~nus or~iter flight 4ission operations. 

BeYision ~ 

1.2 DuCUftENl O&G'Nl~A110M 

S~ctiun l is a SUIDII.U:Y Q~&CriJ!t40n of the Orb4ter 
Epacecralt at the sYSt8. level. It includes 
descr4ptiollS ot tlle no.unal Pbas~s, sys te m in terraces-, 
aud tll~ ciii'aoiliti~s ana limit-ations ot syst.em level 
p~ r±orllclnct:. 

Sect4011 ;., tH:esents orL4tE:r !:)pilcecratt. tUDct~onal and 
op~ratiofial descriptions at the subsyste. and unit 
ldvc!l. l'~le sU!Jt.letit:s 01 no:aindl operation .1S IIell as 
de tall~1l ciipaDi t4e5 and .i lJI4t~tions net ona nOllinal 
pe~iorllance are Ul.scusst!d. A co •• and and T~le.etry 
Logic rlow diagra. tor uach .l:iubsyste. is includau. 
~~ch aiagraa 4dent~ties 4n sy.bol4c logic all s~qnal 
conditioning ~ncountered along each co •• and signal 
Pdt.h 4.!tO, clnd 4r:ACn tel'*.~try signal path out, 01 tnt: 
.subs}'stell. 

Sectiua 4 ~escriues hOll to~ Oroitdr J~acecrait 
pdrtoras In hor~a~ oPdratin~ .ou~s that correspond to 
t.ll~ p~r.LOrlldnCe 01 ~pecit ic t uuctiOhS a t t~lP t~.e ot 
stJecitic l!v~nt:; in t.b~ .iss~on. Pl-4Dcipal LdCilUP 
~e~~ ot Pdrforminy tb~ notaal Or~4t~r o~erating .oues 
l1~e lLCludoo. 

Ap~~n~l~ A is a listiny ot 4!1 teleadtry grou~ed DY 
suusyste:a, and esse~ti~l pertinent u~erational 
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c"aracteristics, including s·:lurce th;riyation and po.er. 
source. Source d81:1'ation is the geDeric sigDal 
source, prior to anJ signal c~~ditioningf of the 
r~qulated or seai-regulated Yo1taqe applied to tbG 
~eDer~c 81gn41 source, a:.;tart~Dg witb the Power 80a 
Source and tracing lbe power path to the generic 
si<jDal source. 

AVpe~dix B 18 a l1Stinq ot 411 tel.a.try in 
111pbabetical order 1:\)r Ue anef:onics. It .xclu~tt. 
power sl)urce and 50urc" deriYation, repeats Itoaa 
~nforaation fro* Appendix 1, and Ancludes so •• 
additi~nal inforKat10n such a8 Por.at aasignaent and 
Ta Wor~ (and BIT) aasignaent. 

Appendix C is the coll~ction of all foldout drawinqs 
~nd di4graas r~ter~Dced throughout t~e docu.eDt. 

1.J OJUU~~B ft.t!iSIUfi ODJ.t;CTI'!S 

'lbe biUi1C spacecraft objective.s of t..be Orbiter 
Spacecraft are: (1) to establish, durin9 the 191d 
opportunity, an CL~1t about 'enUB with an appropriate 
2'4-hour p~riod, per1aps~s altitude between 1S0 and 260 
&11oaeters, a~d inClination 01 10S0, and a periapais 
location in tb~ nurthern hea~sphere; and ,2) to 
aaintain orbital cOnd1tion~ tor a ainiau. of ~~J earth 
days wbile .easur~~nts .ia use of an on-board S-band 
trans.itter; an I-band tran~aittdr (occultation data 
onlJ), and t~elye on-bo4LQ ac~Qntit~c instruaents are 
aade. 

ThU4il t.rald;aitt-:rb and instru •• nts viII pr.oyid~ data 
tbat '*111 ~ Ub~ to o4t.\sfy the scie:~tit1c obj~tiyes 
cf tb~ mission, that are: (1) Deterwin~ the detailed 
structur4il 01 tb~ up~r at.ospbe~ aDd ion08pber4il by in 
SJ.lu aeasu1:eaents, (ol) obsent! 1J:1teraction of t.he 
solar wind viLh th~ VellUS ionosphere and with 'enu. t 
5a411 .a9D~t1c 1ie10, (~) observe ~A~ cb4racteriaitcs 
ot tne dtaQS~~ere and ot ~e solid surt~ce on a 
planetary scale oJ re~ot~ sensing, (~) .e.sure the 
qI~YitatioDal tield baraonics by ~ttects OD the 
sp4CeCra(tts orbit, ana (S) detect ga •• a rAy bursts 
fur 4 s01a4 sl~tes in~r1eroaeter ndtworl. 

Twelwe s~~entJ.tl.C ezper1.~Qts 4re to be con~ucted bJ 
the twelve sCl.entiLl.r. ihStruaents, 4ntt Ll.ve ranio-
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scie~ce Qxperi.@nts ~il1 deriYe data tro. ana1,ses Q! 
t~c ra~i~ sigDais frum ib~ ~pac~cr4tt. 

1.4 hl;SlOh SJSfEftS ~LSCBlprloH 

The top··lettll ele.~nts of the vrniter !hssioal consist 
ot lh~ t.ullowilAg 5yste.s: {1» l'h~ Or·t;\i tet S~ac.acr4tt 
tbat ull )oll1.·neX to ~enus' 4 tIIo~i'here to oDt4in 
sci4tnt~fic data tot a :II,1ni.u. of 4:43 ~a~tb days in 
oroit "DOUt. h~l1us, (2) tbli: Atlas SLV-3D/Certota,'r D-1AB 
~cluncn Venicl'c? that will kll~ce t.ile Orbi ter Spacecraft 
on th~ desired ry~~ II 1nt~rplan~tary trajectory. (3) 
The D~p-$pace Metvork {DSN~ ot Earth Stations that 
will pr09iae the co~.anu and data liokB betverteo 
"ission Control and the orbiter S~ac~cr&tt. o~-'eter 
9ro~nu s~~tions vill be ij&eu tor. aan~u~e~s~ orbit 
iD~er~lon. dnu occultat..1ons. ~6-.@ter qrouna sta~ions 
viII De u£ed 00 a one-sutiou-iJaHs-per-day basis, 
o~herili!i\.~« (q, Tb~ Pioneer IS.ission o~ ra tions Cent~r 
(~~oc,. ~v~~tea at bASA-Aaes .es.arch Center. that 
includes real tiae data processiug dnd displa} 
e~uip.cnt. ott-lind pc('cessing ~tJuiJla~nt tor attitude 
delerainat.1on and pr@dl.ct.1on, 4nd tbe al.ssion 
operations tt:?aa. (!» The !'hssioll r light S~quence Plan 
anG all aD~illary rt!tcrenc~ jocuaunts a~d procedures. 
Tbe P IdD l.~ seq.~nteu i uto lI.1ne "itasl.on t.ae phas~s 
tal th~ purpose of detalled coaaunicatiYD ahead iu 
th~ ~ocua~nt. The Dint aiss~n tiae PA3ses, in 
cb runoloq iC41 orti.er dre: (1) Prela unch tnroug h des pin 
o!. dGA. (~) ltt1tude dCWral.nAtion. st",r l'urvey, and 
5(" ier,Ct' checllou l. (J) J~t C"lib.tatian snd TC~ 
(!I.d..j~tor.r CurreC'l.OfJ aaneuYtiI.·) ". (q) Ten '2. and 
cru.1s~, (5) Transaitt~r ~ower and bit rate ch4nqes, 
(b) 1CM .3 dDU <..ruise, (I) Pr~c.ss to VOl (Venus Orb.1t 
1~~rtlvn) ~tt.1tudc t~ruu9u VOl. (d) Cont.19ure 
sl-'cacaCIc1ft ~!ld tria Ol:".lJi t, (9) l!l-or!)it OVt;~-.ltiODs. 

Th~s~ Dl.ne l!l.tiS~OD Pnd.~~ cUIt"eia\." in t.1l1e to til.! 
11 I JA -A!IIe.>;· detl)H?'J 1M:! t 0.1. fili.i.isiun P bases tbdt dre 
l.l.sh~u i.n r,uu.e 1.4 -1 anli dl4t i :.Llu!arat~ in Figure 
1.14-1. nU.s l.IlrOrll4i!.t.10n \f4~ obt.4.1n~i lula !i.e1erellce: 
r~ra9~4vh 1.~.33. 
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TABLE 1.4-1 

IOtU!~ A.;~ ORBITER l!ISSIOfl PIfASE/?!RIOD DEFI NITlOIl S (NASA-AllES) 

1. Test Phase 

1.1 urlnter P':'-:t..auuch 
Te s t Pel:i" 

1.2 !lul tiprohof..l Pn~ ·l.auncn 
fest t'eriod 

1.3 Post Launch 'rest 
Period· 

1.~ Approaca Test FerAod* 

~. Launch Phase 

2.1 Countdown Period 

2.l Post Launch Period 

3. Interplanetary Phase 

3.1 Orbiter TC~l Pariod 
3.2 orbiter T~!l2 P~riod 
3.3 orDiter TC"3 Per~od 
3.4 Instrument CheC10ut 

Periods 
3.5 OrD~ter SIC 

Calibration Periods 

~. Orbit Insert.ion Phas~ 

5. In Orbit Phas~ 

5.1 Tria !laneuver Periods 
5.2 orbiter SIC 

Calibration Periods 
5.3 Orbital sequenc~ 

(OSEU) PeI:.l.od~ 

TUILllHRVAL 

(Coaposed of discrete, separate 
periods) 

(Star~ GDS Testing to Start of 
countdown) 
(Bnd of Orniter Tca~ to start 
ot !tP coun tdown) 
(End of ~P TC!t2 ~o start of 
Or.-biter 1'C1!3) 
(End of Bus llaneuver to VOl 
~8-hI:) 

(Start of countdown activities 
to launch +36 hr) 

(start of countdown activities 
to ll .. ttotf) 
(Littotf to Launch +36 hr) 

(LaUnch +36 hr to Y01 -48 hr) 

(Launch +S days) 
(Launch +20 days) 
(Encounter -jQ days) 
(As required) 

(As required) 

(YOI -'l8 hr t.o '01 .'4 hr) 

(Vu! +14 hI: to End of lb.ssion) 

(As requited) 
(As requ.l.red) 

(AS re<juired) 

*Cdrefu~11 iu~gra~ed with specific aission events in the 
InterplanetdI:Y Phase. 
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BigA ~lD lnteDna POintiog Control Error AnalJais 
- 8U9h~s 8eao 10. 8S501-l339 - Original plus 
aeYis~~ns A thro~gn U, dated 31 July 1975 through 
11 ..lune 1916. 

BGl la-Plight Calibr4tiob - Hughes 8e.o 10. 
BS501-6155, dated 26 June 1911. 

Pioneer Venus spacecraft riae Code - Hughes 8eeo 
80. HS501-7155, ~ated 21 Septeabar 1917. 

Pioneer Venus Coaaand TiaiDq - 8ughes Beao No. 
IU41. 12/42, da ~ed 14 oct.ober 1911. 

Delay Tiae 'n starting the Coa.and fteaory froa 
the 4096 si~nal - HASA-laes aeao No. SVS-6-ul: 
24q-~, dated ~4 luqust 1916. 

Data Rate Capabiliti~ of the Pioneer-Yenus 
orbit~r Spacecraft - IASA-Aa~s 8eao 10. 
S1S-5-116:244-d, dated 20 August 1914. 

Pioneer '~nus Operat.iona1 Sission Phase and 
Period Definition - IASA-A.es !dao No. SAa-1-72: 
2~4-8, dat~ 30 Septeaber 1911. 

PiODe9r Venus Disturbance torque update (final) -
Bu~~~s 8eao 10. HS501-5~10. dated 26 Deceaber 
l~'1b • 

Pioneer-YenDs Sry Test Report - TherR~l Control 
- BQghes ft~ao No. as~Ol-1484, dated 16 February 
191~ 
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Systea lev~l (overv.lew) uescrJ.ptions of the noa.lnal 
.ission p~as~s, OrD.lter Spac~cratt intextaces, and the 
capabiliti~s ano li.itd~ons of pertor.an~~ of system 
functions, cu:e pl:eSenttHl L~low. 

2.1 G~NARAL DH~CB1P~lO~ 

2.1.1 

Eacll top-level elea~J:lt ot tne II.lSS.l.on (Or bi ter, l.aunch 
Vehi~le, Grountl Ststem, and no.inal Aission Plan) is 
describea on a syst~. level belo~. 

~vacecratt U~~crAR!l2A. The uroiter ~yste. 
(t'igures l.1.1-1 dull 2.1.1-~) consists ot tbd 
Orb.lter Spacecrd1t dnd a payload at 1~ scient~tic 
instruments. 

lhe urhit~!' ~~ac~l,;rclft. traV'~ls intact., as shown 
.lu F.lgure ~.1.1-1, X1.:0iil launcn u.nt.ll about ~ da:;s 
befor~ Orbit Insertion ftotor Burn (= VOl), a 
nominal cruise period ot ldJ to 202 days. The 
preJam.lllate or.lentat.l.on dUr.lllq the cruise period 
consists of the spacecratt s}'in axis (H. axis) 
poinLing no~aal to the ecliptic plane ~nd in a 
northerly uirect.l.on. vnce.ln orbit, the 
predoainate ur.lentatioll consist.s ot the spin axis 
point.ing nor.al to the ecliptic plane and ~n a 
sout~le.cly direction. 

'.!'he SpdCeCI..i:tt consists of the tolluvinq 
sub~ytite.s and Iunc~ions: Mechanical Function 
(includ~ny the Spacecl:aft St.cucture), rheraal 
¥uDction (dccoaplished 01 thd structure/Harness 
~uosyste.), Contro~s Subsystea, Propulsion 
SUbsyste., Data Handl.lng ~ubsyste., CO •• and 
~ubsyste~, Co •• unications ~uusyst~. and iowel: 
Subs}stea. 

The aecndn~cal features of the $pdCecratt can be 
Oescribed u~ six b~sic asseablias, as seen in 
Yi9ur~ 2.1.1-i: The despun antennas ass~.bly, 
the hAPf! (Bearing and Po~~r rrauste~ Asseaoly), 
tha B1PTl support st.cuctur~, equipment Sb~lt, 
substrate (so14r array), orbit insertion .ator 
and it's ca~e, dn~ tnrust tube. Sha~e and 
equip.ent layout confor. t~ tbe basi~ .~chanicdl 
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require.ents o~ a spin stabili~ed vebicle. lhe 
solar cells on the cylindrical solar panel, 
a~tennas oxi~ntations, and thrust v~ctor 
orientations ~rov1ae efr1c1ent pover, 
co •• uoications, and aan~uverabilitJ while the 
Orbiter is spinning 1n its cruise attitude. 

rb~ tbermal aes~9n is Udseu on isoldting the 
equi~aent troa ~he externa_ solar ~xtreaes 
experiencea auring ~he a~sion. (~olar Lntensity 
increases by a factor ot 1.9~ troa Eartb to 
Venus.) ~o •• andable heat~rs are provided to 
.aintain th~ orbit insertion aotor- ana sate and 
ar. aevice w1tu~n their spec1fied teaperatures 
ranges, to pr~'ent possible treezing of htdrazine 
aonopropellant, ana to sak~ up heat balance 
should there occur an 1Dadvert~nt trip of non
~sent1al spacecra1t luads. Fifteen 
th~raostatically-controlled ther.al louvers are 
.ounted on the aft side of the equ1paent shelf 
baneath un1ts having high dissipations. 

Tbe controls subsyste. p~vviaes the sensing logic 
and actuators to acco.pl~h toe following 
stab1ii~ation, control and reterence iunctions: 

(a) Spin axis atti~ude deter.ination (via 
use of slit tield-oi-view type sun 
sensors dnd star sensors), science roll 
reference signal£ generation and spin 
period .easure.ent. 

(b) ~ontrol of thrusters ~or spin axis 
attitude aQneuvers, sp~n speed control. 
and spacecrait velocity aaneuvers. 

(c) ~i9h gain ant~nna aziauth despin 
control 3na elevat~on posit~onin~ to a 
desired ~rth line-of-sight po~nting; 
additionally, an~enna slew control for 
open-loo~ tracking o~ tne earth line
ot-sigbt 

(d) fta~netoaeter deploy.ent. 
(e) Nutatl.onal <lc1.ping, Yl.i! u£e of a 

partially filled tube 01 liquid freon 
E3. 

Tae propuls10n sUbsystea provides the bydrazine 
aonoprope~lant storage, vres~uri~ation. 

l , 
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dist.ciuution lines, isolation valves, filtering .~ 
and thruster dsseah.lies used to accoaplish ~ 
urbl. t.er aaneuvers tnrouY!lout the .1.5510n. I 
The Data Handll.llY SUbsy~tea cond1tions dnd 
l.nt~g[~te~ l.nto co .. an~-selectable (cnoice of 
thl.rte~n tix~d and una progra •• able) for.ats all 
analo~ anu digital tel~metry aata t~4~ assigned 
chanDel~) or1gl.natl.~g in tbe sUbsysteas and 
science 1n~trU~t!uts. t'be st:!lected format 01 the 
all-uigitl.~~u uata mooulates a lb,3~~ rlz 
subcarrier at a co~ana ~el~ctable (cnoice of 
~irt.een ra~~s between Band 4096 b~s) bit rate. 
~he resu.ltiu9 111ior.dt10n 15 routea to the 
Coam unicc1 t~on::) SUD~1~tell .tor .olluldtJ..on of tile 
downlinK ~-bana carrier. 

The Data jan~11ng Suusyst~~ iDClud~s a ddta 
memo~y CO~Sl.st1ng of ~vo Data storage Un1t~ 
(DSU), that is int~ded priaarily tor use durinq 
any occultation. uala 15 stor~u or read out at 
tll~ cO~.Gnued D1t rate. Eacb o~u h~~ a capacitJ 
of ~~4,lijU bits (e~uival~nt to 1024 ~eleaetry 
lIina t t ra Bles) • 

The Co.mdnu ~uDsy~tea uecodes 411 co.~ands 
received ~id th~ Co.m~nications Subsyste. at the 
tiX~d rat~ of 4 ops, and ~ithdr stor~s the 
coa. aud for Iii ter execut10D or rOli tE~S tbe cO •• dnd 
in real-tiae to tAC addr~ssed destination. 

Each ot the j&l ass1.9lJeu co.mands is either 
completely uecodeu (dl.screte-type cO •• dnd) by the 
co •• and Suosystea and the execution cO •• dnd 
generated, or is partially ~ecoQed (quantitative
ty~ cOllmanu) U} tb~ ~oJl.and SUbsystea and the 
co •• aud is routed to tot:! addresseu destination 
for fiudl uecoding. ("QUANTITATIVl" IS USED 
·rHh.:J(JliHOU r THIS OOCUt\ENT to DESChIBE BOTH 
·~OLrlrtJHC.L'IOM· TI~~ AtW PO}tJ::l.I "QUAMTI'fAl'IY.l::" 
~YPl;; CO!lUNDS). 

Toe Co~aunlcdtions Sub~ystell provid~~ radiation 
4aception and transaission capabilities fo~ the 
co.~ana and t~le.etry lnforaation that aOQulate 
S-oanu tL~quencJ cdrri~rs (aSs1gned l.n ~he ~.115 
ilno ,.2 ~5 l.iHz r.A"dsj • 
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lber~ are ~wo redundant ~ecept~on channels; each 
includes 4 he.ispbericall) o.nidirectional 
antenna (aft or twd) that spatially supple.ents 
the other to produce total spatial coverage. 
optionally by co •• and, the fwd antenna is 
re~laceaule hy a H~Y4 Ga~n antenna or a High Gain 
Bac-kup anteJlna. 

The S-bana uovnlin~ i£ assignaDl~ by co •• and to 
anyone of the att or forvar~ oanid~rectional 
4nt~nnas, or to th~ High Gain or High uain Backup 
(d~ectional) ant~nnas. Its freyuency .a, be 
sla~ed to t~~ uplink frequency (phase-locked), 
or, according to ~i~c~.stances, it .41 be a 
.u~tiple ot a crystal oscillator l~ated in the 
channel rece1ver.fae dOWIll~nk aay also be 
~ans.itted via anyone ot, or S08e ~airs of four 
10 wat.t power a.plitiers. 

There is an additional traIlS.1~ter in the X-band 
ranqe (11/j of the S-uand downlink frequency) 
that is ia~enaea for use in occultation 
aeasureaents. 

The power subsystea provides semi-regulated 2ti 
volts tlO percent to a~l spacecraft loads 
t~nclud~ng science 1nstruaents). 

The primary sl,)ur~ of poiler is tbe aain solal: 
drray. When the solae panel output cannot 
provide adequate pover for all spacecra1t loads 
(at low sun angles 4nd during eclipses), the tvo 
aatteries (eaCh rateo at 7.~ amperes full 
capacitt) coae OIl line autoaatically through the 
discharge regulators. battery ~nergJ is 
repl~n~sned througn ~ saall boost Charge array. 
The power interface unit provides power switching 
for the propulsion heaters and 01" heaters. It 
dlso conta~ns fuses tor these c1rcuits and the 
sc~ence inst.~·u.ellts input. power lines. 

Power is Q1stribuled on tour separate power 
buses. If a spacecraft. oyer-current cGndition or 
under-volt4ge on either battery occurs, loads are 
re.oved to prot~c~ the spacecraft tro. potential 
catast.rophic fdilure by t.ripping utt buses in the 
following sequence~ Sci~nce, swit~hed luads and 

I 
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trans.itter. ~his leaves only tbose loads tbat 
are absolutely essential to spacecratt survival 
in a continuuusly powered OH .ode. 

Tbd at transaitters ana exciters are on tbe 
transaitter bus. Controls and data Aand11nq 
units ar~ un the sW1tcbed loads bus. Instruaents 
are on tne sci~n~~ bus. Co •• and units, 018 
Aeaters and propultiion heaters, power 
co~ditio~iuy ukits, and spacecra1t rac~ivers are 
on th~ ~ssential bus. 

~xc~tat1un fu~ toe pyro bUS is derived froa a 
battery tap ~ocated lb cells (of a total of l4) 
true the gruund referenc~ level. 

l'il~ .ous voltage is 11i11ted to 30.0 volts by seven 
shunt limiters that dissipate all excess solar 
panel capac1ty in load resistors .ounted on the 
solar pan~l substrate and equip.ent sbelves. 

!.aul1Cb. yeQicle p~scr+pU2a. Tbe spdce boostej;" 
vebicle for tbe P10neer-Venus ~ission is tbe two
stag~ Atlas SLV-jD/C~ntaur D-llB. As sbown in 
P1qure 2.1.~-1, the veo1cle is coaprised of the 
Atlas booster that inclUdes the interstage 
adaptdI, tbe resta~able Centdur, and a nose 
la1r1ng which ~ncloses botA Cent4ur and t~e 
~~oneer-Yel).us spacecra tt. l'be illterstage adapter 
supports tbd Centaur atop Atlas and des~i~~ with 
Atlas at sep4ration. The spacecraft is aounted 
on a paylodd adapter that _ates vit~ the C~ntau~. 

Atlt' B90§~~'. The Atlas sta~e-ana-a-half 
concept requires tb~t all Live of its eugines be 
ign1ted betore littoff, wbile 1t is held at the 
launcher, as a relidbility .easnr0. lbis peraits 
~n asseSS.dnt of proper pr.opulsion syste. 
u~erdtion b~tore CO •• 1c.ent to actual fli9 ht • 

The rated tucust (~Jl,O~O lb. total) at sea leyel 
cOllbists ot lij~,OOO lb. tor each ot the two 
booster dDgines, 60,uOO lb. for t.oe sustainer 
~ngiD~, dod ~~O lb. tor each ot the two vernier 
eugiot!s. All ,1.1,ge englnes use .In co •• on the 
sUsta1Aer section tankage that proyidcs RP-l 
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(liquid 4ydroCArDon) tuel And l1quid oxygen as 
the propellant ca.ponents. 

Iro. !iflott until sdparation tro. Centaur, Atlas 
i~ ateereu by cO •• ~Dds fro. Centaur. S~Y-3D 
electronics are extensiveiy in~egrated with the 
Centaur ~-lAR astrionics haravare and software 
s~steas. The elec~ron~cs aspects oi the Atlas 
gu~dance, tlight control, sequencing, and 
ldiQ.~try systeas 4r~ all provided by Centaur. 

'lhe eagin~ angle cO.llands dre generated by toe 
~nt4ur ~igital Coaputer Unit based upon the 
guidance equat~ons, derived roll rates, and Atlas 
iatQ Gyro Unit pitch rat~ dnd yaw rate inputs. 
rhe co •• ands ~r~ s~nt to tAd Centaur Serwo 
Inverter Un~t and tAen to tne A~la8 Servo 
Inwerwr Unit. 

these ste,",~:ing co •• ancs ilre II!xecutea by 
'J1..1>",11in,;} tlle AtlelS engines. The booster 
engindS 91.1Iba! tor ~1.tch, YdW, dDd roll control. 
Attdr nooster jett~on, tb~ sustainer engine 
giaba1s ~or Pl.tch and yaw control, and tne 
vernier engines svive~ Lor roll control. 

1'he uoost~r section is co.poseQ ot tvo nQarly 
identical tbru~t chambers and a pover package 
consl.st1.u'j ot tvo dual turbo puaps that cieliYer 
t4e propellants froa the sustainer oection 
tanlage. Atter deve!oping a rated Isp ot 251 
s6conds (sea level), the booster engines ~re cut 
off (BECO - ~t 5.7 q), approxiaately 150 seconds 
after the Yllttu.cle VdS reh~as~ froa the launch 
paQ. Three st~conds later, the booster section is 
j~ttisoned. Tne booster sectl.on is attached to a 
thrust rl.nq Dea~ tUII! att end of the tank asse.bly 
by 10 pneuaati<;ally o .. eratdd sepal;.t.ion latches. 
S~p4ration is aC~Y4teu DJ a coa.and fro. tbe 
Cellt~ur yu~ddllce sy~te. via the Centaur flight 
control suOsyste2, and baCked up by a stagl.Dg 
acceleroaeter. 

The sustaiu~r section houses, within an average 
10 toot dl.aaet~r sLdinless stdel traae, the 
~ropelldDt~ and unllaqe,. 'fne sustainer engine is 
gl.abdl mounted at the atl end OL the tuel tADl. 

.4 
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The vernier eD'jines are 9i.oa1 .ounted on 
upposit~ slde~ ot the tank structure. LiquiQ 
oxyqen teed l~np.s. tank pre~sur1.zation lines, dud 
tll~t.cicdl cable 1a1rin9$ are dttached to the 
uutside ot the taok structure. Eqal.paent pods 
containibg electrical dnd electroQ1.c units are 
also attacheu to tbe outside of th~ taDK 
::.lructure. 

th~ ~n9inQs nura xrOM liftoff until propellant 
d~pl~t~oll o~~urs, appr01~at~ly 250 seconU$ after 
11tLoff. rue buslainer ~n9ine d~i~ver~ a rated 
lsp of 31:t seconds (vacuUJI) _ ',L'ne Cent.aur 
~sulatioo paD~ls a~e jet.tisoned 4~ ~cunQS into 
tne sust4ln~r ~~ase (per~od betw~en booster 
~hgine CUt.OLl dod vernier euqin~ cutoff (V~CO]), 
followeu by nose fai~ing J~tt.i~~n. 

About two ~econds atter ~usLainer engine cutott 
(s'&:;CO), t.he ~yrotecbnic systelll reled5eS t.he 
Cent.aur trom tb~ ikt~lstag~ adapter. Separation 
~s dCluevea !JI I1.r10g the t"etrorockeu. .ouuted on 
'tOe ait. elHl 0,[ tne Atl.ls sustdiner tdn~. 

£suu~. l'h~ C~ntdur i)-lAl( Vehicl~ has sClle 

04S1.C r~duaddncy l"~dture~ t!l~t the pL-eV~OUS U-1A 
vea~cl~ c14ss diu not have. 

Tne ~~1n t~atuce ot Cent.~ur ~~ the abi11t.y to 
d~liver t.~o or ~ore continuuus tir~ngs 01 its 
~u~ine5 SCpdrate~ ny automdtically-controllea 
COdst perl.ous. 

1ne ~~ntdur vebicl~ has a noa1nal di4aet~r 01 to 
1eet. dUG is Jl t~t 1~ ldugth. 

r111~ l.lqatw~.l':ltlt i.>t~ucture, co.biDed vito t.ht~ 
Di~b spec11ic ~~pUlb~ (lsp ~ ~3~ seconds ainiaua) 
01 t.ne l).'juiJ nyuroqen/li~u~J. oXYClen aain 
e09ine~, MaKes 1t ~ ve~y cLt1cient v~a~cle tor 
bl.':ID tue~9Y .i~siuns. 

~r.l.dry t.OLust 1S ~,ov~a~ ~y two ~rat.t and 
.J,1tnet A4.10A-..)-3 ~ngilJe~ U&dt. uevelop 30,uOO lb. 
totdl xeldted ~bru~t. 

Re,isl.un 
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~vo id~Atic.L dnd separate bydraulic pover supply 
.fst.ea. pt'uYic1e the forc4lt to gianal th. CeDt.aur 
.4~n e091nes, one slGte. tor e4ch engine. 

During coast, s@paration, and retroaaneuyera, 
attitude control 4nti propellant sattling are 
~roYid~d DJ a ntdruq~n peruxide-fueled thru$t 
sJatd.. This system consists o! saall engi~es (6 
to ~~ lb. tnrust) 4ttached to the att Dulxbead. 

the Centaur 0-118 dEtrionicG sJst~a inte9rates 
a4nJ tor.~r baruwar4lt !unct~uns 4nto tbe airborne 
co.puter soLLvare. D491ta1 4u~pilot • 
• anu~yerin9 attitude contrul, sequencing, 
t~ld.dtry tor.attiug. propvllant .anagdaent, plus 
guidance and navigation are all v4thin the 
fle~1ble slstem suxt~are scope. 

Teleaetry uata troa iDLoraation sensors is 
converted to d~Y1tdl vurds tor traD~.iss~OD to 
the IJround swt.ioo va an ':;-J;)and trans.itter. 

Toe ~-band tracking bJstea provides data tu 
d~t~r.ine positiun 4DU velocity ialor.at1on for 
use by ranye satety at the eastern tes~ range. 

lh~ Centaur a~rborn~ tr4n~pOnQer retut'ns an 
aaplitied radio-trequ~ucy signal when it det~cts 
a trdck10Y rad4r's int~rrogation. 

atl"s'C~Dt.ay[ lllgut ie9yenc~.r.tle sequence of 
eyent~ Qe~cribeQ in Sect~ons 2.1.~~1 ana 2.1.2.2 
are 11lustrated in figure ~.1_2.3-1 and 
~ua.arizdu Chronologically in Table ~.1.2.3-1. 
Toe t~.eo tor toe list~ eyent~ are ~t~.ated as 
of June l~/b, tak~~ teoa ~eference 1.5.10. the 
actual t~.~s tor a~t ot tn~ ev~nts att~r launch 
w~ll Y4ry ~1~gntlJ tro. toose shovn, based on 
'tl.s/C~ntaur ve1got. enyin~s ~rfor.ance, 
propdl14Bt lo~uin9, p4)loau w~i9ht, launch aay, 
lauac~ t~ae oL uaj 40d 14uncn ~ia~tA. 
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Ground SYst~. De~ription. Th~ Ground SJste. 
used during the .ission tor Co •• and, Tele.etry 
and Tracking is described ahead. 

G,peral. rh~ P~oneer Ground Data SJste. (PGDS) 
is used to recdive, process, record and display 
spacecraft tele.etJ:Y and tracking infor.ation; 
and to t~dns.it co •• ands to the spacecraft. Its 
Dasic eiQaents are shown in the o.~r.iev diagra. 
oi figure 2.1.3-1. rhe PGDS is co.pri~ed of the 
IASI Deep Space ~etvork whose stations ilre 
locat~ around the "~rid (refer to T.able 2.1.3-
t), the Het"or~ Control ~yste. (NCS) located at 
JPL-Pasadt!na, and the Fione'.:tr !!ission Operations 
,~ntrol (PMUC) located at the NASA-A.es B~search 
Center - ftoffett Field, California. 

The Deep ~pace Stations (DSS) are responsible for 
the RY Co"un~cations link witb the Pion~er 
Spacecraft.. 

Co •• and c.md tele:tetry data are bloct for.atted 
via stanaaru DSS ground trans.ission for.atting 
dnd routeu directly bet~een the DSS and the PftOC 
via !etvork control at J~L. CO'lunicatioDs is 
acco.plish~d througn t~e GrQULd Co.aunications 
Facility uS1ng the H1gB Speed Data lines (HSD) 
and voice/data lines. 

~'racKing ddta is pcocessed at JPL to aocurdt~ly 
detera1ne ~paceccatt p~esent location ana predict 
future fligut path, wh~reas space~raft attitude 
determination and predict~on is accoaplished at 
l'KOC. 

Two 5i9-a ~ Computers are dedicated for o!)-·line 
rdal time uata pro~~ssin9 aad display ~t PMOC. A 
tlurlt Sigllcl ~ is used tor otf11ne special.ized 
proc~ssin9 OJ: data .. 

The PD~-11 Computer SYStd.S at PMO~ encode 
.spacecrctft .~o.aands, aeoSsa'les, dond forlllat the. 
fur the li SDL. 

f.GDS T~ie.e~kX Sl§ill- df" sign.1J.s received at a 
DSS are d~tected. and the tel~.etcy subcarrier 
oeaouulateu. ~he serial D1t streaa is 

I 

I 
t 
c 



\. 
,: 

, 
\ 

( 

.. 

Section 110. ~, 1.a1 .. .a..3&.-_ 
D uc. .. o. ---IPLOCK.-_"-';O:..l~"-__ ",,
Orl.,). Issue Date 2/28/'1 HeYision Mo. _____ M ________ _ 

sYDchroniz~d, and the detected U1ts tO~.4tted for 
hSD lines. Wben th~ spacecraft data are 
collyolutiousiy encoded, tb~ seg.ential d~coding 
proc~ss is e.ployed. Oisplay 01 selected 
en'l.lDeerilllj dat.a tcu: st.auon ollerd tions t.ake:> 
vlac~ at soae sites. 

All t~l~.~try data, to~~ther with assoc.lated DS" 
Stdtu~ oal~, dr~ ~rans • .ltt~d to P!OC via HSD. 
The r~u~ has the capability to process and 
display data .lU real ti.e fro. one or more DSS 
araa spacecraft s~.ult.aneou.sll without 
interterence. 

~GPS Coa.apu S~2~e!. Co •• and, .ode control, and 
r~call delta are generated at t be P!lOC and 
tor.eltt~d fo~ transmission yia KSO lines to a 
O$S.. T.laea. co •• aDIlS are traut;.itted at the t.i.e 
d~tined, vbereas Don-tiaed co •• ands are 
trans.itt~d in t.he order det~ned in the HSO 
cO.*dnd .e~sages. Tue DS$ qenerates and for.at.s 
acknovleage, alara, configuration, abort, and 
~call response .~~a9es for trans.ission via HSO 
LO t!le .PlSu~. 

Initialization uf the Co •• and $ysteas taA~s vlaGe 
from the Nes, althougb backup init.ialization can 
~ accollpl.lshed en tae i)!iS 1.n '-Be event of an XCS 
failure. ~n ord~r tor th~ N~S to hav~ access to 
the Co •• anu system at t.h~ US$ ov~r the saae 
$ingl~ hSD l.lne WD.lcb .lnteri~ces with th~ P!OC, a 
special piec~ oi hardvare is r~l!ireQ whicb 
replaces iiller bloc~s co.ing trom tbe P!OC with 
ou t-qoinq aes,s,\gt1S fro. the xes. There are tbree 
tiller aultiplexers (f!~~), tvo on-line dnd a 
~pare. Wh~n station bandovers r~quir~ a thira 
HSOL .lnto tae ~~~, the s~are P!lh is ut1.1ized if 
dvai~aLle. 11 the spare PSlh is not available, 
then. coorlJl.Dation is necessary b~tw~en th~ PfWC 
and D!iN oper~tions control dur1n'l t1ae per10as 
Vb~ll both ~v!ti~ro~ and orbit~r spdcecrdft are 
b~.lng t.rdck~d dna d station h..lndoY~J: oc-curs 
Dec~use OL ta~ commuDicat.10ns ~w.lt.chin9 t.hdt 1S 
required. 

Tbe CO.td~U aessdge construct.ion, veritication, 
and HSO DloCK tormat.t1ng lunct10ns dre perlor.ed 

llevi:S10n 
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by the PDP-tl coapUler s1steas locat~ in the 
PftOC. aesponse aessage blocks returniDg froa the 
DSS are routed to lh~ POP-ll tor verixication, 
and to the Sigaa-5 systea for post-transaission 
process1Dg. 8oJ~ chan~e and recall request 
aessa9~s are generated by the PDP-1' • 

rGDS Irackinq SI§lia' The tracking systea 
provides and processes preCision rad10aetric data 
tor deteraination ot the present and tuture 
tl19ht path of the spacecraft. 'rhis intoraation 
is u$ed for speci1ic DSS tracking dAd specific 
aission planning. 

lhe operat1ng ~ss prov1des aeasureaenLs to the 
HCS at. JPl. ot: 

(a) 
(b) 
(c) 

Cd) 
te) 
(t) 
(9) 

Integrated Ooppler 
Spacecratt range 
Dilterenced range versus integrated 
Doppler 
Antenna ~ointin9 control and angle data 
Frequency and tiaing inforaation 
Ground v~ther data aeasureaents, and 
Various station status intoraation such 
as receiver lock status. 

lne Network Control ~tste. a~ JPL selects, 
calibrates, and then uses the radioaetric data 
tor generat10n oi present correct2d spacecrart 
flight path, predicted spacecr~tt flight path, 
and pr~Qictdd ll~S tracking r~quire.ents. rh1S 
intora~t1on 1~ then routed to cognizant DSS, and 
aission control at P~U~. ~b~ predicts are also 
cuapanu v1th inconn!} aata tor us~ in an 
iterdtive-correction cycl-: to increase the 
dccuracy of ~h~ pr~d1cts. 

Aisk~Oi pescr1ptiua. An oY~rYi~v "ission 
description and dascriptioll of significant events 
ar~ given L~lov. 

O,e,y~ew 8.sS+0D pescri~tlQD. rne Orbiter 
Spac~cra1t travels iroa launc~ (~O 8ay to 2 June 
1~18) uut11 the Venus orn1t Insertion (VOl) point 
is reached (po~t of closest approach to Venus) 
tor a Aoaiudl cruis~ per10d dUratiun of 1~3 to 

~,.- ...... 
i 
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202 days. l'be pred~.inant ori~ntation during 
th~s cruise period consists of tbe spin ax~s 
(spacecraft. + Z. axis) }K>inting nor.al to the 
~clipt.ic plan~ anu in a nortberly di~cti~n (the 
ault1proDe Sy5~c= spin axis po~ts in a S2VlierlI 
direction uur~ng cruise). 

Por insert10n 1nto Venus orb1t, the Orh~t. 
Insert.ion .otur is tired ~o produce a tbrust 
gl.!nerdlly ~ppo~ite to the \lrbit~r yeJ.oc~t.y 
vector, thus causiny tne orb~ter to follow an 
~11ipti~al ornit about. V~nus. The orbit is 
aaintaineu f~r at. ledst Lij3 eartb days, during 
which ti.e t.he l~ sci~nt.ific inst.ru.ents collect 
data that is trans.it.teu back to the earth via 
the ue~pun niya ga~n all.tenna .. 

l.1.4.2. ~~ssion £.yell!.S Description. I'b~ signiticant 
mission events w1tb1n eacb ot tne nine adopted 
~ission t.~.e ~hases are d~scribed below. 

2.1 .4 ... 2.1 ?rI31aUllC!l lhrouglLwspip. of the HGA· 
(L-5 ~iuutes to L+6 Hour§l. AVproliaately five 
a1nu tes betore l~uJlch, t~e llrb1ter !>pacecroft 
electrical loads v~l De s~itched to int.ernal 
Da. t.tery power. 

lleYisioJl 

T~e Orb1ter spacecra~t will be launche~ with an 
Atlas SLY-3U/Centaur D-1Ak Launcb Vebicle (AC-S2) 
fro. ceAtS, Ylor ida. 'l'he launch will tak.e place 
tiur~n9 ~ l-~our W1Ddov on one of 10 succeSS1ve 
ddys in th~ period fLom iO aaj tbrough 2 June 
l~?b. Tbe launcb winuow will place t.he Orbit.er 
on t.oe des1red Type II interplanetary trajectory. 

Durin9 tbe launcb phase, spacecra~t. eny~neerin9 
t.eleaetry _~ll be transa1tted via low transaitter 
power fro. the 10rward o.ni antenna at noaina11y 
25b bps rate. 1 •• e~1d~ely prior to sepaEation, 
t.he c~ntdur will or1ent. toe spacecraLt in a 
nor.dl-to-the-ecliptic attitude with the positive 
spin ax~s approxiaately 1n tbe airection ot tbe 
Nortn ecl~ptic pole (c~o1Ce of t.his attitude over 
~outh~rly directio~ repr~sents a net tu~l savings 
~CdUse of its proli.ity to tbe YOl attitude). 
rne separdt10n SV1tcaes will 1n1tiat.e redundant 
co •• and seyuences ~tored in the tvo co •• and 

2-13 
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processor .e.ories that results 1n spacecraft 
~pin-up tu nuain411y b.~ r~a. 

It is expected that ground station acquisition 
fro. the RonelsucKle DS~ will occur nO.:lna111 1-
1/2 hours after launch, at which tiae the 
spac~cra1t Dit rat~ vill De inereaSdd to l04d bps 
noa1n411y, by ground coa.and. 

Ai. wr prel:l!l inary attitude arad sp:ln rat.e 
d~b!l:.ination tCl iIlsllr~ conditions are acceptable 
for ueployaent, ana Qdju~t..ent., if required, the 
aa9n~to.e~er boo. ~i11 be dGPloyed by ground 
(;oaaand. 'the spac~cra1t vill then b\! spun-up to 
15 rp. ana cheCKed out. 'rbe spin 4J.is vill be 
p~ecessed a no.ina1 1~~ to align it nor.a1 to the 
ecliptic plan\!. (This ~ill provide the tirst 
opportunit1 to cdl:lbrate a~ axial jet in pulsed 
.ode in-flight.) rbe HGA vil1 tben be despun and 
pointal to tne ~arth for KG! usage in the co •• and 
and tele.etry 11&&5. 

OCPP, ~aAu, and 06&D are scheduled to have be&n 
t~rned on before L+b hours, Qnu, except {o= OC~P, 
vill operate continuou311 throug~out. th~ in
transit cruise period. OU~S. OEFD, OR~A and OPA 
vill De t.urn~d on au toaaticdlly 011 t.er spacecI:a1t 
separation and b~tor~ initial ground station 
acqui.sition; ONt'A "ill t.h~u ~ turnen ott ~ 2tfJO!t 
via ~rouud control. 

2.1.".~ .. 2 Attltu~l>et~r •• nalJ.on, !)'~ar !jyr.ey.& c,uis!:. 
j.\.+1> ~J::j to L+ Lhtl.. The scbeae tal: att1 tude 
determinat:lon at this ~osition will use at laast 
t.wo detectaole stdrs. The star survey port~on of 
t.he attit.uae detara1uation exturt aay be I:epeated 
~veral ti.~~ auring the t~ansit to Venus tor 
senso!: !ua~ calibration. 

Use ot oS lc-~etex (Disb) ~round St~tion on a 
tour-hours-per-dar basis uur:lng cruise periods, 
wD:lle in-t.raD£1t. v111 be in~tiat~n. 

2 .. 1.".2.3 J~t calU)ratiQI!i.1P'_!.!i~!l!9L£~£)\Outj. Il)~ 
~Iuise. lb+1 PQf tv~~l2l. 1s eaI:ly as L+l 
aaJ, ~n-t11~ht cal:lurat.ioD ot the axj.a1 .sno 
radial thrust~LS will be pertormed in preparation 

\ 
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tor the first trajectory correction aaneuv~r (TCft 
.1) Qt L+5 aays. lor a ~nown Qutr cycle (spin 
rate and pulse wiutn selection) and nu.c~r of 
pu!s~d f~rinqs for ~ach required thruster; 
~.puls~, ~nd al~gu.ant vill be deterained - tor 
eLt~c~ent thruster (s) usage dur~Dg TCft .1. 

TC~ ,1 re~uires a AV 01 1.~ a/sec (worst case) to 
correct ~auDcn veh~cle 1oj~ct10n a~rors. The 
.aneuver w1Jl ~e p€rtora~ no.inally in the 
e~1Sting noraal-to-th~-ecliptic attitude via use 
of the rad~al tbrusters ~n pulsed aode and, in 
aduition, use 01 the axial thrusters in pulsed or 
~vntillUOUS moa~s. 

spacecra£t transaitter b~gB pover and a b~ aeter 
ground station vill be used during the 
calibration and during TC~ .1, vith the cruise 
statu~ ap~1)in9 before, aetveeu, and after these 
~we!lts. 

ReYision 

ORPA, GIMS, OElP, uNf!S, OIlt and ulUD ar~ 
scneduled to be cnecked out ~h~le the spacecraft 
is in-transit, starting rigbt after rCK .1. OOVS 
and Gliai) ar~ also (;h~c)(eu out right att.er 'fCt! .1. 

An HGA cal1ura~on is scneaulea for execution 
~1 tel: Tel! 11. 

~.1.4.~.4 ICS-f~Gnd c~e (k+20 va~~bO Dax§). 
Nuaioally at L+2u aays, th~ seconu TC! scheduled 
to correct tor res~dual velocit) errors vill be 
pertorlled. rcft.2 vill be functionally the saae 
as TCM .1, except tne no.inal teleaetry bit rate 
w~ll De lO~~ bp~ tor tne forward o.ni~ bigB 
transuitter pover, and 04 • DSN usage. 
NOMinally, tbe AV will be saa!l (less than A 0.6 
a/se~) ~n ac1go1tuue coapaX:ed t·.) Tefl ttl dnd 
accoapl1shed ~ll the cru~se attitud~. 

l.1.4.~.!l ~I:uise (L+LO UaYs to L~1td Day~ ~ b t1til vays 
.1! GJ -/-O UsUs. v~ ilJ. = l:;ncou!li~. 'rype II 
transi~ to Venus, causes the spacecraft to 
~nitidlly travel outside the ~artb's orbit; 
~~dcbin9 a .dX~.WM u~stdnce of lb1 x 10· ka tro. 
the sun belore coast1nq inward toward~ rendezVOUS 
with Venus. 
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1hrough.out tllis long cruise period, the HGA can 
support 2048 ups tele.etry rate, even with use of 
~pac~cratL trans.itter low pover and the 2b m 
USN. The h1ghest supportable bit ~ate via use of 
either omni dro~s ~radua~ly until, at the end of 
th~ crU1Su ~riOQ, only lb bPS can De supported, 
even w~tn use ot spacecraft trans.~tter 419A 
pover and the 04 m D~N. 

'Ithe batter ies remain in ~s5entl.all y a fully 
charge~ state dnd dt a trickle chdrge rate. As 
the 5ular int~ns~t} increases, excess solar panel 
current dDsorbed by the bus limiters and the 
general temper4ture OL tae spacecrait increase. 

IC! .;; "tnd cru~s!L..m.. -~O D!l'L t.o IZl -'j. pays) • 
NO.l.netll}, at. -~O Gays, where (!J E Encounter 
closest approacb to Venus, the t.hird tC~ 
s~heduled to correct tor residual velocity errors 
will be performed. 'rcl't • .; will De functionally 
the same as fCS fl, except that the nominal 
t.elemet.ry Dit ra~e vill be lb bps v~~ use 01 the 
fwd oani, 4i9b transmitter power, a~d the 64 & 
D!i N; and tne noainal ~V wi.!l be ~O .1 _/sec. 

Precess to YOI-lIinus Orbit InsertiQn) Attitude 
'lhr2ugh VOl GJ -J pay§. ll. rrI + ~ll. Minutes) • 
Approxi.ately l Qays ~etore no.inal arrival at 
Venus, spacecraft uownlink wl.ll be switched to 
tAe twu o.n~ in hl.gh transaltter power .ode, and 
9round operation v~l be switched to the 6~ meter 
DSN. 

The orbiter spl.n axis w111 he precessed to the 
orbit insertion attitude, and then the HGA 
allovea to spinup (via turnott of UCE mctor 
or-ive) to t.oe prevcU.ling rotor rate (15 rplI). In 
tuis attituue with t.he posit.ive Sp1n dxis 
dl.rl:tct.e<l a.pproxi.ately tuvarllS the ecliptic North 
pole, the bUll angle ra.nges fro. El5 to 95 degrees 
v.r.t. (wit.h respect to) the spacecraft +Z axis, 
and t.he communl.cat.ions (Earth) angle froa b~.5 to 
7b.5 degrees, w.r.t. the spacecraLt .~ axis, 
depenuing u~on tne launch Gay. 

Ihe spdcecratt, incluaing the dGA, vill then be 
spunup to 3~ rpa (via use ot rad1al ~nrusters) to 

( 5 
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prov.lde dcc~ptable 9yro~copic stl.ffness during 
u1!! Durn. (the liGA is not usable in this 
dttitude, it is spinning auring 01~ burn to keep 
Yelocitx di~persl.ons low). The HGA will taen be 
despun (Vid turuon ot DC~ aotor drive) but 
cOliliunicatl.ons linJl::> stiJ.l aaintained via the fwd 
o~n.1., to 4Yoia con~r.1.but.1.DY errors in a final 
att.1.tude deterllination dnd trill (if required) 
~tore Ulft burn. Toe fiGA vill be spunup to 
~yncQronl.ze 49din Wl.~ll toe prevailing ro~or rate 
ot 3u rpa prl.or to 013 burn. 

lhe orbit insertion lIIotor will be tl.recJ near the 
clos~st ~ppro4ch to venu~ (J50 to ij50 ka 
aJ.titu~e) to generate an appro~illate 4V of 1055 
II/sec d no place tile Orbi ~er in an elliptical 
orUl.t abOUL Venus. ~.1.nce lIotor Liring occurs 
behind the ~lanet relative to ~rtb, the 
necessary co •• ands will be stored in the command 
.ellory. The selec~Q orbit ~s incll.ned 105 
degrees to the Ven~s equdtor, periapsis located 
at 15 to 32 Jegrees North latituue, and a 2~-~our 
nomincil per.1.od. 

2.1.4.2.d ~~nfiyu~e ~pac~cra,t a~~-1~~t ,~ + ~12 
ftinute~ to ~ -!J=1/2 DaiS). Twelve ainutes 
aft~r 01K burn, the spacecrait is expected to 
eX.1.t uccul tat . .1.0D. lteacqu.1.sition ot the 
spacecraft c02l1unicat.1.ons links via the torward 
ollni dnd the b4 .ater ~s~ vill take place. 
Trd.cxing v.1.11 ~9.1.n t.o detera.1.ne tat! spacecraft 
orbital pdralleters, concurrent witb an 
engineering checkou~ of ~h~ spacecraft to insure 
.1.nte9r.1.tj follow.1.Dg Ol! burn. 

Tht!n, the H~A ~ill ayain be despun, while the 
cvmaullicat:Lon links are aaintdillad via the fvd 
ollni, again to dVOl.d contrl.buting errors in a 
subsequent attitude and ~pin rate deter.ination 
etfort. 

rne HGA w:Lll iirsl be spunup to the present rotor 
rate o~ 30 rp. dnd the s~acecratt rotor plus the 
iJGA vill th~n be lleSpUIl to 15 rpa (via radial 
jets f.1.£.1.ng), in preparat10n for tae large 
"invertiiun" lI~neuver. Tbe inversion _aneuver 
cvn5ist~ 01 ple~essing the spacecrdt~ spin axis a 
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no~inal ~1530 so that it is again uoraal to the 
ecl~ptic (~ut i21 ~o tbe orbi~al plane) and 
pointed south (Q21 north, as during tbe in
transit flight). 'l:bis .aneuver will be perfor.ed 
near the first apoa~sis G1 .,2 bours nOllinaIly) 
to gain th~ aavantage ot ~v coupling that results 
in lowering of the periapsis. 

After th~ ~nvecsion .aueuver, tbe HGl is a~ain 
ddspuD, to~lowea by an attitude aeteraination and 
attitude tria, ~1 required. The HGA electrical 
boresight axis is pointed at the virtual earth, 
ana the spdcecraft ~oa.unications links are 
transferred trom tbe fwd oani to tbe HG1. 

Following ~~tensiya trackin9, the orbit period is 
triaada to 2~ hours via a ~V aaneuver near the 
first periavsis dEl +~4 hours, noainally). 

The ~pacecraft is turther despun to ~ rp., toe 
noainal orbital spin rate for science operations. 
(The prec~diDg set oi actious aay vary in order 
and t~ae of occurrdnce, dependin9 on vost-
4nser~on errors). 

~.1.4.2.~ ;J.D-orbit ope[Aa2DS (1fJ + 1,:-1/2 PfU~ 

2-16 

~ + 243 pafs). (NOTE: Occurances of 
OCCUltations and eclipses, and ~clipse durations 
given aAeaa correspond to a Kay 24 launch date). 

The noainal uruiter aission will last for one 
Venus sid~real day oc 2~3 earth days. For this 
du~at10n, the per10d v1ll be adjusted to reaain 
at appro~iaately 2~ hours so that periapsis will 
reaain in view of the saae earth tra~king 
station. ~olar perturnations, if uncorrected, 
will cause periapsis altitude to increase. Axial 
jet firings aaoe n~ar apoapsis will, however, 
lower per~apsis altitu~e to 150 ka periodically 
duc~ng the 2ij3 day aission. operation ot the 
scientitic instru.ents will be .ost intense ne~r 
per~aps1s, although several instruaents will 
operd te t.hrougllout the orbit. rhe despull h.Lgh 
gain antenna v~ll provide both uplink and 
downlinK capaDility througbout the .~s~on. 
Dur~~g toe first 40 orbits, an occultation 
experiaent will be conducted using both ~ and X-

d I, 
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~4UU tr~~udncies raui4t~d towarus the Earth 
tnrough tbe fr~Dqe ot the ~enus 4taosphere as the 
spac~c~41t ~Qs~es behind the ~14Det. rb~ b~
a-!ter uSN stations Mil.! 00 \ltil~zeu tor this 
~.(per 1.1I~nt. uccullo tion.::i v1.11 occur aUr1.D'l tvo 
~e~~ods, ue4r perl.apsis Lor the 1i~st d1 days of 
tb~ or~l.tal .issioD anu near apoapsis betv~en aD 
+ 1~1 and ~ t 160 days. Sl.DCe tbe aaIl.au. 
expec~u ~~ri4Vsis ~cll.pse duration is at aost 24 
.lllU~~S; iull spac~ra1t o~erations can ~e 
ga~ntd~oeu USl.ll~ eoerqy supplied b~ the battery. 
The apoa~sis Ullbral ecll.~es ~hat occur later in 
~h~ .ission troll ~ + 173 days to ~ + l~O 
d~ys, dre u~ to J.J nuurb io ~uration; and 
require thdt toe vrDit~r be powered down to a 
surviv41 .OU~. ~xtensl.ve USd will be .ada of the 
data ~toraqe c~Pdbil1.ty and the coaaand aeaory 
dur1.nq o~bital operations in order to siaplify 
real-time uperatious via the grouDdA The tvo 
dat4 btordge unl~ ~l.ll De used to store 
scientitic instrument dat4 recorded durinq the 
rapiuly chauging environment in th~ vicinity of 
per1.apsis, and gen~r~lly dur10g occulations aDQ 
ni90 dl:!Dsit.y operd~ions. .rne 2b-aeter D!iN uet. 
~ill bI:! utilized tur udta gatherinq and 
~V4cecralt. cUlIlIlalul. 

Revision 

;'.2 IN 'rLRFACE~ 

2.2.1 

ID~erfac~s o~tw~en the urbiter spacecraft and each of 
toe launcn venicles, Gnu SC1.ence ~nstru.ents are 
descrl.bed ah~ad. 

0rbiter/l.allnch V~icle !-p~~rtac~. The Or~iter 
co.Dined iut~qrat~d systE-a int~rtaces witb t.he 
Atlas SLV-3U/Centdur D-1AH, tvo-st4ge launcb 
v~nlcle. '1'0 tbe t.op ot tile Centaur aounts a ODe
~iec~ ~~acecratt attach 1itting which ~~tertaces 
with th~ s~acecr3~t. The spacecratt attach 
ti~t1.ng reaaiDs W1.tD tbe Centaur at. spacecraft 
s~varation. Figur~ 2.2.1-1 shows the vrbiter 
cOllbin~d l.nt~gra~eu ~yste. as encapsulat~a within 
th~ paylo4u fa~r~nq (sa~oud). 

2-19 
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IIch4B~~il .pterfACI§ 

~totl9D Ina C9~a41i Slst'I' Th~ relationsbip 
ot the integrated launcb ~yste. coordinate syst •• 
and ~tatioo loc~tion in th~ region torward ot tbe 
Centaur e~u~p.ent aodule ~s snown ~n ll~ure 
~.~ .. 1 .. 1-1. 

fiY12~~ rli'iQ~' Tn~ basic internal 1airing is 
co.posed ot a l~O-inch dia~eter cJlindr~cal 
afbtrbody .. .lOti .jJ inchQS in len'ltb .. and a 1~4. 74-
~nCQ long con~cal 40rebody. The allowable 
~pacecraft dyna.~c euvelope provided by the 
payload tairinq ~s shown in ~igure 2.2.1-1. Por 
on-stanu acces~ to tbe b~acecraft.. threft fa~rin9 
doors will b~ ~roy~ded tor acc~ss to tbe Orbiter 
u.bilical conndctor area .. battery and PJrotdcbnic 
tliqht plugs, star ~ensoc, and orb~t insert~on 
aotor sa~~ aud arw devic~. Ex~pt ior tbe 
fa4rin'l split-lin~ latches, the fairing provides 
r1 transparency iOIward of Centaur Station 137.7 
because 01 i~s f~ber9lass construction. 
Eztendinq att of this C~ntaur station, a Sb-inch 
loog dillainum cylJ.udrical section l.aposes 50ae rf 
opacity. 

SPlce~{~tt )ttjC4 ti1!iQg. Toe spac~ratt attach 
titting sbown in Y~9ur~ 2.2.1.1-l is the 
int~r.~diate structur~ u~tw~eo the launch vehicle 
and ta~ urbJ.ter. It l.S 32 iDcaes in height with 
a top dia.eter ot ~~ inches and a bottoa dia.eter 
of bJ iDch~s. 1u~ t4ttinq interta~s th~ centaur 
equip.~nt .ooule torwaru attach ring at Centaur 
Station ClbJ.~O ur 5vacecraft station H.U. The 
sVdcdcraf~ attach tittio~ will bQ vented during 
~cen~ tbrouqb tne ataosphere to provi~e 
essentially a zero vressure difterential. The 
spacecraft is secured to the attacb titting 
forw~rd ring b~tore launch by a two-piece !araan
type ~paration cIaav located at S~~cecraft 
station ijv.O. 1wo PJrot~chnic separat40n bolts 
located ldO degrees avart wuicn Bold the claap 
asse.hIy in tension arc actoated by signals froa 
~be C~n~4ur. Upon actuation ot dJ.ther or both ot 
the explosJ.ve bolts, banu teu~ion ~6 released 
peraittl.ng the clalp ass~.Dly to be vulled down 
on~o th~ attach titting. ~epar4tl.On ot the 
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spa~d~ral~ Iru. the attdch titting is etf.cted by 
tbe celaXaLlon ot lour springs equallr spaced 
arou~u th~ peri.~t~r 01 th~ Lorward riDg_ rhere 
ar~ tour ~eparatiok ~v~tch~s locat~d ~O ddgrees 
apart, u~JQcent to ~dcn ~~drat~on spr~Dq 
l~cdtion, two 01 Which prvvide separation siqnals 
t.o th~ Cl:!nldur. The spac~~ra1t attach tittillg 
al~o conlain~ ur~cKet.ry dn~ nut plate 
~nstdlldtion ~~ ~f~ 01B d~st~uct d~Yice, 
accell:!~o.~t~rs, prc~sur~ transdUCer, tewperature 
transuucer, dUO ~~ociat~ harnesses. 

!1.L!£..tUator-f.!ttl!!Lllierll!S"lt. IhQ spac~cra1.t 
dttacn Iit.ting/1Q.unch veu~clt! lI~ch4niccll 
int~riace occurs at th~ aLt actUAtor titting 
int~rlac~. ~wu a~tudto~ 5pr.~n9 littings ar~ 
10C4 ted 1 ,IV u~':lr~:.;; G}J4r t on tat'" a ttacn i~ ttinq. 
Thes~ s~rve dS ~art 01 tt~ tairing se~aration 
tunction. two co.~r~~si~e sprinqs apply a load 
a~a~ust taese spr~Dq t~tt~n9~ to "kick M tne lower 
end of the iairiuq cl~4r 01 thd launch .~hicle. 
The belpu~ sp[~nq f~ttin~ shown in P~gure 
~.2.1.1-~ ~rov1.u~~ 4 U1.re~;l. 10dd pc1th t,} the all. 
riny. 

~lec~fi~e~ IMt~[t4c~ Co~p~ct2I~ck~t. The 
spac~craft attach littinq/launch Y~hicle 
.~chaniccl~ int~rtclce dlso occurs at th~ airborne 
electr1.c~l int~rf~c~ connector bracket. Th~s 
conn~~tor ~nel provides cl brea~-~oint tor the 
cl~ct~i~dl intcrta~e bct~e~n th~ Centaur anu th~ 
~~clcecrdlt. dttdch tittinq. TWo connec~ors are 
USt~ lor th~ .~~u detoudting tuse to thd Ol! 
u~stru(;t unit. 

Elrctr.cgl 1 I!t-:rh!~. Tb~~ ~n terlace occurs 1.0 
thl:! connb( .. tors mount~u to sp<\c~~rd tt attach 
tl.ttiay electr~~al ~nt~r~acc connector oracKet. 
ioes~ conn1ctors ~clS5 th~ tiriuq currents tro. 
th~ ~~nt4ur us~u to dctUdt~ th~ pyro~Cbnl.C bolts 
~n tae "drado t.y~ selJdrdtion cldap 4n~ CaUses 
subsequdut separation of the spacecratt tro. the 
sPd~dcrdtt attach t~ttiny. Wirinq tru. two 
sepdratl.O~ s~usiny sWltc~es .ouoted on the 
s~ac~cratt attclcb littiuy ndar spac~cratt Station 
ijU pd~S Lorouqh th~~~ CODo~ctors 10r tel.~tering 
hJ lne ~entaur. utner c~cu1.~ry rOUlea t4rough 

~evisioll 
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this intert4t.:e cu.Qn~ctor pass thl:o~'1h <.irE 
harDebS~n9 waich ter.inates 1.n uPE hardware. 

Dnlike "ther Sp4C8cx'att vhl.ch co •• uDly teleaeter 
l.Dfora4tiou Y1.4 t.he Cent4ur traDSa1.SS,lun slstea .. 
tb~ oru1ter sr4cecr4it h4S no sucb teleaetry 
int~r1ace. 

~terLYrbile'_~tulent~ ~Dl!I!~. The 
orbiter spAt.:ecratt prov~des th~ n~t.:essary 
o~eratl.D~ enV1rona~nt and aeans of co~.unl.cation 
for twel ye sci~11 tJ..ti~ instruaents tUO aescribed 
aAt!ati. 

;tel.2.1 !1e-cb4nl.£\l1 ~lH~-1JbtUU-1.n1till£t. Tbe Orb1.ter 
spac~crdtt a~co .. =ouate~ twelve scientific 
1.nstru.ell~S oy prov) 'linq footprint draa~ and 
inserts on tht> eyuil- ~nt shelt as ~en loll Figure 
1.l.2.1-1. ~ll mountin~ brackets 4re <.i¥t. The 
aagnetoaeLcr boo. is supplied by Hughes. Xbe 
cU!lposi te lields 01 vie .. 01 tht! i~13truaents are 
S\!~n in Pi'1ur~s J..~.2..1-l dnd l.2.2.1~l. 

2.2 .2.1.1 ~~t,,[q~D.!.L£2tentJ.aLA!!<il xieor jQUA1. Tbe URi'A is 
pOSl.t1one~ at b = L~~031' on the edge ot the 
equJ.p~e~t ~be11. rhl.S posit~on along v1th t~e 
pointin~ dlr~ctioJJ o~ ~~o to the spac\tCratt +Z 
axis. 4tto~US 4n unoos~ruc~eu ~n s~eradian rOVe 

A cut~ut 15 proYio~ in tbe .spacecr4ft forvard 
04rrler ~or instru.~nt mounting and re.oval, 
along v1th tbe .at10q ot the electrJ.cal 
oonn~~~or. ror ther.a~ ~ontrol purfoses, an 
auxilliary th~r.dl blQnk~t ~xt~nQS tro. tbe 
spacecraft forvard taeraal bdrrier to the 
instruaont a4tin9 r1ug Just und@r the aperture. 
The sPdc~t.:ralt <:Jruuna p14n~ all the in..st.ru.eut tu 
spdcecratt tbarmdl blanKet lS teralnated Just 
under th~ 11K J.~stlu.ent qround ~la~e. 

4J. .'-.1.'1. 121 DQs~ ~psctroa~Utl:"_.J.Q.!1111. Tnt! l·eqUJ.r~aent 
lor d 2n st~rduldh luv and a p01ntihq directlon 
alon~ the +Z dxis, r~sul~ in th~ Ul"~ being 
positloneo 011 t.1U~ out~r ~~e at the equip.ent 
shelt 4t 8 ~ i7~01d·. rn~s shell posItion is 
4lso Leaott! trail 1 u.rlJe bp.lCecratt. t>ubsyst.ea un.l.ts 
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ana, t.bert!fore, 1.n a. locat.ion vhere the 
s~dc~cratt. aagDet.l.C ~n9ironaent. is lov. 

'10 aaintdin ttl~ ~st.X:ulleDt at its sp-rcitied 
teaperalure, and t.o proviae d conduct.ing surface 
.ror 10" energy ion at!dsure.ents, tbe tber.al 
~lanl~t aDU conuucting surtac~ is extended teo. 
tb~ s~4c~cratt. torvard ~orr1er up to a~ 
instrua~nt provided int.erlace just. beloW t.he 
ap~rtu~~. 

2.2.2.1.3 "Ie-cuon l'\!UlperatYl"$ i!{0Pf: 10,TP). 'file OE'lP 
co~sists 01 two unl.ts, one containin9 the 
el~ctroracs ..1nu d ~~I.sor })robe and t.lle otber a 
sensor probe o~ly. In~ ~lectronl.cs s~nsor p~obe 
~upport ext~uus forward pa[,411~1 to th~ 
.svac~crc1tl i. axi.s turougla cutout..& in tile tbenal 
blc1n~~t anu ~cuund-~lc1ll~ tor a distanc~ of lb.5" 
dDOV~ ln~ locwara oarr~~£. rb~ s~nsor probd 
it~elt IS ~n ~ad1tl.ofial ij" hig~. By locating 
this !i1~nS\lr cit the out~c ollge 01 the sb\!lf, t.he 
spac~craft provia~s tn1s pro~ a tield ot view of 
2n slerdll1an Wl.tn Ulldvoloable Dlockdqe due only 
t.u the s~aceCCdLt. .ast dua h19h gain antenna. 
The s~cunu s~usor i~ attachea to the solar p~n\!l 
dna wueu ueplo)ed, ~xt~uos r4d1al11 outward ~O· 
uoraa~ to tb~ spaC~ctalt Z-axis. ueployaent. 
signuls a~e prov~lled troa the s~dc~cratt. 
pyrotecbUlc unit atter orbl.t ins~rt.1on. Tbe boo. 
~@lease aechc1nis. and sqUIbs are Gf~. This 
~~nsur i~ ~lso provia~~ ~n stecauian unblockdd 
11~lu u~ v~~w. bOLO sen~urs are locat.ed near ~ : 
7So ot tb~ she~t, whIch is nearly 18~o re.oved 
troa t.h~ .d9ncto.e~er. 

2.2.2.1.~ £1tr4vi91vt S~ectk~~~_~~l. rbe oUVS 
con~~~t~ 01 d s~nqle unl.~ aounted on a ~YE 
braCKet ot tb~ uut~oacd ~9~ 01 the svacecratt 
sh~ll at appro~i.dtdl) & ~q~als 2~Oo. Tbe 
ovtlCdl ax~s ot toe Ill~tru.~nt is pdrallel to ~ 
eq~~ls ju~O oU the sh~lt (as 3r~ the ocpp and Ol~ 
~IjsttUm~nt~) ..1ud at un anqle 01 biJG. vl.th respe.ct. 
t.o the .Z dXI~ ot the sVdcecralt. 1 notch is 
pro~ia~u 10 the sO~4r p3Q~1 torwdra ~dge ana in 
th~ torvdrd tuecadl b~r~l.er ~or the l.nstruaant 
ci~er~ur~ l~~bt shi~ld to protrude througb, and 
provioes CHJO lull "1.Ilt.h COIl1.Cdl cl~aI: li.:tld of 

ie'W'iaion 
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"iew. '.l'be forward tiler.al blanket and solar 
pauel su\bstrate blcmket attach to this light 
shield to provide the t~er.al closnre for the 
iustrWlellt. 

2.2.2.1.~ Nautfal~a~s S~ctroae!£r ,O~~~. The ON!S is 
.ount~ on the outer edge of the equipaent shelf 
at e : 3l1oo'. This locat~on along with the 
pointinq ,1l.rect1on of 210 with respect. to the 
space~raft +Z axis, iJrov ides an 'lnobstructed FOY 
at 2II steradian within the raaius 0:1 lb" fro. the 
aperture. 

Por tberaa.l cont rol purposes, the 'ther.al blanket 
is extended troli t~e iorvard barrl.er up to a 
.ating ring unde~ the 1nstru.ent aperature. 

The larqe power consuaption of the instruaent (~ 
watts il"era~,e) req\llred that i l be pos1tioned 
over a thernal louver and the use of ~rv betweeu 
the instruaent base and the eq~ip.ent shelf. 

Pyrotechnic :;i'1nals are provided by t.he 
spacecraft to eject the instrument seal~n9 cap 
after Venus c.·rb.l.t insert.l.on. 

2.2 .2.1.b Clotld fhoto [-;>),ag!l!ter {OCPP}. rhe requireli2Gnt 
that toe OCPP spin scan the planet throughout the 
Venus orbit nt~cessl.tated its pOSition on the edge 
ot th~ ~quip.€nt sh~lt and viewing through the 
uppe.c solar substl;ate. 'rne travel of the 
inst.cuaent tel~cope fro. +~3Q through +145 0 with 
respect ~o the +~ axis, is through a 3.5- vide 
~lot 1n the suhstrate running f.co. just below the 
equipment shelf through to and including tbe hat 
brim. The 801ar aittuser is attached to the 
forvara Darrier directly OYer the telescope and 
is positioned tu allow stowage of th~ telescope 
directed along the +L dXis (i.e., at UO angle) 
dur~ng launcu and ~~en operated in the diffuser 
looling mode. 

The telescope op\:.ical axis i~ positioned on thl:! 
equip.ent shelf illt 8 : 306 0 • Both the OIR and 
the ouvs instru.ents aLe coaligned to the optical 
axis 01 the OCP~. 
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fher.al cont.rol of the instru.ent is afforded by 
its location unde~ the toeraal barrier, and a GFB 
~uppl~ed tib~rgldss .oulding which interfaces 
D~tween th~ telescope and the ther.al blanket at 
the ~ns~de ot tne upper solar substrate. The 
exteraal ~~nish OD the aoulding is VDI. No 
thermal uldnket ~ proviQe~ at pr~sent over the 
solar dittuser. 

2.~.~.1.1 ~!!ared ~ad*o.e~'-lQllil. the Olli ~stru.eDt 
consists ot a single unit .ounted about ~/J of 
the spac~raft radius, outboarJ fro. tbe 
s~ac~cratt Z axis toward the spacecratt edge, at 
a~proximately & ~udls JOOo on the shelf. Toe 
optical axis ot tne instru.~nt is parallel to & 
equals JUb o of the soelf, (as are the OCPP and 
ouvs ~nstru.ents) and at an angle ot ~50, with 
~~p~~t to th~ +~ ax~s ot the spacecratt. An 
open~1l9 H. prov.l.<1eu in t.lle tnerllal barrier for 
the instrument aperture ligbt sbade td protrude 
through. AD unobstructed So full .idtn tield of 
v~~v along tbe opt~cal axis is prov: ded. rhe 
thermal ~lanket attach~s to tbe tOIvard surface 
of th~ inst~u.eat ~mediat~ly adjacent to the 
ligil t. sh~ue. 

~.2.2.1.d 3a9ne!o.et~£-j~~. rh~ aayneto.eter ins~ru.ent 
cons~sts of a snelt mounted ~Iectron~cs unit, ana 
two DOO •• oulltea sensors. 

The el~ctronics unit is Loul.te.:i nlrur to the 
IidljnetOllet~r booll root dt ~ ::- aFproxiaately 250 0 , 

a position that .in~aizes tbe cab~e length to the 
boom ~eusors. 

'1'0 :nini.~;.:.e the sPdc~craft contributeo .agnetic 
tields, the ~/T .agneto.~tdr sensor and the G 
sellSOr are mounted on a. three-seg.ent 15 1 6-
de~lofable bou.. l'h~s boom length dlO1;'9 with a 
Ii.itea magnetic control ot all spac~r4tt 
.~te~lals QDU uni~~, is re~uireQ to .eet the 
magnetic specified tions at tbe I'IT sensor. 

The follov~n9 dce the operating aa~netic 
sp~~ificdt~on requireaents 01 PC-410 (keterence: 
i'draljraph 1. ~.4) dud the aedsured levels 
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resulting t~oa .agnatic testing of the spacecraft 
(Reference: P4Eagrapb 1.5.15): 

(al pc a!~i!tic riilQ 

PC-410 
R~uir'laent! 

Qgtpoard SeJl§~ 
(19.5') 
Pa~allel t.o spin 
spin Plane 

(GA1U'A) 

2.0 
6.0 

IQpo~~d Senso, (1~.~·) 
Parallel to spin 4.6 
Spin Plane 14.4 

OBl''' Position~g 
Sens0I' (1.0') 
pQrallel to Spin None 

QytbYGkU SensQk (19.5') 
Pardllel to Spin 0.1 ras 

Boom Axis 

90 Ue9rees to 
bOO. dnd SPl.D 

(0.28 p-p) 
0.1 rlls 

(0.28 p-p) 
0.1 ras 

(0.28 p-p) 

l"'board s~n~£ (1". ~t) 
Parallel to !lpiu 

}Soo. Axis 

90 l.)e'J!:~s to 
booll and Spl.n 

ORPA PositiQQ~ 
Sensor ( 1.0' ) 
Parallel t.o .:)~in 

0.24 r.s 
(O.b1 p-p) 
0.24 ras 

(0.b1 p-p) 
0.2~ ras 

(U.b7 p-p) 

140ne 

tlughes 
TP32011-206 

!lelspre.ents 

(GAIU'A) 

1.0 
2.12 

1.67 
5.0 

1.5 

O.l!> p-p 

0.2~ p-p 

0.25 p-p 

0.5 p-p 

0.5 p-p 

0.5 p-p 

3.0 

The tolloving are the ~eaanent. .a9netic field 
specitication require.ents of PC-410 (Reterence: 
Pacdgrapn 1.5.4) and t~e aeasured levels 
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resultin9 fro. .agnetic tes~in9 of the spacecraft 
(Reference: ~aragraph 1.5.15): 

(a) ke'dP~pt ii~!~-Aaga!tizeg 
(2!l b4USS) 

uutbudrd Se!l§~ 
(19.~·) 
Parall~l to S~in 
!i~l.n plC:lne 

PC-410 

(GABKA) 

1.0 
~1.0 

lnbodcd ;;)enSor (N.5e) 
Parallel to ~pin 17.0 
~pl.n P~dne 51.~ 

ORPA Position~ 
~ellsor (l.U') 
Parallel t~ ~pin Nont! 

(04:) 
Raaial - (br) None 
90 uegrees to None 

ltadiaJ. and Spill 
(b_) 

dugb.es 
'lP32 0 11-206-1 

(GAB!!) 

-1.915 
3.810 

+104 

+iO~ 

+:t5 

(a) ~lIapent Jo'ield D~!~r!&.tiill 
(50 baUSS) 

~Odl.~ ~Q&. (19.!)'} 
Parallel to SPl.ll o.~ 
spin ~lane 1.~ 

!gboani ~~n~o.: (lit.!)·) 
~drallel to ~~ill l.l 
5~~n ~ldnt! 3.b 

UhP! fo~.q;on~ 
Sells~r (L.O') 
Pdrd~lel to Svin None 

(tiz) 
Raul.dl - (OL) None 
9~ Deyrees to None 
Badial and !>piu 
(!lsi) 

-0.370 
0.543 

-0.943 
1.330 

+20 

-jO 
-5 
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BeYisioll 

rb~ boo. ~s ueploy~ at apprvxi.ately ~.2 ~ours 
after sPdc~cratt lauucn iroa tbe equip.ent shelt 
.ouoted craal~ by the initiation ot recundant 
pyrotechoic aeviceo, spacecral t spin, ana saall 
~~ck-sprin9s. Tne PIT s~nsor is .ounted at the 
booa enel (19'0" fro. tbi! spdcecra1t spin axis) 
and th~ U sensor ~s l~'b· Lro. tbe spin ax~s. 
The .000. uesign a1011g wi th the align .ent of all 
three sensors anu the boo~, .ainta~n the sensor 
within t~e requ~re~ one-degree ~dl' cone angle 
with respect to the corresponding spacecratt axes 
during 1l~gbt.. 

the temperature of botn ~e PIT sensor and the 
inboard u seusor is controlled by a aulti-laY9r 
Kapton blank~t arounu tive sides of each unit. 
rhe boom llIoull~ing l.ldllge t.o sensor ~nterfdce nas 
a VDA fiuLsh. r~e ~oom ~s also ther.ally 
wrapped. 

2.2.2.1.~ f.laslla. An~hzer {OrAL. rae OPA consil:its ot d 
singlt~ u.u.t .OUht~1.l at the outboaru edge of the 
shelt ~t approx~.dtely e equals 1300. tbe 
ins~ru.ent out~dr~ looking aperture is provided 
a lijuij vertical by l~o a~~.uth fiala ot v~ev 
throu9h no~cne~ prov~Qed in tue solar panel 
SUDst~~te auo lorwdrd thermal barrier. fhe 
centerliae 01 the az~muth 1ielu ot view is 
parallel to ~ equals 114 0 40' ot tne spacecraft. 
Tne c~nterline of toe ~ert~cal field 04 yiew is 
per?endicular to ~h~ suac<craft Z axLS. The 
forlidrU taeuldl !>l ~nx.et covers tile rorward end of 
the ~llstru.ent which protrudes through d cutout 
prov~aea ~n the vlanKe~ ~upport. The solar panel 
ther.al hlanJl.cL ext.ellds jU!it up to tbe edqe of 
the cutout in the yanel ~or the fOV. A spec~al 
protective shield plovia~~ uy the spacecraft is 
attdch~d tv th~ inti~ru.ent to pr~vent the thee.al 
vi,&.ultet 11:Ua intrut!ing into the <jold-platt!d area 
i •• hHiiat.e.l.y aU]dt,;ent to th~ aperture. 

2.2.;'.1.1u SS:~!'!.Z·---'i.lliAlll.. fhe OilAD consists of two units; 

,,-28 

th." ,ultenna cUlU th~ electronics. The antenna is 
lo~a.ted dt tbe ext~~~e eelge 01 the e~uip2ent 
snell at ~ equals ~~Q. A larg~ notch is provided 
in tne boldr panel SUbtitLate and tne forward 
tnermal ~drr~er to allow tbe antenna ~o ue 

1 
j 
I 
i 
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poSl.tio 
spacecr 

f~. GO to l~OO, Vl.th respect to the 
.. ~ axis. 

The antenna is stovea at 900, vl.th respect to the 
Z axi~ dUrl.ll9 launca and deployed by redundant 
pyrotechnic pin pullers aLter orbit insertion. 
1A th~ po~ition, the antenna slightly intrudes 
Wl.~al.n tae bea. ot tile H1.9h Gain Antenna (HGA). 
Tbe motion ot the ~adar antenna about the pivot 
point contrioutes ~.uijO to the spacecraft wobble 
bUQ~et (O • .:i: 0 ). 

The antenna is th~rmally iso~ated fro. the 
e~uip.ent Shelf wl.th insuldted mounts. Since 
thl.S also electrl.cally l.solates tbe antenna, a 
ground stra~ is proYl.~ed tor an electrical bond 
to the spacecraLt. ~ closure is provided around 
~e antenna well Sl.ues ~etween the equip~ent 
sbdlL and the iorwaru tnermal barrl.er. 

l'he elect~onics is located nearby the antenna to 
ainimizc toe len~th of cables requir~. The 
larye power consumption necessitated pOSitioning 
the elect~onics over a thermal louver. 

2.2.2.1. 11 ~lectrl.cdl Fitiri lietect2r~FDl • rae UEPD 
conSl.sts ot a sl.ngl~ unit .ounted to the space

craft shelL ~neatn th~ theraal barrier at e 
eguals 17~o. Two re.ov4l an~enna whips extend 
radialli thrOUl}1l a lloll::! prov idet1 in the solar 
!lanel. 'rhey extenu .i.4t inches froll toP. sola!:" 
panel at an angle oi bUO, with re~pect to each 
other, auJ in a plrln~ ~rpenuicular to the 
spac~crdft l axis. Uurill~ launch, the ija tl.P 
spheres of tne antennas are constrained by tile 
launch vehicle shroud. Deployment of these 
antl::!nnas wl.ll occur upon shroud s~paration. The 
uesign ot toe antennas preclude~ thelr t~ps froll 
i.pactiug ~acn otn~r or the solar panel durl.ng 
ueploy.~nt. 

2.;. .~ .1. U Gaalila Bur:.;t Det~~jQGD&. Tlle UGbu consists 
of three units, ont? containiny tht:: electronics 

and tNO ~ensors. One ot tnese sensors is located 
on tb~ spacecrdtt shel~ at ~ ey~als lJJo 49 1 and 
the other is locateu nearly 1800 away on tb~ 
:;)helf at 8 equ.1ls ~~0.3u· _ Soth dre locdted near 

aeYisio~ 
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the ~dg~ of tA~ sbelf and thus ob~ain a ainiaua 
coabined sensor fi~d 01 view of 4n steradians. 
Cables suppliea with th~ instru.ent connect the 
sensors to toe electronics located dt 
approxiaately & equals ~60o. All units are 
contdined beneath. 'the forward thermal ba.rrier. 

Edca of t4~se sensors sLraadle aoublers and as a 
result, soae ot th~ .ounting feet dre shia.ed to 
ontain equal ~~stance to the equ~p.ellt shelf. 
Tne use 01 ~hese snias a~d being .ouoted to an 
isolat~a douul~r caus~u s~nsur b at a equals 
22030' to ~e i~olated trom lhe structure. 
GroQn4ing ot tue unit is obtain~d via a ground 
strap to dn aujacent un~t. Senso~ A obtains 
chassis ground via groun4 straps to the doubler 
to which it is attacheu. 

Coa.and interlace. rhere are 7S d~screte 
coa.anas and 6 quantitative co.aauds allocated 
tor all twelve ~nstru.ents. rh~rteen of the 15 
discret£ cc.manos are presently unassigned. 

pata ~ndl~~g ~ti.ing Signals Inte[ta~~. 
Allocdtion 01 teleaetry channels for all twelve 
instru.ents consists of 1~ serial dig~tal, 31 
analog, and 2" Di-l~v~l channels. Assigned 
channels eire 11 ser~al u~g~t.al, 2" analog, and 20 
ni-level channels. 

Add~tionally. te.perature of each of six 
iDstru.ents is t~le.etered as part ot the 
structur~s/Hdrness "subsystell" (SORPA'l', SOltlST, 
SOEfP'f, SUN,..::iT, .::iOPAIT, dnd SullADT), and tile 
instru_ents' ~ull~ctive ~oad currents are 
aonitorable via PSCl~l. 

ri.inq GnU status s~ynals .ade ava~labl~ to each 
scientiiic inst.rument consist of t.he follovin9: 

(a) lliora rate 
(b) t!inor frame rate 
(c) Hd Jor ira.e rate 
(tl) head cloclt 
(e) Analog read envelove 
(1) uiyital ~act envelope 
(g) j2,7ot> H~ cloc;' 
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(h) 2,U48 Hz clock 
(i) bit rate status 
(j) Holl Index Pulse (hlP) 
(k) ~IO"'5 Seclor pulses 
(1) HAS dnd ~ADl~ pulses 
ta) is Roll D~1erence pulse 

~9ver and firQ IntertA£~. rhe orbiter spacecraft 
provides, via a tusea line to edch inst~u.ent 
from the ~~ vue sc~ence bu~, tbe aeasured 
operating power shown ~ Xable 2.2.2.ij-l. 

E~ther ot the two tully reaundant halves of the 
Orbiter ~cu provides tQe coa.anaable control to 
tire tbe squib that releases the !AG BOOft (ORD lq 
or Oku A~). or to f1re tbe sgu~u that 
simultaneously releases tbe UNas breaKoff hat, 
deploys t,he O££P B008, and unlocks the 08AD 
aecndfi1sa lOh~ 1~ or ORD A~) • 

OHbltE~ SCIENCE INSTRUftEMTS 
lSi-:ASUlil;ll UPEhATLN<i l>OWElt 

ll---------lI--~g::~~---r--:~:~~N:--- ---!~~:---
~!:!: 1 !!!~:~: ! ~!!~~~- ~!~~!~ 

ION!!!:) I O.;t~ I 0.5';; 1.50 
Ol~S I 1J.1lS 0.u5 0.25 
OH~A U.OB O.Od 0.50 
ORAU O.30~ 1.00 3.00 
OUYS O.~d 0.67 O.~5 
o ET i> 0 • 13 3 0 • 133 0 .5 A 
OIR O.ltiu 0.330 0.151 
OFA U.1H~ 1l.lb5 0.5A 
ocpp U. ld ~ O .. 'HO 1.00 
uPlAG j u.06'J, u.009 0.50 

I OU'D I O.ll:.l.i I U.0;(;2 O.~5 

l_~::: ___ ~ ____ :::~~ __ l ____ ::::: ___ l ___ :=:~ ___ 
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Is\erJstioQS ~,~en Sub§y§t~IS. rhe f~ndaaeDtal 
interfaces between the previously listed orbiter 
Subsyst~.s can be classiti~d as .~chanical. 
LheraQl, and electr~cal. 

the .echanical intertace betveea Orbiter 
Subsysteas is essentially rigid and unchangeable, 
except tor that ~tween tbe control SUbsyste. and 
the Co •• unications ~ubsyste.. the despin 
control, v~a the BA?TA, aaintains the HGA, 
torvarJ oani aad H~A backup antennas spatiallr 
~ixed While the re.ainder of the s~aoecraLt is 
spinning to provide gyroscopic stiftness. The 
HGA ~levation Control portion of tne Control 
Sub~Jste. aaintains the HGA elevation slew to the 
last co •• anaed steppinq rate or at the fixed 
elevation re~ulting trom co.aanded teraination of 
tAe step~ing ra~e. 

Th~ Lheraal interiace between Drbitar Subsysteas, 
~esulting tro. Lbe pri.ar~ly passive ther.al 
aasign that ~;.ncludes nearly all sUbsystea 
equi~.ent mounte~ to a single shelf, tends to be 
uistribut~ve in nature for cold case ~onditions, 
and localized in nature tor hot case conditions. 
(Either near-Venus operation, or o~ratioD with 
the sun ~.U.5. in an aft direction, is expected 
to produc~ a generally hot spacecrait 
~nviron.ent). Th~ shelf-aounted equip.ent are 
envelopeu ~n <1 cOllpart..ent bounded by the forward 
side of th~ sbcil, inner wall ot the so~ar panel 
sGostrate, and the ait side of t.h~ forward 
blan~et. that isolates the equip.ent fro. a space 
environ.ent. 

It the local shelL teaperature on th~ BY half of 
th~ ~qu~p.ent saelt ~rops to +J5 0 1'oy, and there 
~ sutficient e~oess OL solar panel power, eight 
hedt~rs that are uistributed across the aft siue 
of ~he HP bali of the snelL coae ON v~a closure 
of a theraostat c~rcuit, providing a uuifora 
heating ot t.he equip.eat. The saae stat.eaent is 
true for the other half (oattery ~nelf) of the 
equip.ent shel~: ~igbt be~ters distributed 
across it are controlleu by a sdpara~ theraostat 
c~rcuit that clo~es at +J5 0 1~oP. Each of the 

-
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t~o tAeraobtQt c~rcu~~ ara ~t to open at +~50 
t-!>oy. 

All sbclf-mountea un~ts ~bich uissipat~ aore than 
two to three WdttS are located over 
t.hermostdt~cdlly-controlled louver~d radiator 
ar~as~ lher~ drQ 1~ th~raal lou~~rs (13 g~neral 
type, aha ~ beLtery type, i.~., used neClr the 
s~acecraLt bdtterJ) d~stributed over the APt side 
of th~ sb~lt, ~ach one eontrolle~ by 1ts own 
locally-aounte(1 to@raostat. Ii hen the te.~drature 
r1~e~ abov~ (~~U t-~oy tor th~ g~neral type, and 
~S~ ±50 P Lor the udtt~ri type) at a toeraostat, 
taQ IvuveL bt::g,ius to uf)~Il. At (~OO t~Op for the 
general LJpe, ana 70~ t~~P tor the battery type), 
the louv~r is tully o~~n, radiating beat avay 
tro. lh~ local aut stx>t. With sue:. a loeally
controlleu tnerwal rad1ation des1~n, 1t 1S seen 
that the the~aal interlace between subsystea 
equip.ents is ainiaa1 in tne hot case (equ1pment 
tro~ the ~d.e ~uos~stea ace generally .ounted on 
th~ sbelt in close physicd~ vro~i.ity). 

All ~ubsysteas ele~~r1cal 1Dterfaces, excluding 
th~rmdl, aud 1ncluu~n9 U~biter ~cience, are 
sum.eSriz~u in th~ 1Dteraction matrix, Table 
L.2.3-1. Tne power tiUbsyste~ 1ntert4ce with 
other sU~5ysteas heSS been described in Section 
2.1 .. 1. 'f',,! r~lDa1nin':J suusyst.,ns have nuaerous 
1ntertace~ th~~ are pr1Aar1ly el~ctr1cal. 

Tb~ uu_oors ~u Table L.2.3-1 leLer to the 
tollo~in9 ~lectricdl 4ut~rtace iteas: 

GD Po~~r (~ nos4nal crU1S~ power) 

o Commands: «iJ) :: D1screte; 
(v) :: ~Uant1tat1v~ - ex~.uues 
k}->dulldanl channel!il. 

rQ~se are all t.he un1que co.aan(i.~ tnat 
PdSS o~t ween tbe Co ... uni ea t10ns sub-
syst~a allU ~be Comman~ subsystea at 
~~ b~tti per eoa.Clod, ij bvs, and 00 aD 
PSK subcarri~r (-0" tOlle :: lUO Hz; 
"1" ton~ :: ~5U H~). 
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@ '.l'bese drd all the unique cu •• aDds thdt 
pass 110. on~ or .ure Co.mand subsyst~. 
~Oftb to ta~ t~rst affected ~uhsyste •• 

Thes~ are dll thp. co •• allUS that are 
processdu ~n the tirst a1t~t~Q sub
~Jste. and pass to tbe tinal affected 
SUbSybtd& lor ter.inal act.on. Most 01 
the ti.e, the ~irst and 11D41 atfdcted 
subsysteas ar~ tbe sam~. 

HOil: so.~ S~llgl~ co.aanus can tinally attect 
two or aore sUDsy~te~, and are counted 
to~ eden such suu~y~t~m, whereas, they 
"e each counted only unce in cat~orJ 
@. Taeretore, tbe total 01 all ~ 
co.mdnds ~roa the iirst affect.ed sub
system d~s ~L always equal the 
qUdJjt~ty 01 ~ cOllaands for that 
subsyste.. An eXd.~le OL such a 
co •• anu is: (URU13 or UHDAJ): ARft !AG 
bOO.1, o.r;rp booa DEPLOldENr, OM!.:i 1;/0 
dA'l'~ AHU OHAli l(toLt;A5E ".r.CH~lSI't. l'his 
commdud is ind~cdted as a ~ cu •• ana 
Lor daca ot ufUt;, OE'rp, ONft~ and ~AD. 
~ut it ~s counted only once as II ~ 
co.aanu in ta~ t.Lrst at1ecteQ subsystem 
(rhd ~o.lIand 5ubsystea) • 

The su~ tota~ of all ~ co •• and~ does 
~qua~ the ~ co.mands. Again. r~dun
\lancy ~n COft assignllents 1S nQt. 
~n~luueu. This ~ a total ot Hnbgue 
cOlilaauds. 

( . 
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Tf:lc.etry (= Luaber ot parallet.~ts. ~itb.er 
analuy (AH) , serial digital (SO), or Silevel 
lbL). - ~~~ ~J~eddP! £A4Mpelsl. 

These ar~ all ~be unique ~ara.et.ers 
that pass froll tb€ source subsyste. to 
one or aore Data Hand11n9 ~ubsystea 
Ulfts, e~ther direc~ly, or wia an inter
aeuiate suosystea. Thos~ ill the latter 
category are listed tV1ce, for the 
~ource subsyst~. (1ncludin9 iden~ifi
cation of tn~ 1nteraediate suosystea) , 
an~ ior tbe interaeaiate sUbsyst.em. 

These are all Lne unique para.eters 
that pass rroa the ou~put of the Data 
Handling Subsystea, via a 16,3H4 Hz 
subcarrier, to t.he Coamunicat.ions 
Subslst.ea. 

G) 'l'elewetry t111 iog siqnals (= nU.ber of data 
tia1nq signal lines suppli~d directly to the 
sUbsystem). f1a1nq signal types include 
maJor frawe rate, ainor frame rate, bit rate 
status, analoq read enyelo~, digital read 
envelope, redQ ClOCK, and WorQ rate. 

@ At tit.uue t1.iug signdls. l'nese t.~!uug 
~iqnal t.ypes to t.~e SCl.t:!utific l.nstru.~nts 
include lilf, VPDl (aA!), VFU!l (NADIH), Spin 
Feriou Sect~ ~ulbes (lU24 pulses per spin 
perioa, and Roll Reiecence Puls~ (~). 

G ClOCK ileferen(,.--e (=- l!U_ber of C.lock 
ret~r~nc~s supp~1eu dir~ctly to t.he 
subti}'~tem) • 
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2.3 CA~A.B.ILrllES 4tHl LIl'1I1Al'l.OJlS .rOB 'l'HE OB61TlHt S~S'rEl! 

~.3 .1 

;' .. 3 .2 

The pominal spac~crdft equi~.~nt configuration during 
tbe nJ.Jle lIIission pha~es. as veIl as spacecraft syste.
level capdb~IA'J.e~ and IJ.mJ.tations, are descrJ.bed 
bt::lov. 

"ollinal~ Contl.gu~dt~. Si'acecraf~ equipment 
configurations for each ot tbe uine n~.inal 
~ission phdS~S described in ~ara9raph l.1.~ is 
sbown i~ T~ble 2.3.1-1. Of cour~e, alternate 
equipment of a redundant vair could be used 
optionally. ~ome sequenL~s of actions could be 
cbronologically ordereQ differently and 
accollplisu essentially tbe saae result. However, 
this nOlliual mJ.ssion s~uence and ~orresponding 
noaJ.nal equipment configurations have been 
adopt~ trom nUllerous sources as lJ.sted in 
~ction 1.~, or, in some instances, ~or sOlie net 
advantage. TaJ.s has ~een done for the purpose ot 
comr.Junicating what can b~ expected nOllinally from 
tht e~uipment, anu act as a reference for 
uJ.scussi~~ What capabilJ.ties exist beyond nominal 
plaan~ usag~. and what limitations exist tor the 
equl.pl!!ent as c.1~signed. 

S1 stelil CdPaailJ.tie S dnd ~!-* ta tioo2 - rhe 
capabilit~es anti liaitations of system 
performance in tae rollowl.n~ disci~lines are 
liiscussed below. 

(a) COllmanaing 
(b) Teleaeterin~ 
(C} Power COutrol 
(u) Thermal Control ana 
(e} daneuver Control 

Sutisystem le~el details of these cavabiliti~s ~nd 
limitation~ are discuss~d in Sections 3 anu ~. 

2.3.2.1 Co.!.!.."JW~lIg 0, 'rj)~ Itax.:.su • .EJ.eld-of-Yiew with 
leS?e~t to the ~pacecratt Coordinate syste~ tor 
.::;pct.cecrdft rf:~eFtJ.on ot co.:.ands ~s essent~ally 
o.ni-Jirectl.Olldl beCaU&1 one spacecra~t receiver 
can ~e connecteu to one he.ispherically 
UJ..t:ect::Lonal dnt.el~aa, while Uae other receiver is 
sillult.aneou.::;ly cOllne~~ed to another antenna that 

. _.- .... -..... -'.''';"~-'-'~''-;;;;-;;;;";:;-=;;;;';;;-;;~;';;;:-'='=::;;:;=':;;;;;' 
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Ti\f1, t:: 2.3. 1- 1. ORBln: n NOMINAl EQt: IPM E NT CONF IGL' MTJON3 Dl"RlNG TIlE MISSION 

O!lDITE R P HAS E: I AllIluje J('t Ca ll"rn-Prcldunch Thru 
lion; T CM' l; 1 C M 13 

Pr<'Cess Lo ConfIgure 
D.!spln ofHGA 

Oct(' rllllnatlon ; 
T CM "2 C Nls e VOl A1Utude sic" Trim 

STATt:S (\\l tt,ln , or III end o~ Star ""rvey: ScI. Che ~kout ; &:e Nl se 
P hAor " C rui se " -: rul8e 

Through VOl Orbit 

I Typic al su.r1 Tim .. /IIe lnllvl" I - 5 Min. (Switc h I" I ·'i IIr. I - I Oay : JI'I I - 20 D:t)!' I '20 [EJ-20 Doys lliJ - 2 Doya ~-"1 2 Min. 

I 
S i C natte ry Pwr, Ca l. 1. . 5 Doys Days @ - Fncoun (Expected elllt 
II lJIunc h 20 Moy 'l e M" . ' L'S Ler C l o"e~ from occulL.~U",", 

I to 2 J une 1970) l >ay~ : Sta r t of approach Lo , P(;'rlrxlic SCI. \ 'cnu.s J. 
I Chl ~ kou t ( I:.\'-

I TypIca l " hu e I>.Ira Uor. " r:c :rk~ C!) V; IIrs . 

('ry 3 Dol's ) 

<D 6J IIr. fordll. l' ' 19 Days <P. ~ 4 IIr. 1k183 ; ~~8 Dol's 1) ~2 Ilays t62 Doy • • 
® ['hue Inc ludt' S Oct. and :,:a r o ve rall ( 10hr. 21 Nom- l)a)'s to .g, Nominal 2) NomInal Nom . l:U530 

I' 
\2C1 ,' G..y. .:10 1 40 preces-' 1) (nom !.:a\) p r p Su n '..,) (Inc lud · s for Je t callb. ; inal G\ ' ~\' of O. I pr<'Ces s lon to 

c('ss lon o f S Ie - z All. TrIm (If ' 4 hre .torTal of ~. 6 m' fr om m / sec . SIOD Lo VOl on-orbll alUrud< 
a.x ls LO {·c llpt ' c r L'Qul red, ~ I, . sec . 1:O'tnch to a ltlrude . (SIC +Z allis 
norma l ' polnwu ® L l k IIr . ~ ~omlnal ' v e ncOUl1e r polnled South). 
·, o rth. o \eru ll. o f 7 . ~ ~1 /8 ('C . \ 143 Do)~ ':I Nominal 

~ 10 \\·3' .... to .\1 62 02~ . 4 m/ sec &: 
rrax. for aU Doys for ~13. 5 m! s<..; 
3~ lcncc . thl" for 1s t perlaps l 

phase . &: period adj . 

NomInal f a rlh-O rbl te r OIs tancl' o LO I < lOS km . l x 105 to 4 x ~ " 105 Lo B x ~ x lOG 8 x 106 33 x lO G to . 53 x L06 km. ~53 " 106 km • 
105 km. i OO km . km . to 33 x S3 x 106 

l OG km . km. 

",omlnal Sun L. O. S. (\\ . R. 1 . ~I r. 90
0 90° SilO to 900 89"1090° 37

0
L091

o 90°Lo ~Io 85° to 96° (VOl 7S°Lo IOOodurln 

I Ald" l Atti tude) invC'rslon. 

~'omlna1 E3 rth t.. 0 . :';. (W • • • T . 

1730LO ~~ 
640 Lo 78. : 0 ~oo to 9Qo 

:''ptn Ax ia l 720 to 820 72° to 820 720 to 82° nO lD 87 87° LogOO (VOL I.:Urudel du ring lnve r alo 

.- -
~rth SUUOI'l(s )lln l 's,' : 26 M. 64 M. fo r Telll 64 III. fo r G~ M ror Tc. 64 M. prla G'; M. 

n : 26 M. o lhe r T ClII.2; TClII ~3 ; Lo s witching 
wi !H· . 26M . 26 M. oth!r from HGA Lo 

othe r - \\1se. fwd Omnl. . wi se. . 

In - Omit 
Ope ratl ons 

® - l! Days . 

"I ~41 4 Doys mInimum 
2. Nom. 08m/sec . H 
m / sec . &: 60. 05 m/,;,ec 
for typIcal perlapsl • • 
apoapsls " a lUrude 
corrections . 

53 x 10
6 

LO 260 x 106 

Ion . 

80. 5
0 

LO 93.5° 

d6° LO 9~0 

"" ~n", ~ ... "" 1 e XJX'rlme nl: 26 ~ oth< 
wIse. 

I 

til 
ell 
~ .... 
en .... 
o 
c: 

trOt; VI 
~,.,O~ 
< .... (') C') ....\Q. ~ 

en • ~ , 
... . lZ 0 
O ~Oc: 
~ fII • 

fR z 

Si:

C 6° o " 
'='n s» ! , 
r+1~ 
ID 
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TABU. 2. 3.1-1. IUJITFlt I\OMII'(AI. HJlIPMENT COI'HGI ' RATIONS J)I n!NG T il E ~IJSSIOI\ (Contlnue-<I) 

ORBITER PHASE , Allib ·de Jet Callbra-
Prelaunch ThN 

Dete rmInati on ; lion; TCMU; 
TCM .2 Cruise neapln ofHroA 

Sc i. Checkout; STATUS (:~~ or at end 0"- SUH SU rvey ; 

" CNlae " Crulse 

~ommllJ\lcat\oua sIs b Mod Index l. 18 
(RedIA"", 

~"'"~- ,.., Omm ""," i To III Grt ln 

aIwr Scp. " Uespl Backup Cor 

of HG,\; \hen HGA . OHA D cht>ekou l 
tben return to 
II G;\ . 

Rec,,!, l Antenna Rcvr 1 to Cwd omnJ Revr I to Ii. G. 

then to II GA ns Backup Co r 

above; Revr 2 to ORA Drht-ckout 
Ihe n to II GA. 

aClomnJ. 

Exc Ite r I ON; 2 O~ F. 
Coho Mode Enabled 

I 

Powt'r Amplifier,!!, l Or.; 2 , 3."40FF 
, LO Pwr) 

Sla les oC T~ns [pr S.1lC~e8 
11) LOpw n o<lespun For ORADchecl -

[U'lt.f"n.n:l R . out: 
o lIGA Selected. ® Backup/ Fwd I rwd om 01 selec te select, a nd 

Exciter I selec ted ~ nackup se lec 
"~fP 1 to 1 O. 
rtcvr. l\orm.sel .. c Thpn retu rn to 

11> AMP 3 ~electcd . 
1s t colllmfl 
s tatus (I. e • • 
IIGAl. 

Precess to 
TCM '3 VOl A ttl tude 
&. Cnllse Through VOl 

1) 1. 18 
fIIGA; LO 
pwr; 26 m . 
DSN) 

® 0 . 65 
(F'W<i Om nl; 
III pwr; 64 
M . D:>"'N) 

To (wd omnl 
prior to pre-
cess Ion. 

Rc vr 1 to (",'(1 

omnl a8 above 
Rc vr 2 to aCt 
,!mnJ . 

1 " 3 ON; 2 " 
4 OFF.~HI 
Pwr) 
~. UI pwr Ode-

spun antenn~! 
~ Backup/ fwd 
~ omn! select. 
. ' AMP ltuHI . 

Configure 
sic "Trim 

Orbit 

:D To fiCA after 
lnve r blon m_an-
euver. 
:g) To F .... d Omol 
Cor despln 1.0 

5 rpm, then 
r"bJm to Il CA . 

Ren 1 to (wd 

omnJ or HGA a .. 
abcve ; Revr 2 
to aCt omnl. 

HI Pwr (or Fwd 
Omnl use; LO 

[pwr (o r HGAuse 

f!J =~8(~~t 
HCA Use. 

~.Same aa col . 
at le tHor fwd 
omnl use . 

In-Omit 
Operations 

To BCA (or S-band !and 
a l60 X-band during 
occllltalion expe,imenq 

Rc vr 1 to ~IGA; Rcvr 2 
to aCt omnJ. 

LO Pwr. 

, 1 ' ""me as Drllt COllum 

tD 

~ ... 
fII ... 
o 
r: 

eGO!:?tn 

~PH~ 
... . ,£;;. rt 
III • .... 
.... iii: 0 
CHOCI 
~ lJ) , 

rn iii: 
<It CI C 
o t1) 

I 

'tl °lrq ~ I 
rt .~ 

«' C,' ",W 

~
' 

"-' 
0-

~ 
O · 

IV 

~ 
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roRBrTER PHASE . Prel aunch Th ru ! AlLlIlJ~e Jc: Cal lb rn-

I f GA Ocll'rm lnallon; don; TCMl l ; TCM"3 
P r ecess to Configu r e 

ID-Orblt 
T CM '2 C ruise VOl A ttl tude sic I< T rim 

5TATUS i\\1 thln . or aL end o~ Desp n 0 H SUi r SUrvey; SCi. Checkout; " C rulsc Thl'ough VOl Or bll 
OpentioM 

!'''a~el " C ruIse t. C ruise 

I ,_ Ra.~d 1 ransmltt,." ()~ I ON Cor " "A ON for occ ultaUon 
C:tllb.; u1<'n 01 I experiment· Lhe n OFF • 

l..f2nt rols ~ ... J : lP r Sen'ior • &. ' 2 ' f)o~h 01\. ,\ pproprl" l(" 
('hannp l ~ IhrC'. hold II. IIP .e 

.·(' tt."d for om .. • or 

I 
lOth . v.,ilen rc"Q'cI. 

i 
.,;un ~" ... or" Wd-llrullCe 

I Se l toe LL'd . I Ill\ 01 I !'-1.1-.I' Both 01' Cor aulO 
sp lnup; lh"n onll 
AD"! 01" . 

M ..... su n'menl o.;c lec l NOIT, n,,1 conflJ(.(fo !"omlnal co nfill. 

I j, ' 1l rud<> 

-'131" r ~ll (> &: s un then (for s Ui r 
L. O. ~ . mt..'11 ilU rt: - I . n. ~ . m l -USU r c 

ruin mpnU: menll: 

i'roc{'s- A: 10 .\: .. 10 "2 

sor B: to _ .~ n: .. 10 ga t"d 
St :lf lj 

,/(01 Conlrol (!) H I & 1::1 fin' I ~ ur Allllud,' For Jel Ca llb: iD A5£!: 1) A5 £!:Afi <D ASI<AS ln o Spin r aW dct- ~ PLL 8plnl"ll1lge of ~.O 
I continuous l) ro r T r Im: IH I Il. H~ ) tV Kn dln ls A6 orA 7 orA 7 contino 128 rn8 pulses ec tor di sabled , - 8. 85 TJJm sel ected, then 

I " pinup Lo 6 . ~ rpm 0 1' (R2 .. 1l3, £!: (Pul sed" then; contl n. ror fur axial · V. for prece'l. to ~en R2 " R4 COD- s pIn ralede~cto r enabl e.j 

fuu toma l lc, . ,.\:i or .. \ (, Or <ID Axlal s axlnl ~v. 11), H:''' H4 VOl altillJde. In. ror despin to <ID A6 " A 7 continuously 

I 
® It.! ~ 1(3 Cln'tl (A:;&' A/;lselcc. IPu lsed ) lID H3& It In 128 ms ® Sp ln .. n~ 5 rpm. fo r pe r laps ls o r apoapIJls 
conllnuously Co r Co r puis" pr""". In Gl 2 m ,:, pulses ro r de Lec tor Inhlb- lID P L L spln mg. correcLlon. 

I s plnup Lo 15 rpm tll on. pul ses fo r radial .\\1 . If 'd . the n II I " of 8. 0 - 17. 7 rpD' idi A 5 £!:A 6~A 7 In I 28 
Iv la lind conlrol ). ForTC M o l : rad Ia.l 'V. R3 contln. Co ,, " e lec t. the n SplD rn a pulses for typical a t-

@ AS " A6 ~Ire" In CD A 5 ~A6 £!: splnup t030 ra te deLector e D- t1lUd<> correctioo . 
128 ms puI ses 10 A 7 contlnuous l rp,n. ~Ied. 
pr,,%es8 s pin nxls Cor nxl aJ t.V. 
019 to ecliptic 
nonnal. 

!lDCocn 
I1i ,..., C Q 
., ~ (') I"l 

t; . ~ • t'" ..... .... lEO 
O .... O~ 
t:l I/) • 

I/) Z 
Z lei 0 o CD 

"'0 

o~ ~JT "- CD O. I 

~ t 
~ 

III ~ 
to 
< 

tv I:.. .... 
I/) ..... 
0 
t:l a. 



"- ~ I:IOO~tn 
}; ~ ~ p·x Fi 
"- t-' . t-' . \Q • ~ 

(I) (I) • .., . ..,. .... "0 
\ ~ I t· 2.3. 1-1. OltOn t.R "n~IIl\ . \1 •• QIIP·IENT "flrot ·RATIOK"; Dl RIM . IIIE MI S. ... 'OK ,Continued, 0 0 .... 01:1 

::J ::J rn • 
(II z 

Z C; I 0 
0 

I 0 RBITER Pt1A5<: Attitude Jet Cnllbru- I Conllgure 

I STATUS (\::':1:; or a t end o~ 
Prelauncb T hru 

Determlnallon; lion, TCMil ; TCM ,~ P r ecess t 
In-Orillt Dellpln or HGA 

SLar ~rvey; Sci . Checkout; 
TCM .2 Cruise 

" Cnuse 
VOl Attl:'" sic" Trim Operations 

" C rulu " C ru ise 
Tbrough V .. Or bi t 

I .Iet ( ootrol (lohl'd, G; Spln ra\.(' ' !etec- For TLM. I <a> PLL "pin CD A5 t A6 In 
\.(,r lnhlblll.· until ,Contlnu<'<I) rung" or 16 . 0 128 ms pul ses 

I 
aIle r . plnup to 15 ® R.3 " R4 In - 35. 4 rpm for precess ion 
rpm; the n enabl .. d. 512 ms pulses 8" I,,('ted. t.ben to on-orillt nlU-

fo r radial IN. Bptn rate det- l1Ide. 

eClor enabled ~ AG " A7 con-
for OIMbum. tlnuous ly ft.r 

I ·\UIIUd, 
Jl"rlapsls adj . 
~ A5 conU nuou -

[lil' Iy [or period adJ 
f'roc:t 'uo r ~ Spln rale 

,(ont'd) 
deleC tor dI 8able ~. 

I 
th en R2 " R4 

J 
cont.inuOU.8 to 
des pln 10 5 r pm --, A 0]> Mode ~l l'Ct 1 U) Pi. I 10"8 ofl ock Pl.l. spin PLL s pin range PLL spin rane;e or 4 . 0 

Inblblt.ed 1lI11l ll1te r range or 16. 0 o( 8. 0 - 17 . 7 - 8. 85 rpm selected a.s 
sptrwp l<io I ~ rpm: - 3!; . " l1>m rpm selected ". above . 

I then enabled. selected a8 above . 

® Sun, RR, nOI~m ® Si m SUIl (or above. 

I a ll ""Iee~ . nR AD chrckoul 
CD Sun gal, , lt sablt'<! tlten back te 
fo r InJUal . un seq. "RR. 
thell ell3bled. 

(j) !>RRa(h. lnb lh. 
<3> Sta r gD ... Be'" I 
It'l selN'ted. 

~4./l to8.8:; (j» J.l LLapln rant 
or 8. 0 - 17 . 7 rpm rpm for ORAD 

I 
·~I ect.ed ,.-'~ r c heckout: t.ben 

"pinup to 15 rpm. r('turn to R. 0 -
17.7.".... 



TABU: 2.3 .1 -1. OkDITER "OMINAL I:.QI ' IPMt.1'rr rONr.CI·Ri\TlOl'S m R(N G T il E MI$.'.IO" (Co.,lLnu"dl 

ORBITER PHAS E . Attitude Jet Ca.llb .... -Prelaunch Thru 
Oupl n oC HGA 

Det.ermlnaUon: Uon:TCl\lfJ. 
TCM '2 Cruise 

STATUS (WIthIn, or al end 0"--- Star SUrvey ; Sci. Checkout. 
P!>.~ .. \ " Cnds .. " C ruise 

A Of' c onIlgure (!) JC E buffe r out- Fo r A lU tude T rim ~ for l'u1 sl>d ~cas JCF: Dls -
t omm~nds 3 throug.' 'I put e nabled ro r spin CD JC F. <'n:\bled. FIring: Sam<' ror TCM .bllod . 

"lUtude up to 6. 5 rpm , then J) PLL splllpe t- as ror~ n . 
lAta dr.,nhled. lod mUlI'nltUde TrIm . 

Proc ..... 1Il ® JCE buffe r out- loaded. ®for ConUn-

(Cont' d) put enabl(od Cor . 1'1. ~ JC E Countdo"T uoes t1 rlng: 
up to 15 rpm " magnItude landed Same os (or 
precess ion to l'ClIp ® ACS anglc mag Spl nup to 6. 5 
tic normal ntttb.uie . nltude londed. ....m. 
th en di sabled. <ID Jets CI red: the, 

JC E disabled. 

Spin Rate (J) Auto s plnup 10 
6. 5 rpm. 
® ~ . 4 alter dcploy-
mente 
~ Commanried 
s plnup to 15 rpm . 

O;\ / O F t Stale I ON: 2 On . 

r-"apln 
Control 
E:I .... >t. 
([)cE) 

li ON: 2 OFF MOIDr OM·· ... Both OFF (or 
ORA 0 checkout 
then 1 ON. 
20n. 

IV 
I 
~ 

W 

Precess 10 ConIlgure 
TCM .3 

VOl AWtude sic" T rim 
"Cnllse 

Tbrough VOl Orbit 

Saml~ :l ~ for Same lIB Cor ~me as for 
T CM •• . TC~I ;t o [rCM . 1. 

Splnup to 30 Despln 10 15 
rpm ror VOl rpm; then, after 
burn. orbIt" a ltitude 

adJ ., to 5 rpm. 

I ON: 2 OFF' I 01': 2 OFF 
throughout throughout spin 
splnups " de- up 8, despl n (tn 
spin (to retaln retaJ n U . "cl. 
az.. " el. ze ro zero rat.t:s. 
rateS I . 

<D Both OFF !D Both OFF (or 
after preces- My H.GA s plnup 
s lon 10 VOl . ~ ION: 2 O F F 
~ ION. 20Ft Cor any desplo. 
alter splnup 10 
30 rpm. 

(;!) 8':>th OFF 
afLerOnal stU 
tudedeterm. 

,-. 

In-Oroll 
Operatinns 

Same . " Cor TCM .1. 
, 

I 

i 

I ON: 2 OFF. 

I 

lID 
CD .. .... 
en .... 
0 
~ 

~o,=, {I) 

~ " C c» c ... 0 () ....\Q. ,. 
en • .... 
.... ~ 0 
O~Otl 
t) en • 

en • 
t" I 0 o ~ • 
• 

~I t 
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-,---------,----------.---------------,,~ MI(.ll!-"TlO~rDlIUJ'G Till:: ;'{\!'~1 " •. - j ...... _--' \nll2. J •• - \. c'HBlrf.1I '(,:.IISAI HJI II'~n.s, · , 
I C I{U1T.ER PHAS::: 

ISTATl".,\\H hl n. or at er..d d 
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~ hd.ispher~cal~y uir~ction~l in tbe re.ai~ing 
ne •. u.pDere. Tile t.wo canteooas (rwd Oani Clod At t 
Uani) C4n be ioterchan~aa in their coon~ctions to 
the r~Ce1Y~rS by cuaaand. Additionally. th~ 
rorwArd Oa01 cau oe re~laced by tne H~ bACkup 
autuno~ or tbe HGA. ~ither rep~ace.ent provides 
aore !Jilin, but consiuerc1bJ.y l~ss tl.eld-ot-yiew. 
B~~n rece~vers dre powereu on at all t1ae5 ~nd 
Cd nnot be <~ •. 'aadna~J 01:t. tAch receiver is al-SO 
iactory ~~t to re~~1ve at a fixea ~-band 
trequencJ C4rC1er. 

~pacecra1t-to-eartb r4nge is a aaJor factur in 
utdterlll.n1ng COlhhluding fielu-of-view, (coa.and 
tnr~shold iti -lJb.ul UL. ~t tue receive antenna 
output ~ort, tor d btR (bit arror rate) of 3.~ x 
10-~). but taat t~ctor .,111 not De d1scussea 
here. ~ch oani antenud essentially provides 
approxi.ately u uBi gain oyer &ost 01 the 
~ea1sphere l.~ sees. 

l'he real-tille co.aand ra te is fixed at 4 bits per 
~conu. k~Cll l1.~ co •• anuin~, theretore, is 
l1.l.t~d to a aaxi.ua rate ot 5 coa.anas per 
al.llute (4d bits ~r co •• and) • The .ax~u. stored 
coa.duuinq rate, hovever, is auch tast~r. at b 
coa.anas ~~r seconu. 

Tne two cO •• dnd 3cauries oDboard the spacecraft 
can edch store 12b COIlDlanas aaxiau. (including 
tiae-uelay coa.dnab), dnu C4ll De operated 
independentlY, or seridlly (tor a total capacity 
v1. 25u ulli\jue (.o •• an<1s). The tvo t.'"Oaa~n.i 
ae.orl.e~ pruv~G~ not onl] tbe capab11ity 01 ~ap1d 
co: .. andiny, but al.so co •• aDding wben the 
spacecratt 15 not 1D view ot an earth stat10n, 
~uch dS ~ur~nq tne launcn-to-t1rst qround stdtion 
acqu~s~tion perioa, dnd during clUy occultation. 

'l'~.l.f:II'lt~r~P9. 'I!le tieJ.u-ot-yiev w~th respect t~ 
th~ syaCecrdrt coordinate ~y&tea tor spacecraft 
transais&10u ot telaaetry Qepend~ on the 
transa~tte~ pover aap11t1er/antennd configuration 
ch~en ~y co.adna. AOY one ot the torvard oaui 
(pruVl.deS ! -~.~ au over i~~o v.r.t. the 
spacecr41t .t 4%15), toe aft O~nl. (provide~ ! -b 
dB over ±~og v.r.t.. the ~pQ.cecra1t. -7; axis), tbe 
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B~l (prov~~es > .~~ ou over 1150 v.r.t. the H~l 
ooresight axis), or tbe lli~h gaiu backup antenna 
(proviu~s .3.~ to +1.u db gain over 1150 v.r.t. 
tbe nor.al to ~ne b~acecratt .~ Axis), can be 
s@loct~d tor te~e.etry use. rha Hbl ~lectrical 
bo~si9ht .axis ~4D be ~intau between 00 and 3600 
.azilluth"lly, dJlI.l ~lSo If.r.l. the spclcecraft x-Y 
plan~. liot ollly C4n ..Low Cor.~ a.}Jlitier) or bigh 
(two 4aplitidLs) power transaittin9 aode be 
~lecteu Lor <lny Olle 0 f tbe tour clntennias, but. 
the A~r oani cHAd any OJH! 01 th", other three 
antannas can b~ teu siault4neously (e4cb bl one 
uplitier) l.n low tiOwe-: !lOue. Aqain, spclcecraf t 
ranqe is a .aJo~ facto~, out to enhance uovnlink 
signal-to-uois", ~4tio, lne ~ownlink lrequenc~ (s
J)and) can De PbQbe-loCK~d t.o tae upll.njt 
irequency_ A~t.er04tively, t.he down11nk tranR.1.ts 
a ault.iple 01 an on-coard cryst.al oscillator it 
no uplinK ~ aV41.1aale. 

The I-b4nd transaiLter tra~s.its a carrier only 
that. is (11) /3 01 the ~-banu <1ownl ink carrier 
frequenci A-dQud t.rausaibsl.on 1.5 v~a the HGA 
only. 

Tbtt telea~~ry data !:dte ~ s~lectanle !ly coaaand 
(cho~ce ot thirt.een rat~b ~twcen a bps aDO ij09b 
bps). ~be all-dig1.ti~ed t~laetr) ~s sa.pled at 
various rat~s oased oD tbd 2or~dt 5el~ct.ad 
(cho1.ce ot t.hirt.een Il.x~d ano one progra.aable). 
The progrcu.dbl.~ tor.at W4S create~ tor ground 
tttSt p~rposes. However, ~t proV1.dcs tb~ 
Y~rsat1.1~Ly to ~elect clny coab1.J!4tioD of e~ght 
a0410g, ~erial d~g~ta..L, or bil~vel words aaxi.ua 
(or auy sing..Lt! p.u:4.~ter s~lto!cteQ ~1.9ht tiaes), 
and incre4~e the ~d.pllnq ot t.be selecte~ 
~ara.~ters to tne ..Limit uL th~ ~~..Lected bit rate. 

Tela.etr) D~t rate ¥~IbU~ ti.e in Lbe .is5ion is 
~own .lU f1.9Ur~s 3.7 • .j-1 t.orougo 3.7.3-J 4UJ is 
extrdct~ fru. ~~L~r~ll~: ~araqrdpb 1.~.J2. 

Each 01 lne two teleaetr~ .~.orios (uata St.orage 
Ulll.ts) ODbu4CU tn~ ~~acecr4rt Cdn store 5~4,~ijd 
Lit.s or l~dtd. l'~y are pri"drilt iDt~nded for 
use dl:&r l.n9 -tny occul t atiOIl. 04ta is ~toreQ dnd 
read out at tbe i~"ande~ ~l.t rate. 
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The orb~ter tel~.etry bit strea. phase s~ift key a 
(~SK) ~ lb,3d~ Hz subcarri&r th~t, in turn, 
Pb~e __ onulQtes (Pft) t4e downlink S-band carrier. 

tow~. CaPttol. Tu~ volta9~ on all four bus lines 
(essen~ial, s~ieDc~, switched loads, dnd kP 
transaitter buses) in l~m~te~ to 30.0 ,olts 
aaxiaua by tne uus l~R~t~rs. Wben tae voltage 
drops to Doa1Dd1]y ~1.d volts, the two batteries 
(noainal 15 aap hours total cap4c~ty) coa. OD 

'llne in d 10ad-sAdrlnq cODtiguration to support 
the SOlar p~nel. Wh~n e~ther b~tt~ry dro~s to 
DoaiDa11y ~1.55 volts, (or tne spacecraft load 
current exceeas nO.~Dally lb.~S aaps), an under
voltage tr~p (or an ov~r~oad trip, respectively) 
occurs t~dt .~J auap ~ll loaus except tbe 
essential bus loa~s (e.g., tAe co.aand 
receivers) • 

ftaziaua batter~e~ ~~pth oL aischarge (DOD) 
~xpected tor t~e noaindl .~ssion i~ bO percent, 
althuu~h the Datteries can take a 10 ~c~cent DOD 
with littl~ riSk. nost 01 the cruise portion ot 
the Dom~oal ~i~sioD ~s estiaated to be flovn with 
the oatteries dt tull charge, necessitating the 
~xcass solar pan~l power to ~e tluap~d by tha nus 
liaiters ne~Lly cont~nuously ~nto t~eir loau 
resistors. fbe ~xoess will increase as Venus is 
approached and the solar intensity factor 
~Dcr~ases. 

rb~ toleraDl~ SUU dSp~ct anqle raD~e (centered on 
th~ optiau~ 90 U Sun aspect aogla w.r.t. the 
spacecraft +Z dX1S) to ~d~ntd~n power balanc~ 
(i.~., not discbarye the batt~ries) dULing tbe 
missioo o~~aas pr1mdrilY OD lOda leY~l, solar 
l.n tehs~ ty tac tor, ~lcu: cells teaverature, and 
sol~r cells de9rauatioD. the ranqe increases iu 
aagoituue d~ V~ou£ is appr04cbed, as the noa~nal 
exces::> .;;oldr pdnel pover ).ncredSes tro. 0 .. 6 aap 
to ~.O da~s lor the cruise conditioD£ spe~~1ied 
in 'IdDle l.J.l-1. 

I~¢r.,l C9htrol. rh~radl control b4S be~n 
~es~g'aed. to ue dS P<' 5S Uti! as possi ble; auga~.nted 
by onooc1L th~l:aost4tl.C cont.rol (cannot be 
overridue~ bl CO •• dUO} vi therS41 louvers, and 
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sn~if hea~e~~ (assoc~ated witb two bus ii.iters 
that can b~ enablea or disabled by co.~and). 
Ouboaru tb~r.ostatic control also autoaaticallJ 
turns oft ~tteri cQar~ing wuen battery 
teapera tures ~,j.eet!d ~~Q i·SoP. bat tt!ry charging 
is autoaaticdlly r~u.ed 3h~D battary 
teapercu.ures <.leerease by clppro:u.aa tel)' 10 0 F'. 
battery charyiug can be resumed optionally by 
grounu coalland SOOIlt!J: (before t!le battery 
temperature aecreases by lOOP). ~adial jet 
neaters and vropuls~on tank beaterS are on 
continuously and cannot be coaaanaea otf. 

All uN/orr commanaable heaters on tbe Orbiter 
spacecraft (zvd axial jet beaters, two att axial 
jet heaters and one of two redundant Ola heaters) 
are expected to be requ~red in an ON state tor 
~e cru~se portion of the .iss~on, wbile the 
spacecratt spin a~l.S h, noraal to the ecliptic. 
(Aftel: any aaneuver that results ~n the sun 
~pingillg on the Fwd or A~t thrusters of the 
spa(;~craft, the heater(s) fo~ th~ illuainated 
thrustert~), will be co •• and~~ OFP). Although 
only one ul! h~ater is exp~cted to be required ON 
dur~n9 cruise, the redundant OIM heater can be 
co.aanded uN also, ~n ~he event of a theraal 
d~1iciency 1.or the uUl or it.s 5&1 device. the 
01a bea~~r wili be turfied OFP dfter th~ 
~pacecri11t ~s on-orD~t, aIHi t.ne ax~al jet heaters 
aay or mat not be turned OlF. 

The only reaainin~ possible tber.a~ control via 
tne grounu in tae race of a tueraally 
aalfullctioninq spacecraft are (1) unscheduled 
ON/OFF cy~ling of e~uip.ent or (2, unscheduled 
.aneuver~D~ to cnange tne sun aspect angle. 
~ither approach can res~~t in a .ajo~ iapact ou 
soae or all 01 the other performanc~ disciplines 
discussed ~n ~ect~on ~.J.~. and must. be 
considered carufu~li· 

'lhe ~oleraDlu SUfi aspect angle ranlj~ (centered on 
the op~~.u. 90~ sun aspect angle w.r.t., the 
spacecraft +Z axis) to aaintain theraal balance 
during tae miss~on depenas on the sa.e factors as 
for pover control. however, t.he range decreases 
in .agnitude as Venu~ is approachea, uuli~e the 
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trend tor pover balanco aaintenance. rhe tberaal 
d~Gign will aecoa.ouate a .in~.ua ot 0.3 hour of 
sol~r ~lluaindtion directly on the -~ ax~s 
spinnin9 ~nd. or a .iui.WI Ol ~ hours of solar 
illuaination u~r~ctly on th~ +~ axis sp~nnin9 
end. 

!ap~uy~{ \08~~2!. j4n~ugerdoilitJ is versatile 
on t~is spac~cratt. V4r~0~s coabinations 01 jets 
and thdir ti~in9 ~~.iny (12~ as pulsed, S12 as 
puls~d, or continous) provid~ ~dundant .eans to 
q~~erate v~r~ accurate precession or traoslat10n 
in ani dir~ction. (~ectious 3.3, j.~ and ~.1 
provid~ ~~tens~v~ ti~~ails). SlDC~ the tanks viii 
l~kely be eompletelJ f~lled at la~neh (total 
capacitI: 1u 10 ot hydraziDe" and the noaina1 
aission is ezpe~t~d to consua~ ~ons~xVatigely 
55.b lb, tue rCaerve ~s sUbstantial. 

5~ueuvet accuracy i$ not only depeudent on 
resolution of J~t t~r~og tlain9, but also on 
accuracy 01 4ttitud~ det~£.iuation. ~edunQant 
sun sensor~ dUti reuuDdant star sensor channels, 
~ach wi~h narrow slit tields-ot-view, to provide 
~tter than ~.~~ a~curacy iL attitude 
ueteraination. ~~ch star sensor channel signal 
t~resnold and Dand~idth ~ selectable in several 
discrete stt±t>s by coamanu. In the nor.al aode, 
the lttituue telemetry aeasureaent syste. is 
aebiqned to tr19ger ~n response to only one star 
at a time - the fi~s~ on~ encountered aziauthly 
within a selected azimuth rdng~ (11.2So wide Gate 
S) in each sp1n ~eriou fro. occurrance of tbe sun 
pu~se that meets selected ~hreshold and bandwidth 
ll:'vels. 

~pin rdtlo! control uI)m1nally USES rfl'dundant. 
coabinatioDs 01 rad~al jets ~hat l~re 
continuously. Tbt:! ftA<:; boo. is deployeu vhil\! the 
~pacecratl i~ noainally s,1nn1n9 6.5 rpa. lbe 
noainal cruise SP1~ rate vL 15 rpa i~ a 
coapro.ise b~tweev keeping dttitud~ chaQqes due 
to solar ~orqu~ saall, and fuel cOLsuaption low 
duriaq prece~sions. The spinup to no.inal1y 30 
rpm prior to LIM burn is to prouuce sufficient 
,uroscopic stittne~ to liait inset·tion attitude 
errors due to asya.etrie .ass properties dnd 018 

~J 

I 
.1 



ru: 
\ 

I' 

, 
r 
t .. 

Sect10a Mo~ ~,3.2.5 
Doc. 10. PC-itO, 
UrilJ. 1 ..... Dat-a _/.Gun. 
1 .. 1.101l 10. 

B..wi.aioD 

tArust .~.liqn.ent. A desp1n tu 15 rp. 
tollowin~ Olft b .. rn is ~9dln to coapraaise between 
sey~r41 wildctS durin~ oo-urbit op~ration. 
tollovea bJ a~~pin to ~ rpa for SClence 
o~erc}tions. 'ibis broali spin rat ... range (5 to 3~ 
rp.) tur th~ ~oain~l alssioD laplies tbe Don
SCleDC~ portlon ot tAe svacecratt can pert ora 
ad~udt~!l at dUy svin rat~ witbin tbe r.n~~ at 
any t~~ in lhQ .is8ion, with the Qxception ot 
the O!ft burn cited abo,e. 
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,unetio.al aDd Operational descriptions 01 tbs Orbiter 
Spacecraft at tbe sDbsyst~. &nd unit Ie .. l ar~ 
presented belove 

3.1 a~CH1.IC1L DISl~1 

1.1.1 Splceerl1t Copfiqur.tiop 

1.1.1.1 itP".l Rt~riRti2n. Tbe .ec~.nic.~ design of 
the orbiter vas vri.arily detGc.ined by the use 
of spin stabilization, the Yenusian orbi~.l 
operatioDS iDcluding bigb data rate traas.iaaio~s 
oacx. to earth, tbe use of solar cells for pow.r 
geD8~ation and the design goal of co.aonllity 
with the ~us spacecraft. Spin stabilization ~Dd 
solar cell generated power led to a cylindrical 
solar panel vitb ita axis of ay •• etry cuiDciaeDt 
vith the spaeeeraf t spin lxis. Tbe dia.eter of 
the cy11nc1riC41 solar paDel vas .ade as large as 
possible vitbin the li.itations uf th~ lAunch 
.ehiele shroud in urder to .axi.it. the roll to 
pitcb .osent of 1Dertia ratio and thus i.proye 
svacecraft stability. Tbe solar panel is 100 
incbes in uia.eter. 

'lbe equip.eDt. silelt is circular in order to fit
asia" tbe s(;.lar panel. spacecraf t units aDd 
ac1en~ific iDstruaeats are aUDDted near tbe 
peripherJ of tae aDelf for isproyed Yiev aogles 
and to iDcrease tbe roll to pitcb .o.ent of 
inertia ratio. since tbe sajority of tbe ~belf 
.cunted un1ts and tae solar pan.l are .aanted 
Dear the edge of tDe sb"lf, struta are provided 
t.o sappor-t, tbis out.er "dge. 'fb. struts ter.iIlata 
at tbe spacecraft. thru~t tube. 

I .ecbanically despun higD gain aDteaDa is 
proyided in order to per&it. bigh data rate 
trAns.i.sions c1urin9 transit and orbit~l 
operations vitbout requiring ex,~siY~ electrical 
po.Qc. A despun ant.nna requires a despon sast. 
to support tbe antenna, a bearinq ~nQ pover 
transfer asz.ab!y (DIPTl) to serye as tbe 
aechanical and ~l.~trical iDtertace batveen the 

3.1-1 
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3.1-2 

spun and despua portions of tha Orbiter and 
peaestal le9s to support t.e DAP!A. 

1 solid prop~llant orbit insertion autor is 
required to retaru tb~ Orbiter sutticientlJ to 
achieve the desired orbit. Tbe aotor aust be 
aounted witb its tbrust axis coincident vith the 
spin axis to prav~nt vil~ gyrations during tbe 
aotor firing. The orb4t i~ert40n aotor ~s 
.ount~d inside tbe open ended thrust tube and is 
support~d by a con~cal s~tion that attaches to 
the thrust tube. 

~be thrust tube ~ tbe p£iaary structural eleaent 
of tA~ Orbit~r. All otb~r ~tructural el~.eDts 
are supported ei taer direcUy or indirectly by 
tbe tbrust tube. ~iDce the thrust tube is tbe 
only structura~ ~le.ent that att4cbes to the 
lauDcD ve~~cle, it aust react all 104d8 i.posed 
by tb~ launc~ veh~c1e. 

Tbe requireaent tor .axi.u8 coa.onality vith the 
Bus uoes not atfect the general aechanical 
oonf~guration of tbe orbiter; however, tae size 
aud tbickness ot certain iteas such as tbe thrust 
lube s~ins vere affected Dy the co.monalitJ 
requireaent. 

A sca.1.e craving of tbe Orbiter is shown .ill Pigure 
3.1.1.1-1 (Appendix e). rable 3.1.1.1-1 shows 
the location and idantitication ot soae units. 

Spac,(;ratt Coo{dl.Dit' SYaitsPl i2!liD.llW. The 
spacecraft coordinate sJstea is a I:iqht-bandad 
ortbo90nal se~ of axes: X, t and Z. The positiYe 
a Axis coincides w~th the geoaetric 4Xis of 
sy •• etry ot ths spacecraft structure and is in 
the directAon of the focward oani antenD&. ~b. I 
and l axe~ lie ill a vlalle perpendicular ~o tAe Z 
axi~ at launcb yeb~cle station 111.9. The 
positive I axis lies in the plane defined bJ the 
6 ax~s aDd the soelf spl~t line and will be in 
tbe direc~iou of tbe forvard azial thruster. The 
I axis co.pletes the ortbogonal s~t. The 
~pacecraft attacb tittinq/launcA Yehicle 
interlace is parallel to the I-V plane is located 
at launch vehicle station 103.9 and spacecraft 
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statiua S.O. rh~ spin of the .pa~:ra~t vill be 
a positive rotatioo abou~ tbe , az,ta; i.e., the 
anqul~r .u.ent~. vector will be in tbe no.inal 
direction ot the p~itive Z axis vbich coincidQs 
with the nO.~4l launch velocitJ vector~ The 
spacecraft coordinate syate. is illustrated in 
~~gure 3.1.1.2-1. 

r.l~LE 3.1.1.1-1 

LOCATION ,lin ID~!I1'~'J.C'l'IO" OP CD, DAn 1I1IIDLlliG., 
AltA.) AUP lJll.T!; 

LOC1TIOli 
,. 'IIGLE; TOP 
IS CLOSES!' TO 

JIlAII .r; PlAT IOIlBD 5/1 SIC • Z l.tlS) 
:.z:: ==",,==a::E== ZZ& z :&&3::~c=_=a 

Co ••• Output BOOule J~t!u5"O -100 22 0 0 Botto. Co ••• Output ftooule 3~d05"0-100 ·~3 0 0 Biddle Co ••• Output !!ooule J~th)~"0-100 20 ;l680 aiddle Co ••• OUtput !odU.l.d j~d0540-100 24 118 0 Biddle Cos •• output Boou1e 3~805"0-100 2b 11So Botto. Co ••• Output !ludu1e 3~a0540-100 II .t68° Botto. 

PC~ }:;ncoder JLdUb40-100 5 1 ,,~ .' .. Botto. ~.,: 

PC! Encoder 3lij0620-100 1 12e e 7,.(;.p 

Dual Data Ioput. BOQule );ltJ0630 -100 22 0 0 i'~)P DU41 Da~Q Inpot "odul~ 3l80bJO-l00 23 2680 ~op Dual Data Input !od"le J;lS0630-100 26& l1tt'" Top Dual Data Input lSo:hde 3280630-100 21 21,;,Q 

l'ele.etry ?rocessor 33"503"-100 
.., 

l~OO Botto. ~ 

TeleaetrJ Process~r J3tJ~03"-100 4 1400 Top 

D4ta Storage Unit Jj8~OJ5-1UU J 1300 Bott.o. Dat.a Storage Onit ';3ij~OJS-1OO 2 130· lop 

Co •• a~d P~OCdSSO~ J JdSO '+l-100 2. 1500 botto. Co •• and Processor J 385044! -1 00 J 1500 lop 
1 ttitude Data Processor 33d!.05!.-100 2 3310 Bot.to. Attitude Delta 1->roce£sor 33ti!)05S-100 3 3310 top 
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The coordinate syste. for th~ higb gain antenna 
(UGA) on toe ~espUh aast is a riqbt-banded 
ortbogonal set 01 axes (la' J a , ~a) with the 
origin locat~ at antenna reflector pivot point. 
Tbe ~a ax~s is parallel to Orb1ter spin axis and 
positive in the direction of spacecralt +Z axis. 
~he Xa axis 1S coinc1oent with HGA boresigbt at 
zero elevation (qi.bal) angle ano Doraal to the 
pivot axis and to Orbiter spaceCTa~t Z axis. the 
fa axis is ~arallel to pivot axis and coapletes 
the syste.. Tbe tiGA cOOrOinate sJstea is 
i~lustrated in Figure 3.1.1.1-1. The coordinate 
system is illustrated in Pigure l.1.1.2-2. 

Polarities of offset angles and rates shall 
follow the right-hand rule. A positive elevation 
an9l~ would result iro. tne antenna boresight 
AXis being depressed toward the orbiter shelf. 
~ositive boresight elevation angle rate is 
obtained by counter-clockvise rotation of antenna 
reflector aLuut +Ia axis. 

Azi.uth offset augles and rates are obtained by 
rotating HGA coord1nate syste. w1th respect to 
the spacecraft coordinate SJste.. positiYe 
polarities would result trom counter-clockwise 
rot.4t.ions of t~e .c.lSt about the .iipacecrilft +1. 
axis. 

3.1.1.3 Struct.ural-'~il~Pt~ 

3 .1.1.3.1fbryst Tyee. The t.hrust tabe is the pri.ary 
struct.urdl ele.ant tor reacting the launch and 
urbit insertion loads. the thrust tube i8 a 
truncated conical trustru. with its axis of 

3.1-4 

sy •• etry coincideut w1th tbe spacecraft spin 
axis. The larger end of the trust tube faces aft 
and s~rv~s as the separatiuB plane between the 
spacecra1~ and tbQ a~tach fitting. Tbe forward 
end of the thru~t tube supvorts the center area 
ot tbe equip.ent shelf and the BAPtl pedestal 
legs. 

'tbe t.hrust tub~ is Ii se.iltonocoque design with 
~agnesiu. skins, three alu.inu. rings and twelve 
.~chined al~~inu. longerons. Two of the rings 
are used as stru~tural int~taces at tbe ends of 

1 , 
1 
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tbe tbr~st t.ube while the third is used to 
support tJuI orbit insertion .ot.or and part of t.he 
propulsion suDsystea. 

Tbe spacecraft is attached to the att.acb fit.ting 
during launch by a Itaraan claap that is shown in 
figure ~.l.1.1-2. The ·U· shaped &egaents or 
shoes of the claap prevent vertical .oveaent 
while th~ aating surfaces of the separatioD rinqs 
prevent lateral aOVeaQot. 7ba shoes are attached 
to two steel banda to fo~ two seaicircular 
sagaents. The two s~gaents are joined together 
aDd tensioned DJ two ezplosive bolts; detoDation 
of eit.Aer ezplosive bolt causes the baDd t.o 
tel.ase which allo~s the spacecraft to separat.e 
froa the launch vehicle w~th the aid of kick-oft 
spriD~s. The spacecraft separation is controlled 
fro. the launch vehicle. During spacecraft 
separation froa the attach fitting, two 
separatiGn switches OD the spacttCraft. are 
actuated which iDitiat.e the preprogra.aed init.ial 
spin-up sequence. This sequeDce is presented in 
Section ... 2.1. 

3.1.1.3.2 igyiPteDt Shelf. %he equip.ent shelf 8uppor~ 
the spacecraft units and scientific inst.ru.eDt.s. 
It is a circular hODeyco.b plate 91.5 inches iD 
dia_eter with a 2.0 inch thick core and 0.010 
inch alllainu. facesheets. Th~ center area of t.he 
equ~paent sAelf is supported by tbe forward end 
of ths thrust. t.ube vhile the outer edge is 
supported by twelve ODe-inch dia.eter ~rylliua 
strut~ that. tera1Date at th. intersection of t.h. 
tvelve t~rust tube lung.rons and the separation 
ring. Th~ shelf is aanufact.ur.d and asa.abled to 
tbe spacecraft in two seaicircular seg •• nta. 
After asseably t.o t.he spacecraft, t.h. two shelf 
halves a~e spliceG toget.her ~o rvduce ~e 
vibration levels along the split line to leVels 
coRparable to those else.here on the sbelf. The 
split line is oriented along the 6 & 900. 2700 

line in spacecraft coord4Dates. 

The layuut of spacecraft units and scient.ific 
instru.e~t.s on tbe for.ard side of t.he equip.ent 
shelt is 5~own in Figure 3.1.1.3.2-1 (lppendiK 
~). The ait side of the equipaent. shelf is used 

• 
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as a the~aal radiator. the locatioDS of Ue 
theraal I~Qwers and heatera are shown bJ dotted 
lines in this saae f1gure. aounting points for 
the spacecraft units and scientitic in.truaents 
Ar~ proviu~ by ia~lanting threaded insert.s in 
the honeJcoab core ot the shelf wita rigid foaa. 

3.1.1.3.3 So14r ArraY supsyili. 'lhe purposes of the solax: 
array substrate are to support tAe solar cells 
that supply spacecraft power and to provide a 
phJsical closeout alon9 the peripb~rJ of the 
spacecra1t. The su!,strate is cl 100-inch dia .. tar 
cylin(u!r that is ij;\ i.nc.h~ long- It is 
constructed froa aluainu. Aoneycoab and 
tiberglass facesheets. The substrate is aligned 
with its axis of syaaetry coincident with the 
spacecraft centerl1De, aDd it is supported at 
twenty-four places along the peripharJ of the 
equipaent shelf. 

3.1.1.3.4 8',~ ls,eabll. lbe purpose of the a&&t asseablJ 
is to support the aespun antennas. The iDterface 
between tbe despun .ast and the spinning 
spacecraft body is tbe BlP!A. !echanically. the 
DIP!l consists of two ball bearinq races and an 
electric aotor to despin t~e aast asse.blJ. ~he 
B1PTl is discussed aure tullJ in SectioB 3.3.2.5. 
The SAPT. is supporte4 abowe the equipHnt slwlf 
by four pedestal leqs and the aast is attached to 
the RAPTl. rbe aast is a tubular structure 
coaposed of berl1l1ua t~DeS and aachined alu.inua 
fittings. since tb~ bigb g&in 4nteDBa and i~ 
tued asseably are nut syaaetric with respect to 
the ~pacecraft centerline, the lover seqaent of 
the .ast is canted to bring the ceBter of grawitJ 
01 tbe despun asseauIJ close to the spac~raft 
centerline. 

3.l.l.3.!> 

3.1-() 

lagDetoaeter 122!- rbe 8agBetoaeter booa is a 
deployable boo. de~gned to place the outboard 
aagnetoaeter sensors 19.5 teet fro. the 
spacecraft centerline. 7he booa is co.posed of 
three tobular graphite segaents connected by' 
titaniua hugest 'lblll bo~ is folded anel at:.).,.d 
above the forwaro tberaa~ barrier in two cr~dle 
asseab11es dur1n9 launch. Bach cradle is h~ld 
closed by t.,o redundant pyrotechnic pinpulle~a. 

-
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~he .agneto.eter boo. is discuased in detail in 
~ction 3.3.2.1. Deploy •• at of the aagnetoaeter 
boo. is discussed in Section ~.1.2. 

Ilect,~c •• ""IIU. 111 unit electrical 
~nterconnections including ground retarDS a~e 
accu.plisbed with the spacecraft barnesa. Except 
tor tpe scientific iDstraaeats and the data input 
aodules, all wirin9 is redundant eit"r by unit 
ur hy wire; if two unita are redundant, a single 
wire is used for each iOACtion uf each unit, but 
it only on€ uuit parfor •• a function, the wires 
are looped or dou~led so that aay one wire break 
does not affect oper~tion. In general, all 
signal and power grounGs are kept separated fro. 
inside the unit 'lo t.be spacecraft single point 
grouna. ~~e only exceptions to this are th~ 
transponder, pover 4aplifier, ariwers and certain 
science instru.ents. Sensitlwe signal lines and 
all PJrotechnic lines are shield,eel to preyent 
elec~ro.agnetic interference, vith eacb shielded 
li&8 grounded only at ODe point to awoid groand 
loops. 

The vire barness is constracted fr.o. kapton 
insu1ated wire varying in size fro. 16 lVG to 26 
)IG. Lov current circuits (co •• and, 'lelQae'lry) 
use 26 llG, tbe saallest s~ze reliably capable of 
withstanding the aechanical enyiron.ent. Bxcept 
tor 'lhe 1b llG higb currQnt carrying vires, all 
power lines are 20 lWG for units using Cannon D 
connectors and 22 ).IG tor those using Jlicrodot 
conn4l:tct.ors. These are the largest sizes tbese 
CODDectors "'ill uke. albeD the COlTeat to be 
carr ied exceeds the capability of a single vire, 
.ultiple wires are osed. The individual vires 
are bundled aDd laced together and tben tied to 
the equip.ent shelL. The haraaas is constructed 
in such a .aaner that aini.u. stress is applied 
to the vires -. The connectors on the ()rbi ter are 
cannon Golden DiS except that licrodot connectors 
are used wbere wire density is too great. ~b. 
harness is co.posed of ~~ye sohbarnesses - tbe 
two equip.ent shelf .barnesses, tbe pyrotechaic 
harness, the propulsioD harness and the .ast 
urness. 

:::: -.: 
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There i8 aD equipaent shelf har.... CD eacb half 
of tb. equ1paent sbelf. It is rODte4 arouDd the 
thru~t tube on tbe torward aid. of tbe .belf; 
vire bundl"s radiate outward froB Uia loop as 
requi~d. ~us pow.r i. ta~en fro. the aolar 
panel at ~ & 115 0 46d 2 .. 5-. 

Tbe pyrotechnic harness car.ries tb. firin9 
current to all pyrutechD1c dewice8 including the 
01! sate aD~ ara d~wic. detonators. 'or safety, 
all w~res are cospletely shielded 10 a ,arada, 
cage and unly QrdDanC8 circuits axe allowed in 
the pyrotechnic harness and connectors. 

T~~ ~ropulsiOD haroess coonacts tbe propulsion 
~ub~y~tes electrical coaponftnts to the equip •• nt 
sh~lt harness. Since the propulsion uniis are 
locat~ OD tbe aft side of the shelf, tb.e 
vropulsion harness 1S routed through slo~ near 
the outer ed9~ ai the sheli. 

·.r~e sast nal:ness conn~cts the .MGl positioner and 
kt switches to the equipaent shelf through the 
alP':!. 

a&SS ~;~~. Pros launCh unti! the ~Dd of 
the .is~i~n, the aass properties of the Orbiter 
chang~ s1~~lfic4btly due to aagneto •• tar hoo. 
deployaent, propell~nt usage aDd orbit 1o.ertion 
aotor firing. During the ai8sion, the center of 
aass sowes in the +~ u~rection due to hydrazine 
usage and Qrb~t insertion aotor firing. The 
longitudinal position of the center at aass as a 
function ot prop~lldnt usaqe and key a16sion 
eYent& is sbown in Figu~e 3.1.2-1 tor a no.inal 
aission. 1t t9l7 .agnetos~t~r booa deployaent, the 
lat~ral position of the ce~t.r ot .ass of the 
Orb1ter is e8s~~tiallJ c01ncident with the Z 
axis. 

The roll som8nt of inertia iDcreaa~s when tb~ 
aa9netoseter booa is eatended aDd 4e~reasea 
slightly during the .is8ion due to byQ~azi~e 
usage tor orbit ~nsertio~ aotor f1riag. ~he 
Cb4n~e in roll soa.Dt of inertia a. a fUGctioD of 
prop~llant usage and k., aisaion ewents is sbown 
ill Pl.gurtt 3.1.2-~ tor a Iloaiaal aiasion. ~be 
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aiatau. aad aaziaua lateral .O .. Dta of i.ertia 
chaDge ~D the 84 .. a.Daer as tbe roll aoaeat of 
inerti.a. The chaage. in .i.aia QII and .azilla 
lateral ao.ants of insertia are shown iA Figure 
J.l.:t-2. 

tbe details of the cbauges i~ a.sa, canter of 
aass ana aoa~Dts aDa ~1~ducts ot inerti. 
~rou9hout tttd Doa~41 orbiter a~soion ~r. gl.yea 
in Toabl. 3.1.~-l. 

lewtaioA 
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0= 2700 _4---- - --------+- +y SHELF SPLIT LINE 
e = 90" 

EQUIPMENT SHELF 

e • 0° 
+X 

+1 

,-./ Note: 
Further details are shown 
in F i gure 3.1.1. 2 -2 . 

FOR~IARD ~U RFAL C: ·· - -- n==================~:;] 
H 73 . 55 

SPACECRA FT } RE FERENCE 
STAl lor i : 8.ao ---~~.:..;:;. 

PLf,NE 
{

ATLAS CENTAUR 
<;TI\TlO~ C 163.9 

Figure 3.1.1.2-1. Orbi ter Coordinate System 
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Figure 3 .1. 1 . 2- 2 . HCA Coordinate Definition 
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3.2 XHJ:;il~AL DESIGN 

3.2.1 

..... - - -'-,------......... 

Gepsr~!l .uess;;riI!!io~. 'rh~ th~r.al design 01 the 
urniter is based on isolating the spacecratt 
unit~ and scientitic instru.ents iroll the 
external env~ron.ental extreaes encountered 
during tu~ mission to tbe ~axi.um extent 
practical an~ using a combination of passi'ie and 
dCt~v~ elements to ~aintain acceptable unit 
te.~eratures. rbe primary factors aftecting the 
~her.a~ design of the Orbiter are the increasd in 
solar intens~ty ~s tue spacecraft travels towards 
~eIlus, ~he variations in internal power 
a.i.ssi;>ation during u~tterent ?hases ot the 
m~ssion, ttl\~ variations 1D sun angle dun.ng the 
mission and the J.d hour solar eclipse that 
occurs late in the on-orbit phdse ot the m~ssion. 
In .illd~ t10n, tne 'Ol-bi ter 1S deSigned to 
accommodate ia~lur~ lIodes including extrelle under 
po~ered conQit~ons and extreme off nominal 
.~ss~on att1tude conai~ions. Tbese failure mode 
con6itions ~~us ~he variation in environ.ents 
eucountereu during the normal mission r~quire the 
th~.r.al ~~s~yn t.o be n19 Illj' aaupti ve and aillost 
co~pletely automatic. The only elements that can 
b~ controll~u from Lile ground are certain 
pcopuls~on heaters, the OIa ~eaters dnd the bus 
ll.lRiters tJlat control tbt! shelf bt!att!rs. 

the dquipment compa£tment is tbe space defined by 
the equ~pment saelf, the forward t4t!raal barrier 
dnd the solar array cylinder. ~ultilayer kapton 
insul~tion olanKets are used to isolate thi£ 
coapart~t!nt froa Lne external environment. ihe 
isolation is not complete due to the inherent 
limitations of any ~nsulation systea ano the 
Vdr10US ~enetrat1ons tor spacecraft un1ts and 
scientii~c instrullell ts t lla t IIIUS~ v iew out to 
spac~. In aadi~l.on, the ait f~d~ ot the 
equ~p.ellt sllelf is usea as the pr~mary radiator 
for the electrical power dissipation inside the 
equ~pa~nt compartaent. filteen thermal louvers 
are aounteu on tll1b rau~ator surface to help 
dcco •• oda.te tbe large va riations in pOWer 
ul.ssiDation by varying the e~lective thermal 
ewittance as a funct10n of sael! temperature. 
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Heatecs areprovidea to aaintaib all ele.ents of 
tne propulsion sUD~1ste. at 40 0P or D1gher to 
preven~ ~ropellant lreez~g. ~oae of these 
heatel:s are coamanCldule on-ott, others are 
oommanddble pr~.ary-aecondary, and ~uae are 
coutinuously powered. Commanuaole beaters are 
proviuc!u ~o contro.1 minimum OI.bit Insertion Motor 
dnJ Safe dnu Arm temperatures. Hedte~s are also 
pruv~ded Oll the equi}>meut shelf to provide 
dQdi~~onal dissipat~oD during an ext~.e powered 
down conu~t~on sueD ~s an undervoltage/uverhead 
(UV/OL) trip_ Auto~atic snelf ~eater turn-on is 
rt:iquireu to counteract a sustained UV/OL trip 
tnat could occur vieD the spacecraft ~s not being 
1II0UitOl:~<1. 1n allll~tioil, a heater turn-on 
overr~ue i~ provide~ to pre~c!nt battery depletion 
~f s,lch a tr~p occurs because of ~nsutf~c~ent 
solar array l>u"e~ or au c!xtended. eclipse 
cunui tiun. 

'l'ut:>raal riuisnes clre useu un extel' nally Ulounted 
units .::;lJch as antennas to 11.1Ii t. their .axillu. 
Lemperatur~s and on ~xternal surfaces of the 
spacecratt. to QC11.~~Ve t.llerilal balance W~ thin tne 
acceptd~~e tempe~a~u~~ ranye. 

All hed~e~s dUU t~m?erature s~nsors, ~ncluding 
applicaDl~ cOlllmand dud t.t:le;aetry 14newon~cs are 
shown in f~yur~s 3.1.1.3.2-1, j.~.1-1, 3.2.1-2, 
j.~.l-j, 3.b.l.2-1 ana 3.~.1.~-2. ~ll 
temperature senso.c:;; ar~ listed and ~ocated in 
tdbl~ 3.2..2.:;'-1. 

j.2 .2.1 Healtn-s 

3.2.2.1.1 Prupulsi2n-tl~~£§. All elements Qf the 
prupuls~on subsyst~~ exc~?t the se.icl.rculdr run 
or pr~3surant l~ne are heatea tu lIaintain the 
propt~lldht t~lIlperature at ~ouF "l( higher. 'rhe 
Ilecudll~calli rt!\i un<lcult COllpOl1eIlt.~ <lnd un~ts \lh~ch 
dre iocat~d dowust.re~~ of the latch valves have 
uun-r~uunuclnt heaters While the non-redundant 
co.ponents dnu Ull.l.t::; upstrea. of the l~tch va)'/~!:: 
hav", l:eduuddnt lleatt::rs. F~gure 3.:(;oi .. l .. 1-1 showS 
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this div~sion betveeu redun~ant and non-reduDaant 
h~at~rs sCAdsatically. 

rile nOD-r~dullQant Qt'ater!> on the rad~al thrusters 
auu t.he l~Des dud components are cont~nuo\!sly 
pow~red from the ess~ntial bus; there is no vay 
th.:at t!lese heal:~r!> can be l:urne~ oJ:.t either bJ 
ground c.:ommanu or dUJ on-boiiro 1ai~ure .ode 
sequence. 'bu~ sat~slactory oper.\t~on of taese 
~l\'Qters can .be verit~ed by 1I0nitoriLlq hdd~al jets 
1 through ij teaperatures tel~metry channels 
'VJ~T1T tbrouya YJ~T~T), hl dna R2 l~n~ heater 
(yoltdqe) stat.us (VJ1~HS), anu ~3 and hq l~ne 
heat.~r ('1,)ltage) ::ot.Gtus (VJJ4iiS). 

:ihe torllcU"U axial l.hrustcr anu tne aft axial 
thruster '!,dr and aSSOCl.a ted 1 ines ana coap?nents 
both ha t'~ on -off cOlllmandable non -1-00 unda[l\: 
ileat.,H's. The forvara aXJ,al tb rust~r aeater is 
cOIII.alJ.d~C1 on by HrJ1~ (hl'JA~ is tbe redundant 
~o.manQ) and co.mdna~~ ott by HTJ1~ (dTJA1). The 
alt .lxial t.h~uste~ pair heat.ers art! co •• anlled on 
by ~TJ2~ (HTJh~) anu c.:ummanded otf by MTJ2Y 
(H'IJhjl) • 

All Axial Je~ aedtt!rs snould be uN at. launcD, and 
It!1t ON, unl~ss the lo~lovin9 occurs: The 
Forvara Axial Jet neater sAoula be co.aanued UFP 
~f (1) ForVdra Axial Jut 5 Temperature (iJETST) 
ruaches or exceeds .lS4uy 2I (~) ~ropellant Line 
Te~perdturt! ~ (YLINLl) rt!acbes or e~ceeds +1450 P. 
the Aft Axial Jet nedters should Oe co.aanded OFP 
i1 (1) .tt. Axial Jet b Ie.~erature (VJ~TbT) or 
Aft Axial Jet. 7 remperature (~J~T7f) Leacbes or 
exceeds +lSQo!, ~ llj l1ropcllant Line Te.perature 
~ (VLIH3t) or fropellant L1ne Temperature ~ 
(VLIY~T) rt!aches or exceeus +lQ5 ui. whichever of 
~he Jet heaters hau been t.urned opp sboula oe 
cOIII.anded ON a~al.n ~L ani of the associatt!d 
teleaetry t~m~erature iDJicat~rs identitied above 
reacbes or aecreas~s below +b1 oy. All vt tbe 
ALLal Jt!t. heaterti s~ould ue co •• anded ON prior to 
4ny eclipse. fhe Alt Axial Jet heat~rs are 
expect.eu to be requir~Q OfF tor Oroit insertion 
for G 1000 ~un aspect. ~nyle. 

3.2-3 



r
~.~.RYW";" •. ",,?~u;~&~,~-~r.~~.~~~~.k __ ~.g __________ ~ ______ ~ ________ ~~ l 44 : ..... -..,.-.-,-----. 

I 

I 

:j 
) 
It 
't 

j 
~ i 

, . 

r 

. --

section No. 3",2,1.1 
Doc. 10. -if-"Q+ ._ 
oIig. Is~ue Date _614S/ 1ij 

Rev ision No. ~ _ Is 

1l.av is.1.on 

j .1. -If 

Tne redunaant ~eaters upstreaa ut the latch 
valves are co •• and selectable between the priadry 
anu s~conaary circuits; on~ circuit is always 
puvered even dur~ng extreae pover~u aovn 
conditi.:>ns. 'file coa.and tor seluctinq the 
pri.ary cir<.:uit. :is liTT 19 (!t'rTl9); th~ coa.and for 
select.~n9 tne .secoL'Clary circui t is Ii rr29 (ItrrS9) .. 
ON-vFF s~at.us 01 either ot the ci~cuits can be 
veri1i~~ by tne tol10vin9 tele.etry: PRl/$KC 
Prop rafik Heat.er Statu~ (PMTTK~), ~/V ~ri.arJ 
heater status (VLVPMS), and f and D valve Pri.ary 
~eater ~tatus (YPU'~S). The primary circuit 
snould be ON torougBout ~e aission; tbe 
secondart heater CLrcuit should be switched in if 
d ciec1:~ase in Tanlt 1 te.perature (VTIIK1T), 2!: 
faUk l te.perature (~T~K~T), 2£ propellant Line 
Temperature 1 (V~lN1T) ~s observea w~ch is 
unrelated to environ.eutal changes (e.g., 
eclipse, heatin~ ~1tect of planet. attitude 
cnange w.r.~. tne sun 1.o.s.), ~ occurs tor 
~teauy-state ~nviron.entdl conaitions. 

fae urbi t 1n~ert~on !!otor (01!) and the $afe lind 
!~m device (5&A) haYe tully redundant, on-off 
co •• anuaole heater circdits. The Ol~ uses tva 
se~arate a~a~~~ eleaents, one on tbe aft case ~nd 
oue nedr t.he lIlountinlJ tlange. The $&A uses a 
silllJ~e heater el~.ent lo~at~u on the side ot tne 
5~A ca~e. rae t.aree beaters are cOfinected ~n 
ser1es and com.auued on DJ Hr~l~ (HT~A~) and 
cOlllllauded of t by H'falj1 (liTI'!AjI). 'rhe redundant 
oedtcrs are in the same physical lucations and 
are co.ma~ueQ ou by dTal~ (liTMB9) and com.anded 
off by HTa~_ (bTltSJI). 

Tne pr~maLY h~~t~.[~ shoulQ De ON at lauuch, ana 
leiL UN unless t.he 10110wing occurti: The beaters 
shoula be cOlllnallded ~l"l" ~l. anyone 01 UII'! t~rodt 
t.elb~er-a tun; (V'.l'tHWT) 2£ 01" <;ase te.perature 
(VCb.t:t) 21. Ul:1 !id.te t;;. Al:III reliperature (V!)U'Er) 
r~aC;l~S or eJ.ce~ati +yoop. The nea ters shouJ.Q be 
com.anded O~ again 11 (1) VTHkur or YCA5El 
reacaes or uecreases below +4SoP 2~ (~) VSAPET 
r~acbe~ or decreases ~c~o~ +l~uF. r~e heaters 
are uxpe<;teJ to De uN throU9h 0rbit Insertion tor 
a m1n~mum sun Q~pect angle (NOVO) or UF!" ~ur a 
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aaxiaua sun a~pect angle (-1000)_ The heaters 
are not r~quir~ alter Olft tiring_ 

It should be noted ~ua~ ooth hdater ci~cuits can 
be poveJ:ed £i!Dllltd.neou£ly if the 018 is in 
serious danger 01 uecoming ~oo cold • 

$helt Hea~et~. Hea~er~ are reguir~a Ofi the 
equip!lent shelt to proviue aaal.tonal di~sipation 
uuring afi ~xtrdmd power~~ down conuit10n such as 
ar. Undl~rvol~age/uvt!rloau (UV/OL) trip. Autoa4tic 
heater turn-vn is requirea to counteract a 
sustain~d UY/U1 tr1p that could oc~~r wnen the 
spacecra1: c ~s not be1ng _o11i torcu. Tbis is 
accoaplish€d by usiug th~r.ostatic switches on 
~he ~qui~mdnt shelt to low~r the s~t ~oints on 
two of tne DU~ vol~age l~miters (Nos. 2 and b) of 
the power Subsls~es~ Lowering 01 tbe bus voltage 
li&iter set points to~~~s tne tirst 13U wat~s ot 
exces£ soldr pan~l pover to be dissipated in the 
equipaefit sneli heaters rather than in the load 
resistors mounte~ on the back ,siue of the solar 
panel. rue tbermal sw~tches wnd shelt beaters on 
tne two halves of the equip.ell~ shelt operate 
inaeptmut!ntly of ea~n o~ber. 'fhe theraostatic 
~witches on each saelt halt are set to turfi tbe 
bt:!a~ers on at ~~ ±sup and to turn them off a~ 55 
15 0 t. ihe lower vo~taye set point on tbe D3~tery 
suelf bu~ l~~iteI 1S ~d.~ volts wbile on tae RF 
shel~ bUS li~iter i~ ~s L9.0 volts. This 
uitte~~nce in vo.l.tdge set pO.LI1 lS !leans that if 
toe two snelt adlves are d.t ~hc same te.perature, 
tll~ tirst o~ watts 01 ~xcess so~ar panel power 
will yu into th~ bdttery sn~lt. rhe loc~tiov ot 
t.De sitel t lIer1ter~ .lnu t~erlllu~ t...itic s Wl. tclles dre 
Shown in r~guIes j.o.1.~-t aud 3.8.1.2-2. 

S.l.DCe t.ne DUoS l.ill1 tc!IS ul.Ssipa t...~ only excess 
sol.lr panel power, trw .l::)llt~ll ned.ter CdDIlot 
0l-'era ~e dur~ng <.:ondi tiOll£ such as apoc=.l})sis 
t:!clipse when tner~ is not an dxcess of solar 
p~nel curr~nt. DUIl.nq dPQdPsis ecl~pse, unlt 
~emperatures are maintained at acceptable levels 
transiently DY spacecr~tt h~at capacity and 
tnermal lnsulation. :';;,le1t ned ters can be turned 
ott uJ turning OL.L tbe C1PlJroprii\~e bus lilliter. 

lteYision 
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rAe tunct10D~D9 ot tae aaelt ~eaters ~ also 
discussed in S~~t.ODS 3.b.2.J and ~.3.5.2. 

the"A. k9Uy~.. Tn~ fitt.en theraal louv~rs 
.0Qnted un tAe att side of tbe equipaent sbelf 
are used to rdgQlald tbe beat 110M tro. tne 
~u1.p.ent ~Ae!t by varying tAP. effective theraal 
~~tt~uce with .ovau1e iouver blades. Wh~n tbe 
blad~D 4Id tully clo~d, tbdir polisbed alu.inu. 
surface has an oLtective taeraal ea1ttance of 
0.1. Wbe~ ~~e !ouy~r blades are tully open, tbe 
dXpOS~u quartz .irror h4s an dtfective ther.al 
~.itt~nce of 0.61. 

6ach ther.al luuver COVdrs an 8-inch by 16-inch 
ar~a an~ 3Ab four pairs of louvdr blaJes. Each 
~~~r of louver ~laQes ~s actuated by a co~l~4 bi
.~t411ic ~trip .ouht~d in 6 bousing betweeD the 
bla~~s; tb~ louve~ b~ad~ pair is rotated trom the 
closea to tne open pos1.tion CUI tbe b1-aet.a.llic 
st~ip is heated. rhe bi-.etallic actuatoLs are 
condu~tiv~ly isolateu troa tbe, louwer structure 
~ t.nat toe louver ola4ie pos1tioD is deteraL~eCl 
Dy tb~ heat radiated froa tbe equip.ent Shell. 
tach D!dd~ pa1r in a particular louver 1.5 set to 
OP\'!D aDU clotie at tbe saM teapet'ature. However, 
t.here are two diff~~Dt set P01Dt ranges u~ea in 
order to oLtai~ thd proper unit teaperatures. 
Th~rteen louvers a(e set to close co.pletely at 
or above 500;' and to Up.:!D co.pletell at ()r below 
~jOl. Tha re.~1nia9 two louvers .bicb ar~ used 
unoer the Dat~p.r1es are s~t to close coapletell 
at or above ~oup abU to op~n co.pletely at or 
~low 7'j~P. The pnysica! arrang~.eDt ot these 
two u~f f~r~I.~ louv~r types is SAOIID in Piyure 
3.1.1.1-1 (App~ndilt C). 

lhe theI.41 ~1SS~p4t~on troa t.b~ louver varies 
w~th tem~eIature due tv ~e pos~tion of tAe 
!ouv~r ~la~es 4DQ tAe tp.sp~ratur~ ot tb~ 
ra~1atinq surtace. In aQQ1t.ion, louver 
~rforllanc~ is atl~cted by spacecralt spin 
inuuc~~ IdQi41 acc~l~ratioD that i~cr~ases the 
~e4r1nq !riC~OD aDd tnus creates a ~ystere~1S 
etf~ct. the p~rior.4nc~ ot th~ two louver typ~s 
~ SbUWD 1.D '~Y~~d~ J.~.2.~-1 aDU J.l.l.2-~. 
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1'''.rll1 Roupl'EI. ilKeu .. of ~be bone,cOIIb 
construct1un 01 tn •• qQ1~'aDt aaelf. 1ate,a1 .. eat 
cunduction ia relati.ely lOVe In or4.r to 
advqu4tely .p'~4d out tbe beat frol a1gb power 
units SQ tbat ~~ caD be dis.ipated, a tba'ial 
uoubl~r is usea. tb~ ta.r,al duubl~r on the 
Orb1~~r 16 an O.U1ij-1DCb ~bick berylliul plate 
.~un~ed betv~n th~ bigh po_ar cO"Qaica~ion. 
~CJuip.eDt such a. ~h~ puwe, a..p.litiers aad the 
equlp.~nt ~lIell. 

~u enhance the the~.al cOA~uction acro .. tbe unit 
lounting iDt~rtaCe&, B!V-~b6 i. applied to ~h. 
lount~nq tiurtaces of units vith high pawe, 
dissivation. 

laSY4ISi2a plapkili. lnsuldtioo blaDke~a ar~ 
used ~~ tb~ apac.cralt tu help i.olat. it trol 
the euvironldntal datrvll. encountertd during tb. 
11ssioo. Tbe blankets are .ade f~ol fifteen 
Idye~s ut alWlinizod kapton. fb. iot~rior layers 
of tbdti~ blanke~s ~rQ l/~ ail ~iCl, .lulioiz.d 
on ODe S1de onll, aod cr1nkled to acbie •• the 
81Ili.u. contdCt. wtween .14y~rs. fo aiDiaize 
W4I:l1\}!lt, s4itpa rd turs are Dut used ~t.WHD layers. 
the outer layer lti 1 811 kapt.on, aluI1h1zed on 
Uilu ~id~ (Jnly _1tb tb~ ~4r~ kaptan side eapos.d. 

lbe blduK~ls ate aade ~ various seqaents to eaS. 
acc~ss anoi asseably. ro-= olanket se9,ents are 
att4chdU to each utbAr w.tu Velcro fast •• ers. 10 
ord~r tv 11nl .• ~z.-= .&leat leaks througb these 
attacb.~nts, the nu.~r ut la8teDer6 and the 
stitcnin-l uSf!d t.o at.tach ~he Veic[o w tbe 
D14n~et~ 1S m.nia1~ed. 

.~.~~r41»'@ ~t~§. T~.perature sensors are 

.oU:1t~d t..lrauguout t.Ole Sp4C~C[alt to .ea»ure anu 
vruv.d~ tu.1eaetry 01 tbe tb~rw.l Stat~a 01 tbe 
~pac~cr41t and selecteu units. table J.2.~.5-1 
l~~t~ eQc~ of the$e lewperature sensors, ~ts 
1(Jc4tiu~, reLerence desi~natur, Gnu Hughes part 
nUID~r. 

SO~4r ~,.\iQ~ .'i~Iict4ons. the nura.l attitude 
ot thd u'~~t~r is vitb tbe spin aais 
perpend~cul4r to tae ouo's rays (sun Angle of ~OO 
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Reference 
.E.!aignator 

RVCOIT 
RVC02T 
ROSCIT 
~Q.<;CZT 

RAMPlT 
RAMPZT 
RAMP3T 
RAMP4T 
RXMTRT 

ASTART 
ABAPlT 
ABAPOT 
ADCElT 
ADCEZT 
APOSMT 

J.~ -I; 

PBlPIT 
PBIPZT 
PBlPIT 
PBZPl.T 
PPANIT 
PPANZ.T 

VTNKIT 
VTNKl.T 
VJETIT 
VJET2.T 
VJET3T 
VJET4T 
VJET5T 
VJET6T 
VJET7T 

TABLE 3. Z. Z. 5-1 

TELEMETRY DESCRIPTION 

Telemetry Ducription 

Communication. Subay.tem 

Receiver 1 veo Temp 
Receiver Z VCO Temp 
'I ranamith: rAux Olcinator 1 Temp 
'I ranamitte rAux OlcilIator Z. Temp 
Power Amp I Temp 
Power Amp Z Temp 
Powet' Amp 3 '1 !mp 
Power Amp 4 Temp 
X-Band TrAnsmitter Temp 

Control Subayatem 

StAr Senior Temp 
BAPTA Inner Race Bearing Temp 
BAPTA Outer RAce BeArina Temp 
i>CE 1 Temp 
DCE 2. Temp 
HGA Position Motor Temp 

~el' SubaXltem 

Battery 1. Pack 1 Temp 
BaUe ry 1. Pack Z Temp 
Battery 2.. Pack I Temp 
Battt'ry 2.. Pack Z Temp 
Solar Panei ! Temp 
SoIar P.nel 2. Temp 

Propullion SublXltem 

Tank 1 Temp 
Tank 2. Temp 
RadiAl Jet 1 Temp 
Radial Jet Z Terns:, 
Radial Jet 3 Temp 
Radial Jet 4 Temp 
Fwd Axial Jet 5 Temp 
Aft Axial Jet 6 Temp 
Afl Axial Jet '7 Temp 

HAC Part 
Number 

'II RTH-4Z 
'II RTH-4Z 
'II RTH-42. 
Tl RTH-4Z 
C:086ti3-4 
C:Ot!6S3-4 
90H6ti3-4 
'108683-4 
908t>31-3Z 

'IOti631 - 3l 
908632.-2. 
908632.-2. 
'108631-31 
90ti631-31 
9086B3-5 

908635-4 
'108035-4 
90tibi~-4 

'100635-4 
'IOli6li3-4 
'I086tB-4 

908631-32. 
9\lK631-3Z 
'I066tB-4 
'10&683-4 
908683-4 
906683-1 
90H6~3-4 

';Ob6~3··4 

908683-4 

u 

) 
I 
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TABLE 3.l. 2. 5 -1 (Cor.bn".d) 

Referen~e 

Delilnator 

VLlN IT 
VLlNlT 
VLlN3T 
VLIN4T 
VTHROT 
VCAJET 
VSAFET 

S!iLOIT 
SHLOlT 
SHL03T 
SPL04T 
SI1~CjT 

Sl,LOI:>T 
SHLO'(T 
SHL08T 
SHL09T 
SHLIOT 
SHL liT 
SHLllT 
SOPRAT 
SOlMST 
SOETPT 
SONMST 
SOPAlT 
SORADT 

Propellant Line Temp 1 
Prc>pellant Lin. Temp l 
Propellant Line Temp 3 
Propellant Line Temp 4 
OlM Throat Temp 
OlM Calc Temp 
OlM Sate And Arm Temp 

Stru~tur~-HaJ·ne .. Sub.y.tem 

Shelf Temp 1 
Shelf T c:mp Z 
Shelf Temp 3 
Shelf Temp 4 
Shelf Temp S 
Shelf Temp t. 
Shelf TemF 7 
Shelf Temp ij 
Shelf Temp ~ 
Shelf Temp 10 
Shell Temp II 
ShelC Temp II 
ORPA Temp 
OlMS Temp 
OETP Temp 
ONMS Temp 
OPA Temp 
ORAD Temp 

Section 110. _..J,,4, }_.. ___ _ 
1Ioc. .0. --i .. C_-~" .. 04 .. · ___ _ 
Or19. la.ue D.t~ ,1.M!78 
_a,141011 Iu. 

9086.3 J ell. 
90b6.31-3Z 
90863l-3Z 
908631-3Z 
908631~3Z 

908631-32 
908631-3Z 

9086jl-32 
908631-3Z 
908631-32 
90 .. 631-3Z 
908631-32 
908631-31 
908631 u 32 
908631-32 
9081,31-32 
~08631-3Z 

908631-32 
<108631-32 
908631-32 
Y0863'-3Z 
908631-32 
908631-32 
908631-32 
908631-32 

".,ia10A 

1 
j 
j 

j 
~ 

J 
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as a~asur.afroa the forwaru s~in axis). ~lann6d 
and unplanned excursions troa this noraal 
attitud~ aftect tAe theraal ua!ance of the 
spac~cr4tt. Oepe~Qing on the operating aode of 
the spacecraLt and its alStance tro. the sun, off 
attitude urientations can be sustained tor 
varying lengths ot tiae Defo~ spacecraft 
olerheat~h9 occurs. Pigure 3.2.3-1 shows the 
t.ille limits tor various ~nn angles as a function 
C'~ t~.e tt:ua launca anu spacecraft operating 
"oae, 

baDges of Expe£t@d !iss~9Q leap,ra!»res. lable 
j.2.4-1 g~ves ~he range of ~xpected teaperatures 
in a no.inal aissiun t4.)r each teleaetered 
t.e.perature. 
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TABLE 3.l. 4-1 

RANGE OF EXPECTED MISSION TEMPERATURES 
FOil EACH TELEMETERED TEMPERATURE 

(NOTE: Repre.ent&tive nominal mi .. ion templ'.rature. 
are de.crlbed in Reference 1.5.35) 

Rel< tence Expected Million Temp. 
Telemetry Description Ran.e of) 

De'ian&tor 
Maximum Minimum 

Communication. Subll.tem 

RVCOIT Receiver 1 VCO Temp 105 41 
RVCOZT Receiver Z VCO Temp 104 44 
ROSC1T XMTR Aux Ole 1 Temp lOS 38 
ROSClT XMTR Aux O.e Z Temp 101 42 
RAMP1T Powel' Amp 1 Temp 131 5 
RAMPZT Power Amp Z Temp 122 8 
RAMP1T Power Amp 3 Temp 115 3 
RAMP<4T Power Amp <4 Temp 105 4 
RXMTRT X-Band XMTR Temp 104 21 

Control Subsl8tem 

ASTART Sta r Sensor Temp i21 -2 
ABAPIT BAPT A Inner Race Bear- 81 42 

ing Temp 
ABAPOT BAPTA Outer Race Bear- 85 31 

ing Temp 
ADCEIT DCE 1 Temp 97 26 
ADCElr DCE l Temp 91 29 
APOSMT H...iA P08ition Motor Temp 170 -130 

Power Subll:Z:8tenl 

PBIPIT Battu)' 1, Pack 1 Temp 87 36 
PBIPlT Battery I, Pack 2. Temp , 87 37 
PB2.PlT Battery lo, Pack 1 Temp ~l 39 
PB2.PlT Battery 2., Pack l Temr- 95 38 
PPANIT Solar Panel 1 Temp 274 -238 
PPANlT Solar Panel l Temp 274 -232 

I 

I 
Proeullion Sub8:Z:ltem I 

VTNKIT Tank 1 Temp l(lZ 60 
VTNKlT Tank Z Temp 102 60 
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TABLE 3.2..4-1 (Continued) 

Reference Telemetry Description 
Designator 

Profulsion Subst8tem 
(Continued) 

VJETIT Radial Jet 1 Temp 
VJETlT Radial Jet 2. Temp 
VJET3T Radial Jet 3 Temp 
VJET4T Radial Jet 4 Temp 
VJET5T Fwd Axial Jet 5 Temp 
VJET6T Aft Axial Jet 6 Temp 
VJET7T Aft Axial Jet 7 Temp 
VLINI T Propellant Line Temp 1 
VLINlT Propellant Line Temp 2. 
VLIN3T Propellant Line Temp 3 
VLIN4T Propellant Line Temp 4 
VTHROT OIM Throat Temp 
VCASET OIM Case Temp 
VSAFET OIM Safe and Arm Temp 

Structure -Harness Subsystem 

SHLOIT Shelf Temp 1 
SHLOlT Shelf Temp l 
SHL03T Shelf Temp 3 
SHL04T Shelf Temp 4 
SHL05T Shelf Temp 5 
SHL06T Shelf Temp 6 
SHLOiT Shf'lf Temp 7 
SHL08T Shelf Temp 8 
SHL09T Shell Temp 9 
SHLlOT Shelf Temp 10 
SHLll T Shelf Temp 11 
SHLllT Shelf Temp 12. 
SORPAT ORPA Temp 
SOIMST OIMS Temp 
SOETPT OETP Temp 
SONMST ONMS Temp 
SOPAIT OPA Temp 
SORADT ORAD Temp 

o 
Expected Miaaion Temp. 

Ranae of) 
Maximum Minimum 

149 47 
171 56 
156 54 

163 58 
lZl 56 
lZ0 47 
133 63 
llZ 73 
117 58 
151 86 
117 56 
95 35 
89 Z6 
83 Z4 

96 ZO 
8Z 31 
80 35 

1 11 46 
109 19 
115 14 
III 7 
104 10 

94 10 
94 13 

100 10 
99 17 

103 10 
108 14 

89 Z6 

i 
I 
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LEMENTS 1"1 0 1 AND NO 2 , 

01!,1 CASE TEMPERATU RE 
fVCASET I 
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.. FT CASE HEATER ELEMENTS INO • AND NO 2) 
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• IV 
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FWD 
AXIAL 

LATCH VALVE NO. 2 
LATCH VALVE NO. 1 
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LINE 2 I 
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I 

AFY AXIAL I 
COMMANDA8LE I 
HEATER I 

---: 
AFT 
AXIA ... A1 

I 

\ 

NON REDUNDANT 
HEATERS 

-' 

ALL ELEMENTS 
CONTINUOUSLY HEATED 
EXCEPT AS NOTe D 

I
I 
I 
I 

LINE 1 TEMP SENSOR 

PRESSURE 
TRANSDUCER ~UNHEATED 
,----- --, .. 

r , 

~~-~ 
Fa. D VALVE 

REDUNDANT HEATERS 
ALL HEATERS COMMAND 
SW,TCHA8LE-PRIMARY/ 
SECONDARY EXCEPT 
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FILTER NO. 2 

FILTER I 
NO. 3 I 

I 
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ALL ELEMENTS 
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EXCEPT AS NOTED 

FIGURE 3.2.2.1.1-1. ORBITER PROPULSION SUBSYSTEM HEATER CONFIGURATION 
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Figure 3 . ? 2 . 2-1. Louver Performance (General Type) 
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3.3.1 

rqactioall PMpripti21- Tbe cODtrol subsyst.ea 
proYides the sensors and onboard logic t.o 
acco.plish t.be following functions: 

(4) Spin rat.e and spacecraft. at.titude 
deteraination 

(b) Sci~nce roll reference sigaals 
(c) Control of taroaten for spin axis 

precession aaneoyers, spia speed 
control, anQ spacecratt. welocitJ 
aaneuyers 

(d) Orbiter higb gain antenna aziaotb 
despin control to a desired &artb 1ioe
of-sigbt pOinting 

(e) orbiter high gain antenna elewation 
positioning 

(f) 8agnetoaeter deploJ.en~ 
(g) Mut.ation da.ping 

The siaplitiea block diaqraa of rigure 3.3.1-1 
illustrates tbe control subsJst... eleaents t.aat. 
pertora t.hese fUDctions. 

Tbe attitude deteraination design utilizes dual 
~it sun and st.ar seasora t.o aedSure t~e sun and 
star po_itions relatiye to space~~aft 
coord ina tes. Th .. sensors dete,:t tbe .elected. 
celestial t.al"Cjet. crouing tArouCj!l their tie1d-of
Yiew ,ro" each spin period due to Yebicle spia 
rotation. Both 8eBSOrS use silicon detect.ors to 
develop an electr1cal pulse waen t.h& target 
crosses tbe rov. rhe star sensor is capable of 
detecting 25 (~ +1.~ silicon aagnitade) stara. 
riae ~terYal aeasureaentD are aade between 
coaaand selected senor outputs and then 
teleadtered to • ground station for coaputatiou 
of spcicecraft at.t~tude. • spin anCJle At.ar gate,
chAngeable in tia. occorreace in tbe spin period 
~J ~o ••• nd, is utilized in conjunctioo wit.h a 
star detect10n thres~old setting tbat ia 
Changeable in tbr.abold lew.1 by c~aand to 
proYide discriaination 01 &~.r reterences. 

3.3-1 
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The inert.ial reference can be ~aaDd .. lect.ad to 
be .aitller the SUD or a star. This detect6td 
819D&1 tbeQ Decoaes ~be oobo4rd roll refereaCB 
tor attitude a.neu~er •• high gain &D~enaa 
pointin9. attituae avas~reaeats &D~ ~h.a science 
reterence 51gnals. 1 -free-run- aoae 1S a180 
aelectab!.a wbich 5ubstitQtes an electrunicall! 
deriyed pulse tor the inertial reterence. 

lbe Orb1t~r spacecrafl utilizes &eyen thrusters 
to proYid~ the capabilitJ for perfor.iag attitude 
aaneavers, spiD speed control, ana Y~locit.J 
ch&Dge aaneuvers. Possible thrQster 
configuratioDs and the selection required to 
pe~tor. a Qesired uneuyar are discussed in 
Sect~on 3.4. Tbe control subsyst.ea proyides the 
capab11itJ of co .. and selecting tbe thrusters and 
controlling th~ fire .ode and tiring duration. 
Thrusters aaJ be f1red in a pulsed or continuous 
aode. In the puise aod.a the firing pulse can be 
coaaand svlectvd lo uccur at any aZ1auth angle. 
1n clddi lional option perlaitB tb. generat10n of a 
firing pulse 180 d~re.s froa the first pulse 
(alternate tir-t aooe). hrther optiODs ~rait 
tvo selectclble pulse widths ,,28 •• or 512 as) 
And tbe pulsed firing duration to be CODtrolled 
by tiae or pul~ count. Details and applicatioD 
ot tAis feature are ~iyen in Sect10na 3.J.~.~.~. 
l.J.l, 3.3.4, and ~.l.l. 

Tbe High Gain 1stanna (KG1, require. continuous 
control to aaint~n the antenna baresight 
pointing tov3rda the Barth. Oespin, position and 
slew cODtrol is prowided to aaiAtaiD tbe antenna 
boreEigbt pointing elt a qrouDd coa .. Ddabla pbase 
relationship relatiYe to tb~ sel~t.d ine~ti.l 
rel~renc~. The KG. el.Y4tion pointing tor the 
4Qal III frequency occultet10n expe ri.aent ;,5 
proYide~ bJ slewiD9 t~e position oi the antenna 
refleclo~ relatiw. to a Li •• 4 1e84. 

aa~netoaeter sensors that ... sure in thr.e 
uil~u~nt Qirect10n .re reqaired to be deployed 
(on 4 sin9le booa) At~~r launCh to a position 
vbere the spacecraft's aagnetic 1ie14 vill not 

... ; 

I 
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( 

ae.lsioll 

iDterfe,e ~ith tAe aenao,'a .. gnetie 
lhtali .. N.ltnt., • 

the control SUDaI.te. also proYiaes pa&&~.e 
autalion da.pia~ ot tbe spacecralt. 

1.,4.4,e '.pl •• ,nt.liDa. The equip.ent required 
to perior. tbe contIJl ausyate. fwactioDS 
<:ons1sta of aD attitgc1e aata pro<:1tsaor, aUD 
5eDSOr asse.blJ, star aenaor ~&ae.bly, O'.pin 
control electronics, bearing ADd power traDsfer 
asse.bll, a high gaiD aDt.nna eleYation 
po»itioDe" 4 .agDelo.eter deploy.eDt -.chAllis., 
aad nutatioD da.per. tbe tuactiolla perforaed b! 
theae uDita are as tollowa: 

ta) 

(b) 

(c) 

Alti-tl4e P.tt PI9c~.or "R". rhe ADP 
~s • co •• aDd cOl&troller UD~t wbieh 
processes tbe SUD And s~.r inpgta for 
attitude deter.ination and on-board 
roll reference, control. thruater 
firin9 .odes for preQessioD, .elocit! 
and SPL~ .aneuvers, and proyides the 
roll iDd~ pulse (~lP), roll reterence 
pulso "s) and sector pu~es f~r the 
sciQntitic ill8trwaent.- Two units are 
proy~ded tot red.DdaDcy. 
i,a 51M9r lil-ill- Tbe sun aena01 
aBae.bly contains a .id-raDge •• nsor, 
an upper sensor and lower .. Daor to 
proYid~ the reqoired tield-of-yie •• 
TQ~ output fro. a yertical alit (If 
pulse) proyidQs an inerti.l r.f.raac. 
and apin spevd iafor •• tion _ Th. output 
froa a canted alit t~2 pulse) proyidea 
iDdirect~y aUD pitch or .spect .ngle 
'SUD ele.atiQn angle ~rt tbe spacecraft 
+z axis) intorution. Each .. naor i. 
redundant. 
~t.( itDsor AI ... ~lJ. The star sensor 
is a COl.~nd c~trolled uit •• ich 
cODtain& a .~rtiC41 ,~.) slit aDd 
canted C~2.' slit eitber 01 which caD 
be uaed ~Q proyi4. star pula.s for an 
inQrtial ref.renee or attitude 
~ete,.in4tl.OJl. 
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3.3.1.3 

3.3 .1.~ 

(4, P.apiA COD "01 11.,t,Rlis Jpcll.. ~". 
DCI is a cO"aDd cODtroll.4 UDl.t .~icb 
proYi4 •• tb. capability t.o d.splD aDd 
cODtrol &.h. poatiDg of tJa. bita. gain 
ant.nD. (HG1) uaing t.. barrl .otor, 
pro.id~ .l •• ation control of tbe HGI 
by pro,idln9 atepp1ng pula .. to ta.. 
eleYation positioller aad proYid •• two 
rat. controllv4 pul~ •• for scientific 
l.nstruaen&.s. 

(.) "Irilg iaQ ro •• , ir.A"" l",aOly 
'IAPrAl. 'fbe B1P'Il, a. control1.4 bJ 
tbe OCt:, pro.i4 •• capabillty to detspi.n 
tb. H~l. It baa tb. capability t.o 
tralls,.r el.ctrical algDala and tb. s
PaD4 an4 X-band II algnals b.tw.8n tbe 
apun and d .. pan s.ctions. 

(f) ».1 ,.",tiPI pp.ltipp.r. lb. H~l 
e1e.ation position.r, as controlled DJ 
tbe DCI, proyid.s C8~aOilitJ o~ .0.1ng 
tb. ~Gl Qisb at ~ •• and contrulled al •• 
rat.s and proY1dea 1nforrat101l of the 
dish angU!ar orientatioll to t.l ••• tr,. 

(9) "gRetg','" P'plo!.eAl aecblA i ., 
lapaa. Tbe IlDIl is a three MCj •• nt414 
boo. on vb~cb 1a .ounted the tbree 
.agnetu.etex s.nsors. Th. booa i. 
sto •• 4 tor launch aad then d.ployed by 
r.al t.ae grouD4 coaaands to position 
tbe "9Deto •• tera at tn. deaired 
or l.~ntat ~on. 

(Il) ."t,tioA »""&;. Tbe nuutl.on da.per 
is a pas.i.e, self contained deyic:e 
wbieD uses tbe va.e action of liqai~ 
Lr~on within ~ t.be to aOaarb tbe 
nutational energJ of the spacecratt. 

~p.c.g"'t. ,kOOm.iAU.§ Q.fl.l,UioR. lbe 
coordiD.t~ 5YSt •• for use with tbe controls 
Bubaystea ~s d~tined in section 3.1. 

Eq"ip.,pt LV"~2II. rh~ cuntrol subeJst •• anita 
are .ounteQ on th •• pacecraft a. shown iA Pigur.. 
3.3.1-2. Tbe .agn~to •• t.r deploy.ent. .. cbanisa 
~ ahown l.n tbe stowed and deploJea configuration 
~ ¥iguxe J.3.1-~. 

u 
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1 
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l.l.l.S.l IPA Seplor P1114 pi lie'.. ~b. ai4-ra.9. aa4 
estendea rang. sun •• nsor fleld-of-.ie •• proy14e 
coyerage (:j.t o~ltput) trOD 1(.'0 to ,·JO. fro. t. ... +Z 
a][ia. The 1JJ2 output pro,14e. coyerage fro. 150 

tu lb~O fro. tb~ +Z a][ia. Tb. f1e14-of-yiev of 
eacb seNor ~s 81a0wn in ri98r8 3.3.1-3. 'or the 
dir.ction of sp4c~cr.ft ~'otatiOD iadicate4 in 
Pigure 3.~.1-j, the IJJ ~DSor 'ill se. tbA aDA 
sligAtl~ 40ead of ~. 1JJ2 •• nsor in t.i.e. 

3.3.1.5.2 Sta, SeAsor ,.,l4.o' Ji.,. rbe sta, •• asor 
tield-of-yie. "UV~ ia 2~ degrees ia .leyation 
.itb the c~ter of tbe roy located at ~6.182 
degr~s troa tbe +Z axis a. sbo.n in Pigure 
3.3.1-4 tor the dir~ct10n of spacpcraft rotatioo 
iDdicat~d io the ri9UI:.. Tbe 1/1, • • ensor .lit 'ill 
... a selected .tar slightll ahead of the ~2. 
senaor b11t io tiae. 

VAits .RU5tlP\>-2a 

SPD SioloE'. ~bre. r.duadaot .piA .C~A 'Q. 
aeuora .uunt~ in each of t.o .ea.or ..... bl.1 •• 
Are pro.~ded to .e.t tbe ti.ld-of-yi., 
require •• nts. Botb SUQ sen.or a .... bli.s are 
loc.t~ at tbe outer periphery of tb. sbelf in 
order to baye an ucobBtruct.d fie14-of-w1e'. The 
.idrange .ua .en801: ••••• bly proyides ~pin 
retereoce pulaea ('41) over a sun .spect angle 
r.nge ot _5 to 13S degrees tro. tb. yebicle spin 
azis and output pulses (~~) tor auo a.pec~ angle 
.easue •• eDt .. OVtU 4 SUD angle ran9~ ot S5 to 12S 
degrees. Tb. geo.e~ry of the aideange .un s.o.or 
is •• O'D in Pigure 3.3.2.1-1. l~ eztea4e4 range 
sun .en8ur a .... bly cODt,aiOl> ~"(l int.gral 
5eUOI:S. rbe upper sensor l-\royicl •• spin 
r~t.renC9 pulses over tbe range 1ro. 10 to 100 
a.gr.es aDd auo ASp~~t anql. pul~& tro. 1~ to 90 
d.9ree~. tbe lower sen80r pro'id •• corre.ponding 
pul ... ower the r&nge uf dO to 170 degre •• and 
Bun a&?ect a091. pul .. ~ fro. 90 to 16~ a.gree., 
re.pect.i.ttly. rbe geQlNt.ry of tba eat.nded raluJ. 
auo .ena~r. is showo 11 ?1gure 3.3.2.1-2. 

1 •• ul0. 

3.l-~ 
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3.3-6 

One set o{ taree seDsors is conDected to each ADP 
proy ic1ing red undancy • 'I'be sensor a .. e.blies ar-a 
passive; tAere is no coa.aDd or teleaetrJ 
interface witb tbea directly Dor is .ny power 
profided. Electronic processiDg of the seDsor 
outputs and tAe tele.etered tiae occurrence of 
the poIses is perlor.ed by tile lDP. This is .ore 
tully discussed in ~ection 3.3.2.3. 

Only one of the til~ee sensors caD be selected by 
co •• aDd at a' tille so tbat there is DO .abigaitJ 
in pulse usage. The leadiAg edge of the ADP 
detected sun pulse is the tiae reference (O.1S0 
aa threshold lev~l of sensed SUD sigDal) _ The 
boresigh~ location is noaiDally at 352.5 degrees 
in the spacecraft coordin4te sJstea. ~he 
relationsbip of the sun seDsor boresigbt to the 
sun pulse as detected by the ADP is ShOWD in 
Pigures 3.J.2.1-3 dnd -q. The w2 pulse is used 
solely for sun look (aspect) angle teleeetry 
.aasureaents. 

rhe variation of the sun pulse at Eartil and at 
'enus is also shown in Figure 3.3.2.1-3. Shifts 
in the leadiDg edge of the SUD pulse at Venus can 
be coapensated for in the calibration data of the 
sun pulse. 

The relatioDship of the PSI and PSI2 out pats over 
the field-of-view provided by tbe .id-range and 
extended range sun senscrs is shown in Figure 
3.3.2.1-;. 

G~peral pescriptioa. ~he star sensor is a spin 
scan sensor baYing a dual slit solia-state 
detector with a fan-shaped PO,. ODe slit. w*. is 
aligned in a plane containin9 tbe spin axis and 
the second slit, w2~' is canted 20 degrees 
r~lativ~ to the w* slit. The direction of cant 
causes tbe ti.e in terval between tile w* and ~. 
to be the shortest when the star is closest to 
the +Z axis. The electrooics of the w* and w2* 
channels are coapletely 1Ddependent; providing 
redundancy. Both cbanudls can ~perate with 
ei ther AllP. 
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Th. boresight of tbe atar •• nsor 1. located 56 
d~9re.8 frae the spacecraft apia a11.. The 
ele .. ation PO, io 21& degree. centered about tJae 
boresigbt axis. Tbi~ is sDown in Figure 3.3.1-'. 
Tbe azi.u~b 101 ot each Slit is O.S degree. tbv 
.ta~ sensor is .o~oted on the ooter peripbe~J of 
tb. abelf wi~h tbe boresight at an aai.utb 
locat.ion of l~ d"9nea 1ro. the apacec:raft •• 
uis, .eaaured t01llard the ., axia in t.be 
spacecraft. 1-1 plan.a. A star passU9 through the 
center ot tbe roY 11111 nOilinally trayeE88 Ue VI
alit at an aziauth an'lle of 21.220 aD.d t~e Vl2- at 
150. It is proyided an QDobstructed fie14-of
Yiev. 

'lbe sensor is an in~89ral unit baYin~J a alngle 
conical sunshade, a coaaoo optical S!rSteit and an 
elect.ronics housing asseably containing tbe t.vo 
redundant. el~trQnic .odu1e8. 

'lbe star sensor is not daaaged by suII,light 
entering the optics. The sun sbade d.sign 
eaploys ct two-stage batfle syst.ea tc li.it t,a. 
input of stray ~i9ht. Tbis peraits staes to be 
detected t.bat are 55 deg~s or aore froa the sun 
and 37 degrees or .ore froa an illuainated 'enus. 
Barth, or aoon. Tbese angles incl~de ltn 
electronic rQCovery tiae of 66 aillisecoDQs 
(worst c4J:Je). 

I oo •• on uptical sJst~. proyides energy ~o the 
t.wo photodete.c.tom ot the ,- and 1#2. chan •• ls. 

I block diagraa of one ot the two identical 
electronics channels is sbown in Figure 3.3.2.2-
1. ~be basic function of the sensor is ~o outP8t 
a position pulse froa eacb operating channel for 
use by the IDP wbeneger the detected aaplltude 
leyel exc.ads tbe coaaaDded ~bre8hold .a18 •• thua 
pr09idinq aaplitude discriaination aga1nat 
background noise and 4i. stars. Ingle 
di.crisination tor tbe position pulse is pro .. ided 
by t~e IDP. I star pulse froa either channel can 
be selected as tbe on-board inertial reference in 
the IUP or s~pplied to tel.a.try for a~tit.d. 
deter.ination. ~his is DOre fully discussed in 
Section 3.3.2.3. 

••• 1&10. 

3.3-7 
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3.3.2.2.2 CPIIAAd lpactioDlo lbe two star cbaDnela are 
!adiyidQAlly controlled DJ redundant power OD aad 
otf Vuse cOI.uds trol COla 1 aDd 2. (ST119 or 
SlaA9 for PSI. 01. STa1, or StBA, tor PSI. orr; 
STk29 or sraa9 for ~Sl~. 01; S,a2, or staa, tor 
~SI~. 0"). The tvo channels are Dot 
operatior.ally lutu1ll, exclu.i~e And t~us can be 
used silultaneously. 

l.J-~ 

The coalaads contrul a lecbanieal relA, wbieb 
connects a fased bus line to tbe unit requlated 
power supply. 1 single redundant quantitati.e 
cOllaDd (Sta01 or StaQl) coatrois tbe desired 
individual t4resbold l~yel and bandpas. selection 
in each s~asor cheBAel. The quaatitat1Y. co.land 
bit structure is as tollows: 

Bit location in co .. aao word 

----
Don't careJ J'I b'ts 

l. PSI2. bandpass select J I 
PSll. ~reahold select~ 

PSI. bandpass select ------..... 

PSI. t.hr4llSAold slI!lll!ct ________ -1 

Bandpass selectioa: 0 ~ 19 Hz; 
1· 2 Hz 

rbe thresaold seleetl.on coding is shown in 
jet~rence: PAra9r4~b 1.5.1. CallbratiOD is 
liSted in Appendix A. 

lbe oandpass selection controls the low frequency 
cut-off to be at 1~ 8z or 2 8z to enhance star 
detection oyer the bro4Q apin range. 1 58.lary 
ot tbe pulse cO.lands, cOI.and as.igaaents and 
aasociat~d .ne.onics is shOWD in Section 3.l.~. 
It is re~ol.enQeQ that tbe 1~ Hz bAD~pas. be used 
for all spin rates, based on yenGor tests 
(Re1~rence: Paragraph 1.5.21). 
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l.3 .2.2.3 'rel ••• tI)' 'MMSCSJ9AI. The star briqbtnes • 
• eaaure.~nt 1~ t.leaetered d1rectiJ fro. each 
star Fensur channel as an d-bit aaalog 
aeasure.ent. Tbe .e.s8r •••• t is the pe.~ 
aap11tude of anJ aetected light source appearing 
.itbin a spin angle gate proyided by tbe aDP, aad 
is reset by the lea,u'Jlg edge of that spia an91• 
gate vhen 1t op.ns a9ain on. spac.craft spin 
per10d late~. Tb~ spin angle gate is 11.£5 
deg~~s .~d~ ~nd can be positioned at any aziauth 
4ngle by co •• and to the aDP. 

Tbe coaaanded tbreshold settinq for each star 
sensor channel is also tele.etered as aD d-bit 
ana lug .easureaent. The no.inal expect.d Yoltag' 
for ~cb threshold setting is shown in section 
3.3.4. 

rAe O~Off status anu ~e bandpASS selection 
status of ~ch star channel are provided as bi
l~ye~ status bits to the DX!S. • te.p.ratu~ 
sensor, locateu near the co.aon star SQnsor 
d~tector cbip is teleaetered. This peraits an 
ass~ssa~nt of the star sensor 4etection 
capdbility dt a ~novn tel •• etered te.perature 
(dtfect ot te.perature on pertor.ance is 
discuss~d in s~ctiun 3.J_2.~-~ below). A sna.ary 
of ~he star sensur tele.etc! is sao.n belove 

STAR S~K~OR TEL.aBtBI SOB!lBJ 

PSI- &ightness 
PSI~. Brightness 
PSI. thresbold Setting 
PSI~- Thre~hol~ Se~ting 
Star Sensor fe.perature 
PSI. otl/o,r Status 
PSIl* ol/Or, Status 
PSI- Ban4pass State Status 
PSIl* llandl-ass state Status 

a-,Ball 
A-2U!!I 
a-1TBS 
A·2't11S 
ASTaaT 
a-lOIS 
'-lOIS 
'-18PS 
a-28PS 

••• isloa 

lAalug 
lD4log 
Analog 
Analog 
analoq 
Bileyel 
Bileyel 
Bileyel I 
Bile.el I 

"----------' 

3.3.2.2.4 ~,,, gyl" BllltiQpshiPI. tbe position pul •• ia 
generated within tae ADP when the peak a.plit.de 

( \ 3.3-9 

2. 
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of the stir sensor yideo palse .zc .. ds tbe 
eo •• aai.d thresbold l~vel. Toe l.adiag .4ge of 
tne position pulse occurs wben the trailing edge 
of the video pulse falls to 25 p.rceDt of the 
peak •• pliLUd~. The relationsbip ot tbe po.itioD 
pulses, star sen~r nor.sigbt axi» and ~SI. 
optical 4.~ is shown in rigar.a 3.J.2.2-2, 
3.3.2.2-31 througb 3.3.2.2-JU, 3.3.2.l-QA and 
3.3.~.l~B. Thes@ curYes vere gen.rated fro. 
int;,)r~atiol1 contained in B-uerences 1.5.21 and 
1.'.l2. 

3.3.l.~.~ Detect.on Perforl4Dce. Star detection 
~apability, as affected by t •• perature, selected 
chann~l, clDa selected tbEeaaold leyel, is seen in 
ligures 3.J.2.2-~I, -58, and -se. Detected star 
brightness will Y41:f as a tUDction of the 
spacecraft spin rate. TB1S effect is shovn in 
'igur~ 3.3.2.2-6 and Shall be coapenSdted tor in 
tela.~try dat4 pro~~ssiDg using calibration 
curv~o provided W1ta eaCA flignt unit. Likewise, 
th~re is a predictable and calibratable etfect as 
a tuu~tion of ~h~ co •• and selectable bandpass. 
rhis effect 15 Shown in ¥iqures 3.3.~.2-71 and -
1B. rhe variation ot st4r brightness over tbe 
~ev4~ion iieln-oi-Yiew is shown in rigure 
~.3.l.2-b. Reterence: Paragraph 1.S.21 states 
that the alaiaua usable 1iald-of-vie. of the star 
sensor is ~1'.S0. 

3.3.2.3 Attityde Ratl ,r~e~so, 'tDPL 

3.3.2.3.1 ~Pdr41 pescripsiPa. Bach of tA@ two lDPs 
contains all the logic and signal proces~ing to 
d~t~raine tiae int~rvals between SUA ana star. 
~nsor outputs for transaission to ~he ground 
station for co.putation of spacecraft attitude. 
Por onboard functions, azi.utb spin pulses are 
qenerated to~ spin per10d sJnchroni~ltion of star 
9at~s, reaction jet tiring statt signal, despin 
~~f~rence and science roll index pulse reference. 

.J.3 -10 

Ucb lDP int9rfaces wit~h a decl1cated set of three 
sun sensors. ,Tbe two lDPs and ~he two sets are 
not crobS-stLapped.) One of ~be tbree SUA 
sensors is eoa_aDd selected based an the 
spact!cratt spin uis to SUD LOS p~t.ch (aspect) 

t ..... .' 
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angle. The sun aspect aagle relati.e to tb. apiD 
AXis is deterained by aeasuriDg the ti.e iateryal 
betv~~n pulses (~ - ~2.' With the spin period 
t.iae aeasunaeat.. ,~ - fII). Ue aspect aagle tiae 
aeasureaent. C4n then be quantized in teras ot 
spin degrees. Ibis t.hen can be cunyert.ed to 
uhtain the resu~tiQg sun aspect angle. 

Bach lOP can operate v~ta either channel of the 
star sp.nsur. Noraally, aore than one star will 
appear in lbe POY ot each reYOlutioD, therefore 
angle and brigbtness discriaination is provided 
to obtain valid data tro. a Known star. A 
co .. anaab1e detect~ou tbresAo1d se~t~ng in the 
star s~nsor vill b~ used to provide aa~litude 
discriaination against bac'~rounQ noise and di. 
stars. 1 star gate, co •• andab1e in spin angle 
froa the suo ~ pulse, w~l1 be used in the lDP to 
anql~-aiscri.inate against otber bright stars. 
The star aspect .ogle relativ~ to the sp~n axis 
is deter.ioed by the tiae differeoce of the ~. 
aDd 1/12* pulses. Tae interYal, aeasum.ents iro. 
tAe sun ~ pulse to the star ~* pulse or 1/12* pulae 
are also aade, tbus perwitting the use of only 
oue star slit tor at.tit~de detaraination when 
f4Yorab1~ sun-star geoaetry exists. 

E~tn~r the sun or star can be co.aand selected 
for tbe ooboard in~Ltial reference. Tbe se1~ted 
iBvut controls a phase lOCK loop (PLL) which thea 
proYiuQs a quantization of the spacecraft. spin 
per~od. The PLL is able to provide 210 Pa sector 
pulses to the scieotitic instruaents and 212 Fs 
to th~ DC~. 1 ~o£.andable delay fro. the 
in~rt~a1 refvren~ ~s proYided by the ioll Iodex 
Pulse (RIP). 1 roli refareDee pulse is also 
providad »y the PLL which is pbase synchronous 
w~t.h ~e selected inertiAl reterence. 

Tbe lDP also controls all tbe firing .00es of the 
thrusters via co .. and, ana the operatioa ot t~8 
latcb valves. 

Disc{ettl Coa.and l'uQcti9DI- ieclulldant discrete 
co.aands using CORs 5 and b control power 
application to each of the two redundant lDP 
units. Tile OM cO •• ilnd i,~nly affects tht'! 
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designated unit 4ad doea Dot turD the other unit 
orr. Thus both un1ts caD be on ai.oltaaeoaaly. 
Tbia feature is used for t .. iDitla1 apiD ap 
.aDeuver following launch vehicle separatioD to 
asaure .aziau. success pEObability. It is 
i.pecat1ve tbat the ODOO.rO co.aaDG sequeDcer be 
progra •• ed tor this .aneaver to OAly use CO! S to 
turn OD lDP 10. 1 aDd oDly COB b to turn OD IDP 
10. 2. faese panieular eoa.aDd li.D_ are 
grounded through tbe aaparatioD switea aDd 
preclude tAe lDPS tro. beiDg coa.anded OD aDd 
executiDg the spin up •• ne.ver 4.e to aDJ tailure 
or spurious pulses that •• J affect the aatoaatic 
sequence prior to spacecraft separatio •• 

lhe lDP vill initialize in a randoa aaDner at 
unit turn on except tor the t.,bruster cOAtrol 
functions. These will ia1t1al1%e as follows: 

c 

JCE output Buffer 
JC~ BagDitude Count 
Jet ~ire Co •• and Latch 
Jet Interlock COa.and Latch 

Disablecl 
Zero 

I Beset 
Beset 

"\ 
.... ' 
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, su •• ary of ta8 11V. ADP discrete co •• anda aAd 
their .De.oDica ~ as follows: 

ADP 1 Oli 

ADP 1 OFF 

lOP ~ O~ 

lDP ~ OPF 

Latch ValVe " 
Latch Ya.lve .1 
l.atch Valve .~ 

Latch 'al.ve .~ 

Open 

Closed 

Open 

Closed I 

ADP1Y 
lDPl9 

lDP1S' 
1 DPlJl 
lDP~9 
ADPI9 

lDP21 
&I>PBj1 , 
V1L19 
YlL&9 
'lLl" 
V1LU 
V1L29 
lALB~ 

VILli 
VALIS' 

aI~ operative 
prior to 
separation 

ilot operative 
prior to 
sepuiltiOJl 

3.3.2.3.3 QUAptitati!e CO ••• p9 PUD~tions. & single but 
sep~r~te quant~t~t~.8 co •• and -'DP configure,· is 
proy ided to lUP ., ollly via. con 5 (l'tO" through 
ITQ12), anu lDP '2 only via COU 0 (1'l'Q,,1 througb 
'T~L). i.e., tbere is MO coa.and redundancy to 
each un~t. Tne quantitative co •• and is 
structured such tbat the first four LSIs of the 
available lb bit quantity are dedicated for 
addre~ iQentificatioo to control 12 internal 
functions. An exa.ple of tbese tunctions and bit 
ddsi9nations is shovD in Table 3.3.2.3-1 tor 
ATQP'l (lDP") or lr~11 (&DP.2). aeasureaents 1 
and b are equivalent to aeasureaents 1 and 2 
r~spectiyely, in tae aNaBOlIC ~ssign.ent8 of PC
~55. lbe re.aining co •• and func~ions .ay be 
tound io ~C-~~5 (Beterence: Paragraph 1.5.1,. 
lbe structure of tAe quantitative co •• ands will 
be discussed in detail .til the following sections 
to tacilita~e us~ 01 the lDP. 
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The c~aand interLace is shown in Pi9u~e 
J.3.2.3-1 'Appen~ia C). 

l.1.~.3.- 104. CODlrol 

J.J.l.J.~.l k~rcgit Desc~~PtipD' Operational control of 
the ~LL is provided by UIN of the ADP aode 

Select ~u4ntitative co .. and that usea Address .2 
(lTQ,J ur lTQ1C ot tne lDP configllre Co.aand). 
The logic processing aiaqraa is shown in Pigure 
J.l.l.J-l. 

The PLL is a variable frequencJ pillse generator 
which .a~ntains bo~ frequIDcJ and phase lock 
with the coaaakd selecteG input reference: sun, 
star, or siaulated SBI. The priae elea.nt in the 
p~ i~ a voltage COD trolled o$cillator ,YCO) 
wbose frequency is controlled by an analog 
coapensation network. Under ZQro error 
conuiLions for tbe phase lOCked loop (i.e., phase 
dnd frequ~ncJ lock vith the input signals), the 
YCO w~ll g_nQrate a trequency _bos. value cOllnt~d 
down oy either 220, 221 , 222, or ~23 vill provide 
an outPlit pillse 's ~ssentially coincident with 
the input pulsQ. The ditferent countdown chains 
are com.And S8lected t-PLL sp~n r40ge select-: 
lTO,J; Sa) to provide an operatiDq range 
consistent vit~ tae apacecratt spin rate. Por 
non-zero error conditions, the sensor iaput pulse 
aDd tbe olltput Ps are phase coapar~. and the 
result~ng phase error forces the ,co freqlleocy to 
be altered IInt~l zero phase error condition is 
acbiewed. In addition to generatio9 the spin 
byncnrono~s Ps OlltPllt, the PLL also generates a 
syncnronous bigh aliltiple of ~1Z Pa and llo Fs 
(1021t sector pillses) • 

rbe uatput fro. toe PLL is llsed to drive one 
fized 9ate, gate-I, which is cantered over the Ps 
puls~ ~nd two co •• and variable (lTQJ5 or ATQ~ 
for lCS Ingle Delay Bagnitude; lro~ or ITO" for 
koll Index Delay "a9nitIl4e) del.yed OlltPlitS. In 
dddition, Gate 1 bas teo co •• and selectable 
vioths 01 11.25 degrees and 45 deqrees, both o~ 
WUCb are ceotereG over tlte '8 pulse. .,.Ile 4S 
d~9r~es width is ooly obtained when star 
a~quisition is co..and selectea ("Star 

-
U 
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A TOfl (ADP n) OR A TO,A (ADP IZ) 
QUANTITATIVE COMMAND ASSIGNMENTS 

Maanitude Data 
Command Descri~)tion 

Z 5126 Ln IZtll2 !j13013113213313413 513613713J 39140 

Attitude Data LSB I I I MSB 

Processor Configure Address I Magnitude 

Measurement Select 0 0 0 o rX X XX X X lA A AT B B B 

A) Measurement A I I 
Select 

1) SRR - SRR 0 0 0 

Z) SRR - Minor F 
Rate 1 0 0 

3) SRR - RIP 0 1 0 

4) SRR - MIP 1 1 0 

5) SRR - Gated 0 0 1 
Star B 

6) SRR - PSI Z 1 0 1 

7) SRR - Major F 0 1 1 
Rate 

B) Measurement B Select I l 
1 ) SRR - SRR 0 0 0 

Z) SRR - Minor F Ratl 1 0 0 

3) SRR - RIP 0 1 0 

4) SRR - MIP 1 1 0 

5) SRR - Gated Star B 0 0 1 

6) SRR - PSI 2 1 0 1 

7) SRR - Major FRatE 0 1 1 

3.l-1~ 
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lcquibition/lor •• l-,. la. two variable 4~lay 
generators provide out~ut pal ... at iA4.~D4aDtll 

• co •• and controlle4 angla Galal. fro. the 's 
reterence. lbe dasireG 4alal i .• loaded .lnto • 
10-bit count~r whicL is couated dowa bl the 2' • 
I's pulses. 

Ulia generator is used a. the loll lIl4ex 'ul •• 
(iIP) refereaee for use bl tb •• Ci.D~fic 
.lnstru.entH. 'ltae second geDerat.or is u.aecl to 
proYide the desirea roll a.gle delay for jet 
tiring. Tbis dela, is also sbared to locate a 
second gate. Gate &. wta.lca p~9i4.a angle 
discri.iaation for star pulses. 

~hendver tbe SBR pulse d~s Dot appear withiD 
Gate 1, a .ft~sin9 SIB- pulae, is generated at t.be 
end uf Gat~ 1. Th. generation of this pulse i. 
not depenaent upon tbe loss of lock eDable 
coaaand bit. Tbp a1ss1n9 5MB pulae serYes two 
~Qnctions outside the loss of lock logic; thel 
cue: 

(a) to generat~ a apJ.L Suter l&eset Pul.e
ill the PLL wbidl la used to re.et the 
phase detector, er_~r integrator aDd 
~LL tiaiDg, 80 that the PLL frequeDcJ 
is not changed aa a result of aissiAg 
tbe SiB pula •• 

(b) The pulses are accaaulated for 
tele.etry in a eouAter (-Biased SII 
Count-: ABlSSC). ~hia CO~Dter is reset. 
each ti.~ it ia read oat to tel ••• try. 

the SRR ~ba~ con~~o16 the PLL can be &DY ODe of 
tb~~~ inertial pulaes (~, ~., ~2·' or the 
siaulat~d ~a~. tbe aun (~) is preferred becaus. 
~t provides an uDaab1guoua reference. Tbe 
1niti.l sun ac~uisition is perfo~e4 witb tbe SQD 
~~~~ aisablea DY co.aaDd. prior to att.ap~iDg 
acqu~~it1un. Tb~ allow a the P~L to lock onto 
the sun wb~re,er it ia in the spin cycle. ODce 
lock~;i, the Ija ted sun aode can be ued a.d tbe 
loss ot loci. detectiuD enabl". In the gate4 
.ode, tbe Ys pulse .uat occur within Gate I. If 
th~ pulse is sissing tor two or .on coaaecative 
rew\ilut.ionli, the ~~. Autoaaticall! tranafera to 

u 
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tJae sualat,4t4 SRI. .,beD t. ... a •• pala. appears 
within Gate 1 for two coaaecatiYe rewolat1oDs, 

• the reference 4utoaat1cally transfers ba~k to the 
aUD. lD' star pulse froa eitaer t .. ~SI. or 
PSl.2 chaDDel caD be sel~te4 for a retereace. 
All star r~fer.Dces are ~oDstraine4 to be ~.4 in 
tbe gatec1 aode. 

the siaulated SRI utilizes a co.aaDdable .pin 
period ,.'QJ1 or lTQPG tor aSls; lTQ~ or lToga 
tor LSSa of PLL spiA period aagDituae) wbich caD 
be set froa 0.25 .sec to 1ta.Ja .. secolads in 0.25 
asec iDcreaents. ThiS reference can be selected 
~ either a co.aanu (ATg,3, lEt ~ SIB) or tb. 
loss of lock logic (if ... bled by co •• and lTO,3, 
P~~~) if two conseeut~we .is8ing ~al pulses 
occur. The period should be ~et within 0.18 
perceDt ot tbe ac~ual spin perioa (at 5 rpa) vheD 
operating w~tb tbe loss of lock enabled. The 
accuracy is required to .. .tatain tbe inertial 
10catioD ot Gate A 80 tbat tbe ref~reDce palae 
w~ll reappear in t"e gate after tbe tvo 
r.wolution criteria is satisfied to transfer ~ack 
to tb~ inertial EeLerenee. 

A star adwance sode ,-SMi ldwaD~e-: SBl a AD') is 
prowided wbich peraita .witching tbe saR fro. sun 
to star, tro. s~ar ~o star, tro. star to sgn, 
froa ~.ulated SkB to SUD, or fro. ai8u1ated S81 
to stdr. Vben transferriag ~o sun, the aaD gate 
.Gst be disabled. Vben transferring to atar, the 
star gate (G4te B) Bust be located OYer the 
desired star. Upon execution of tbe Sil AdYAace 
co •• and, tae PLL will reset the phase 80 that the 
new reference viII occur within Gate A. 

A star acquisition .ode (ST a 1/1) is proYide4 
which a~lows locking to a atar pulse in the 
absence o~ a suo reference. 

Ose of t.he .ode control (;o •• ano i.s described i.n 
the tollow~D9 sect10n. 

3.3.l.3.4.2 kO •• la4 D.lg. Sode control is aceoapliabed 
ua~Dg tbe ADP Bode Sel~t co •• and tlTggl or 

ATQIC). Tbe Gse of eaeb bit in tbe co •• an4 is 
ctescr1bed below: 

••• 1.108 
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(A) Sli &d-,aace (SU • .11/&&;') - 'fbtt Sl~ 
(Selected Moll lefereace, &d.aace 1 • 
• ae4 ~u awi~cb fro. ODe retereDCe to 
•• o~her. 'typicall, nferoeDce s.i~cbiDg 
troa sun lo stu, fro. aur to .tar, 
froa star to SUD. fro. aiaalated 5MB to 
aun, or 1roa aiaulated SIB to star 
(star Acqu1BitioD) 1s accoap~i.hed b, 
thia coaaaDd bit. Tbe -Sil Ad •• Dce
uit .,urt be .et to logical aero ODce 
proper trAnafer has beeD a~.oapliahed. 

SiDoe tbe -Sii Ad.anc.- ca. eftect 
.arioas .ode. of traaster, tbe 
~nterdepeDd.oce of tbia ~t with otber 
logic bit. ot (lTQ,l or Al~C) requir .. 
carefal .l&bora~ioD. '0£841 tranafer 
ot reference, aach •• , aan tQ .tar or 
star to star ia aceoapliabed b, 
po8ition~n9 ~a~ 8 o •• r. taG d •• ired 
star that is to be ~be nest pri.arJ 
ref.n.e~. At tar receipt of the -518 
&d.anee- eRD bit, tbe ph .. e of tbe PLL 
is reset 80 that tbe de. ired .tar 121 
appeara in Gate A aDd beco._ Ue 
reterence for the PLL. ~e otber 
additional aod .. of tra.sfer caD beet 
be de.cr1bed iD subsequent paragraphs 
in COD)u.ction witb otber C!D bit 
usage. 

(b) Bn6ble/D1aAble SaD Gate (SO_ a lID) -
The &Dable/Diaable SUD Gate 
aeco.pliabe. a two-fold purpose: a, 
for d 109~cal 1 (e.aole" it allows tbe 
luaa of reference detector ( .. issin9 
SiB- counter) to tel.a.ter (lBISSe, tbe 
na.ber O~ .iased aUD pulses QuriD9 the 
sa.ple ~Dt.r.ai; i.e., bet."D leadin9 
ed9~£ of succe .. i.e occurreDces of ADP 
Status ke4d en.elopes. (l'be ~nterYAl 
ti.e period dep.D4a OD bit rate and 
&Ql~cteQ T! 10raat - reter to para. 
1.S.~ for 4etalls). l~ two or aore 
cons.cutiye .~i .. in9 aun pulses (not 
within Gdte 1) do occur aDd assuatug 
IIpLL loss ot lock- iat eD4bled, it 
allowa SD trAuier to siau14ted !>D; 

1 
• j 
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b) for a logical 0 (dia.ble), 1t allow. 
Dora.l agn .~gula1~ioD. 

(e) Star &cqQisit10D/lora.l (~T· 1/&) -
Star .cguiaitioo allows pI.a. 10ck1Dg 
to a star pal.e (lilely uae4 io tb. 
aDaeRce of a SOD pul .. ,. 'oraall" the 
ai.ul.t.d SSM a1gDal .il1 bay. b .. D 
.. lectva as a PLL refeEeDC_ aDd tbe 
co ••• nded SP1U rat. will be cboaeD as 
clu.. to tbe act.al .piD rate •• 
pwiai.£»le. Hoveyer, ao.e •• al1 
trequvncy 41ff.renee a., exist .hich 
a.110 ••• tar gate. & .. 4 It, .blch are 
DOW pb .. a ~ock4lld to tb. liiaalated saa, 
to slip in pa ... witb respect to tbe 
aclual .cura, .. king it i.po •• "bl. to 
keep a atar within ~ate B. 

(d) Skl/Siaula~ed SMa select (part of air • 
SOI/STB/SI3) - For a logical 1, th~ 
pri.ary inpat to the pb.ae lock loop 
will be tae Sil tw, Ill" OC ~ 2.), uDle •• 
an auto.atic trana1er 1s accoapliabe4 
bJ two cODsecutiYe .1&siD9 SIB pulses. 
In the 1.lter ca.. (P~L loas of lock 
enable • t) tbe aiaulated Slk ia 
selected. Per a logical 0, tb. oDly 
iDPQt to tae P~ i. the .~.~late4 sia 
irr •• pectiye ut all otber coD4~ti~Da. 
lote: Pre.1aQDch ,'e.t. OD ODe Pligbt 
Sodel ADP nay. shown tbat t~e 511 to Fs 
delay at ~.7 rpa bad ~baDged fru. 
tJP~C41ly ~.b aillisecond& witb use of 
~ re.l S~, to typicallJ ij.~~ 
.illis~uDd •• ith use of tb. a1aulaled 
SMI. 

(e) Su~Star Select (part of Sal/S1M/SII) -
litber th ••• lected ~ (logical -1M) or 
tbe ~t.U Star & (lo9ical -0-) ia 
~lect4&d bJ the e 8 uD/ata r select
(serial co •• and bil)~ rbe ra •• ltiDg 
~igDal 1& tbe selected Moll .. terence 
(Slllt) • 

(t) SUD Sensor ~~lect (SO a 1I/t1/L/S) -
~19n.la ~ aDd ~2 are recei.ad, e.cD OD 
t.ist9d .n4 saielded pair, fro ... cb of 
lhree sun sensor., .idrange, eatea40d 
r4nge uppal aDd exteudeG range lower. 

...laioa 
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These si~ signals are processed by six 
l.dentie&l sun sensor electronics 
suDasseab!ies. rhe outvuts of these 
el~ctroni~s are input to a digital 
.ultl.plexer waere one w and ~2 pair 
(botb froa tbe saae sensor) are co •• and 
select.ad tor use by the ADP. 

(g) Star Gate B; CoanDel 1/~ Select (SGB ; 
1:'1; - One 01 the two stu prucessor 
cbaDuels ('P. or tJI ~.) within the ADP can 
De chosen by -star G4te b channel 
select- (logic 1 a tJI*). The selected 
star sensor c~4nnel would theD be tor: 
(a) tele.alered ti.e interval 
aeasureaent (Ski to Gated Star B Ar:S) 
between tAe SRR and that star that is 
tbe tirst cbronologicall] in bate B 
tbat exceeds tbe c~aanded threshold; 
(b) teleaetered star brightn~ss 
.easure.ent. (A*lBi8 or A*28_ft) of the 
bri9bt8St star appearing in Gate B 
before the teleaetry.is sa.pled; and 
tc) use in tae SMa Advance LogiC for 
transferring tbe SdB to tbe first star 
appearing in Gate ~ that exceeds the 
enDED thre~hold level. 

(h) Star Gate A; Channel 1/2 select (SGI = 
l/l) - Oue output (ip- or ~2*) froa tbe 
two-channel ~tar processor ~s cbosen by 
-star ~te I cbanDel select- (logic 1 a 

~.). The selectea cbannel is gated bJ 
Gate A fro. the PLL to neco.e -gated 
star 1.- bated Star 1 is sent to the 
sun select/star select logic and the 
coa.anQ dnd Tft subunit for attitude 
aeasure.ents (-Ski to SRK.- when the 
SRR is tbat star in Gate 1). 

(i) PLL Loss 01 Lock Enable/Inbibit (PL = 
~/D) - rbe -loss ot lock w logic sbOQld 
aore properly be labeled -luss of SBR
logl.c, as tbat l.S axactly wbat it 
detects. 

Tbe last coaaanded state ot the 
-loss of lOCk- logic is teleaet6red as 
tbe nilevel signal- PLL Loss of Lock 
Enabl~/lnbibit- (ALOL!S). 
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The actual st3te of the PLL v.r.t. 
lock on tbe slIa is tele.etared as the 
bileyel signal -'LL Loss ot Lock· 
(ALOeIS). lfter ~ing enabled 
(loqical. -1-) 
by co •• and, this logic will detect and 
output a signal to the reference select 
logic, tae JCB, 4lnd teiell8try (ALOCltS 
viII = 0) vheneyer tvo or aore 
su~essi ye 5MB pulses are tOWlG to be 
outside of Gate 1. This loss of lock 
viII cause autoa.tic Roll lIeterence 
transfer to the siaulated SRB, and 
inMbi t tJae jets froa being fired. It. 
vhile the PLL loss of lock logic .is 
still enableG, and tvo or aore 
successive SkB pulses vere to reappear 
vithin Gate A, the -PLL loss of lock
signa1 waulG return auto •• tically to 
~ts noraal (in-lock) state. (fbe 
require.ent tor tvo or .ore successiYe 
reappearances preyents • single 
spurious noise pulse on th. Sill l~ne 
fe08 reselecting the SaB as the. PLL 
reference. 

If inhibited (logical -0-) by 
co •• ~nd, the ·PLL Loss of Lock- signal 
(ILOLBS) vill ~~Gicate an apparent -iD
loCk- state (I~Jical -1·,. whether or 
Dot the PLL is truly lockpd on the SBI. 
PLL Spin Range Select (Sa ~ 4-11) - The 
PLL veo ~\i.tl!l!t (noainal operat~ng 
frequency) is divided down by a counter 
with Variable length. The PLL spin 
jange se!~ct co •• and bits select the 
avpropriat~ variable divider output to 
giv~ a ~utal countdown chain length 
versus sv~n range 4lS shown below: 

COUNTDOWN 
CHAI" UNGAR 

+ 2 2 • 

+ 222 

+ l"l 
+ 2 20 

PLL OPD1TIIlG 
&,IGI 

4.0 
8.0 

16.0 
32.0 

- ~.8S rp. 
- 17.1 rp. 

3S.~ rp. 
- 70.8 rp. 

leyision 
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These operating range. haYe uy.rlap 
d.signed to &Yoio dead &one regions aad 
also ~o allow »0 .. fle~ibilitr vith 
respect ~o th. tra .. aission of • aev 
RLL spin raage SQl.ct coa.and. 

loainal raDge switching vould be 
dODe only associated vith SUbstantial 
SpiD speed change. duriag which the PLL 
loss of lock would be inAibited, as it 
cannot track cuatinuous burn spin speed 
changes. Ifter such a chaag" the PLL 
would requ~re approxiaately 70 
revolutions aiaiau., as a rule of 
thuab. beiore it has settled and is 
ready tor lock-oD to aD SiR. 

3.J .2.3. ~ !I.ptU!" Coptr21 

3.J.2.J.5.1 Ci"ui\ pes,riptAOQ. Attitude •• elocitr and 
spin speed cODtro! are provided through the use 

of a co.binatioD ot 4xial and radial thruste~. 
Pour radial. ODe forward and one a~t axial 
thru~ters ar~ coaaOD to the Orbiter spacecraft 
and ~ultiprobe spAcecraft. The Orb~ter has an 
additioDal att a~ial thruster, providing 
reduDdancy aDd adaitional 1lexibility. 

j.3 -.ll 

lhe jet controlling logic fUDct~ons are generated 
w~t~in each OL the ADPs. Bo~yer. ooly ODe 
driVer .adule ~s pEnyided tor each thruster or 
Idtch valYe. Each ADP cODt~ins half of the 
Nquired drivers. Eith,r lDP can operate aDY 
tDruster eyeD tbou9~ the driver ~s pbysically 
locdt~ in tbe other IDP. Each dri'.r is 
conn~cted to ~he spacecrat~ ~sential bus and 
~parately prote~ed using 5 aap tusee. 'lber. is 
~o nead to a~iYat~ tbe dri.ers by eoa.and; they 
~c~ peraauaDtly activated. The logic diagra. of 
the thruster conttol tun~ions is shown in rigure 
3.J.l.3-1. 

The drivers. thrua~~rs and latch 9alY~s are 
interconnected so that tbe IDP thAt controls the 
14tcb valve also cODtrols all tb, tbrnatQra that 
ar~ ~upvl~ed h!drazin~ by that latch valve. A 
coapl~te los& of an lDP viII s~ll per.it 
a4heUY~rS to b& P9rforaed. 

-_ ...... _. --- ~ --- -~ 
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10 tbe continuous tiring .ode tbe firing duration 
is controlled bJ way of the ~BT countdown 
quantitat1ve coaaaDd that us .. Address'3 CArol' 
or ATQVU of the IDP collfigure co •• and) wbich 
peraits up to 2096.6_ seconds in 0.512 second 
incre.ents. 

The pulsed tiring .ode has two co •• andable pulse 
widths, l~a .s and Sl~ as. ?he roll oriented 
firing lucation is selected by using tbe lCS 
variable delay output tro. the roll reference 
generator (via ICS ADgie DelAl quantitative 
co •• and that uses Address •• (lTO'S oc ATO'. of 
the IDP configure ooaa4n4». The occurrence of 
the d~layed output initiatea tbe start of tbe 
fir~ pulse. In the co.aaDd selected nor.al .ode, 
a fire pulse will be generated every revolution. 
In the alternate fire .ode (2 pulse firings per 
spacecraft reyolution), a second tire palse will 
be generated lijO degrees azi.uthal witb respect 
to the first pulse. Th4:t duration of the pulsed 
firing .oue can be cootrolled by pulse count or 
ti.e dura~on. with pulse count selected, the 
.agnitude co •• and converts to a pulse counter 
which then peraits up to _O~~ pulses in one ~~lse 
increaents. 

After the firing logic has !;~n selected, the 
actual firing is initiated by co .. anding the 
interlock function (via JEr 'ire Interlock 
quantitatiwe co.aaad that uses Address .,0 (ITQ11 
or ATQJK of the lDP configure co •• and») !ollowed 
by tb~ fire coa.and (wia JET fire quantitative 
co •• and that uses Ad~ress ." (lTQ12 or ATOJL of 
the IDP configure co •• and). Tbere is no ti~. 
li.itation after the interlock co.aaad hat tae 
co.aaDd sequence should group these two co •• aDds 
t.ogether. The tiring sequence will tent1Date 
when the .agnitude decra .. nts to zero count. The 
JCE output butfers are auto.atically co •• anded 
ott and the .agnitude counter will .ndertlov. 
teraiuating with a count ot ~095 (indicated in 
teleaetry by -JCE COuntdown- lJBAGC - as twelYe 
·ones., • 

1 duty cycle detector is activated during all 
pulsed tiring aodes which monitors the JC~ ~uffer 

aewi.ioll 
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output. to tae solenoid dEiYers. It the duty 
ctcle exceeds the liaits shovn in Figure 3.3.2.3-
2. fixing viII be ter.inated. Tbe d~tectioa 
point is a function of spill speed aDd vill 
eICLude the noraa! opexation of tbe vide pulse 
ItO de aboye 20 rp.. This feature cannot be 
diSAbled bJ oo .. ano. 

Oue otber px:otective feClture is provided for use 
v~th the pulse aode. Since tke roll angle delay 
requires the PLL to be locked for accurate 
firin9. a PLL loss ot lock detectioa can be 
eDablen which vill teraiaata aay aaD.uver. To 
use this capab11ity. the ~LL loss of lock is 
enabled and the PLL refereace sbould be operated 
in the narrow gate aode. If tvo successive SII 
pulses occur outside ~ate A iadicating the PLL is 
not loc~ed. tbe out ot lock detector vill 
taraillate tbe seguence. This teature should be 
Gisabled for spin ~peeQ .. neuyers since the PLL 
cannot track laxge spin speed changes and viII 
texainata the spin sequence if loss of lock is 
aet4llcted. 

3.3.2.3.5.2 &oaa,94 25191. Operational use of the 
thrusters ~ accoaplished by use of the 

coaaands descxibed beloN: 

3.3-l4 

ta) .let Control ,"uantit •. tige co"aaad that 
uses Addx·ess .1 (~':vsn or ATQjJB of lDP 
configure coaaand». 
(1) .le~ Select (i1. 82. 13. k4. A5. 

16 or A1; each = E/D) - seven bits 
of the aa~DituQe data are aedicated to 
select1Dg ~Dy ~t of four radial and 
Uree axial tbrusters. by co •• aDding a 
logical -1- state tor each thruster 
1ntended to be active. Any or all 
thrusters can be s~lected; however. 
duriag Doraal .ission operatioDs. a 
.axi.u. of two tbrusters w11l nor.ally 
be selected. PC-4S5 (lteter to 
Paragrapb 1.5.1) sbovs the specific 
.agn~tuae data b1t assoc~ated vith a 
gi ven thruster. Possible thruster 
options Pl'r aaoeuweriDg function is 
spec~f.led below: 

.... .... r' 
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IPlkilOM ft2P1 
THRUSTEI 
~IIeEC:rIO' 

Sp~n ~peed Change continuuus O~ Pulse ~a.4a (Sp1n-doVn) 
lH+3lt (spin-up) 

Velocity Change continuous ~&.6&.'&. (6&e1&) 
(lBe21). (3a e 4R) 
~A"b.1.'1 

1 ttitude Change 

Pulse 
~ulse (Twice Spin 
frequency) 

Pulse ~A+bA.(~A.61)+1A 
(llC .'U) + (llte3B) 

(2) Spin Bate Detector Inable/ln.ibit 
(sa D :: E/D) - Onboard detect iOD is 

prov1ded wb1ch w111 te~1nate any 
tiring sequence when specific liaits 
ar~ det~cted and a lOCJical. 1 is 
coaaandeu for this aagnitude bit. 1 
spia rate detector aeasures the spia 
period and will ter.inate the aaneu.er 
if ~he spin frequency ~ lesa than 3.' 
rpa or over 61 cpa. Tnis capability is 
provided by a special counter which 
aeasures the t1ae interval betveen tvo 
successive Ska pulses using & 15.625 Hz 
ClOCk ra~e. 'tailure is indicated if 
the detected count is less than 14 or 
greater tban ~5~. If the gated 
reference aude (i.e •• -loss of lock
log1c is enabled) ot the PLL is being 
used during the tirst firing sequence. 
firing vill be terainated if the SBB 
.oves ou t.side ~te ,. T1ae loss of Sai 
pulses vill also be detected as a low 
xp. cUDdition. This d~tection 
capabili~y can be ~isabled by coa.and 
(logical "0·) but this should only be 
done for tbe initial spinup aaneuver so 
tAClt tae spin rat.e can be set. above t.he 
lower tbreshold. 
(3) Continuous/Pulse Pire Select 

" = P/T) - The thrusters vill be 
fired in two .uaes of operation. 
naaely: a) cont.inuous (logical .,.) 
ana. b) pulse. In the continuous aode 

3.3-2~ 
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the thrusters is fired contiDuously 
until terainated by a proper coapletion 
of tbe count sequence or auto.atic 
ov~rride teatucas previously discussed. 
(4) Pulse/T~ae Count (C = PIT) - The 

jet countdown aa9lli~ude (contained 
in quan~itatiye coa.and that uses 
Address ij (AtQll" or A'lQ9D of lap 
confi9ur~ coamand)) initializes a 12 
bit counter (AJS1GC), that is 
subsequently cuunted down to zero based 
upon ~he logical state ot tbis bit. 
The countdown cour.ter ~ill count 
elapsed tiae when either (or bot b) ~be 
continuous tire aode or the ti.e count 
aode ~s selected, and coon ts pulses 
when both th~ pulse fire .oda and the 
puls~ count aoue ~re Eelected. (If the 
alternate .ode is selected and pulses 
are to b~ counted, each of tbe t¥o 
pulses per revolution is counted). 
rhUS, if botn the p~lse tire and tiae 
count .odes are co •• anJed the pulse 
duration of f.he fixings is still 
cont.rolled ttl the pulslJ width seleoti.on 
signal, but the countdowu ~UDter 
counts elapsed tiae fro. the start of 
t.he first pulsed firing. In paloe 
.f)de. the firing pclse CUI be co •• anded 
to occur at any spin aziauth point 
using tne ACS dngle delay co •• and. 
~5) Pulse Width Select: (512/128 as; 

P ~ 2/6 respectiyely) - The firing 
signal to tne solenoid drivers in the 
pulse .ode ot operation 'ill either be 
512 ailliseconds (10qlc41 1) or 128 
ailliseconds ilo9ica1 0) • 
(6) NOJ..al/Al~eruate Fire Sode ',! ; 

MIA) - In the &or.al tire aode 
(l09~cal 1) a s~ngle fire pulse will be 
generateJ ever.y spin period at the 
co •• anded angle delay_ In the 
alternate t~re .ode (lo9~cal 0) A 
second tiring pulse is gellerated 180 
aegrees ,ltter t.he tirst pulse in eClch 
re901ut.l.OlJ. 'rne alternate fire .ode 
provides the capability to translate 
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the sp.cecr~ft axially in a yernier 
incrQaen~, i.e., pulsed, while keeping 
Duta~on at a saall leyel. lae tira~ 
~u!SQ tiring to occur after th~ 
Alternate 'ire Bode is selected will 
correspond ~o the first occurrence of 
the Sii pulse (0. azi.uth angle), eyen 
if SodQ selection occurs on-board 
before occurrence of the 1800 aziauth 
aogle eVt!nt. 

(b) Jet countdown (QaaatitatiYe co.aand 
that uses Address '3 (A~Q1ij or alQJD of 
ADP configure co •• and»). twelye bits 
of aagDitude rQpresent ~09S pulses or 
~0~6.o~ seconds aaxi.a. count. ~n the 
t.iae count .ode, a clock. frequ.anc, of 
1.953 Hz or 0.512 seconds per bit is 
used to couutdovn the elapsed ti.e as 
represented by the contents of the 12-
bit jet countdown register, that bas 
been loa~ed by coa.and. In tAe pulse 
.ode, tb~ saae register is used, and 
decreaents for each fire pulse 
generated. 

(e) ACS lngle Dela, Kagnitude (QuantitatiY. 
co.aanG tAat uses Address ._ (A~QI5 or 
ATO'! of A~P coafigure co •• and»). The 
JCE jet iirQ angle is dete~iDed by tbe 
ACS ~elay generator. TbQ acs delay 
pu15e is generated bJ a 10-bit (360.) 
delay counter. Tbe coa.and is the 
binatJ .a9nit~d~ of tht! desired delay 
v~th a quantization of 0.351 degree per 
bit. Tbis couDter is initiali~ed to 
th~ co.aaD~ed -acs delay- an91e by the 
PL~ output signal,s. Tae counter is 
tben counted down bJ tbe -210 's- clock 
pulse until it underflows. The counter 
underflow is the -lCS delayed pulse,
anQ 1Ditiates tbruster tiring in the 
pulse aode. The ACS d~laJ generator is 
shared ~~th the star G~te B function. 
lhe angle delay locates th~ starting 
edge of Gate d (Gate A is centered on 
Pal. Tbe ACS delay quantity has 4 one 
count b~a8, i.e., tbe actual dela} is 
one count greater than the co •• andea 
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va~ue. ~barefor., to acco.pliah a zero 
degr .. angle delay, a deId! of 3600 

(ten -ones·) .uat be co •• anded into til. 
countdown register. 

tel) JCB Buffer Output Bnable (Quantitative 
co •• and tbat uses lddress .8 (ITQJ9 or 
lTQIlof ADP cOGfigu~ co •• and». ?he 
+5 volt and tbe +1~ volt to tbe JCI 
logic citcui~y is cOllt~olled by the 
lDP power on/otf discrete co .. and. 
However, an additioual liDe switcb 
p~oyid.s ~o •• aDd control of tbe +15 
volt bus to t.e Jca output buffers. 
rhe line svitc. is latcbed on (aad 
indicatea by lJCI1S or IJCI2S, 
corresponGing respectiYely to the use 
of lDP1 or IDP 2), vbenever the -JCB 
b"ffer output enable- co •• and is seat. 
T~e latch is reset to logical -0- and 
tbe svitcb turned off w.enewer any of 
tbe six disable coaditions liateQ belov 
occurs: 
(1) countdown counter (IJ.IGC) reacbes 

zero count and underflows (noraal 
operation) 
(2) IDP initial1zation (inaure. that 

tbe JCI buffer output is off at 
lDP power turn-on) 
(3) Receipt of tbe ~CB buffer output 

disable - c.d (s .. ita. (e) ahead) 
(4) -PLL lOBS of lock- condition wben 

enabled 
(~) .Over/Under spin rate- condition 

vben spin rate detector is enabled 
(b) WDuty cJc~e tailure- condition 

wban operating in pulse firing 
.ode 

(e) JCE Buffer output Disable (quaD~itati •• 
co •• aad that uaes lddress '9 (ATQ1V or 
Ar~J of lDP configure co.aaDd». This 
co ••• nd will t8r.ina~ aDJ thrus~er 
tiring ~n progress ~rrespectiwe of tbe 
state of tbe countdo~n counter or tbe 
oDbaard JCI failure prutection. Tbe 
co •• and disables tbe JCB output buffers 
and will reset the firs and interlock 
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logic. tbe couter vill ilUlicate the 
iaeo.plewd coat ct tM .ueu.er. 

tf) Jet l'1re Interlock (QUD titat.i.e 
co •• and that use. Address .10 (llQ11 or 
ATg,& of lUP cODfigure co ... nu,). The 
jet ~ire interlock CID controls tb. 
st.ate of tbe JCI l'ire Ia.ble/Di.a~le 
logic. 7bis laabl./D1aable logic does 
not allow the jets t.o tire (as 
inuica ted DJ lJCll'S - JCE Pire Inable 
Status rea.ining a logic ·0.) until 
l.'ot.h the Jet tire int.erlock co •• aad and 
the j4tt fire co. •• ad hawe beeD raeei.ed 
1n tbat or~er vitAou\ an iat..r.eninq 
Jca luffer output. ~able ca..aDd. The 
interloc~ co •• aaei uta a flip flop 
Vb1Ch lAen perait.s Another flip flop to 
be set. vbea the fire co ••• Dd is 
recei.,eo. Should the Jca Buffer output 
Enable Goa.and be receiwed aft.r t.be 
jet fire int.erlock co •• aad but b.fore 
the jet fire cGa.aad, both flip flops 
vill be reset &ad th. jet fire 
interlock co •• aad .ust. b. t.rana.it.ted 
again tolloved by th~ jet fire co •••• d 
before t.he jets vill begin t.o fir •• 
rhere is ao tiae l.pse require •• nt. 
bet ... a the jet. tire ud jet fire 
iat.rloc~ CO_ADd. 

(g) Jet. Pire (Quantitatiw. coa.and that 
u.es lddress .11 (1~Q12 or lTOIL of lDP 
coafigure co •• aad». this coa.aa4 
st.arts tbe thruster firiag s8queace if 
proper 1nitia11&atioa described abo.e 
ia true. 

l.3.l.3.o Att1tyd, I.a,u(lilpt. 

3.3.2.3.6.1 Ci,,,il Daleri21iop- A logic aiagra. of t.he 
att.itude •• aaure .. nt fuaction is sbowa in 

rigure 3.3.2.3-1. 

& t,tal of ae.en :tifterent tiae separatiull 
~U~ •• llta •• J D. co.putad, bove.er, olll, t.vo H, lle select.ed at. a ti~ •• ill &I1J co.b1llation 
fro. the table below: 

... 18108 
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SILlct4'LI 1I~»llIlIt '4tll) 

Sli - SII 
Sill - lIiBor rra.e Bate SigDal 
SII - lIP (loll Indea Pulse) 
sal - lIP ,laater Index Pulse) 
SIB - Gated Star 8 
Sli - PSI 2 
Ski - lIajor Fra.e kate SigDal 

AppllSj 

000 
100 
010 
110 
001 
1 1 .. 
011 

rhe signal SIIB '~lected roll reference) a., b. 
co .. and selected to be: SUI,,,,.. Star ChaDDel 
(",.,. Star Channel ~ ''''2.'. or Si.ulat..4 sal • 
• h11~ operating in the so-caLled -tree-run- .ode. 
1I0te that tor t.lle 5MB-~ted star 8 a.asureaent. 
Gated Star B aay be either ",- or "'2.' 

The actual a.asureaents are coaput~ in binary 
counters u6~n9 a cloc& frequencJ of ~ &8z. t.Aus 
giYin9 a .easuce.e~t resolution of O.~5 
aillisQconda. Ifter the a.asure.ent is 
coapleted. tbe counter i~ frozen and cannot be 
reset by the 5MB until the 16-bit aagait.ude along 
with the adasure.vnt ia.nt.itication. I or a. 
(equivalent t.o 1 or 2 respectivel, in the 
aneaonie •• sign.eats of Meference: Paragraph 
1.5.1) and the eoaaand sel~t.d addresses are 
pac411el traJlSferred into the serial Til regist.ers 
at thd leading edge of the first of t.he three 
readout envelopes. This clears the counter and 
enables the start 01 a new aeasure •• Dt.. tAe 2_ 
bits of data in the l'II register is then shiftee! 
out ~~riallJ ldas~ significant bit 1irat in three 
gr~~ps of a bita. Toe readout for .. t is abo"n in 
table J.3.2.3-~. rhls a .. e .eaBure.ent will be 
contiDu~Q to be read out until t.he oD-goiDg 
aeasureaent ~s coaplete and the ~rAJltifer and 
r~Adout proc~ss is repva~d. 

I su.aacy of th~ atti~ude a.asureaent processing 
is as 10110"&: 

ta, The selel,..'ted rull J:eference paIse 
generates a -start- palae which: 
(1, Besets the 1lTa cuuntec tu zero 
(2) Enables tbe ~ kHz clock palse t.o 

~ae Ans COWlt.er 

(J 

j 
I 

j 
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Ref. LOC Word No. 
Destg. Code 

1 ATTMIZ SSD06 
(Redun. \ 7SOO5 

(Fer 
Minor 
Frame) 

2 ATTM2Z 6SOO7 
78006 
(For 
SUb-com) 

3 AMIADS 

AM2ADS 

ATTMs.<: 

-

TABLE 3.3.2.3-2 

ATTM TM FORMAT 

Tel,emetry DescrlpUon 

Attltude Measurement 
Measurement Data (8 I.SB's of 16 bit 

word) 

Measureme~t Data (8 M8B's of 16 blt 
word) 

Range: 0 sec to 16.38 sec 
(0 to 65535 counts) 

Resolution: 0.25 msec 

Measurem~nt A Address 

8RR - 8RR 
SRR - Mlnor Frame Sync 
8RR - RIP 
8RR - MIP 
8RR - Gated star B 
8RR - PSI 2 
8RR - Major Frame Sync 

Measurement B Address 

8RR - SRR 
8RR - Minor Frame Sync 
SRR - RIP 
8RR - MIP 
SRR - Gated Star B 
8RR - PSI 2 
8RR - Major Frame Sync 

Data Measurement A.r: 1, B" 0 

l'nueed Bit 

~-~............. • .. '9' ....... ~....... - ....,..-~ -

TMWord 
! 

o J 1 J 21 31 41 51 61 7 

LSB 

o I f f f 1 1 1 7 J 

8 I I I I I I 115 i 

JlSBI 

0 1 2 
J 1 I 

0 0 0 
1 0 0 
0 1 0 
1 1 0 
0 0 1 
1 0 1 
0 1 1 

3 5 
I 

I I I I 

I 

0 0 0 
1 0 0 
0 1 0 
1 1 0 
0 0 1 

I 

1 0 1 
0 1 1 

6 

0 7 
Lx 

~1 

"0"'" 
:t!.g~ .... ~ ... 
II. .... 
..... 0 
O ... OD 
:a : •• 
."1 0 o. • 
• ~ .. .. • 
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(b) 'l'be .. lectea -.lop· pub. (Sla, aiaor 
~raa. Bata, "jor rr~ ••• ate, alP, alP, 
Gated star B, or ~2): 
(1) Disahles tL •• kB% clock pul •• to 

tbe lnll COUD~er 
(l) Sets a -seasura •• Dt start/Stop 

control- tlip-flop which ir .. %e. 
tDe ltTIS COUDter uutil tbe tel •• etry 
subalJst.ea ~s rea"J t.o read the 
.eaaurea~lIt 

(c) The first of tbd three lrTS read 
en,elopea. "ill: 
(1) Tn uter tbe .easur.6nt, if 

coapl~te, to tbe TB reqt.ter 
(~) ~nabl. tha start of ~ew .easure

a~nt at the aeat Sik 
(J) S~rt the TB readout proc~ss 

rne ayncb~onization of tbe att~tude .. asureaen~ 
witD tele •• try will insure tbat intoraation w111 
onlJ be loadw4 into tbe TB register .ben tbe 
prew~ous aeaaureaent haa beeD coaplatelJ rea4 oat 
.t least unce. If no stop pulae is detected 
before a aecuna selected roll refereuce puls. is 
qenerated, tDe counter will be r •• et an4 the sa •• 
• ~asurea~nt will be started again. 

Tbe serial Tft re9ist~r sDall b. shifted oat 
durin9 J Til read enwelopes. ~ auDcoa.utatioD 
eAyelopes j sUDcoaautatiOD anwalop .. in the 
subcc •• utation .od~ (S IIODt) or ,j ainor iraa. 
enwelopes iD tae a~or fr.ae aode (II IIOD!). In 
eacb aode, the en.~!op •• are counted aodulo lAnd 
tAe datd 4rw output to ~vo separate UllIs 
~o.~din9 reduDd4DCY_ 

It a new aea~ur.~nt is Dot read, wbeb ~be first 
aDw~lop~ of tb~ next group arri.vs, the old 
ae&5UreaeDt ~ sAitted out a~~iD (re~rcul.ted). 
The r~peated .vasure.eDt word caD be i4entifia4 
by S~l lIB (equiwalent to 1/2 respectiw.lJ), bit; 
5411 1/8 is t099lec1 48 eacla Dew aeasun.aDt is 
loaded and tb~ pr~vious .easGr .. ent is read oat 
ill TB. The .tat III v!. tbis bit raaAlllS uochaAged 
~t 4 a •• ~ure.ent ~s repeated. 

u 

) 

,~) 
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•• asar.a.n~. caa be te~ .. ter.4 tD .1t~.r 

tbe a.abco. ,a) .ode or in a .1aor tn .. foraa~ ,. 
aoela). It data i. bein9 t.le2e~.re4 in • ainor 
fra •• foraat, the sabeoa d.~. 18 iawaliel. 'rbe 
oabo.14 proceHaia9 is as follows: 

S .oaa 18 arbitxarilJ ••• a.ed .t tae .tart of 
e4C3 •• jor traae. B aode i. tb.a eDt.red •• 4 , 
aode ia inbibited 11 •• ingl •• inor traa • 
• n •• lupe ia d.t~~~dd. it ft aode is .a.oked. 
aabeoa .Dyelopes will be ignored for th8 
r ••• inder of tb •• alor fr.... If B .ode ia not 
ent.rec1. the .abeo. d.ta .Ul re.a~r. •• lid. 1 
a~aa4r.J of t~a proc... 18 as tollo •• : 

,a) 1f DO aiaor fr ••• anvelope. occur. the 
Gau in the 8UDcoa .ords will be •• lid. 

(b) If .ubeo. envelope. .nd ainor fr •• e 
en.elopes both occar "ithin tbe .... 
~inor fr ... , tbe ainor fra •• data wlll 
be yalid aD4 ~be a"broa data "ill be 
all logical zero·s .scept for tb. fi~st. 
sabeoa "~Q iD •• e~ •• jor f1' .... 

(e) Wb~D ."itcbing fro. tb. aubcoa onl, 
••• pling toraat to tb •• inor f~·.a • 
• a.pling fora.t. tbe aiDor fra •• 4.ta 
.a, 1)8 0 ~t ot "CJU.D08 untU the .ast 
•• asur •• ent ia co.pletee. 

(d) ..... n ."~t.cbing fro. the aiDC)r tra •• 
.. apliD~ to~a.t t~ tb. subeo. onl, 
tonat. tJa" subcoa data .ill b •• 11 
zero.s UDtLI t ... tart ot the Best 
a.jor fra.e, or until ~be n.ltt 
.ea.~rea.Qt is co.pletea, whieb.wer 
oecars last. If tb. ne" a.aa~r •• ent. 
occara ~ast, tbe 8UDCO. worela followil19 
th~ first .'Jor fra •• pulse a.y be 
rando.ll per.ut.itted ant).l the D ... 
••••• r~eDt is coepl.tea. 

,e) If ,.y of tb. ..Ie~ed .ea.are ••• t 
pula_ cUalappear, Ue .r'll "ill ·~4D9 
up· &Ad tae prewioas a.4sure •• at .111 
be repe" 1.84. 

... ia1oa 

3.3-13 
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3.3.2.3.0.3 PRigge lttituae AQo§urlltRts. S8yeral tJpe8 of 

aeasure.ents ar& soaewbAt unigue and bear 
aent ion l.JUJ • 

(a) rAe Sai-Rinor Fraae iate or Bajor Praae 
.ate a~sur.eaent. Whenever tbe 
spacecratt rotor rate is higher than 
tbe a~nor fraae rate, two or aore SB. 
pulses aay be expected be(ween tvo 
ainor traae rate pulses. tbe AtT! 
logic is iaple.ented to calculate the 
saall~st tiae separation between these 
two puls~s. This is acco.plisked by 
the logic auto.atically resetting the 
ATTa counter wbeneyer an saa palse 
occurs, regardless if a aeasureaent is 
~n progress or Dot. 

(b) Wbenover an inertial reference is lost 
and the Siaul~ted SRB becoaes the SRB, 
cU.l aeasure.ents vill be coap\lted with 
the Si •• lated SMi acting as the ·start ft 

pulse. This i~~res that such vital 
sc~ence data as sai-RIP Signal, or SBR
BaJor Praae Rate si9Da~ -ill not be 
lost. T~ drift rate between the 
Si.ulated SRI and the actual rotor rate 
can be checked by SBR-~~ or SRR-Gated 
Star B teleaetry .easureaent. 

3.3.2.3.1 Boll Ind'I peial n.gnitu4e 'Qu~\4'i,e CO'I'a~ 
that US" !ddress .5 lltQg6 or ATg~t of l2l 
£optigp..B.. Co.aapdU. The aoll Index Palse (lUP) 
is qr;nerated by a lO-bit (00 to 3~~.b50) counter 
in exactly the saae aaDner as is the lCS delayed 
pulse. The counter is initialized t.\l the 
coa.anded roll inoex delay .a9n~tude by P9. The 
coa.and is the binary .agBitude of the de~ired 
d~lay vith a quantization of 0.351 degree ~E 
b~t. The kIP l..S transait.ted to science# ~o Ue 
ooa.aD~ and teleaetry subunit for attitude 
~easurea~nts and to the uca. 

3 •. 1-3" 

Un11ke the LCS delay. the actual ~IP delay is 
equal to the nuaber of .agnitude counts 
co •• anded. 

---.- -----------~ - ........ _--" ....... ---_ ... ' ·""'-:..--......... ·--,*'., ... -... '---___ c"" ___ .. ' ______ ~ 
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fLL SPtD fe'~~d nt~~i::: - ~~t ~i~a~~if~~~. Co •• aDa that Uses iddrlis'6 t l~:O' 
APf contl.<iBI,e CoYClDQU. !igb t hi ts of tJais 
.agnitude co •• and are used to control the eight 
.ost sign~ficant Dits of a lb-bit counter that 
control the siaul~t~d SRB generator. ~he 
s~au~dted SBB gaD~rator outputs pulses at a 
period proportionAl to the PLL spin Period 
Sagnitude s~rial co.aa.nlta. the 16 -bit co.aand 
word~ ar~ loa4eti into a count~r whicb i~ counted 
down ;it 4 .Hz. Upon reilcAing zero, the count.er 
outpu~s a pulse and ~eloads itself (in t.he -free
run- a04e) with the 16-bit coaaand word and 
continues to count 40wn) • 

The output frequency of this generator can be 
aade nearly equal to the Actual rotor spin rate 
within 1/2 ot the 0.25 asec ~esolution. the 
phase ot the output sigDal is aade eq~al to the 
PLL output. Fs. by using Ps to load the coanter 
prior to aanual or autoaatic svitchinl to the .i. 
SRa as the PLL reference. Thus, negligihle pJaase 
transient.s are ifltroduced to the P Ll. .. hen 
switching to S~Ul4t~ S~R as a PLL reiereA~. 

The generator is Q.Uoweo. to -free run- (not being 
loadeti bJ Fs but by the Si.ulat~d SRR pulse 
itselt) wheneyer the Si.ulated SRB is used as the 
PLL reference, wh~cb occurs whenever a "Loss of 
Lock- condition exists or wbenever 8Q select.ed bJ 
the SBB/Si.ulateu SRB select cO.~4nd bit. 

fkk ~P.D fe,104 ftaqDltvd~ - ~~ ~1YeDtit4tiye 
Co •• and t}at Uses tdd.ess" r 8 Rl lTOOS oS 
lPP k~fiyu,o ko~~apd". Eight ni~s of this 
aagnituce co~and are us~ to control the eight. 
least siguiiicant bits ot a 16-b~t counter 
uesc~ibed in the p~~~edi.g paragraph. 

aeYiaioll 

3.3.2.3.10.1 Circuit-p'esc,ip!i2D. there are 79 bits of 
status in10raation vithin tbe lDP that is 

to~aatted into te~ serial digital Tft words, 
consisting of 8 bits per word. 40st of the lDP 
configure co.aands (lT~l tbrougA llQ12) st.at~s 
bita dIe teleaetere.i as part. of tp,ese ten woms, 

3.3-35 
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allo.~q fo~· coaaand v5~ification. In addition. 
the following data is contained wi~in these ten 
'l:B words: 

(a) saaed SiB count (16 bits) 
(b) PLL 1.05& of Lock stat&lS (1 bit.) 

The data toraat for each of these words is 
conta~ned in ~C-~~ij (Reterence: Paragrapb 1.~.2). 

The lDP Stat&ls Tft can be read out. in either a 
subco •• ode or in a ainor fraae .ode. In the 
S&lbco. aode. the teD words are read out one word 
per ainor fra •• for ten consecutive ainor fraaes. 
In the lCS foraat. or ainor fraae aode. the words 
are read out in teu consecutive vord slots. all 
ten words being raad twice per ainor. fraae. 

Tbe interta~e with the t.Ie.etry ~ubsystea is 
done D1 val ot a three signal interface. the IDP 
receives a TB read envelope and T! read clock and 
outputs lDP status data serially. one bit per TB 
read clOCl. 8 bits per read envelopes. ?he lOP 
bas redundant output Duffers to each D~! which 
precludes 4 s1n9le failure 1n one DIB troa 
d~stcuyin9 tbe data read into the red&lndant DIB. 

3~j.2e3.10.2 Apr Stat»s Da~.'tliQ Dtt'r'iA'~i2l. The lDP 

3.3-36 

status d~ta can be telea.tered in either the 
SUbcOI aode or in the aioor fraae foraat. If 
data is b~in9 teleaetered iD the linor fraa. 
toraat the snbcoa data is invalid. The onboard 
proc~ss is as follovs: 

1 unique ~ead envelope is sent to the lDF for 
each of tbe tvo foraats. This allows the lDP to 
deteraine which foraat bas been selected and 
output the data OD a single serial interface. 1 
su •• ary ot this process is 4S toilo"s: 

(aj 

(b) 

If DO a~nor traae envelope& ~ccar. the 
datA in the subcoa words will be v&lid. 
If subcoa en.elopes and .~Dor fraae 
envelopes both occur vithin the saae 
ainor fralet 

M • 

"'1 
l 

\ 
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(1) Tbe da~a appeariJuJ iD t.he BUbco. 
"orela "ill be voz:d 1 of t.he t.ell 

"om sequence. 
(2) The data iD t.he aiDo~ fra.e wor4s 

"ill be valid. 
(C) When slIi 1.cainq froa the SQOco. only 

sa.pliug ~oraat t.o the .iDor fra •• 
sa.pling for.at, the aiDor fra.. data 
"~ll be vali4 wit.hin the first co.plete 
.inor ir a.lIl. 

(d) Ihen svitchinq trow the .inor fra .. 
sa.pling for.at. to t2e subco. only 
foraat, ~a. data vill be valid within 
the tirs~ coapletd .ajor fra.e. 

3.3.2:.3.11 bileyel lelelllltn. Each &DP provide& tvo 
bilavel bits diEectly to sepa~ate D14 channels 

as follows: 

.lDP '0. 1 OM/OP1' Stat.us 
AUP )10. 2 ON/o1'F Stat.us 
dCE 10. 1 Buffer output 

stat.us 
deE 10. 2 suffer output 

Status 

3.3.2.4 De*P+9 CQAtrol jlekt&2Alcs ,pell 

!llftOI!IC 

&A1>,P1S 
.lAD.P2S 
AdCE1S 

.lJCE2S 

3.3.~.~.1 Geaeral p!§crietiMa. The DeE contaias the 
processing electronics "hich uses inertial &nd 
platforR rate 1Dforaation to generate .otor driYe 
s~gDals for closed loo~ azi.uth po~ntin9 control 
of tb~ ~Gl. Tbe despin electronics responds to 
position and rate ~ •• ands to control the antenna 
pointinq. 

the oct also provides ~levatioD open loop control 
of the HGl by sanding rate pulses to the stepper 
8Otor of tbe BuA positioner. eo •• and capability 
exists for controllin9 the rate and polarity of 
t.J1e stepping. Tiaere is no direct. position 
control capAbility. 

~'\iO iudependently rate co •• and controllEld 
reference pulses (RAa V~D ana 'lUla ~PD) are 

BeYi8iOll 
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pro,ided to selected scientific instru.ents. & 
'ariable phaae dela, generator associated vith 
each proyides an output pulse oaC8 ~yerJ rotor 
spin period that is phase referenced to the ~oll 
lnde1 Pulse ClIP) received fro. tbe lDP. t~. 
initialization aDd phase chan9~ of each signal is 
ind6pendentlJ cu •• and controlled. Tbe BAS 'PD 
pulsa vill be proqra •• ed to occur when tbe 
,eloc1tJ vector crosses the sp~ecraft l-Z plane 
sucb that the projection of the Y~locity yector 
on the I-I plane is coincident vitb the +1 axia. 
the IADIH YPD pulse viII be progra .. ed to occur 
vhen a y~ctor pointing in th~ 11Dli direction 
crosses the spacecraft's l-Z plane such that the 
proj~ion of this 'ector on the I-I plane is 
coincident vith the +1 .xis. 

3.3.l.4.2 piscrete co.'sAd fPActioQ§. R9dundaDt discrete 
~o •• ands fro. COBS 1 and 2 control power 
appl~c~tion to each of tae tvo redundant DCB 
units. Tbe OM co •• and to a designated DCE vill 
auto.aticallJ turn the oth~r unit otf, thus it is 
Dot po~sible to h4ve botb units on 
si.u~taneously. 1 -DeE 1 and 2 OlF- co •• and is 
th~ only co •• and that sends .D ·urr· signal to 
both units ~iaultaneously. The B1Prl (Bearing 
Pover ThrUster lsseabll) .otor dri,e control 
within each DCI is indiyiduallJ enabled DJ 
sePdr~te and reduDdant d~crete coa.ands. 
Hoveyer, tbe .otor drive pover is interlocked 
witb the prOo.ssiDg electroDics of th. associated 
DCE sucb that tbe drive po.~r cannot be on 
without that corr~spunding DC~ bein9 Go. 
Likew~se, co •• aDdiog one DC! orr vill also turD 
tne corretipoDdiDq BIPTI actor d~iye off Yia the 
relative cate failure detectioD logic. However, 
the pretecred seqaeDce, ia order to .oaitor load 
caan~e, would be to co .. ~d tae 81PTl dri,e oft 
fi~~t vith tbe -~01~M Dil'~ 1 and ~ OFr· co •• and 
than to turn tlle DC! orr. 

l..J-Ju 

lhe DeE .~ll iDit~Glize in a rando. aanner at 
turn OD. Quantitatiye co.aands as describ~ in 
the naxt section ~hould theD b~ co •• aDded to 
1D~tialize tbe unit in a kDown coafiquration. 
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A su •• art of tbe Dca diacret.6t c:ouands aDd 
an_oAics are as follows: 

I DC. 1 01/2 OlF DC¥ 19 
UCE 19 

nCE lOI/l OP' DCB l~ 
DeE ti9 

DCE 1 and 2 O¥l 1)(:1 1JJ 
DCI l' 

!totor Drive 1 O~ lI'r" 19 
ITR 19 

ftotor DriYe ], ON Iltl 29 
aTilt B9 

aotor DriYe 1 and 2 OI'P IITR 1, 
Il'llt 11 

3.3.~.4.3 Quantitative CO'.fRd lPA~i2D!. A single but 
separate quantitatiye co .. and, -DeE COIPIGOIE,
~ provided to DCE 11 only wia CO! 1, and to DCI 
.~ only y~a CO! 2, i.e., there is no co •• aDd 
redundancy to e4ch unit. The quantitative 
co •• and, using 3-oits ot tbe available 16-bit 
quantit7 for add~ss identification, con~rolD siz 
internal fUDctions. These functions and bit 
4esignatioDs are shown iD table J.J.2.4-1. 

since the DeE is depenaent upon tae inertial 
reference fro. the ADP, it should not be 
co •• andeU ON until after the lD¥ bas achigyed 
phase lock. After the DCE bas been turned on, 
the 10110.in9 .ode co •• and should be sent to 
lnitia1ize ~t ~n 4 known configuration (HGI 
yasitioner OFt, phase reset enabled, and VPD'S 
rese'L) : 

DeE flUDE 
L'"OftSAIiU: 
(DCtQb for 
D"~ .1; DCt:~F 
tur DeE t~) 

lJnless tbe ot.her f unct.lODS COD trolled by the 
quant.itatiY8 co •• aDds ar~ to be i •• ediately 
cont~gured, tbey also should be set to a kno~n 
Y41ue, e.9., 411 ~eros. 

... 1a101l 
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The ~oa.aad iA~.rface plus iDternal inactions are 
shOWD ia rigure 3.3.2.4-1 (Appeodi1 C). 

3.l.2._.~ pesPin Coptl21. ueapiD control ia acc08pli£b6d 
by closed loop control of tJle BlnA .otor vitA 
signaJ.s froa the DeB. 

3 .. 3~O 

~he IUP supplies the DC! vith the 1nertial 
reference pulse ('&) and A phase locked binary 
aultiple frequwncy 2'2 'a, tba~ quanti~~8 the 
spacecraft circuaference into O.~H degree 
inae.ents. • abaft angle encoder ,:al) in the 
BAffA p4od~ces th~ .aster inde~ pulae (alP or Fz 
pulse) and a binary aultiple of the aLP (2 7 'z) 
by seDsin~ the relatiYe position between the 
spinning rotor and ~he de.pun plat10r.~ 

The DCB processes tA9 's' SIP and ~7 'z, and 
generates a daspin position error vhicb then 
proYiaes continuoQs torque coa •• nds to the B1PTl 
torque .o~or. ~ais process is illustrated in 
Figure J.l.2.4-~ for on~ co.plete re.olution of 
t.lu~ spacecraft spinning section. 'fbe thrae 
position drawing depicts • steady-state Dull 
condition witb tbe H~& pointing towards tbe eartb 
line ot sigbt. The DeE produces a p~itioD .otor 
torgue yoltage t~~t aaintains t~e SIP in phase 
lock vith a d~lAy.d filtered inertial rel&renc& 
signal ('s')- To,=, delay of Pst fro. the lD.? Fs 
s~9Dal is 9~nerated witb1D t.e DCI fro. tbe 
co •• anded aziautb offset walue (DCB~5 or DCEQE -
Azia 11th posit-ion). The co •• anded offset waloe is 
reldt~Ve to tbe selecteu roll r~ferenc& (SRM) in 
the ADP. The uffs~t co •• and capabil~ty per.its 
~e dGl to be ?ointed to any azi~uth pOSition 
vith a resolut10n of O.OS19 degree. or aoee 
yrecist!.ll' jb\)8 + '109b (.:i U ), but. vith a d\ladband 
ot JbO O + ;'1. 

~r10r to cbang1ng to a new ~nertial referenc~ in 
the AUP. it is necessary to co •• and ·Pha56 Heset 
~isablw" (DCEQ6 or UCEO'~ Bode C~D) ~ ~rv~ent 
d~tenna po1Dt1ng trdDS1ents. Upon coapletion of 
tl.e tL'anS1.er, a Dew aziauth offse~ walue which 
co.pensatss fo£ tb~ Dew inerti~l ref~ren~~ 
locd.t10n aust. 1h! c~.aDCled. ·PhAse Il~l'iet EnaiJle" 
call then b~ co •• anded to return pOADting cOQtrol 

I 
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TABLE"'."4-1 

. DCE CONnOURE qt'ANTITATIVE COMMAND FClRJIAT 

I)eeOrIpdae 
IIIIa 

11'11"" .. ' ..... 1 .... 1117, 

De-. COIItrol EleotroDlc. ~ H!!~ S;oaanr.. u_1!!!I! 

I~:~or A'llmuth Pa\JltfM !leW 
UB M..q 

0 0 0 I 
1lla!M1IIIIlW. Notation 
Msa·SIp'O· ........ 

dtrecUOII 01 Rator !!pta. 
I. OfaplD D1l'Mtloa. ~ 

QaanttuUon • 0.04014 

DCEQ20r RAM V!rUble £!lU! 1l!I!% UIL MSB 

DC'EQB !!!!! 
1 0 01 I 

Slp/M8pI .... NotatlOD 
.18 • _, 0 • pNlttft 

ledv_. RAM pulae .. 
dlrectlOll oIlpIn) 

1 • neptlve. ~ 
Quantlutton - 0.04024 

OCEQ3 or NADIR Variable Ph_ Dtl!!; 
UB M8 

DC'EQ(' !!!!! 
0 I 0' 

8tp/M .... tude Natation 
MIIB • Slpl 0 - poelttve 
ladv_e. NADIR PIIlae .. 

( dlrectlon 01 .pIII) 

l-nepUve ~ 
QuanUuUon • 0,04024 

OCF.Q4 or nGA ElevaUOII 'lie .. UB .MSB 
I 1 01 

OCEQD 
SllIII/Mapallllde NoUU. 
MBB - SIIIII 0 - Rotate. DI~b 

to.'ard. + Z IIXI., 
I ~ Rotate. DIsh towarda 
-7. ;oxh. l!!J&. 

QuanUzation - 0.00915 iiIii! .. 

OCEQ5 or Azimuth I'oeltlOll UB MSB 
0 0 11 1)1 DCEQE 

2' ~ Complement NotaUIIII 
M:iB SIIIII 0 ~ Rotation In 

dll't'CtiOD of Rotor SpIn 
1 • DnplD DlrecUOII 

a." - O.08TN Oflo 

OCEQ6 or Made C!!I!!!!!ud 
LSD )(88 

I 0 I X X X X XXX OCt;QF 
HGA I'oeltl_, ON/OFF 

~ No Cballg~ 

0'"" 0 1 
O'~ 1 0 

'.AT,;VP[J 1 .'0" CJ 
(1· RHet) 

NADIR VPD Helet C] 
(1· RHft) 

CJ Phu", R"'let Enable/Dlaable 
NoCbaDp 0 0 
EDable 

I 
0 I 

DlllIbk 1 0 

3.3-41 
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to the nora.l aode. tile auaat.b off Nt yalue 
.\lst take iato account aU t.1l. bia._ bet. ... n the 
JlGl boresigllt. ud tae .1ecte4 reference ae.or 
to proper1! position tile despan p1atfora. 

the bias.s associa ted .ith Ue .se of the SUD 
sensor are presented l.D bbl.. 3.3.2.4-2 aDd vi til 
the star SeDsor in table 3.3.2.4-3. The gaoaetry 
associated "ita these bi .... is Shovn iA .PiCj\lre 
3.J.~.~-J. !o coapeDsate for the bias .alae. it 
.ust De added to tile desired off .. t eDg1. .Ilich 
is referenced to the .elected inertial reference, 
auD or star. lA-tl1gat calibrat.ioD ~ould be 
ased to further retine tile ott .. t M.u .el .. e. An 
exa.ple of tile oft .. t co •• and bit structure using 
the su~ sensor as tae 51& refereDce is as 
to11-ow.: 

Desired pointiDg direct.ion: 32.2 degrees troll 
sun liDe, aeasured in uirection of spacecraft 
spin 

Bequired offset co.aand is: 12.~SO (frOB Table 
J.3.~.4-2) ~Jl.20 ~ ~~.80 

biDary e'juiwaleDt of e.gle ("4.8 ... 0.0879 
~ 51U): 000 111 111 lu1 

!agnitude in 2'. coaple.ent DotatioD: 
111 000 000 011 

CoaaaD~ tor.at with address (LSB firat): 
001 110 000 000 111 

SRR to aLP tele.etcJ will translate in aDgalar 
d~gr~.s to ~aQ - .'.410 aore taaa the offset 
co •• aDd wAlue (i.e •• ~".80 .1 ... ,0 & "&.210). 

ligurt! l.J.2.~~ defues the spacecraft polarity 
CODyeDt~ons and r~latioaaait with the,DCE 
contrul. 

a 4 

) 
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'I'ABLE 3. J. 2. 4-2 

HGA BORESIGHT/SUN SENSOR BORESIGHT BIAS 

(1) &In Sensor Leading Edge Detection Level (150 fJ.alnP -0.020 (Note 1) 
Level) to Leading Edge of ADP DetectE'd Pulse (SRR 
Pulse When Sun is Selected) 

(2) Sun Sensor Boresight to Sun Sensor Leading Edge +0.750 (Note 2) 
Detection Level (150 lJamp level) 

(3) +X Axis to Sun Sensor Boresight -7.440 

(4) SRR to F s Bias (PLL) (MaximUl.'U) :.0. 250 (Note 3) 

(5) Antenna Boresight to +X-Axls -0.330 

(6) MIP to +X-Axis +21.10 

(7) MIP to 128th SAE Pulse -1.410 (Note 4) 

(8) 128th SAE Mechanical to Electrical LocaUon -0.120 

+:2. 530 iO. 260 

NOTE 1: A positive time delay reflects itself as a ne~tive angle (Positive 
angle is in the positlve spin direction). 

Varies essentially with spin rate. A value may he estimated via 
use of Figure 3.3.2.1-4. 

NOTE 2: Varies wtth'solar intensity. The absolute value may be estimated 
via use of Figure 3.3.2.1-3 and interpolating geometrIcally as 
necessary. The change in this value due to solar !nten&ity nlay be 
measured by comparing ATTM measurements to the sam~ star, 
using the sun as the SRR for all measurements. The absolute 
value may be determined by measurements to two or more ~tars, 
and determining star sensor biases concurrently via lteratlv;;; 
es tim atl on. 

NOTE 3: Thls is measurable by commanding the SRR to RIP delay to Z'JI'(' 

degrees and readlng "SRR to RIP" ATTM. (See Flgure 3. 3. ~.1-·~ 
and Paragraph 3. 3. 3. 1). 

NOTE 4: This is measurable by commanding the HGA Azimuth position to 
zero degrees, reading "SRR to MIP" ATTM. and subtr .. :u.t1ng t!le 
v:due found via Note 3. 

a •• 1.u.o 

J 
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TABLE 3. 3. 2. 4-3 

HGA BORESIGHT/STAR SENSOR BORESIGHT BIAS 

(A) Delay between PSI· optical axlll (star Senaor Traillng -0.250 (Note 1) 
edge detection level, i. e., 25% of peak) and PSI· 
position pUse (SRB pulse when PSI· Is selected) 

(B) Star Sensor Boreslght to PSI. OpUcal Ans +6.210 (Note 2) 

(C) +X-Ax1s to Star Sensor Boreslght +15.0180 

(D) SRR to F s Bias (PLL) (Maximum) .:to. 250 (Note 3) 

(E) Antenna Boreslgbt to +X-Axts -0.330 

(F) MIP to +X-Axls +21.10 

(G) MIP to 128th SAE Pulse -1.41 0 (Note 4) 

(11) 128th SAE Mechanical to Electrical Location -0.120 

+40.220 .:to. 250 

NOTE 1: A positlve tlme delay reflects itself as a negative angle (Positive 
angle is In the positive spin direction). 

NOTE 2: 

NOTE 3: 

NOTE 4: 

The value shown here is equivalent to a nominal 2 ml11iseoond delay 
at 15 rpm. Actual delay Is dependent on the star brightness, star 
elevation, star channel, bandpass selection, and spin rate. A 
value may be determined iteratively wtth determlnation of star 
elevation, via use of Figure 3.3.2. 2-3A and -3B \f the PSI· cbannel 
Is being used for the SRB, or vta use of Figure 3.3.2. 2-3C and -3D 
If the PSI2· cbannel is being used for the SRB. 

U }>SI2· sUt is selected for star reference, this value would ~ 
deleted from the Hst. 

This is me~.surable by commanding the SRB to RIP delay to zero 
degrees 81d reading the "SRR to RIP" ATTM. 

This Is measurable by commanding the HGA Azimuth position to 
zero degrees, reading the "SRR to ME."!! ATTM, and subtracting 
the value found via Note 3. 

) 
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Azt.utb alew rate. ot up to t 16~.7q d.gree. per 
ainute in iDcreaents of O.O~0211 d.gr .. per aiDat. 
caD also b. coa.and~d. Tb. sl •• iDput .odifies 
the stored positioD intor.atioD causiDg the 
deair~ alew rate. 

axa.ples of the co ••• nd bit structare are •• 
follows: 

-U.'.l' degcee./.iJlut.e 
,11095 X 0.0110211) 

ADDa.55 POI.'.171 Bl~ 

, sa •• ary of the 10ternal re3ponse for tbe de.pin 
control i~ presenled in Table ].3.2.4-4. 

1.3.2.~.S BGt Ileratiop C9n,rol. Blerati~D coatrol of t.he 
H~l is prorided by opeD loop control of rate 
pulses to tbe stepper .otor of tbe BGI 
poailioZldr. 'lbe tlGA eleration positinner sl •• 
co .. and (DCEQ~ or DC!QD) prorides rate an4 
po14ritl inforaalion vbieb is traDalated into a 
four-phase pulse seqqencv, the order of vhich 
establisbes tbe ~teppi.ng direct.ion. The 
capability is as follows: 

Step Quantization: 
Slev Rat. RaDge: 
Wat. Quant~zation: 

0.0213 d~cee 
o to t39.911 deg/aia 
0.00975 degt-in 

The HGA positioDer vill aor. iu • ditection to 
point the antenDa down toward the ro~r (+J 
rotation) wben tbe aust si~nificaDt bit (Bit 110, 
iD tbe co •• and Mord is set to logic ODe. Tbe 
otber elewen aagnitude bits in tbe coa •• nd word 
produce a rate pxoportional to tb.ir coua~, wbere 
th~ l •• at aignificaMt bit produces tae low.a~ 
rate, 0.007b2S pulses per second caaainq tbe 
.n~.nna disb to agre at a noainal rat.e 01 O.0097S 
degree per .inola. 

••• iaioD 
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Command or Condltton 

AEtmuth Pointing Slew 
COD!mand (tJC£Ql or 
OCEQA) ~".th S~gn 13lt = 

11 (Btt 40 -1) 

BAPTA Torque BIllS 

f---

Admuth posltlon com-
mand (OCEQ5 or 
OCEQE) to a larger 
offset val~. 
f.---' 

Despln Motor Drive 
Current increasing 
from previOUS nominal. 

Rate Torquelncreases 
plus. 

Increases plus. 
I-Iuon Torque 

"t' -:-" • 

TABLE 3.3.2.4-4 

INTERNAL RESPONSE AND POLARITY SUMMARY 

ResulUr.g Increrr.ental Resulting DIrection Telemetry Indicators 
Reference Torque Generated on Of Platform Rotation 

DeslpaUoD 
Antenna Platform About sic Spin Axis (+Z) TM TItle and Remaru 

Despln Torque -Z (CJl)Ckwlse) SRR to MIP gets AMIADS or 
smaller. AM2.ADS 

I 

f)espin Torque -Z SRR to MIP gets AMIADSor 
smaller. AM2.ADS 

I 

Spin-up Torque +Z (Counterclockwise) SRR to MIP gets AMIADS or! 
larger. Posltlon AM2.ADS 
torque momentarUy APOS'I'Q 
decreases. 

.' 

~~ilin Torque -Z Despln motor current AMOTRI I 
gets larger. 

I 
I 

, ! 

Dcspln Torque -z DCE Rate Torque ARATEQ 
Increases above 

I 
I 

nominal 2.75 V I 

Spin-up Torque +Z DCE posltlon Torque APOSTQ 
increases above 
nominal 2. 5 V • 
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" •• aKi ••• output Yolta,. for tbe .1 •• ati08 
po.it10D T! C1ILI'U) occtra .bee tbe actuator ia 
fulll extended causiag tb. anteDDa to be pointed 
a •• J fro. the rotor (-I rotatioa,. 

r •• abtenaa .ill .0 •• in el •• a tioa lDdef iDi tely 
in responaa to any sle. co •• and QAtil tbe anteana 
reacbe. tbe •• cban1cal atops, or tha ale. ia 
terainated by a zeru ale.ation ale. 00 •• an4 or by 
co •• anding tbe positioDer electrODica orp (DCI06 
or DeIOr). tbe ale.ation poaitioD TN of tba diah 
locatioD (lELB'D) will read a .aai.as yalae of -
21.11' 4eCjrees bea. positioD (antllnlla p';iDted 
to.ard spacecraft +Z) and .,7.26 degree. bea. 
position (anteDDa pointed toward spacecraft -I) 
at tba t.o •• cbanical &tops. Actual •• cbanical 
tra •• l raDge is ~10.10 bet.een .eehaDica! atop •• 

IXa.ples of the co ••• nd bit .tructure of the 
Ble.atioD 51 •• Co •• and is as follo •• : 

IDDJlISS POLAalrr BIZ --. 

19.968 DegrHa/lliAute Up 
(2048 Bits Selected, 

3.3.2.4.6 Sci'A11ft, 1"."821 SiGpal.. The two .artable 
pba •• delay qeDerators proYide a paIse once e.ery 
rotor .pin period to select8d scientific 
inst.ruaeDts. 'lbe rate of ct.ange of dle palae 
locatioD ia cODtrolled bJ co •• and and bas the 
follo.iag characteristics: 

IDgle Quantization: 
Bate wuanti&4tion: 
Rate bilge: 

0.088 degree 
0.0"023 deg/ .. in 
o to 16~.1. deg/8iA 

lDdiwidual reset co.sanda (part 01 DCE06 or 
DeBQr) control the iaitialization ot .ach paise. 
Opon De1.Dq reset, the .PD output "ill OCC'lr ::: 360 
d~grees (ac~ual ia 360 -1/2 (r&l"096) or 359.96 
degreeaj with retex:eace to the preYi.otaa lIP. 

3.3-" 
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TaiB is ~CJuiY .. lellt t.o .et.tiDg the pluuse ciela, 
fro. ~h~ previoaa kiP to [3600 aiaaa the YPD 
pulsa vi:.lt.h ,wid tl\ is ttl 0.00". spiA ADgI.)]. tbe 
co •• anded ra~a "til th.!D ca'lse the P'llse location 
to steadily increase or decrease. Tile del., 
DetveeD th .. IlIP aDd 'PD oot.put .111 decrease 
vbeaeyer the wariable phaae delay 8S8 (Bit. '0) is 
set to logic one and viII increase when set to 
l.ogic zero. The zero stat.e of tbe polarity bll. 
.oyes the tDP P'llses in the direction of spiD. 

The VAa58 aela! will cont.iDue to iDcrease or 
decrease indefinitely at the coa.aaded rate 
unless chaDged or &dt to a zero rate by a 
subsequeat rate co .. aDd. the co.puted ADgie 
delay of each output. is teleaetered (A'PDiD and 
"PDID). The alectrooics processiDg of the 'PD 
~gnals is shown in Pj.ijure j.3.2.4-2. 

The phase delay profile should be establi£hed 
such t.hat either pulse will Dot transitioD 
through 0 or 360 degrees ODce initiated. ~his 
will prevent double pulses or loss of aa output 
pulse during the spin revolution where the 
transition occurs. A co .. anded negative rate 
wi~l cause a aissed pulse eacb tia. 00 i~ 
transitionea. A cOlliandee. positiYe rate vill 
cause a double pulse eacil tiM 360 0 is 
transitioDed. For ~xa.p!e if a positive rate is 
initiated fro. the rQset condition, a YPD output 
will occur 339.96 degrees vitA respect to one BIP 
and a second pul~ wi~l occur during the saae 
spin r~yolutioD vh~n is referenced to the second 
klP. Unless a PDClge reset is again co •• anded, a 
phase error wi~ r~sult. 

Exa.ples ot the co •• and bit s~ructure is as 
tollows: 

u 
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'.D: Q.0402~ De~ree./.1DQte 
Dttereasicg lat. 

~lo]~iOIOIOIOIO:OIOI9.IOlo,g'fl 
e 1 Bit Selttct.ed, I 

MIDIB 
~DDBI~S PO~ARITr BLr ~ 

YPD: 2.3~1 ~gr~s/ftiDa~e 
Inc1'eas1ng Belt. 
e20~H Bits Selected) 

@TillfI 0] 0 I 0 10 I ~ I o'l-oJo TOTOTOlIIOl 

3.l.l.'.7 111,,"\1'1 lAte'flc~. I l2-bit s~rial digital 
output is provided to tele.etry as a four 6-bit 
vord containing the followiDg inforaation: 

• 
• 
• 

MUftBB1i or 

RAft Y4r1ablt! Phase D~delJ "PDKD 12 
lUDlli 'C\~i"ble Phase i)~laJ A'PDID 12 
DeE lIod~ St.atas 
• 
• 

Pbase Reset Enable/Disable ADSPIIS 1 
Spare !sits 7 

~b. 12 bit variable phaae dela, outputs ase two'. 
co.pleDent notAtion. rhe strelight binarJ couat 
should be subtracted fro. lbO degrees for the 
c~rrQct dngl~ repr6StlDtatioD. POI' eza.ple. aD 
all al' outpat repreHents 4 1 bit (0.088 degr~.) 
delay fro. HIP. 10 outpat pulse i. geDerated 00 
o'Qrflov or when one ~Ogo Fa pulSQ is couated. 

'lbe «<ltel ,lS suitt.ed oat. aost significant b:,t 
first. 'tbe dat.a is updated during the last balf 
of uvarJ major tr<la~ and tbeD b~ld at thtt start 
ot tile .el jur traae for ttle ouc. per aajor frue 
Ptad rate. 

Th~ tiain<1 relationship is illastratad in ~igQre 
J.j.2.~-5. rhe 'PD generator is upddted every 
~096 Pa ti •• iDt~r.al. The co.pat~ angle i. 
t[anaterr .. J to a counter at tbe KIP event, and is 
cloc~ed oat. to tb~ oo-boara 1nstru.ents at 
0'e1'110.. T.he co.puted angle 15 transterred to 
the Tft r~gist.t!r at tbe stact of the aajor lraae, 
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a.. 
b. 
c. 

d. 

e. 

f. 
9· 

aad 1. tel .. etereel d",,18g tile fir.t balf of tbe 
•• jor fr.... Altbougb tbe act .. l tele .. tered 
angle •• J differ froB tbe oD-boad &Dgle. tlle 
COBputed rate profile "ill be tile ... a. tbe on
bo.rd protile in tl8e. knowledge of IlP loc.tion 
in ti.e "ill then relate the actaal on board VPD 
angle loea tion. . 

Tbe serial oufc.pat fru. e.ch DCI ia wireel O.'d and 
proYided to a CO •• OD DI! cbanDel. thus there is 
no ~a redundancy for tbe two uDita. 

Tbe following & •• log chanaels are .e.t directly 
to a DIS vhicb proYides a-bit ~u.nt1z.tion for 
each. 

Posit10n lorgue. 1POStO 
Bate torque- 1ltltlQ 
De.pin !lotor DriY. lBO!11 
Current. 
DCE .1 Pover Supply lOCI" 
'01 tat}tt 
DeB I~ Power supplJ ADCE2' 
Yoltage 
DCB .1 r •• perature ADCI1'l lOO' 1200 , 
Dei '2 t.aperature lOCl2T 20 0 , 120-' 

-lOTI: Tbe output froa each DCI is wire Oiled 
aDd provided to a ca..on DIB cha.nel; 
thus there is no 11ft redl.;ndancy for t.he 
tvo units. 

The followlng bi-leYal outputs .re proYided by 
the designated unit t.o separ.t.e DI! ch.nnels. 

------- -------._- ----------, 

De.pin 80tor Drive 11 0110" 
De.pin Bot.or Drive '2 0110" 
HGI ¥oaitioner BlectroDics ., 01/0" 
H~l Positioner Ilec~roniC8 '2 01/0" 

Allr&lS 
lllTB2S 
1POS1S 
lPOS2S 

-..:...-==------------- - --~------------------------------
--- - ------
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",(lag PAd rower tIODIler A.t.,blt 'IAfTA •• The 
BAPrA is locdted on the spi .. dzis ot the Orbl.ter 
spacecratt and prowid~s all tha aa~haDl.c41, 
el~trical and uP lntertaces between the spun aDd 
despun s~ctions. It suvports, ~esvins dnd 
controls aziauth pOl.ntinq of the HGl with signals 
froa t.b~ D<.:E. The BA'-'fA cODtain~·. aD it, rotclry 
joint wbi~h p~r.its th~ transfer ot X-band 4n~ ~
bdnd fr~qu~n~ies b~twaQn thu spun dad UQspun 
side.:i. 

Thera .l.S no launch lOCk to secure tbe bAP1'& 
despun section for tne Iduncb pba~~, so thllt 
despun sect.l.on 1.5 tree to rotate at all tiaes. 
Also, rddial lOdds cannot Cduse rotating and non
rotdt~g parts trom contacting ona anoth~r 
throu~b ~be u~e ot .l.nterudl aecbanical stops. 
Bearing lubricdtion is provided by two foaa ball 
rQtaioer~ iapregoateu with 0.1.1. SUltici~nt oil 
i.s provided for tbe beclr.l.nqs wDich .l.S 1"1 tiaes 
.or~ thdn r~~u.l.red tor tb~ no.inal mission. 

~wo tea~rdture sensors dre locatQ~ to sense 
teaverature in the v.l.cinity of the bearings. rhe 
inner rdce t9aperatuC9 of tbe forward bedriug is 
des.l.gndted by ABAPIT. Tbe outer race teaperdture 
of tbe d1t bearing is designatdd by &8APOT. The 
expecteJ bearing teapecature dur.l.ng ~hd aission 
viII Cdn~e tro. ~70 to 7~or. The operdting range 
is 300 to 90.P for each of tbe two teleilet-:;red 
t~.p~ra\.ures. 

r~e un.l.t contd.l.OS two brusbl~ss DC torque aotors 
snaring co.aon laaindtions and a per.anent .agnet 
asseably dod tvo r~solv~rs. A .otor and a 
resolver ~r~ .4rri~ to d ~CE (no cross
str.lpping) • 

The D(';E suppl.l.es a b.l.nl.lso.l.~dl ',oltage tQ the 
priadry (aodulcltor) COl.l ot tht~ resol.ver. 'rbe 
d"plitud~ vf this signal i.l:i proportional tv t.hp. 
UQspiu er~or sigoal. Th@ relative angular 
reldt~onsn.l.p 01 the ~pl.nD.l.ng section to the 
despull section pro,idtts tbe internal pbclSillg 
relcttionship v~thin tila tUPTA. 'rhe resolver sine 
dnd COSl.ne oul~uts tben provide the phelse 
relal.l.vllsbip ~nd a proportiollal dMp14tudu error 

ltew1.8ion 
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s~gnal to the DCB. theae sign4l.s are de.oo.ulated 
in the DC~, power .aplified and feedback ir. the 
prop~r phase to tA~ 81~Tl .otor sine and ~osine 
windings. 

The output tor~ue ~pability of one aotor winding 
set is illustrat~d in Figure 3.3.2.5-1 for the 
aini.us sw~tcned loads bus volt~qe condition (24 
Y availabla to the .otor). Also sbown is the 
aotor capability vith a noainal 21.8 Yolts 
suppliea ~o tne aotor. In addition, the f~qure 
illustrates the torque aargins of the aotor for 
the conditions ot ainiau. operating voltage at 
botb ainiaus and aax~au. spin speeds. Tue aarqin 
of Ayailable aotor torqu~ ano¥e B1Prl friction 
reduces as spin sp~aincreases. Por exaapIe, at 
a spin speed of 35 rpa and at qOOp operation, the 
availaDle torque is 0.11 ft-lb vhec~as O.?O tt·lb 
.axiau. is required to operaLe the 8APTA. 

The 8APTA pr.ovides the tvo DCEs relative position 
~foraation tor despin control by detecting 
coincidence ot referencd aarks betveen the spun 
and de~pun sections. Tbis once per revolution 
p:llse is the aaster index pulse (!lIP). In a 
si~ilar fashion, the r~lative rate ot the tvo 
seclions is proYided to eaCD DCB by detecting 12d 
(SAE) pulses per revolution. The DCE coapares 
this .. 'ulse train vith the 21 Z Fs pulse train fro. 
tbe lDF to derive be rate ~nfor.at.ion. These 
pulses ara gen~rated by tvo coapletely passive 
aagn~tic pickUps as th~y pass ov~r soft iron 
teeth accurately pos~~~oned on the despun 8AP!A 
flang~. ~ach of the two .agnetic piCkUPS are 
bitilar wound.. This pr()vi~es separate outputs to 
each DeE vbile ad1ntaining the same phase 
relationship to each unit. 

Tbe signal int~rfdce across the BAPTA is s~own in 
Figure 3.3.2.q-l for tile HGI positioner and DeE 
intertac~, and in Figure 3.1.1-4 for the 
communicdtioD SUbsJste •• 

Nuta\i2Q Oa.per. The nutation da.per OD each 
spacecraft is a passiYe, sealed straight tube 01 
liquid freon B~. 

.. .J 
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Wa,~ act10n in tA~ peripheral surface of tbe 
liquid absorbes tbe nut4tional eD~r9J of the 
sDac~cratt, assurin9 positive stability of the 
vebicl~. The damper 1S required to reduce 
v~bicl\l Dutdtioa to 1/3 ( .. 3'1 percent) uf tbe 
initial valu~ in a time interv41 ot SbO ainut@s 
for all phGses ot tue 815S10n. 

1 fill fraction of 25 perc~t of the total cavity 
volume is employed, b~sed upon results of 
optiaization stud1e~. 

The daapt!r luo9ituc:linal d.xis is .o~:ted "b.5 tl.0 
inches radially outboard froa and parallel to the 
vehicle spin axis. On the Orbiter spacecraft, an 
aziauth location constraint is ddded to obtain 
effective aamping v~ile the adgnetometer boom is 
stov~d. To meet this constraint, tht! damper is 
physically locdt~d at dn angle of 143.6 degrees, 
as .e~sured from the +1 ax1S. 

Li~uid Freon contained w1thin the daaper is free 
to move at all times. Its boiling point of 
+306 uP and ireeze point ot -160.P Gre veIl 
outsiae tbe qualification teaperature range of 
138 0 P and Oop. Because of favorable inertia 
ratios during pre- and post-apogee aotor firing, 
it uill not produce unfavorable aedaapin9 or 
aapl1ticdtion of nutdtional aotlon. After 
spin up, centripetal force acts on the liquid 
Freon torcin9 1t to spread out along the tube 
longitud1ndl axis. Dur1nq spacecraft nu~ational 
aotions, r.ree surtace waves are propagated in the 
liquid Freon. Energy of nutation is dissipated 
by aeans 01 viscosity friction effects of tbese 
surface waves relative to tbt! da_per tube wall. 

The pertormance ot tbe uamper is dependent 00 

spin ~ate, teaperature and tbe .a~~ properties of 
tbe vehicle. Paraaetric performance curves of 
damper pertormanc~ for nutation an91es less thaD 
1 delJree are preseuted in Pigure 3.3.2.6-1. The 
nutation an91e viII be in excess ot 1 d~9r~e 
af ter boom deployaen t. 'rae pertor.aDce of the 
daaper at tbis phase and other specific phases of 
the aission is sWlaarized in Table l.J.l.6-1. 

B.wiaion 
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TABLE 3.3. 2.. ~-l 

PREDICTED DAMPER PERFORM.'..NCE SUMMARY FOR ORBITER 
(ONE DAMPER PER VEHICLE) 

I I Spin 
Mission Phase Temp Inertia Speed T 

(OF) Ratio (RPM) (Min. ) 

Separated; boom in 21 1. 18 6. 5 17.7 

. I . 
Separated; boom in 77 1. 18 6. 5 32.8 

Separated; boom ir; 140 1. 18 6.5 55.0 

-
Boom out 21 1.26 15 35*1 3.6*2 

Boom out 77 1.26 15 35*1 6. 1 *2. 

Boom out 140 1.26 15 35*1 9.3*2 

Orbit Insertion 21 1.26 30 2.9 

Orbit Insertion 77 1. 26 30 4.9 

Orbit Insertion 140 1. 26 30 7.5 

Venus Orbit 21 1. 3~ 5 6.4 

V CHUS Orbit 77 1. 3~ 5 3. t> 

Venus Orbit 140 1. 3~ 5 2.4 

1* IIJased on wide angle nutation tests, having an initial nutation angle of 

*2Steady state (near zero degrees nutation) values. 

+3 T is time constant (to produce l/t of starti~ value). 
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119Ditol.1,r Dgel2I1!1~ olchlDiIa. The 
Ragnetoa.ter u~ploJ.eDt "echIDis. (lOR) is a 
three seyaented deployable boo. on wbicb tbree 
.agD~toae~~r seDsors are aounted. ltter launch, 
the booa vill be deployed, positioning tbe 
.'gnetoaeters Avay tro. tbe Orbiter' •• agnetic 
field so tbat it wili not int~rtar~ with the 
&ensor's .agneLic aeasureaent&. T~e RDft is 
.ounted on the Orbit~r shelf's tberaal barri~r 
su,h tha~ in the deploy~d configuration tbe base 
of the outboard aagoetoaeter sensor is tg.~ teet 
fro. tbe spac~cratt ~ axis and 15.1 feet fro. the 
inboara roo~ joint. 

Tbe noaa is deployed via real tiae ground co •• and 
Aft~r tbe spin rato bas been set to b.5 ~ 0.3 
rp.. The boo. is beld in tbe stov~d pos~tion on 
a fixed base by tvo hinged beaas which are 
releasea by pyrotechnic actuated pin pullers. 
Bacb b~nge b~a. is beld by two pin pullers 
providing redundancy. ~it~er one or botb pin 
pullers on eacb ~aa vill per.it deployae~t ot 
the booa. Bacb pin p'lller COD tains a standard 
~ingie bridgewire electric squib. rhe intertace 
vith the syuib ~river is sbown in Pigure 3.3.2.1-
1. both squib Qrivers c~ be araed and tired by 
either COB 1 or COR 2. I single fire co.aADd 
vill cause all tour squibs to tire 
siaultoneou.ly. The redundant set ot co.aands 
will fire the sa.e set 01 squibs througb 
diff~rdnt coa.and line inputs to the peo. 

Upon coa.and, the pin pullers release tbe caged 
boo. asse.bly, and centrifugal force developed by 
the Orbiterls spin rate drives the hinged booa 
seg.ents outward. In addition, a liaited trayel 
deploy.ent spring OD the ogtboa~ stowsge support 
provides an initial iapuls~ to ov~rco~ static 
friction. Cen~ritugal force causes the three 
se9.~DtS to deploy, .nd deteDt piDs at each hinye 
4utoaatically lock the deployed aase.bly. 

The deployaeDt sequeDce depends on the .agDitude 
01 tb~ spin speed, hinge friction, deteDt pin 
friction, and cable bending torques. Co.puter 
ai.ulation indicates tbe ~ost likely sequence is 
as tuilows:, The center hiD9~ locks first, then 
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the outbuard hinge, and tiDalll the inboard hinge 
locks, coapleting the deployaent. 

A switch pos1tioned on tne inboard hinge support 
triggers a deployaent indication Signal wben the 
boo. has deployed and the inboard hinge has 
locked. The signal 1S provided to DI! 2 (SBOOBS) 
and baeo.es a logic .," upon locking. 

In the eatended and locked configuration, all 
tbree aagneta.eter sensors are positioned and 
aaintained within 1 o.gr .. of their spacecraft 
reference axis, through the transit phaBe, and 
att~r orbit insertion. 

High GaiA ApteRDI ("GA) El'IAtiop fgsitioDer. 
The KGA positioner provides tbe capability for 
in-flight elevation orientation of tbe high gain 
antenna parabolic antenna. The elevation control 
provided by the HGl positioner and aziauth 
control provided by tbe DCE perait the antenna to 
be P01Dted to Zartb for coaaunication and the 
OCCUltation experi.ent. The elevation control 
capabUity peraits the dGl bee.a to be aoved -
21.41 0 up fro. hor1zontal, toward the +1 AX1S, 
and down +17.2bO ; corresponding to a total 20.2 
degrees aechanica! aoveaent of the dish. 

Boveaent of the antenna is aChieved b7 tbe 
rotation of a Jackscrew by a stepper aotor. The 
stepper aotor rece1ves pulses at a controlled 
rate froa the nCE. Each pulse causes tbe aotor 
to step 90 degrees, whicA in turn ~sults in a lS 
degrees rotation of the jackscrew sbaft. Tbe lS 
degrees rotation of tbe Jackscrew results in a.n 
antenna aotion of 0.0213 deqree per aotor step 
noainal. The variation in step size with 9~.bal 
position is shown in Figure 3.3.2.8-1. 

The DC! converts a quantized rate coaaand (1)CE016 
or DeBQD of -DCE COMPIGUiE- quantitative co •• and) 
into a sequential pulse ou,t.put to the st.eppet 
aotor. 'fhe cOlllaandable t!:equency ranqe is zero 
to Jl.2S pulaaes per second in 0.001625 pulses per 
seconu incre.en~.. With a step size of 0.0213 
degt'ee P'lr pulae, this pI'Oduces a Do.inal aDtenDa 
ao\'e.ent cont.rol of up tf) 39.:9 degrRes per .inut.a 

-
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with rate 1nerl:!.ellts 01 0~0097~~ deqree per 
.1Dute. tbe DC~ cuntrols the sequ~ntial order of 
the pulses providing polarloty cont rol, The pulse 
vidtns are fixed dur~tioll tor a giVen slew rdt~ 
and ar\! at 10Q perCtHlt duty cy~l~, i.e., '10 tiae. 
sepdrat~oD b~tween pulses clnd thus no current 
trclnS1.Cnt~ SQould oe o~ser'e~ between pulses 
(Pu.i.se pOWt!'i" is 11 volts a~ 2ij v.) l'he e.lect.~ice.l 
int~rtclc~ ~i~h ~h~ D~E is ~hovn in Figure 
3.3"."-1. 

The ~levation position 01 the H~A 1.S t~leaeter~d 
usiD9 a linear potentio.eter. Th~ potentio.et~r 
is proYi,te\l with +~.d!> YJ,lts de across the SlloP 
rings by tb~ DC~ tbat is on (0 y to + 4.~5 • 
range for the pot~ntio.~tdr vlpar ar. pir.~o!i) • 
As the dnt~nna .oy~~ througR its travel ranqe, it 
.oves the viper sbdt t of the poten tl.oaet.er. 
providing a proportional voltage vhicb relates 
th~ ant~nna or ~ea. pusition. Tb~ pot~ntio.eter 
output and its return 15 provideti across the slip 
rings as 4 dit1erential signal to ~la 3 aod DI~ 5 
(AELEVO) • 

The te.pe~atu[e of lb~ stepper ao~o[ is 
t.elelletered (APOS:t 1').. the o~r4tin9 ra(l'Je is -
bOO tu .'80oP, altnuugh the turn-oM (nou-
operd tiog) rang\.' e~tends \lown to -~000l" and up to 
"'ll0~1" • 

1"-1)':£4 ture 10lli t~n.ng,. Teapex-ature sensors for 
the control sUbsyste~ prOVide theraal infor.ation 
directly to DI!s clS shovn in tbe table bel~w. 
Th~ .~asure.eDts are only sa.pled in tbe subco. 
1or.~t aod there is no reduudancl. 
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DC! .1 '1 •• perature .ear BIPrl aotor IDCl1T 
DrlY.r .1 

Del '2 r.aperalure 1.1' 81PTl .,.,tor IJ)CB~T 
Dny.r .2 

ftGA 'oaitiok lo~or Oa ~... .,. ck aid. lPusa! 
r'.perature of tbe stepper 

.otor 
Star Sensur 'fe.pera ture 1.1' the IS!II! 

detector cb ip 
BAPTl Inner lace fe.perat.ure I.ar the forward UDI! 

BlftA b.aring 
D1Pri Outer lace re.perature I.T. tIa" aft ABIPO! 

BAP1'l beanD9 

3.3.2.9.2 ppiaM' tll ••• trl a'AIMr.,,'t'. Th. 4.p1o, ... t 
status of tbw .aCjDeto •• ter boo. 18 proYi4 .. 
4irectl, to DIB 2 48 a bi-l.y.l It.t~ bit 
(saoo~S). Th.r. ia DO redandaDCY. 1 .1cro.Mi~ch 
is locat4ld at ~be 1nDoar4 hinCJ' support and ia 
actuated bJ a locking d.tent pin ."D th. boo. 

3.3.3 

l.l-~ 
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as ••• blJ r~tat.a ~o the tUI1J deploJ_ l'o.iti08. 
lD tbe Mnot d.ployed- .tat., tb ••• itcb i. 
&hor~ ~ aigDa1 grouu4 proyidiDCj a loqical a.ro 
.tat.. In tb. -d.pl07ed .tat.·, tb. switcb 1a 
open circuit proyidinCj a logical ona Itate. 

02" atiol.1 p"Gr1p~ioA 

SIR ACQPAlitiop. Sun acquisition occara wb.a tb. 
PLL 18 tJu:t lOP obtaina a trequ_cy aDd pba .. auch 
t.hat the '. output pulse ia in lock. .i U U. 
det.ct.d sun pal... SiDoe t"~ :Oiil caD be 
d,wcted uaa.biguoulJ os acquisitioa caa be 
.cco.pliahe4 a.ia~ t.1t. uDgated (360 decJlge gate) 
SUD .ode. Howeyer. c.rtain co .. aac) iafonation 
."st be supplittel to tb. lDR- to .~i ... a •••• rl!J 
a .. cceaaful aCCJuiaitioa. After tit. IDP .0 •• 
CJ ••• Dc) is gea.rated (IDP19 or lDPA' foe IDP 10. 
1; IDP29 or IDPB9 tor aD. 10. 2,. tlt.a t~. AD • 
• ust be co. figured Yi& tbe q.aa~it.ti •• co .. aa4a 
in tbe follo.iag .anDer (Ieasur ••• ats 1 ••• • 
oorr •• poad to .... Dr ••• ats 1 and 2 re8ptCti •• lJ 
in tbe RDe.onic liatiDg contain.4 in Refereace: 
~arag:taph 1.S.1): 
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10\)0 0000000 ----
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ec) aDP l04e Select. CA~fJl or A!OfJC) 

0100 00 0 
-.- -----

lddreaa ~ J 
4.0 to tJ.8~ --
apin ruge 

PLL Lou of Lock 
uable/Inbibit 
(lll1libitc) 

Star ~a~e A chaD Del 
Hlect (dOll't c.re) 

I I II 1 100 0 -OT ......-. ,. ...... 

St.ilr Gat.e at chUDel -
Select (40n't care) 

SUD Seuur Select ------ I 
(&ttit.u4e dep •• de.t., I 
SuD/Star Select ---------
(San .elecud) 

S8R/SiaulAted 511 select. ------
(SM! Selected) 

St..~ Acqui.itioQ/W~r.al 
(Moraal Selected) 

~.ble/Di.able Sa. Qat. -----------
(Disable selected) 

SBI Achance (Iox.al selectac1) -- ----

(4) loll lD4e. DelaJ laqnitade (lrQ8& or 
ATQd,) 

1010 0000000000 I! 
""-'-' ~ --Ad4res. _____ J I 

Zero ln91e 0014J -------~ 

) 

) 
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The -SBI to till''' aeasureMat is selected to 
Yerl.ty noraal Phase LocJL Loop lcqaisition. l~ 
ADP pover turn-on, tbe PLL is initialized to the 
CeDt~r ot on~ of the randoaly selected spin 
ranges; i.e., b.4lS rpa, 12.~S rpa, 25.1 rpa or 
51.4 rp.. Proper l.nitialization by the IDP Bod. 
Select Coaaand above is necessary so that ~be PLL 
can Sole" l.n the (..~rrect. frequency range asing the 
san as a reference unt1l tbe PLL rate is 
identical with the spacecraft rotor rate. lhe 
only tiae the PLL "ill not slew in frequency is 
if the PLL is 1D pDdse and frequency lOCK with 
the SRR. Therefore, by selecting the KIP angle 
to b~ zero, the attitude a.asureaent SaR to iIP 
v~ll proY1de 4 aeasureaent of the PLL phase bias 
froe ADP input leading edge detection tSBR pal •• ) 
to'5 (PLl overflow pulse). This is identified 
as SBk to fs b1as 1n Pigure j.3.l.1-3. (Any roll 
iude~ delay can be us~d 11 this pbase bias is not 
to bd aeasurea.) During sun acquisition, the 
aedSure.ent of S~h to's v11l Denave like a 
daap~ sine vave (~e Fiyure 3.3.3.1-1). Once 
the PLL is in ~O~k, t.he aeasureaent prowides the 
steady state phase bias between the S~B aDd the 
PLL output for attitude deteraination update. 
Th~ steauy st.ate Di4S is not e~pected to exceed 
±u.2So• 

A tiae historJ of represen~ati,e pbase lock loop 
a~quiQition tor S rpa and lS rpa (Fi9UraS 
3.3.3.1-1 and 3.3.3.1-L) SAOVS total ac~uisition 
ti.e of 4~O s~conds and 10 seconds, resp.ctiY~lJ. 
The~e figures "e~e de~iY~ tro. 4 coaputer 
51.ulation tnat excluded dD} effect of nutation 
and vobLle. 

Tbe tollovinq t.iae iDt~ryal aeasur~.ents are 
obtaiueo upstream tro. the pnase lock loop, aad 
their validity is therefore unaffected by the 
state 01 tbe phase loclL loop: "p-~), IP-IJIl' ~
~ajo~ Fra.e ~ate, 4nd ~-ft~nor 'raae tia~). 

~rope~ teleaetry indication after Sun Ac~ui8ition 
~ as listed 1n ~able 3.3.3.2-1. 

APi 'aur.tl. 9arttil!~ 0<N,. the noraal operating 
aode Nill be consiue~ed to De sun rete renee while 

.ewi.aioa 
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TABLE 3.3. 3.Z-1 

TELEMETRY INDICATIONS FOR ADP STATUS 

Mnemonic for StatuI After StatuI After Comm&nded to 
• t, 
o \ 

P~rtinent TM Sun Acquilition Normal Operating Mode 

!'" 
ATTMIZ and • SRR to SRR '3qual to • SRR to SRR equal to expected 
ATTMZZ expected spin period spin period 

• SRR to RIP;: 0.00 + • SRR to RIP equd to com-
0.250 (0 0 delay cmd; manded delay +0.250 

• SRR to PSI2 equal to • SRR to PSI l equal to 90. 00 

(62 0 .:t10o) to (80 0 :!:.10 0
) +2°. I 

in the absence of nuta~ ,. SRR to MIP (corresponds to 
Hon damping. commanded azimuth position 

I comrnand after bias cOlnpen-
sation) 

AJMAGC • JCE countdown at • "JCE countdown at a count of 
maximum count 4095. z~ro. 

APULLS • Pulse width selection • Pulse width selection = 
'" 128 rns 128 ms. 

AMAGCS • Pulse time count I· Pulse time count selection == 

selection::: tinle count I time count. ! 
AJETMS Pulse fire lllode selec- Pulse fire mode selected. 

i • ,. 
I ted 
! 

ASDETS • Spin rate detector • Spin rate detector enabled. I 
enabled. I 

AJETMS • Normal fire mode sel. • Normal fire mode selected. I 
AJET~S • No jets selected. • No jets selected. I 

1 
AJCEFS • JCE fire status dis- • JCE fire status disabled. I 

able 

I 
A'~GASS • Star Gate A channel • Star Gate A channel sehct I 

select as conlnldllded. 

I 
as \..:;nllnanded. 

A*GBSS • Star Gate B channel • Star Gate B channel select 
select as commanded. as COllllll<l ndcd. 

I ASUNSS • Sun sensor seleCl.ion • Sun sensor selection as 
as conunanded ~ommallded 

I i 

u-

\ 
r 

I 
1 

j 
1 
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TABLE 3. 3. 3.2 -1 (Continued) 

r---
Status After Mnemonic for 

Pertinent TM Sun Acquisition 

ASRRMS • Sun selected as SRR 

A*ACQS • Star normal mode 
selected. 

ASPINS • Spin range selection 
:= 4. 0 to 8. 85 rpm. 

ALOLES • PLL Loss of Lock 
inhibited. 

ASUNGS • Sun gate disabled. 

ADVANS • SRR ad vance set to 
no:.-mal. 

ARIPAD • RIP delay equal to 
zero degrees. 

ALOCKS • In lock status 

AMlSSC • Normally = 0 counts 

AACSAD • ACS angle delay is 
3. random selection 

ASIMSZ • PLL spin p<:"riod as 
commanded 

• 
• 

• 

• 

• 
• 

• 

• 
• 
• 

• 

S.C~OD 10. 3,3,3a1 
Doc;. 10. rc-'Q2 
Ori9' 1 •••• Dat. 2QUzj 
••• iaiOA 10. 

...1810 

Status After Commanded to 
Normal Operatina Mode 

Sun selected as SRR 

Star normal mode selected. 

Spin range selection as 
commanded 

PLL Loss of Lock enabled. 

... 

Sun gate enabled. 

SRR ad vance set to normal. 

RIP delay as commanded. 

In lock status. 

Normally = 0 counts. 

ACS angle delay as 
commanded. 

PLL spin period as 
commanded. 

Status after Sun Acquisition applies for magnetometer boom stowed. 
Status for Normal Operating Mode app~ies for 15 rpm and cruise configuration, 
or 5 rpm and on-orbit configuration. 

3.3-63 
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3.3~4 

spinn~n9 d~ 1~ rpa for t~e traaait p~88 or S rpa 
tor t.be oo-orbit phase. Tile tvo clifferellt spin 
speeds only at1ec~ tbe selected spia range for 
the ~LL (S~IX of ltQ,3 or itO'C) and tbe 
aagnitUd~ of the coa.anG~ siaulated spin period 
tlTQ,l dn4 lTOPS) or (ATUJG and ATQJH). ~be sun 
acquisition opdration uiscQssed in tbe preceding 
paraqrapn is cons~uereu ~o ~aYe been accoaplishecl 
at this point. 

lhe initial conditions for transterrin9 to the 
noraal opera~n9 .ode dre aasuaed to be as 
follows: 

(u) Spacecra1t spinning at initial spin-up 
value (S ~o b.S rpa) or at 15 rpa. 

(b) ADP is OM and the PLL is in lock .~tb 
the sun dS reference. 

the Jet control l09ic should have been co~aanded 
tv th~ satest contiqurat~n; i.e., no jets 
selected vith t.he spin rate detector enabled 
during sun acquis~tion '(see 3.3.3.1). 

Teleaetry ~ndicatiuDs for these initial 
condi tiolls should adicat.e as shown inrdble 
,j .. J.3.l-1. 

rhe j~t countdown .49nitude (AT09Q or AtQ~) 
shOUld be co •• anded to a zero count. (rbe 
initi~l spin-up .aD~uver would haVd terainat~d 
witb d aaX1au. count 1n the count register.) 
v~r~fy th~ JC~ bufter output power (AJCB1S or 
AJCE~S) is oft, or ~isable th~ output by coa.&nd 
CllQl1 or Ar~J). 

l'be ATT" aeasure.ents (A1'01l1 or A'l~A) should be 
cu •• and s~lected to be: 

(a) !iRR to Skl< 
(b) !iBh ~o PSI 2. 

This will prov~u~ cl •• asurdat!nt of the actual 
spin period and the sun aspect an918_ 'l~ese 
.easu~.eDts pr~vid~ a quick look of tbe 
spacecraft inertial relationship. lfter the 
GY~rage sVin per~od has been deterained, tbe 

t.vo 

lJ 

1 
1 

) 
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si.ulated spin per~o4 of tae sa ••• agD4~ude 
Bhoul" be co •• aDd.d ((ArQJIl and AtQff8) or (AI'OJG 
ana (AT~~H)I. It 18 r~co •• eDded t .. ~ the apia 
period be coutinuously tal .. etered t~rou9bout t~e 
• .l.88iOD ~f other 4tt.1t.uae .... ure •• au an Dot 
lAlin9 aa.d.. Tb __ sUlulated apia period tba 
Sbouid b~ upuat~d t~ tbe nearest iategral walae 
(25 a111is8C, resolution) v~en eoa.and 
opportunities ~xist. A ODe-bit error vill per.it 
operation ia the tr~e-ruD .ode for lb-.iDut.s at 
15 rp. vithout tbe inertial reference aowing 
out.side ot Ga~e A. 

~te~ th~ curr~ct si.ulated spiD p~riod bas Dee. 
co •• anded, tbe Anp saoulo be co •• an4ed t.o op.rate 
in tb~ gated sun .ode vitb tbe PLL loss of lOCA 
enabled. TJlis vill per.1t transfer to tbe 
si.ulate~ roll reference it tvo consecutiYe 3Ud 
~ulses eire .issed .tor aa1 NasOB. T~. AI)P .od. 
co •• and to s~lect this cunfiguratioa is as 

. tollows: 

U!JIi 

'e.1a10a 

j 

1 
1 
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29 3 .. 25 
thru 

COlalln II! t: 28 
& & 
30 31 32&33 35 36&37 38 39 40 

--.. -- - ,.----.. --... --. -----
0100 00 1 1 1 Xl 1 1 0 1 0 ----- ---Address ________ J j 

4.0 to 8.85 rpa -----
spin BaDge (10 would 
~ ~.O to 11.1 r~) 

PLL Loss of Lock ----
Enable/Inhibit (En~ble 
~el6cted) 

Star Gate A Channel -------
S~lect (Star t Selected) 

Star Gate B Channel -----
select (Star 1 selected) 

Sun Sensor Select ------
(Attitude d~pelld~nt) 

Sun./Star Select (Son ~electe,,) ---

SBB/Siaulated SIB Select -------------
(SRB Selected) 

Star lcqu~ition/.oraal (Ioraal ------
Selected) 

Enable/Disabl~ Sun Gat~ (Inable Selected) ---

SRa Advance (Ioraal S~lected) ------------------

3.3.3.3 StAr Sensor Control IpclliiJg St".6£9uisitiog 

3.3.303.1 Cblanel Q9ptrol. Each chanael of the star &eDsor 
is ind~.iduallJ controlled ~J a. aDd O,P discrete 
conands. Both channels _ill nonalll be 

3.3-06 

co •• aDded 01 for attitude deterwinatioD 
.easureaents. During the eclipse period, one of 
the two cnannel~ vill be selected for the roll 

"". .. , 

, 
j 
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r 
r 
f 
• , 

~:. 

Sectioa 10. 3,1,3.3.2 
Doc. 10. tc=t02 
Orlg_ 1"-•• ~Dr....~t.K&.~0~.~a~i 
»e.l81oll 10 • 

reference (SU) iD the IDP. It otMr ti ••• la 
the .Ussloa, oae or both chaanel» A, be 
co •• anded off depeD4~a9 OD pover a.al1abil1tr. 

~\ Typical tele.etry Desponee for tbe star •• asor 
~ V~tJa both chanaels operatiag is showa ia !able 

3.3.3.3-1. 

\. 

3.3.3.3.2 star Pet@ctioo ClRtbil~lr. The star sensor has 
capauility of detecting (oae a t a ti.) aa, oae 
ut 25 stars or the planet Satura withia the 
celestial sphere, depend.at upon tbe spacecraft 
attitude. the detectioa capability at any poiat 
in ti.e vill yary with spacecraft spin rate, .tar 
elevation witAin the 'OV, sensor te.perat.ure, aad 
the s~lectecl bandwidth withia the BeDSor. These 
atfects ar~ presented in 3.3.2.l aad are to be 
used to correct the teleaetered star brightne.a 
yalu~. rhe se~uences for star brightness 
calibration are listed in ~able 3.3.3.3-2. 
Tesperature affects the probabilitJ of detection 
t~r a giyen star, but does not affect the 
bri9htn~ss to Tft Yolts relationship 
s~9niticant.ly. 

1be bright.est stars are list.ed ia table J.3.3.3-3 
in d~creasin9 order of brightness index (-silicoa 
.4gnitude- as deterained by tue st.ar sensor 
silicon datector spectral response and tabulated 
iD B~tarance: Paragraph 1.5.21) witb their 
positicns expres~4 in t.era. of Earth Centered 
~cliVtic coordinat.es. In-flight calibratioD 
shall ba used t.o co~rect the list to re.oye 
~tensity errors created by a nOD-perfec~ star 
standard during t.est. 

The .iui.ll. st.ar b~.ightn_8 l~Y.Is (as 
teleaetersd) £equ1r&O for tia. interYal 
aeasura.ents versus selected pard.eters, are 
listed in Tabla 3.~.3.j-5_ 

,"4 
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3.3-68 

St.ar S4tDSOr 
'leap erat.u re 

St.u 1 
B rig h.tness 

St.ar 1 
Bandpass Statoe 

Star 1 
TbresAold 
setting 

£tar 2 
Bandpass State 

St.al: 2 
Bright.ness 

Star 2 
Tbreshold 
set.ting 

St.ar 1 
01/011' 

St.ar 2 
ol/Orl' 

Dependent on spacecraft 
attitude and solar int.ensity. 
TaD or at sun aspect of 90~50 

DependeDt on location of star 
gate B and star aagnitude 
within tae 'late. 

consistent vith. ca..and 
selected value (StBVI 
selection of STBQ 1 or STRQl) • 

See SectiOD 3.3.'& for e1pected 
yalue associated with 
coaaaDded thresaold setting. 

Consistent vith co ... nd 
selected yalQ8 (52811 
selection of S'fBQ 1 or SUQA). 

De~.nd.nt on location of st.ar 
gate B an~ the star •• gnit.ude 
within the gate. 

Sea Section 3.3.4 for expecte 
~al~e associat.ed wit.h 
co •• anded t hJ:es bold set.ting. 

Logic Level .,. it 01. 

Logic LeYel "1" if OM. 

en = 't fb" ;'c6s."";""';"', Tn • • • 
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TABLE 3.3.3. 3-2 

STAR BRIGHTNESS CALIBRATION METHOD 

SectiOD 10. 3.3.3.3.2 
Doc. 10. " ... 02 
or1g. l .. u. Date aD ani 
a •• 1810n 10. 

CASE A: starUng with telemetered data, determine SUiCOD mynltude of the start 

(A. 1) Calculate the mean and 30 deviation from the mean of 30 sllocesslve 
TM samples of A-1BRM or A-2BRM (corresponding to that star 
channel that was assigned to star Gate B at the time of dat. 
collection). Reject all samples outside the 30 deviation, and 
calculate the mean of the remaInlng samples (= Ill)' 

(A.2) For worst case conditions (to account fo., end-of-l1fe, possible errora 
In system callbraUon, and Johnson Reference), lncrease ~ by 14%: 

!J2 :: (1.14) .u
1 

• 

(A. 3) To account for star sensor FOV eHect on the senllor lnput slgnalleve1. 
calculate 

.u3 == (1 - C) 112 • where C = the magnitude change obtained 

from Figure 3.3.2.2-8. 

(A. 4, Calculate the equivalent sU1con magnitude for the star: 

where: 

(
113 - fl.) 

Msi = slUcon magnitude == -2.512 log "B"I" 
o 

A :: Offset 
B == Gain 
10 :: IX:' video for "0" magnitude star 
.u3:: AC video for t1!e .. ubject star. 

Parameters A and Bare obtalnt>d from Table 3.3.3.3-4, correspond
lng to the prevaUlng Epln rate and selected star channel bandpass. 

Parameter 10 :: 286.9 mv for the PSI- channel; 10 :: 294.2 mv for 
the PSI2· channel. 

CASE B: Starting ,,1th the sl11con magnitude of a star, determlne the expected 
telemetered value for star brightness (A-IBRM or A·~BRM): 

(B.1) Calculate,the uncorrected star sensor s~gnallnput level: 
-M I !l3 = uncorrected signal == A'" Blo (2.512) s 

where the tenns are as defined In Step (A. 4) of this table. 

(B.2) To ac(;ount for star sensor FOV effect on the sensor lI!put Slgnalle\"eI.1 
calculate: 

112 :: (1 ... C) 113 t where C = the magr.1tude change obtained 

from Flgure 3,3.2.2-8. 

(B. 3) For worst case condlttons (to account for end-of-Ilfe. po8slble errors 
in system calibration, and Johnson Referencelt decrease ~2 by 12%: 

Y-' . 

.ul '" (O.88).u2· 

~1 ls the expected te1emetered value in mv for A ·lBRM or A -2BRM. 
as applicable. 

-.-.--_~ ... - - .w:-..... '. ....;.,0,:; .. ;.;;;;;======_. ________ .. ___ _ 
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'fABLE 3.3.3.3 .. 3 

DETECTABLE STAR LIST 

Bright Star PSI* PSIZ* Star 
Number •• ~hanne Channe Astronomical Nomenclature 

2491 -1.35 -1.35 Sirius (A CMA) 

2061 0.83 -0.83 Betelgeuse (A ORI) 

23Z6 0.77 -0.77 Canopus (A CAR) 

5340 H). 55 -0.55 Arcturus (A '&00) 

5459 1-!l.46 -0.46 Rig11 Kentaurus (A CEN) 

6134 O.B -0.23 Antares (A SCO) 

1708 0.17 -0.16 Capella (A AVR) 
~ 

7001 0.10 0.10 Vega (A LYR) 

1713 O.~O O.ZO Rigel (8 ORI) 

1457 0.11 0.11 Aldebann (A TAU) 

2943 0.26 0.Z6 Procyon (A CMI) 

4763 0.41 0.41 Gacrux (G CRU) 

472 0.58 0.57 Acher"'ar (A ERI) 

5267 o.n 0.71 Hadar (B CEN) 

8636 0.56 0.56 Beta Grull (B GRU) 

7557 0.75 0.75 Altair (A AQU) 

4730 0.93 0.93 Acrux (A CRU) 

2990 0.83 0.83 Pollux (B GEM) 

5056 1. 08 1. 08 Spica (A VIn) 

8ns 1. 22 1.22 Fomalhaut (A PAUl 

485J 1. 40 1.38 *Mimosa (:R CRU) 

7924 1. 28 1. 28 Deneb (A CYG) 

337 1.21 1. 22 Mirach (B AND) 

3634 1.34 1. 34 Al Suhail (L VEL) 

3982 1.47 1.47 *Regulu8 (A LEO) 
-- '--=--- Ref. to Fii. Saturn 

3.3.3.3-1 

Star positions from 1974 American Ephemeris. 

.fY-·--

Location 
Celestial Celestial 
Latitude Longitude 

.. 39.599 103.123 

-16.031 88.39\ 

-75.827 104.602 

30.754 203.871 

-42.587 239.152 

- 4.567 l49.399 
22.864 81.494 

61.734 284.951 

-31.1Z6 76.466 

* 5.469 69.42. 

-16.01S 115.4Z7 

-47.828 216.377 

-59.377 344.941 

-44.134 233.431 

-35.429 321.6Z4 

29.304 301. 409 

-52.876 2Z 1. 510 

6.68Z 112.857 

- 2.053 203.478 

-21. 132 333.494 

-48.636 221.286 

59.907 334.971 

25.944 29.706 

-55.871 160.495 

0.464 149.468 

Listed in approximate descending order of brightnell for silicon detector reaponse as 
documented in Reference 1.5.21 . 

• Not reliable for spin rates above 30 rpm. 
**Yalll University Ob3ervatory catalog edited by D. Hoffleik. 
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oprs.! C-i) AID GAll CaB, 'IISV' "II Il!l. 
BAIDPASS liD SILBC!ID ~&I CIA •• BL 

10 

15 

20 

30 

35 

40 

• 
2 "- .2 . '9 

1 • 82.21l ~S.S~5 A. 50 •• 3~ 39.239 
8 a 3.592 2.586 8. 3.8~1 2.1~5 

646.397 IIl .. 6'0 
3.9~3 1.086 

41,,919 37.938 
".168 3.298 

lO.lt29 35.221 
4.199 3."07 

~O .030 l~ ",312 
".O~~ 3 .. "02 

23.6,e 32.551t 
J.8" 1 3.311 

12.3"6 37.932 
l.591 3.110 

n.4Sd 39."68 
3.31~ 2.9211 

7.170 20.980 
3 .. 0~O 2.7~~ 

5.150 36.508 
2.860 2.532 

- 8.778 itO .923 
2.673 2.3.1 

..... ~ ........ --~ 

36.558 
2.2311 

26.567 52.868 
11.192 l.223 

15.612 27.733 I 
lI.l08 3.1173 I 

18.659 23.366 
4.219 3.~25 

43.6546 21.670 
~.1b3 3.496 

II 7.73" 25.1u8 
3.948 3.385 

35.788 39.612 
3.716 3.197 

"8.11" 22.7511 
3.IIll 3.036 

52.238 l6.176 
j. ';S2 2.82" 

!)b.739 "5 .. 753 
2.956 2.622 

51.205 37.527 
2.7469 2.470 

58.709 39.6469 
2.~O 2.108 
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a Y,aY) 1 ell , ... "6 19. 198 20C 211 20. 
1 218 220 238 237 233 23. 253 24. 
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S 296 300 325 32' 310 316 340 338 .. 1160 .. 60 .. 90 508 -no .. 75 500 520 
3 105 110 115 l«sO 720 720 785 79S 
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l.l.l.l.l alE .W~tl.' MMIlM-". .t.a~ ... l'lat .. .. 
.... a~.,I •• t. are t .. 1 ... t.r_ 41rKtlJ fro ... cia 
aaaati of tla. at.r .... K. A-1au for t.b. PSI-
ela.Aael aad &-2aU tor tM PSll- cM ••• I. 10 
..... r. tbe brighta. .. of • 91 •• a atar, tla. 
a&uGUa po.itloa 01 ;at ..... t .. eoaaa.4H .ia 
tal ADP (l'1'QJS toe AD. 10. '; AtQJI for AD. 10. 
2) to .acoap ... tlae .tar locatloa .1t.1aia tla. 
11.2S degr .. gat.. 'on.latioa of tile eoa.aa4 
bit _tract.r" to pa.itioa flat. 8 prt)perlJ 1. 
4uca ... iD 3.3.2.3.$.2. tbe COlIu84e4 a.gl. d.l., i. tae l.ad~D9 .4g. of Gat. I .itla r .. pect. 
to t... oc:curre.ce of tb. SU pal_. flai. .. •• 
Gat. B 11 ueel .1tb.ia tae AD. to .ak. a tla. 
iDt.ry.l •••• ~re •• at to tae .t.ar pal.. occarr1a9 
.lUi ... at. B. 

1.portaat di.tiActioD. bet ... a t~ bri9Iat .. .. 
• e .. ur ... nt aD4 the ti .. iat.er.&l at ..... r ... Dt 
Roald De •• d.ratood. 

For the .ak. of a.dec.taading th. bright •••• 
• eHare"Dt, tlaa opeDiDCj of Gat.e 8 caD be 
interpr.t.d ill t~a. of ti •• occurr.DC. a ••• 11 
.. a,iIIatba1 !ocatioD. fha coa~14d.4 aaiaQthal 
positioD tor G4te 8 11 tEk .. la~ bJ tb. CoDtrol. 
Sllbayfte. iato a till. delay •• r.t. tbe 5.1 
occu~r ... Ctt, for tbe cpeDiDg of Gat. B. At tile 
iD.taDt t.At Gat. B begi .. to opeD, t~ •• tar 
!!riga"_' 4''''''2' ~ ... tI, aDd begi .. t.o look 
for Ut. peak .ig01 tb~.:. occars Uil. Gat. 8 
puia. OpeD (tor tiu. ti .. per iod ecjai.aloat to 
11.2~. azilutAa! ADgl.). At tbe iDataDt ~laat. 
~te b ~911', ~Ia. ~rig.ta ... detector atop. 
1~OkiD9 lor .DY .i9Dal. a.4 iD.~.aQ, bold. the 
peak si9.al in .torag_ f~ aearly OD. 'piA 
perioo, .... D Gate 8 begias to opeD AgAia, ud tb. 
brigbtneaa d.tttCtor i8 reaot Ag4J..ll. 

The t~!4.e~red val.- .ill ~ tbe peak atar 
brigDu,",£ d.tec:t.a~ 4u.riAg t~ l •• t HCCG1'r.»ce of 
W4te B if ta. t.el_.uJ .,.te •• .,pl_ i.b • 
.... aur ••• at bet." ... gat. occur.DC_. 1~ tbe 
t..tle.etry _,.t ..... pl •• the .... u reMat darug 
tal 94t_ occarr.nc., tbe t.1 •• et.reG ,a1u, will 
IN tbtl pMk •• !u.e obtaiDed up to t .. till. of 
te!oa.trf .. 'pAiai u,~ar~DC.. lOr ' ••• pie. if 

... 1.1.0.' 
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tb. ~el'.'~J .a.p11»~ tia. occur. 1aataatlJ 
If'" the ~puai.9 Qf Gat. •• ~ut ."gEt a atar 1. 
U,i,9i"_ cl.tect.ecl &&iaatlll, labtr 18 c.at. I. 
t~. t~l ... tere4 v.lu. xor bright ..... ou14 be 
"ro _ AS a .. CODC .Iupl., if tJa. I'll a •• p11D9 
ti •• occurred ~t .... ~vo .tara tbat are vithl. 
~t. b, ~. ~1 ... t.re4 brigbt .... v.lu. vill 
corr.spoDd to U4~ star tAat bas &lreadJ b ••• 
DrigblJ1.a& de~ected, .v •• tbough tb.. at.r Jet to 
bd Q.t.ct~d aaJ be brigbtdr. 

lb. brigQtD ... a.aMar ••• Dt iD tb. atar ~nsor i. 
iMd.pepd •• S of tb. coe.aD4.d thresbold valu •• 
'or inataDc., tAl co ••• Dded. Ur.alaold v.lll •• a, 
~ ~D"Qaitiv. to a atar witb~4 Gat. a. thaa 
precludiD9 & t~. iDt.rva! .~a.ur. ... t •• r.t. tb. 
~.k OCCQr4DC.. but ta. atar'. br~g~tD.aa Jj1l be 
t.l ••• t.r.d (it tb. Tft ... pl~Dg iDterv.l occur. 
4ft.r the atar aaa bee. br~ghtD'" detected). 

SiDce onlJ 'IDe star dlaD ... l .aJ be •• igDeeI to 
Gat. b at aDJ iaatant, oal} th.t star chanD.l'a 
DriqlltD.sa ctetector ia uAbl. to ~r04uc. vali4 
t.l ••• try. rb. oth.r .tar cbaDD.l'a bright .... 
Uete&;t.or "ill proc1 'K; ••• caa.iagl... t.l", •• trr. 

1t tollows alao tb4t. ~D tb. lD., oDIJ ODe atar 
dI.DDOl caD be a.J.acted at 4 ti •• for tA. ~ted • 
at.u ti •• intervAl. •••• ure .. Dt. ope~atioDall" 
it .a}, De d •• lrabJ.e to .ov. tbe locatioa of Gat. 
a, wbich 1s 1'.2~ ~g~ .. s .ide, arouD4 a giV.D 
5t.ar to deter.iDe U ta.r. ar. uJ iDtert.reDe' 
auurcea Dear that star. Sial1arl,. tbe .breaho14 
setting o~ ~.ca chaDD.l caD be YAr~4 abO,e .ad 
below • given •• tt1D9 to de~.r.in. ta. opti.u. 
sett.iDg a. " .. 11 aa .. o •• ible 1Dt,"!'r1ereace .ffec:~. 
troa ai •• er .tar.~ 

J.J.l.3.4l it" I.RRl.Rq. 'stAr up CAD he at.t.Uned by 
.0,iD9 taA locatioD ot ~.t. b tu aacc •• ai, • 
• n~u1a~ positioDS. The peAk brigbtD ... r.adiD9 
of any detect.ct atar v111 be tele •• te~ed directly 
bJ tb. atar ausor. rll. attitDde .... :.an •• at 
c.&pab~lit.J ot tla. ADI' •• uae4 t.o GbtaiD tJae 
az.iauth loe&ti6lll ~1 4 atar by _J..c:tiAg .~. Star 
1 iapyt &84 th~ el.,.tioD 01 a atar bJ •• lect1ag 
the Stcir J. ~Apat. S.uu:e U ..... asure .. a.u u. 
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.~Qe vitbinr8spect to tae SII palae, it aay tak~ 
u~ tu three spacecratt re.olutiOlla to ac,uire a 
singl~ star a.asure.,1I1t depeD4ug upon t.he 
selected alternate attitude .. aaareaent. 
'urtb~r~ore. if a detected star is not bright 
~nough to exceea th~ co.aanded threshold 1 ••• 1. 
tbe star sensor will not output a star palse. 
CUnsequently. if no pulse is generated at the 
location of Gate a, the ADP will -haDg up· 
atteapting to aake tAe gated star aeasareaent and 
will no longer alternat~ betwe~D a .. aureaent A 
and R. rbe telaa~tered star brightness would 
tAen be used to contira that it det·1tCtable atar is 
not present at the gate locatiOD. and the gate 
caD be aowed to a n~M aziautb location. 

the use of the star aappiAg capability would be 
dependeat upon the current &nowl84ge of the 
spacecraft att~tude and the probable nuaber of 
stars that can be detected. If the approxiaate 
attitude is known. Gate B can be aoyed to the 
pro.b4Dl.! star locations. If the attitude is 
totally dDceelain. Gate B (11.2~ degrees vide) 
aay be ~Oyed in 10-degree iDeeeaeDta to attain a 
360-degree sweep of th~ seDSor tie1d-of-yi •• or 
until the approx1aate attituae caD be deriYed. 
'this would aiDiaize tbe noaber of gat.e locations 
that would haye to be coa.anded and the tiae 
iDyolyed since only three to fly. stars can be 
eap.cted to be detected in aDI sin91e spacecraft 
sweep, i.e., spin revolution. In all conditions, 
set the star detectable tlareahold to leyel 1 (to 
leyel 8 on17 it no stars are det~~ted vith lewel 
7), select the AfT! aeaaur.aents to be the saae 
(SlUt t.o PSI., or Sill. to ~SI 2.), and allow 
t~le.etry to gather at 1-.st 10 reyolutions ot 
dAta (5 saapl@s of each of two aeasureaeDts). 1 
suggested flow chart to perfora a star aap is 
shown in Figur~ J.J.3.J-l. 

3.3.3.3.5 Star 6c9gi5itioo. Star acquisitioD is a process 
Dl which the PLL will lock onto tbe first 
detectaDle star anJvhere 1D ~e spin period 
u~espect.iye of the Location ot Gate B. It is 
i.nt~naed to De used to lock-up the PLL in the 
a.DSeL'C8 of A sun pulse. ConceiYably, Uia would 
only .08 aecessar)' it the spacecrat t spin .~is 1s 

ae.iaioll 
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w~thin 10 degrees of the .anline (DOIl-st •• 4ard 
at.tit.ude) or daring an eclipse ccmdit.ion vh •• 
ei~her t.lle i .. e,tial reference is lost due to an 
1Dcorrect transfer t.o a st.ar refereDce or it 
tK~co.ea neceas~ry ~o traaster to t.he red •• 4ant. 
ADP. 

The sequence of eYellt3 to loct to a st.ar pulse is 
as follows: 

(a) Transait ~he tDP .ode co •• and that 
coRtains the fOllowing inforaation: 
(1) star acquisitioD bit & logical 1 
(~) SkB adYance bit a logical 1 
(J) S~ar Gate 1 and Star Gate » 

clla Del svlect are both equal to 
~he desired star channel (Star 1 or 
S~ar 2). 101E: star Gate B i~ 
SQlected in anticipat.ion of .akinCJ a 
S~.clr br~9htneBs _asureaent after "the 
PLL is phase-locked to the star pulse. 

(b) The star acquisition bit (logical 1) 
perforas t.wo functions: 
(') .. tddS star Gate 1 in t.he ,LJ. t.o 

"S oe9rees. 
(~) Enables the so aclYuce logic .to 

accept ~be first star pulse 
appearing ~n star Gate 1 channel 
select. 

(el lhe tirst star pulse that appears on 
the selected star Gate A cbannel is 
used to phase reset "the PJ.L coun t.ers 
and the Boid Zero Phase Error tlip 
f1up. thus forcinCJ that star to bQ in 
the aiodle of "the 45-degree Gate A. 

(d) rbe PJ.L then proceeds to produce tbe 
correct phase ana frequency to lock on 
th~s star pulse. The vide Gate 1 can 
acco .. odate the phase transients in 
this process. which can J)8 in excess of 
the nora41 11.25 degree gate. 

ro~u!ation of ~b~ co •• and bit structure and the 
tele.etrr response is presented in 3.3.'_ 
pel 'or'41 Qper.tigg IJ~I «ail pe'~8 £0"l(01) • 
Deapin con ~rol ot "the HGA Ci~~n be accoapliahe4 by 
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operatinlj eita&r ox t .. o DCas. Atter unit tQrt!
OB, tbe unit sbo~u be co •• anded to a known 
co.figuration 4S described in 3.J.~.~.3. ~bis 
sequence viII allov ~he despin processing 
elec~£unics to achieYe phas~ sJncbroaiz.~ion vit~ 
the ~s pulse froa tb~ lUP. If tbe DCB is tuned 
on after the P~ ~n the lDP has attained ph&se 
10cA, tbe unit C4n be i •• ediatell operated in aDJ 
ot it.s .)(xles. If Ue ~LL is not. ill lock, the DCB 
CAn still be cOB.anded on, proYided that the 
despin .ator driYe is not. co •• anded on unt.il tbe 
PLL has attainea lock. this vill preyent tb~ HGl 
aziautb cont.rol froa tracking t.he paase error 
transients ot t.b~ PLL. rypical t.ele.etry 
~sponse tor the DeE is shovn in Table 3.3.3.4-1. 

lzi.uth control of tne antenna is then 
acco.plisb~d by the az~utb position co •• and 
(DCJO' or DCBQR~, or by the aziauth pointing sl •• 
co •• and (DCBQl or ~EQ4} as described in 
3.l.l.4.4. 

Since tbe desp~ control uses the Ps pulse fEO. 
the IDP for the pointing £eference, it. is 
ne~ssar1 to co •• and "Phase Reset Disable- (DCIQ6 
or DCEQr) to prevent. antenna pointing transients, 
prior to chaaging t.o a nev iaertia~ reference in 
the AUP. 

Upon coapletion of the transfer, a nev aziauta 
offset walue ~hich co.pensatcs fo~ th~ nev 
intertial reterenc~ location aust be eGa.aDded. 
·Phase Meset Enable- «DCKB6-BllQ) ~ (DeEor
DlB)) can then be cOll.anded to return ~iDtiDg 
control to the nor.al aOGe. Thi~ aziauth offset 
yalua .Qst take into account all tae biases 
betve~n t.h~ HGA buresi~ht and th~ selected 
reference sensor to properly pOSition the despuD 
platfor., as diSCUSSed in J.J.2.~.4. 

If a spin change or a spin tria aaneuyer is to be 
perforaed. the PLL v~ll also gener4te phase 
traAsients, thus atf~ting antenna pointing_ By 
co.aanding -Phase ~Sdt Disable- until the 
aaneUYer is coaplet.ed and the PLL again acquires 
lock, the antenna viII reaain pointed 4A tbe 
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TABLE 3.3.3.4-1 

TELEMETRY INDICATIONS FOR DCE RESPONSE 

Mnemonic for TM Typical Status or 
Pertinent TM Channel Expected Value 

OF if ON ADCEIT DCEI Temperature + --
_.±._oF if OFF 

ADCEIV DCE 1 Power Supply Z.5VifON 
Voltage O.OV if OFF 

APOSIS HGA Positioner Logic II 1" if commanded on (DCEQ6 
Electronics lONi selection) 
OFF 

AMTRIS Des pin Motor Drive Logic II 1 v if commanded on (MTR 19 
ION/OFF o~ MTRA9 selection with DCEl on) 

ADCEZT DCEZ Temperature _.±._oF if ON 

_.±. _oF if OF}~ 

ADCEZV DCEZ Power Supply Z.5V if ON 
Voltage O.OV if OFF 

APOSZS HGA Positioner Logic II 111 if commanded on (DCEQF 
Electronics Z ONI selection) 
OFF 

AMTRZS Despin motor Drive Logic Ill" if commanded on (MTRZ9 
Z ON/OFF or MTRB9 with DCE2 ON) 

AMORTI Despin Motor Drive _i._amps 
Current 

ARATEQ Rate Torque + ---
APOSTQ Position Torque + ---
AVPDRD RAM Variable Dependent on commanded RAM VPD 

Phase Delay rate (DCEQZ or DCEQB) and time 
occurrence of RAM VPD reset com-
mand (DCEQ6 or DCEQF). 

AVPDND NADIR Variable Dependent on commanded NADIR VPD 
Phase Delay rate (DCEQ3 or DCEQC) and time 

occurrence of NADIR VPD reset com-
mand (DCEQ6 or DCEQF). 

AOOPllS Despin Phase Reset Logic "I" if enabled (DCEQ6 or DCEQF 
Enable/Disable selection) 
StaP18 
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JCI Coptrol. All coaaano sequeaces for a tara.t 
aan8uver iDc!u~in~ tbe latca yal.e control should 
be carefu1lJ CbeCAed before t.be couua. an 
transaitted. ~be proper receipt of eacb ca. •• ad 
should be canfullJ yeritled bJ te1e .. trJ prior 
t.o initiatl.n9 Ue tIlruatiACJ sequence. (Stataa 
aAould De as shown in Table 3.l.J.~-'). It is 
high!J recoa .. aded that all aan •• ,er. be 
penoraed v.l.thin view of a CJround station so t. ... t 
pruapt correcti'e action CaD be takea, if 
necessary. Por anI ... eu.er a6equeace, tbe 
.ttit~oe aeasure .. Dts should be selected to 
aeasure apia period (SU to SIB) aDd au a.pect 
4Dgle (S.I to .2, ~ pro.ide a direct ladieatio. 
ot expected pertoraance as ve11 as anJ aDo •• 10 •• 
thruster bebaYior and ita effect on spia rate or 
spacecraft attitude. 7be coaaaad se~u.ace ahoald 
iDclude a back-up coaaand, -JCI Butter Output 
Disable,- (&TQ" or IT~J) following aor.al 
expected caapletion of the jet tiring. 

During periods vhea there i& DO gro8ad atatioa 
coveraqe, it I.S recoaaended that ootb latch 
walves be clused t.o prot~ agaiast aaJ possible 
failure. 

It a aaneuver sequence b4lS to be perforae4 .l.a a 
aanner where the actual aa~nitude of each 
a4n~uver is Dot weritie4 prior tu the start ut a 
.. neaver, then the aagnitude sbould be 
traDsait~ed at leaHt tvo tiaes. Th~. vill 
pceclode the possibili tf of a coaaand rejection 
cAusinq 4n iaproper aagnitode execution. ~b. 
r"peated t.raasai88ion is to insure that tb. 
count~own registvr is chaD~ed to the desire4 
value since it ~ould bave terainate4 at the 
aaxiaua count 4tter coapletion of the pre.ioua 
aaneoweE. 

& Jel quantitative cORaaDd or 804e coaaand sao.lt 
Dot be tran.aitted vhile a aeaired aaa •• wer is in 
progr __ s. Tbv coa_neia vill be ac<»ptecl •• el vill 
.l..aed.l.ate1y recont1qure tAe JCI accordingly. 
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TABLE 3.3.3.5-1 TELEMETRY INDICATIONS FOR ADP STATUS FOR THRUST MANEUVERS 
,. , • 0 tnf) 

II18ft 
cb 
o 

Mnemonic for Status Prior to Executing 
Pertinent TM Maneuver Sequence 

ATTMIZ and 0 SRR to SRR equal to 0 

ATTM2Z expected spin period 

0 SRR to PSI 2 equal to 900 
0 . t 20 . 

• 

AJMAGC 0 JCE countdown at commanded 0 

count 

APUL~ 0 Pulse width sel~ction as 0 

commanded 

AMAGCS 0 Pulse time count selection as 0 

commanded 

AJETMS 0 Pulse fire mode selection as 0 

commanded 

ASDETS 0 Spin rate detector enabled 0 

AJETSS 0 Jets 'Jelection as commanded 0 

AJCEF5 0 JCE fire status disab]ed 0 

A-CASS 0 Star Cate A channel select as 0 

commanded 

A*CBSS 0 Star Gate B channel select as 0 

commanded 
----- -

o 

Status After Completion of ~ 
Maneuver Sequence Remarks .... 

o 
SRR to SRR equal to 0 Change dependent on magnitude " expected spin period of spin maneuver 

SRR to PSI 2 equal to a Change dependent on magnitude 
expected sun aspect angle 

* 20 
of preces.ion maneuver 

. 
.TCE ..:ountdown at maximum 
count of 4095 

Pulse width selection as 
commanded 

Pulse time count selection as 
commanded 

Pulse fire mode selectlon aa 
commanded 

. 
Spin rate detector enabled 

Jets selection aa commanded 

I 
.TCE fire status disabled 0 .TCE fire status becomes 

enabled only for actual firing 
duration 

Star Gate A channel select as 
commanded 

, 

Star Gate B channel select as 
corr.manded , 
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i.B l.l.l.S. 

JCI Coptrol. All co •• and .. ~.eacea for a taraat 
.aDeuver iac!odiD9 the latea valv6 coatrol -boald 
be carefullJ cJaeclted before the co_anaa ar. 
trans.itted, ~he prgper receipt of each e •• aad 
should be carefully veri~l(td DJ tel ••• try prior 
to iDitiat.1Dg Ue tJaruatiAg sequeDce. (Status 
saould De as shown in Table l.3.l,S-1). It is 
highlJ reco.~nded tbat all aan •• vera be 
perton. v~thin vie. of a ground st.ation so tllat 
pru.pt corrective action CaD be taken, it 
.. cessarJ. For an, HaeaVer seqaence, tbe 
attitQoe aeasureseDts should be selected to 
.easare spia period «SU to SBI) and su aapect 
angle «SII to .2) to proYi4e a direct iadie.tio. 
of e1pect.ed perforaaDce as veIl as aay aDo.a10 •• 
throst.r behavior aDd its eff.ct OD spin rat. or 
spac.craft attitude. fbe coa.aDd se,ueDce abould 
inclade a back-up co •• aad, -JCI Buffer Output 
Disable,- ('T01, or &T~'J) folloviaC) Dor.a1 
e1peeted coapletion 0: the jet firing. 

During periods Vb.D t.here is DO grouDd station 
coverage, it 15 reco •• ended that Doth latch 
valves be closed to prot~ agaiast aDY possible 
failam. 

If a aaneaver se,oenc:e bas to be perfone4 iD a 
aanner vhere tbe actQal .. gait.ud. of each 
aaaeover is not v.ritieG prior tu the atart at a 
.4neuver, taen the .aqDitDde sAould be 
traDaaitted at least t.o ti.... tbi. vill 
preclude the posaibilitJ of a co •• aDO rejectioa 
causing an i.proper .agnitade e18CutioD. Tbe 
Npeated trauaiUND is to insure tbat the 
couDt4ovn reqistvr is chaa9ed to tbe desired 
valoe siDce it would bave terainated at tbe 
.axi.u. count att.er coapletioo of tAe previoua 
aanellver. 

I JCB quantitative coa •• ad or sod. eoa •• nd aaoa1d 
not be \ran •• itted vhile a d .. i~ed ....... r is in 
proqr __ s. 'ttl. cOll_aela .ill be accepted .a" .ill 
~a.e4i&telJ recont1gare t.k. ~CI ~c:ord1D~lJ. 
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"" t.- TABLE 3.3.3.5-1 TELEMETRY INDICATIONS FOR ADP STATUS FOR THRUST MANEUVERS 

el, 
o 

Mnemonic.. !~. 'to 

Perti:lent TM 

ATTMIZ and 
ATTMU 

A.1MAGC 

APULlS 

AMAGCS 

A.1ETMS 

ASDETS 

A.1ETSS 

AJCEFS 

A*GASS 

Status Prior to Jo:xecutinq: 
Maneuver Sequence 

o SRR to SRR equal to 
expected spin period 

o SRR to PSI Z equal to qOO 
t ZO 

o .TCE countdown at commanded 
.:ount 

o Pulee width selection as 
o...:ommanded 

a Pulae time count selection as 
comnlanded 

o Pulse fire mode .election as 
commanded 

o Spin rlJ.te detector enabled 

o Jets selection as commanded 

o JCE fire status disabled 

o Star Gate II. channel select as 
commanded 

Status After Completion of 
Maneuver Sequence 

o SRR to SaR equal to 
expected spin period 

o SRR to PSI Z equal to 
expected sun aspect angle 
t ZO 

o .TCE cO~U'1tdown at maximum 
count 01 1095 

o Puls. width selection :.'! 
commanded 

o Pulse time COWIt eelection as 
comm2.nded 

o f-ulse fire mode selection as 
commanded 

o Spin rate detector enabled 

o Jets selection as commanded 

o JCE fire statu. duabled 

o Star Gate A channel select aa 
commanded 

l A*G .. nss I 0 Star Gate B channel select as 0 Star Gate B channel select aa 
commanded commanded 

...... -. 

', .. ,-"-

'.

:;;) . "'-.~". r '.'Mt Ii : auv' . 1'$' #' 1M Et -- ,.' talr"c" tittze '3 n • xt ... ~ ....,...a 

RemarJu 

o Change dependent on magnitude 
of spin maneuver 

o Change dependent on magnitude 
of precession maneuver 

o .1CE fire status becosnes 
enabled only for ac:taa1 firiDC 
duration 

c' 
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TABLE 3.3.3.5-1 T~LEMETRY INDICATIONS FOR ADP STATUS FOR THRUST MANE\1VERS (cont'd) 

Mnemonic for Statu. Prior to Executing Status After Completion of 
Pertinent TM Maneuver Sequence Maneuver :';equencf! Remarks 

ASUNSS 0 Sun .entor selection 1111 0 Sun aenao~ selectil)n aa 
commanded commanded 

ASIlRMS 0 Sun eelected a. SRR 0 Sun selected 11S SRR 
, 

A*ACQS 0 Star normal mode selectc:d 0 Stat" normal mode selected 

ASPINS 0 Spin range .election as 0 Spin ra'1ge selection as 
commanded commanded 

ALOLES 0 PLL los. of lock (per 0 P LL lo.s of lock selection 
Table 3.3.3. 5-Z) remains unchanged 

ASUNOS 0 Sun gate enable/ditable statua 0 Sun gate enable/disable 
(per Table 3.3.3. 5-Z) selection remaina unchan~ed 

. 
ADVANS 0 SRR advance set to normal 0 SRR advance aet to normal 

ARIPAD 0 RIP delay aa commanded 0 RIP delay a. comn-.anded 

ALOCKS 0 In lock status 0 In lock atatuB With PLL 10 .. of lock detection 
inhibited. atatu. will ttill thow 
"in lock". although 8RR may be 
outtide Gate A. 

. 
AMlSSC 0 Normally = 0 count. 0 Dependent on ma.,,\euver effect 

on P LL operatio:. . 
AACSAD 0 ACS angle delay aa commanded 0 ACS angle delay as commande 

I 
I 
I 
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t., TABLE 3.3.3.5-1 TELEMETRY INDICATIONS FOR ADP STATUS FOR THR.UST MANEtNERS (cont'd) 

cL 
'" 

Mnemonic for S~atull Prior to Exec\!ting Status After Completion of 
Pertiner.t TM Maneuver Sequence M .. neuver Sequence Remarks 

ASL~Z 0 P LL spin period cos commanded 0 PLL spin period as commande 

AJCElS 0 JCE 1 buffer output "tatus = 0 JCE 1 buffer output = 0 
1 (ADP ION); = 0 (ADP Z ON) 

AJCEZS 0 JCE Z buffer output status = 0 JCE Z buffer output" 0 
o (ADP ION); = 1 (ADP Z ON) 
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aquall, iaportant t.o .electing the ..JCB 
cODt1qurat100 18 e~abl1&biD9 tAe proper 
CODf igurat.ion ot t: ... pu. tor a partiCillar 
.aneuver. ODe (\f tlae basic det4lRaatj.f.)Q8 1& 
whether it i~ JUaBMvl for the Pl.L to r.saiD in 
~ocl tor sacce~tul aZ&CutioD of tbe .aDa."er, ia 
"hicia case tIM! Pl..L los8 ot loci. function aael tbe 
sun gate .uat be enabled tor th" .aDeayer. 'lbis 
would ap~lJ tor all pulsa tiring a0488 where tbe 
P~L 1~ dsed to geDerate th. ang18 d.la, for the 
aziautb pbase 4ngle, but wou14 ezclude spin speed 
cbanges using tbe pulse .ode. In operatiag axial 
thrust~cs 10 the .ltarnat:e tire soue, the PLL 
pbase accuracl is n~t oecasaarJ for tbe start 
tire aogle, but. is necessar, to geDerate tbe 180-
degree pulse aepar.t1~n (FulSG fir10g8 1&00 

a~art) to pruYide cancellation of preces8ion 
inputs in oraer to preclude AD unwanted .ttit~d. 
disturbance. AgAin, in this case, t~e PLL loa. 
of lock function aad tbe aWl gate .'ast be 
enabled. 

All cootinuouti fir1n9 initiaLtons and 
teraioations are aocoapliab~ by ti.e AloA., an4 
ard inaependQnt of tbe PLL oper.tion. uow~Y.r, 
wheo u81nq tae 4¥ial tbrua,era 1D the ~ODtiDUOU. 
fire aode, the spin rate .bo~d re .. iD 
essentially cODstant, an4 additionAl tail.~ 
protection can be ob~ained by uain9 tae :~S8 of 
lOCA detection capability. ~lACd the PL~ MAoQld 
sta, in lock daring this a6n~u.er4 ~~d~r such 
circu.stances, any unwanted r~dial tbrcst.r 
firing (due to a .log1C t.ailure C"r iDproper 
co •• dnd selectioD) would produ~ a spi~ cb.~~e, 
causing th@ pu. to lose loc). t\ud t~rai:lAt.e tMt 
t1riny sequence. 

1 saasary of the use ot p~~ 1088 of lQqic tor tbe 
v.rioas aaheu'er sequences is ~eaeat~d in Tabla 
j.l.l.~-~. 

Associated ~ith tae PLL perforaance dUEi.~ aDy 
aaneuver a~uence lJi the aziautb paint.ing c.>.lIt~ol 
c-t th~ IiGA. In Ue Donal operating a04., t.he 
i)C! uses tlle ~I' Fa ttnd tlae '. troa tb. PLL AS 
•• 11 as tb~ &batt dOgle encoder aatput (~, ~z) to 
cont rol inerti41 I)oiDt..ng «.~t t.h~ IIGl. !raDlSlAItnU 
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t., TABLE 3.3.1.5-1 

t1 USE OF PLL LOSS OF LOCK FOR THRUST MANJ!:UVXl:RS • 
Maneuver Type 

PLL Lo .. of Sun Gate a.marks 
! Loc\. Select'on Selection 

Continuoua RaGial Diaabled Dhable~ PLL re.ponee uoable to maiDtaiA I 

(~W. S~in rate SRR within Gate A clurlna larle spin 
chAnge cha.:'\,~s. Removal of late allow. 

reference pul.e to be detected ('ftce 
I per revolution for proper operatiOil 

of .pin rate detector and pa-eventJaa 
erroneoua toarmbation. 

Continuous AJ;.ial Enabled Enabl.d Lou of lock detection not required I 
(AVa VelOCity for maMuver accuracy. but ?rotecta 
chan,e) alaiDat a z'ad1al thru.ter fanure. 

Pubed Altlai, Enabled Enablt!d I Lo .. of lock detection required for 
1 per Rev. ~P!! pt:.ale angle accuracYi protect. 
pre.::ea.ioO> a,aiDat .. rad1a! thr~ter faU\:'.re. 

Pu18ed Axial, Enabled Enabled x.o.. of lock utecUon required to I 1. pul ... per Rev. fAVl maintain 110-delree pee .epara-
(10(10 inrervala) tion between pale ••• _. .. -
Puloed 1'.oi.c1la.1 Pair Enabled Enabl\td Lo •• of Lock de~ctiOD required for 

(AV) pha.e aDlle accuracy. protect. 
;'laiDat a I'aellal th~ter faUure. --

Pulaed Radl.d (517. me Dlaabled C'.-abled Lo .. of lock detection dbableoJ to i 
(~W) prevent PLL 10 •• of lock tenn1n.atlon! 

I 

Pulaeri R.a..dial {lZS mal Enabled Enabled PLL c&n track pha.e aDlle c:hana. 
(AW) in either normal or a1te~te fire 

mode • 
_. --- - - --- - - ------ . - - ---- ~--~- ----------. ----
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~ tb~ PLL o~tPQt. ca~"Q br a .. 11 apia _pee4 
duaDg_ due to .a~al tbrut.er a184119 •••• t or 
cu •• aDded apiA tria NAeu.era .. aia, tllo pal •• 
.o~e will be propagated i.~o t.e UCI, cau.iag 
.AteDDa POiDtiD9 t~.A81.Dt_. Tb1a .ffect caD be 
.iDi.l&ed if ·,ba.e M ... t DiAable,- (DCIQ6 OE 
~IO') 18 ~o"&Dued tor taB dQEA~ioA of tb • 
•• neu,er. 

The PLL ba. four discrete op.r&ti.9 raDg .... 
c.tiac:oasae4 iA 3.J.~ .3.... IWD a spin cbatage is 
cu .. a~ded ta.t cau~~ traDaitioD ~t tb~ 
.pacltCraft .into a bew apiA ,"aDge, tI •• co •••• d 
C&~u.oc •• uat 1Dcluue a. lD' .od ... l.ct co •• aa4 
to tAB Dev .piD r4bge. ~~.D ~be apiD rate is 
iDcreas.cJ to 1!. ,,~,. (lr bigiler. U •• 'LL .ill 
r".c,:&&Aire lock (belleU 00 'ulit test ~.ta) ViUU.D 
1~O ~ecoQda .aaiau8 After tb~ •• A.uv.r ia 
co.plated and tbe vrop.r apio raoqft ba. ~ •• 
ael .. cte4.. IbeD tAt! apin r.t. ia deereaM4 to 5 
rpa, 1t •• ) tAke up to «S a~Dllt .. fox PJJ. t.o 
r~acquir .. lUcA. 

Ioraa1l,. tb. aidr&Jlg .... _.a02: .ill be 
_Iect.d to proyiCSa tile .aD ret.raRC. pula .. to 
~~ ADP. SiDce it» fi.ld-ot-.i.. ero" 1. 
l~.it.tt.1 to t"~ 4891: •••• or prec •• a10D aaD.aYer 
QUtaide thi. raDie will re,aire tbat tbe 
.ppropriatv •• teD4~ raa~ aUD aeoaor be a.l~te4 
to coap1at.e t.he _DeraVel:. How.,er. t.ae •• teade4 
r,JDg" aun sensor CAn b.- used fur tbe •• tire 
."qu •• ce, ai.ce itu ro, _ateDQS paat tbe 90-
""'9ree sUDl1.oe .41~1e (see Jt1.gure J .J.~.l-~) • 

~~h. diaad"allt~g. of this 1.st .pproaCll ia t.be 
J~08S of l:-.tsolutioD 1D t1u. aun a.p"ct aogle io the 
iuiti~l p~rt ot tb~ a4Deuver. Tn. di.advantage 
Qt. ~b~ 11.rat 4~pro&Cb i. t~at it would r.-qn1re a 
tw~-step ~~u"oce. Thia asau ... t .. t tb. biaa 
angle betv... the two .... or. vould bav. to be 
~~u •• t.d tor to .chi •• e tb. d~1red accuracy. 
It tbe oias dcrUr ... aiai •• l aDd cuulcs be 
.cco.aodated, tbe tr&Dsfer Could »a do .. vbil. 
the .aDey.et .a. 10 pcogreaa pco"ided it waa 
controlled 80 a. Dot t.o occur .b1.le a _UD pulse 
U» HiJatj ge.erat.ed. flu& coald renlt i8 double 
p~u.s beug pro,idea to tile PLL, 04 cau~ it to 

.... 1.10. 
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sl •• oil freCJ1l.acl, Uel.-h, g ... raUag a loa of 
l..,dt coacll~lor1. taereton. 1~ ia reco ••• aded 
that while 4 aUA -_&Or ia act1a9 a. t.b. 51 •• it 
abould lor b~ r4p14ced bJ & ~ittar.Dt S40 aenso~ 
4IrjM9 a l&Dea •• r. 

aft.., th •• pacecraft baa been SPall up to 6.~ rp. 
(ja.t prior to •• g .... to •• t.r boo. dea-lol •• at." 
~piA rate detactioa .hould be aaabl.d CS~Dl 
.. 1.cl1oa of ATQ,l ~r atQJB) t.o prow~Q. t.hat 
prot",--ti •• capabili:t.J tOE Uti naail\4.r of. tbe 
lUa&iOll. 

Th. detector a .. a a 1~.&2~ B& ciock rat.. to 
a. •• ur. the ~i.. iater.al bet ... D aace ... i •• PLL 
refer.ac. pal.... • ... Ue PLio iaJ operat_ ill 
the C)ateet .<"de, Uae qate will ezclad. the 
rvfwreace pa!a., iL tb. PLio pb.~ error iti 
greeter thaD balf the gat.lft .1dt.ll, (11.25- or 
,,~.). Tbe lea. ot the r.tereace pal ... tor .ore 
tban 16.2~o a.COAGa vill appe.r as a l~. rp. 
culld1lioa C~J.7 rpa) a~4 t~r.iaa~ a~y •••• a •• r 
vbeo th 1.8 detect iOIl ia eacabl.c!. 1'0 prachade 
prea.tare teraiDation ot • apia cbAD,e a.ae •• er 
for this reason, ldrge apin CA&Dge .... uw.r., 
.hicb -ill cr •• te lar9~ PLL phase errors. ahould 
bit p.rturaed with th. 8"1l gate eli.abled. Tb. 
DArrow pal .. firin~ .oue for &pin c&4Age. will 
Dot cau .. largo pt... er~~rs and th~.. ca. be 
useel in "he 94"ed a~.,. 

Tile , s phA •• errol: g.o.r4t.eG 4 u,"in~ .p~ 
.Aa.a.era a¥iDg ~. ~als~ lirill~ .04e ia .~owa 
in Figura. J.l.j.~-l aDe l.l.l.~-2 tor tbe ~~ro. 
(l;,tH .. ) JoDI.. aode Aaa 1.:1 Pig are. ,<. 1.,l. ~-l aAd 
J.l.J.~~ tor the wiele (~12 ma) pLla •• o4ft. 

The tYP1c.l co .... d .. qu.ace t~ .nJ a.Dva~er is 
ahowa 111 rablG J.,l.~.S-l. Ua. of tbo P~ 10 .. of 
lock 4.t.ctioll aad sua gat:. 8Nt. abo-ucl bat 
coat.rolled aa pr •• ~9.1, .~o.Q i~ Tabl. l.l.l.~-
1. tho tabl~ illu.t~_t.a oal, • aiagle .all.u •• r. 
It tbe ~ue~r.. is t:u be foll~ .. d by aDOtber 
"Il ••• ~r, Ue l.lat.ed c;."O ... n.4c follow1Dg U.e 
co.pl~t1o. ot the li~.t aaaeu.er caa be re.i .. el 
t.o coatig_l:o tae .J~ 4Q:Hcl.iAgll. Q~r t.Ua 
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3.3 .3.6 

I ", 

j~titg4e DeterliytioQ. 1ttitude deteraiaation 
in its siaplest fora reqUires sun aspect 
aeasureaents and star aspect .easureaeDts or 
tlultiple Star aspects aeasure.ents. 

rae electr~cal signals froa the sensors are 
pcocessed by a ceaaon attitude data processor 
(~DP) unit. Tbe t~e inlerYal ~tveen palses are 
ap a8uced and transaitted to the Ground Station 
ivr cOilputation ot spacecraft attitude. Th. 
understanding of how these tise interYal 
aeasureaents are aade will facilitate a Petter 
overyiev of t~e attitude deteraination problea. 

A total ot seYen different tiae separation 
.easureaent3 aar be co.puted; Aovever, oDly tvo 
say be selected at d. tae, iD any coabinatioD. 
Wbat is actually aeasured is shown in Table 
3.3 .. 3.6-1. 

Seyeral types ot .easure.ent are unique aDd are 
affected by the relation of the fB saaple rate 
vitb the spin rate. The SIB - Binor Praae Start 
is ODe such aeasureaent. Vheneyer the spacecraft 
rotor rate is hi9her than the a1Dor trase rate 
(Pigure 3.3.3.6-1), tvo or aore SKi pulses aay be 
expected betveen two ainor fraae rate pulses. 
The lT7B logic is i.pleaented to calculate tbe 
Slallest ti.e separation between tbese palses. 
This is acco.plished by always resetting tbe l~TI 
counter with the SBi pulse, ~ the .easureaent 
bas not Dlen terainatad by tbe detection of the 
selected reference pulse. Another interestlag 
point illustrated by rigure 3.3.J.6-1 is that the 
co.pletion of the aeaaurelleDt does not 
auto.atically allow the next .easure.ent to 
start. The 1nitiation of the reaGout aaequence, 
i.e., tbe leading ~ge of the first of three read 
enYelopes, will parallel transfer the aeasared 
data to a Ta reg~~r for readou~ during that 
word tiae and the next two yord tiMes (2' bits 
total). This saail eyent also allows the 
4lternate .eMHlraent to be started at the 
occurrence of the next SMa pulse. ~his alternate 

~ : 
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TABLE 3.3.3.5-3 

TYPICAL MANEUVER SEQUENCE 

~orn'nanC1 

Mnemonic Comnnnd Title Remark. 

ATO,2 or Jet Control Select jet. to be fired, firina mode, ~.Dd .pin rate 
ATO,B detection. 

AT06S or ACS Angle Delay Only neceuary when u.~ pulae fire mode. 
ATO_E Magnitude 

ATOf4 or Jet Countdown Select deaired pulse count or time count. 
ATO"D .. 
ATOe3 or ADP Mode Select Only necusary to dUable .Wl gate and PLL 10 •• of 
ATO.C logic detection. 

DCEQt or DCE MOI3e Command Disable Pha.e reset to preveu Pl.L outputs (rom 
DCEQF affecting HGA pointing. 

VAL19 or Latch Valve 1 Open latch valve No. 1 to fire 3R, 4R. A5 or A 7. 
VALA9 OPEN 

AND/OR: 

VAU9 or La~ch Valve Z Open Latch valve No. l to fire IR. lR. or A6. 
VALB9 OPEN -
ATO.9 or JCE Buffer Output Enable • .TCE output buHers. 
ATO~I ENABLE -
ATOll or Jt:t Fire Interlock Enables JCE !iring logic. 
ATO'K 

ATOIZ or Jet Fire Initiates thnater !irina. 
ATO'L 

ATOll 'Jr JCE Power Buffer Ccmmand to be sent after a delay compatible with 
ATOU Output Dbable commanded magnitude. 

VALlf! r1 r Latch Valve 1 As deemed nec-essary to Pl'ovidr. adequate safeguard 
VALA, CLOSE after completion of maneuver. 

AND lOR 

V AU' or _J_ Latch Valve Z 
VALB' CLOSE 
------ ------
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TABLE 3.3.3.5-3 (Continued) 

TYPICAL MANEUVER SE.QUENCE 

Step Cc.mmand , u,,~ ,,,,,' r Command Title 

ll. ATOl3 or ADP Mode Select 
ATOfC 

13. AT004 or Jet Countdown 
ATO&D 

14. AT00lor Jet Control 
ATO'B 

15. ATO,3 or ADP Mode Select 
AT00C 

lb. DCEOb or DCE Mode Command 
DCEQF 

- -- - -_.-

• 

-. -~.. . --~ .... ~ --.---._--------

Remarks 

Only nece8sary at thi8 time if selection of different 
8pin range is required. 

Set to zero count, or to account for the next maneuver 
if m~r_euver is to be performed immediately. 

Set all. jet select bits to zero or to the jet combination 
for the next maneuver if a "ubsequent maneuver ill to 
be performed immediately. 

Only necessary to re-establish sun gate and PLL loss 
of lock detection if disabled in Step No.4. Command 
to be sent .. fter P LL has obtained lock. 

Enable pha8e re8et if it had been di.&ablcd in Step No.5. 

-- --.-- ---- -----------
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TABLE 3.3.3.6-1 

MEASlTRED PARAMETERS 
VIA ALL COMBlNATIONS OF ATTM MEASUREMENTS 

Meuurement Is W. It. T. tbe Followtng Selected Reference: 

CommlUlded 
SUn (1/1 0Dly) 

Star Gate A Star Gate A 
Sim.SRR 

Measl.lrement Channell (.,:,.) Channel 2 (1/12.) 

1. SRR to SRR Actual Spin Actual :~in Actual Spin Slrnulated 
Period Pt!rtod Period Spin Period , 

2. SRR - Minor Determh<\ti, :. ,jf Azimuth Reference 
Frame start (In TM Clock Time) 

I 
3. SRR - RIP SCience Ref. SCience Ref. Science Ret SCience Ref. 

4. SRR - MIP HGA Internal Azimuth Despin Position Location Stmulated 
Drift Rate 

5A. SRR - Gated star Separation of Separatlon of Aspect angle Simulated 
B (Channell) star in Gatf' Star m Gatt> of star 'n Gate Drift Rate 

B w. r. t. the B w. r. t. star B w. r. t. star 
SUn. in Gate A. I tn Gate A, 

measured in 
pllUle parallel 
to l/I2. sUt. 

SB. SRR - Gated Star Aspect angle Aspect angle Biased aspect Simulated 
B (Channel 2) of Star in Gille of Star in Gate angle of star Dr,lft Rate 

B w. r .. t. the B w. r. t. sbir in Gate B 
SUD. tn Gate A. w. r. t. star in 

Gate A. 

6. SRR - 1/12 Sun Aspect Aspect ailgle Biased aspect Simulated 
Angle of sun w. r. t. angle of sun Drift Rate 

star in Gate A w. r. t. starin 
Gate A. 

7. SRR - Major TM ~termlnatlon of Azlmuth ~fereDCe 
Frame :start (PrlmarUy used when In the Subcom mode) 

3.3-90 
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aeasure.eat, if coapleted, caaDot ~ traasf.~red 
to tbe fa register until iDitiatioD of t~. Dext 
group of three read eAyelopes. llli .. iasures that 
tJ&e pRyious a4itaSUNHat. is read oat at least 
once. If aeasu_eDt A is Dot coapleted at tJae 
initiation of the read out aequeace, aeasure88at 
B vill be Nad out again. Bowewer, _aBureaeat B 
(SKB to ainor frdAe start) vas aeasured to the 
start of the ainor iraae and the data is only 
yalid in the first ainor fraae it is read out. 

r19ur~ 3.3.3.6-2 on thv otaer hand, represents a 
condition of higb ~a saaple rate, i.e., aaDJ 
aaor fraaes betveen sQcC8saiYe SBB pulses. The 
resultant shown hem, 18 that a lot ot repeated 
aeasureaents are saapled. III repeated 
aeasureaents of SltB to SO ,aeasureaent 1) an 
Yalid, whereas, only the readout of aeasure.ent B 
in the first ainor ~raae is yalid. 

3.l.3.1 loll lef,rence trAlSfe,. Tlu! following is aa 
oweryiev description ot lraasfers. DetaLled 
ooaaand sequences are sha.n in Section -.3.3. 

3.3.3.1.1 Sun Sepsor t.o SPD SftBl2i. Typically, the SUD 

sensor viII be used to p~Yide the roll reference 
pulse for the PLL. ~hen the attitude of the 
svac~cratt is changed, which requiEes the use of 
another sun sens~, e.g., eztended range sensor. 
OIll.J the appropriat;e san seasor neec1 be selected 
bJ coaaanel (lTO,3 or lTQJC). If Uaen is a bias 
dif~erence between the pal.se outpats, there wiLl 
be a .o.eatary phase traasient ia the PLL 
outputs, the aagnitude of waick is equal to ta. 
sellsor bias. The change in bias can be aeasued 
by aaking an attitude a.asureaeat to a known star 
before and after the traasfer process. Yhe lIP 
location should be corrected if the bias i. 
greater than a one-bit ca.ag_ (0.lS1 degree) in 
the HlP angle delay capability. 

3.3.3.1.~ SPA §epsor to '11& StAfOr. The transfer froa a 
sun refereDce to a star reterence requires that 
Gate B be coa.anded to an angular location 
containing tae de.ired star. T~e star sensor 
tAreSAold sett~ng saould taen be set coaa.DSurate 
~ith the vredicted star intenaity to achieye an 

••• ia10~ 

\ 3.3-91 

1 

d .... · .... d'" rhttrt di • b bt .¢ bs" 

'. -- .. -/ 
;.,.i 

'1Fl.., •• = ...... ---------.-



Sec~ion 10. l~JA3!1!3 
Doc. 10. __ -..orc .. =!...:Q ... 2 ____ ~ 
Orig. 1 •• u. Da~. 212 §t 1AA 
I_ision 10. _____ _ 

Bevisioa 

3.3.3 .. 1.3 

acceptable probabili t.J of detection aDd falae 
a.Lara ra~e. the transfer is acco.pliabe4 hJ 
usiAg the sal Aelvance bit aaG selecting ~Ile 
elesired star caannel (AIQJl or ArOIe). 

TAe transter will change til. phasing of all ~~ 
PLL uutputs. fae RIP 10ca~OD. to wbich tbe 11B 
and I&Dll are refe1~nced. tbe a~l po1D~ing 
direction and tae location of Gate 8 are affec~ed 
and r~uire additioaal co •• ands to restore 
o~rdtion to Dor.al. 

Star SeAMor to Sga SeRlOr. The trADafer fr08 a 
star xeferenca to a saa reference is aaele eas1er 
because tae sun ~ an uaa.biguoas refereDce 
requiring n~ spin gate tor initial captare. 
Consideration to th~ phase change. iD the PLL 
outputs as discussed in the preceeding paragraph 
is stUl necessary. 

3.3.3.1.4 Stl, Refer'P£I to ~~" 18f""21. When 
transferring froa ODe st~r referenCB to anota.r 
star reterence. the new star referenoe Bust be 
located within ~ate B. COnfigurinCj the lOP aode 
co .. and (lrg,3 or l~Q'C) to v~rtora an sal 
advanca v~ll c~u~ tAO SiB to transfer to tile new 
star. If the transter iDvolves transferring to 
~~ ~~ternate star cDannel. the lDP aode co •• and 
;A'l'QJll or &rQlC) aust include saleetioD of tAe 
desired chaDn.~ for Gate 1 as vell as the SI. 
advaaC8 co .. aDd bit. 

PI' 01 tbe 'ret B~M 'Si,»l"19 Sil' 124- Dpring 
HUrelC' trysf.,. ID orbits 21& to 118 (&.rlJ 
laUDCh), tbe sun beco ••• eclipsed duri~g th. 
periapsis pasa aDd cannot be used as a roll 
refereAce. lurtheraor •• ~b.re are approsi.a'elJ 
10 orbits wheD tbe d~.ired s •• r ref.renc~, Bige1 
Jl.eDtaurus i:i obacu EeQ tor up to six ain»tes bJ 
the plaDet Yen •• at tbe ODaet of ~b. solar 
eclipse phase of tae trajectorJ. SiDce it is not 
possible to tranafer d~ectlJ fro. a sun 
reference to this star refereDOB, it is n.c .... rJ 
to traDsfer to the tre.-ruD aode aatil tb. star 
Deco.es Yisibl.. It is ass.Dtial that the 
ai_alated spia period (lroJ? and aTQIti) or (lrWIG 
and ltQIB) be co •• ADded to aD accurate walue of 
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tbe actu.l spin period for thia .. ,.ellea. aa, 
errora will ~.QS. tae iaertial locatioll of .tar 
Gate B to chaDge eaca rt).ola~ioa. If tlae apiA 
period error is gr .. t.er tlau 39 a. ,tor " Doaia.l 
spia perioa of 12 sec), the .cca.al.ted error 
atter 6 &1Dute. w~ll ha.e .o.ed t.he aGain.l gate 
location 5.~ clegrees. Tbi. vill c.use the 
d~sired .t.r to be o.tsiae Gate j. the cO ••• lld 
selJuence wlUcIa is controlled by tAle SCL vill 
traDst~r tbe ADP to tbe star aode, but since no 
star is wisible in the g.t., no trusf.r vill 
take pl.ce. COnaequentll, the ADP w111 r ••• iD iD 
Ue fre.-ruA Dode until co •• aDded to tbe aua a04e 
fulloviDg tbll! ,.sa. tais reguiNs tMa tAlat t .... 
actual spin period be accur.tely ..... red .AleD .Il 
inerti.l reteranC8 is •• ailable. ,.rt .... r.or., 
aDI apiA speed chang.s, due to rotor ~ODtractioa 
result~ng fro. a teaperature chang. during ~ 
eclipse or iDteraction vitAl ta •• t.ospbe~e cluriag 
tb~ pass, sbould be ••• aurR .nd ._d to correct. 
tAe coa.anded apin perioG accordiDglJ-

The coe.ano sequence to ase tb. free rua .ocle •• 
an inter.ediate .ode consists of selectillg tbe 
81.u14ted SRR ref.rence, .nd t~A inhibitlag .LL 
loss of lock (ATO,l or llQle). WbeD tb. atar 
btlco.es wisible, tbe apPl:Opriate seqaeACtt ill 
section ~.j.l should be pertor.ed. 

... ;J •• ioll 

HGA Ale!lt~oD CQpt~l. after po •• r Aaa Deen 
appli.ac1 to tbe B6a. uri ... lectrooic:. ,DC&Q6 or 
DCIOP), ale •• tion positioning of the BG. is 
controlled br tbe use of ele.ation rat.e co •• and. 
t~ lh~ uti (DCIQ~ O~ DCIQD), tbe ca. ••• d 
qaaDt~.tion per.ita tae dish to be &O.ed .t 
Eates froa aero to ~O degr ... per .i •• te in 
iDcr ••• Dts of O.OO91~ deCj1:" per .iIlate. 'Ii .. 
control C4n be executed with 125 .illi~ond 
resolution •• ing tbe stored co ••• Dd capabi1itr of 
the cua •• ad ~rocessor. Bith.r DCB can oper.te 
the 8\iA el.v4tion posit.ioner. IMn tll. DCI ia 
init.i.llJ turDed on, the pbasing of tbe el_w.tioD 
dri.e sigDals .ita r ... pect to tae four pb.se 
ele.ation positioner .0tOl: CaD be out of 
SJDcbroDi&ation by .p to t.wo pulses in eit~.r 
direction. Ih •• loa. KGl is co •••• 4.4 Oil .it.~ 
zero slev rate co •• aDded, the diaA CaD step iD 



.' .' 

.. 
f 

Sction 10. 3.3.3,9 
Doc. 10. _~'C~-S~· 05002~~~~ 
Olig. I •• u. nate ~2'118 .e. i8ioD 10. ____ , ___ ._ 

a_iaiGD 

either cb.rect.ioD ~ .axuua of two atep .• t.o 
aChieve .JDchrODi&dtioD. 'owever, once ~h. 
signala are in aJnchroDi~atioD wita the .otor, 
they will reaaiD in sJDcbronizat1on GIlleas a 
.. chanica~ eDd stop i8 contacted or the DCB is 
turned off, which would again p~04ac. ap to a 
two-»tep .abiguitJ. SYDchronization can be 
aaintained when turning off the HGl elevation 
power o~tput 'DCBQ~ or DCIQ') bJ first cu.a.ndiag 
a zeco elevation alew raw. lfte&:" pover ia 
turned bac~ OlD again, a ale" raltt CAll than be 
ro ••• ndecl wit.Aout. incurring uJ atep aabiguity. 
If t.he pOSitioner is coaaaDded off "bile a sle" 
is in prugress or a slew ia coaaaDded "hile the 
position~r is 0", t.he two-step .abiguitJ .ill 
occur when power iti couanc1ed back. on. 

Positioning of t.he HGA to • desired angle aay be 
4ccg.plish~ t,J tiaing the duration of a rat.e 
co •• and aDd then cUl.andiDg a zero slew rate. 
Direction of sl.w 18 controlled bJ use of the 
polarity bl.t in tlae HGA eleva.tion poaitioner ale. 
coa.and 'DC~Q~ or DCEUD). Poraulation of the 
pruper bit. st.ruct.ure of tAis coa.and is preaented 
in 3.3.~.~.ij. Blevalion cont.rol of the antenaa 
for the occultation experiaent is discussed in 
'l.3.~. 

The (:oMaand to aove the antenna in elevation ia 
~xecuted l.a.e4iatelJ on the spacecraft ~i~h no 
signiticant delay in .echanical respoDsa. rhe 
tele.~tered BGol eleva~ion post ton l&&J.EVD) 
proyides ~i~ht bits resolution. 

l.l .3.9 ~i'D"" 0PJ.PIS. koalrI2l 

3.3.3.9.1 2eP"Al. 111 of t.he Ieference pulses providad by 
the controls subsJste. for use bJ the scientific 
instruaentA are depend~nt upon tbe operatioD of 
tb __ PLL in tbe lUP. Tbl.S uplies that tbe pu. 
auat be ia lock vita the selected roll reference 
for proper perfOrBanC8 ot any of tbese signala. 
When th~ aiaulatQd 5MB is used as • refeEeace, 
the pD.se accuracy of anJ output is directlJ 
dtipendeDt on bow accoratell tbe coDanded 
siaalat.ed spin period aatctaes th~ actual spin 
period. 

3.3-9" 
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1.3.1.9.2 loll ."DDce SigW «'al. Tile ~oll ref.reace 
sigDal (1'8,' 18 an output of tb" PLL that occurs 
once per spin r8vulutioD sYDchroDoua witb tbe 
occurrence of t.be selected roll reference (a 
saall bias can exist. bet .. ea t.b. Ski and tbe l'a' 
~e aagnitade a04 polarity of wbicb can be 
calibrat.ed,. 'fne tiae occureDce of this palse in 
inertial coordinates is d.pend.nt upon tb. 
sel.ct.d roll reference, sach aa tae sun or a 
particular star. A d1scUBsioD of tbQSe plla.e 
cbang~ is presented in J.3.2.4.4. 

The occurrence of th~ 'a pulse can b. related to 
telv.etrJ by .4kiD9 the .. asurea&nt of SMa to 
ftinor rr ••• Start ur to aajor I'r •• ~ start (Afra1Z 
and ATTft2Z,. 'fb. phasv differeDc, bet.ween the 
5MB and the 's eyent t1.e can be calibrated at. 
each spin speed by setting tbe loll lDd.x delay 
.aqaitnd. to zero which .ak~s t.A~ occurrence of 
the i~ c01ncia.nt w1tb 1's' By aaking t.he 
.easure.ent Shi t.o hIP, t.he pbase delaJ tb~ough 
tbe PLL is then sdasured. 

l.1.3.9.3 Spip ie,ioQ ~ectiop pulles '2ao Pal. Tbe ,spin 
pe~iod sector pulses are 9p.Derated by tb. PLL as 
a contiDuouS pulse tra1D ba'i~g 10~' near-equallJ 
spaced pu~ses per spin reYolution. 

~hase Lock of tbe ~a pulse to t.be SIB is 
controlled in the ~LL by correctiog tbe YOO 
trequ0Dcy as a 1uDction ot t.he .agoitude aDd 
polarit.y of the phase differeDce bet.weeD t.be 'a 
and tbtt S .. il pulses. Tbe pbase error correction 
is coap!eted with~o 1.~ seconds tollowi09 re~ipt 
of bota pulses (.:iIlR aDd I'sl. Tus a .. ns tJa.at tba 
pulse to pulse jitter of t.be sect.or paalse. cauae4 
by tbe YCO fre~u.D" correction will be at. a 
•• xi.ua tor lWae tirst 1. at aeconds followiDg 
receipt of the later pulse. The aaxi.u jit.ter 
is expected 1~0 be less thaD 0.03 degAe. 
10110"iog tb.t 1.8 secoDd (;,,:-~~!:tioD interYu. t.be 
puls~ to ~ul.~ jitt.er is esseDtial11 
uD.easurable .. 

3.l.3.9.~ Moll lpde, 'Ml" '1ltL. Ta. lIP is a pulse tbat 
occurs once Pftr spiA re,olatioD at. a 00 •• a.4ed 
aDgul4r delay fra. tbe occurrence ot tile 1'. 

aeYia10n 
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pulSQ. The angular dela, is counted usia, the 
102~ &eCtor pulaes '~IO Ps )' providiDg an angular 
iDcre.ent of J60 0/102_ or U.3S1 degr... r~e alP 
pul&~ occurrence is coiDcide.t witb the sector 
pulse at the coa.anded a.gular dela,_ ~be ActUAl 
location can be •• &Sured vith respect to the 
input r~te~nc. bJ •• king the .easure.ent ot SRI 
to ilP. dhene.er tae selected roll refereDce is 
changed or a diftereat st.r is selected vhen 
using the star retc __ nce, the inertial loc.tion 
of tbe Ps pulse w111 cb.nge. since the alP will 
shift in phase accurdinglJ, a ne" .ngular del.y 
aost be co ••• nd~d at tbe tiae of traasfer to 
1141ntain tJt.e alP at t.be 8& •• inertial location. 
Bow.,er, unless tbe t.ransfer co •••• , and tbe .ev 
lIP delaJ .re t.i.sa to occur between the 
occurrence of the old reference pulse aDd t.be nev 
reterence pulse, tbe MIP .a, occur at the vroag 
angld for on~ reYolutioD during the t.r.nsfer 
proce~s. Tbe tact tbat the co •• anGed alP delay 
is lo.ded into a workiDg register, each 
revolution .t·tbe occurrence ut tbe~. pulse caD 
cause tbe one re,olution a.biguitf- !be ti.ing 
relationsbip furtber c!.rifJiuq this point. CaD be 
see. in Pigure 3.3.3.9-1. 

VariAble PbAle DellI pylees (MAn aDA -API11. The 
Angular oelaJ VAlue of the ilK and JADlI pulses 
~~tb respect to BIP is updated OAce eyer! ~o 
,illisecoDas (II .111isecoods per oP'JratioA, 
according to tAe cO •• 4nded r.te pr~tile for eacb. 
The coaputed ,alue for each at t.be tiae of lIP 
occurrence is load~ into • register and then 
counled out during tbe next spAcecrAft reYolut.ion 
using 21a Fs pul~s froa the PLL iD the lDP. lDJ 
erroneous occurr~Dce of the kIP, as discussed 
pre'iously, or tr4ository neh.,ior ottbe ~12 'a 
.ill cause errors in tbe goner.t10ll of the kA! 
and I11DM pulses durin9 that p~rticular 
revolution_ PurtA~r.or., 1n nor •• l operation, 
tbe angular .rror associated with each output 
incr~ases in propoEtion to tb~ pulse location 
W1th respect to &l~. Tbe •• gnitude ot the .rror 
is dependent OD the i~cre.'Dt.l aA9ular cba_ge 
each re,olution. ~Acei,ably, it the pulae " •• 
to occur just prio~ to • Dev kIP occurrence, the 
cUlguJ.4r drror .uw.c1 be appr01iut.eJ.y the total 
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.. gula~ caaage th4t woald occar duriag t~. aeat 
r8yolut1oa. lithout cO.8luntioa to protra •• 1Ilg 
co.p .... ting w' .... , tile .oat aCCQr&te pal_ 
location tAea will occur WA~L it i8 clo. •• t to 
tAli lIP. ~he error c:&UlUlcl hJ tllia •• claa.iuUo. 
C4. be reduced bl ge •• ratiD9 • rate profile wla1rJl 
w11l cau.e ta. correct phaa ••• gle for the aut 
wyo.lutioa to be 9ft.rated .t u. ti •• CCC8rftt.0I 
of tb. 111'. TDia uCJ1e wo8ld tla.n be 1084ecl int.o 
the "orkiag r&Cjister a t UP OCC8r~ ace aad wou14 
the. be c.1ockttd out. .t t..lae cleainc1 aAgle dariag 
~e n~£t reyolutlon. 

The tel ••• te~ed ya.lQea ot 118 'PD (l'PDID, .n4 
MlDIB 'PD (l'PDID) ace the prey.iliAg .alu •• tlaat 
Apply at the i.st.nt of tele •• trJ readout. 

lnforaation Oil controlling the .. outpata hJ 
co •• aDA 18 pre .. nteo ill l.1.2.q.~. Operational 
COAStraints r&gard~9 the.e outputs are proyide4 
111 3.3.3.11.3. 

UDAt I14ppdapcr. MedUDoancy within tile control 
subsJat ... is achi.wed bJilsing the tol.lowug 
co.pleaent of units: 

(a, ho lOPs 
(b) ho DCBs 
(e) One 9tar sensor aaYinCJ ~~ chanDela 

.hAch are electrically re4UAd.nt. 
(11, Two sets ot sun MItSOra with .acla .. t 

cont&in~Dg a .~d-r&Dg. and a low.r .a4 
upper extended range ••• _.asor. 

,~) On~ BIPTl with a aotor a~ .. blJ ta.t 
baa Qual control. 

Tbe interconnection of tb.se units aDd tbe 
iAt~rtac. with other u~ita to acbield reduadaacJ 
is presented in Table ).j.l.'O-1~ It ia 
"Pbasjzf~ tbat each lDP cOGfi~Qre ~o ••• n4 
iDterfacea "ith OIll, olle COil, aad .. cia DCI 
configure co ... od 1Dterface. with ODlJ one cua, 
wbereaa ~.ch 4ia~r.te co ••• nd interfaces vita 
either ot two COBa. 
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TABLE '.'.'.10-1. 

\Jnh 

AOP 

AOi' 

A OJ' 

hOP 

AOP 

AOP 

hOP 

Star 
S.uor 

Star 
S.n.or 

Del:.: 

DeE 

DCE 

DCl:: 

Der: 

HUA 

MPTA 

COII'I'8OL VIQT UDUMDAMC\' IGCIIAJQ&ATlOIf 

IalOrfaelnl UnI .. 

(;OM. 

DIM. 

TM Proc ... ore 

8WlI ... _. 

$lar S.lIi4Ior 

Sc1elltUie IMuumeilta 

OC£ 

COMa 

DIMa 

COMe 

BAPTA Motor 

TM Proc ... ore 

, OlW 

R.mark. 

... "eel ... J.' for t.I_.try dod'. 'I"Ml •• 

E.ch /lDP a ........ a". to & .... ralft .. t of .\IIl 
,.1U0ra (mid.raDl' aDd .xtended rana') (_ 
croulrapplna). 

bch AOP ran 0ve"te .Ith .1&h.r .tar •• naor 
chann'" (full "',.. otrapplnal. 

J:;uh ADP proride ... parat. outputa to each 
.el.Atlne In.tNment (1\aLl erolltrapplna). 

£~ther ADP eu opel'&te with • .I.th~r DC!; (full 

cro .. t """.). 
Any.sller.t.· eoJm • ...and or cr'.Albalav. command 
ean be •• nl to .Ith.r .tar, ". or e ........ 1 from 
dlher COM 1 or COM Z (f\li. ';ronlrapplna). 

• Psi' an. PSII' ......... _urtIDIIIU 111" 
'.I.met ..... d on r ..... nt .ubeom chaAn." 
U.lnl DIM (, and DIM 7. !'SI~ brtcMDMI .. 
lea._I .. r.d In Ih. minor !ramo. ",00. only 
u.illil DIM 6 (not r,du .. d.nl). i-SU; br~ 
i. ' .... m.t.r.eI in Ih. m.l.nur fran .. 'node only 
\lAinl DIM 7 ( .... , redu ..... nt'. 

• AU oth .. r m""U"Mlnl. cr. proc •••• d in a 
..... '·r .. .su ..... nt :n.lI",crr wilh each f1U!.Aluremeat 
"'ia""d 10' .""Ie 1 M ehalUl.i. 

• Any dleC"te eommand to a DCl. c&A be •• at 
by .ither COM I or COM Z. 

• A '1ua .. t!tadvc comm .. nd can only be '.hl 10 
!)c!.; I from COM 1 and to Del. l {rom (;OM I.. i 

Cor.'rol ." ... h from .ach DC!:: are hanel.ir.d 
to,.U",r '0 &lu" .llh.r DC!; un openl. th~ HOI.. 

bch OCt::: conlro" __ .. I of \he dual molor 
wlncUnc. (no cro .. trapptA.). 

S •• SectiOn S.5 tor tel.melry clock .IINll •• 

• HGA Fl.valion pvaltion data (A.:U_ V 0) 11 
.. Ie .... tere. via both DIM J aDd ott.! S. 

• IIVA poeldon motor t.mperahl,'. (AI'OSMTI 
.. 1.1."",tered only via DIM 5 (IIOn-rOidUDdaaI). 

IIAPTA tampaI'll"" mea."Nmanl. are .. roc ... ed 
III a non·" ...... 1I1 mil_I'. BAPTA lAner rac. 
tlm,.,r",," (ABAPlT) La ,r_ided to a .inCI., Tt., 
,,"'nnel La DIM S. &APTA oul.- "ac~ '.111.'" "r. 
(AbAPO'1") 11 prow&ded to a aln," T;.., .::.w.... q 

DIM S. 

Ma, __ ter Iooom depoy ..... 1 11.1 ... (5800,.05) 
La .. on-r.'unclanl an411 Jll'Ov1cl4rd to a alalle '1M 
chaJmal in DiM Z. 

ul 
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3..l.3.11 gaz'4.0IU ""ResiGU 

l.J .l.1'.1 O""tiop of "8 ARb S1aPlM',"~I. ~"e 

J.l.l.11.2 

cOIt.,Dd capabilitl penita botla ADrs to be 
op.rauaC) .1.altaa4lOa.l,. ~h1. f.atare .a. 
int •• d.d to be ... d 801.1, for tb. purpos. of 
perfor.i.C) t •• iaitial .p~-ap .aa .... r .blcb 
occara oat of .i ... of .al 9roaael ataUOA. At all 
~ber t1 •• a. 0.11 OD. AD' sboald D. OD at a ~" 
beQU .. t •• tel ••• Ul dum .. l for attita4 • 
•• asan .. ata uei atataa data are .hared bet ..... 
tJa. two ADP.. ., .. _ 4at4 Qua.la "0.14 Deco •• 
...... iDC)l ... ,,1tb both .. 1ts operat.1a9 
.i.altaaeoa.ll. A441t10aal1,. tb. iat.rfac .. 
.. ~th tJa. a;tar .... or aac! til' DCI .ould be 
~atrolle4 Dl both AD... prod.cia, DOI-atall4ar4 
operl tioll • 

All Attitd. l.g"'.lpta. Attlot", Huure 
.e.ta .aG. ill the AD. alt.rut. b.t ..... D t ... t"o 

co .. ,od .el.cted .... are_ola. It .~ther of tb. 
t.o .... Qr ••• a~ i. Dot coaplet.d 4u. to tbat 
'.'Dt Dot o~~urrJ.Ag. tb. ADP will -baag up-
.. ,iti09 for tJaia ••• ot to occur. 1~ ••• th.r. is 
DO d.f,ult cOIlclitioo to eycl.. to tta. alter;M\te 
.... u~.~.t. Tel ... trl will. ao .... r. 
conti.uallJ r.adoat tb. pre.~oaall .... ur.d data. 
Tbia ~ .. 1oillsJ ~. 11ke11 to occur .~ .. 
tr.Dat.rring to a .tar reter.ace for th. S ••• 
!'JP~c.lll. the ct_irecl atar i.S located .ithin 
Gat. ~. aDd the .ttitud ..... ur •• oDt aa1ectod 
MOdla oe -~Ia to ~at~4 S~r »-. IbeD the 
~r.nat.r ~. aact. to this star. it "ill DO longer 
occur iD Gat. B. c.~aia9 tbe ,ttitade .... ure •• Dt 
to -~IDg up-. Att.r tbe r.fer~ace traasf.r. tb. 
gal_ ~ould De .owed or & De. attitad« 
.eaa~r'.'Dt aelectect to allow atti~ad • 
• a.8U' ••• Dts to cooliDue. 

lb. attitude •• asur~ •• nt ·SII to Ii&or 'r ••• 
St4rt- a.all onlr U4t ael«:U4 .b .. ACS 4ata 18 
})aug te! •• etencl at .taur tra.. rata 18 order to 
~ 10141 to i4eDt~ty sa. apec~fic .iDor fra •• t~ • 
••• aure.ant is r¥f~ •• ced to. 'arth.raor. tb. 
catl UI Ylli4 oalJ iD the first ai.or fr ••• that 
~ r.44-out, aiace sut 15 t .. fra .. to .h~da u • 
•• uare.8A~ ..... ade. rM _. 4&" .ill 

3.l-'9 
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~ .. '.r, be contiauo".lJ read oat ut.il U. 
a1 t.eru te (oa-goiACl' •• sar •••• t. i. co.pl.~ •• 

tile .ttit..4 •••••• r •••• t ·s.. to lajor Fr ••• 
start- .. all oD1J be a.14C~4 .~en ICS 4ata i. 
_1D9 t.l ... t.1:.d at a aGbcoa rate. so as to 
pro.1de aD un.ab1gcous ~.ter.nce to t.el ••• t.r, 
t.i... Tb •• e.aureMent CAD b ••• 4. iD tbe .1Dor 
fr •• ~ .od., but co8!d take aD eAt1~ •• joe tra •• 
to coaplete. 1D ta. a •• Dti ••• t.be altera.te 
•••• ur •• eDt woald be read out eacb ainor ir~ ••• 
thus det.atin9 tbe purpose 01 ~. high ••• ple 
~Dor true rate. 

3.3.1:11.3 eM agel 'IPI" QY12lllJ. Tbe r.t.e watrol progr.a 
for botD 01 and IADII a,,&t b ••• ubl.isbed _ 

tb.t. tbe .... 1." .ill a.;)t u'.aait.ioa tJarOQ9b 360 
de<Jr.tt~ ur eN .. b4(;l tbrougb 0 de,ree ODC. 
started. & ?b.£~ error will b. 1acurre4 if tai. 
occ.rs. Pro~r 0peT.&lion.l control Ahould 
preclude operati~C) bvJODd • 360-d8gr .. r.DC)e bat 
Mould it be nec ..... r' to 40 so. t._ pau. r.et. 
co •• aDd can b.t tra ... itt414 at tile tr.asit101l of 0 
degre .. or lou degree. to achi.,. proper pbasi.g. 

At t .... start ot .. cia •• joe frA_. tile carr.at 
~o.p"~d .ngular dol~f tor bota 1&1 .nd IIOI. 1. 
10.ded into. IA ragister tor r~a4~ut dgriDg 
tbat •• jor tra.e. (lbe tel ••• t.red ,alu. is Dot 
th. aDCJle caelaJ locule4 at. alP occurrence). ft • 
.,at .ccurat. ti •• tag t .... t c.a be a.igDed to 
tAat. ~l.aet.red qaaDtit.J ia tbe start ~iae of 
the •• joe tr.... u.ug U. Til d •• 11 aode 
wrograa •• ble fora4t) .ill Dot pro,ide better 
~solat.ioA of tb. angul.r iacr".Dt ainc. oDl, 
aor .... ple. of the .a •••• lu8 voa14 be obta1n.4. 

3.J.3.".4 ~CI "IS'A,1i21'. rae ~I countdown co ... nd 

l.3-100 

'A10'~ or ~7QID' oc tb. jet cautrol coa.and 
(&'I'OJl or ATc,a, aaoald aot ))e .. at to tbe &01' 
wbile • desired .an.DW.C ia in progr.... Tb. 
coa.4nel •• ill be aa.puel &.ad will co.figore the 
JCE 4CCorCll.Dgly. 

1t • aa .. ea,,,,r appear. to aa,. teniJaat.ed 
pc.-atarelf. pos.ibly da. to oD-board 4et.~tioD 
l09ic, Ue aUea,er ahoa14 .ot be restArted uDUl 
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the coateats of tae coaatdowa regist.r is 
Y.rified. If tbe register had counted dovn 
co.pletell, it voalu ba,e teraiDated at full 
COUAt. BestartiDg tbe sequeace vould taen 
iAitiate firing for laIiaal duration. 

3.3.3.11.5 '(Ogra •• eg ID1~l..l SPl.D-PP S,q9'a~. It is 
ilperati,e tbat thp. eOllands to turn the ADPs oa 

for the iDit~al SpiD-UP .an,uYer be progralaed 
through the proper COils. Th. lDP 10. 1 01 
COl. ana yia coa S '1~P19) and lDP 10. 2 01 
colaaad Yia COl 6 (1DPB9) are the ODlf on.s to be 
loaded into the stored coalaDd sequencer for this 
laaeuyer. These eoalands are iDter-locked 
tbroQgb Ue separatioD switch ana are not 
opera~ye until spacecraft separation baa 
occurred. This preYeats aal failure or aa 
aDOlalous eyeat frOM initiating the stored 
2eguence and firiag thrusters while in the 
launch eoafiguratioa. 

3.l .3.11.6 Pel lher'Al Dissl.R4tiga. The DeE is to be 
turnQd on between a and 1~ hours after liftoff 

(requirec for theraal dissipatioD). ~Ae 8APTA 
driY~ need not ue on. (lefereAce: 1.S.17) 

3.J .3.12 "2R-~~aD~"st loci. 

3.3.3.12.1 LosS of Bol~_lef.reac' - (Ogtside Glte AL. Ih •• 
the AD, is operated vith the PLL loss of lock 

enable, it wiil transfer to the silulated sal 
reference, -free rwm .ode- if tne reterence pulse 
is aisRing for tvo consecatiye reyolutioDs. If 
tbQ correct. si.u14 ted spin period is co •• anded, 
the PLL viII autoaatic4l11 transfer back to the 
selected roll rQferance pulse vhen the pulse 
reappears for tvo cuDsecQtiv~ reyolutions. If 
tne coa.anded spin period is not sufficieatly 
accurate, causinq bate 1 to .oya lore thaa S.S 
deqcees in~rtia~ly, lbe ref~rQnce pulse viII be 
outside Gate A aDa tile transfer ilill not occur 
(recQ9nized by AWCkS and l!llSSC, indicating 
Bustained 10118 of lock and aiased saa couats 
accuaulating). ro recoyer fro. this condition, 
tvo possibilities &[Q presented. Tbe first, 
which is preferred and the easiest, &ssoles that 
t.he sun Ui Yl.S~le or tAe operation is d-elaled 

3.3-101 
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aatil it is fisible. Tbe .. coaa .etkod asau •• s 
tJaat the sun is aot. 'iaible aad I _tar nt.Race 
.Qat. be used. 

(4) I'tho' gAt (SMI l,f'rI'" A'lilable1: 
If tb.e SWl is ,iaible, a single IDP 
.od. coaaaad will allow the lDP to 
parfor. a ~ua IcquiaitioD aDd r.
establiab loa. Tbe cOIt.and (ITQ,,) or 
ITOJIC) "ould b. configured IS fol10"s: 

RlaO: Loss of lock iD1libit.ecl 
selectioD ,X & 0) 

ssal: 1 S4iJlected a a required for 
spac.cra ft. ,I ttitud •• 

UI SUN: To 8elec~ ~QIl nference. 
SO~D: Disable aua gate for J60 

degree aua detection. 
salAD': Tranafer phase refer.ace ~o 

sua "beD detect.ed. 

lestoratioa of PLL lock CIn be ,.rifle4 
br aeasuring 5MB t.o lilP 48 discussed in 
3.3.3.1, .ad observing t.he decal 01 the 
phase traasieat.. 

Cb) n'~hod t'Q (SUD ""rlDCI.Iot. 
A,aill2lil: If the SUD is no~ ,iaible, 
a star acqUisition "ould baye to be 
perfor .. " to obtain a mferenC8. 
CODsideration "ould first. baf' to be 
giy.en. t.o the co •• a.ded star .... or 
thresaolu setting to insure a high 
probabilitr of d.tecting a star. If a 
star reteren~ baa bee. reliably 
uetected previously, and has .~rely 
slipped out of Gat.e I, t.be tAreaao14 
~tting should be lett tbe ... e. It 
cou.ld possibly be lowered OIUt setting 
to enDdn08 tae detectioQ capabilit.y. 
proyided that there are DO iD~erf.r'Doe 
sources vith~ 22.~ d.gr~s '1/2 Gate 
"idtA) 01 tbe ~.s1red star. M.en star 
acquisit.ion is co •• a9ded, t.he PLL will 
lock ont.o the tirst. detectAble st.ar. 
fhe «::uaaana sequence is presented in 
J.J.~.J.~. ~J locating Gate B o'er 
'-iate j. (.l7QJ1!) or A1'QP), t.he star 

l 
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in~nsitJ can be a .. sarad to ascertaia 
if tais star is tbe desired r.ference. 
~f it is aot, Gat. B can be aoY.d to 
f~aG the d.esired star reference. Vb ... 
toud, traDster to it aar be perfone4 
as preYiously d.scribed in 3.3.3.7.4. 

3.3.3.12.2 l.oaIs of loll 'eareDG' - (OJ~'M' Sapior roy -
lap.y!., lndyctil. 'lh. roll refenace aelJ be 

l.ost d.uring the u8Cutioa of a pramsaion 
a.neuver ~f the SUD ao.ea out of t~ sua seasor 
FaY. If the aaD.U ,er .as beug pedoeaeel OIl tbe 
aidraag' sua &.aso~, tbe selection of the 
Appropr~4~e extended rADge sun sensor ('fO,3 or 
ATQgC) vill pro,idlit a SUIl reference pal... If 
pbase referencQ bas beeD lost, a sa aCCJuiBitioJl 
aust. be penoraed as described in Slthocl 0.1, 
aboYe. 

~f tbe POI of aa exteaded raage sa. seaapc is 
exceeded as a result of the aaDOUy.r (saa aag1.. 
less tAaa 10 degrees), tbe sail would baye 
transferred to tbe -tree ran .04e-. t~is aode 
still pruyides a refereDce pal .. whieb can be 
used to perfora a H.DeU,er in the (eyerse 
direction. B,en if the phase of the PLL bas 
cbangad dulit to aQ incorrect siaulat.d spia 
period, the aaD6u,er sAoDld be p.rforaed to 
reacquire the SUD. Atter the attitude bas beeD 
establisbed, a .aa~uw.r to the correct attitade 
caD be perforaed. :fo perlora a precession 
•• Deuver using tbe tree ~un aode, tbe lDP aode 
coa.and (.rQ~3 or AZijJC) WORld be configured as 
1011.ovs: 

PLO: Se1.ect PLL Inhibit (I • 0) t.o preyeDt 
loss of 10cJt froa taainating Ue 
aaDeuwer. 

ssax: I Selectec1 tor the require4 exteac1eel 
range SUA seasor. 

nl' 5111: Sia.olat.o refereac. selected tor 
aaDeuwer reference. (SOl is aot 
~le~~8~~ithJhu~GeHL 
traDsient wbea SRA is detected). 

aaYi810B 
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aewision 

3.3 ... 

J.J-104 

£9nt,pl SPbal'\" CoI.lad "'popSI. hble 3.3 ... -
1 presents the cOII •• nd r_ponae for tbe Coatrol 
Subsyst~.. The table lists every co ... nd that 
directly affects tee sUD8fste., &DO the teleatry 
indication that Yer1ties the proper .aecution of 
the coaaand. the .n •• oaics for the co ••• nd aad 
tele.etrl para •• ters are also included. 

When d unit is in the uapovered or, state, all 
tele •• try from that unit will be reading zero 
~ale (uDcalibratad), e~oept te'peratare 
teleaetry which is powered bJ D~aS. 
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TABLE 3. 3.4-1. COMMAND RESPONSES FOR CONTROL SUBSYSTEM 

w 
• w , .. 
o 
\It 

,----

CMD Command Title Command Description Ir 
Subsystem Internal Response 

Star Sensor 

STRl9 PSI'-' ON Provides 28 Vdc switched loads 
STRA9 bus pwr to the PSI" channel 

Electronic Control Unit (ECU 
Regulator) (Figure 3. l. 2. 3-1) 
(veltical "lit) 

I 

-

STRU PSI'" OFF Removes 28 Vdc switched loads I STRAI 
bus pwr to the PSI'" Channel ECU 
regulator (Figure 3. 3. 2. 3-1) 

------~~~--~ .. ~~---,~----
"",,-~ ... -...\.-' 

TM 
Mnemonic 

A"-'lONS 

A'''ITHS 

ASTART 

PBUSLI 

A"IONS 

A*ITHS 

ASTART 

PBUSLI 

TM Title and/o".: 
Remarks 

PSI'" ON/OFF Status (Bilrv-
el)= Logical "I": indicates 
an "ON" condition 

PSI'" threshold setting indi-
cates 0 Vdc prior to PSI'" 
ON CMD and O. 28 Vdc min-
imum thereafter. (There 
is no preferred threshold 
state due to PSI'" ON crnd. ) 

Star sensor temperature -
ruses 

Spacecraft Loads Current 
increases 35 milliamperes. i 
Since the minimum resolu-
tion for PBUSLI is 72 milli-
amperes per count. no TM 
change for PBUSLI is 
anticipated. 

PSI* ON /OFF Status 
(Bilevel)= Logical "0": fndi-
cates an "OFF" condition .o"r. 
PSI'" threshold setting indi-
cates 0 Vdc. 

Star sensor temperatllre -
decreases. 

Spacftcraft loads current 
decreases 35 milliamperes. 
No TM change anticipated. 

S:tR 8 
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Table 3. 3.4-1 (continued) 
- ,--

CMD Command Title 

STR 29 PSI2: ON 
STRB9 

STRZ' PSIZ'~OFF 

STRB' 

--------~ - ---...... ,~~43+,,;!~"'lf""-T ~·'r:$.~ .. -~Lt .. +' 

Command Description Ir TM 
Subsystem Internal Response MDemonic 

Provides 28 Vdc switched loads A*20NS 
bus power to the PSIZ* Channel 
ECU Regulator (Figure 3.3.2.3-1) 
(canted sUt) 

A*ZTHS 

ASTART 

PBUSLI 

Removes Z8 Vdc switched loads A*ZONS 
bus power to the PSIl* channel 
EC U regulator (Figure 3.3. Z. 3-1) 

A'~lTHS 

ASTART 

PBUSLI 

,-
"--

TM Title aDd/gr 
Remarks 

PSIZ* ON/OFF Status 
(bUevel) = Logical "I ": 
iDdicates ar. "ON" 
condition. 

PSIZ* threshold settin, indi-
cates a minimum of O. 28 
Vdc (there is no preferred 
threshold state due to 
PSIZ* ON cmcO. 

Star sensor temperature -
rises 

Spa~ecraft loads current 
increases 3S milliamperes. i 

No TM change is anticipated. 

PSIZ* ON/OFF status 
! 

(hilevel) = Logical "0": 

I 

indicates an "OFF" 
condition. 

PSI*Z threshold settq I 
iDdicates 0 Vdc I 
Star sensor temperature -
decreases 

Spacecraft loads current 
decreases 3S rnA. NoTM 
change is anticipated. 

• • ~ 
~ 
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Table 3.3.4-1 (continued) 

CMD Command Title 

STRQI. Star Sensor Thres-
STRQA hold and Bandwidth 

Select (Q\.antitative 
Command) 

SZGX Star Z threshold = 
1-8 

SIGX Star I threshold = 
1- 8 

~ 

COmtnJlnd Description Ar 
Subsystem Internal Response 

"X" determines the threshold set-
ting. 1 through 8. inserted in a 
registe r in (Figure 3. 3. 2. 3- Z) for 
detection of start from -I. 0 mag. 
to +1. 2 mag .• respectively. for 
the PSIZ '. channel. Bits 34. 3~. 
and 36 are the binary states used 
alJ follows: 

34 35 36 X 
0 0 0 1 
1 1 0 .. 
1 I 1 8 

"X" determinelJ the threshold lJet-
ting. 1 through 8. inserted in a 
register (Figure 3. 3. Z. 3- Z) for 
detection of .tan from -1. 0 mag 
to +1. Z mag, respectivelv. for the 
PSI* channel. Bit. 38, 39, and 40 
are the binary states used as 
follow.: 

38 39 40 X 
0 0 0 I 
1 1 0 .. 
1 1 1 8 

"_ .... ,.~ .... O..~~.,_ •. ,--~t:..!.. . ~ 

TM TM Title and/or 
Mnemonic Remarks 

A·ZTHS PSF2 threlJhold setting from 
o to 5 Vdc representing the 
desired threshold state (X) 
selected 

TM IVdc) State IX) 

5.0 1 
3. I 2 
L 87 3 
1. 16 .. 
0.69 5 
0.55 6 
0.44 7 
O. 28 8 

A"ITHS PSI:' threshold setting from' 
o to 5 Vdc, representing the 
desired threshold state (X) 
selected. 

TM IVdc) State (X) 

5.0 I 
3.1 2 
l. 87 3 
1. 16 4 
0.69 5 
0.55 6 
0.44 7 
0.28 8 

-
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I 
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.. Table 3. 3.4-1 (contmued) o 
Q:j 

CMD Command Title Command Description &, TM TM Title and/or I Subsystem Internal Response Mnemonic Remarks 
~TRCI Star Se.180r T:lrer.llolt 

I IsTRQA and Bandpass Select 

• iBrr I 
~. =-~. ,. . ..,. 
t" r ... ra 
=- &I •• 

.:, r o. • 
• (Contlnued) 

S2BWX Star 2 BP - HiILo "X" determines ban,·lpass seJec- A*2BPS PSIZ* bandpau state .tatu. 
tion inserted in a register (Fig- = 1 for 2 Hz .elected; = 0 for 
ure 3.3.2.3-2) for PSI2:' channel. 19 Hz .elected. (19 Hz 
CMD Bit 33, Logical "0" indicates 

recommendp.d for all spin 19 Hz bandpass; "10' indicates 2 Hz 
rates for nominal mission). bandpass. 

X = H for 19 Hz 
X = L for 2Hz 

I SIBWX Star I BP = Hi/Lo "X" determines bandpass selec- AIBFS PSI* bandpass state statu. 

I Hon inserted in a re&ister (Fig- = I for 2 Hz selected; :0 for ure 3.3.2.3-21 for PSI '. channel. 19 Hz selected. (19 Ha 
Cmd bit 37, Logical "0" indicates rec'lmmended for llll spill 
19 Hz bandpass; "1" indicates rates for nominal mi •• ion) 2 Hz bandpass 

X = H for 19 ~ 
X = L for lHz J 

.,-. 

.---' ~ c' 
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Table 3.3.4-1 (continued) 

CMD Command Title 
Command Description .. 

Subsystem Internal Response 
TM 

Mnemonic 

Star SenSOr Thresholci and Band ass Select Quantitative Command Summar' 

CMD: STRQ1. S2GX. SIGX. SZBWX. SIBWX 

STRQh S2GX. SlGX. S2BWX. SIBWX 

Bit location in command word 

IZ5\Z6\Z7IZSIZ? \30 \31\ 32\ j3\ 34\3136[37\ 3S\ 39\40 I 
--- ~ ---- -------... """-"" ~ 

bits 

(Bits 25 through 40) 

(Bits 25 through 40) 

Don't care I d L I SlGX 

S!BWX 
PSIl' bandpass select PSI threshold select 

, SZGX PSIZ thresholrl select -PSI bandpass select 
SlBWX 

---......... 

TM Title and/or 
Remarks 

., 

(' 

I .. 
i • 

.0"'" ::1.81 
~~ s C. 
t" ... :. I, .. 
•• 1 0 o. • 
• 
I 

~ 

I 

i 
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Table 3. 3.4-1 (ctJlltinued) 

CMu Command Title 
Corrunand Description .. 

Subsystem Internal Response 

ATTITUDE DATA PROCESSOR 

ADPI9 Attitude Data Proc- In Figure 3. 3. 2. 3-1, provides 
ADPA9 es.or NI>. ION spacecraft switched loads bus 

power to the ECU regulator, 
thereby activating the onboard 
ADP electronics except for JCE 
output buffer and s"lenoid drivers. 

~ 

ADPIO Attitude Data Proc- In Figure 3.3.2.3-1, removes 
AD PAIl essor No. I OFF spacecrut switched loads bus 

power from ADP ECU regulator. 

VALI9 Latch Valve No. I In Figure 3.3. Z. 3-1, provides pro-
VALA9 OPEN pellant to the upstream side of the 

thruster solenoid assembly for 
thrusters 3R, 4R, SA. and 7A-
This thruJlter combination is a 
minimum set required to perform 
spin-up, spin-down. velocity 
changes, and attitude changes. 

VALl' Latch VUvr. No. I In Figure 3. 3. 2. 3-1, tt!rminates 
VALA' CLOSED propellant from to the upstream 

side of the thruster solenoid 
a".embly for thrusters 3R, 4R, 
SA, and 1A. 

---J--- - - ----

-. I 
i I 
............ 

- "':~ ..... .1,,~; '1''=''. .• . ..... _~T -~ ... 
I' - . ..., ............ -~ Pi' 

., .0"'" • .PRR 
TM TM Title aDd/or 

Mnemonic Remarks 

... ;.0. ,. • . .. ... ... -. 0 OHO 

" .... 
_I la S-
O. • 
• I 

AADPIS ADP ION/OFF identifies ,~ 
that the ADP I is ON when 
value = I. 

PBUSLI Spacecraft loads current 
increases 250 rnA. 

j 
I. 

AADPIS ADP ION/OFF identifies 
that the ADP I is OFF when 
value = O. 

PBUSLI Spacecraft loads current 
decreases ZSO rnA. 

VALVIS Latch valve I OPEN/CLOSED 
identifiu that latch valve 1 
is OPEN.ED when value = l. 

PBtiSLI Spacecraft loads current 
increases 620 rnA. 

VALVIS Lat«:h\/'alve 1 OPEN.K;LOSED 
identiiies latch valve 1 is 
closed when value = o. 

PBUSLI Spacecraft loads current 
decreases 620 rnA. 

c· 
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Table 3.3.4-1 (continued) 

CMD Command Title 

ADPZ9 Attitude Data Proe-
ADPB9 e •• or No. 2 O~ 

ADP2, Attitude Data Proc-
ADPB' es.or No. Z OFF 

VALZ9 Latch Valve No. 2 
VA.LB9 OPEN 

~. 

VALl, Latch Valve No. 2 
VALS, CLOSED 

Command Description .. 
Sub.y.tem Internal Re.pon'e 

In Figure 3. 3. Z. 3- I, provide. 
.pacecraft .witched loads bus 
po_r to the ECU regulator therebl 
activating the onboard ADP elec-
tronics except for JCE output bu!-
fer and solenoid drivers. 

In Figure J. 3. 7.. 3. I. removes 
spacecraft .witched loads bus 
po_r from ADP ECU regulator. 

In Figure 3. 3. Z. 3-1 provides pro-
pellant to the upstream side of thE' 
thruster solenoid assembly for 
thrusters lR, ZR, and 6A. This 
thruster combination is tninimum 
set required to perform spin-up, 
spin-down velocity ..• &JIges and 
attitude changes. 

In Figure 3.3.2.3-1, terminates 
prope11&nt fromto the up.tream 
aide of the thruster solenoid 
assembly for thrusters lit. Zit. 
and bA. 

TM 
Mnemonic 

AADPZS 

PBUSLI 

AADPZS 

PBUSLI 

VALVZS 

PBUSLI 

VA.LVZS 

PBUSLI 

- --

\~ .. " ~ .. ., "":;Wi, 4"!",, .-~ .. ~ ... r-

- .. '~,~.. .eo ;4P""~'-' ----- .... ~'_, ............. '~~ ..... :cpt ,.,. 

T\.{ Title and/or 
Remarks 

ADP Z ON/OFF identifies 
that the AD P Z i. ON when 
value = l. 

Spacecraft load. current 
increase. 250 rnA. 

ADPZ ON/OFF identifies 
that the ADP Z i. OFF when 
value = O. 

Spacecraft load. current 
decreaaes 250 rnA. 

Latch valve Z OPEN~LOSED 
ic!entifie. that latch valve Z 
is opened when value = 1. 

Spacecraft load. current 
increa.e. 620 rnA. 

Latch valve Z OPEN~LOSED 
identifies that latch valve Z 
is closed when value = O. 

Spacecraft load. current 
decreases 620 mA. 

{1 
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o 

CMD 

ATQ91 
ATQ9A 

MEAI= 
SRR 

Comrr~d Title 

Measurement Select 

Measureme':lt A 
.elect: SRR.SRR 

Command Description .. 
Subsystem laternal Response 

Start and atop of 16 bit counter 
•• lected ~o b •• ucce •• ive occur-
rencea of SRR. Th •• pin period 
meuurement i. len. rated with 
the selef'ted roll rel .. ren«:e (SRR) 
beiDa either the .... "'*. ""Z· or .im-
ulated SRR as the primary input 
to the phase lock loop (PLL) 

(:J 
.. -..:.... '_h"hjrM trriF ... ~t ''-....._w_~~,._.J •• ___ ~r,"~._ .-'..... _.*"tn 

TM 
MIle monic 

ATTMIZ 
A'l'TM2Z 

ATTMSS 
j 

AMIADS 

-.~.""-""';l',q.*f ~-.--.- ~~~,,,,,, -

~ .. 

• rBlr = ... =-tA s ,. • . ... 
TN Title aDA1/or 

R~mark. 

Attitude mea.urement - the •• 
two 8-bit ,r_pe (ATTMIZ 

~ ... -. 0"'0 
If •• s 

.11 r o. • • i. the 8 LSB'. ,r_p; 
ATTM2Z la the 8YSB'. 
Ir_p) combine to form the 
16 bit word repr ...... 
eithe r of the two time mea-
.ur.meat ..... cted ah ..... 

The raDJe ta 0 to 
I". 38 .eccmcl. in o. Z5 rne 
increment •• Mea.uremeat. 
alternate between the two 
rnea.urerneDt. _lected &2 
A aDA1 B (or for 1 aDA1 Z,. 
However. if the new mea-
.urement fa not conlJllete. 
the .. at mea.ur.meJlll will 
be r~ad out .. ain. 

o.ta meaauremeat = wIleD 
= 1. that rnea.ur.meat .elec· 
ted for MEAl i. tet.met.red I 
in ATTMIZ aDd ATTMlZ. I 
When = O. that rneaaur.rneut 

.. , ..... , •• NEAZ to .... - I 
metered in ATTMIZ aDd 
ATTMZZ. 

Mea.urement A "'::Ir ••• = 
biDary 000, ''SU to SU" 
.pacecraft .pIn period _-
aur.meat •• l.ctel!. i 

I 

C.i 
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Table 3.3.4-1 (continued) 

CMD Command Tit1~ 

ATO,l Meallurement Select 
ATO'A (Continue:i) 

Command nescrijJI,ion .. 
Subsystem lroternal RespoDse 

TM 
Mnemonic 

TN Title aad/or 
Remarks 

~_ .-.L 
ME.'I= Me:uurement A Start an« stop of If> bit c?unter r AMIADS Measurement A addre.s = 
~S Seled: "SRR _ Minor seleded to be I)CcurJ'ences of SRR I t.Wry 100: ''SRR. - Minor 

F ~ate" and start of telemetl,'Y mino~ Frame Sync" selected. Tf..rne 
frame, res~ctivel)·. between o.::currence of SRR. 

and start 01 telemetry minor 
bame. 

Used with tbe mlIlor frame 
mode TN format. Used for 
ine rtlal dete rminatian 01 the 
SRR. with rupect to any aDd 
all telemetry bit stream 
word location~. 

~ 1 
Me.SUrt ment A I Start and stop oE If> bit counter I AMIADS Me.suremeld A addre •• = 

binary 010: 'OSRR - RIP' 
selectecl. Time l.Htt_en 
occurrence of SRR aDd occur 
rence 01 roll W .. pal ... 
(used for epin -lie .asi
routh) determiMlioa of the 
roU W .. pals. with r.epect 
to the SRR.). 

MEAl~ 

RIP 

ME.'l= 
MIP 

Select: "SRR - RIP" selected to be occurrences of 
SRR and R!P, respectively. 

Mea.urement A I Start and stop of 16 bit counbr I A.\U.o\J:.S 
Seled: "SRI' - MIP' .elected tco be occurrence. of SRR 

and MIP, respectively. 

---------_._-_ .. -.- --------

Meaeurement A addreee = 
'!O: ''SRR. - MlP' .electecl. 
' .. Lne betwee:. occurreac. 01 
SRR &ad «curreDce of mae
ter iaiJ_ palee. (Ueed for 
.pin &DIle determiDatioa of 
the master iaiJ_ pal .. with 
r •• pect to the SO). 

'I 

I 

i 

ilri 
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°i'l 
It '. :11 P • 

~ 

-" --_..&!I!~:'" ._ .. ~ _____ • __ • ____ •. ~_ ...... _ -' _t. __ 1 __ ~ ___ .... __ ...... -Mifnnt t 17 '$ ',,.,, ,.,,: d!' $M,j."'·~" ~'$' "r 'l f "tv" b"hr ''b tr'" 



I 

w 
r... 
t ... 
~ 

.... ,--

TaMe l. 1. 4-1 (continu~) 

~ ~MD Comr.uad Title 

TO'} M.a'L:,e~.Hlnt s..lect 
T\l'A 'Cllnli;~.;.od' 

J"fEAl= Mea.urem.nt A 
GSB Select: "SM -
(Gated Gated Star B" 
SItar B) 

MEAI~ Mea.\Ore!'l1ent A 
SlS Select: "SRR - PSIZ" 
(PSU) 

Commcood De.cription .. TM 
Su';)',"e,n lDternal Re.pon.e MIIemonic 

Start and .top of 16 bit counter I AM 1 ADS 
.elected to be occ'.Jr:-ence. of SM 
and Bated .t&r B. re.pectively. i 

Start and .top of l~ bit counter AM 1 ADS 
.electPd to be occurrence. oC SRR 
and appearar;ce of .~n in PSIZ 
window, re.pectively. 

~-

rM TUle aM/or 
R.marla 

Meanrement A Mdre .... 
001: "SPJt - Gat"' Star B" 
.ele~ed. Time betwe.noccur 
renee ,,' SRR and appeal'&DCe 
of a .tar above the COlD-

~nd.d thre.holel •• t~'" with 
in .5. 6Z5° of the ceDI. I' of 
Gat. B. (U.ed for .pin a ..... 
determination of the fir.t 
,at.el .tar B with r •• pect to 
the SM). 

Mea.urement A "'re •• ,. 
101: "SR~ - PSIZ" •• lected. 
Time betwe.n occvrreac. of 
SRR and appear&DCe of nD 
Ja PSI2 '_'01' wiDd_. De&-::1Df em th ..... ct.d 
rc:: ref .• tbe SJUt - P8J2 
me •• ur.rnellt will r.pr .... 
the I"UcnriD,: 

!!!.. ......... meat 

.. SuD a.pect ucl • 

.;.. SaIl - .tar ..paraUoD 
"'Z· San - ..., 

.eparatlon 
Slm SRR Fr.e.-- mode 

drift rat. &DIdIoI' 
.im .pia perioll 
.erUlcatiGD with 
adual rator .,. 
rate. 

i 
( 

c' 

.or· I J1 I 
ti~· ~ 
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Table 3. 3. ,,*-1 (continued) 

CMD 

ATO'1 
ATOM 
MEAl= 
MAF 

Command Tit'e 

.f.1easu:-ement Select 
(Cc.ntinued) 
Measurement A 
Select: "SRR
Major FRate" 

~-'-

COriunallci Description & 
Sub8Y8tem Internal Re8pon8e 

Start and stop of 16 bit {'o'mter 
sdected to be occurrence of SRR 
ar.,~_ start of telemetry major 
frame, t'espectively. 

TM 
Mnemonic 

AMI ADS 

TM Title and/or 
Remarks 

Mea8urement A addre8s = 
011: "SRR - Major Frame 
Sync" selected. Time 
between occur renee of SRR 
and occurrenr.e of start of 
telemt.try major frame. 
Used primarily with the 
subcom mode format. Used 
for inertial determination 
(azimuth) of the SRR with 
respect tQ any and all telem
etry bit stream word 

I locatiolls. 
~----~-------------+-----------------------;----------~---

MEAl= Measurement B Start and stop of 16 bit coun!.;,r AMlADS Measureme:1t B addresll 
SRR Select: SRR-SRR selected to be successive occur- binary 000: "SRR to SItR" 

rences of SRR. The spin period spacecraft spin period 

MEAl= 
MF3 

Measurement B 
Select: "SRR
Minor FRate" 

measurement is generated with measurement selected. 
the selected roll reference (SRR) 
being either the <jJ, y\ .jJZ or 
simulated SRR as the primary 
input to the phase lock loop (PLL) 

Start and stop of 16 bit counter I AMlADS 
selected to be occurrences of SRR 
and start of telemetry minor 
frame, respectively. 

Measurement B address = 
binary 100: "SRR - Minor 
Frame Sync" selected. Time 
between occurrence of SRR 
and sta.rt of telemet!'v minor' 
frame. Used with the minor 
frame mode TM format. 
Used for inertial determina
tion of the SRR with':'espect 
to a.ny and all telemetry bit 
stream word locations. I L------L---------______ -L __________________________ ~ __________ _L ________________ __ 

Ii 
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Table 3. 3. 4-1 (continued) 

CMD Command Title 

ATQU Measurement Select 
ATQ'A (Continued) 

MEAl= Measuren'ent B 
RIP Select: "SRR - RIP" 

MEAl= Measurement B 
MIP Select: "SRR - MIP' 

MEAZ= Measurement B 
GSB Select: "SRR -
(Oated Oated Star Bot 
Star B) 

CommaDd Description Ir 
Subsystem I.Jlternal Response 

Start and stop of 16 bit counter 
selected to be occurrences of 
SRR and RIP, respectively. 

.. 
Start and stop-ol16 bit counter 
selected to be occurrences of SRR 
antf MIP, rupectively. 

Start and stop of 16 bit counter 
selected to be occurrences of 
SRR and gated alar B, respec-
Uvely. 

-. ( . 
\..-

..-.oiIli-.. -_ .. __ .... _ ..... _ .. -~.-.. ~~-.- ....... . ... .-

• .01 111 • ,Po R 

TM TM Title aMlor 
Mnemonic Remarks 

.... ~~. ~ • t" ~ ... rl ., II •• 

.11 If o. , 

· r 
AM2ADS Measurement B addretls = 

binary 010: "SRR - RIP" 
selected. Time betwee;" 
occurrence of SRR and 
occurrence of roll indez 
pulee (used for spin angl~\ 
(aaimuth) determination o.! 
the roll indez pulee with 

: tor' j 

1 
l 
j 
1 
• , 

respect to the SRR) 

AMZADS Measurement B address = 
110: "SRR - MIP' selected. 
Time between occurrence 
of SRR and occurrence of 
maaler indez palse. (Ustld 
lor spin angle determiDa-

I 
tion of the master indez 
pulse with respect to the 
SRR). 

AM2ADS Measurement B address = I O()l : "SRR - Gated Star B" 
selected. Time between occur· 
rence of SP.R and appearance 
of a star above the com-
manded tbreshold setting 
within :t:5. 6Z5° of the center 
of gate B. (U,ed for spin 
anile determiA&tion of the 
firal gated alar B with 
respect to tbe SRR). -

c-
xC,,.,. 3D'd tIS _. fet .... . _.~:" .. t*ret>tt 'fCtt .1t.ell 
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Table 3. 3.4-1 (continued) 

CMD 

ATQU 
ATQ0A 

MEAZ= 
SZS 
(PSIZ) 

MEAZ= 
MAF 

Command Title 

Me .. ,,~.'e:".'1ent Sei-eel 
(Continued) 

Measurement B 
Select: SRR
PSIZ 

Measurement B 
Select: "SRR
Major FRate" 

,..--. 

Command Description II. 
Subsystem Internal Response 

TM 
Mnemonic 

Start and stop of 16 bit counter AMZADS 
selected to be occurrences of 
SRR and appearance of sun in PSIZ 
window, respectively. 

Start and stop of 16 bit counter 
selected to be occurrence of SRR 
and start of telemetry major 
frame, respectively. 

AMZADS 

TM Title and/or 
Remarks 

Measurement B address = 
101: "SRR - PSIZ" selected. 
Time between occurrence of 
SRR and appearance of sun 
in PSIZ sensor window. 
Depending on the selected 
roll ref., the SRR - PSIZ 
measurement will represent 
the following: 

SRR 

IjI 
I/I~' 

I/IZ" 

Sim SRR 

Measurflment 

Sun aspect angle 
Sun-star 

separation 
Sun-star 

separation 
Free run mode 
drift rate and/or 
sim spin period 
verification with 
actual rotor spin 
rate. 

Measurement B address '; 
011: "SRR - Major Frame 
Sync" selected. Time 
between occurrenCe of SRR 
and occurrence of start of 
telemetry major frame. 
Used primarUy with the sub 
corn mode format. Used 
for inertial determination 
(aairnuth) of the SRR with 
respect to any and all 
telemetry bit stream word 
location •. ) 
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Table 3. 3.4-1 (continued) 

r-~~~l C d ~. 1 Command Description «r I TM TM Title and/or 
~ I omr:"l&n. 41t e Subsystem In!ernal Respor.8e _. Mnemonic Remarks 

r ADP Measurement Select Quantitative Command Summary 

C!l.H): ATafl, MEAl = XXX, MEA2" XXX (}\DP ~o 1 Only) 

ATQ~A. MEAl = XXX, MEA2 ~ XXX (ADP No.2 Only) 

Where XXX = SRR or MFS or RIP or MIP or GSB or S2S or MAF 

Bit location in command worrJ 

~') [27lz8Iz9R311321 nl3413s136 137 13S 1391 4 o-j --------------- ----......---......----..... ---....--..~---- -----
Adj. j" em ME) "XXX 1 o 0 0 0 }3it~ 

MEAZ = xxx 

_~~-.u.l_"'~~_.~""",,,"-,,,,,, __ . __ . _ ..... ....ui~ ._ ........ ~.,~ ... ,:>fh $'oiiI.iIir.ttc--~~~ 
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Table 303.4-1 Ic"ntinued) 

CMD Command Titloe 

ATot2 Jet Control 
ATOtIB 

RIX Jet Select - Jet 1ft 

R2X Jet Select - Jet ZR 

R3X Jet Sele('t - Jet 3R 

R4X Jet Select - Jet 4R 

A5X Jet Select - Jet 5A 

L_~ ____ J 

Command Description 8r I Subsystem Internal Response 

X deterrrdnes the Enabled/Disabled 
state for radial jet I R 
X = E for ENABLE; D for Dis"ble. 
In Figure 3.3.7..3-1, the IR driver 
amplifier is enabled or disabled 

X determines the Enabled/Disabled 
state for radial jet 2R. X = E for 
ENABLE; X = D for Disable. In 
Fig\lre 3. 3. 2. 3-1, the 2R driver 
amplifier is enabled or disabled. 

X determines the Enabled/Disabled 
state for radial jet 3R. X = E for 
ENABLE; X = D for DISABLE. Jet 
select in Figure 3.3. Z. 3-1, the 
3R driver amplifier is enabled or 
disabled. 

X determines the Enabled/Dbabled 
state for radial jet 4R. X = E for 
ENABLE; X = D for DISABLE. In 
Figure 3. 3. 2. 3-1, the 4R oiriver 
amplifier is enabled or disabled. 

X dete rmines the Enabled IDisabled 
state for axial jet SA. X = E for 
ENABLE: X = D for DISABLE. In 
Figure 3.3.2. 3-1, the SA driver 
amplifier is enabled or disabled. 

"J', ... _ .. 'T;::ti!'''' ¥ 0 - 0""", 

TM I TM Title and/or 
M.iemonic Remarks 

AJETIS Jet select bih: Bit 1 (radial 
jet IR status) = bina·:y 1 for 
enabled, = 0 for disabled. 

AJETZS Jet select bih: Bit 2 (radial 
jet 2R status, = binary I for 
enabled, = 0 for disabled. 

AJET3S Jet select bite: Bit 3 (radial 
jet 3R status) = binary I for 
enabled, = 0 for disabled. 

AJET4S Jet select bite: Bit 4 (rl&dial 
jet 4R) status, = binary 1 for 
enabled, = 0 for disabled. 

AJET55 Jet select blt8: Bit 5 (1Udal 
jet SA status) = binary 1 for 
enabled, = 0 for diaabled. 

-
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Table ~. 3.4-1 (continued) 

CMD 

ATO'l 
ATO'B 

A6X 

A7X 

FMX 

PIX 

Command Title 

Jet Control 
(C'.)ntiu .. e·l) 

Jet Select - Jet 6A 

J'!!t Select - Je~ 7A 

Normall Alternate 
Fire Mode 

Pulse V{idth Select 

. .......... ' ....... A7zW&m ......... ___ , 

Command Description &. TM 
Subsystem Internal Response Mnemunic 

X determines the Enabled/Disabled\ AJET6S 
state for axial jet 6A. X::: E for 
£lI:ABLE; X ::: D ~or DISABLE. In 
Figure 3.3. Z. 3-1, the 6A driver 
amplifier is enabled or disabled. 

X determines the Enabled IDisabled I AJET7 S 
state for axial jet 7A. X = E for 
ENABLE; X ::: D. In Figure 
J. 3. Z. 3-1, the 7 A driver ampli
fier is enabled or disabled. 

X determines selection of norrr.AI/ 
alternate fire mode for thruster 
firing. Normal mode provides one 
thruster pulae per spacecraft spin 
revolution. Alternate mode pro
vides two thrusted' pulse firings, 
separated by 180 • per spacecraft 
spin revolution. X::: N for Normal; 
X ::: A for Alternate. 
Enable signal is provided to 00 AND 
gate only OR to (00 and 1800

) AND 
gate in Figure 3. 3. Z. 3-1. 

Two selectable pulse widths, lZ8 
ms or 51Z ms, determined by X 
selection as follows: 

X Pulae Duration 

Z SIZ ms :: liZ sec 
8 lZ8 ms ::: 1/8 sec 

Enable signal is prov ided to I Z8 ms 
AND gate OR to 51 Z mB AND gate 
in Figure 3. 3. Z. 3- 1. 

,. . 
~ . 

AJETMS 

APULLS 

-.' • '~ .... ' ..... ::7"' ..... - -

TM Title and/or 
Remarks 

Jet select bits: Bit 6 (axial 
jet 6A .. tatus) ::: binary 1 for 
enabled, = 0 for disabled. 

J'et select bits: Bit 7 (axial 
jet 7 A status) ::: binary I for 
enabled, ::: 0 for disabled. 

'!" ... -, 

Nonnal/alternate fire mode 
::: 1 for nonnal select; ::: 0 fur 
alternate select. 

PIllse width select 51Z/1Z8 
ms :: I for SIZ ms selected; 
::: 0 for IZ8 ms selected. 
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Table 3. 3.4-1 (continued) 

CMD 

ATQ'l 
ATQ'B 

~X 

FX 

SRDX 

Comm&nd Title 

Jet Co.-.trol 
(Continued) 

Pulse/Time Count 
Iselect 

ContfDuuus/ Pulse 
Fire Select 

Ispin Rate Detector 
Enable I Inhibit 

--

Command Description Ir 
Subsystem Internal Response 

TM 
Mnemonic 

The firing duration is controlled by I AMAGCS 
either counting time or the number 
of thruster pulse firings. This 
selection is independent of pulse I 
continuous firing mode .. election. 
1. e .• pulse FirinC mode and time 
count can both be selected. X = P 
for pulse count selected; X = T for 
time count selected. Enable signal 
18 provided t,) pulse count AND gate 
OR time count AND gate in Figure 
3. 3.l. 3-1. 

The thruster is fired either contin- I AJETMS 
uously or as a pulse. Pulse firing 
selection is further predicated on 
no:-mal/alternate mode selection 
and pulse duration selection. X = T 
for continuous fire select~ X = P 
for pulse fire select. Enable sig-
nal is provided to PULSE FIRE 
AND gate OR to a TIME FIRE AND 
gate in Figure 3.3. l. J-1. 

Provides automatic thruster turn- I ASDETS 
off, if enabled, upon detection of 
spin speeds less than or equal to 
3. 7 rpm, and greater than or equal 
to 67 rpm. X = E for ENABLE 
selected; X = D for INHmrr selec
ted. Enable signal is or i. not pro
vided to spin rate detector in 
Figure 3. 3. l. 3-1. 

TM Title and/or 
Remarks 

Pulse/tUne count select = I 
for pulse count selected; = 0 
for time count selected. 

Continuous/ y.alae fire select 
= I for continuous selected; 
= 0 for pulse selected. 

Spin rate detector Enable/ 
Inhibit = 1 for Enabled; = 0 
for Inhibited. 
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.!. Table 3.3.4-1 (r.ontinued) 
~ 
~ 

Commanrl Title 
Command Description" TM TM Title and/or 

CMD Subayatem Internal Reaponse Mnemonic Remarks 

ADP JET CONTROL QUANTITATIVE COMMAND SUMMARY 

CMf): ATQ'l, lUX. RlX. R3X. R4X. R5X. R6X. R7X. FMX. PIX. CX. FX. SRDX (ADP No.1 Only) 
ATQ3n. RiX. RZX. TUX. R-lX. R,)X. R(JX. R7X. F!.tX. PIX. CX. FX. SRDX (ADP ~o. lOnly) 

Il5\26 l712&! 29131)1 ;~-132 H 134 1 ~5136137118 r~~ 
-l~-

"-.,..,... .- , \ l LSPin Rat. d.to<to<, SROX 1 Continuous/Puls ... FX 
Address Thruster Selection 
1 I) 0 0 RIX. RlX. R3X. Pulse/Time Count, ex 

R4X, A5X, A6X, ~llSc Width Seled, PIX A7X 

~orrnal/ Alternate Fire Modt!. FMX 

ATot3 ADP Mode Seled 
ATC»C 

SRXX PLL Spin Range - Provide a for wide PLL r1yramic AS PINS PLL spin range select: iden-
Se1"ct range in four discrete Ateps detel'- tifies aelected apin range as 

mined by XX selc(:t.i->n a> follows: followa: 

XX Rans .. Selected 
State of TM 

04 1) 4-9 rpm word 5. bits Ranse (rpm) 
Of! l) 8·.It!rpOl 
16 3) 16- 35 rpm 0 I 
32 4) 32-71 rpm - -

S.·l<:cted rang(- must en\;Onlpass ac- 0 0 4-9 
tual !lpacecraft rotor rate for proper 1 0 8-18 
acquisition and tracking. One of 0 1 16-35 
four countdown durations IS selected I 1 3Z-71 

, 

I 

I in a variable c(luntrlown circuit in 
Figure 3. 3. Z. ~ -I. __ _ 

----------- --------
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Table 3. 3.4-1 (continued) 

CMD 

ATQ':; 
ATQ'C 

PLX 

Command Title 

ADP Mo:.e Sele;;l 
(Co.:t.r._e oi) 

PLL Lou of Lock 
Enable / Inhibit 

Command Description &r 
Sublyltem Internal Relponle 

TM 
Mnemonic 

In Figure 3.3. Z. 3-1, selecting the I ALOLES 
PLL loss of lock e~abled provides 
for automatic transfer of SRR to 
simulated SRR and lCE turn-off, 
upon detection of two consecutive I ALOCKS 
missing SRR pulses. Enabled, the 
PLL loss of lock prevents the PLL 
frequency from being updated if 
the SRR pulse is outside gate A. 

Inhibited, the loss of lock detection 
circuit is forced to an in-lock con-
dition independent of whether or 
not the SRR pulse is within gate A. 
If the SRR pulse occurs within 
gate A the PLL will maintain fre-
quency and phase to keep the SRR 
pulse in the center of gate A. If a 
pulse occurs outside gate A when 
in the gated mode (star or gated 
sun mode) the loop will Dot be cor-
rected and will maintain phase and 
frequency to within the drift char-
acteristics of the PLL circuitry. If 
a pulse occurs outside gate A in 
the ungated sun mode the loop per-
forms as in the sun acquisition 
mode and will slew in frequency 
and pha':e to lock onto detected 
pulse. A count of the number of 
missing 8RR pulses is recorded. 
X = E for enabled; X = D for 
inhibited. 

" _, _._ ~ _ ....... - •• -,~ ..... S ~,--:""",-. Jf~~~""""'''''7, • ~ _ tt-._ t • 

TM Title and/or 
Remarks 

PLL loss of lock enable! 
inhibit = 1 if enabled; :: 0 if 
inhibited. 

PLL 1088 of lock: With PLL 
losl of lock enabled, bit will 
:: 1 if 8RR is the PLL input; 
bit will :: 0 if input is tranl
ferred to 8IM 8RR. With 
PLL lOIS of lock disabled, 
bit will alwaYI be :: 1. 
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Table 3. 3. 4- I (continued) 

CMD 

ATO'3 
A'[O'C 

SGAX 

SGBX 

SSRX 

Command Title 

ADP Mo::e Select 
) (Continued) 

St •. r Gate A 
Channel Select 

Star Gete B 
Channel Select 

Sun Sensor (Range) 
Select 

Command Description &: 
Subsystem Internal Response 

TM 
Mnemonic 

In Fi8ur~ 3. 3. Z. 3-1, selects I A*GASS 
either the .... * channel or ... Z* chan-
nel output a!J the Gated A star out-
put. H star acquisition CMIl 
(STX) and SRR advance CMD 
(SRAX) Io.re also commandftd then 
gate A is centered over first star 
in the. spin revolution following 
receipt of star advance CMD that 
is above the selected threshold set 
ting. Gate A is 45° until star 
normal is commanded, when it 
becomes II. 25°. X = I for v* 
channel selected; = Z for ';'2~ 
channel selected. 

In Figure 3.3. Z. 3-1, selects J A*GBSS 
either the .;.* channel for "'2* 
channel as the gated B star output 
for attitude measurements. X = 
I for .;." channel select. = Z for 
y2* channel selected. 

In Figure 3. 3. 2. 3-1. provides for I ASUNSS 
selection of one of the three sun 
sensor viewing ranges as follows: 

Viewing 
Ran&!.. X 

Mid M 
Upper U 
Lower L 

State of CMD 
Bits 34. 35 

00 
10 
01 

,..-a,. 
.;- . 
\~--

r ..... ~-".>'if., 1'-" "'f ,""~""'-r-' ~. 

TM Title and/or 
Remarks 

Star Gate A; channel I/Z 
select = I if ~,:, channel is 
selected; = 0 if ..; 2" channel 
is selected. 

Star Gate B; channel 1/2 
select = I if..,* channel is 
selected; = 0 i! ':'2* channel 
is selected 

Sun Sensor Select -

State of TM 
Word 4. 

Bits 3 &: 4 

00 
10 
01 

lndicates 
Selected State 

Mid 
Upper 
Lower 

.. ~~.~~ 

• • ~ 
t-
at 

c· 

~ ••••••• __ ,_ r_ ~ 

.O'='M 
'~RR .... "'. ,. .. .... 
... _0 
OHO., 
.. = .. ."1 0 
O. • • 



~ 

w 
• 
"" , .. 
~ 

Table 3. 3. "-1 tcontinued) 

CMD 

ATO'3 
ATQ'C 

Comrnaad Title 

ADP Mocle Selecl 
(CO .• ti.,~ed) 

REFxxxl Sun/Star/Simulated 
Select 

STX 

SUGX 

Star Acquisition/ 
NorJnaI 

Sun Gate 
E-.. ble/Dis.ble 

~ .. J ~""_.H' ...... ~,i _~~ . _" __ 

~~--- ?- --~-- - --- - -----,. , ¢~ ....... ~ .• ¥.t .. -a-· • 

• • ~,-=-- .-~,4-t.~~ •.•. -:!,~ ~i!"" .-.;.:'"':J¥;.: ........... , .......... ~. ~'..,,~.t:.4. _ iii1iiiIII 

..--

Conunand Description • 
SublYltem Internal Relponle 

TM 
Mnemonic 

In FiRure 3. 3. l. 3-1, provides for I ASRRMS 
selection of one of three roll ref-
erences (sun, star, or simulated 
SRR) as the primary input to PLL. 

XXX" SUN OR 
" STR (STAR) OR 
= SIM (SIMULATED) 

In FiR';re 3.3.2.3-1. provides for I A~ACQS 
PLL frequency and pbiase locking 
to any ltar in the Ipin revolution 
that is capable of being detected by 
the ltar lenlor threshold letting. 
The normal (II. 25°) gate A is 
expanded to 45° when ltar acqui-
sition is selected, to allow lor the 
frequency difference between PLL 
and the actual rotor rate to be 
sliRhtly in excelS of *1. 5,.. This 
CMD is used in conjunction with 
the SRl\ advance CMD (SRAX) 

x = A for acquisition lelected: 
= N for normal lelected. 

In Figure 3. 3. Z. 3-1, lelecting the I ASUNGS 
enabled state provides a "gate A" 
to be centered over the lun SRR 
input. This allows the detection of 
the number of missing lun pulses, 
as well as automatic switching to 
limulated SRR upon detection of 
two consecutive missing lun SRRs . 
I! Dilabled Itate is selected, the 

TM Titl·! aDd/or 
RemArkl 

Identifies refe.-ence selec
tion as follows: 

Ref 

State of TM 
Word ... 

Bib S aDd 6 

Sun 1 1 
Star 0 1 
Simulated SRR (1 or 0) I) 

Star acquidtion/normal 
= I if star acquisition is 
selected: = 0 if normal il 
selected 

Enable/Dilable Sun Gate = 
if enabled; = 0 if dilabled. 

('I --

1 , 

"or-IP. I 
~~ s ~ 
... -I 0 ... 0 ".e . 
:11 ~ 
I r 
r 

iii 



"'" t., , .. 
IV 
0" 

~"., 
... ,,.,.,J 

T&ble 3. 3.4-1 (continued) 

CMD Commaad Title 

ATO'3 ADP Mo::.c Select 
ATO'C (Continued) 

SUGX 
(cant) 

SRAXXX SRR Advance 

I 

Command Deacription • TM 
&.baYltem Internal Relpoaae Maemoaic 

PLL i. forced to frequency .earch 
and pilau lock to the lun at all 
timea. 

x = E for £nAbl .... elected; 
= D for Di.able aelected. 

In Figure 3.3. Z. 3-1, allowl PLL AD VANS 
reference .witching from .un to 
.tar, or from atar to Itar, or from 
atar to aun or from Bimulated SRR 
to aun; and, in rare caaea when 
awitching from eimulated SRR to 
atar (called ltar acquiaition when 
aun ia not available. ) . xxx = 
AnV if advance .tate ia aelected; 
= NRM. if normal Blate il lelected. 

~ 

. ~~ ... <'~ .• ry:;w\~ ("!'" ..----.." ... --k- -- • 

TM Title aDtdjor 
Remarkl 

SRR Advance StatuI 
= 1 i~ Advance alate" 

I.I.cted 
= 0 if normal alate i. 

lelected 

-- ... "'.,........~-.~ ewe_ 
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T.bl~ 3.3. 4-1 (continu~l ADP MODE SELECT QUANTITATIVE COMMAND SUMMARY 

CMD Command Titl~ Command ~.cription • 
Subsystem Inter_l Re8pon8e 

TM 
Mnemonic 

TM ntl .... /ol' 
aemara 

ADP MODE SELECT QUA:\"TITATIV£ COMMAND St!MMA~7 
("\1(): AT 0.» 3, SHXX, PLX, SGAX, SGBX, SSRX. REFXXX. STX. SrGx. SRA-,,(XX. (ADP :-';0. 1 Only. 

ATOOC. SRXX, PLX, SGA-X. SGDX, SSRX. REFXXX. STX. SrGx. SRAXXX. (ADP So. lOnly) 

A<idre •• 
o I 0 0 

Bit location in command word 

-'----L L I 45RAXXX (Star advance) 

L . I.st·GX (Sun Gat~ ~nabl~fdisabl~' 
TX (Star Acquisitbn/l';ormall 

REF)lXX (R~r~r~nc~ S~I~ct) 

SSRX (Sun SenIor (RangefSelect)) 

SGBX (Star Gate B Channel ~lectl 

A..'C (Star Gat~ A Cbann~l S~I~ct) 

LX (PLL Lo .. of Lock Enable !lnhibit) 
SRXX (PLL Spin Rang .... S~l<!(;t) 

.............. 

/""*", 
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Table S. 3. 4-1 (continued) 

CMD Commaad Title 

ATQH Jet Countdown 
ATOID 

ATatS ACS Anlte Delay 
AT atE Macnltude 

ATat6 Roll hlldez Delay 
AT~F Mqnitude 

A-aQt7 PLL Sp6n Period. 

~T~ l--C~~' 

Comrr.and De.cl'iption • 
Sub.y.tem laternli.l Re.pon.e 

In Figur~ 3. 3. Z. 3-1, provide. lir-
inl duration of .elected thru.t .... 
in terma of time or number of 
puille firinl. a. follow. (ll bite): 
o - Z0c)6. M .. c in O .. IIZ .ec 
ate.,. !!. 0 - 40C)S pal .... 

In Figure 3. 3. Z. 3-1. prOVide. a 
pha.e &nile delay with re.ped to 
tlw- SRR for lated Star B contro! 
utcI Jet Fire AnIle Control. Anile 
delay capaoUity from O. 3Slo to 
360.00 in incrementa of 0.35156250 

,. provided. Actual ACS ~le 
Dela~. O. 15!111 or I count-rler 
tliAil e comm&nded value. 

In F:,ulI'e 3.3. l. 3-1, provide. a 
pha.e &nile d.alay with re.pec~ tc 
the SRR for Science and the DeE. 
The DeE uUllse. tb. RIPto leDfI-
rate tbe va~iable pb&.e d.lay •• 
ph.ll •• delayed from the RIP. for 
RAM aad NADIR Scie.ftCe SJanal. 
Act1Ia1 Delay equal. tbe _mber of 
..... nllud. c--a. Conunaaded. 
~~ t:I1!,e delay ca Of 0 to 
-'_9.65 in 0.1510 at • .,. i. 
provided. 

III Ficur. 1.3.Z.3-1. &::ontrol. the 
." .. nlOat .lpific:ant bit. 0( a 16 
bit counter that repr •• __ • the _-
board (re.-nm facaimil. 0( actual 
.pacecraft rotor rat •. Comrnaacl-
abl. period i. 0 to 16. lZ •• c bs 
increment. 0( O. OM .ec . 

f··"-· -, 

T~ Mnemonic 

AJMAGC 

AACSAD 

. ARIPAD 

ASIMSZ 

-; ... , ~,",,..,...~'~ -~p,- ' .... , ~-~., _Wi .. 

TM Title and/or 
Remark. 

. -
JC;' Counidcnm (lZ bit. TM 
word) - identifie. the Jet 
Cnuntdown Command Re,i"ter 1 

content. at all timea. cSto"'l 
at maximum count o~ all 
"I "a} 

, I 
ACS An,le Delay Malnitude 
(1(, b!t.) TM word) - ideati- I 

, 

fie. tbe ACS An,le Dela, 
I 

;:ountdown relht~r c-'eJtt. 
at all time •. (Same r .... e 
and iDcrement a. for 
c ornn 1oo&I!d. ) 

Roll ~ez Del.y Mapitude 
(10 bih TN word) - Identi-
fi •• the •• 1e.cteG RIP Pha •• 
Anile deb,. cSeI7M' ranae 
and increment a. for 
command. , 

PLL Spin Plariod Wapitud. 
(8 MSB.h Id ...... n .. tbe 8 
MSB. of tbe Selected Spin 
l'''riod Control. 
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Table 3. 3.4-1 (contin'ted) 

CMD Command Title 

AToftS Pl.L Spin Period. 
ATottH Vaguitude (LSBa) 

f--._--
ATOf9 JCE Bl1ffer Output 
AT Of I Enable 

ATQID JCE Power Buffer 
ATQA'J Output Disable 

I I 

r--

Command Description .. 
Sub"yBtem Internal ReBpon8c 

In Figure 3. 3. Z. 3-1. controls the 
eight least &ignificant bits of a 
16 bit counter that represents the 
onboard free run facsimile of the 
actual spacecraft rotor rate. Com-
mandable period is 0 to 0.06375 
Sf'C in O. 7.5 ms increments. 

In Figure 3.3. Z. 3-1. provides +15' 
to the JCl!: buffers that drive the 
solenoid drivers. JCE buffer 
e.lable is a necessa~'y condition for 
any thruster firing. Receipt of the 
JET fire interlock and JET fire 
CMD in that order. witho)Ut an 
intervening JCE buffer disable 
CMD. is the second necessary con-
dition for any thruster firing. 

In Figure 3.3. Z. 3-1. removes 
+l5V from the JCE buffers that 
drive the solenoid driver. JCE 
buffeor disable or more appropri-
ately called JCE "OFF". prevents 
any thruster firing after CMD 
receipt. This command also resetl 
the JET fire interlock latch and 
the JET fire enable latch. 

TM TM Title and/or 
Mnemonic Remarks 

ASIMSZ PLL Spin Period Magnitude 
(8 LSBa): identifies the 8 
I..sBs of the selected Spin 
Period Control. 

AJCEIS Jet Control Electronics 1 
Buffer Output State 

AJCEZS Jet Control Electronic s Z 
Buffer Output State 

Each above identifie s (hON, 
JCE D11tput power ia "ON." 

AJCElS Jet Control Electronic. I 
Buffer Output State 

AJCEZS Jet Control Electronics 1. 
Buffer Output State 

Each.bove identifies (O=OFF) 
JCE output power i. "OFF" 

AJCEFS Jet Fire enable status = 
Disabled (= 0). 
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I 

III!Otflla 

It!.RR ",10. rt 
It ... 
..,. .0 
010401' 
c:t I' • • _I 0 o. • 

· r ... • 

1 
~ 
.j 

~ 



.., 
• '-' 

~., \ 

! Tahle 3.3.4-1 (continued) 
W 
C 

CMD 

ATQll 
ATUGK 

ATQIZ 
ATQC1L 

.-

Command Title 

Jet Fire Interlock 

Jet Fire 

Command Description I< TM 
Subsystem Internal Response Mnemonic 

In Figure 3.3. Z. 3-1, eets the Jet 
Fire interlock latch. This inter-
lock logic does not allow the jets 
to fire until both the jet fire inter-
lock CMD and the jet fire CMD 
have been received in that order 
without an intervening JCE Buffer 
Disable CMD. There b no time 
lapse requirement between the jet 
fire interlock CMD and the jet fire 
CMD. 

In Figure 3. 3. Z. 3-1, sets the jet AJCEFS 
fire enable latch. In the continu-
ous fire mode, receipt of the jet 
fire CMD (auuming interlock 
sequence is complete I starts 
thruster firing. In the pulse 
mode, the leading edge of the first 
ACS delay pulse after receipt of 
jet fire CMD lItarts the thrust~r 
firing. 

ADP ATOil4 THROUGH ATOll QUANTITATIVE COMMAND 5 JMMARY 

CMD: ATO'4 (ADP NQ, 1 Only) 
ATQfD (A!)P !'fo. ~ On!l' 

31t 10 ation in comma.ld word 

i [:'£f> ll~J!_~Lzn! 1011~ \3ZJ 331 34 1 :\5T36137 138139140 I 
, ~ -------..-- -- -, l ArId "t' ~ S ~.I agniturie Infor mation 

I 1 II 0 _r et Countdown 
_________ ..1- ____________ -L-__ 

I 

tj () 

• .Or'" s • p. " 

TM Title and/or I Remarks 

There is no TM that directly· 

~ t:'~. ~ 
t" ... -S 0"'0 
II ••• .1, r o. . 

indicates the state of the Jet • 
Fire Interlock. 

I 

Jet fire enable status: Jden-
tilies thru"ter firing sequenct 
is activated wlM::n value :: 1_ 

Each thruster valve requires 
a maximum of ZI watts to 
open. This power consump-
tion may be detecto,d via 
PLlMTI (bus voltage limiter 
current) when the bus lim-
iters are dissipatin, excess 
spacecraft power: or may 
be detected via PBUSLI 
(Spacecraft Loads Current). 

c' 



&AI 
• 
'i' ... 
~ ... 

~-., 

Table 3. 3.4- I (cc>ntinued) 

CMD Command Title 

~.' ~ ~, 

Command Description & 
Subsystem Internal Response 

TM 
Mnemonic 

ADP A'IaU 'IHROUGH A'IQIZ aUAN'Il'IA'IlVE COMMAND SUMMARY 

CMD: ATQ4\S (ADP !"o. I Only) 
ATO~E \ADP ~o. 2 Only) 

Bit location in command word 

r2-5J 26p7f28I29J30 [31 132 133134135136137138139 G 
~ ""--- ~ ~ ............... 
Arid reBB Magnitude Information Don't 
o I 0 0 ACS Delay Care 

CMD: ATO'6 (ADP ;:';0. 1 Only) 
ATQ0F (ADP No. lOnly) 

Bit location in command word 

[?5fi& 1271281291301 31 13113313413SI3613713~~ 
~""" ----- ------- ---~ Adrlre!ls Magnitude Information Don't 

1010 Roll Index Delay Care 

TM Title and/or 
Remarks 

L-- ---.~>- -,- .-~~ -",.,,----, 
, ··'::. ....... h'.t!iiaii#i·,. to ii$(t:f;'tIiWua'i1ill6~l.;.o1; .1I£4~""".*'11"2M sri.!! at_I t:diIll\Wthlb"'fflW'octtr r? intM" a .r;$t?17 sst:' 
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Table 3.3.4-1 (continueti) , --~.---~~--------~ 

CMD Command Title 
Command Description Ir 

Subsystem Internal RespoDie 
TM 

Mnemonic 

ADP ATOh THROUGH ATOll OUANTITATIVE COMMAND SUMMARY 
CMD: AToG7 (ADP No. 1 Only) 

ATaGG (ADP No.2 Only) 

.Bit location in command word 

[zs] Z6I27/U llil 30J3113213313413513613713s1391401 
~-........ ~ ---~ 

Address Magnitu(1e Information Don't Care 
o I I 0 PLL Spin Period, MSBs 

CMD: ATOGS (ADP No. I Only) 
ATODH (ADP No. 2 Only) 

Bit location in command word 

[ZS] 26127/28\ Z9J30 1311 32 133 fi4I:i51 :;61371 38 1391401 
~--- ....... ./ --~ 

Address Magnitude Information Don't Care 
I 1 I 0 PLS Spin Period, LSBs 

CMD: AT~9 (ADP No. I Only) 
AToQI (ADP No. 2. Only) 

Bit location in command word 

,- ..... ,_. ,--,-" --I 

--- "".,.,.... 
Address, Don't Care 

JCE Buffer 
Enable 000 I 

~t 

I 
I 

.~.~"., ....... - N?'.>*~-r.fi. ~--c~~.~._w :'~.·-~,~_:=:.:z--~:._?,\I.\ 

TM Title and/or 
Re.marks 

.. • Ii 
t .. 

1110"" 
'11811 
... .0 8 ,.. 
• 8 .,. 

.... -. 0"'0 ".8 

.11 r o. 8 
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Table 3.3.4-1 (continued) 

CMD Command Title 

--

Command Desc1'iption a. 
Subsystem Internal ResPQnse 

TM 
Mnemonic 

ADP ATQw)4 THROUGH ATQ1Z QUANTITATIVE COMMAND SUMMARY 

CMD: ATOlfJ (ADP No. 1 Only) 
ATQiJ ~ADP No. Z Only) 

flit location in command word 

(.;r}6Tl7IiSf}il30 13! 1321331 341 35 1361371381391401 
~- """ Address, Don't Care 

JCE Buffer 
Disable 
100 1 

CMD: ATQII (.'\OP No. 1 Only) 
ATQ(,IK (.A!',P No.2 Only) 

Bit location in command w()rd 

1 251z61z71zilii[ 30131132133 i 3413513613713813~ 
~......------- ~ ~ 

Address, Don't Care 
JeE Fire 
Interlock 
o 1 0 1 

CMD: ATQl Z (ADP No. 1 Only) 
ATOfL (ADP No. Z Only) 

Bit location in command word 

125126127\ Zij"2cji 30131\ 321331341 ;$5136137138139140] --- ---Address, Don't Care 
Jet Fire 
1 1 (' 1 

I 

TM Title and/or 
Remarks 

r, 
""-. ~ -",-
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.!. Tablp. 3. 3. 4-1 (continur.d) 

"" ~ 

t~j 

Command Descriptbn 8. CMD Command Title 
Subsystem Internal Respo •• se 

Deflpin C ntrd Electronic, 

D(;EI9 Despin Control Elec- In Figure 3. 3. Z. 1-1, provides 
DCEA9 tronics 1 ON!Z OFF sp&cecr&!t switched loads bus 

power to the DCE ECU regulators 
and toggles unit Z off. 

DCE will initialize in a random 
manner. This command should be 
fOllowed by DCE configure quanti-
tative command before sending 
either MOTOR DRIVE ON 
command. 

DCEZ9 Despin Control E:lec- In Figure 3.3. Z. 4-1, provide!: 
DCEB9 tronics <: ON!1 OFF spacecraft switched loads bus 

power to the orE Z ECU regula-
tors and toggles unit I OFF. 

DCE will initialize in a random 
mannlt!r. This command should be 
follow~d by DCE. COllfig'J.re quan-
titative command bef"re sending 
either MOTOR DRIVE ON 
command. 

DeEI, I n •• pin Coot.ol El~FI.u<e 3.3. Z. 4-1 ... =ovo, 
DCEA. tronies I OFF!Z OFF spacecraft switched loads bUll l po~' £'0= both DeE ECU L._ _______ reguiators. 

~ 

I TM 
Mnemonic 

ADCEIV 

ADCEZV 

ADCEIT 

PBTJSLI 

ADCEIV 

ADCEZV 

ADCEZT 

PBUSLI 

ADCEIV 

ADCEZV 

", ~1., \0 .• " .... F ...,~"~,.....,.."~:.. .-~ ..... - • 

tID 

I 
1;;' 

TM Title and/or 
Remarks 

.... 
0 

" 
DCE 1 power supply voltage -
rises from 0 V to a nominal 
t-5 V. 

DCE Z power supply voltage -
reads 0 V. 

DCE I temperatube - rises 
and settles at F. 

Spacecraft load current 
increases Z75 milliamps if 
both DCE units were off 
prior to this command. 

DCE I power supply voltage -
reads 0 V. 

DCE Z power supply voltage -
rises from 0 V to nominal 
+5 V. 

DCE Z temperatube - rises 
and settles at F. 

Spacecraft load current 
increaseo Z75 milliamps if 
both DCE units were off 
prior to this command. 

DCE I power supply voltages 
- reads 0 V. 

DCE Z power supply voltage -
reads 0 V. 
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Table 3, 3.4-1 (continued) 

CMD Comn'l&nd Title 

DCEl, 
I DCEA' 

(contI 

I 

MTRJ9 Motor Drive 1 ON 
MTRA9 

,-

Command Description" TM 
SubsyBtem Internal Response Mnemonic 

ADCEIT 

ADCE2T 

PBUSLI 

In Figure 3. 3. 2.4-1, provides AMTRIS 
fUled 28 Vdc (tule source is 
28 V switched 10adB bus). Drive 
power to the BAP'rA motor based " 
upon torque command inputs gent'- J-~.MTRZS 
rated within DeE 1. Antenna will 
dl!spin and auume a position in 
azimuth and elevation based upon 
what had been commanded in the PBUSLI 
DeE configure conmand at' what 
had been generated randomly upon 
DeE 1 turnan or DCE Z turnon. 

ARATEQ 

APOSTQ 

......... ,~ .......... ;:7". "'!""".'~ '..,.,' ff' 

TM Title and/or 
Remarks 

DCE 1 temperature • 
decreaBes if DCE 1 had been 
on. 

DCE 2 temperature -
decreases if DCE 2 had 
been OIL 

Spacecraft 10adB current 
deer Jates as minimum of 
275 rnA. 

D"l"pin motor drive! ON/ 
off = I - ide"ttifiel Motor 1 
ON. --
DeJ;pin mo~or drive lON! I 
OFF"' 0 - ident:i'ies Motor Z 
OF~·. 

Spacecraft load current 
in.:reasel 150 milliampe if 
both motor drivers were 
OFF. 

Rate torque - a.sumes a 
nominal 2. 75 V (precali-
brated) with no torque I 
commands present. I 

.---.J 
Po.ition torque - a •• urn". a 
nominal 2.5 V (rrecali"rat~d 
w&th no torque cornrnar.d_ 
pre.ent. 

f 
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~~. c. 
~ _0 
0""01' DC I 

• • ".1 0 o. . 
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! Table 3. 3. 4-1 (continued) 
c".. 
0'. 

a 
·iiobn .. · 

CMD Command Title 

MTRJ9 
MTRA9 
(cont) 

MTRZ9 Motor Drive Z ON 
MTRB9 

I 

'--- ---~- --------

Command Description Ir 
Sub.ystem Internal Response 

In Figure 3. 3. Z. 4- I, provides 
fused 28 Vdc (fused source is 28 V 
switched loads bus,. D .. ive power 
to the BAP!' A motor baaed upon 
torque command inputs lenerated 
within DCE 2. Antenna will 
despin and assume a position in 
.. tmuth and elevation based upon 
what had been cOnul".anded in the 
DCE conficurc 'command or what 
bad be"ln lenerated randon:ily upon 
DCE I turnon or DCE Z t.urnon. 

f -, 
"--

__ .>'_ ""-____ a..:...;,.. _ .~~ 

, 

~ , 
.~ 

TM TN Title aDll/or 
Mile monic Remarb 

AMOTRI Despin motor drive curromt -
asaume. a norniDal 0 amps 
with no torque commanda 
preaent. 

AMTRIS Deapin motor drive IONI 
OFF = 0, identifiea unit 1 
OFF. 

AMTRZS DflspiD motor drive 2 ONI 
OFF = I, identifiea unit Z 
ON . 

PBUSLI Spacecraft load current 
increaaea 150 milliam,. if 
both motor driver. were 
OFF. 

ARATEQ Rate torque - i&anme. a 
ncrniDal 2. 75 V (precali-
brated) with no torque com-
manda preaent. 

APOSTQ Rate torque - aasumes a ; 

nominal Z. 5 V (precalibr .. tt<ci'l 
with no torque ("I)mn.andll : 
present. 

--i 
AMOTRI Despir. mot:or "r've curre.nt - . 

as.urnea a n(uninal 0 amp 1 
with 1'0 torque commands I 

• rOr" ~ 

• :1 8 1 
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• 
i 

1 
1 
~ 
~ 

filM j 
1 

II 
" 

~I 
~iI 

pr .. sen<. ; , 

_._- --- . --

c' 
e est 55) nb tti "s.-) 'tft't - f" a y''''' .,'±ntb .... n *b t "11""'1 _ 



t 
I,· 
( 

r 

i 
r , 

I 

t 

I 
t 

! 
t 

..., 
• W , .. 
CA.' 
"-' 

..-

Tabl. 3. 3. 4-1 (continued) 

CMD CollUnlUlCl Titl. Conunaad Description II 
SaMy •• m lDt.r_1 R •• .., ••• 

MTRI. Motor Driv.r. I aDd . lD Fleur. 3. 3. Z.4-I, r.mov.s 
MTRAI ZOFF fu.ed 28 Vdc (fu.ed .ourc. i. 

28 V .witched load. bu.) - drive 
power to the BAPl'A motor. 

DCEQI Aaimuth Pointing In Fiaure 3. 3. Z. 4-1. provides for 
DCEQA Slew s~ewiDl the desJIIID antenna from 

o to 164.780 per minute in incre-
menta of O. 040240 per minute 
:steps (13 bits resolution). 

DCEQZ RAM Variable Fhase In Figure 3. 3. Z. 4-1, provid.s for 
OCEQB Delay additional spin angle delay of roll 

index pi"e (RIP). Magnitude of 
delay is the iDtegral of the com-
maDded RAM variable phase delay 
.. ate. Capability to vary the rate 
from 00 to 164.780 per minute in 
incrementa of 0.04024° per minute 
atepa is p~ovideci (13 bits 
resolution 1. 

DCEQ3 NADIR Variable In Fleure ;.. 3. Z. 4-1, provides for 
DCEQC Fha.e Delay additional delay of the roll iDdex 

pulse (RIPi. Magnitude of delay ia 
the integral of the commanaed 
NADIR variable pulse delay rate. 

_~pabnity to vary th.., rate ~~om 

L ---:: := . --- . _ (f 1#" ............... ~ .-,;,' .... ...., . "7 l' 1m • em Cst' 7* 'p C$ tho.sf 

TM TM Titl. aDd/or 
M •• moaic Remarks 

AMTRIS De.pin motor drive 1 ONI 
OFF :: 0 - identifies tJDit I 
OFF. 

AMTRZS De.pIn motor drive Z ONI 
OFF = 0 - identifies unit 2 
OFF. 

r--
PBUSLI Spac.craft load. currellt 

d.crea.e. 150 milliam.,. if 
one motor drive wa. ON. 

ATTMIZ TiJne interval measurement 
ATTMZZ of PLL to MIP (master 

index palse) provides de.pun 
anteDna ..,.iticm r;ofne veT-
su. GMT time (1 bit. 
re solution). 

AVPDRD RAM variable pha.e delay -
identifies 'nagDitude (..,si-
tion) of the re.ultant spin 
aD,le delay of kAM V PI> 
with reapect to RIP . 'i'M.is 
a pulse that i. routed once 
per .pIn period to selected 
scientific instruments 
(OUVS, ONMS, and ORPS, 
as the RAM pil.e (12 bit. 
resolution). 

AVFDND NADIR variable phaae delay -
identifies JIlAInitude (po.i-
tion) of tbe resultant .pin 
angle delay of tbe NADIR 
VPI> with reapect to RIP. 
Thi. ia a pila. that ia 
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Table 3. 3.4-1 (continuet!) 

CMD Command Title 

DCEQ3 
DCEQC 
(cont) 

DCEQ4 HGA Elevation 
DCEQD Positioner Slew 

DCEQS Aeim\lth Position 
DCEQE 

DCEQ6 Mooe Command 
DCEQF 

, , 
I ---.---

Command Descriptior. It 
Subsystem Internal Response 

0° to 1M. 180 per minute in incrc-
ments of 0.040240 for minute 
stepe is provided (13 bits 
resolution). 

In Figure 3. 3. Z. 4-1. provides for 
slewing the HGA ant\nna in ele:a-
lion at a rate from 0 to 39. 93 
per minute in increments of 
O. 00915 de; fmin (13 bits 
resolution). 

In Figure 3. 3. 2. 4-1. provides for 
positioning despun antenna at a 
specific .pin IilDgle delay from the 
selected REF. (SRR). Capability 
is provided to ~sition the dupun 
antenna from 0 to 3600 in incre-
menta of 0.0819330 using Z'. 
com~ement notation (12 br. 
reso ution). 

IT. Figure 3.3.2.4-1. provides (or 
control o( internal functions as 
follows: 

1) Phase reset enable/disabit" -
fbIs command is used to mini-
mize phase transients generated 
by phase lock loop from being 
propacated to the despun antennl 
control. Phase transients are 
caused when switching from 
one mertial reference to 
another. Prior to switchiDg 
from one inertial reference to 

TM TM Title a_lor 
Mnemonic Remarks 

routed once per spill period 
to selected scientific bldru-
meDts (ORAD and OUVS, .. 
the NADIR pulse (lZ bits 
resolutioD,. 

AELEVD HGA elevation posltioa -
(analOi voltqe) provide. 
the slew profile veraus 
GMT time (8 bits 
resolution). 

ATTMIZ Time interval measurement 
ATTM2Z of SRR to MlP (rnaater bldea 

. JNlse, provides the deapun 
antenna position. Profile 
versus GMT time. (16 bits 
resolution; 

ADSPNS Despin phase reset enablel 
disable - identifies the com· 
manded state o( the pbaae 
reset logic (= I for eaabled 
state; = 0 for disabled 8tate~. 
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Table l. '.4-1 (continued) 

CMD Commaad Title Comm&Dd Description .. TM TN Title aDd/or 
Sabsy"em ltderaal Response MDemoDic Remarks 

DCEQ6 another, this commaDd should 
DCEQF be sent in the disable state. 
(cont, Alter transients settle (as indi-

Cl'.ted by con"ant of SRR to 
MIP delay' and at all other 
ti-n.s, the phase reget should 
be in the enable state. 

2, RAM variable ~se delal AVPDRD RAM variable phase delay -
reaet - reaeta. cumUlative identifiea magnitude of the 
spiil" &nIJle delay to I.e coinci- ~:!~Ra?:: ~er=-:o dent with RIP delay minua the 
VPD pulse width (-0.004°, in responae to reaet 
(with ~ .. pect to the 5U,. command. 

3) NADIR variable Dbaae delax AVPDJIID NADIR YaJ'iable phase 
,.",set - resets the cumulative delay - ideDtilie. rnaplitude 
0jilD ... Ie d.I&, to be <0;'<1- I of the additional apill &IIIle 
dent with RlP delay minus VPD delay ~om lb", RIP - will 
Plise width (=0.004-' read 0 in reapcm.e to the 

i reset command. 

4, HGA ~.itioner ON/OFF - pro- ! APOS15 HGA positioner electraaica 

..... u .... >lI Vd< If .... '-"1 ION/OFF = 1 for ON; = 0 
is 28 V switched load. bus - for OFF 
shown in Fiaure 3. 3. 2.4-1' ...... 

drive po_r to the stepper AFOSZS HGA roaitioner electraaics 
motor based <1pon the selected 2 ON OFF = 1 for ON; = 9 
HGA elevation positioner slew for OFF 
comrnand. 

I 

I 

I I 
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Tule 1. 1.4-1 (continued' 

CWD Conunaad Title 
Commaad De.criptioa Ir 

..... yat.m lat.raal ........ . 
TM 

Maemoaic 

DeE QUANTITA.TIVE COMMAND SUMMARY 

CMD: DCE'lI «DCE No. I Only' 
DCEUA «DeE No. I. Only) 

Bit l~alion in command word 

I ~L 1.61~ 1 zsl ~ I )01 311 JZ 1 3iL 141 )51 )61 371 )811:J~ 
Addre.. .....nitude Information MSB 
o 0 0 A,aimuth POintinl Slew Direction of rotation: 

(0 = .arne a. rotor .pin: 

CMD: DCEQZ «DeE No. I Only' 
DeEQB COCE No. lOnly) 

Bit location in command W\)rd 

1 = de.pin dirf'Ction, 

fiST z61 z71 z81 Zq I )0 I ) I III 1 )] 1141351 361371 381 391 401 

TM 'JUl • ..a/or .ema .... 

Addr.... - M&lnitud-;';formaUon - MSB 
I 0 0 RAM Variable Pba.~ Deby C"O" advance. RAM puhe in db·ection 
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(1/1 TO MIl') TE LEMETERED TIME M EASURE 
MENT WILL TRANSLATE IN ANGULAR 
DEGREES TO READ +1.41° 

F ............. ____ IL.-__ _ 
~ 

F~,---~------_.~-----
01 WITH 40.2° ANGLE OFFSE'r " ' ALUE CMD 

ANTENNA POINTS AT SELECTt:.'> STAR 
REFERENCE, USING THAT STAR IN PSI· 
SLIT AS SRR 

F • 

F ' • 
b) WITH 12.11° ANGLE OFFSET VALUE CMD 

ANTENNA POINTS AT SUN LOS WITH 
SUN ASSRR 

F. __ a.... ____ 1a.... __ 

~ 

F~------~~------__ ~~--
dl WITH 4110 ANGLE OFFse T VALUE CMD 

ANTENNA POINTS 32,110 PAST SUN LINE, 
M EASURED IN D IRECTION OF SPACECRAI'T 
SPIN, WITH SUN AS SRR 

FIGl1R~.3 2.4·3. SUNISTAR SENSOR GEOMETRY 
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3... P&U!-"'LSIOI SUBslstla 

3." .1 ilb')lt •• pescriptig,. lh. propulsion subsyste. 
proyides tAe propulsive capability to perfora all 
spin rat4, yelocity aad attitude changes required 
of the Orbiter dor~g its .ission. rhese 
.aneavers are perfor.ed Dy electrically opening 
lb. appropriate latch valyes and thruster valves 
and thus allowing pressuri~ed hydrazine, a .ono
propellant, to flo~ to the tbruster where it is 
catalytically dew.pused to produce thrust. The 
subsJs~e. operates in the blowdown .ode; i.e., 
~e subsyste. volu.e is constant and the pressure 
is unregulat~ so ~hat the sQDsyste. pressure 
dJ:ops as propellant. is used. lIeli .. is used as 
tae pressuran t gas. 

The propulsion sabsyst .. , shova sche.atically in 
Figare 3.~.1-1 coasists of the following unit.s 
and co.ponenU: 

• 2 Tanks for propellant st.orage 
• 1 thruster asse.blies tor providing thrust 

(1 IDf no.ina1) in specif ie directions 
• l Latch valves to isolate the thrusters into 

t~o redundant groups 
• 4 ¥ilters to prevent thruster valve 

conta.ina tion 
• l Beserv01rs for in~t1al spin-up propellant 

storage 
• J Pill/drain valves for subslsta. loaQing 

and pressurization prior to launch 
• 1 Pressure transdUcer to .easure and tele

.et.er suDsJste. pressure 
• Propellant ~nes to interconnect the various 

co.ponents 
• Heaters to .ainlain propellant te.perature 

greater tban ~Oop ,~-,~ above freezing) 
• 13 Te'perature sensors to .easure and 

tela.eter subsystaa te'perature (plus l on 
tJae OUI iUlc1 1 on the S&A) • 

The seven thrusters are .. para ted int.o tvo fully 
redundant groups DJ the latch VAlves. Altbough 
.ost nor.al Raneuvers use thrusters fro. both 
groups ai.ultaneoasl" all .aneuvers can be 
perforaea vita only t2e thrusters in either 

3.4-1 
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3.4 .2 

3.4.2.1 

3 -,,-;. 

CJrou.p. Each thrQster CJroap c0D81ata of t .. o 
radial tArasters and e1th.r one or t~ a&1al 
Unatarsi thrusters 11. 12 and 16 are 1n one 
group, and thru8ters 13. I'. 1S anG 17 are in the 
other. the tvo radial tlarutera iD &ada CJroup 
are aliCJned so that the1r thru~ vectors are 
parallel to each other. the plaDe coataining 
~ese two taruat vectors is cante~ 1n order to 
pass throuCJh the spacecraft center of aass. The 
radial thrusters of the two differeat CJroups are 
canted tarouCJh different points correspoDdiDg to 
the sp4cecraft ceater of aaS8 during different 
pbases of the ai881oD. lOr the orbiter, radial 
thrusters 13 and M~ are caDted through the 
Orbiter center of aeass a~ the tiae of the first 
trajectory correction aaneuver vhile radial 
thrusters i1 and 12 are caDted through the 
average on orbit ceater of aass. This design is 
dict.ated by 'the large shift in center of aass due 
to OLa propellant usage and the require.ent to 
ainiaize cross c~plin9. Table 3._.1-1 and 
ligur~ 3.~.1-2 give the tbrost~r locations, 
thrust directioDS, .oa.nt aras and gen~ral 
thruster uses. 

The phJsi~Al layout of all subsystea units and 
coaponents near the dquipaent shelt is shown in 
Pigure 3.4.1-3. 

Units Pls~,iptioDl 

lhrusbU lHlably. ~he tAroster asseably shown 
in rigure 3._.2.1-1 consists of a thruster val,e 
to control propellant flow and a tbrust chaaber 
with catalyst beds and an e&p&nsion nozzle. 1 
cross sectional view of the valve is shovn in 
11.Cjure 3.4.2.1-2. 

fal.e operation is cuatrolled by application of 
el~ct.rical power froa the valve arivera in the 
ADP ot the controls subayste. to redundan~ coils 
actuating a aingle torque .otor. The opening and 
closing response tia4ltS are 15 :t1 a. and 10 :t 1 as, 
respect.ivell. Tbe valve is Doraally closed and 
is capabl~ of pulaed or continuoas oparation by 
~~Dtrolling the dQration of the power 
app11cati~n. Couanc1 selectable pa.1se on ~i.es 

.... r~ 

-U 
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Thruster 

Rl 

R2 

R3 

R4 

A5 

A6 

A7 

Location 

9 = 820 

STA = 68.75 

9 = 22° 
STA = 68.75 

9 = 2620 

STA = 68.75 

9 = 2020 

STA = 68.75 

9 = 105
0 

R = 46 in. 

9 = 285° 
R = 42. in. 

9 = 105° 
R = 42 in. 

TABLE 3.4.1-1 

ORBITER THRUSTER GEOMETRY 

Thrust/Plume Direction 
(Direction of SIC Motion is 

Oooosite) 

9 = 52°30' 
Canted 4.020 Aft 

9 = 52°30' 
Canted 4.020 Aft 

9 = 232°30' 
Canted 4.460 Forward 

9 = 232°30' 
Canted 4.460 Forward 

Forward From Sta 82..4 

Aft From Sta 63. 5 

Aft From Sta 63.5 

Usage 

+ Spin; AV & Precession 
Post OIM Fire 

- Spin; AV & Precession 
Post OIM Fire 

+ Spin; AV & Precession 
Cruise 

- Spin; AV & Precession 
Cruise 

AV; Preces sion 

t:.V; Precession 
I 

t:.V; Preces sion 

~ . r 
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of 128 .s and ~12 as are used for .ion .. r 'eDUS. 
the peak po.er r~llired is 21 vatts per yalve. 

Series redundant prope!lant shutoff is proyided 
0, utilizing daal in-line tungsten carbide 
poppets and seats. Tbe dOVDstr... poppet is 
actuated DY a flapper wbicb is aD integral part 
of tbe araature; tae apstrea. poppet is 
.ecbaAlealll opeDed bJ a pin connected to tbe 
flapper. 1 O.OO~ inch gap between the pin and 
the apstre.a poppet peraita positiye leak free 
propellant shutoff by ooe poppet eYen if tbe 
other poppet is be1d open bJ conta.ination. Tbe 
interstage cavity betv .. n the two valve seats is 
0.08 cc; bydrazine trapped in tbia volu.e can be 
subjected to increasing pressure. If so, it 
relie,es back into tbe syste. aeroas tae upstrea. 
poppet vbich acts as a r~lief valve. The valve 
bas a cycle life of ~~O,OOO cycles per foraal 
qua1ificat1on test~; however, Hughes bas placed 
vel1 over one .illion cyclea on a nuaber of the 
'YalYes witho"t partonance degradation. The 
leakage rate allov4ble per seat is 2 sec ~N2 per 
hour for a new valve and 3 ace GI2 per bour after 
exposure to bydraziDe. Based OD analysis and 
test ,aefer to Hugbes l IDe ~1'S.10.2J7~2, dated 
30 Septe.oQr 1916). a --2 leak rate of 2 scc per 
hour is equivalent to leas tban 10-z g. per year 
of hydrazine using lnudtien scaling. It effects 
~f kineaatie viscosity are considered tor a gas 
leak rate of l sec per hoar, then the equivalent 
AJdrazine leakage is equal to or less th4n 

10-1 ---
scc/hr 

tne possibility of a closeo failure of this valve 
is r~aotQ. rhe aesign of the seat and puppet 
precluues a~chanical interference. rhe 
iDdepen4eatlJ wOUAd electrical ~oils are fullJ 
redundant in that either coil is capable of 
opeDiaq the vA1ye ~n CAse of failure of the 
other. 

Tbe thrust cnaaber, the second part of the 
thruster asaeablJ, ~s a co.platelJ aechAnicA! 

o 
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co.poDent tllat consists of a c4ta.I,st cha.ber 
wbere the prop~llaDt is deco.posed and an 
ezpanaion Dozzle through which the hot 9asses are 
ezpanded. fhe thrust cAaaber is cODstructed 
chiefly of cobalt base alloys capable of 
witbstanaing the Iligb t •• peratures associated 
wita bydrazine deco.potiition. Tile nozzle has a 
re.ovab~e conical exteasion added to it so that 
~e tarus~er plu.e clears the solar panel 
substrate. With th1s ezteDsion, the nozzle 
expansion ratio is increased fro. its nor.al ~o 
to 1 rat.io to Sol to 1. 

Byaraz1ne flow throu~h tbe thruster is controlled 
by a tri. orifice. The requir~ or.ifice size tor 
a given tbrust~r is Qeterained during thruster 
asseably where water flow tests Are aade ot ~he 
injector and candidate orifices. co.putation for 
~& orifice pressure drop requir~d to produce one 
pound ot tkrust at ~OO psia supply prp-ssuce takes 
into account the cha.ber pressure, the injactor 
anQ inlet tube asse.boly pressure drop, the 
c~talyst bed pressure drop and the t~roat 
diall~ter of the nozzle assigned to tbe thruster. 
Should no~ firing the thruste~ reweal pertor.anee 
~s out of Ii. its, the thruster is re-orificed 
until the aes1red perfor.ance is aChieved. 

~urin9 th~ qualitica~ion tests of the thruster 
for r~lesat, canada, 100 cold starts vere 
de.ouatrated. Presentea below is the relation 
~tvtten the .ass tlo. per pulse at high and low 
~uppl~ prebsure: 

Per Pulse 
is, Psia On-'1 i.e, Bs Flow, Lb. 
;':;;3;::: :aca:&:a:&:cc :.: &.Z &::z.:.: 

JuO 1~ij 0.00016 
300 Sii 0.00311 

75 1~b o .OOO2~ 
1~ Sl:l 0.00111 

~hruster vertor.ance varies as a {unction ot 
proPdllau~ supply pra£sure and, vh~ in the pu!se 
.ode, dut) cycle and eu.ulativ8 nu.ber of pulses. 
Perto~~4nce of the Orbiter thrusters is shown in 

Bevis10a 
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r1gure 3._.~.1-3. figure 3._.2.1-4. ana 1D Table 
3.~.2.1-1. 

La"~ Jaly.. ~be two bistabl. latch val.e. are 
used to ensure tbat propellaat is available in 
each EGsenoir for spac»cratt .pinap and to seal 
off the tvo recluDllaat thruster groupa. The lat.ch 
val.e change. pOSition (op .. or closed) upon 
rec.ipt. of tAe appropriate electrical control 
aignal fro. tae lDP of t~ controls subsyatea. 
ibe .alve contains a single bard seat wit.h au 
4itlaat.UII.ric poppet. Peraaaeat .ag.et.a are used 
t.o 14tch the .,al.,e iD the desired poliition after 
re.o.,al of the cOAt.rul sigaal fro. eitber toe 
op¥DiDg or clostug coils of the torque aotor. 
Allowable le .. &age is 5.0 acc per hour ~.2' 
Bo.,in9 parts are isolated fro. propellaDt contact 
bJ a welded .etal torque tube. ~h8 .,al.,e bas 
beeD qua11fied to A ctcle life of 1,000 cJcles. 
A cross-.ectional .,iew ot tbe val.,e is ShOVD ia 
figure 3 .... 2.2-1. 

!he puaitioD of the latch yal.,e 18 indiCAted bJ ~ 
tele.etry status bit (WALY1S aDd 'lLV2S) witb a 
-1- indicat.ing the opea position. 

3 .... 2.3.1 IroDtllApt rip" &aC4 t.itaniu. propellant tank 
consists of a ll.~ iDch dia.eter heaispbere . 
welded to aD 860 CODe (figure 3.4.~.3.1-\) and is 
deSigned tor an operatiDg pressure 01 ~oo psit 
with a safety fActor of four. 

3.'-6 

Bacb tank has t.wo outlet ports, vita the 
~ropellant outlet at tbe ape1 of tbe coaical 
sectiuo, ana the secona par~, diAaetrically 
opposite the propellant outlet, used to equalize 
the gA. pre.aure witb tbe otber taak in tbe 
subsJst... TotAl yolaae of the propulsion 
sUDsyatea is ~2b~ 1n~. 

Tbe vropellaDt/pressuraDt 1DtertAce witbin tbe 
tank ~ o8t..r.iaed by tbe ceDtrifugal forcea 
aaaoc1ate4 witb spacecrAft rotAt.ioD 4ur1Dg tAe 
ais.10D. coaplata drainage of th. tank ia 
asa~rdd by th~ O~i.Dt.tiOD of the out!e~. 
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Pula. 
No. 

Duty 
Cvcle 

RPM 

:s\A 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

IS 

20 

30 

SO 

100 
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TABLE 3.4. Z. 1-1. 
CUMULATIVE TOTALIMPUlBE TABLE 
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Cumulative Total hnpulae (Lb. -s.c.) at IDdlcated Duty Cycle, RPM, 
And Supply Preaaure 

128/3872 512/34811 U8/187Z IZS/387Z 512/3488 12S/an 128/1187Z151Z/114SI 

IS 15 30 15 IS 60 5 5 

300 ~OO 225 200 200 200 7!S 7S 

0.08 0.47 0.06 0.06 0.34 0.05 0.03 0.16 

0.19 1. OS 0.14 0.14 0.71 0.13 O.OS 0.35 . 
0.31 1.66 0.24 0.23 1.21 0.21 0.12 0.55 

0.44 2.29 0.34 0.32 1.67 0.29 0.16 0.76 

0.57 2.94 0.45 0.42 2.15 0.39 0.20 0.97 

0.70 3.59 0.57 0.52 2.63 0.49 O.~5 1.19 

0.84 4.Z4 0.69 0.62 3.12 0.59 0.29 1.41 

0.98 4.90 0.82 0.7Z l.61 0.69 0.34 1.63 

1.13 5.56 0.94 0.83 4.11 0.80 0.38 1.86 

1. 27 6.22 1.07 0.94 4.60 0.91 0.43 2.09 

2.02 9.56 1.7Z 1. SO 7.09 1.46 0.66 3.23 

2.80 lZ.91 2.40 Z.09 9.61 2.03 0.91 4.37 

4.39 19.63 3.78 3.29 14.64 3.22 1.41 6.65 

7.63 33.08 6.62 5.73 24.70 5.65 2.44 11.13 

15.76 66.82 13.78 11.84 49.93 11.80 4.94 21.76 

_. ___ , _ ~. _-..:.========...:?='OO£O===,. ::;.:.;..~ 
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'lob .. loai.al t.a~k wola •• .i.e 1100 cabk 1a~ea aael 
"J be a •• d 1D tbe blov40 •• a04. v1t~ ap to 35 
pua.d. of propellaat per ta.k. Ict.al wo1u.. of 
each taak ill .e •• ur.ca dariag ac:c.puDCe t. •• t. bJ 
cl08e1J .... ur1D9 tbe aacaat. of .ater 1\ bo14. at. 
rooa aaDie.t. cQDniti~n •• 

3.16 .2.J.l Propv.uaat Lia.. Th. prope11 .. t. 11.e. are 0.25 
iDeb 0.0. bJ 0.020 vall tltaala. tabia9. li~ a 
aiai.WI barat st~D9th of 25.000 pai aao all 
w.lded j01Dt8. t~e cbaDC. of lea,ag. or breaka9_ 
of tho propellant. l1n.s ia aiD!.al. 

3.".~.3.J "op.ll •• \ I'f.r,o~. tkl propellant re •• rwuir 
is a 7.1 cubic 1DCh tita.i .. cJliadlr taat i. 
useG to ensure that .utficieat propellant 18 
•• ailabl. for 1D1t1al apia up e.eD 1f th. 
prop.llaat iD tbe t4Dk ba ••• tt.le4 avaJ froa t.e 
taak outlet gUEiag zero ., C'Oa.t. oae re.erYoir 
~ usad 1D the f .. d 11.. for .ach ~roup of 
tbrusters. lft.er initial .piA ap# the re.erwoir 
s.trYtia as part of the propellant lin_ sfat •• fro. 
tJae t.anks t.o tbe t.AI: uat.era. 

J.~.2.J.4 '11\.". Four filterG. t.wo for •• Cb thru.ter 
groap, are proYided to .asara that p.r~iculate 
cootaaiaatioa do .. uot rlftcb tbe tkruster walya. 
wbere it could cause. faileo O,.D cODditioD. 

3."-8 

The f~ter, with a 10 aicro. absolute filt.er 
ratio~ i. a pasaiYe d.wi08 cODai.tiDg of 
~lectroche.icallJ etched oiscs eoaated 
coDceDt~1C.llr 1aai4. lA. ~ousiDg. COataa1Dat.in9 
part.icles are trapped 4A4 h.!4 in tb. disc •• 

,illlPrai, 'al,.,. fhr.e fill/draia .alYI. are 
proYided tor ground .lrwiciDg of the propulsion 
8ubsyat... Tvo yal ... are u •• d tor propellaat 
load1D~ ADd off 1oa4iDg &Ad one for pre •• araDt 
loading and ott loadug. rb. 1ill/4rain .al •••• 
• hich f •• tar. trip~ reduDoaat .. als are closed 
prior ~~ spacecraft 'DcapsalltioD &Ad 14~ach. 
During the ais.ioa th'l .. rw. oall a. 
t.erainatioDa tor tb. liAes. 

Utlt.". 111 el.lau of tbe propal.iOD 
subsrate. except tbe "'icircQlar rUD of 
preaaurant lae ue .ated to aunt&.i. the 

o 
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propellaat t •• ,antaN at "00 , or h1glle'. Tile 
.. c.aDieall, re4ua4aat coapoDeata &Ad aaita wbi~1l 
are located dowaltre •• of tbe latcb .al.e. ba.e 
~-r~.DQaat b •• ters v.11. tbe aOD-reduDdaDt 
oo.p0Aeata aDd uD1ts upltr.a. of tDe latcb .al'e. 
ba.e re4uladant beaterl. lbe 011 aD4 St;A b .. aters 
are reduDcaat and are 4e.igDed to .a1Dta1D a 
8iD18" ~e.peratQre of 260 (Dear earth) eD4 a 
Do.1Dal operatiD9 te.perat.re of lS. (at t1.. of 
orbit l .... rtion). '1be b_ter d.liqa aad 
uepratioDal cbaracter1stics are 91 •• D in Section 
J.l, Ther •• l Dealga. 

OrbiS 11"[S~a '9"' ., •• blY 

9rbit Ip.ert101 1pl2(. rile orbit ia .. rtioD .otor 
(011) proY14.. tbe retar4iD9 1.pul .. DeceasarJ ~o 
place tb. orbiter into '.naa orbit. 'Ibe 011, 
sbovn iD 119ar~ j .... ~.5.1-1, ia a 'IbiOlol '11-1-
00 .. sotor witb a 2"-1DCb dia .. ter spberical 
iate,oali, inaalated tit.Dia. allol case, a 
Jb.1/1 expaaaioo ratio Doz~le vitb a tape vrapp~Q 
carboD pbeDolic exit c~e, a bead eDd aouAted 
~tMOGIl iqDite" a .calloped ei9bt ~oiDt star 
qraiA of TP-~-30~~ propellaDt aDd a Dozzle tbroat 
~al to pre.eDt pI·opellaDt. oatqas81D<1 DJ 
~~es.ariziDg tbe .utor to ODe atao&vbere witb 
G1(2' Tbe 011 is aOl\Dte4 iaside tile open tbrust 
tabe vita it¥ 4Sia of ., .. etry aloD9 tbe 
spacecraft spa aX1. aDd tbe Do~zl. pointiDg in 
\A~ att (-z) direction. 

rbw ~18 1S sized to 1.part a .dlocity of 347~.4L 
1t/&ec (10~9.31 a/sec) to a s~acecraf~ weighing 
1~~0.~ pounds .t 19n1t1oD. Tb. :otor 1S loaded 
v1tb 394.0 pounds of propellant tbat bas a 
.~ilic ~.paJh ot 2tfb.O lbf-IWI";/lb •• 
lppro&i.4~ely toar poand. ot inert •• terial 1S 
eap.Dded w1tb tbe propellant wbicb low.r& tbe 
vLtcct.iYQ specific iapal.e to 281.93 lDf-sec/lb 
•. ru t.otal 1.pa1&. ot 112.191 l!»f-sec ia 
coutrolled v1tbin 0.&1. Tbe burD tia. of tbe 018 
~s appro&1a.tely l~ secuD~S at 100 r; burn t .... 
4ecreaaea w1tA ~ncreaae4 teaperatare. 

tbe ~lft 18 eqa1pped witb two coa.andabl~ 
~edluu14r.l ... heaters to aaiat.aia .otor leaperature 

1 •• ia1OA 
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within 260, to 900 , non-operating and 35.' to 
goop at ignition. there aretvo teaperat.ure 
_uors ,'!UIO! aDa 'ClSB'!) OD the aotor case t.o 
.... un its te.peratare. fheraal control of the 
011 is discussed .ore fully in Section 3.2, 
fteraal Control. 

Since orbit insertion occurs when ~e spacecraft 
is Dot iD contact with t~e ground. no teleaetry 
can be aonitored during aot.or firing. 

safe Iii Ira D"iee. !he two functions of the 
safe anG ara dey ice (561) are t.o prevent 011 
firing during ground operations and to initiate 
ignition of the OIa upon receipt of the fire 
coaaand. 1 cross sectiODal view of the S&l is 
ShOWD in rigQre 3.4.2.5.2-1. 

The safing function of the 5&1 is accoap~ished by 
a~chanicallJ and electrica~~y interrupting the 
ign1 tioD train. 1 saall GC aotor inside the 5&1 
is used for reaote sating and araiDg froa the 
blockhouse. The 5&1 caD also be aanually safed 
if there is a aanfWlction. The Sill is araed 
shortly before launch aDd reaains in the araed 
coDdition through the aission. 

orbit insertion aotor firing is initiated when 
the peo of the coaaand subs!stea receives the ara 
and flle coaaands and seDlls a 35 as 1ive aap 
pulse to the 5&1. the 5&1 contains two redundant 
detonators that. fire through a crossover networt 
to t.he out-put ports of the S&l. Since the 5&1 is 
aOUllted reaotely, two explosive transfer 
asseablies (lTl) are used to cunnect the S&l 
outpat port.s to t.he ~otor igDiter. the crossover 
Detwork inside the 55l peraits eitaer detonat.or 
to fire both Brls t~us g1Y1Dg .ultiple 
redundancy. The anag and firing of the OIl! are 
discassed aore fully in section 3.0.4, Co.aand 
Subsyste., and Section 4.2.3, Orbit Insertion 
ftaDeuver Sequence. 

rhe physical arrangeaeat of tae 5&1. ITAs aDd t.he 
OI! is shown in ~igare 3.4.2.5.2-2. 
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aedundaat h~at.Es are used to aaintain tbe S&l 
v1ta10 the saae t8aperatare liaits as the 011. 
Tbese beaters are controlled by tbe saa. coaaands 
as t.b~ 0111 hliatem. 1 t.eaperature sttnsor 
(YS1PHT) is proY1ded to aDnitor the S&1 
t.eaperature. 

3 .... 2.0.1 Pressur! l'rIDsdpC9[. th@ pressure transducer is 
4 pot\tJltioaeter type t.raa~ducer wit.b a ooainal 
aoxiaua resistance ot 5120 ohas. 1 constant 
current ot one ail11aap is supplied to the 
pressure transducer by tbe PC! Encoder tarough 
the Dl!, botb ot which are pdrt ot the data 
handling subsyst.ea. Tbe yolt4ge drop across tbe 
pot.eot.1o.eter (0 t.o S.ll vde) is used as the 
ana!oq representation of th~ subsystea pressure 
CO to "00 paid). Befer to lpp~ndix 1 tor aore 
Ultoraation about: the t.elesat.rYe 1 cross 
~ct~onal viev of tbe pressure transducer is 
ShOWA in Figure 3._.2.b.1-1. 

rhe acUD uses ot tile pressure transducer are in 
deteraining tbe expected thruster parfor.ance 
usial the perforaanc~ versus supply pressure 
9rap~ presented 1n Section 3.4.~.1 and, along 
witb the pressurant teaperature sensors, in 
deteraining the aaount of propellant reaaining. 
The d~tera~nation of readining propellant is 
d1scussed in ~ection 3.4.3.l.3. 

3.4 .2.6.2 Te.p~{'tu{e St!Qsor~. sixteen te.perature sensors 
are used un the orbiter propulsion sUbsyste. and 
018. Tarle 3.4.2.b.2-1 lists each teleaetry 
channel and sensor location. One teaperature 
sensor is aounted on eacb ot the seven thruster 
valve coY~rs. Tbese s~nsors a~asure tberaal soax 
bac~ 4ur~ng tbruster fir.;.D9 and thUS ver~ly 
thruster o~eration in the pulse .ode and 
following continuous .ode sh~tdown. Tbruster 
valve teap~ratures s~oulQ be between 40 0 p and 
1400 1 non-operatin9 and up t~ 22Sop during and 
shortly at~~r operation. One teaperature seDsor 
~ aounte4 on the surface ot eacb propellant tank 
near the top (be.ispherical) end of the tanA; 

lievisioJl;: 
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Y1'111! 
ftl&~T 

nII1T 
,w.Mn 
'Ull! 
WLII4T 

'JI'I1! 
fJII2'l' 
YJI~j! 
YJI:f4r 
fJir5t 
Y.Jlfir 
YJI'rl! 

YTRIIlO! 

YCASAr 

YS1P!! 

tank 1 t .. peratvr., • • 105· 
'lank 2 t_pera~vDt, • 5 285. 

propellant liDe, ~BD 
Propellant lin., ~8D 
PropellaDt liD., ~8D 
propellant li •• , TaD 

a1 tktuater .al •• co.er, ~ • 82· 
B2 tbr.ater Yaly. coyer •• • 22· 
al thruster Yaly. coyer, • • 2620 

M' thruster .alye coyer, • a 202. 
A~ tbruster yalye coyer, • • 10~0 

.&6 tbruster Yalye COYer, • 5 285· 
&1 tbruster .alY8 coyer, • ~ 10SG 

aLB ca~e Dear nozzle throat 

0111 case 

5&1 case 

tb9se seDsors are used to iDdicate pressurant gas 
teaperature. UsiDg this infor.atioD and the 
SUDs1st •• pressure fro. the pressure transducer, 
the propellant re.aining can be deterained (see 
Sect~on l.~.3.2.3). PressuraDt te.perature 
should be between 40.P aDd 140.P. 

#Our te.perature s.sora are placed 011 tbe 
propellant liDes at locations detera~ned to be 
r~presentatiye ot tbe .Dtire subsJstea. Tbe.e 
loeatioDs are sbown iD ,igure 3.4.1-3. Line 
teaperatures should be between ~Oo, and 1400 P. 

Tvo t .. perature &eDsora are 80UDted OD the OIa 
case, one near tbe nozzle anU ODe .~ar tbe .OUDt 
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flanq~. Th~ S&& has ODO t •• peratu~e sensor Oil 
its cue. 

All of tbe teaperature sellsora are positive 
coefficieDt t.heraal resistors (tberaistors). The 
~ank. l~ne. OIS and s&l aeasors are all identical 
(type 908031-32) with a noainal res~atance of 
210~ ohas. Becaase of the hiqher teaperatures of 
tAe tAruster val'es the teaperature sensors 
aouDted on these coaponenta are slightly 
different (type 90b6~l-_); their no.inal 
~esistaDce is 3100 ohas. 

~t should be eaphasized that at no tiae during 
the aission should any of th~ propellant 
teaperature sensors read less than 400,. The 
fre~zing point of nJdrazine is l50 Pi should the 
hydraziDe freeze. catastrophic daaage to the 
propulsion suDsy.tea could occur. 

3.4.~.6.l LateA yal,e StltP~. ~cn latch valve contains a 
~OT status svitcn that is operatea by the valve 
aechanisa. the "valve closed" contact of the 
switch is ~rounded aDd the ·valye open" contact 
~s open. A one ailliaap constant current is 
supplied to the center cootact of the sv~tch by 
tne ~ca IDcoOer through the D1" both of vnich are 
part Qf the data han~ling subsystea. Wben tbe 
laten valye is aowed to the closed position, tbe 
curr~nt source is grounded ana the input voltage 
Grop~ oe10. ~.S6 wac. Tb~s is interpreted by the 
data handling subsystea as a "0· bit. When the 
latch ~alv~ is .owed to the open positi~n, tne 
current source is ungrounded and the inpu~ 
.olta~~ r~ses above 2.~o wdc. This is 
inte£preteu by the data hanuling supsystaa as a 
-1- nit. 

3.4.2.6.4 He,ter Statps. Heater status tele.etry is 
idont~f~ed and discussed in detail in Sect~on 
l.t).J.~. 
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"GRll'UI SpaIn. 9"r,»0I, 
1Ii\il1 CoadAtioAl. 'rh. lat.ch valve. and tile 
thru.ter valve. are the O81J co •• andable .. ni~ in 
the propulsion subsJ.t.... (Propulsion heaters, 
including t.hose t.bat are co •• andable, are 
discussed in Sect.ion 3.2, ~her.al Design). 
Initial spacecraft. .pin up is parfor.ed 
autoaat.icallJ as part of the preprogra.aed 
spacecraft separation sequence (Sect.ion ... 2.1). 
wheD init.ial 9mUllCl st.at1Gn acquisition of the 
spacecraft occurs soa.ti •• aft.er t.he coaplet.ion 
of this sequence, the propGlsion sU».Jstea 
teleaat.r, sAould iD4icate that. all thruster 
valves and lat.ch valves are closed. 

1f operation ot the propulsion subsJstea is 
interrupted later 1A the aission, the tAruster 
valv~s v~ll return to their noraallJ closed 
positioD vaile the latch valves will reaain 
latched 1n tbeir position prior to the 
interruption. 

IoA,l Operat.ing Doeles 

l.~.J.2.1 LatSh "~lye Usage. The functions of t.b~ latch 
valves are tu ensure that propellant is ayailable 
tor initial spin up by trapping it in the 
reservoirs and to isolate the thruster groups to 
provide redundancy in the event of a failure. 
Propellant supplJ Lor initial spin up is assured 
bJ laUDca~n9 the spacecraft vith tbe latch Yalves 
closed and then upening taea bJ the preproqra •• ed 
spin up sequ~nce just prior to spin up. 

In order to preveut catast.rophic loss of 
propellant ~n the eyent of a failure duvnstreaa 
ot tAe latch valves, the latch valves should be 
closed wben the spacecratt is not 1A 
coa.unication vith tbe ground. The latch valves 
should also be closed i.aediatelJ after aDJ 
adUeUYer that uses tbe radial thrusters in order 
to pravent large spin speed changes in the event 
of a tAruater valye open failure. During 
exteDded aaneuyers vith the axial tbrusters vhen 
spacecraft t~leaet~y is being aODi~ored, it is 
reco •• end~d that the latch valves be left open. 

~ 
I 

, 

() 



r1 

~ f 
t 
, 

f 
(-" 

. 

" 
I 

f 

~ , 

~ 
t" 

<" 

I 

I 
( 

Section 10. 3.~.l.2.2 
Doc. 10. PC-,Q2 
Orig. Iaaue Date 2/21111 a •• isioft 10. _____ _ 

ra1S recoaa.Ddation is based on the non-redundant 
design of tb. latch valve. 

Prior to aay aaDeUV4r the appropriate latea valve 
aust be upened; i.e., latch val'e 1 aust be 
opened fur aDJ aaaeuver requiring thruster 83, 
IQ, 15 or 11 and latch valve 2 aQst be opened for 
an, aaneuver r~uirin9 thrusters i1, 82 aad lb. 
The appropriate la~h valve aust be open tor 
thrust to De produced aad to preveat possible 
uaaaye to the tAruster ,alve (see section 
3.I&.l.~) • 

Latch valv~ poSition status can ~ ~eterained 
direcUy froa t.eleaeu, as discussed in Section 
3.,. .2.b.J. " 

3'" .3.2.2 Thrust"r Valve UHg§. Since the thruster ,al,es 
control propellant flow to the thrust cha.ber, 
they are tbe aain operational eleaents of the 
propuls10a subsystea. Thrasters are selected as 
re~uired for the particular aaneu'er planned 
(S~tion ".3.1), and tbe coatrols subsystea 
bupp11es tbe valve control power at the 
apprupriate tiaes in the spacecralt spin period. 
The thruster valves can be operated in the 
cont1nuous tire aode as would be done during spin 
s~~ changes and aaial ~v aaneu,ers and in tbe 
puls~~ aode as would be done during precession 
and AV a.neu,ers. In the pulse aode, pulse 
widt.hs of either 128 as or 512 as are supplied by 
the controls subsystea. Table 3.".3.2.2-1 
deta11s tae pulse aode duty cycles at the nor.al 
s~dc~craft sp1n speeds. The 512 as pulse is not 
usabie (conservatively) at spin rates greater 
than ~o rp. because of tae large aogles 
transvers~d during the 51~ as pulse widtb at 
higher sp~ races results in iDeff~cient 
propellant Qsage and the duty cycle detector in 
the Controls Subsystea preclude any vulsed 
firing. At spin rates below 20 rpa either pul~e 
w1dtn can be used; the 128 as pulse v1dth results 
1n .ore exact aaneu~ers waile tbe ~ll as pulse 
width xdsults in short~r aaneuverso 

lhruster valve operation cannot be d1rectly 
veri1ied ~n spacecratt tele.etry. The first 

aevision 
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a.ia10n 

indirect iDdicatioD is a deer.... iD .abaystel 
pre.sure follo.iag tbe PEOpellaDt re.aiDiAg 
curYes giV.D ia '1gure 3.'.3.2.3-1. 1 •• cono 
iad1rect iDdic.t10n of tbr •• ter operation is the 
thruster valve t •• perature B.Dsor. Duriag 
Unstar valve operaUoD tb. teaperatur. 
iIlerea._. dlle t.o power cl:ia.1patioD in tbe coUa 
and clue to Uenal .oakbilCk froa tbe hydrazine 
oeco.posiUon. t'be .AgIl1t.u4e &A4 rate of 
teaperature incr .... d_peods on iaitial 
~eaperatur., duty cycle and propellant .upply 
preasure. III general, tae te.perature tenG. to 
rise slovly; tea perature rises of 20 0 P to 500 P 
after 10 auutlt. of pul •• aocle operatiOD or \00 
second. of continuous operation are typical. 
lfter coapletion ot t.bruster oP-traUon, tbe 
teaperature drops .... rai degr .. s iD the first 
a1nute aft.er sautAovn and taen .tabilizes clue to 
tbera.l aoakback. Typical t.bruater val.e 
teaperature profiles are SaOVD in Pigures 
3.~.j.2.2-1 ~pulsed firing) and 3 ••• 3.2.2-Z 
(continuous tiring). 

ContiDuou. opeL4t.ion of a thruster valve can also 
be detected DJ its pover cODsuaptioD of 21 wat.ts 
.. xiau.. Tbe bus loads current. is tele.at.ared in 
the iCS for.at. that vill ~e used during 
aaneuvers. lssuaing tbe noraal case wbere tbe 
lNs loads is oissipating Iloainal spacecraft 
pover, tae bus loadS current sDould increase 
durillg valwe operation. Tae only reason this 
H~bod calulot be U88a nonally to werify pulse 
.ode operation is t.he low saapliDg rate in 
relat.ion to tbe pulse on tiae. Pulsed operAtions 
are verifiable via \1S_ of 20_8 bps rate or use ot 
the progra •• &ble foraat. 

Tbe fiDal aethod of verifying tbrnster operAtion 
is througb cbang88 in spac~craft spin rate, 
attitude and/or velocity. 

-
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~.OPULSIO. SDBSIS~II 
POLSI 10DI DOIf' ClCLBS 

••• ialoa 10. 

SPAClcnrt' 

5 126 .s 01, 11,812 .s OPI 
512 .s 01, 11,488 as orr 

10 1:ltt .s OM, Sl12 .s orp 
512 .s 01, S"~8 .s OlP 

15 128 as 01, J8ll .s olr 
512 .s 01, 3488 as orp 

30 128 .s 01, 1812 .s opp 

• 

l12Pellapt B"tipiag. rhe curreat pIa. calls tor 
loading 10 pounds of propellaat into the Orbiter 
propellaot tanks. t'he a.ount of propellant 
reaaioia~ can be deteraiDed fra. t.e pressure 
transducer tele'etry sigaal c,r'II'), tbe 
pressurant te.peratare tele.etry ('t'I.'t' and 
YrIK~lJ, And the propellant re.ainiag cur •• s 
gi •• & ia ,igure 3.4.3.2.l-1. CUrw.a are gi ••• 
tor ~he .ini.u., .,xi.u. aad noainal 
bt'per,turea. Por otJaer te.per.tarea, tbe 
followiag eqoation .ay be used: 

¥ropellant [ ('19,.13 
Be'aiDing = 0.0364 2265 - --;-- X 

wbere 

• = Taak ~r .. aure, paia 

T = Tank te.per.ture, op 

~~:~:,l 
52Y.6 )J 

••• i.l0 

3.'-11 

, , 
• 

U 
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... i.10. 

3." .3 .l.1 roaible ,a11" • ..404.. fable 3.11.3.3.1-1 
prea •• ta • l~t of g •• eraJ. ftilQr. a04.. 1.4 
co:rectiv. Ictions that are poss1b!e for the 
propulsion sGbslst ••• 

3.".3.3.2 OS' 0' '!dugda.cy. &s ca. be ... D froa a review 
of Tabl. 3.".3.1.1-1, the pri.arl corrective 
action for I aOD-c:ataatropuc failure is to use 
the redu.daat thruster ~roap. If tbe failure is 
aDlthiAg but a closed failar. of I single 
thruster valve, tbe appropriate latch vllve auat 
De closed thus preveating •• e of aal of the 
thrusters in thlt particular groQP. 

ID gaD.ral, cae use of oDly on. thruster group 
causes less efficient us. of prope~llat lad .ore 
coaplez aa.eQv.rs due to 14ditioaal cross 
COQpliDg. 'lJPictl alneQ,.rs that CID be 
perioraed _itb a s10gle thruster groap include: 

o 

• Spin speed cblDges us10g a siDgle radial f ) 
uruster for Mcb direction '\..,. 

3.1& .3.4 

3."-1~ 

• Attitude precession aIDeu.er. using I sinqle 
Izia! tbrust.r or the radial thruster plir 
not canted tarough the c.g. at the ti.e of 
t.be .aneuver. 

• Velocity cbaages "i'tA aa axial thruster that 
_aJ requ~re 4 large precession alneu,er to 
properly align the thruat vector. 

Bacb of taese alneuvers is discussed in detail in 
section 1& .3.1, ,laDeavers). 

QP".tioaal "'tOcs.iogs. Th' fo110"iag 
operationAl restrict10DS bad bee. deterained to 
be aecessar} for the longevity aad proper 
operation of tb, propulsion subsJst, •• 

• TAe appropriate latch val.e lust be op,n 
Defore tbe operation of aay thruster valve. 
lf tbe tbruster valve is subjected to 
coatiDuous po.er for approsi_ate1y 60 
secoa4s _itbout propellant flo., per_aD,nt 
da_age to tbe thruster yalve coils CaD 

result.. 
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1. 

2. 

3. 

4. 

S. 

6. 

7. 

8. 

9. 

Possible Failure Mode 

Thruster valve faUs 
open. 

FaUure of non-redundant 
heater downstream of 
L/V. 

Leakage faUure down-
stream of L/V. 

Latch valve fails 
closed. 

Thruster valve fails 
closed. 

Leakage faUure upstream 
of L/V. 

Failure of redundant 
heaters upstream of L/V. 

Failure of both thruster 
grc.up non-redundant 
heaters. 

OIM/SIlA heater failure. 

~ 

TABLE 3.4.3.3.1-1 

POSSIBLE FAILURE MODES 

Method of Recognition 

With no input to thruster valve and 
L/V open. T /V temperature high; 
pressure decreasing. 

Temperature sensor telemetry. 

Only when L/V open SIs pressure 
decreases T IV temperature normal. 

Telemetry signal; thrusters 
inoperable. 

T Iv temperature remains normal 
or decreases prematurely. SIS 
pressure remains normal during 
"operation" of ADP control. 

With LIV closed SIS pre88ure 
decreases while tank temperature 
remains constant. 

Temperature sensor telemetry. 

Temperature sensor telemetry. 

Temperature sensor telemetry. 

-------_____ .: ... - -'".. • .... I I UA 

f', 

Corrective Action 

Close appropriate L/V; use 
redundant thruster group. 

Close appropriate L/V; use 
redundant thruster group. 

Close appropriate L/v; use 
redundant thruster group. 

Use redundant thruster group. 

Use other thrusters. 

None. 

If po .. ible. maintain temperature 
by shelf heaters and/or sun angle 
change. 

Same as 7. 

Use redundant heate rs. 

I' • ... 
e-
O 

" 

..o-=-.."0. • ... nl) .. .a. ,. ... ... 

.... -0 
0104011 
II •• • • • II: I 0 o. • 
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•• 1a10. 

3.4-20 

• Tb. ~r .. t.r •• l •• ~.peratar •• aat be _00' 
or ~igb.r pr10r to o,erat1oa ~ pre.ent 
4 •• a9. to tbe tbra.ter. fbi •• tai.a. 
~.,.ratare aboald be .a1.t.1 .. 4 
aato •• t1callr by tb ••• ~r.te. ~at.r •• 

• Tb •• ab.rat .. te.peratare •• at be 40.P or 
higber at all ti ••• to pr •••• t propellaat 
freezing •• tcb woal4 raptar. ..barat •• 
co.po.eat.. fbia .iDi ... t •• peratare abou14 
be .aiataiaed aato.atica!!r br tbe aubarate. 
lap-atera. 

• Prior to opuiDg • latcb .a1.e. te1 ••• tE! 
ahoQld be checked to a.aure all beatera 
dowa8tr ... of t. .. yu.e ar. operating. !bia 
will a.ter.iDe if it 18 aafe to ope. tbe 
latcA .a! •• in tbe e ••• t a beater baa faile4 
aDd ec1ip... ~a.e raptured a 11A. or 
co.poneDt. 
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Figure 3.4.1-1. Orbiter Propulsion Subsystem. • 
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Figure 3.4.1-2. Orbiter ~ru.t.r Layout 
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Figure 3.4.2.3.1-1. Hydra.ine Tank 
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3.5 OArA .. IOLlI& S8BSISTIB 

3.5.1 _.,.t .. pt,,'slRSioa. ft. d.t. 1l •• 411a, 
tabar.t •• coDt.l ... 11 tb. t.l ••• trr proceaaiD, 
capabllitJ OD tb • .,acecnft. tu .u.r.t .. 
proc ........ log, .. rial d19ita1 aD4 bil ••• 1 
tel ••• trJ 4ata fro. til. aci.Dtific i .. tr ... at. 
aDd .pacecr.ft aab'r.t ••• for tr •••• 1aa1oD to 
Hrt.. tta •• abay.te. pro,i4. Ua1a" clock aD4 
.tat ••• igDala: 4ata ••• pliDg aad fora.ttla,: 
cODvolatioaal 'DcodiD9: blpba ••• o4ulatloD a84 
data .torag. for tbe spacecraft. 'faactioDal 
block diagra. for ~. • ... J.t.. i. pr ... at.d ia 
Pigar. 3.~.1-1 (.ppeD4i. Ct. 

fte ••• y.t •• co_uta of .1gbt (') Data IDpat 
BoQul •• (018.), two C~) n4aa4aat pca EDc04.ra 
(peal.), two (2) red.adaat t.l ... tr, Proc •• aor. 
CfP.), .a4 tvo (2) re4WD4aat Oata Starag' Uait. 
(058.,. Oa tb. 'paceeraft .~aip"Dt .b.lf, tlae •• 
ualt. ar. artaD9ed a •• bOWD ift Pi9ar. 1.~.1-2. 
III tbe data laaDdlia9 •• bar.t •• uait., •• c.pt tla. 
DUls, are conDectAt" to tlae .vitdutel loa4. b ••• 
Tile DII. ree.i ••• 8Coadarr pow.r fro •• acla PCII. 
Badl DIll. po •• r .robed 01 ja.t prior to 
proce .. ia, a t.l •• etry i8,at, .. d upoa 
oolpletioD, lb. OIl retarD' aatoaaticallr .0 t~ • 
• ta.dbr .04.. Di.cr.t. aD4 ~uaDtltati •• ' j •• aada 
ar. a .. d to coDtrol tlae faDctioDS of all tla. 
,aba,.t •• anit.. ,igur. 3.5.1-3 .~va tb •• ajor 
croa.-.trappiag bet ... D tb. el ••• Dt. of tb • 
•• bs,at ••• 

fbe dat.a "aadlio9 IQbar-tea r.ceiy_ all 
tel ••• tc, data iapat. tbroa9b tb. ei9ht (') D1Ia 
aDd .altipl •••• tb ... iDpat. ioto a PC.IPS, 
aqaar. va.e .abcarri~r t .. at 1» "Dt to tb. 
spacecraft ttauaitt.ra. Bach 011 i. a 12-
cu.al rand_ ace... co_atator v ith a siD9l. 
~Dpat co.trol li .. aDd a .iDgl. Pala. &ap1itude 
804u1at.4 (PAl) oatpat data 11D.. Tbe DIB. 
pro.lel .... r-4e4icatecl reacl .8 •• 10pe. aD4 a 
C:U_OD gatecl r.ad clock to all H.r. of •• rial 
419it.l te1 ... trr; aD4 a 1 lillia.per. preciaioa 
curreDt pal.e &oure» 01 a D0810&1 29 .. 
aicrosecoacla clacatioD tor •• er. of r .. iatiy. 
trua4acera (i.e.. coaci! tioae4 aDa log daau.a,. 
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rb. 1 aillla.per. preciaioa C8rr .. ~ pal ... ogrc. 
ia •••• loped 18 eac:ta pca. a •• pro.lded 08 a 
alatl. li •• to .acb OIl. &aalog 4ata 
(coa.i~lo." or aoD-coad1t!o •• d) 1 •• a~ple4, 
baff.r.d aad 9ated to tb. o.~put data 11 •• as a 
aUgl. P&I pal .. : _rial .lgital data .ia gated to 
~. oa~p.t .ata lia. a. a-bit •• rial word.; aad 
bil •• el .ata i& ... pled 1D parallel 8-bit bJt •• 
.. 4 alao ,at" to Ut. oatpat 4ata 11 •• a. ai-bit 
_rial word.. !M 01/01' coatrol of each 
iDd1.14aa1 018 i. tArou9b the PCI aCODI. 1)11 
CO.~IOJ. 4Jua.Utat1 .. cOll ... d, i.e., PCIlOl for 
ICD1 au PC8Q2 for PClll. .,Ilia co •• aad i.. _at 
to tb. ,el. .ia tb. ca.. of a failare wb.re a OIl 
40 .. aot aatoeaticallJ retaru to .ta.dbJ atter 
beiD9 .aeca to proc •• a tel •• etry uput. fbe 
alJO" .tatu. of .acb OIl i. aot t.l ... t.reG 
beca_. it cu be det.niJIe4 f roa tile Ma.a of 
tla. tel •• try .ata. 'fa. DII. prowl-ct. tbe 
studardiz" tol ... try i.t.rtac. vitb all tb. 
8C~at.ific 1aatr.aeata a.4 .p.~~att .abslst •• 
uera. 

fte PQlI acc.pta t .. PlII ... log aad .. rial data 
tra. all tb. Dlls¥ proce .... aad .,Debroai.e. tb • 
•• ta aa4 9 •• er.t .. a .OD-r.turD-to-zero-le.el 
p.l .. -c-A .... 04-.l.t.. ,.UI&-I./.CII) oatpat bit 
.tr ••• to e.da 'I'. 'fbe PCI. ~erfon. aD ei9bt 
bit a.alOCj-to-di9i.ta1 (AID) conw~r.ion oa tbe 
•• alOCj d.ta a.d reCJ8nera tea tbe digl tal data. 
lDtor .. tioD fro. the fP ~ .e~.ct tbe tala •• tr, 
d.ta cll.a.el reqa1red by t~ •• lect.d tele.etr, 
for.at i. relayed b, tbe .ClI to the DIS&. ror 
EOutia9 to cbaaaal. tbat require & coaaitioai.g 
correat, tbe peal prowia .. a preclMioa 1 
ailli •• p.re carreat pula. aource to each rail. 
~e Pel! raeeiy •• a quaatitati.e co •• aad to 
coDtrol tile 0110" statu. of tlla DI8., a • 
• eatioae4 abo.e. eo •• aa4i.g a 011 o. enable. tbe 
PCII 4&t. iDput lis. and al.o e.abl •• tb. DI! to 
be pONr .trobe4 01 wi. t~e cODtrol line. • 
discr.t. OM/orr co •• a.d is also received by the 
JCIB to coDtrol the po"er .tatu. ot tlle uDit, 
i.e., pca llCODl1 1 01/2 opr (pea19 or PC8A9), 
PCI KICODD 2 01/1 orr (PCII2' or PCI.B9) ADd PC! 
DCODnS 0" (ICa., ~r ,aU'). the tel ••• u, 
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ai/orr status is proyided by DPca1S for PCBI1 aDd 
DPCI2S tor PCBB2. 

'1he T1' is the AiD unit ill the data handling 
subsystea. Tbe TP cODtaiDs the aaster spacecraft. 
clock that qQDerat.es all t.he tiaiDg sigDals 
required by the subsystea, the scieDtitie 
iAstr .. eDts aDQ otber spacecraft subsysteas. 
TP prow ides the 2_-bit spacecraft tiae code, 
seco~d clock. clock signals (i.~., 32,766 Hz 

rbe 
4096 
and 

20~8 Hz), teleaetry synchronization signals 
(i.e., aajor fraae rate, aiDor fraae rate aDd 
teleaatEY vord rate), and the bit rate statas 
signals. A data aiDor fra.~ consists of 64 
teleaetry vords consisting of pight bits each 
C512 bits total). There are 6~ aiDor fra.es in a 
aajor fraae. A subcoaautated foraat also 
consists of 64 teleaatry words, excep~ that .. ca 
word ia the suDeo.autatad foraat appears only 
once in a unique vord pcsiuon in the ainoE 
fraaa. Therefore, it takes one aajor fraae to 
co.plete a subcoa.utated foraat. The O~biter 
spacecraft has assigned to it: 13 pre-progra .. ed 
ajnor fraae foraats, one (1) prograaaable ainor 
fraa. fo~at and three (3) pre-prograaaed 
suDco .. utated foraats, as iden~fied in rable 
3.5.1-1. The teleaetry data vords required in 
these for.ats are sequentially add~ssed by the 
1P aDd are sent froa tbe DiBs througa tbe PCftE. 
T~o TP receives the tale.etrJ data by addressing 
the PCB!, and conditions it for transaisaion to 
the spacecraft coaaunications subsJstea, or, bJ 
co •• and, to the data .emory, or both. 

~he data processing in tbe 12 includes 
convolutionall! encoded or uncoded data and 
biphase .odulation of tae data onto th~ 16,384 Hz 
square vave subcarrier. ~ae functicD~ ~i the TPs 
are confi~ured by the r!LKB~TMI PkOC!SSOM COITBOL 
qU4utitative cor-aand, i.e., rPCQ1 ~or TP1.anl 
·~PCO& for TP2. Iii nor fraae foraat vords 3 and 8 
(i.e., ~~o status) give the t.eleaetrJ status of 
UaTPs. 

aevision 
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3.5-4 

tl.BLa 3.5.1-1 

0181tll TILlaI!BI IO •• I.IS 

bt-Progra.. liporJ-'y, 1'2gat,: 

1. Orbiter Engineering 
2. I.CS 
3. Co •• aad 18.orJ .... doRt 
•• Pla,back (Partial Data _.or, I.aao-at and 

le.aindQr tor Pre-Progla •• ed Tele •• ~IJ) 
S. Data 1 •• olY leadoat 
6 • J.a uJlch/Cruise 
7. Periapsis I 
8. Periapsis B 
9. Periap&is C 

10. Periapais D 
11. Periapsis B 
1~ • lpoapsis I. 
13. lpo.psis It 

e-'rogra •• eg spbSPII"at,d l~ •• t§: 

1. Subc:o. I 
2. SUbc:o. B 
1. Sabco. D 

---......--~------.-.----~-~~--.. -"---------
The Dat. ae.ory. consisting of two DSUs, is used 
to store tale,et" d~ta OD the spacecraft. Each 
D3U is • 'AqQetic core ... or, haYing. d.ta 
storage c'PAc~t, of S2~,2da bits. kach ot tbe 
two (2) DSOs interface with, .nd is controlled 
bJ, either of U .• two (~) 1"Ps. Tbe data stored 
is 80t lost Quring power f.ilures, shut-down, or 
£ead-out. Internally, .ach .e,ory is orqanized 
to read-oat all ~24,288 bits in • PIro (firat-in, 
first-out) .ode. !he ol/Upr control of the DSOs 
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3.5.2 

is proyided by coaaands DSDl 01 (D5U19 or 050&9), 
»S02 01 (05U29 or nsVB9, And 0501 Aad 2 opp 
(DS81, or DSO&I). T.l,.,try Ol/OfP atatua is 
giY.n by IIUOB PillE O'EJUIOD TI lord 8, bit 3 
for DS01 and I'll lord 8, bit 2 for DSUl. 

URit DelCri2tioPS. !be following sections 
provide detailed descriptiona of the QDita within 
the data bandling subsyste •• 

3.S.2.1 PItA lpppt lod.1.. The 0111 rec.iyes analog, 
saria1 digital and bi1eY.l data froa tb. 
sci.ntitic instruaeots and spacecraft subsJste.s 
and routes these data to the TP via the PCBI. 
The DIB r.ceives control aigna1s, tAt 1 
ailliaap.r, precision current pulse source and 
power fro. the pc!z. Tbe Dll proYides a read 
clock and read envelopes to users of aerial 
diqitAl data; and relays the precision current 
pu!se source to users of conditioned analog and 
bileyel chanDe1s. The aain coapunents of the Dll 
are the au1tiplexer, Sanenester decoder and 
control logic, reaG envelope and clock geDerator, 
and power control. In the following sections, 
thead cOliponents are described. 

3.s .2.1.1 Dp1\ipl"er. The aultiplexer receives the 32 
tel.aetrJ channel inputs fro. the users. Bach 
input is protected against daaage trOll 
overyoltages as large as +SO volts and -30 yolts. 
The aultiplexer 1.S i.plea,nted by using eight (8) 
_-chanDel input Multiplexers which are controlled 
by two (2) _-channel sw~tches taat each provide a 
one-out-ot-four decode. Current switch.s are 
also contained in the aultiplexer that operate 
synchronously vita the aultiplezer input 
switches. Tbe purpose of the current switches is 
to co •• utat. the 1 ailliaapere precision current 
pulse source into the selected .ultipl~xer 
channel. Six (&) precision current palse sour ow 
inputs are provide~, with each input allocated to 
a unique 4-channel input aultiplezer. 

3.5.2.1.l "'Reb.t" P!Cod'[ aid 'PAtrol. J,og~. l'be 
~anchest'r decoder in the DI! receives a 10-bit 
lanchester cocltitd channel address word foraatted 
bJ t.he PCllB. It decodes the address word ud 
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g ••• rate. a two-pb .. e Dit clock aD4 III serial 
data. Ille .. sigDala are proyi4ed to til. control 
logic. The control logic proyi4e. tbe proper 
coding to the .ultiplexer ~o .elect the desired 
da .... l bJ selecting the "-cbaDD.l .111 tiplexer 
ad cUD •• l witJaiD tile .ul..tiplexer. Progra •• in9 
piu are aaeel i.." the ,uait cO.Dector to cboose tbe 
appropriate diatribdtion of analog, aerial 
digital aad bileyel cbanneL_ for t~e DII. Tbe 
coDtrol logic prow ides tbe read clock •• d read 
eDw.lope outputs to the users fro. tlle .ode 
(i.e., progra •• ing) rAleclad for the DII and the 
ckannel address word. 

3.5.2.1.3 .. a4 III.loPI 'Ai-,lock "D,Eator. Tbe read 
enwelope and clock geDerator ~ircuit proYide~ the 
coDtrol Signals required tor serial digital data 
traD.fer fro. tbe users. ~be circuit cODsists of 
a one-out-of-sizteen decoder .atriz that 
geDerates the sizteen read eDyelope sigDals aDd a 
clock a.plifier that pro.ides buffering of tbe 
gated read clock signal fro. tbe control logic. 
Tbe read enyelope signals are generated in 
SJDcbroDizatioD vith the ... pling of eacb a-bit 
serial 4~gital vord. Up to sixteeD serial data 
chaDDela .ay be .coo •• odated by wiring tbe data 
liDe to the appropriate input chaDnel (i.e., 
chanaels 0 througb 1S). 

3.5.2.1.. royer control. Tbe DIS is turned on and off bl a 
yariab14 width pRIse on tbe control liDe froa the 
PCB.. Pulses of 2 ailliseconds and 230 
aicroaeconds will turn the DId O. and a 36-
.illisecond pulse will tur~ orr the DI8. rbe DIS 
is power-strobed as a .eans of aini.izing power 
dissipation daring idle ~r non-interrogate ti.es. 
Power for the unit is proYided by +15 .olt aDd 
-15 YO~t reg alated outputs and ground froa the 
PCSI that are iDputted to power switcaes. The 
power switcbe •• pply the +15 wolts, -15 Yolts, 
and ground to tb" internal electronics wben aD 
address .ord is detected on the control line. 
Ibea there are no further puIs .. on the coDtrol 
line, the BaDcbester decoder senses tbis and 
sends a signal to the power control circuitry to 
retucD tbe DIa to the standbJ condition. 

) 
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1 
rei IpcWer. rhe PCIB accepta 'II a ... l09 and 
41gital data froa the DIJIa and forlalates all 
lal-L/pC8 (Ioo-Return to Zero leyellPal.e Code 
80du1ation) oatput data .trea. to the ~Ps. ~Ja. 
lain functional coaponenu of tJae lICD are tlae 
aultipleaer, co.parator and lID con.erter, 
8anehester decoder and associated logic, DIS 
decoder, and pOller sapply. TIl_e functions are 
described in the following sections. 

h~tip1eur. The lultiple:aer receiwes tbe PAIl 
data inpat fro. eaeb of the eight (d) DIls 410llg 
with a reference ground. the laltiple:aer 
CODsists of a differential coaautator tbat 
differentially aultiplezes the PIS data and 
reference ground fm. each DI.I to tae colparator. 
I distributor coaautates a precision 1.000 
ail11.lpere ~O.5 percent reference curreDt (294 
aicro&eCOnds, to the selected DIS for signal 
coaditioning of traaaducer resistiY. iIlputa. The 
precision current soarce is outputted frol the 
aultiplezer to each DIB on a dedicated l1De. 

Coapar.tor apd ltD ~2DI.rt'r. Tbe co.parator 
coRsists of a UDity gain diff.rentia4 aaplifier 
followed by a pree.ision yoltage eoapuisoll 
circait. tbe oatput of the co.parator goes to 
the lID conwerter. rbe differential input froa 
the aultip1ezer is conYerted into a single-.nd8d 
sign~ by the differential .aplifier in the 
colparator. Tbe treatlent of tbe data, as anal09 
or digital, is controll~d by tbe I/O bit in a 20-
bit instruction aDd addr ... word supplied by tke 
TP. Por analog inpats, tbe colparator co.pares 
tbe inpQt aignal to a known refereDce. The 
refereDc. 18 proYioe4 by • digital-to-aDalog 
feedback circuit in tbe AID conYerter conaiatillg 
of a binary y01tag_ lIeighted resistor ladder, 
switches aDd a precision -5.120 yde r.fereDce 
supply. The O-.tl-lIt of tbe coapara tor ia .ncoded 
into I .. bit digital words by U. 1/D conYerter 
wbica .Iploys a successiye approziaatioD 
technique. To prooesa digital data, the register 
and awitc~es ar. forced to half scale for the 
Gnttre word ti .. so that the ladder is generating 
• cOAstent +2.56 yolt refereBee. rhus, the 110 
conw.rter faDctions as a fixed threshold detector 
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for •• kiAg one-zaro decisions on the 1nco.1ng 
digit.1 ela ta. 

3.5.2.2.3 'apc"e.t.r RIC." aDd AMOciat" LQgis;. rhe 
I.ac .... t.r decod.r rece1ye. a 20-bit instraction 
and acldress word fro. the t'P for three (3) ti.e. 
ia suceesaion. Tbe decoder generates a coherent 
bit clock fro. t"e inccaing 20-bit vord.. tbat 
proYide. tiaing for the bit counter circuit. In 
addition, the coherent bit clock enables the 
serial traasfer of tbe illStraction and address 
portion ,ainus a-bit sync code) of tbe lO-bit 
vord iDto a 12-o1t shift register. the 11 
instruction aad address bit. (i •••• AID bit, S 
OIl address bits aad S chaanel addreas bits) of 
the 20-bit word constitating the first 
interrogate subeJcl. are parallel transferred 
into aD 11-bit. .. olding register bl the 12Ua bit 
in t.he ahitt register. The S-bit chunel address 
is parallel traasferred during t.he 2nd 
in~errogate s~cycle into the address geaerat.or 
where it. is conyert.ed int.o a 10-bit word required 
by the DIBs consisting of as-bit. sJnc followed 
~ tae caannel address. 

3.s .2.2.4 pl.l Rtcosler. Tbe DIS decoder prow ides the 
cbaDael address iDfora.tion to each DIB OD a 
dedicat.ed output. rhe DIll decoder circuit 
receiYes parallel DIS address bits froa the 
bolAiDg register to select. tbe DIB output line, 
the serial 10-bit cbaDnel address MOrd f~oa tbe 
address generat.or to select the DIB chan Del aDd 
power control co.aands fro. the power control 
circuit t.o turn OD and off tbe DIBs. rhe OllOpr 
cont.rol pulses t.o the DIBs go out on the s.ae 
lines as the 10-bit. cbannel address word. the 
power cODtrol circuit receiYea tAe PCB F.ICODEB 
DII COI!IOL quantitatiwe coaaand (PCBOl for PC!!l 
and PCBQ2 for PCSE2) and proYides a pulse width 
.odul,ted technique to cootrol the DIBs •. Co.aaDd 
execution is sJnchroni~ed to tbe beginning of the 
.iDor frue. 

laS.2.2.5 '011' SpER11. !h. PCftI has aD i4teroal power 
aapplJ tbat operates fro. ~h& +28 yolt. swit.ched 
loads bas aDd is coa_andable 01 aDd CF'. I 
aerias regulator proYides regulatioD of tae input 
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bas YOlt4ge and 4D electric con,eraion aDit (ICU) 
,eDerates all the 88condarr vo1ta,e. required br 
tbe PCBI, includiD9 tbe power supplied to the 
D1Ss. the PCBI po.~r sQPplies are coaaanded 01 
and orr By three discrete co.aands, i.e., PCft 
BeanU 1 01/2 orr (PCB19 or PCll9). PCB IICODIt 
2 01/1 OPI (PCft2~ or PC189), aDd PCB .ICODlas 0" 
(PCI" or PCBl". The o_/Or, sutus is proYidecl 
to tele.etry as DPel 1S for PCIB1 aad DPCIl2S for 
PCBB2. 

3.~.202.6 IIt'O.l CO!'An~..JeaP2R81' lbe PCII receiY •• 
both qUAntitatiYe and discrete co •• aDds fro. the 
COBs. The folloving sections describe tb. 
internal response of the iCBI to tbe different 
co .. ands receiYed. 

l~.2.2.6.1 PC' 'McoDI1 pIn CQJTBOL ~»IQtit.ti!e Co •••• d. 
Pover control for tn .• OIl. is pl:ocessed by tbe 

DII power control cir.cuit in the PCII. The 16-
b1t quantitati,e co.aand (i.e •• bits 2S throuqb 
QO of the uplink coa.and for.at) (peSOl for PCI!1 
or PC!Q2 for PCIII2) is stored iD a 16-oit shift 
register, and the Yerificat.ioD p"lse at tbe end 
of the quantitative co •• and is ignored. Each 
pail: of Aits iD a gi,eD coa.aDd word cODtaiD the 
power 011/0'1' inforaation for Il DIll. Pover 
control for the DIlls is i.plaented using. pulse 
width .odulation technique. Co •• and ezecutioD is 
synchronized to tae beginning of a aiDor fraae by 
aaiD9 the secoDd negatiye transitioo of the .inor 
fra.e signal following receipt of • 00 •• an4 to 
trigger tJlree (J) one-shots whose periods 
represent the pover 01110" states of • DIll. the 
proper palse is gated to tbe DII a4dE8&S line as 
• fUDction of the iDfor.ation coDta1aed in the 
co •• and word. 'code of ·01· or ·11· vill 
generate a J6-.illisecoDd pulse vhich will turn a 
D:~ orr. & oode of ·00· or ·10· vill tU1' a D18 
01; a wOO· code gaDerates a 230 aicrosecond 
palae. aaael a w"O· code ~eD.rate. a 2 aillisecona 
pulae. 

3.5.2.2.6.2 PC' II&o4.r 01 RiI;rete CO"AR~. Th. PC! 
Inc~er 01 co •• and (i.e., PCK19 or PClA9 for 

PCIIE 1: PCIIE29 or PCIIB9 for PellE 2) :is a diserate 
eoa.and routed through an input butfer to t.e 
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latch which coa~rol. ~he PCB. po •• r. 
co_aDd sau t •• latch; a yoltaCJe ia 
fro. tb. regulator to ke.p t.. latc~ 
power 01. Tbe 01 co_aad to a PCI. 
siaalta •• oaslJ taras OFF the oth.r PCBI. 

Thi. 
f.d back 
s.t aad PCII 

3.5.2.2.6,3 rca lac04.' HE Riscn" COI.apA. !'he PCI 
IDcod.r 0" co •• aad (i .... PCI', or PCll" is a 

d1acrete co •• aad rout.d ~o aD iapat buff.r aad to 
the latcb which coatrols tb. PClI pow.r. Tbia 
coDaM will r •• et. the lat.ch aad t.hus tarn pcal 
pow.r or1. Tb. orr coaaand. t.ums off bot.h pcals 
at Ue .... U ••• 

3.5.2.3 tele •• s" Proc.'lOr. 'lbe IP coatrol. all 
factio •• of the data baaclliag a.bayate.. Tb. TP 
reC) •• aa tel ... t" da~a froa the Dll. through tbe 
PCBI. org .. 1.e. tae data iato t.ele"uJ for.at.a 
.. 4 traas.its a PC~PSK Babearrier t.o tbe 
spacecraft traaa.it~ers. 'lhe 'lP alao iatertaces 
vith &ad coatrols tae two (2) DSUs to proyid. 
data storage oa tbe orbiter spacecraft. 111 
spacecraft tiaing is deri yed fro. th. .aster 
clock coat.aia.d ill the IP. 

The .ajor taDetioDa! cO'poDeDta of the TP are 
t.iaiAg. iDpa\ ut.ertac., outpat iDtertaee, 
coAtroller aDd pover sapp1r. In t.e following 
.. ct.ioaa. eada ot theae co.poaeats are described. 

3.5.2.3.1 tippg. A 2 20 (1.0"8,~16) Hz crrstal o>:acillator 
vith a 50 ppa stability is proYided ia tbe TP aa 
a tiaiDg r.ference for the scient.ific 
iDst.r".Dts, spacecraft subsJsteaa aad TP. rhe 
crrstal oscillator is IISeel as the freqaencr 
stanclud for the ti.linq block. I coaatdown cbain 
iD tbe t.iainCJ block proYide. batfered 32.768 Hz. 
2048 Hz aDd .ord rat~ sigDals to users. 

3.5-10 

'lbe 0~ratiA9 tela.try bit rata of the Tt is 
selected by ... diDg tbe 'RUllan! P.OC~SSOB 
COlrlOL qaant.itatiye co. land (i.e., TPCQ1 for TPl 
or T.CQI tor TP2). Bits 29 througb 32 of tb. 
upli.nk co ••• ad for_tare cocled to select the 
de.ired bit rata, as defuM in PC-.. ~ 
(letereRce: Paragrapb 1.~.1). This II-bit code 
is'seat t.o tile t.iaing nlock fro. t.k4t controller 
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whicb racei •• s it froa tbe co .... d input logic 
(part of input inter~ace). 1 c~ange to the bit 
rate is iapl_ented at tbe begiDning of tb. nezt 
alnor fnae follo.ing r.ceipt of tbe <juantitati.e 
coaaand~ rbe tiaing block alao tr&L_~1tB a 
aignal twice tbe selected bit rate to the 
cODtroller. 

Tbe countdown chain provides a word rate start 
signal to tbe controller to start the processlag 
of a teleaetrJ word. Th. controller coapletes 
the proc.ssing of one word in less than 3.9 
ailliseconds and g08s into an idle .tat. with the 
control logic strobea off to CODserYe power. The 
controller is reactivatea by a new word rate 
start signal froa the tiaing block. 'rhe 
tale •• try word retrieved fro. a DIB during tbe 
current processing cycle is t~aDSaitted during 
the nut teleaetry word tiae. 

rhe bit rate status SigDalS (i.e., four ") 
outp~t signal~ giving t~e logic coding for the 
operating bit rata) are sent tu the scientitic 
instruaent users fro. the ti.ing block. 

3.5.2.3.2 lnpgl laterfte,. lbe ~nput interface co.ponent 
coasists of tbe co .. ano input logic block, tbe 
PC! input logic b~ock aDd the DSO statQS input 
loyic block. 111 input infor.atioa is buffered 
through atandard ~Dput buffers ana all serial 
Uiputs are sto~ed in sutt registers which are 
interrogated bJ the controller. 

Tb~ eoa.ana input logic block receiYas tbe 1o-bit 
(i.e., b~ts 25 through 40 of the uplink coaaand 
{oraat) TELI&ITHI 2kOCISSOk COMTBOL guantitative 
co .. aaa (TPCQl or TPCQ1) froa tbe COB (i.e., COB 
3 for TP1 and COB 4 for rp2), and stores it in a 
shift register. lfter tbe co •• and bas been 
coaplet~lJ receiyed by the rp, a flip-flop is set 
in tbe coaaaDd input logic block by tbe 
quantitatiye co.aaDd Yel:iiicatioD pulse. The 
output of the flip-flop is seDt to the 
controller. During internal word tiae ze~o 
(i.e., first word of int.rDal ainor fraae to be 
trausaittea in DeXL teleaetrJ word tiae as a TP 
output), tAe cODtroller Benses the state of the 

••• 1a1on 
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flip-flop aad truaf.r. til. coatau of Ue shift 
retuter iato tJae coatroller·. ..a40. lcc ••• 
".orr ,1&1). A. a re.ult. tb. co .... d vill b. 
act.e4 apo. i. tJa. _zt t.l ... try wor4 tia.. which 
18 t.1a. tia. of tile first. word of t.a. aaor fra •• 
CMltpatte4 bl tb. 'lP. 11 two (2) or aore 
,a .. titatiy. coa •• DAa ar •••• t iD tb. period of a 
.iaor fr ••• , onll tae last tran.ait.ted co ••• nd 
will be proc .... " at t.he begiaDiag of the •• xt 
aiaor fraa •• 

lb. PCB inpat logic block r.ceiy •• pca data 
input. fr~ vhicb.y.r of tb. two (2) pea .. is 01. 
lb. PCB i.t.rrogat. logic block .. D4. a t.l ••• trl 
ck ... el .ddr ... ~ ta. pea. aad •• a r.su1t, 8 
bit. of dat. are tra •• f.rred to tb. PCI in pat 
logic block. ~h. returDing data i. c1ock.d i. 
usiag • 32,768 Hz clock g.D.rated within the PCI 
iAterrogat. logiC block. 1'a. input data i .• 
• tored ill a shift Eegist9r ia tile PCI inpat logic 
block vitbin on. t.1 ••• try word tia. .lot, and is 
uD.f.rred to ta. data oat.put l~ic block for 
oatPDt at the uel.ct.a bit rate duri.g the D.Xt 
tal •• trJ word ~i.e slot. 

~h. DSO atatoa input logic block racei, •• the 
rolloy.r pulse .nd Ol/OP' .tatu. fro. each of the 
t.wo DSO.ft 1'h. rolloy.r puls. is • 8i9na1 which 
indicat.. that the addr... counter in that DSO 
us tnlUlitione4 fro. tIa •• aai.u. addnss to 
a4dr._ aero. rbe rolloy.r pul... are .tored in 
flip-flops aDd the Ol/OP' .tatus of each DSU is 
..... d as a logic 1 or 0 illpat. th. status is 
tr .. af.rr.a to tbe controller upon coaaand fro. 
tb. coatroller. 

OMtRpt 'It"f'B' th. output iDtedac. coapoD.nt 
contain. the PCB interrogate logic block, the Dsa 
iDtert.c. logic bl.x:k aDd the data oatput logic 
block. All outputa 4re bGff.rred taroagb 
atlDdard output baff.rs. Tho real tiae outputa 
of t.h. data oatpDt logic block to tbe 
'U .. apoDder. whidl are required to be t.l •• etrr 
word rate .,ncbrOlloua, cOGsist of a tvo (2) 
,egute, pair loca tad vi tbiD the block. Thea. 
a,.: 1) aD 1nter.al r.gis~r that i~ updated b, 
tla. caatroUer, anel 2) .D ut.mal register that 
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racei,es tbe contents of tbe internal register hi 
a sJnchronoas transfer using the tel •• etry word 
rate clock. 

Pri.arJ ti~iDg and cont~ol of tbe pcal is 
aecoaplisbed by the Banchester coded (Diphas.) 
acldreaa and instruction foraat provided by tJae 
PCB interrogate logic block. Tbe address and 
iD8~raetion foraat consists of a 20-bit word sent 
at 2'. (b5,536) bits per s@cond. ~his 20-bit 
word contains an 8-bit sync pattern plus 1 bit 
used to sbift tbe re.aining 11 bits into a 
llolding register. rhe first d ". 1 hit instructs 
the PCBE as to whether tbe r~uest~ teleaetrJ 
data is analog or digital, tbe next fi.e (5) data 
bits select the DiS that is to be interrogated 
and the last fiYe (5) nits represent tbe channel 
address of the selected UIB. This 20-bit word is 
aent three (3) ti.es in order to proYide the 
proper ti.ing tor tb~ peA!. 

Data to be stored in ei~her DSO is stored during 
lbe sa.e teleaetry vora ~.e slot that it is 
recei'ed fr~. tbe PCft~. Data is sent serially to 
the D5U f~o. the DSU int~rtace logic block and is 
aeco.panied by a store b~t clock and a store word 
clock. Pour (") cootrol liDes are sent to the 
DSOs fro. the DSO interface logic block to 
control the DSO aode. i.e., ENA8L! DSU1. ENA8LE 
DSU 2. SrOB!;/k~AD. aDd IitSEf. 

Tbe data output logic block is ~aspoDsible for 
s,Dcbronizing the output data witb ~~ selected 
tel •• etry bit 4Dd word rates. Data to be sent to 
tae transponder is loaaea in~o a te.porary 
internal shift register during the teleaetry word 
tia. slot it is received f~o. the PC~£. At the 
start of ~e nex~ ~l~.etrJ word tiae slot, it is 
transferred into an external shift regis~r which 
is .e~iallJ clock~d at the selected bit rate. 
2h. data Nay be ~onvolutionallJ encoded, sent 
di~ect1, to the b~~hase .odulato~, or co •• aDded 
oft by use of the coding within the TP COITBOL 
qua.titative coaaaDd. When tbe data is 
oonyolution~lly enooded. the convolutional 
encoder is reset ~fter the last bit of the third 
a,ae word (i.e •• 2 .. tb bit of tbe minor traae) is 

ieyiaion 
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_Ut.ecl iato tbe eac04er. Data oat of tbe 
COIayolatioaal eDcodar 18 clockecl iato Ue biphase 
.o4alator at 1~.l8. Hz ia order to pro,lde 
coberace with tbe .abcatrier. If tar til. data i. 
bip~a ... odalate4. it ~. bafl.Eed to tbe 
spacecraft. iAterface le'e1. aad aeat. t.o tbe 
uaaapoaeler. '1be clata oatpat logic block also 
pro,ldaa t.lle ~O~6 .. coad clock oat.pat to t.lle 
:co_~ni1 processor aael t.De aajor aDd .iaor frue 
rate 3igaal. to tile 8ciaatitic ia.tr .. eata aad 
apace~aft. .Gb.'at. ••• , aa .. ea ill ,igare l.S.1-1. 

l.5.l.l.4 OOI\(Oll,r. 'Ibe coatroller is t.ba core of tbe 
ft. ~.leaet.ry .1Jaor traM aDel aabco •• aUte4 
foraat.s aDd coDtrol sigaala ar •• tored vit.bia 
ft09r ••• abla 1_4 oalJ I_orie. ('lOla, coatained 
ill t.ke coatroller. !~e tiaiDg, iapat. interface 
.. el outpat iat.erfaca f wactioaa are Iiaked to tbe 
coDtroller bJ a data baa o'er vhich data aad 
coat.rol a1gnals are ant. tbe controller alao 
perfora. aritb •• tic aad logic .anipalatioas vitb 
clat.a aa4 atores pertineat data ill Ue UI. 

3.5-'. 

Opoa t, pow.r turn-on "j,a tUl19 or TLll9 for 
TP1; 'IL129 or 'ILa89 tor .,'2), tb. coDtroll.r 
ezecute. aa iDitiaUzaUoa rOllt1De. tb. 
co ... D4able fuactiODa iDitialize t.o t.be at.ates 
abown ia table 3.5.2.3 •• -1. After 
iDit.ia1izatioa, the coatroll.r g08s into th_ idle 
stat.e aael vaita for t.be tel ... trJ word rat •• tart 
.igaal froa tbe tiaiog block. Upon receipt of 
the tel •• etr, word rate start 8igaal, contents of 
iDternal r89 1st.era Ar. traut.rree. to t.h. 
external 4ata r.gister. tbat iDt.rtace vith units 
oataide Ue 'I'. thia a.sare. tbat tbe oQtpat. 
interface vill be s,nchroooas vitk tae selected 
tele.etr, vot4 rate. rbe spacecratt ti •• cod. 
apdat. is tb. firat roatiD. eaecat.d atter 
reoe1pt. of tbe tel .. etrJ vord rat. atart signal. 
~be tia. cod~ i. incr ••• 2te4 aa a t.action of bit 
rate, i.e., at the bigbe.t bit Eate (20ij8 Hz), 
tJae iaere.ent ia 112~6 .ecOBel aDd at tbe loveat. 
bit rate (8 b), tbe illcr ••• at i.s 1 _con~. 
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Bit late 16 Bits Per SecOAd 

Pr ••• Por.at Orbiter BDgiD .. riDg ror.at 

DSO Coatrol Logic State St&DclbJ (per I.f.renc.: 
Paragrap~ 1.5.20) 

COD90latioaal Jacoder 01 

Data 01 

Subcarri.r 

! iae Code Worel 

o. 
~ ftiDut •• 16 S.coDd. prior 
to Pull Scale Clock B .. dag , 

63 

63 

If a De. co •• aDd has beeD r.ceiyed br th. co_aDd 
input logic block aDd th. iDt.nal t.l ••• try word ti.. slot ia tal ••• tEr word z.ro, the co •• and ia 
traDafe1:r.d ooto the data baa aa4 nored .ithi. 
the IU for latAtr acceaa. If, hu •••• r, th. 
Direct. •• -.orl ACClt88 (DIA) bit. ia .. t iD U. 'lP 
eolraoL quaDtitatiye cop.aDd, tbe co •• and ia 
pIOC ... ed a. a 4ir.ct ".orr ace.aa co •• aDd, 
i .•. , the co .. aad 18 beiag aaed to cODfi9Dr. t.b. 
p~ogr ••• abl. for.at. At tbi. point, tile int.raal 
~9iat.ra tbat cODtrol bit rat ... lec~ aDd !P 
oatput fDDct10!'l8 are loaded so tbat til. eat.nal 
regiat.ra can be loaded at th. n.at tel ••• trl 

•• 9181oA 

I 
I, 

t : 

.oro ~i •• alot, whicb .ill be tele .. trl word 1.ro I; 
of t.b .• aut ainor un.e. llao at. Ulia POiDt., the i 
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»sa ca.trol bi.t.a ar •••• ko4 eMIt .. 4 atore6 ill • 
apecit1c III locatio. for 1.t.r ... 1»1 tH DSO 
C»D~rol l'oatiD.. 11 U. cur.Dt t.l •• tl'7 wor4 
J.a til. l .. t t.l."Ur wod of a .a jor fr.... tb. 
three (3) aoat a19a1f1eaat t1 •• co4. wor4a (1 •••• 
tlan. a-b1.t IIOrd., are a •• pled .. 4 stored for 
later n.clCMIt. ..rt. til ... rioa. bita 1I1l1e1l 
l'.pl' •• at aiDOI' fr ... rau. _jol' fr ... r.te •• a4 
ta. _096 8eCQDd r.t. ar •••• k.4 oat of tbe 
coa.t.r. 1I~1cb aEe .tored iD til. III .. 4 ara 
tl' .. aferr.d .1. tile data bas to the 4.t. output 
logic block. 

n. coatroll.r for.a a 10 1»it .44r_a for U. 
nDOI' fra.a fon.~ •• orr co.p0ae4 of AI b.1t. for 
tJae co. •• Dded fona~ trp •• ad 6 biu for the 
co.t •• ta of tbe tele .. trl word co •• ter. I 12-b1t 
tIOrd 1.a tbe. r.trinc fro. the .iDor fra •• 
tonat ."01'1. Pour (II) bit. of tlda .01'4 a .... 
to claaa1.fr this 1101'4 into ODe of ala trpa •• 

Pirat. taa. IIaonal- tlpe. IIllieb ia tbe .oat 
pre.al.at. aieJa1f!e. t.1la t the r •• aiDag 8 bita 
u. a 1)11 addr ... ud are to ba seat to the PCSI. 
fte retarDiag co •• atated tel.atry word is placed 
in .a iaternal r.gi.ter IIhicll lIill b. traD.lerred 
to aa ezt.rD&! outpat regiat.r at. tk. a.at 
tel .. et.rl 1I0rd till. alot. 

ra. secoDd type of for.at lIord is tlae 
sabco.atated 110m. ".1tlaiD tile .pac. that vould 
aonallr be Ue DI& addr ... bits. th.r. are tllO 
(2) bit. to iJaclica te tb .. aubcoa ~f pe. 'lbe .. two 
(2) 1»1ts ar. COD D.ctect to the 6 bi ta of. .~DC)r 
fra •• co .. t. to for. aa 8-bit addr ••• tor the 
.abco. fonat ••• orr IIllich a st.ilar t.o tb. 
DiDOr fru. for.at ••• 01',. fte 12-b1.t lIord 
RUined frOil the '-I'lbco. tllaat •• ory is 
trat.ed aiailarly to the 12-bit 110m retri ••• d 
fl". til. aiaor fra.. for.at. UllOry. 

,. ... t.laird trp. of ton.t word ia t. ... iaterDal 
word. Pi •• (S) of tha .igllt (8) r •• aiAiag bits 
are .... d to iadicate aD iDterD.l .tatu lIor4 
ftored ia tile III to be oatputtec1 c1ariJlg Ue Dezt 
t.eleaotl'J 110m t.ia. slot. 
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fie fourth type cd foraat word is Ue sync word 
wh~£e thd actaal sync code 1s storei 1n tbe 
reaaiDing a b1ts of ~he 12-bit for.a~ word. 

The fift.b. fonat. word type is t.b.e prograaaable 
fonat word whicb cont.ains a scratch-pad ae.orJ 
addrtl" used to fetch the prOCjra •• ecl I)IIS and 
chunel naaber. 

'lb. sixth fonat word t.1pe is tbe Blll-reaa word. 
When this vord is encountered, ·tbe aiDor fraa. 
count. is used as an address to fetea a woro fro. 
the scratcb-pad •. nd insert it uto the data 
st.re ••• 

3.s.l.3.5 PIta napsfer 

3.S.2.l.S.1 Pll to Te1"'\II=,ro"lIor. '1be '1eleaetry 
Processor calls for data froa a DIll bJ first 

initiating an interrogate cycle wi thin tbe PCB 
Encoder. This interrogate cycle takes place 
entirely witbin ~he -busy- t~.e seg.ent of 
controller activity shown in rigure 3.5.2.3-1. 
'1be teleaetry processor sends a 20-bit lIanchester 
coded address froa its PCB interrogate logiC to 
the PC! Encoder's Banchester decoder circuitry
lhe 20-bit code is sent three successive tiaes to 
create tbree subcycles as seen in rigure l.5.2.3-
2. Bovewer, tbe 20-bit address cod. is Dot 
usaally the saa. for the first sabcycle as it is 
for t.he second aad t.bird sabcycl.s. 

Th. first 20-bit address code consists of an a
bit sync pattern, plus one bit to shift the 
reElining 11 data bits into a holding Ee'1ister: 

o 0 0 0 0 000 1 X X X I X X X 1 X 1 X 
lisa -------- LSB 

(or 20tb DIll select. -------
LSB DII Channel 
______ Select 

Introduction 
Pat.tern ~D Bit 

Shitt Bit 

3.5-17 
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a. " data bita coaaiat of a. III) bit "bicb 
1adicat.. til. tl,. of tela"Ul da ta regaired. 
1 •••• a.alog or digital; S 1)11 .. lect biu (oall 
3 of ~. 5 are r.1 .. aat to tbe Pioa •• r '.aaa 
~ogra. "bicb a ... 8 DUs): aad S DIB c:baDa.l 
.. lect bit.. 7h. ..coDd a84 tbird 20-bit a44r ... 
cod .. diff.r fro. ta. first cod. oa1r ia Uat tile 
DII cMaael _l.ct bits are al"aya coclecl •• 
~ •• a.l 16 (10000). 111 oth.r bit. are 
i4.tical. la tbe •• eat tMt choDel 16 of a 
giwea DlI is beiag int.rrog.ted. tbe. all bit. of 
all tllrM 20-bit a44n_ coclu vUl be til •••••• 

~~. secoad .ad tbird 20-bit addre •• code. are 
~ •• rate4 for ti.iag purpoaea oall. Tbeir DII 
cbaanel •• l.ct b1ts are coded to ch •••• l 16 
becaa .. chaaa.l 16 (.s "ell •• ch ... els 17 
~ro.CJh 31) doeaD't create a read .aw.lope "ldcla 
coald c .... a 10~ of .,DcbroDizatioD. if • rea • 
.... lop. laad already be:n qeDerated dnriag tile 
firat subclcle. 

ID tb. firat iat.r~g.te .aDcJcl., ~. PCB 
.. coder'. l.aclaeRer decocter circaitr7 raceiwe. 
the 20-bit .ddresa code aeriall, sbifted with ISB 
fir.t. as tbe .ddre .. code bits enter tb • 
... c .... t.r decoder circuitry. th., a n used to 
cr .. t. clockiDg .igaals. ~b. lancbe.ter d.coder 
circaltrr .ccaaalatea tbe data into • 12-bit 
shift regist.r. Tlae first 8 bit •• i ••• , the 
logic.l z.roea (S,DC p.tt.r.) pass .traight 
tllroagh Ue regi.t.r. fa.. 12th 1.58 bit of ta. 
code, i ••• , the logic ·1· follo"iDg the rync 
patt.ra, triggers the parall.l tr ... ter 01 the 
followiaC) 11 data hi ta to aa 11-bi t )aold1aC) 
register. Upoa data tra .. ter, th. 12-bit Shift 
register is i •• edi.t.1J rea.t. 

lDataatll after tile 11-bit bolding regist.r 
r.c.iy •• the data, tbe S DII .el.ct bita and the 
5 DII ch •••• l sel.ct bits are decoded bl tbe PCI 
eacoder'. ~II decoder circuitr, aao addre •• 
geaerator circuitry. respectiwelJ_ Tbia is 
poaaible ~au .. the conteata ot the 11-bit 
bolding reqiater, exclad1ng tbe l/D bit, ar. 
bard-wired to ta. DII decoder circaitrr and the 
addr ... generator circaitr,. 

l , 
j 

1 
111 
,~v 
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fte nIl cJ~nder .ea 3 of tile S DI8 _lect bits 
to actiwate an address liDe to tile .elect.d Dla. 
The address geDerator u ... tile 5 DI8 cllaDDel 
select bits to .tDCode a 10-bit addn .. code. Th. 
10-bit a4dress code consists of a ~b1t SJDC 
patte~D tollowed bJ the 5 DIB chaDDel select 
bits, 858 first: 

0000 1111X J 
asa LSB 

~ --------SYDC PatteED DIB ChaDDel 
Select 

TIlf) aMress geDerator also recei.es a delaJed 5-
bit DIS select code for the DIS pre.iously 
interrogated. This 4elayed 5-bit code is used to 
inhibit or eDable tbe BeDdiDg of a fill addre.s 
which is generated in the address geaerator. The 
S-bit DIB select code coaes fro. a b-bit lloldiDg 
register vithin tbe PC" eDcoder. Bove.er, the ~ 
DlS select bits fra. the 6-bit holding register 
aDd tbe till address generated bJ tbe address 
geDerator are ot .iDor i.portance with respect to 
the pioDeer 'enus Progra.. In the 'ion .. r 'enus 
pr09ra., the fill address is deri.ed directlJ 
trOll the 2nd 20-bit address code 01 the 
iterrogat.ion cycle. 1.t should be Doted that tile 
I/D bit is one of the delayed 6 biU fro. the 6-
bit holding register. The 1/0 bit aust be 
delaJeel for one subeJcl. period to proparlJ 
instruct tbe PCB encoder's AID conwerter 
ci~cllit.~y. 

At t.he aidvay point ot tbe LSB of the 1st 20-bit 
inter~ogate subcycle (as seeD in Figure J.~.2.3-
2), the first 10-bit address code generated bJ 
the addr .. ss generator is serially shifted (IIS8 
f1rat) fro. the PCB enco~er's DIB decoder to t~. 
selected Sanebester decoder circuitrJ ot tbe DIB. 

In the 2nd interrogate subcJ~le, the PCB 
encoder's lIanchester dacoaer circu1try racei.es 
the ~Dd 20-bit address and generates clocking 
signals. The data bits are processed ira the sa.e 

.ew1a1oD 
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_ •• r •• ia tb. 1at. iat_rotate •• beJcl.; bgt 
'lb. 10-bit addre.. c04. Uat 1. ,.a.rated bJ t. ... 
.G4r... feDerator w111 •• r.. tb. p.rpo.. of 'lb. 
fill a4drea. 

At. u. asa of u. • .Jr4 2O-bit interro,at. 
_beJcl., tlle fi11 addn_ 1_ ••• tJae PCI 
.. coderls 011 a.cod.r aa4 go .. to lb. DIll. 
"aclll.t.r 4ec:ocl.r. Tbe fill acldr ••• i. u.ed bJ 
the 011 to create clockia, aigaa1. wbieb w111 
allow aa 8-bit word of dat.a to be clocked fro. 
the Dl1 to the pea .ncoder. 

11 coa4itioaeel 4a~a is ba1D9 ••• pled, a 1.000 •• 
~ecia1oa cgrreat output , ... Pigure l.5.2.3-2, 
ie .180 •• at fro. u.. PCI ncoder to tbe .electecl 
011 witb1a •• icro .. coa4 •• fter tbe till addn .. 1..... t"e PCB .acod.r. If aerial 4igi t.l data 
ie b.189 ".pled, thea th. 501 ri.e ti.e poiAt of 
the r_d eD."lope (8" Pigur. 3.5.2.3-3, WOG14 
occur witlaia tIM aue " aicroaecoDu U.e apaa as 
the 1_41ag eclge of the prec1a10a C8rJ:eat output 
,.1... ~be n.G ell.elope 04 read clo" ,.lao 1a 
PigGre 3.5.2.3-l) are seat t.o .. era bJ ~e DIS t.o 
Uu.fer 4ata iDt.o Ue 011. 

litbta 2. .icroaec:ollda .fter tbe 2aG 158 of the 
fill addre .. 1 ..... tbe PCI eDcoder, .a 8-bit 
t.ele •• trJ da ta "OI:d i.a clocked fro. tb. DIll ,se. 
PigGr. l.~.2.3-2) to the PCI encoder. 

!be PCB eac04er rece1yeS U.e pa8 or digit.al dAta 
free \be 011, aa4 regeaer4tea tbe data in aon
retgra-to-.ero pulae code .odul.ted ,lll-L/peS) 
fon. Tile PCB eacocler uses clockiDC) s19aa18 
geaerated troe tb. lrd 20-bit iDterrOCJ.ta 
8QbeJel. to aerialll shift the a-bit tel ••• try 
4ata word (158 first) to tbe t.l •• etrJ processor 
,... rig Ul:. 3. 5.l.l-2) • 

l.5 .2.3.~.2 1,1 •• $,1:1 "PC"IP' t2 pSU. T.le.etry data 
r.e.iw" bJ ta. t.l ... tEJ proce.sor is routed 

to .ither th. transpoader or to tb. DSO or both 
bJ co.aatl. Data wll1ca 1a rOGted to tb. DSD is 
atored ia the DSO withia tb ••••• tel ... trJ "ord 
U.e th.t it is nceiwlld. .,Il. data ia clocked 
into aD ~at.erD.l sutt. register bJ tile trailiag 

u 
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e4~e of the store bit clock. , ... ,i9ur. 3.S.2.3-
_,. lfter e1ght .tore bit pal .... the trailiDg 
edge of the .tor. word clock 1s ~e4 to activate 
aD 1Dt.rna1 •• .01'1 write eJcl •• 

Data which is roated to the tra •• pOD4er 1a fir.t 
stored in an internal r.gister of the te1 ••• trJ 
procesaor's data output logic. 1t the next 
tele.etry word tise. tbe data is transferred to 
an external re~ist.r wbieb interfaces directlJ 
with Uae transponder .. 

rover spppll. The pow.r supplJ 9.aerates the 
voltage fur.s required bJ t~. iat.rnal IP 
functions. The pover aupplf proviclea current 
11.1tin9. uDderYoltage detectiOD an4 abatdowa. 
oYerYoltage detection and ~h.tdoWD, a.gativ. 
voltage 1apu~ cla.ping. a.4 bus tusia~. po.er 
strobing is used to coDSery. enel'9J' III 
addition. tbe pover supply provide. isolation 
between the bus return aad the signal returna. 
and boffer& the discrete input co ••• nda that turn 
tb. TP on and off. Tbe rp power aupplies raceiYe 
till''' (3) discrete coa.ands t.o control tbtt ol/Orr 
atatus of the units. 1 •••• ~Pl 01/2 orr C~L819 or 
TLaA9). TP2 01/1 orr (rL.~g or TL189) aDd T's orr 
(rUl, or TLI"". '1' be ol/Orr ".le .. tr, atatus of 
th. po •• r supplies 1. qiven bJ DTLlllS for TP1 and 
DtLI2S fOJ: TP2. 

IIt.'Dll CO"aa4 IMpoa,e. 'I'll. TP raeeiye. botll 
q •• ntltatiYe aDd discrete co .... d. fro. tb. COB. 
to control tile configurauoa aad operation of til. 
unit. The followinq section. de.cribe tb. 
internal response of the TP to tbe 4i11.rent 
co •• ands received. 

"v1.1oD 
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3.5-22 

eoU.... tt.. 16-blt. ,_atlt.U,e CDuaDd 
(i~ •• bits lS t~~OQg~ .0 of the .plink co •• aDd 
fonat (!'KQ1 fo~ ,.,; rlCO& for '.2) UM to 
coafigar. tb. fP 1. storM ia a t. •• por.rJ ~oldiag 
register (i ••••• atenal reCJiatar) i. t~. co..aDd 
iJlpat. logic block. Ift.e~ tJt. co ... ad 11.. b_a 
receiled ~J th. co .. aDd iDp.t logic. a flip-flop 
is .et bJ t.1l. Mrificatioa pal.. !'he cODt~oll.r 
~~s t~. at.te of tbe flip-flop during til. 
iDt.~u4l .ord •• ro iapat ti.. and t.ra •• f.~ the 
coat.Dts of the te.porarJ bolding retiat.r iato 
b. coatroller l • IU lia tIut d.· .• baa. ,. a 
r .. ul~. tbe l.teat r. COlrlOl. qaaDtit.til. 
co.aacl .ill be .cwd upoa at til. start of t. ... 
... t .iaor fra... IDfor"UoD t.raufer is t.heD 
acco.pli.~ed lia tbe data bus to aD iDterD.l 
regist.er bJ a aJDC~~OGoua traasf.r aaiDg tbe .o~ 
rate sigDal. 'lb.e infon.tion bits are dec:ocled 
and _d to coDt.rol t.b.eir .pecifi.d faDctions. 

Bit 30 of tbe 1i-bit qaaDtitat.il. co •• and. ia used 
to d.t..niD. .~tA.r a direct. .e.orJ acc.a. (DB1) 
operatioD is t.o tak. place. If tb. DIll bit 18 • 
logic .'-. tbe r. COlrlOL qUaDtit.at.1l. cO ••• Dd is 
used to coafigar. tb. progr ••• abl. for.at.. 1 
logic ·0· iDdicat.s • aonal co..... 1 
progr •••• bl. for.at co •••• d is load.d directlJ 
into th. Mia. aad contaiaa iafor.atioD regardiDg 
DII aa.ber. DIB chaDD.l. aDd data tJ,. of t.be 
t.el ••• trJ &iCJD.l~) to be aa.pled. tbe structare 
of tile 16 bit.s of dat.a for the progr .... bl. 
foraat co •• aad is gileD in PC-_S5 (let.r.Dce: 
Rar.gnpb 1.S.1). 

~~e Dor.al coa.aDd consists of 15 iDforaation 
bits aDd ODe spare bit (ait. 31) _ BilS 25 tbrough 
28 ar. 4.co4.d to provide for.at selectioD. aDd 
blots 29 taro .. gll 32 are decocled to proli4. bit 
rate _lection. 8it 38 coatrols tbe subcarrier 
01/0 •• atate; bits 39 aDd 40 coatrQl tbe . 
CGlllolatioDal aDcoder/Data .04.. t. stat.u of 
th ... t.~ree luDctic.a .re Dot px-, iide4 iD 
t.el ••• trJ. rbe other t..hne bits ot the 
qua.titative co •• anG (bits 33 tbEOagll 3S) are 
4ecoded bJ tM DSU control logic to produc. DSU 
coat. rol co •• ucla. three of t.b.e co •• aDda ~r. 

I 
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ataDdb, cO~»&Dd. ,000.001. 111). Tbe ataDdb, 
00 ... 04. an u_a to iDt.rrupt »so r .. d or ator. 
op~'atioDs witboat affecti.9 tb. address couAt.r 
of tb. DSO. '0 re .. t the addre_ coot.r t.o 
aeEO. tb. Stan4bJ ieB.t ,'10) co .. aDd i .... ed. 
roar oth.r coa.aada ,.ead DSUl 11010-. I.ad DSU 2 
ao 11- • Store DSO 1 ., 00· • Store DSO 2 -10 ,.) ar. 
seat to configur. tb. DSU to ,ario ... operational 
atates ,s .. Pigu~ J.S.l.b-1. DSU Stat. Diag~a,). 

3.~ .2.J ... 'I. J. 1,;1.91rl npc_W'-- 01 RiaCir.'. kP,IUd. rll. 
r •. la.try Proc_aor 01 cOllaDd (i •••• 11.119 or 

flJIA9 for 'I'P1; rLl29 or '1'1.189 for TP2) is a 
discrete cOI.and rout.d to tb. iaput of a lat.cb 
wbich controls tb. rp po .. r. Tbis co •• and aets 
ta. latcb; a Yolt&,. is f.d back fro. tb. 
req4l1at.or to keep the latela set aDd th. 'fp pow.r 
OM. Tb. OM co •• and to a TP is also .. sed to 
silulla.eousl, tarn oft the other ft. 

3.5 .2.3.7.3 hl •• ux noeMaor 2lr pilereS.' COI.and. 'b. 
'!ele.etcy Processor orp coI.aDd (i .... T1JI1, or 

tLl~) is • discr.t. cOI.aDd rout.4 through an 
input boffer to the latcb wbicb co.trols the 'If 
pow.r. This co.,and v.lll r.set tb. latcA aD4 
thUG co •• aDd tbe rp pow.r OP,. Tbis orp coI.an4 
ailoltaDeousl, turAS off both TPs. 

3.5.2.' pita 5\0,a9' Opit. Eacb DSO intertaces vitb tb. 
'IPs to proYi4e a data storage capability for the 
orbiter splcecratt. control of tb. read and 
write .oa.s of tbe DSO Ire pro,id8d b, tbe tP 
through the TP COlrlOL 9uaDtltatiY' cO~land 
,1 ••• , !PCQl for TP' aDd TPCgA for TP2,. 'lb. DSO 
r.ceives a store bit clock. store word clock. DSU 
.. able and DSU ,04e signals. and data trOD the 
TP~ IDd trans.its AD address rolloy.r sigDal and 
OI/Or1 status to tbe TP. Dlls 3 aDd ~ proYide 
reAd clocks aDd react 'Ilyelo~a to read tb. 
CODt..nts of U. »SUs. TM .ajor co.pon.nts of 
tb. DSO are ti.iD9 aDd coatrol logic. addr.~. 
coupter. cor. stack. aDd pow.r sopply. Th.s. 
co.poD.ata are described olD tbe follo.iag 
sections. 

l.~.2.".1 Iilipa I'd enAtrol Logic. The ti.ing aDd ,0Dtrol 
logic bloCA receiwes the store bit clock. store 

Il.,taioa 
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_d clock, 050 _ule aM DSD 1104. 81,.al. fro. 
wllicllner t. 1. po .. n4 01. ~.... coatrol 
a1pala .tart U. oper.tu, a04.. 1a tlte D:aD. ..d 
oace atan-t. u.. ao4_ an coapl.tec1 
•• t.aticall, bJ t ... tulDg a.4 coatrol logic 
ci.Rultry. ttlle aton aode 1a iDitia ted v .. ea til. 
DSU .ubl. a.4 DSU a04. &1g.al. &1'. botll 1. ta. 
logic 1 .tat_. '01' tb. rMd 8OCl •• U. DSD 
.. abl •• i,Dal .uat b. 1a til. logic ., •• ute a.l 
DlO .od. a1g.al a .. at be u t ... logic ·0· state. 

~ .tor. data. tile tiaiDg .. 4 coat.rol logic 
•• abl_ U. iaput data to aD a-bit .bUt regiat.r 
.Ilic:ll i. clockeel i. by tile .tore bit clock. 
After .i9llt .tore bit clock ,.~. til. tralllDg 
eelge of til. store word clock 1 ...... to lDitiate 
aD lDt.r.al •• IIOl'J .tore cJcl.. Dariag tbi. 
ti.e, tb. addre •• 10 tb •• d4re .. coeat.r 1. 
4ecocled to .elect ~a •• 801'1 .ord 10caUoD, 
i ••••• ODe of 2S6 1-4ri.e liD .... 4 OD. of 2S6 1-
4ri •• lila •• ara _l.et84. sail. tiaiDg aDd cODtrol 

u 

1091e circuitrJ tIl.D appli .. 41'1 •• liD. curre.ta -
to til. 1- a.d l-4ri.. lia... tb. 1- a.4 l-4ri.e ~ ). 
carreDt. caa •• r.a"'.8t Ci •••• claariag) of all --
cor •• iD U ••• lecbld von locatioll. At tb. 
~platioD of the clear cycl., the data is r .. d 
!ato the a •• orJ word slot tbroagb a lligll-apHCl 
register. 

lor ~Il. rea4 ope rati OD • a ••• 0rJ rea4 qcle i.a 
iDi~iatecl with ~ha l .. di.g edg. of tbe read 
.a •• lop.. Like ~e store .ode. tb. ~iaiDg aDd 
CDDtrol logic ci.rcaitrJ coDtrols tile 1- aDd 1-
dr i.e currents to tIla ~&;:- .tack aDd tb. .."i8C) 
od i_ioit fUDctiODJI;. &8r'lJ io t ... read cJcle, 
the Iligb-.peecl register is r ... t Ci ••• , cleared). 
fte a44r... ia t Iae coaat.r i. th.. decoded 
ca •• ioC) tll. correct 1- aDd l-4ri •• lin .. to be 
.. lected ao4 ••• r9izecJ. Til. eight cor.. locat.d 
at tbe i.ters.ctio. of t~ •• lect.d 1- aGeS 1-
clri •• li.e. ara iDt.rrogated aDd tL~ t~s.lUDg 
BigDau appear OD the ••• e li ... _ .. ~ tb. illP8t to 
til. _D_ a.plitian. 'l"e oatlMlt t~t tb ...... 
_plillers i. t •• poraril, .tored .Ul ta. "ig~ 
spee4 register. 'lb. data i. tbeD r.stored ill tb • 
... orJ .. 4 ~rall.ferr.4 to U. outp.t 4.ta 
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ngi.ter "ben it .ia rea4 iDto tbe DUS .. 1a til. 
,.ad clock •• 

3 .s .2 .Il .2 M41:,. couteE. til. addr... coaa teE 18 a 16-1»1 t 
ngi.teE tbat c:oa~tol. t. ... rea. aad writ.. 
udr .... e. to tbe •• ory cor •• tack. til. cout.er 
caa be re.et to _to, i.e., set to tile fir.t 
&Cldre. location, by HacU.a9 tbe 'I. COltlOL 
quaatitati •• coa.ald (staDdbJ .e .. t ·,10·) to tile 
TP. At tile ead of a aton or read operatioa, tile 
.adre.. couater iDcr ••• nta bJ ODe aDd contin"e. 
coUDtiDg utU tb. coaDter i. f111ec1 aad goea 
tr08 tlle aaxuU a44ftsa back to tile tirat 
_dr.... at tbat ti.e, aD addn- rollo.er pal .. 
ia traasaitted, iadieatiag to tile t. coatroll.r 
that so •• actioa i. ~eqaire4, .ach a •• eading a 
050 disable or a OSU off aigaal to the 050, or 
.. ading a OSO OG .igDal and/or DSU eDabl. to tbe 
othe~ DS'. ror th~ read o,.ratioa, tile trailiag 
edg. of the read enw.lop. ca .... til. addr ... 
coaater to ad.aaca oae count. 

3.S.l .... 3 ~"stack. 'lb. core .tack is oEgaaise4 ia the 
coa •• atioaal 3-D, l-vire, cohc:id.at CaEI:.at 
d •• tructiw. readout (DBO) coDti,Ql:atioa. tbe 
ba.ic aagDetic atorage ele •• at i. a .iDiature 
(1a-ail OD) te.peratur. - iadepead.at f.rrite 
core. Tbe a.aory baa a storage capacity of 
6~,5l6 vOl:da uL 8-bits eacll, aad Ilaa tvo 
operatiDg aod •• , c:l.arlVrite (sto~e) aad 
reu/restor. (Eead). 18 .1tb., th. ato~e or read 
a04., the &~,~l& "o,da ia the .. aorJ are acc •••• d 
sequ •• tially aa4er th. cODtrol of aD addl:e .. 
couter at the .uiao in-flight rat. of one 8-
bit "ol:d ew.rJ 3,906 aicEOaecoDd.. 1o ... orr 
operatioDS are p.rforaad darlDg po .. r-ap or 
po".r-ao"D, so tbat stored data will be r.taia •• 
duriag po"er s8qa.aciDg. 

3.5.2...... !gllr SAPpll. Th. DSO u ... the anregalate •• 28 
'de •• i tcbeel loa48 baa fOI: oper4tiDg pover. tbi. 
po.er .applJ ia a oo •• an4abl. Ol/O,r aupply. The 
discrete co ••• nds used to co8trol tke DSU po".r 
suppliaa are •• follo.a: DSU1 01 (ISU19 or 
05019), PSd201 (DS029 or DSU"); aad both DS01 
orr aa4 2 orr (DSO" or OSU.". T.l .... try atatll. 
~ gi.en bJ lord 8 01 th. tel .... trJ {oRata 

3.5-25 
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a.taloa -

coat.aiab,t b. DS8 .tat... .054. I_ pow.r •• p,ll 
scow14 .. power t.o ti,lD9 a .. coat.rol, aa4r.a 
COU'" a.4 c1rca1 sa r"an4 for tla. reacll 
coa4it.1oa. II 054 .. to nt ... pov_, pow. I' 
."it.claiD9 circa! t.a an pmyl ... wk1c1l k .. p tJa.t 
..-orJ iD • DOr8a11J off (10. pow.r) .tat., 
ace,t. for tla. .'1'1 aIlort. perl04 ,10 .1crOMCIOau 
CMlt. of 3,900 11croaecoaa.) •• a tll. _aory la 
actl.at_ b, a .tore or reaa cOII.a.. ~h. _orr 
CODt..at.. .111 aot. ba alt.red WheD po •• r 1. tQrD.d 
OD or off. 

""IMI COl.. 'Mpot... ft. DSO r .. i •• a 
a1acrft. coaaaa4. fro. t_ COl. to co.uol U. 
OIlOrP atat. of tla. DSO'. til. follo.1., .tc:~iOD. 
4tacr~ t... tateratl 5eapoa •• of ~ ... DS .. to t.h. 
4iacrtt.. coa,aDa. neei,wtel. 

3.5.2.'.5.1 pet. sMr.g. Pai' OA Piaq'" coulli. Tlae DSU 

u 

01 CO".Del ,i .•. , DS019 or DS019 f~ D501. 
05029 or »SU.9 for DS8 2) is a 4u~te co."Dd 
~_~e4 to the 1DPQt of • 1.tck "kicla cODtrola the 
DSO pov.r. tla18 ca.,aDel •• ta tla. 1& tela. • ( \ 
wolt.ge 18 ft4 back fro. tla. r.,_l.tor to keep "" # 

tll. 1at.ela at. .D4 050 po .. r OJ. 

3.5.2 .... 5.2 hb I\or •• Rai" on Pitsm cu,W. 'lb. 
os •• orr caaa. (i ••• , DSD1, or DSO~ i •• 

eliscr.t. co, •• ~~ ,,_ted tllroo,h .D laPQt bQff.r 
to a •• it.cll iD the iDPQt of U. l.tela. "aia 
coaaaDel will r .. ~t tla. 1atela aDel tla •• co.,aael tbe 
DSU. pov.r OF'. '1'''' on COI •• Dela t.ams Uut power 
otf to botb D5Ua .i~ultaDao.al,. 

3.S.3 

3.5 .3.1 

3.5-26 

PptIj,t.i.,l DI!CriDt,ia. 'tlaa tollowiDg .ectiou 
4.-:ribt iD 4.tail tlae opentioa.l 
Quaeterutk. of the data "'D4li89 aabs,at ... 

"OIrMaabl. '9r." OD.,\198'. tM ~p cont:a1as 
•• (1) .i.aor fr ••• fonat. tlalt c •• .be progr •••• 4 
iIl-fllgat. Up to u9lat elitf.reDt 18&109. aeri.l 
41gital or tail_tl worel. caD b. iD_rteel 1Di.c tbe 
pr09r .... bl. for .. t bJ Q_ of til. 'IP co • .,aut 
, ... t.itaU •• co •• aDd. 'rIMa prillrr purpo .. of 
Uia fon.t 1a to iDa .... th .... pl. rate OIl 
.lAgI. or •• ltipl. t.l .. atrl clala •• ls for 
apacecraft. 4l.&9D_UC parpoa_. 80v.,er. it is ...-

( ) 
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aIao •• fal for ncei.1A9 •• 1ect.e4 t.1 .. etEl 
~aa.ela durin9 apecial .1aaion .a ••••• ra aael/or 
•• e.t.. ~be fo110"iD9 aectloaa 4 •• cribe t~e 
orlaaiaatioa 01 ~. pr09ra •• &b1. for .. t. ~ • 
.. t~04 for 10.el189 it. tM .er1ficat1oa of til. 
fora.t coateata &D4 oth.r op.r.tion.l 
cuaaid.rauona. 

3.S.3.1.1 lo".t Or9l1111t1ol. 'lile ,1'091' •••• 01. fon.t 1a 
o1'9aa1&ed iDtO tu ataDdard t.'. "orel aiaor fr ... 
forsat C." P1gur. 3.S.3.1.1-1) .~e4 br til. otb.r 
1S .iDor tr ••• forats OD tb •• altipl'Obe •• 4 
OCbiter ap.cecr.ft.. ~~. f1rat eig~t worda of 
'th. ~_ word. are Pr.-pro9r •••• 4 .Del ccuo .. be 
cbugecl. Til. fiat ae.eD _rei. Ci .... worel. 0 to 
6) ar. at..Dduel t, .11 16 uDor fr ••• for •• t •• D4 
tA. 4efiJaiUoo of til ... word. ia 9i.M ia PC-ftSII 
C •• fereace: Paragr.ph 1.S.2). Wor4 .... a ia 
aal,a. to tb. progr •••• bl. for .. t. 1'la1a word 
coat.iaa tbe full co.t .. ts 01 til. llaD40a ace ... 
... ory CIAI) i. tile 1'P. ~~. IU COD taina 32 
.otr1 .. CODMiaUDg of It-bit worda of 1afor •• UoD; 
eigbt of tb .... ntri ••• re ... d to atore tb. DII 
IAdr.sa iDto~ •• tioo assoc1.ted w1tb tbe e19bt 
proqra •• ed tel •• t.ry worda. SectiOD 3.5.3.1.3 
"ill d.scribe U. c»ateata of tb. ala in 4.tail. 

Tb. r"'iDiAC) ~ "oe4a iD tb. fon.t ar. aa. to 
pr~ 1''' tbe .. l.cted tele •• try worda. 1'b... ~6 
"orda C.D be cos.i4.reel to coatai. a .ini-aiDor 
tl'u. tbat ia e19bt worda 10at aDd r.,..t.el _y.a 
b.a_. 1'.4t 1.8. worela .. to 1S, 16 to 23. 216 to 
31, .tc •• all mataiD iel_ticall, tit ....... worel 
t.el ... tr, 10r.at. lacb a1a1-.iaol' fn .. C.D be 
proqr ... ed iato .a! co.biD.tioD of t.l ... trr 
word •• delr .... bl. taroagb • DII. lat.raal worda. 
Acta •• spacecr.ft ta.a cod. CdrD.aic:: a.4 
st.tic), for •• ~ aa4 bit r.t. ~tata •• a4 .inor 
(r ••• co.at, c.Dnot be •• 1er.t.4 for tbe 
Pl'OCJr ••• able for .. t. 'lb •• 1,b t "orela .1n the 
.iD1-aiDor fr ••• can be .11 tae ...... 11 
ditf.r.at. 01' .ar iDt.r.edi.t. coaW,utioa. 'f~ • 
•• thod fo~ pl'Ogr.auog t •• tor .. t La eapla1Ae4 in 
ta. DU t aecUoa. 

r1C)Gr. J.~.l.1.1-~ abo ••• a •••• pl. of • 
~09r.aa.Ol. tot •• t. au. 'olt&g. Ua1ter Caaent 

... i.ioa 

........ ----- ---.- .... _-_. 
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a.laioa 
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l.S .l. '.4l. 

l.~-2a 

(.LlIU) u. beea ... i9a" to altea.te .od. ia 
~e • word fKa. t for toll. .la1 ... 1ao~ Ira.. ,.orel. 
I. 10. 12. ". 16. 1&. etc •• to.ord 62). 
&ftl.,... IIIS ••• DII for &., (&ftI11) .... beea 
ua1pecl to fI.er, e1pu .orel •• t.rt1ag .itll .01'4 
9. &. .t.t .. Ia .. bMa ua111l" to .. er, foartJl 
wort •• tart.lal .itla wor4 11. 'iAallr. PSI
Ir1glata.a (&-1111, Ia •• beea .ulga8ct to e.er, 
e1, .. ~ .acel. at.rtiDg .itla .or4 13. 

1rop, .. ,lp9 ,.4 "I(tlP9 ~ fo".,. Tla. 
pr09rna •• bl. fo~_t i. coAgunc1 br tbe ... of 
til •••• nio .. of tll. ,I- C:OInOL , •• atit.t1 •• 
co •• Del Uat .re i4eDtif1e4 •• tlatt ....... 11.1.1 
roll&! co...... ill ,c: .... SS (fPC02 ... fKOl for 
~P1: !PC:OI ... !PCQC for "2). to laiti.ll, .et 
ap tbe for •• t. it Uk •• Diae (9) traua1a.ioa. of 
.... CJ_atitaU •• cae •• ad to tile fP. 1'''. coateata 
of .. da co •••• ct 1a .tonel iDto • 4 iffenat 
locatio. ia tJa ..... to De ~ lat.r bJ tlae ,. ia 
til •• zec:.ti.oa of tJae f~t.~ ~ order ia .laiela 
til. coa ••• ct •• n •• t 1.8 aot iaporuat bee .... 
_cia co •• ael COl tai.. tJa ..... acl4r •• iDt.o .)dcll 
tJa. for •• t iA1or_tio. 1 •• ~ored. 

rlae .trQct.ur. of tbe PIO~.18llaLl rollll •• raio •• 
of tM !t c:o • .,101. cputitaU •• co ••• ad ar. 9,i.8D 
iD PC-455 ,I.f.reace: P.~.gr.pb 1.5.1), bat .ill 
&lao be d1&c ... 4 _n. Blt. lS tUOGgb 'tU of 
th •• p1iAk c" ... acl fo~ .. t .r. aae4 for all 
,uatitati •• co ... acl d.t.. 'or til. PlOGll.IIILI 
fOil .. ' co ••• acla. aait. II tuoagb lS .re aot \USed 
aDel CaD .ith.r b. logic eo- or logic .,. bit., 
bat bi.t 36 .ut .1 .. ,. be logic .,.. lit 36 is 
.... to .. lect ~. COITIOL ,·0·) or .lOGlllllBLI 
roUIY ,.,.) •• r.iOGa of tJae 'l' COI.,IOL co •• uel. 
fll. IU .elelr .... (1 ••• , 23 tbro .. gll 11) .r. 
clefi •• iJa bit. 37 tllroagb "0 04 bit. 2S tbmugll 
32 .re .... in two differeDt v'J.. 4e,.D4iag OD 
wbic:la tJP. ot .a04iI&1US1BLI ro ...... % CD_Uel 18 .eAt 
to tlae IU. 

Ibe firat tJpe of ooa.4Dd (rK01 or 'lPCQC) ia 
.... to 4efi ....... tla.r t .... elected dl ••• ela are 
... log (coaditioa.d or "DCODditioa., or 4igita1 
~_~.l tb.9i'::~1 or .D a-bit bi1 •• e1 vord). ftt. 
coaaaa4 .... t t.Y. _at. to ... 8 ddr ... 23. &D4 the 

o 

!§ 
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coat •• t. 01 bit. 2S tbroag. 12 ... t d.fi •• 
••• tb.r t~o 8 pr09ra •• e4 t.l ••• trr .o~. .re 
••• 1og or CU9it.&1. Tbe eig~t co.a.d b1t.a 'i •••• 
2S tbrou,b 32) .n ... ig .. 4 •• follow. to tb. 
eigbt tel ••• UI voro.; bit 2S - von 1, bit 26 -
word '. bit 27 - wor4 S. bit 28 - vord 6. bit 29 
- wora 7. bit 30 - word O. b1t 31 - word 1 a.4 
bit 12 - .ora 2. & logic .,. d.not ••• n a •• log 
teleaetrr word .Dd • 10g1c ·0· 4.note •• d1git.l 
tal .. atEr vord. la .a •• arr. bit. 25 tbroaih 12 
4.fi.e ~. trpe of t.l ••• trr word. bit. 11 
tAroe,h lS .re Dot a_4. bit 16 .eat be • logiC' 
., •• Del bit. 16 througb '0 ... t be biA.rr 23 
sh.r. bit 36 18 th. lSI. to prop.rlr tra.a.it 
tbia firat trp. of co •• aDd. 

Tb. aec:~-i tJp. of co ••• act (rPC'Q2 or !Pegl) i • 
... to 10.4 ttl. DB a44re .. inforaat.ion 
aaAOciated .ittl th ••• 1ecte4 tel ••• trr word. iato 
tJa. 111. kiP. .4u.... 2" through 31 ar. a... tCl 
.tora the bieary coGe for tbe Dll .nd ~. DII 
daunu tll.t i. usign" to th. tele .. trr word. 
to ba progr ... ed ~,nto tb. ton.t. Progr ... .. 
word. 0 tbroaqb 7 .ra as.igned to all .4etra ... . 
2" t.tlrollCjla 31 r •• pecti •• 1,. lit. 2S tbro.g~ 27 
d.fia. th. DII aDd bita 2d througb 32 d.tin. tb. 
DII cuan.l. Bita 2S aDel 28 .re tlae lsa. for til. 
tvo cod... Tb.r.fore. tal ••• trr worGa 0 ttlrougb 
7 of th. nini-.i.or fra ••• r. atored ht .. ., 1111 
.ddr:aue. 24 tbrough 31 re.pecti.el,. lft.r .11 
the 811 loc.tions are filled aDd • cha09. i.
r.q.ired t.o • Dll or Dll cb.nDeI address. oalJ • 
• ingl. co •• anG w1tb tha corrected D11 intora.tion 
an4 1 ta &88oc1.ted 811 acldreu bu to be a.at to 
lb. TP. prowiaed t.. na. t.l ... try woed i. tla. 
N •• a. the old t.ctl ... try word it repl.(:8. 
~.gardiDq u.10Cj or dig1 tal ca tegori •• 
(otb.nia ... U. correct .. first co •••• d .nt 
pr«e4a tbia aiaCJ1. co •••• d'. The cODtf!nta of 
the IU are pen.nent for all tiae t.bat power ia 
applied to t.he TP~ 

ODce 111 locationa 21 tbl'OQgII 31 .n loa4e4 with 
the correct. infor •• t10n. t~ progr .... bl. foraat 
can be .. lect.d br aa1Mg tb. TP COJTaOL weraioD 
of t.he TP COJTaoL CJuut1taUw. co.aaDel. ~ ... c04. 
for the prOCjr._4ble for .. t 18 ·00 ". and it aut 

••• i.loa 
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.. ia_rt.4·ia bit. locatio .. 25 Uroag .. 28 of t ... 
apU.k co •• aact fora t.. rae otber co.a in tJae 
,aaatit.U •• COII__ for for •• t, bit rat., DSU 
coatrol, .tc., .... t be for t ... curreat. abtas of 
til. "P if oall tile for .. t. is baiDg CYngH to til. 
pragr .... bl. fona t.. t ... • tractu. for til. 'IP 
COI.,.OJ. •• raion 18 gi ... ia PC-45S ,I.f.nace: 
Paragrapll 1.5.1). !_ progr ... abl. fonat. starts 
at. U. D.St. .iDor frue after til. Lonat sel.eet 
co •• aad is •• nt. 

3.S.3.1.3 rp"a\ J.,jfiCl\iQa. .,11. DIS a44r ... iDforaat.ion 
10a4e4 into til. 1&1 locatiODa, &84 coaaeqa.atll 
tal tel.a'UI cIl .... l.& pmgrua" i.to tile 
fora6t, caa oolJ b ••• ,ifi84 throagh t ...... of 
til. for •• t its.lf. ainor fru. tel ••• trl word 7 
coataiaa • coapl.t. readoat of tal '32 IU 
locations. ., ... firat _trl in th. IU (loc.tion 
0) is r.ad oat in ainor tra.. 0 of t~ .ajor 
fru. an4 .11 ~. following M&I locations al:8 
r .. 4 oat in tJa. follo.Ug .inor £r.... Since 
tIl.at are i4 .bor f raa.s ia a .ajor fra •• , the 
coaplet. RlI r.a40at is .ccoaplis .. ed tvic. in 
_ch .jo, fr .... 

• i,.r. 3.5.3.1.3-1 d.fiAes tbe CODtents of all 
III locations. StArting vit .. ainor fraae 24 of 
til. aajor fr ••• , t~ .1ght proqra ••• d t.el ••• trl 
wor4. c.n be •• rified. Xi an .rror is detecteel, 
• n.v couand caa be a.nt to tal IU to correct 
the coatent... 'l". coaaaDd cn be ... at. vhile the 
prograa.abl. foraat is ia op.ratioa. 

3.5&3.1.' Op.,.\iQat1 COII\r,iati apd coa.id".\iops. 
th.re are • aa.b.r of coaat.raints aad 
coDsid.rationa .... oper.tiDg tile proqraaaable 
foraat.. 'lll ... are a. t:ollovs: 

(a) 

(b) 

3.5-30 

BAI loca tioDs 2l tllroagh 3 ~ are raado. 
.... a tM 'lP is first po •• red on.' 
~herefor., t.h. prograa.able for.at. 
saoald Dot b. co •• an4ed into ... befo~e 
loadin, the deair.d tel ••• try Mord •• 
Bli locatioas 0 tbrougll 15 are 
iaacce88abl. hJ co •• and, so tA'l cannot 
ina4 •• rteatlJ be alter.d. Bo •••• r, 
loc.tio.. 10 tkoargA 31 can be accessed 

o 

n ....... y 
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(c) 

(d) 

br cae.aDcl. :.~catioD 16 c:oauiaa the 
.ost a19~tic&Dt -or4 of tbe dJDa.ie 
ti •• cod~ eDa theretor.. car. shoald be 
.z.rt.i8.G to pre.eat thia vord fro. 
beiD9 chang.a DJ •• a4ia9 • coa •• Dd to 
tbia locatioD. LocatioD. 17 through 22 
ara spar.. but could be us.d to ator. 
iafor •• tioa because the, .re 
.ddr .... bl. aDd .r. rea4 o.t iD tb. 
t.l ... try for •• t. 
All co ... ads to tb. TP "~'D 10.aiD9 the 
alS abould b. sp.ced br on •• iDor 
tr.... If t"o co ••• Dda .re r.c.i.ad in 
tb. ap.c. of on •• iaor fr4... the firat 
co ••• nd "ill b. i9aore4. 
Tbe coatent. of tb. 118 .re per.an.at 
"bil. th. tP is po".nd. CODseqU.Dtlr. 
tla. progr •••• bl. for .. t caD be uaecl 
Igaia aftar it b.a b .. n pEogr •••• 4 aDd 
otb.r .iDOr fr... for •• ts ha •• been 
••• d in the int.ria. 

1.1 •• ",1 ror •• t 'ISI IiI. alt. Oper,tioPI- Th.r. 
IE. 1~ .inor fr ... for •• t •• 04 13 bit r.t.s tbat 
ca. be co •••• d~ iDto op.rati08 OD .ith.r tb. 
Orb1t.r or 8ul~prob' spacecr.fts. Detail.d 
iDfonatiOA aboatt for •• t 11roat .ad ov.rbead 
.oris for eadl forut is coauiD.d ia PC-~S" 
(l.f.reDc.: Paragr.ph 1.~.2'. lither spacecr.ft 
.ill r,.pODd to • co •• aDd contaiaiDg .nJ 
tel ••• try for •• t and .nJ bit rat.. Hove •• r. 
co •• on.lity between the two ap.cecr.fts .xists 
totallJ on11 for tbe bit rat... ~ •• re .r. fi •• 
(S) for.ata that oper.t. properlJ OD tb. 
laltiprob •• Dd ,_ on tb. Orbiter. CODaeqa.ntlJ. 
on1r thr •• (3) fOEaats are co •• on. i •••• ta. lCS. 
CO ••• nd 8 •• 011 B.aaout ,nd 'rogra.,able fora.ts. 

U • t.l ••• try fotaat d.signed for tbe lIultiprob. 
is co .. anded into op.,.tion on tb. Orbit.r. ~. 
tP .ill addr.~. tb. D~I dban •• la iD .ccordaDC • 
• itb th~ Sultiprob' pr.-progra .. .a foraat. la a 
reault. the foraat .il1 cODt.ia dst. tb.t is 
.... iagl._ to tlMt 9roanc1 8Oft.are .Iu.ch ia 
progr ••• ed to r.cei.. too.. tel ••• tEr para •• t.ra 
iD .ach word of tb. co •• aaded for.at. Ho •••• r. 
tae 4ata caa be •• de useful, ~f a.cesaary, bJ 

lle.iaioD 
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aia, K-'saa C.elenac.: hragrapb 1.5.2, to 
CD.pan ~. titler_ce. bet. ... D tile ~l" 
~'a ... t.a QD tile t.o .paceCl'aita. fberefon. 
caut10a •• ou14 b. ...rei .. d ..... eo..a.diag 
tel ••• trJ fo£.ata to iDaare tbat tile correct 
fonata an .... 0. _ell .pac:eCl:'aft. 

btu.atioa ngartUIl9 TI clat.a UIIo. ia aIlO.A i. 
Table 3.5.3.2-1. 

1'be f •• ata a.d bit rat •• ar. ~u4a4 i.to 
operat1oa ~rougb tile TP COl~.OL guaDtitati.e 
CD.a_. C~CQ1 or 1'JlCQA ... e.plainecl ill PC-4&!.S 
,_.cenace: Paragrapb 1.5.1). Bits 2!. tlaroagll 20 
of Ue .pliat co •• uel fonat an a_4 to code tbe 
tel ... tq fonat. &Del bi. ts 29 tllm ag Il 32 are used 
for tile tele .. trJ bit rat... tel ••• trJ 
nrification ia tIlrouC)b 1IOrd 3 of all 16 
tela •• trJ .1nor frue foraab. rbe fint four 
Cit) bits of ~u 8~it vorct 9i ... tile atataB of 
tbe fonat s.lected anei the naaiDia9 toar C'" 
bits 9i ••• tbe atatas of til. bit rate _lected. 
fte '~it <:04 •• ill this for.at .orel are iele.tical 
to tbe cod.. .sed to co •• aad t.1l. for.at and/or 
bit rata 1AtO ope~ation. 

ODe cOD.traint on t.ae ase of tbia co •• and is tbat 
tvo different quaatitati.e co..aad. should not be 
.. nt to tlae tP in the space of on. .iaor fra .. u... Sinco tile co..anels are loaded into a shift 
n9i.ter vban ncei,.ecl alld held QaUl tbe next 
.inor fra ••• onll the l.st co •• and .ill be 
eaacateeJ. 

A fartber cOD.i.eluatioD OIl tbe use of tbis 
co.aDd i. th.t. bits 33 throQgb 3!. control t.1M 
operation uf tile J)SUs. aDel tllere i. DO\ a lIr.o 
.ct.ioa- code for tile J)SO control logic. Tbia 
..... that. til. carRDt. operating .04e of the DSO 
•• at be knovn vll .. cbangiaC) fora.t.a or bit rate •• 
If boU DSUs an off, tJa,en is DO coDcerD, but if 
eitber or bot.h .£8 on. t.ae code carr_pondinCj to 
tile operatillCj .aele of tile D50. .ut be ased in 
the quaDtitati.e co •• aDU to pre.e.t • poaaible 
co.tlJ .ode chug. ..n Q&Il9iA9 bit. rate. and 
for •• u. 

o 
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Bit Rate 
(bps) 

4096 

Z048 

1024 

682-Z/3 

51Z 

341-1/3 

Z56 

170-2./3 

lZ8 

64 

32 

16 

8 
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TABLE 3.5.3.2-1 

PIONEER VENUS TELEMETRY DATA TIMES 

Minor Frame Major Frame Minor Frame Orbiter Memory 
Period Period Word Rate Storage Time 

(sec) Jbps) 

1/8 8sec 64 4min16sec 

1/4 l6sec 32 8min3Zsec 

I/Z 32sec 16 17min4sec 

3/4 48sec 10-2./3 25min36s ec 
I 

I 1min 4sec 8 34min 8sec 

1-1/2. lrnin36sec 5-1/3 51rnin 12.s ec 

2 2rnin 8sec 4 Ihr 8rnin16sec 

3 3minl2.sec 2-2./3 Ihr42min24s ec 

4 4min16sec 2. 2.hr 16min32.sec 

8 8min32.sec 1 4hr33min 4sec 

16 17min 4sec l/Z 9hr 6min 8sec 

32 34min 8sec 1/4 l8hr 12minl6sec 

64 1hr 8min16sec 1/8 36hr24min32s ec 

Data Storage Capacity = 1,048,576 bits. 

Playback Format = 40 Stored Data Words. 

Data Memory Readout Format = 55 Stored Data Words 
-------------- ------

: 

Orbiter Memory ReacioutTime 

Playback Format 

6min50sec 

13min39sec 

27minl8see 

40min57sec 

54min37sec 

Ihr21min54sec 

Ihr49minl4sec 

2hr43min48sec 

3hr38min28sec 

7hr 16min56sec 

14hr33min5Zsec 

2.9hr 7min44sec 

58hr15min28sec 

Data Memory 
Readcr.1t Format 

4min58sec 

9min56aec 

19min52sec 

29min4Ssec 

39min44sec 

59min35sec 

Ihr19min27sec 

Ihr59minlOsec 

Zhr38min53sec 

5hr17min45sec 

10hr35min30sec 

ZlhrllminOOsec. 

42hr22minOOsec 

If • .... 

t 

I 

I 
I 
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3.S.3.3 

3.5.3.It 

lDotber COD8ld.ration 1. tbat ta. at.taa of tb_ 
ConyolaUoaal BIlcoder .ad Data cuauol blta (bits 
39 aad .. 0 of tlae .pllnk co .... d word, .aat be 
iD .. rled ia U. C)a .. ti ta tiY. co ••• 4 to iDaura • 
• ode cbaag_ do.. not take p1.ce. ..cb .s 
co .. anding orp tb. data output of ~_ I' 
(Iefereace: Paragrapb 1.S.17). 

PCI IncoU' on',lion. Tb_ PCllIa ar. tlUDed 01 
ud OrP bl thr .. discrete conand8, i •••• PCI 
nCOOl1 1 01/2 orr (te1l19 or PClA9" PCII .ICODII 
2 01/1 orp (PC129 or Pcali) .ad PCI DCODliS orr 
(PCII1, or PCIIAJ). I h.n ODe PCI u co •• anded 01, 
the oU.r PCII 18 aiaaitaDeoualJ co_oded 0", 
7h1& pr ••• ats tbe tele.etrr data froa belag 
acraabled. bJ two PCIIBs r_pondiag to the 
iDs~uctioas froa the operatiag rp. 
At. iAitia1. spacecraft. t'lraoa. a ".le .. try 
Processor "oul4 be tarned 01 before t.. PCI 
Encoder is turned 011. It •• "seqaeatlJ. " •• 1'P 
15 turaed orr aad theD 01. or the fts are 
Bvitc •• d. a DII 01 statu. "ould be re
establisbed by eitber a DI8 configuration 
co .. and. or by t urniag tbe PCI Incoder opr aDd 01 
.gaiD to establish initial conditions (ief.rence: 
Paragrapb 1.5.11,. 

Sp.c.qAft. ry. COAl Optratiop.. 7b. ~p3c.crAft 
ti .. code consists of a ;t'-blt code ("i.~L\')£ 1. 
DCLO&2 and DCLO&3) tbat is laserted iat0 the 
first tbree I-bit vords of Sabc:os A of -!illl tbe 16 
.iDor fra •• foraa~s. Tb. ti.. code bas a 
r8SO!utif)D of 12~ .1.11is8CODds and c~n coan~ ti.e 
for 2".27 days. At tbe beginniDg of each •• jor 
fr.... the ti •• code is upclc.t.~ t.'I"cl frozen for 
the entire •• jor fraae. !~ aajor fra.e. as it 
exits the TP. is delay.d 30.5 .icroaeconds 
nlatiY. to DDi.ersal ti... Tbe aa:aracy of the 
ti .. code is • functioD of tb. 50 pp. st.~litJ 
of Ue IfP .aster oscUla tor. 

The spacecraft tia~ code a1.80 appe.rs ia tbe ACS, 
angineerin9 and CO .. and •• aorJ ... doat foraata. 
ft .. 8 IS8s of the tis. cod. (DCLOll) app .. rs 11l 
the Co •• aDd leaory ••• doat for.at. tb~ i LSaa 
(DCLOJtJ) .ppear in tJae &CS foraat. And the 16 LOa 

o 
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(DCL012 aDa DCLO&3) are in ~be lagiDeerin9 
foraat. Oci.ginallJ. the .. ti.e code en~rie •• ere 
iatended to be the dJaaaie tiae co4e that is 
.p4a~e4 oa a teleaetrl word basi. bJ tbe ~p. bu~ 
'tIlrough a progra •• 1ng error, the .. tille code 
voris an the .... as those in Subc:oa l. 
Tberefore, it allould be recognized tJaat tbeae 
tia. code words iD the minor fraae 40 not proyi4e 
aDI additional tiae code iAfora.tion. 

'096 second Clock gRe,.\ioll. The TP generates • 
aguarev.ye clock vith a period of .096 seconds 
that is used a. an accurate tiaiDg reference bl 
th. co.aaad processor to start tbe eoaaaad 
ae.orl. IheD the Stored Co •• aad Loqic (SCL, 
.itlain U •• COlllII) PIlOCEssca is co_aDde4 into 
the Tl8BI) STllT a04., tbe SCL .ait. until the 
Deat oae-to-zero transition of the ~096 s~cond 
clock and then start~ processing tbe contents of 
the co •• and ae.ory. 

The .09b second clOCk is deriyed iD the 'lP froa 
the 24-bit ti.e code tbat is inserted iDto the 
first three words of Subco. 1 of all tbe .inor 
fraae toraats. The second ISB ot DCLOK2 is used 
as tbe cloc~, i.e., tb@ bit that caaage. state 
every lOqd secoDds. rhe tiae code is updated at 
the bQg1DniDg of each aajor fra.e. Tberefore, 
the occurrence of tha 4096 second clock can be 
resolved to tbe tiae of one .ajar ira.e without 
aDY special procedur~s. At 2048 bps the 
resolution is 16 secoDds. To i.prow. tbis 
resolution to ODe .inor ira.e ~i •• , a co •• and caD 
be iDBetted iato the co •• aDd .~aorJ that change. 
the state or .ode of a paruetar tele •• tered ia 
the .inor ira.e. By doing this, tbe resolution 
can b~ iaproyed to 2~0 .illisecoDds at 20~8 bps. 

There are three errors aSSOCiated with the use of 
tJae .. 096 second clOCk that au iabereDt in the 
va, tbe clock is iaple.eated in tbe TP and u.ed 
by ~.e SCL. Tbe errors are tbe 12~ aillisecond 
resolution in starting tb. S~L, the bit ra~e 
dependance of the ~ock output in ~at the 2'-bit 
ti .. code is updated OD a word basis, and the 
stability of tbe co ... nd process~r which effects 
the .xecut~on of eYeAts vhen tiae 4elays are 

Mewia.1oll 
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pcogr ... .a ia tae co •• aDd ••• orr. ~be ... rrors 
ue 4iac_d ill 4etail i. secUoa 3.6.3.2.3.2. 

PSP OMr.,iou. " ... two (2) pso. are coatrolled 
bJ U. !P tJama,1l til. if' COI~.Ol. C) ... titatiY. 
co .. a.. fb. 050 Rate 41a,ra. is 9iY •• iD 
H,_n 3.5.3.6-1. 'fben an aix ,t.) states iD 
tae 4ia,r.. that are cae.aDdabl. br the " 
, ... titatlY. coa.aad; on. state .1 .... st.aDclbJ) 
ba. tJl.ree co •• ucla a .. oclated with it. fbere an 
DO re.trictioas oa co •• aadiD, fro. OD8 state to 
1D0t~~ atftt.. 'f •• n.v atate vill co..eDce at 
the Mgi.niD, of tlae Dtltxt aiDor fra •• after 
nceipt of tbe state cbaDge co_aDd. The .tate 
41agr •• ahOMs, DJ arrovs. all tbe aato.atic state 
cba.,es; i •••• vithout coa.aDds. Also shova iD 
Pi,are 3.S.3.6-1 are the co •• aDd cod_ require4 
ill tb. !P COITBOL qaantitat1ye co .... d to obtain 
tbe desired atate. 

Ike followiDg sectioas d.-cribe the procedures to 
start, store iDto and read oat of th. DSU. and 
oth.ar constraints and/or cODaideE'atiOGs for using 
the anits. 

3.5.3.6.1 1,.,tiR9 tbe DSU. r". cODtrol of tb. two (2) 

1.S-l6 

DSO. is tllroagb Ue intenal logic i. the TP and 
the 'lP COltKOL quaDtitatiy. co .. and. Howe.er. 
the O_/OPP coatrol 01 each PSU is accoaplisbed bJ 
discrete coa .. nds to tbe OSOa. fllerefore. the 
ainu .. preparatioD required to store or read 
wiU the PSUa. is to hay. one 'lP operatioDal and 
co .. an4 oa oae 050. fhe IP. are coatrolled by 
the followiag discrete cosaaads; TPl 01/2 or, 
("lUl19 or !'La.,). 11'2 01/1 or, (TL1I29 or TLllB9) 
IDd rPs orr (TUllJf or 'fLA.I). One fP aQst be on 
ia order to ba.e a t4tl ••• try dovaliDk. file 
a./Orp control of the. DSoa la t.hroagh tbr.. (3) 
discrete cos.aaaa. i •••• DSVl O. (05019 or 
DSU.',. DSU2 01 (D5029 or DSUB9). aDd both PSUl 
OP, and 2 opr ,DSU " or 050&". V ~ea a DSO is 
co.a.nd~ OD. it plOyi4e. an indicatioa to tbe TP 
that it ia on aad caD be used for reading or 
atorug_ 

.... a a tP is first. povtlred oa. it iDitiali" •• the 
DSU control logic into ~ae atandbJ state. In 

u 
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thia stat. tb. DSU is iD tb. ataDdbJ .04e •• d tb. 
... or, .ddr:eaa poiater .ar be poiDt11l9 at .D, 
•• ort cell locat1oa. 'Io .. t tile poiDter to the 
first ... or, c.ll of eac~ DSO. the St •• dby .... t 
co ••• nct .Rat b. ucutecl. there ia DO tele.etrJ 
atata. of tJle •• aorJ addn .. pouter. 

lfter: ODe or both of tbe DSUs are co ••• aded OD. 
the read or store status ca. be elltered br 
"D4i1l9 the appropri.te co •• alld code 1a tbe '1P 
OOlflOL ~Q&lltit&tiwe co •••• d. If a traasfer is 
.. d. frca ODe 'fP to the otber vhea tbe f1rat TP 
is i. aDJ otber s~.te bat Sta.dbJ .. set (DSa 
state 6,. aaJ r ... or stor. op.ratioa ia p~ress 
viII co.tiDae aDtil tbe co.ple~oD of tile fall 
t.l ... trJ vord aad tbea stop. '1h. Dev !P viII 
begiD operatiD, ill tbe Sta.dbr state (DSO stat. 
1). The addre .. coaater viII be ... ffected bJ 
the transfer to the alternate TP. so tbat it 
would be easy to reaew the store or read 
oper.tion at the point left off vhen the transfer: 
.. a .ade t.o the .v TP. 

fhe read or atore operatioD is started by 
iDaertiDg th~ correct co .. and cod. in tbe TP 
COlfBOL weraioD of the 'IP CO.TB01. q.antitatiwe 
co •• aad (TCPQl or TPCgl,. ro read. COd8 ·010· 
(for DSU " or ·0\1· (for OSU 2) .aat be placed 
.1Jl bit locat~oas ll. l .. 84 lS of Ue uplink 
coo.Dd 10n.t. Likewise for the store 
operatioa. code ·,00· (for DSU 1) or ·,01· (for 
050 2) is r~uil:ed ill U ... 10caUoDs of tbe 
upllDk co •••• d for.at. tbe read or store 
operatioa vill beeJiD at tbe atart ot tbe aezt 
aiDoI fl4.e after receipt of the co •• an4. rhe 
ot.ber II bit. in tbe data portion of (TPcg1 or 
TPCQA) .Qat be set to the correct code. 
oorrtlSpODCliag to tbe preseat status of Ue 'lP 
(i •••• bit. rate. for.at. etc.) • 

3.5.l.6.2 Stoll Operltioa. '1he store operat.iOD caD begia 
froe St.DUbJ .es.t cosu st.at. 6). atandbJ (OSU 
st.atea 0, 1, 1) or .itber of tb. tvo .ead atat.s 
(DSU state. 2. 3). to beg!D storia, at tbe 
begiDIUDg ot eitber (or botb, DSUa. Uti ! •• ut 
be iD U.e StuGbJ Ie_t •• te. If both DSU. are 
t.o b. used. the t.vo DSUs aust be co.alDded 01 a.4 
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3.5-38 

tae store 1 ,,00) co .... 4 •• at to tlae operatioaal 
Ti. I~ea DSU 1 ia co.pletelJ fill84. it will 
aato.aticallJ t%aaaitioa to DSO 2 .. d cODtinue 
ftoriDg. upoa coaplet.ioa of storiag ia DSU 2, 
Ue TP will re.ert to tbe staadbJ atat.e. It 
.toriag is at.arted ia Dse 2 iasteac1 of DSU 1, Ue 
.... result. occurs upon co.pletioD of atoriag ia 
DSU2: tbe T' rewerts to the ataadbJ atate, aDd .0 
atoriag t.akea place in DSU 1. If oDlJ one DSU iR 
to be useel for st.oring, tlae selected DSU .uat be 
co •• aDded 01 aad tbe appropriate eoa.and code 
sent to the TP 'i •••• ·,00· for DSD 1 or ·,01· 
tor DSO 2). 1 stor. co •• aDd sent to a DSU t.hat 
is orr will caus;, tbe 1" to retarn to tbe standbf 
state. ~he te1e .. try statas for tbe DSQ states 
is giweD iD lord 8 of all tbe Orbiter te1e.etry 
toraata. eacept the Co •• and ae.orJBeadout and 
ICS for.at.a. 'fbe t.ele.ttUJ code corNspoads to 
the binary auaber for tbe DSO states. 

Ibea tbe DSU is atoriDg and a read co •• aDd is 
seDt to t.be ", the store operatioD .i1l 
ter.iD.te and tbe read operatioD will begin with 
Ue Deat address location in tbe DSU being asked 
to read. ror eaa.ple. if DSO 1 is full and 
storing is takiDg place iD DSO 2. and a aead 1 
co •• aad is sent.. DSU 2 will stop atoring and tbe 
read operation will begia witb addrasa 0 of DSU 
1. laeD a DSU fills to capacit.J. the addre.s 
couter resets to zero. If instead. a aead 2 
co •• ana is sent. DSO 2 will stop storiDg aad. at 
the werJ neat addres.. t.be read operation will 
begin. TberefO£ •• tbe old data in t.be reaainder 
of Ue DSD 2 will be Ettad out. 

lDJ 4ata tbat can be te1e.et.ered via aDI 7ft 
toraa~ can also be storecl. 

StoriDg can be accoeplished in contiguous 
aeg.eDts as long as DO read oper.tion take. place 
between ~b. store operatioaa. Tbe address 
pointer is not tel ... tered. and tbere is DO .a~ 
to retura t.o tae Address where storing last 
stopped unl ... DO read operatiOD ba. taken place. 
If a read operation takes place atter a store 
opel:atioa oa Ue sue 1)50. tbe addre .. poi.Dt.er 
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will be .owed aAd tae Aezt atoEe openUoA .,111 
DOt be co.tig.oa • .,ith the fara.r. 

the 7e1 •• etrJ Proceaaor ca. be co •• aDded iato the 
store .00e .,~il. aiaa1taDeo •• 1, operatiA9 iD 
eith.r ~e 'laJback or Data I •• or, ... doat 
foraata. Bo.,e.er, tba t.1 ••• tr, outpat .,111 be 
all zeroea (Iefereace: para9rap~ 1.5.11). 

leS.l.6.1 Bead Op,ratipa. '1M rea4 oparatioD 1& a.a10g0 •• 
to tbe .tore operatioD. Pro. Pigura 3.5.3.6-1, 
the DSU stata Ai"gn., it caD be obaer .. d tbat 
tae cooditioDS for aato.atic traDsitioDS for tb. 
rea4 stat.s are i4eatical to thosa for tb. 
a.to •• tic tra.sitiQDs for the stora atatea. Aa 
for the store operatioD, tbe read op,ratioD 
should begin bJ co .. anding the DSU cOAtrol logic 
into tbe StaAdb, Beset state (DSO state 6) aad 
both DSUs 0., if the fall conteDta are to be read 
out. AgaiA, the statas of the DSUa i.s 9i.en iD 
word 8 of tb. aforea.atiOGad .iaor tra.e foraata. 

7he .ain difference .,ith the read operation is 
tbat OGe of the two DSU readout ainor fra •• 
foraata, i ••• , Pla,bacA or Data ae.oEl Readout, 
.aat be co •• an4.4 iDto operatiOD ia order to raa4 
the contents of the .e.orJ. 'lb. Data aa.or, 
leadoat for.at is aaed azclasiyely tor rea4in9 
oat the DSO .e.orJ bat tb. Pa,back tonat 
contaiDs 1S t.ela .. tt, ... plas of scientific 
inslrnaent data iaterapersed with the Dsa rea40at 
data. Betore Ue for.at i. selected, the aaad 1 
co •• and, ·010-, in the 'lP COITBOL quantitati •• 
co .. and, .ast be .ent to place tha DSU control 
logic in the ... d 1 state (DSO state 2). Kb .. 
the desired foraat is selected, the Dlls .,i11 
tra .... it read enyelopes and read clocks to the 
DSUs under control of the rp to read oat the 
cont.ats ot the .. aor,. 'lha tona t caD be 
.. lectecl before placing u. DSO control logic in 
tbe lead 1 atate. ror this sitaation, the 
tele.atr, fonat will contain all zeroes Datil 
the read atate is co .. aaded on. 

The .aae cODdltions for aato.atic tranater, fro. 
one read atate to anothar or to stanob" ezists 
for tae rea4 operation AS well &8 the store 

3.5-19 
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actio. 10. 1.S.3.1.' .Ge. ao. lC=tp2 
Od9. Ja._ Dat_ Y2W, •• 1810. 10. _____ _ 

... 181oa 

opeEaUoa. A18O. coatlgao •• readoat of ae,.eata 
of t~e •• aorr caD be acco.p1i.~ trOll a .ia,le 
.0 it a .tor. open tioa 1. aot pertone4 1a tJae 
111441.. %b. Eoll1Oftr p.1.. for tbe .ad 
operaUoa 11 aa 1Ddicatioa t.laat til. fall CODt.ea~. 
of eacb 1a41.idaal DSV b .. b .. a rea4 oat • 
.. adoat doel aot eEa .. the coateat. of either 
150. 

3.5 .l.6.' O.aMoUl CoptiNI" y4 Cop.iO"at10p.. Tbe 
operatioaal coalt.raiat. aDd collai4eratioa. tor 
~_ DSD are 9i.e ... 10110wI: 

3.5-40 

(a) Tae addr .. a coaater 4oa. aot appear ill 
tel."UI_ 'Ill. olll, coatrol of tb. 
a4dr.ss coGater, i. tbrou,b tbe Staadb, 
.e .. t CUD aa4 or Ue DSO Ol/OPF 
discret. co •• aDA.. eo .. aadiag tile DSOI 
01 vill reset tae couaten to ~ero. 

(b) III atat.. 1a tae DSU atate diagraa call 
M cOll_DdeA 4irecUJ bJ co •• aa4. 
Therefore, it 18 passible to store o.er 
old 4ata tbat is still a .. ded bJ 
iaad.erteatlJ .. a4ia9 tbe .tore co .. aad 
to a DSO ia tbe .1ddle of a read 
operatioa. 

(e) All DSU coa.aau au t be Ipaced bJ a 
.iDl... of oae .iDor fra •• or the firat 
co •• aDd will b. igDond. 

(d, 'lae PlalDack or Data aeaorJ •• adogt 
tele.etl'J foraats .ust b. co •• aaded 
iDto opera tioa to 1"8ad tbe coateats of 
the .. ~ries. 

,e, fher. is DO~ a -DO actioa- stat. for 
the D50. Taervfor., tbe current 
operatiDg aode .uat be placed 1n tae 
4.~Dtitati,e cOD.aDd vhea chADgiDg 
for.ata, bit rates. ate. 

(f) The D5U caD store without tb. t.1e .. trr 
subcarrier OM aad with data co •• aDded 
OFF. ~his per.i~s .toria9 real t18e 
.Ci.Dtit1C iaatraaeot data vbile the 
.abcarri~ slgaal is co ••• Dded ofl 
acd/or data is OFF to aatiatJ 
retuir •• at& for occulatioll aperi_au 
or otheE e.eata. 
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Seelio. 10. 3.).' 
Doc. 10. rc...,Q2 
Orlg. l .. ae D.t. -il21118 
IhaY ialon .0. 

(9) Co •••• diDg tb. DSUa !ato Store •• 4 be 
~. iato tb. Pl.yback or Data leaorr 
aea40at foraata will c.u .. t~ 
~l •• etry foraat to be £tored I n tbe 
DSD& vitb &eroa for tele.etry ~orda. 
Tae old dau in t~e OSUs .~ll be lost 
beca .... ol. t,da atore operation. 

(b) It b.a b n l •• rnad fro. pre-lauDcb 
syate. t t taat tb DSU e DDot be 
co •• anded OM aft r beiDg turDed orr i D 
lesa thaD 0.5 .e~oDd; i .•.• tb. ti.e 
dela, betweeD tbe DSU opr co .. aDd aDd 
DSU ON coa.aDd .uat be ~O.5 a cond. 

CO.aad "'POP'.' Table) .5."-1 pr.taents tbe 
co •• aDd r spoDses for tb. data baDdling 
.~b.Jatea. Tbe tabl lists 8. ry CO •• ADd tbat 
d i r.ctl, effects tbe SUDsJst@a aDd tbe tel ••• try 
i r dication that •• rif1 a tbe proper execution ot 
~e coa.and. Tbe WD •• ODics for vecb 01 tbe 
00 ... 04 and teleaetry par ••• tera ce also 
bel.ded. 

I.YiaioD 

.5- "1 
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• U'I 

IV Te lemet. 
P rocc s.or 
Con tro l (T 1>CQl 
(o r TPl; TPCQA 

Iro r TP2) 
f" M T lI. XXX 

,( Formal Select) 

I 
1 
I 
t 

TA BLE 3.5. 4-1 

.COMt-iA NU RESPONSES FOR DATA HANDLtNG SUBSYSTEM 

(00 11) 
(0 100 ) 

Co·nmand Memo ry 
(0 10 1) 

• :,;" a c k (Oli O) 
Da ta M pmo ry 
Readout (0 1 1 1) 

lUlCh / 
C ruiae 

Peria psis ,\ 
P e riapais B 
Pe ri a p sis C 
P e r i a.ps is D 
Pe ri a psi.s E 
Apoa p lia A 
A poapsi. B 

( 1000) 
(l 0 0 1) 
(1 0 10) 
(l Oll) 
(1100 ) 
(11 0 1) 
(111 0 ) 
(1111 ) 

ol e 

The fo rma 
se lerts one o f the m i ssion 
se l ectable fO rtnals . Execution 
of the s e le c ted fo r ma t change ia 
mino r (rame synchr onou s . 

TELEM.ETRY VER1FICATION 
Mnemonic - - Iiidication and 7 or Re.ma rk. 

lntern&.l 
Word 3 

Format : 

Orbite I' Engm.ee ring 
Bua E.nginee I'm 
Eus Entry 
P r og r arnrnable 
ACS 
Command Memory Readou-t 
Playback 
Dala Memory Readout 
Launch C rub e 
Pe riap.is A 
Peri&plil B 
Periapsi. C 
Periaplil 0 
Pe r iapsi. E 
A.poap I iI A 
Apoaplil B 

(0 0 0 0) 
(0001 ) 
(0010) 
(0011) 
(0100) 
(0101) 
(0110) 
(0 Ill) 
( 1000) 
(1001 ) 
(1010) 
(lOll) 
(1100) 
(1101) 
(1110) 
(1111) 

1-------- ------------ -- ------------ -- ------ --------------
!Telt"mctry 8 bps (0000) The bit rat e sele c t c ommand Intern&.l Blt Rate : 
Proc e .. o r 16 bps (000 1) selec ts. one of 13 mi .. i~n selec Word J 8 bps (0000) 

iCont r o 1 n bps (00 10 ) tab le bIt rates. Executton of 16 bpI (0001) 
(TPCQ I o r 6 4 bpI (00 ll) the . ele cted bit rate change 111 n bpI (0010) 

T PCQAI BR ~ I Z8 bps iO I OC ) m ino r frame synchronou s. 64 bpI (0011) 
XXXX 170 Z/ 3 bps (0 101 ) 128 bpI (O~OO) 
. ZS6 bps (O liO) 170 Z/3 bpI (0101) 
tt Ra teSe le c t l 341Z /3 bpI (0! 11) ZS6bpI (0110) 

S l Z bpI (l 0 0 0 ) 341 Z/3 bpI (0111) 
z l/3 bpI (l 00 1) 51Z bps (1000) 

10Z4 bps (1 0 10 ) 68Z Z/3 bpI (1001) 
20 48 bps (l Oll) 1024 bpI (l010) 
4096 b ps · (1Ixx) 2O<t8bp . (lOll) 
(whe r e x ~ don' t 4096 bpI (lh:x) 
c are bit s . ) (where X = don't care bits equal to that 

which wa. commanded). 

.. 
S ... 
10 .... 
o 
c 

.0',,, 
S ~X ~ 
~~. c. 
.... -0 
OMOD 
I' •• • • • III 0 O. • 
• 

00 
""'::0 
~i5 
0-
0 2 
::u1! 
O~ C,. 
>e> 
t: .... 
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TABLE 3. S. 4- 1 (Contln\J ~dl 

r 

(OSU Cont r ol' 

S~&1\dby Reset 
(11 0 ) 

Stand by 
(000, 00 1, III \ 

R-.dDS 
(0 10 ) 

Read DSU 2 
(Oll ) 

Store DSU 
(100 ) 

ore DS U 2 
(101 ) 

Ex 
e 

synch r o nous . 
The atandby r e set command 
r e sell the addrel ' c ounter 10 

e ro and pbces the OS U in 
Standby . 

The standby com m and plac es 
the DSU in Standby . 

TELEME 
M n emo ni c 

Lnte r n al 
Word 

Sl a .te: 

Standby R uet (1 10) 

Stat~: 

Slandbv (000 , 00 I, 111) 

State: 

Read DS U 1 (0 10) 

Same a. above , e x cept DSU 2 . I I State: 

The Store DS~ 1 command will 
da.ta Into OSftU .betr1nn1nt with the memory wo lotTn whlt!b ~ add-
~~~--~~~~~------ ---

Same a. above , except DSU 2 . 

Read DS U 2 (OI l ) 

State: 

Slore DSU 1 ( 100) 

~: 

Store DS U 2 (1 0 1) 

emar ks 

Ie 

.011:111' 
:p.g~ 
~~ . 
.. 80 
O ... OD 
D •• • • • _, 0 
oe 
• 
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1: 
~ TABLE J. 5 . 4-1 (Con t Inued ) 

COM~AND TELEMETR Y VE~IFICATION 
l\[ne m on ir- Ti tle R es -ons-e------- -Mnemonic Ind i cation and70r ~emark. 

" 

TeJ .. ::.O!try I S ubc a r r ier ONI The sub ca rrier ON / OFF 
' r ocessor O l"F command c ontrols the sta t e of 
Control 0 .'-1 : 1 the s ubc a r r i e r output. 

I (T PCQI o r OFF : () 
/fPCUA) SUBC 

I E / D (Subcarn e 
I Cont r ol ) 

1
----------
Tel eme t ry 

I P r ocessor 
Cont r ol 

, (TPCQlor 
~ TPCQA) C ONV
'~ , jj, Data = Fl D 

----------- --~---------------------
Con"olutional 
Encoder/Da .a -
(jnencod ed~ l l o r 

Data ll c -

Encoderl: 01 
JiH:l OFF: 00 . 

The c onvol utiona l e n c oder by
pass / e n cod e c ommand bypas8 es~ 
or en codes the telemetry d a t a 
a nd controls the m odu lat i on on 
t :,e subc a rr ie r prior to trans
mIS SIon. 

N/A 

N/A 

No t e lemetry indication; check RF car
rier for absence or presenc e of subc ar
rier. 

No telemetry indication; prope r ope raticn 
with or without convolutional decoder. 
U data has been commanded OFF. 1088 of 
frame synr. lock occurs . 

!~o~~:..~~~a ta 

, Teleme try 
, Frocessor 
, C c·ntrol 

~------------~---------------------t---------~----------------------------
DIM Sel ect (0 to 7) Exe c ution of all progra mm abl e N/A 
(000 to Ill ) M ode Select commands are mino 

Same a s commanded code; appear. in 
RAM playback in minor f:ame format 

: (TPCQ2 o~ 
I TPCQB, DIM 
' 0 - ~ (F-rog r . 
! Format ; DIM 
!Se lec t ) 

r-----------
DIM C hannel 
S elec t ( 0 to 31) 
(00000 to 1 11 11) 

~---------f------------I Teleme t ry Pro RAM Address 
I ceel'.:l r Control Location (2 4 to 31) 

~
TPCQ2 or (1 1000 t o 11 111 ) 

TPCQB ) RAM = 
24 - J I 

. ro g r . F o rma t ; 
, RAM A ddress) . 

.. 

( rame sy r.c hronou s . 
The DIM a nd channel 'le lect 
c ommands s e l ect on e of eight 
telemet ry signal to be dwe lled 
on. Any combination of up to 
eight telemetry words c an be 

't'\./ A 

wo r d 7. 

Same as comrnantied code; appear. in 
RAM playback in minOT frame format 
word 7. 

~~~~~~~--------------t---------l-----------------------------Addresses fo r Programmabl e N t A No telemetr y indicat ion ; ver ification of 
w o rds 0 to 7. data a bove verifies correct address toca-

t io n. 

=- .,oecn 
S S t1g ~ 
ri' -IQ. ,. . ~. 
~ . .... _0 
0 O .... OD 
D D DII • 

.. II~ ~ o. • 
• t::I 
~ ,J, • 
~"~ 
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VI 
I 

8: 
VI 

T A BLE 3 . S 4-1 (Conlin 

Analog / Digital 
Proce •• or I Data 
Control Analog : 1 
(T PCQ3 o r ~igital: 0 
TPCQC) RX)(x;: - - ------
,:) / A (Pr ogr. RAM Addre .. 
FormAt : DIgIt. Loc ation (Z3) 
or Analoll 10111 

Se l ectl 

I 

eac 

-:~~~:-=I.' :~:~~Ul -r--- ____ _ 
Add ress fo r Analog /Digital Nt A 
data .pecUication. 

I 
-------------------i---------

No Telemetry indication; ver ification of 
data above verifies correct add re •• 
location. 

4 .... ., .... 
o 
D 

.001/) 

::1g~ 
.... .Q. ,. . .. .... 
.... • 0 
O~OD 

I' = .. • CI 0 o. • 
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• VI 

! 
0\ 

CM 2 
PCMB 

ABLE 3. ">. 4 -I (Cont ln 

['P ':';MlS 
[)I ~ !\I I S ic 0 ) 

I pC~lO----- N /A I Lo is of i\ 11 u o-.1.I1u:..< e l <! rr.et ry. 
PCMA 

PCM Enc od .. r 
DIM Cont r ol 
PCMQI 

I P CMQl 

uanlllal l ve command u a ed 10 

f( a fa il e d O IM . In nor 
• all DlM 

_ulom .. llca ll y lur ned o n I 

majO r frames after receipt 
Ih e PCM Encoder O N command 

Ni A 

L\it 19 I Te lemetry P r oce s i Disc r et( c ommand . hi ch '" ill I 0 f L\I 15 
T lMA9 so r ! ON/2 OF '- t u r n Telemet r y P r oc""so r I ON 

--------+-------------~:~-~~:~':~: :~:~~~~-~~~r· -_ ~~:~s~ ---
I L'12 9 I 'J elemelry Proce~l Dis c r etecomma.-.d wi i c h", iU Di'LM25 

T u"tB9 I s c r 2 O N/O l- turn Te leme try P r oces sor 2 _ _ ___ _ _ 
I . I ON and Te l eme t r y l-' roces6o r ! DT LM1S 

Ol ~ . 
1------ - ---
, T l.l\.i l it 
I T UAA~ , 

me try P r oc 
O FF 

D i sc r e t ecomrT,and"'hich ..... ill i N/A 
t u r n bot\., _ e leme try P r o cesso r 
O ~ ? 

No D U.! t e l e m e try !l tatu s ; co rr ec t tel e -
, .. et ry f r on, a ll DI:-"!s in tll" O N coru..ition. 
Te lemetry f r om 0 ,- uli,! s i ~ h dete r
rn in"le . 

o f all d ovm l ink l ele r .. e try. 
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~. 
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D 
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VI 
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6: ..., 

DS U Z 
DSUB 

• DSU1Q 
i DS U A ~ 

TABLE 3. ;. <1·1 (Cont . ft u e d 

SU l O N 

SU 1 anc lOFF 

R e 

Disc r ete r on. m 'l nC \ .\ i c h y i ll 
turn DSU 1 O Z-; . 

is c re te ~ omma nc. VJ hl Ch will 
t"lI rn OS !.: 20:-J . 

ill 
tu r 

em .. rks 

DS U 2 Status : ON ( Logic 1) 

OF F (Logi c 0 ) 
OF F ( Logi c 0) 

_00'" ... g • ..... n 
.... \D, ,. .. . ... . 
.... • 8 0 .... 0 
i:J ... • • 
& !DI 0 o. , , 

C • ,. 
• 

lID 

~' 
CD I ~ • .... 
DI .... 
0 
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Keyiaion 10. 

BeYisioD 

-x (180°) ------
~ /~--I 0"""0,, 
~ I '~ 

, ~ , I ~ , 
, / / SHELF2 I 2 

I /.aTE : TELEMETRY PROCESSORS AND I l; 
PCM ENCODERS ARE STACKED I ~ 
WITH NO. 1 ON 80TTOM. ~ -
DATA STORAGE UNITS ARE ~ 
STACKED WITH NO. 1 ON TOP. 0:Si:1 

DIM 2-3 <mttttiJlP. 
COM 3 .4 

\ , 

180(! DIM 4 ·15 
~COM&-6 

+Y 
~--------~---T--------~----------~---------h-=~------------------~- (90°) 

UMBILICA L 

FIGURE 3.5.1-2. SHELF LAYOUT FOR DATA HANDLING SUBSYSTEM 
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• VI 
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VI 
o 

Telemetry 
F r om 
Use r s 

• DIM 0 

· DIMl 

DIM 2 

• DIM 3 

• DIM 4 

• DIM 5 

.. DIM 6 

. DIM 7 

~ 

I-r-

~ 
r--

I'--
t-r-

~ 
l""""-I-

t--
l-t-

I'--
t-r-

~ 
r-~ 

/4--
r---

8 J. Data 

pairs'" 

PCM ENCODER 1 l-

Current Source 

l-

J... . 
Data 

PCM ENCODER 2 

r+ I TELEMETRY I PROCESSOR 1 

I 

~ 

l I 

TELEMETRY 
~ PROCESSOR 2 

I 
I 

\ 
I Data 

i 

I 
Data 

I 

DATA 
STORAGE 
UNITl 

Subcarrier 

,DATA 
I STORAGE 
UNIT 2 

Figure 3.5.1-3. Orbiter Data Handling Subsystem Redundancy Block Diagram 
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• V' 
t 

V' ... 

WORD RATE 
STAA T SIGNALS 

COMP\JTE 
CYCLES 

BIT qATE =t< 
THIS E)( • 107. HI 

W::>R O TIME 
tl NTERNA l) 

OUTPUT WOR D 
NUMB ER 
el M OAT. 
TRANSACTION 

DSU 
CONT ROL 
CONTROLLER 
AC1''oI,TY 
C()IAAtANO 
qE!>I'ONSE 

IDLE 

r- START OF MINOIl FRAME 

l ! 4 ! 
.~~ _ _ .. _. .. .. A ...... . ___ •• _ ... _0& ._ . _ ... ___ .. _ . .. _ ... _ 

ALLOWt:O C 't' \.oL.e: " .... 11:: ALLOMD CYCLE TIME 
FDA WORD 0 

ALLOWED CYCLE TI ME 
FOR WORD 1 FOR WOA 06J IOtE IDLE IDLE 

WORD COUNTER · 62 rwOAOCOUN TER . 33--- ---~ I'IOROCOUNTeR · 0 WOIlO COUNTE R • 1 

WORO IlETRIEIIEI) DUllING 62 WORD RETRIEVED DURING 63 WORD RETRIEIIEO DURING 0 

ren--:~~~~~~ g~;:U~"nAE~~~~;~O TO f01 f""'Il 
o ~ - -~ 

IDLE e,. BU_SY~ ID LE l%~':l~ill__ __ IDLE I/susvZi IDLE 

~ ~l9MILLlSE C 
RESPOND TO NEW COMMAND I 

SELECTED BIT 
RATE 1512 B~ 
SHONN I 

COUNTER TO 
DERIIIE WORO 
RAn L L-
MODE IS ' Li FOR r---, !"' 
lOW£R OLfT' UT RE G L--

NOTE MORE TIMING INFORMATION IS CONTAINED IN 
REFERENCE , .529 . ' .530 

Figure 3.5.2.3-1. Telemetry Processor Timing 
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V' 
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TO 

SUBCYCLE NO , 

- 305.2 ~EC 1 0 .'" 

1&.259 ~SEC! 0. '" 

ADDRE SS FRO:" 
_~ _____ L_

MSB 

" 0 ·· · OIOIT AL 
ADDRESS FROM 
PCM £Ne. TO SELECTED 

DIM 
32.768 kbp. at ~ 

CURRENT 

Time 

.. 
INTERROGATE CYCLE 

SUBCYCLE NO 2 

305.2 I-LSEC! O. ,~ 

• 

i 
SUBCYCLE NO 3 ~ 

i 

305.2 I-LSEC! o,'''::j 
DIM CHANNEL 
SELECT SELECT , 

DIM CHANNEL 
ADDRESS 

DATA 'ROM DIM TO PCM E NC. _ , 
'~. 7Ge kbpl. HRl • 
(ALSO PAMI 

PCMDAl A TO TELEMET R Y 'RO~E5S0R __________________________________ • __________________________ ~~~--L-~~~L-~-J 

'2. 768 kbp, . NRl 

Figure 3.5.2.3-2. PCM Encoder Timing Diagram 
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• VI 
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VI 
1M 

o 

1-. 2i4 •• 0 ,.SEC:; ~ 
-10 

"£AO £NVELOPE 

.45 ,.SEC MAX --f 
-e ,.S£C "'INI1~ I 

0------' 

~ l8,. S EC 
MAX 

I I I I 
I . I I I 
~ ,6.SlJ.sec maxi 

I I I '_..-. " •• >55 • i T ,~, II ... ... .. 
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l.6 COftaAND SUbSISTt3 

3.6.1 SubsIst,. pescriPl4on. ~Ae co •• and subsJs~e. 
contains all the co •• and processing capability on 
tne spacecraft. Tbe subsJste. pro.ides tbe 
capability to decode. procass and distribute 
gcound co •• ands to spacecraf~ sUbsyst.e.s and 
sc~ent.ific instruaents as .el1 as store co •• ands 
for ldter execution. Piring pulses ar~ also 
provided for pyrotechnic d.vic~s. Co •• ands may 
~ e~ther discrete or quantitative. A funct~onal 
block diagra. of the subsJste. is presented in 
Figure 3.6.1-1 (Appendix C). 

rne SUbsJste. CODS1Sts of ~wo (2) redundant 
CQ •• and Processors (CPs). siz (6) CO •• and Output 
ftodules (COfts) and one (1) Pyrotechnic control 
Unit (PCO). On the spacecraft equip.ent shelf. 
tbes~ units are arranged as shown in Figure 
3.6.1-2. Tbe two (2) CPs are connected to the 
essential bus and are not. capab~e of being 
co •• anded off. All six (6) cons receive 
seconoary power fro. each CP. The aSSOCiated COB 
is power strobed on prior to the issuance of a 
co •• and output. After the co •• and is issued, the 
~~" turns ~tself oft. The ~cu r.eceives control 
power fro. the essential bus and squib driver 
power trot a low~r voltaget.ap fro. the 
spacecraft. batteries to .ini.ize essential bus 
voltage droops during pyrot.echnic device firings. 
Figure 3.6.1-3 shows the .ajor cross-strapping 
between the ele.ents of the subsyste •• 

Real-tiae ground-generated co •• ands are 
trans.itted Y~a ~e Bl uplink to the spacQcraft 
receivers. i.aca receiver is connected to a 
single cP, i.e., t.here is DO cross-strapping. 1 
spec~f~c receiyer/CP cO'bination is selected by 
trans.itting t.he al carrier frequency asaociated 
witb the receiVer in the desired pair. On either 
the "ultiprobe spacecraft or orbiter spacecraft, 
there is a unique a, carrier frequency assigned 
to each rec~iver. the uplink for. at is 
PCft/F~K/P" and tbe co •• aDd subcarrier cutput to 
the CP is PCS/FSK. The tone frequency for a 
lugic I.,,, is 250 Hz and for a logic "0" is 100 
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dz. aDd the co .. and bit rate is 4 bits pe~ 
second. 

lhe upliD& coaaaDd foraat is ~8 bits loog aDd is 
detailed in the lo~r portion of rigure 3.6.1-1. 
T~is foraat proyides the capability to address 
either the aultiprob~ spacecraft or Orbiter 
sp.cdcraft. to address either cP. to process 
re&l-Uae couaads or store the co_ands 1.n 
aeaory for later ezecutioo, to store tia~ delays 
in a.aor} aD4 to distrioute ~vo types of coaaands 
to spacecraf~ users, D4.ely discrete and 
guantitatiye coaaaDds. 1 4d-bit preaable of 
a1t~raating logic .,. and logic ·0· tones (250 H~ 
and 100 Hz respectiyely) is required prior to 
sending a single coa.and or aultiple contiquous 
co.aands to t.he spacecraft. . 

the tvo CPs are cross-strapped such that the 
output of tbe '5k de.odulator ~ortioD of each CP 
caD bw processed by either c.,. BJ usiDg t.ht! 
address b1.t. in the uplink coaaand foraat, either 
CP caD be selected tu process the tran .. i~ted 
uplink coaaand. the ,s~ dv.odulator verifies the 
1J b~t. sync COQe prior to sending the txansaitted 
coaaand to the central co •• and proceSSing portion 
ot the real-tiae processor of eitber CP. In the 
central portion, the spacecraft address, tne CP 
address and tbe poly code are yeritied before the 
coa.and is routed to tbe addressed CO! or to the 
COMand aeaorl. i'be polycode ~s used to detect 
errors in the ~8 intoraation bits (i.e., bits 13 
through 40) of the coaaand for.at. 

lhe sUbsJste. contains tvo co.aand aeaories (one 
iD each CP), each of which can store 128 entries. 
Each entrJ. which can be a discrete or 
quantitative coa.and or a tiae delay, is ~~ bits 
long 4nd is coDtaineQ in bit locations 11 through 
~o of th~ coa.and for.at.. Once th~ coa.and 
~queDCe ~ loaded into a •• ory, the 5e~~cu~e can 
be executed by sending a real-ti.e start co •• a~d, 
closure 01 the spa~craft separation switch or by 
use ot the 409b second clock fro. tbe Teleaetry 
Processor. The 409b second cluck is used as an 
accurate tiae refe~nce to start tbe ae.ory at a 
later t1.ae. Tiae delays frOB 1~5 aillisecond to 
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~91 bours can be loaded into each slot of t.he 
cu •• aDd .e.ory_ Ebe co.aand resolution and ti.e 
delay resolution for the aeaorJ is 1l~ 
.illiseconds. Co.aand~ issued froa the a •• ory 
are executed witain 1~5 .icroseconds. Dot 
including d~lays such as aechaDica! relay 
response tiae. Tiaing in the CP peraits nearly 
cuncurrent processiJlg ",f co.aands trua the adory 
and tiP uplink. ar upliDk coa.ands ~o one CP and 
.~.ory coa.anus fro. tb. other CP auat not 
address tbe sa.e COft witbin 62.5 ailliseconds to 
avoid loss 01 both coaaaDds. 

lne C~ routes all co •• ands to the individual COfts 
for distJ:ib~.d_~Q to the users. Bach COli can 
supply &&t d~:':~~dte coaaands ana. 4quaDtitativ. 
coa.aDds. D~fferent sUbsystea and scientific 
~st~u.ent users are assigned to tbe six (6) 
CO!s. A1.ost al! co.aands are radundant. so the 
pr~.4ry co .. and is sent to one COS and tne 
redundant (or back-up) coaaand tu a difterent 
COft. 

The s~sJstea also provides the firing pulses for 
all pyrotechnic devices on the spacecraft through 
ue PCU. the PCU receives th~ standard discrete 
co •• and OUtput froa the CUSS and current 
a.plifies these pulse& to tbe level required to 
actuate the pyro device. ~he PCO contains six 
(6) ~qu~b driver5 each of which can provide a 
aini.u. of 5 aaps firiDg current to three (3) 
sq U.l.!)S. Tbe PCU is <1i vided in to t va ~qual 
reouuuant balyes so taat pyrotecnnic dey ices with 
redundant squibs can be fired st.ultaDeously. 

Oni\s pes~riptioD§ 

Co •• an~ rrocessor. The CP is the aaia ele.ent in 
the co •• and suosyste.. lhe CP receives a peS/1SK 
subc.rri~r 1ro. the transpoader in the 
co •• unicat.l.ons sUbsyste. and relals control 
siqnals to the COBs to provide both discr~te and 
quant~tatiye co •• aDds to subslstea and scientific 
~nstru.ent users. A shift register .eaory is 
provided in the CP wbich bolds a aaxi.u. of 12~ 
entries so that co.aands and ti.e delays can be 
5tored aDd then executed at a later t1Ae. 
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Ihen es .. ntial bus pover is applied to the C~ 
initiallJ, the unit vill turn-oa witaout 
generating aAY spurious coa.ands. It takes fro. 
o to 60 seconds for the CP to beco.. operational 
after the essential bus pover is applied, due to 
tAe Cfclic fuse in the CP (Ilefer to Section 
3.6.2.1.1) • 

~~e~ pover is appl~.4 to tke CP, the SCL reaains 
~lP dDti! co •• aDded 01; Receiver reverse logic 
configuration vill be rando •• 

The .a)or functional co.ponents of tbe CP, as 
shown in Pigure 3.6.2.1-1, are the PSI 
deao~ulator, stor&Q coaaand logic, receiver 
reverse logic, real tiae processor, teleaetry 
logic, output control lQgic and pover supply. In 
the folloving sections, these co.ponents are 
describecl. 

3.6.2.1.1 lSI pe!04Plator. rhe PSI deaodulator provides 
the interface with the coaaunication subsJste. 
for uplink real-ti.e coaaand processing. Each CP 
contains a Single PSI de.odulator that is 
connected bJ a tar.. wire interface to a s~ngle 
transponder; there is no cross-strapping between 
uanspoDders and d.octulators. The PSI 
de.odulator is selected bJ frequency-selection of 
the spacecraft transponder connected to it. 
Either of the two redundant CPs can be selecteQ 
for processing the output of either of the 
reduDdaat PSI de.odulators by use of the address 
bit in the uplink ~aaand for.at; i.e., there is 
cross-strapping betveen the PSI deaodulators and 
the central co •• and ~rocessing portions 01 the 
real-t.i.e processor of each CP. The ceDtral 
pottion of tbe Ci proviaea power froa t.he 
essential bas and a 102~ Hz ti.ing signal to the 
rs .. de.adulator. 

l.6 -46 

The input rSK co .. and subcarrier is convert.ed to 
a return-to-zero (BZ) data output, a bit tiaing 
clock and a SJDC code verification pulse. These 
taree signals are used ~nternallJ in the CP and 
are also cross-strapped to the redundant CP. The 
rsl co •• aD~ subcar~.r consists 01 tone 
frequencies of 100 HZ and 250 Bz, representing 
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logic zero and logic one data reapect1yelJ. The 
bit rate ot tbe ISK iDput is _ bits per second. 
The d~.odulator also receiv.s a transponder in
loc~ siqn41 fro. the traDSponder tbat indicates 
when tbe transponder is pbase-locked to an uplink 
carrier. If this signal is a logic zero (i.e., 
no carrier), the de.odulator is inhibited fru. 
detecting tne uplink sync pattern, and 
cODsequeDtly, the SJAC code yerifica~ion pulse 
output to the CPs viII be a logic zero. The SYDC 
code veri1icati04 output provides a pulse to both 
c~s 4ftec a valid ll-bit SJDC code has been 
det-ected. 

As ShOWD in tbe fUDctional block diagra. in 
ligur~ l.b.l-1, the PSK subcarrier. signal 15 
t~rst appl~ed to an input a.plifier stage. The 
aaplifier drives l bandpass tilters, ODe tuned to 
the logic zlitro sllbcarrier tone, a second tuned to 
tne logic one sUDeacrier tone, and the th1rd 
tuned ~o the l~OO Hz noise reference. Tbe output 
of each tilter is rectified tbrougb a precision 
half-vaYe rectif1er that giYes both a negative 
and positiye output. The positive output 
associated witb the -1- filter is su •• ad with the 
negat-iye output ~sociated with tbe ·0· filter in 
a conventional a.plitier sua.ing stage. 'roa 
h~re, tbe output of the a.plifier is fed to a low 
pass f~lter tbat driyes a bard li.iter whicb 
converts the positive aDd negative yoltages into 
TTL l~yels. Tbe resuiting Ii. iter out-put is 
sa.pled and te.poraril, beld in a flip-flop 
Detore being clocked out ~o tbe real-ti.e 
processor bJ the bit s,nchronizer. 

lhe nQ9atiYe outputs of both the -1- and -0-
f~lter/rectifiers are sent to ~be lSI de.odulator 
squelch circui~ aloDg with tbe output of tbe 
noise filt.er. 'I!.....: squelcb is a co.pari.son 
circuit ~hat co.pares tbe energy in ~Ae Doise 
1ilter bandwidto to tbe total energy in the two 
tone filer bandwidths in order to deteraine 
whetAer 4 subcarr~er is pre~eDt or not. The 
noise filter is an actiYe two-pole filter vith a 
~nLer frequeDcy of l~uO HZ. Since the noise 
~Dput to tbe tODe tilters is a function of tbe 
ioput s~gnal s~ren9tb to the transponder, the 
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output of tbe noae fil~er is uaH as the 
reference to deter.ine if a signal i. present or 
DOt. fhis .ecbanizatioD is called a variable 
Uresbold SCJ_lcb. rile output of tlae noise 
filter is sent to rectifier and integrator 
circuits oefore beillg co.pared vitb the 
~ntegrated output of the tone filters. The 
co.pantor circuit provide. an .. able signal to 
the bit sJncbroniz~r when a signal is present and 
1DA~bits the b~t synchron1zer vben t"ere is no 
sUDcarrier input. Tbe status of the squelch 
state is provided in tele.~trJ bJ COID1S for CP1, 
and CDBD2S for CP2 (A logic .,. indicates the 
de.od is unsquelched, aDd a logic -0- indicates 
that the de.od is squelched). rhe perfor.ance of 
the squelch circuit is a function of uplink 
recaived signal strength. Por an input level of 
-110 dB. or greater, the PSI de.adulator vill 
Eaaain -unsquelched- indefinitelJ in the absence 
of a subcarrier. Bowe.er, for lower sigoal 
str~ngths the PSK d~.odulator will -squelch- vhen 
the subcarrier is reao.ed (i.e., t~ upl~nk 
co •• and is coapleted) as a function of signa'l 
level. Th~ characteristic of the squelch circuit 
~ gi.en in figure 3.6.2.1.1-1. 

Tbe clock that is used to output the data fro. 
the lSK de.odulator is generated bJ tbe ~it 
synchronizer. rhe bit slnchronizer receives a 
1024 liZ square wave LrOil the out.put control logic 
and divides it to a ij-bit per second variable 
phase clock. rhe p"ue of the' clock is set 
during the acquisition tiae. It the beginning of 
a coaaand sequence, a prea.ble of 48 bits of 
alternat.ing logic ones and zeros .Qst be 
transaitted. lfter squelch is released, the 
first zero-to-oae data traasitioa tro. tbe harQ 
liaiter resets tke bit syachroh.zer to a phase 
which will cause the data flip-flop to be clocked 
at the op~i.u. sa.ple ti... The phase ot the 
clock is auto.at~callJ adjusted in .ither 
directioa to aa accuracy of one-sixteenth of a 
bit ti.e as required bJ the ~aco.iag data. lfter 
initial resetting of the bit synchroaizer, the 
position of the tranaitioDs ia ineo.ing data 
with respect to the phase of the clock are 
constaatl, aoaitored. As 10a9 as the ~ansitioas 
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fall witAin a giYen tiae ·window·, tbe ti.ing 
vill re.ain uncbanged. If a data transition 
occurs betore or after the vinQov, tbe clock 
phas~ will ne sa~tted by one-sixteenth of a bit 
ti •• ill tbe appropriate direction to aaintain 
optiau. bit tiainq. Tbis process vill continue 
tor the duration of a co .. and sequence. 

l.o.~.1.2 Beil ria. Proces!2~. Tbe 15K de.odulator 
trans.its RZ data, a 4 Hz clock anQ the syoc code 
veritication pulse to the Beal riae Processo~ 
(RTP). Tb~s~ sig~als are received by tbe BTPs of 
botb CPs, but only the CP that detects the 
appropriate addr~ss bits processes the data froa 
the activ~ 15K de.odulator. 

befor~ tn~ RIP w~ll begin processing tbe incoainq 
uplink co •• and, (~itber a real tiae co •• and or a 
co •• and int~nded to be stored for later 
execut~on) the sync code verification pulse .ust 
be received fro. an active lSK de.odulator. 
Atter tbe sync coGe verification palse is 
detected, tbe incoaing coaaand is si.ultaneously 
loaded into a shift reqister, fed to the address 
check logic and ted to the polynoainal code check 
loqic. Fro. tbe up11nk co •• and for.at g1ven in 
11gur~ 3.0.1-1, it can be observed tbat bits 13, 
lij and 15 contain tbe spacecraft and CP address 
infor.ation. The BTP perfor.s tvo address checks 
on these three bits. If the first address check 
detects an error, tbe input control loq1c is 
reset until the next sync code verification pulse 
is received. At tbis check, tbere is no 
telaaetry indication tbat the co •• and vas not 
accepted. lbe second address check ~ perforaed 
When the last bit (i.e., bit ij1) of tbe coaaand 
is loaded into the sbift register. At this tiae, 
the polynoaial code checx is also coaple~ed. 
Once the shi1t register is loaded, tbe polynoaial 
code ch~ck and two address chec~ states are 
exaaiued. If no errors are found, and tbe 
coa.and is to be routed to a coa, a process~ng 
puls~ is sent to the output control logic. If 
'lbe coa.and is to be routed for st.oraqe, the 
coaaand is routed direct!y to the SCL. It either 
the polynoai4l code or second aadress check is 
false, a reject b~t. (logic .,.) is sent to 

3.6-1 
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tel.aetrr (i..e., CUJIS, wbere I • 1 for CP1 aDd 
I· 2 for CP2). rae reject bit do.s Dot pre.ent 
the proce.a1ng of aubaeqaeDt coa.aDds, and it can 
be reset b, tbe CP COI'lGVIB qaantitati.e co.aaDd 
(CICQ1 for CP1, or CPCQl for CP2). IbeD all 
checks are satisfactorJ, a couDter in tbe 
tele.etrr logic is increaent.d bJ ODe aDd the 
carrent coant is p~Yided as tele •• try output 
CC8DIC, where I vas defiDed pre.ioasly. 

The tiaiDg in the CP 1s d.signed to .cco •• odate 
real ti •• and stored co.aano executioDa nearly 
si.ultaneoaslJ. ~be .ain clock geoerates d Hz 
(i.e., 6l.~ &Bec halt period) ti •• slots that are 
aSSigned alternately to real ti.e and stored 
co •• and P~CesSiDg. Bit 16 in the upliDk co.aaDd 
foraat i~ used to deter.ine wbether the output is 
to go to the output control logic or stored 
co.aand logic. If the data are transferred to 
th~ output control logic section, tbe iTP adds a 
-redundant code check- bit to the outgoing word 
to indicate wbether the 1Dforaation is Yalid or 
~Dyal~d, i.e., to indicate that the data b~ts 
bay. not picked up an error in trans.ission. Tbe 
output control logic responds at the proper tiae 
to tbe process1ng pulse froa tbe arp bJ sending 
back to tbe aTP a bigb speed output. clock pulse 
(geDerated in the out.put coatrol logic for the 
purpose of transferring in data) to start the 
output process at the start of t.be Ae~t real-tiae 
tiae slot. 

storeq Co •• lnd Jr2g~. TH stored COaaand Logic 
(SCL) consists of the co.'aaG .a.ory. ae.orr 
con~rol logic ana coafi9ura~ion control logic. 
Tbe SCL proYides the capability for spacecraft 
control vbeD real-ti.e COaaaDGS tbrough tbe af 
uplink are not ayailable. In, co.aand tAat can 
be esecutetd fro. tbe groancl in real-ti'e can be 
stored ia the oo •• and .. aory and esecuted UDder 
control ot tbe SCL. &11 stored co .. and ane.onics 
carrl, as a sixth Q!r~::~eric, tbe letter -1-
tor CP1, or tb~ letter -M- for CP2. Sequences of 
00 •• 4nds vitA predetera1ne4 ti.e delaJs can be 
execUlAlcJ by prog~'a_inCJ the coa.aad .eaorJ vitb 
both co •• aad ~.t. IDd ti .. dela, iDtor.ation. 
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~ae coaaand a •• ory is a 3012 Dit sbift regist.r 
organi&ed as 128 words ,each word a coaaand or a 
ti •• delay) of 24 Oits eacb (i.e., bita 11 
through 40 of the uplink co.aand foraat). bit 16 
of tae uplink co •• aDa foraat is used to select 
the co.aand ae.ory and bit 11 specifies wb.tber a 
coaaand or tia~ delay (CftTOl for C~l; CaTQ2 tor 
CP~ for a ti.e delAY co.aano) is being 
trans.itted to tbe coaaand .eaory. rbe tiae code 
~ontained in tbe tiae delay word is 23 bit longs 
and ~s decreaented at an 8 Hz ra~e (i.e., in 125 
aillisecond iacreaents) until zero is reacbed, at 
which tiae the next 24 bits are read froa tb~ 
aeaory. Eacb ti.e aelay word can be coded to 
provide tiae delays fro. 125 ailliseconds to 291 
Bour~ wita a resolution of 12S ailliseconds. 
riae delay words can be prograaaed consecutively 
in ae.ory. Since the alternating real-tiae and 
storeQ coaaand processing slots are 6~.S 
a11liseconas in lengtb, tbe .a1~aua rate at wbicb 
words (coaaands or tiae delays) can be executed 
troe tbe co •• and ae.ory is one per llS 
ul11seconus • 

The S~L provides several other functions in 
addition to the eXQCutioa of stored coa.aa~s and 
t1ae aelays. The~e are load, Yec1f1cation and 
coaaand aeaory aaiDteDanoe functions. Section 
3.0.3.2 d~scribes tae operation 01 the seL and 
the SCL state d1aqraa. 

The SCL in e4ch CP 1S designed so that a failure 
ot ODe SCL will not interfere with tb~ operation 
of tae otaer SeL. An SCI. OPI di~crete coaaand 
(S~Sl' for SCL 1 and ft~a2' lor seL 2) is provided 
to turn otf the SCI. in case of a. failure 01 tile 
configurat10n control logic. 

3.6.2.1.4 output Coptrol k99ik. The Output Control Logic 
reOdiyes in~uts fro. the real-tiae processor aDd 
SCL. To start tbe output process, the seL or 
~al-tiae processor tr~bs.~ts an enable flag to 
the output control logic to indicate that it 
Qdsires to be servicdQ. At tbe beginning of tbe 
proper t~ae slot (1.e., real-tiae for tbe real
t1ae vrocesaor or stored for SCL), a signal is 
»eDt fto. the input sel~ct logic in the outp~t 

.e.ia1on 
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control ~o tbe out.put sbift register of the real
t18e pro~~ .. or or SCL. rbe output Sbitt Register 
COSI) iD the output coDtrol logic 88ada a clock 
to tb. real-ti •• processor or seL to allow tbe 
iDforaation to be loaded iD the output sbift 
regis~r. The out.put collt.rol logic generates the 
~al-tiae aad stored co •• aad processlng tt.e 
slots tor the CP. 

When the coa adQress portion of tbe word is 
loaded in~o tb~ ~S~, it is sent to th~ output 
d~coder to deteraike vhieb COft is to re~eiye the 
1Dfora.tion. Ollce tae CUS is .elected, a 2 
.illisecoDd introductioa palse is seat to tbe 
COft. ~ur~ng tbe intro~uction, the iaput word is 
loaded iDto tAe OSk. Tbe cbeck b~l at tbe end of 
tbe ~UPQt word is tbea .~ple4 to deter.ine if 
~be CuaaaDG da~a bi~s are yalid. If tbe ~heck 
b1~ is falae, the output process 18 ter.1ned. 

Tb~ control bi~ contained in the uplink tor.at 
tAat speciti~s wbelber the eoaaand is Qi8cret~ or 
quanl1tatiYe 18 theA interrogated. Wben th1S is 
~oaplete, tbe logic is set witbin tbe USB to 
shitt out relor.alted data to tbe Baaebester 
encoder. These dA~ tben go ~o tbe output 
decoder stage wb~re it i8 routed to the selected 
COft output butfer. 

l.6.2.1.~ "Cliy.r leyerl. J,~. fbI BeceiYer &ev.rse 
Logic (BBL) is ueed to auto.atically switcb tbe 
antenna connections to the spacecraft rece1vers 
and .elect tbe oani AAtenoa ooaioalll eyery 36.~ 
hoars ~1' sec. Tbis is Decessary to .aintaia 
control of the spacecraft in the case ot a 
receiY.r failure wben co •• uaieation to tbe 
spacecraft is tbrougb an .at~ana conDected to tbe 
tailed re~~iver. Tbe status of tbe tia. code 
stored in tb. aaL ti •• r is qiYen in 9.1 hour (t~ 
~c.) incraa.nts by two uits, bits 6 aDd 7, of CP 
status word 1, whicb is ~le •• trl output &BBVIC, 
wbere 1 vas vreYiu~~y detiDed. 

3.6 -10 

lbe BRL accepts aa inter .. l , ~z clock and counts 
2 •• periods (i.e., 36.' hours) before .x.cut1n9 
t.be ['ftCeiYer reyerse functions. The tia.r is 
Easet wbea pov.r is applied to the CP Aad 
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whenever a ,alid co •• and is received by either 
CP. Under noraal conditions, tbere i. no way to 
defeat tbe opvratiOG of the tia~r~ Wben the 
~aer runs out, two pulses w~ll alwaJs be 
generated, one to .. lect the oani and one tu 
~var8e the position of tb~ kP switch tbat 
controls ~he anteDna connections to the 
reativers. 

~he p~se generatiDg circuits are d~tivateQ by a 
trans1t10D OD the tiaer output or troa the CP 
OO.PI~UB~ quaDtitative coaaaDd used to control 
the BRL. IbeD a Doraal or reverse puls~ is 
received fro. the coDf~gur~tioD control as a 
r~sult 01 tbe quaDtitative co •• and, tne selected 
stat~ is set and a Doraal or reverse pulae is 
generated. ID tbis case no select oani pul»e is 
gen~rated. ~heD tbe ti.~r goes to zero, A select 
oani pulse is gen~rat~d; and~ if the IlL is in 
the Doraal state, a reverse f'Jlse 18 generated 
and tbe laL eDters tbe reverse state, and vice 
versa. The state of tbe IlL is provided to 
tele.etrJ as bilevel signal C~BYX~, Where X vas' 
aetined earlier. 

Ielvaet" kogic. Tbe telea~try logic provides 
tbe C~ status and co.a4nd ae.ory data to the Data 
lup~t ftodules (UIBs) tor insertiuQ in tbe 
teleaetry data atrea.. !be status consists of 
four seri4l dig~tal data words sbitted out on 
fu~r ditter~Dt lines in respunse to DIB reau 
eD9~lopes 4nd a clock and tvu b~level tele •• try 
outputs. Tbe seri~l digital dat4 words 4re 
uPdat~ continuously until they are reau into the 
D18s. Tae contents ui the coaaand a.aocy can be 
werified by on~ ot these serial d~9ital dat~ 
uu~puts by using the coaaand a~aorJ reado~t 
toca4t 4Dd placing tbe ~CL in tbe ~e4a stat~ 
(refer to Section J.b.3.l). raule 3.0.2.1.6-1 
sho.s the vo£~ foraats tor the tuur ser~al 
di9i~~ WorQs. See Append~x A for furtber 
detai..ls. 

rywe, Supply. Tb~ power suppl J t. c tJae CP is a 
non-~~aa.ndable supply- rbe tUDct~ODS perforaed 
by tb~ power supp\y ar~ ~eDerat~oD ot secundary 
voltages tor the CP an4 COBs, current 1~.~t~n9, 

ley1&101l 
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TABLE 3.6.2.1.6-1 

COMMAND PROCESSOR TELEMETRY OUTPUTS 

Telemetry 
Word 

Word 1 Bit 0 
(MSB) 

Bit .. 

Bit 5 

Bit 6 
(MSB) 

Word 2 Bit 0 

Bit 1 
(MSB) 

Word 3 Bit 0 

Bit 1 
(MSB) 

Word 4 Bit 0 
(MSB) 

!!2!!: X - 1 for CP 1 
X" 2 for CP 2 

3.o-1l 

Formlt 

)I Bit 3 
(LSD) 

;) Bit 7 
(LSD) 

)I Bit 7 
(LSD) 

;) Btt 7 
(LSB) 

) Btt 7 
(LSD) 

Active Statez l.OIIc 1 
Inactive state: Lopc 0 

SCL atate .tatu., .ee SCL 
.tate diagram, Flpre No. 
3.6.3.2-1. 

SCL ON/OFF statu •• 

Demodulator .tatu. that 
Indicates squelch state. 

MSB bite of receiver reverse 
ttlner. 18.2 hOW' aDd 9.1 hour, 
respectively. (The two blta 
prOOuce four time combtnattOlUl) 

Reject nat tndlcatlng that 
real time processor baa 
detected an error in an RT 
command. 

7 bit coont Indicating number 
of verified real time com .. 
mands processed. 

Separation swttch atatu8. 

SCL address pointer lndtcat-
log present location In SCL 
memory. 

Representa 8 blta of 24 btt 
SCL command word stored 
tn memory. During SCI.. 
memory dump, 3 te~emetry 
worda are needed to com-
pletely read the 24 blt SCL 
command word. 

o 
MDemODIc 
(See Note) 

CLOGXS 

CSCLXfl 

CDMDXS 

RREVXC 

-. CREJXS 
~.j 

CCMOXC 

SSEPXS 

CMEMXC 

CMEMX 

I 
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undvr901t4ge and owerYoltage d.t.ction and 
abutduwn, power strobing 4n4 cyclic power coatrol 
tor uy~rcurr.nt conditio", tbe ua4.ryoltage and 
oyerv01t.9' set po~nta are beyond tb. UV/OL 
lilit» for tb. I.in bus lin.a; the latter vill 
uip uetore Ue furaer vill. 

Mhen an ov.rcu~r.nt condition ( •••• , currant> 
bbO lilli.lper.s ~~O,' i. d.tected, Tb. cyclic 
pow.r control circu~t turns the power »upply off 
within approailatelJ 1.~ .econda. Tbe pow.r 
supply rel.ins off for approail.t.1J &0 a.conds 
and tben ~t is turned back on. If lb. 
ov.rcurr.nt condit10ns r •• ain, tbe pow.r supply 
is again turD.d ott in approziaat.ly 1.~ a.conus. 
1D~S cyclic actioG r'laias as long as ~be fault 
relaina; ODce th. iaalt is cl.ared th. ~o •• r 
supply relains on. 

loterA.l COI.aAg ',.pop.,. lbe CP rec.ives both 
quaAtit.ti,¥ and dis~r.t. co •• anda tro. tbe COIS 
to control th. conti9uratiOD anG op.ration of tA' 
un~t. th. tol10wiag sections d.acri~ th. 
int~rn4~ response ot tb. CP to tb. ditterent 
co.ldUdS receiY'~. 

Mew1a1oa 

3.b.~.1.ij.l CV co.rAiUPI UMlaS~l'll" Co •• aad (Creol for 
ell; k2CQ2 f2r.CP~1. rb. 16-bit qWlntitative 

coaaand (1 ••• , b~t& l~ through ~O of the uplink 
cu •• aad fot.at) used tu ountigure the CP is 
sh~tt~ into a reg~ter in tbe contiguration 
control logic in tbe seL, bits 33 tbrougb ~O ot 
tbe quant~t.ti.e coalabd vurd are decod.d and 
p~ocesse4 by th~ cODti9uration ~oDtrol 109i~; tb~ 
otDer b 1.).1 ts are not. u~d. ·tb •• erit~c. tion 
yulse at tbe end ot tAe quantitati •• cOI~~nd is 
used t.O .1uiti4~d th~s processing. Tvo ot tb~ 
b~t.s (bits 3~ 4no ~U) are used to select tbe CP. 
It 1S de4.1rable to code bit. 39 and ~o ao as to 
£ulect -~itb~r· co.lan4 pro~.saor (~~. 11). By 
~l~Ct.~Dg t.be -e.1tDMr- code 1t vill Dot be 
u~.tssary to .alen t.b. CP ae!.dct code (cod" 01 
tor C~l And cu4~ lu tor CP2) in b.1ts l~ aDd ~O to 
lbe C~ sel.ctea by b~t 1~. It the CP i& not 
selected ,code 00), DO futther pro~.saing is 
done. Kowever, it tu. CP 18 select.G, tAv other 

1.b-1J 
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bits a~e decoded and used to coat~ol tkeir 
specified functions. 

Two bits of tbe quantitative coaaand (bits 33 an~ 
34) are decoded to provide a pulse to clear the 
co •• aDd counter &ad ~eject status flip-flop in 
the teleaetry logic (i.e., code 11) o~, to 
cont~ol the receiver reverse functions in the 
~eceiyer reverse logic. lither the nonal o.ni 
antenna/reoeiyer configuration (code 01) or the 
reYerse oaDi anteDDa/receiYer configuration (code 
10) can be selected. When a no~.al or reverse 
pulse is received f~o. the configuration control 
logic, the receiver reverse logic will generate a 
Doraal or reverse co •• and, depending upon which 
is co.aaDded. !bese coa.ands are routed to 
switch drivers in the co .. unicatioDs subsJste. to 
select the desired o&i aa tenJla/rec:aiver 
configuration. 

rhe oth~ four bits of tke quantitative co •• and 
(bits 3~ through J8) are decoded by the 
coJlfiguration control logic to produce SCL 
control co.aands. Three of these co •• ands (SCI. 
CLI'KIOI (SrOBClD : CLEB1 or CLBB2), INDEI 
(STORCBD • 11011 or IIDI2) and ~CL OFP (STORCSD • 
Orr1 or 01r2» are generated by tbe configuration 
control logic. Tbe other co •• ands are used to 
configure the SCI. to various operation states 
(see r~gure 3.6.3.2-1, SCL State Diagraa). These 
co •• ands are only partially processed bJ the 
configuration control lQqic. Si9~als are sent 
troa the configuration control logic to tbe SCL 
control logic where processing of the SCL state 
oo •• and is coapleted. 

IS sbown 1n the SCL State Diagraa, state changes 
in the SCL are not only dependent on inco.ing 
co •• ands, but are also affected by the present 
SCL state and otber Signals such as the . 
separation switch and the ~096 second clock. 
AlloMable state changes are stored in a Bead Only 
aeaory (aOft) in the SCL control logic. Bacb loa 
location cootains tour bits represeating an set 
state. ThQ ROft address is deter.ined by the 
coa.aDd froa the configuration control logic, the 
present SCL state, and otAer control signals. 

~ !2:: i 
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1be state can only change at the beginning of an 
SCL ti.e slot. After the ti.~ slot ends the new 
state is selected by reading ~he content of the 
hO!! a ~ the. specified address. 'rbis .AY or aay 
not be th~ state specified in th~ co •• and. 
depending on the allowable state changes in SCL 
operation. 

Tte SCL CLEAR/O •• llIDEX, and SCL OFP co •• ands are 
decoaed by the configuration control loqic and 
processed during the verification pulse ti.e of 
Lbe quan~itatiY~ cu •• and. The CL~AB/ON co •• and 
~ts a latch Wh~cA controls the SCL power and 
tri~gers the initial condition circu~t. These 
~ircuits are also in the configuration control 
logic. ~he CLaAR/OM co •• and turns on power to 
the SCL and clears the ae.ory. If power is 
already on, the .e.ory is just cleared. The OFr 
coa.and resets the latch which controls the SCL 
power and thus turns ott the SCL power. The 
INDEX co •• and is routed to the .e.ory control 
logic and advances toe .e.ory until the f~rst 
.e.ort slot is at the shift register output. 

SCL 0l' Discrete Coa.,n4. The SCL OlF co •• and 
(i.e., B~X1) is a discrete co~.and provided as 

a bdckup to the SCL OPF co •• and pr.ovided in the 
quantitatiye co •• and for configuring the SCL. 
This co •• and is routed througb an input butfer in 
the configuration control logic ~o tue latch 
whicb controls the SCL power. This co •• and will 
~eset the la~ch and thus co •• and SCL power ott. 

Co,adnd output SoGule. The Co •• and output ftodule 
(COB) provides a standardized co •• and interface 
to all suosysle. and scientitic instru.ent users. 
There ar~ six (6) COBs on the Oroiter spacecraft. 
Power. grounding aDd control signals are provided 
~o each CuS fro. both CPs. Each COB distributes 
four (~) quautitat~y~ co •• ands and b~ discrete 
cO •• dnds to spacecraf~ users. Each quantitative 
co •• ahd consists of a clock. envelope and data 
line. 1 backup discrete co •• and input is 
prov~ded to eacn COR to co.aand it off in the 
event that a failure occurs that causes the power 
to re.ain on after tne coapletion of processiny a 
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coa.aDd; the uAit is Doraally pove~ stro~ed 
tArougb t.ae control input. 

The COS haa ooly ~wo operating aodes: standby aAd 
processing. The power dissipated by the COli is 
1.6 ailliwatts Caaziaua) during standby and 1.~ 
watts ,aaxi.a.) during processing of a co.aand • 
• tru~ off state without pover coaauaptioa do.s 
ACt. Qxist ~D tlae CUll. In addition, tbere is 1.6 
ailliwatts duriAg standby aAd 1.0 watts during 
proc~tiSing that. is dissipated vitlain the C1> Que 
to tac ~Defficiency of t.he pover supply. T~~ COli 
Olr ~oaaaDd is i.ple.ented to insure that an 
iDt4irnal logic tailurtl would not a.intain a 
oont~nuous 2.1 watt ,aaxiaua) load on the 
bel tt.ery. 'the addition of t.his coaaand perait.s 
~h~ CO! t.o be raturn~d t.o the standby aode. In 
the event. the COS bas to be coaaanGed oft, that 
OFr coaaand is sent through a differ~nt C08. (1 
~Oft that is hung up in the ·01" stat.e aay process 
oo .. aDds noraally. depending on the nature of the 
failure, but viII ~ an UIldesirabl~ steady stat.e 
load. Certain failures coulu preclude the 
further uge of the CO!). There is no direct 
tel~aetry indication that a COS has tail~d in the 
processing .ode. This t.ype of failure C4n be 
in.~~t.igat.ed bJ ~eadinq a fev operationally sate 
cuaaands to the suspect CO! and aonitoring the 
associatea teleaetry tor the ~xpecteQ ~sponses. 
1 ta~lure to respond to all the co .. ands s~~t is 
a p~siti.e indication that at least a segaent ot 
tAe Cuft is no longer usable. 

lbe ~nput control voxd ~o tbe COR consists of an 
introduct ion. da ta aUQ a turn-oft sequence. The 
introQuct.ion consists of a logic "1- lev~l for 
approx~.ately tvo ailliseconds. TA~~ per.it~ tbe 
pover strobe circuit to turn powQr on for init.ial 
conditions to be astablished and tor th~ 
oscillator to reach steady state. After tbe 
introduction ends, tbe data in~ut begins and is 
sent to tbe !anchester decoder. the output of 
th~ eanchestar decodQr is shiLled in~ A shift 
xeg~ster 1n liZ fora. 

The control loqic then deteraines iro. ~he 
control bits in tA~ shift register whether the 
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co •• aDd is discrete or quntitative. If tbe 
co .. ~ad is discrete. the output li~e address is 
d~coded ~nd the output is trans.itted vben the 
hJperpulse is re,:eiYed. Por a quantitative 
co .. aod, the sixteen data bits are transferred to 
the correct qaantitative co •• and output. ~he 
control logic generates the envelope and clock 
si~nals fro. the Ranchester aecoder 40d gates 
thea to the output. The coa shuts dovn after the 
last bit of the quantitative co •• and or re.oYal 
of hJperpulse for a discrete co •• and. During 
processing, checks are .ade in the control logic 
and Banchester decoder circuits. If a data 
transition does DOt occur at tbe proper tiae, the 
parity check tails. or tbe hyperpulse arrives 
early, the oatput will be inhibited. 

At the end of a quantitative co •• and, a ver~fi
cation pulse is sent as part of the output. This 
pulse indicates tb4t the correct quantitative 
cu •• and lengtb vas trans.ittQd fro. tbe COB to 
the user. Por a quantitative co •• and, if the 
length of the co .. and 1S differen~ than 16 bits, 
the ~ncorrect nu.ber of bits will be sent to the 
user witbou~ the verification pulse. 

3.6.2.2.1 ~aterD41 Co •• a8~ IISp98se. Each COB receives one 
discrete co •• and. called the COft o~p co •• and, via 
a different coa, to turn the COft off in case it 
does Aot reset fro. the process co •• and .ode 
(i.e., continuously 01 state). The cOlland 15 
given by COftl~, wbere 1 = 1, 3 and~. When 1 = 
1, tb~ co •• and turns off CORs 1 and 2, vhen 1 = 
J, the co •• and turn otl CORs 3 and ij, and when X 
= ~, the coa.and turns off CUBs Sand 6. 

rhe CO" opr coaaand is routed to an input buffer 
configured to operate in the ae.or} .ode. In 
nuraal operaion, the input signal tro. the CP 
vill turn unit power OJ and latcb the input 
bufter 01. At the co.pletion ot co •• and 
processing the latch is torned off by a signal 
frOil tae control logic. The CO! OPF co •• and. is 
provided as a backup to turn the latch (and thus 
power) off in case of a tailure in the control 
logic. 
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fY'Olec~aic k01t,pl Upi~. 'he Pyrotechnic 
Control Unit (PCO) is used to proYide tiring 
pulses tor spacecraft pyrotecblic deyices. Tbe 
~u receiYes A standard 35 t~ aillis8COn4 pulse 
tro. the COBs and current •• pliLies the pulse to 
a .ini.u. of fiYe a.pe~s into a 1 t~1 oh. load. 
fbe output current paIse ~s of tbe saae duration 
as the inpat pulse. lhe Orbiter spacecraft 
cun~ains one ~CU. 

rhe PCU consists ot two fully redundant balYes. 
ID each baIt there are three squib driYers eacb 
with ~hre~ outputs. 1 squib driyer is activated 
by first senu1ng an ar. co •• and and then 
fullowing it with a tire co.aand. ODe ar. 
c1rcuit enables one squib dr1.yer and a slitcond ar. 
circuit enables tbe re.aiDing twu squib drivers. 
~be POD contains an autoaatic disara wbich 
disaras tbe PCD 13.5 t4.5 seconds after ~t is 
ar.ed. An ara delay circuit is also included 
that delays tbe arunl} of the PCO tor .. :t2 
secoDas after receipt of the ara co •• and. 
rbese ti.ing relat~onships are sbown in Figure 
J.b.l.3-1. 

Tbe fully redundant structure of the PCU enables 
two independent Signals to fire one redundant 
sqUiD. A single co •• ano fro. a COK is cross
str4pped to a squib driYer in each baIt to fire 
both halves of redundant squibs siauitaneously. 
lhe firiD~ si.ultaneity tor this configuration is 
less taan 250 .icrosecoDds. 

3.o.~.J.l laternal kO •• AAd 'esp9n§~. Ehe PCO receives 
three differen~ types ot discte~e co •• ands, ~.e., 
lk~, PIBE and DISAB!. The internal response to 
LDes~ co •• anus is Gdscribdd in ~he tollowing 
sect10ns. 

J .0 • ~ .3 • 1. 1 

3.b -18 

t£u A~a Viscre\. CO!.A8~. The PCU AB~ (i.e., 
OH011 or 08D.1i OBU13 or ORDA3) co •• and is 

usea to proyide power to tD~ SqUiD drivers so 
tnat a subsequ~Qt ~lBE c~ •• aDd will tire the 
assoc~ated squibs. Fru. the rece1pt of the l8" 
cu •• and, 4 ti.er in tbe ~cu d~lays a~in9 of the 
s~~~b ur1vers Dy ~.O il.a seconds and aisar.s the 
Qr~vers aL~er lb.~ ±~.5 seconds. The PIRE 
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co.anel aQst be received between these events if 
the squibs are to be fired. (100' assurance of 
firing is obtained it the rIB! coaaand is 
received bet.een band 14 seconds after the ARft 
coaaand is received). The IB~ coaaand is routed 
to both redundant sections ot the iCU. 

rbe lhl co.aana is aaplified to the level 
requi~ed in the PCU by a discrete input butfer. 
The output of this buffer vill set a switch which 
sappl1.es ~d volts to the associated ara/aisara 
switcb and resets the switch which supplies 2S 
volts to Lhe other ara/disara switch. The output 
of the Q~crete buffer also starts the tiaer in 
tbe PCU. After a delay of noainally ~.O seconds 
a signal froa the tiaer will activate (ar.) the 
selected ara/oisara switch waich w1.ll apply 
battery voltage to the associated squib drivers. 
After a total delay 01 noainally 18.5 seconds a 
sigl1a1 froa the tinr will Q1.sar. the etra/disar. 
switch and thus reaove battery voltage fro. the 
squib drivers. 

The two PCU ar2 co •• ands are interlocked. It one 
"ara" circuit is energized (i.e., relay closed), 
sending a coaaand to tbe second "ara" r~lay will 
ara l.t, but ~ill -dis~r.- tbe other ar./disara 
relay. In otber words, both -ar.- r~lays cannot 
be closed at the saa~ tiae (Beferenc~: '05.11). 

3.6.2.3.1.2 rcu l~RI Disc,!!!: CO.fRelS. 'the PCU FIBE 
(l..e., ORD12 or 08DA2; ORD14 or ORDA~; 08D15 or 

O~DA~); co •• and is routed to tbe squib drivers 
turough aD input buffer. Pover vill only be 
supplied to the input buffer and squ1.b dr1.yer 
.b~n tAe associated ar./disar. svitch is ar.ed. 
The squib driver a.plifies the squib tire coaaand 
and 1.S capable of supplying current to fire thre~ 
squibs. If the co.aand is to fire redundant 
sqUibs, it is connected to two input Dufte~s by 
wl.ring ez~ernal to the PCD. 

3.6.~.3.1.3 reu p,SIIS pi'£Ifle &o.aIA~. The PCO UlSA~ft 
(i.e., ORD19 or OHDA1, coaaaud is provided as a 

backup tor the DISAR! coa.and generated by tbe 
18.5 second tiaer 1.n toe PCU. This co •• and is 
routed tbrough 4tJ'l input butfer to tbe ar./disara 
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awltchea. If U. Uae~ fails to 41aua Ue 
ara/disara awitch. thia ca.Maad will disar. th. 
awitch aad tAua Ee.O .. battery v01tag' fro. the 
squib drivers. ra. DIS.». co •• and is routed to 
both reduadaat SectioDS of the PeU. Tbe DIS.aa 
oo •• anG canDot truncat. ~. 18.5 second tiaer 
count (i •••• d1sarl prior to cOlpl.tion ot tA. 
no.inal 1~.5 second d.lay) wb.n the ti •• r is 
fuactioaiD9 proper!f. 

Qp.ratl0p,l DeICEiPt10D. rhe tollowin9 sect~ons 
describe the operational usage of the co •• and 
subsIst .. , ~ncluding rea1-ti •• cOI.and, stored 
co •• and and Plrot.chnic device operations. 

'Mal-1i.e Co •• and Qperatiop,. 111 r.al-ti.e 
co .. and operations with the spacecratt are 
tbrough tb~ a, uplink. A pea/IslIP! uplin~ 
ca.rrittr is trans.i toted to the spacecraft 
receiv~rs. Tbe spac.craft contains two 
transponGers; eacb contains a frequency 
addressable receiver. The receivers de.odu1ate 
the uplink carri.r and provide an PeRIISI 
suoca1~ier s1gDa1 to tbe 15K de.odu1ator in the 
CP. !;;dch receiver is coDnected to Olle 'Sit 
~ •• odulator w1thout anJ cross-~trapp1ng. rhe 
output of eacb rSl d'lodulator is cross-strapped 
to the c~Dtral ca..and processing circuitry in 
each C~. Consequently, ei~h~r CP ca.a be used to 
process real-t11~ co •• andS. 

C~ •• and8 4re sent to tbe spacecraft ~t ~ bps 
using the ~8 bit cOI.and for.at gi.eD in 'igure 
3.b.1-1. Prior to s.nd1ng the 4ti D1t co.a4Dd 
vord, a ~ti bit preaabl. aii1 be sent to 
sJncAron~~e the 1SK ue.odulator vith the inco.ing 
coI.and. the prea.b!. sbould be an alternating 
pattern of logic .,. and logic ·0· tones in 
~ither oraer, i.e •• 1010 ••• or 0101 • •• The 
lugic .,. tODe is 250 Hz and tbe logic ·0· tone 
is 100 Hz. After the initial prea.ble is sent to 
the spacecratt, the 1$1 Ge.odulator vill rea4iD 
sJncbronized if tbe tODe ir.queney is changed a 
ainilua of ODce in ever, .8 bit tiaes. 
Theretor •• it ~8 b1ts o~ logic .,. tODes are sent 
followed bJ ~ti bits of logic ·0· tones, and this 
patt~rn is r~p~te~ continuousl" the co •• and 
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word -I be sent viU.out preceding it with the 
prea.~le. However, vhen a coa.and is transa1tted 
~t is necessary that the tirst bit of the co •• and 
De stdrteG within 1/16 ot a bit ti.e of the idle 
b~t tr.ns~tion tiae or the PSI deaodulator vill 
90 out of synchronization. Therefore, the FSI 
deaodulator will reaain loCled-up for 48 bit 
tiaes without a transition ill the tone 
frequencies, and once lock is lost the prea.ble 
.ust be sent prior to transaitting another 
co •• and word. 

Tbe 4b bit co.aand for.at consists ot a 13 bit 
fixed sync pattern, 28 bits of address 
inforaation and coa.anu data and seven bits of 
codin9 for the polyno~ial cooe checl perforaed Dy 
the CPr Tbe lJ bit syuc pattern is 9iven in 
Pigure 3.0.1-1. rhe seven polyno.ial coae bits 
are generated from the 2d data bits and are a 
function of the contents of these bits. rbt:! Aite 
coa.and sott"are autoaatically creates this seven 
b~t code and attaches 1t to the end of the 
co.aand word. The CP decodes these seven bits 
and uses this inforaation to deteraine it an 
error in transaiss~on has occurred in tbe 2& data 
bits r~ceived ~y the CPr This proceoure detects 
randoa errors of any of the following types: 
s~n9le bit, double bit, odd nuaber of bits, all 
bursts of length seyen bits or less, 98.41 of 
bursts ot length eigb~ bits and 99.l' of lODger 
than bursts of lenyth eight bit ranQoa errors. 
It an error is detected by the CP, a coa.and 
rejec~ flag is set in C~ teleaetry output CBEJ15, 
where 1 equals 1 for CP 1 and X equals 2 for CP 
2. 

The spacecraf~ and CP aGdress inioraat1on is 
contained in bits 13, 14 and 15 of ttte co •• and 
fonat. 10 select the Orbitt!r spacecraft, Cl "10· 
code aust be placeu in bit locations 13 ano 14. 
'fne select~on of tbe Cp used to process the 
uplink coa.and word is accoaplished by bit 15. A 
"0· in bit position selects CP 1 and a ·1· 
selects C~ 2. In the shelf layout given in 
figure 3.6.1-2, C~ 1 is the bottoa unit. As a 
turtber reainder, the P5K deaoduldtor in either 
CP is connected to a transponder tnat is 
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frecj.uc' .... lectec1. "her ... the naaiDder of each 
CP i •• elect_ Dr Ait 1S of tJae co_uel "orc!. 

Bit 10 is .sect to apecifr .hether Uo co •• ano 
vord is to be .xecuted in real-ti •• or stored in 
tbe co •• and ••• or, to be eaecateel at a later 
~.e. If this bit is a logic .,., the co ••• nd 
will be ea8Cuted i __ iatelr anel if it is a lOCJic 
1lQ., the following 2 .. biU v111 be storeo in tbe 
coDanel .eaor,. Before se.ding • co.auG t.o the 
ae.ory, t.he sc~ aUdt be co .. 4nded to stat.e 14 
(Loading) or t.he coaaand v111 be ignored. 

lor real-t.i.e co •• ands, bit 11 can be either a 
logic N1· or a logic ·0· (i.e., -don't. care·) 
lMtc,.. .... this bit ia ued to specifJ vhet.her t.he 
following da~a bitti contain a ti.. dela, or 
co.aaDd iaforaation in t.he st.ored coaaand foraat.. 
11 coa.ands are sent. to th~l SCI. and a logic II(). 

is selecteu, t .. d4ta vill be proceased as a tiae 
delay, but if a logic .,. is selected, tb~ data 
"ill be tak~n as coding for a oo •• ano. It tiae 
delay iDforaat~on 1S entered iDto tbe oo •• and 
word, tbe following 23 bita (i.e., bits 1ij 
through 40) are used for codinCJ t~~ tiae delay. 
lbe ~J b~t code for the t.iee dela, is t.be binary 
~pr~seDtatioD for t.be deaired t.iae iD incre.ents 
of 125 ailli.ecuDQs plus a bias of 12S 
a1llisecoDGs. Taerefore, binary 0 is equal t.o 
125 .illiaeconda, binary 1 equals 250 
aillisecunelS, etcetera. The binar, nuaber is 
loaded LSD first, so t.bat b~t ld in the coaaand 
fonat 1s tAe LSS and bit 40 is tbe aSB.rbe 
telea.tr, .erification of t.be a.aory contents 
(i.e., CBB"l) vill be rea4 out LSB f1rst for the 
tiae delays as loaded. 

!he required tiae delay betv .. a tvo e.eDts can be 
calculated by using tbe follovinCJ general 
equation: 

o 

) 

·n ..... .. 
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where: 

Elaapl, 1 

! • ~t - 11 

~ • 4e&1£8d tiae delay b.~weeD .,en~s 
in secollds 

n • n2 - ", 

n,1 • a.aor, locat10n (slot nu.ber) of 
the co •• ano ell~ry fro. which tiae 
4elay M9ins 

a2 & .eaory location (slot nuaber) of 
t.he co •• aIUi entry bei.ag t.ia.d. 

eo •• and ABC in slot ~. 
Co •• aud 11Z in slot 7. 
Desi~ 10 seconds aelay betveen co.aands: 

r & 8t - n 
• (8 x 1U) - (7-~) 

• (80) - (l) 
T • 78 

therefore the l3 bi~s of co •• ann aata in the 
co •• ana vord are 

01110010000000000000000 
I I 

bit lu bit 40 

Mnen bits 18 to ~O are used for stored co •• and 
intoraat.ion (bit 11 K .,., in the storee! co •• and 
for.at., these bits are structured to protide two 
type~ of cae.anas - discret.e and quantitative. 
B1t l2 is used to select eitner a discr~te 
co •• and (i.e., logic ·0·) or a quantitative 
co .. and (i.e., logic .,.,. Por discrete 
co •• aAds, bits 18 tbrougb 21 select t.be CO! to 
wbicb tbe coaaand is to be routeo and b.lts l~ 
through "0 dea19n4~ tne COl output. 4llocat.ed to 
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the UAr CODDect.el to U. COl. Tb •• t,,~ uts of 
004 •• are CODY.DtiODal binary repre.eDtatioDa for 
ta. eleci.al au.ber placed OD tb ••• locat10n.; 
i •••• COlO to COl 7 is .pecified as 0000 to 0111 
&ad cae outputs 0 to til are coded as 000000 to 
111111. COl 0 is • fictitious unit for .eDding 
aa all zeroes t.st CO ••• Del to the .pacecraft. 
COl 7 is located oDly on tbe Larg. Probe 
spacecraft. but for the orbiter spacecraft (as 
.ell as the aultiproDe &paoecraft). i~ is used 
for liaDdiDg aD all oass teat co •• and. Output 63 
to COS 7 is aot assigned to any user on the 
Bultiprobe spaceexaft. Bit. 2J to l~ are all 
zeroes for discrete co.aaada. 

IbeD a quaatitati.e co •• aDd is de. ired. bita 18 
to 21 4150 select U. COli. »ut bits 2l aDel 2 .. are 
coded to specify the COl qqantitati •• co.aaDd 
output. i •••• COB nutput 0 equAls 00 and COl 
output j equals 11. Sixteen bits ar allocated to 
cude the quantitati •• data ia tbe co •• aDd. The.e 
data bits are ia locations 2S througb ~O. The 
alloeatioa 01 'theae bits iD t.he quutitati.e 
cu •• anda to each 01 tb~ spacecraft subsyste. 
users is specified in PC-4SS 'l~fereDce: 
Paragr4ph 1.5.1). 

The t.i.e to procass a eo •• aad in th~ CP froa tbe 
ti.~ it. .nters t.he lSK cie.odulst.or to the tiae it 
is aent t.o & COft is a aiaiau. of -3.S 
.i!liseeonds aad a .axi ... of +137 .illisecoDds. 
the actual tise is raDuoa (uDitor. distributioD). 

itu,ed CoaiiDA 9R1,.\ions. lbe use of the stored 
co .. ano eapaD~lity on the spacecraft begins with 
the loading of tbe co •• and ••• ory through the uae 
ut real-ti.~ co •• aDds yia tbe BY link. tbe 
co .... 1id word for.at requ1recl to place co.aanda 
(i •••• discrete or g~an~itatiye) and ti.e delays 
in th. .~.orf was niSCQsse4 in the preYious 
section. 

The operat.ional u~e uf the eo •• and ••• ory is 
~a~.~~d around th~ state ciiagra. tor tbe SeL, 
The SCL cOD.ista of t •• configuration control 
lOCJic which processes co ••• Dd iDput.a to tbe SCL, 
the cuntrol logic aDa the co.aanG •• aor}. ligQre 

o 
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l.b.J.2-1 pr ••• nt5 tb. c~p!.t. SCL atat. 
eliagra.. .In oreter ~o d.scribe tbe use of at.or.el 
co •• aDda on tbe spacecraft, a 4etailed 
eaplaDation of tbe SCL ia presentea in tbe 
followin1 SeC~10AB. 

3.~.l.l.1 ID~tial ApplicAtiop 0' liS POler .Dd SCM oltorr 
,optrol. wb.n tile .... D U.l bus iM conDected to 
th. CP for tbe first ti •• , tbe SCL is init.ialized 
to be in tDe orr state. to turn tb. SCL 01, tb. 
CP CUlirIGU~! quantitative co •• and .uat De .ent to 
the ~p4cecr4ft. tAd coding tor the CP COlrIGUIE 
quant1tat1Ye co ••• nd iM giv.n in PC-~~5 
(R~fer.Dce: Paragrapb 1.~.1). SubsequeDt oll/Orr 
cODtrol of the SCL is by the quaDtitative co •• and 
S1Dce tbe CP cannot be co •• aDded oft. 1 backup 
discrete co •• and, SCL orr, is also available in 
case tbre is aD SCL tailure whicb prevents tb. 
SCL fro. being co •• anded off by tbe quantitative 
~ •• and. However, 1D tbe cas. of an overcarrent 
~ondition tbat cauS8S tbe cyclic tuse to turn oft 
tbe CP, tbe SC~ v1l1 be turned oft and re.ain off 
after tbe faalt is cleared and tbe CP pover 
supply operation rasu.es. ror tbia casw, the SCL 
vill bave to be co .. anded back on if SCL 
operations are requir.d. The 0ll/Or1 status of 
t.he C1» and tbe SCL are provid.d 1.0 t.le.etl'Y 
outvuts CPWilS aDd CSCLlS, respect1yely, wbere X 
equa~s 1 or 2 for CP1 or CP2, respectively. 

J.6.3.~.2 ,.'24E4\10n 'or ~'k-~p'r4tioli. Tae for.at for 
the upliak co •• aad vord for loaaing co •• tnds and 
t1.e dela,s into tn •• ,.ory 18 given in rigure 
3.0.1-1 and was discussed in section J.6.3.1. 
Tbe 8t~ps that aeau to be takeD to prepar., load 
and ver1ty tAe ••• ory contents betore executing 
tbe sequence are given as follows. 

l.6.l.2.~.1 TyrnAMg up th.~~. To begin with, the SCL 
.ust ~ coa.anded on vitb the CP Cu.rl~UR~ 

qU&Dt1tat1ve coa .. nd u&iog one of the two 
CLtlW/01 co.aaDd code. in th~ quantitative 
~a.~Dd structure as defined in PC-4S5, 
Met.renee: P4ragrap.b 1.S.1. Wben tilis co.aand is 
~zecuted by tbe CP, tbe SCL is initiali%ed to be 
in tow StaDdby State (SCL stat~ 1S), all •• aor, 
slot,tio read zeEo, and t..b •• ,Dory cWdress poiJl ter 

ae .. iaioa t 
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.ill bitialb. at a~ra .. O. Th. SCI. 01/0'7 
atat_. atat., aD4 ••• 01'7 a44r ... u. pro~,14e4 to 
tele.atry aa CSCLlS, CLOGIS aDd CIIlIe, 
reapecti •• 17, vher. 1 .~ .. la 1 or 2 for SCL 1 ~r 
SCL 2, t •• p.ct1.elJ. Tbe attactat. of lbe a.ri.l 
digital t.l ••• trJ oatput ••• aoc1ate4 witb the sCt 
ar. g1 ••• in PC-_~_, BetereDce: 'aragraph 1.5.2, 
ADd in '19are l.6.1-1. 'rior to tarD1Dg OD the 
SCL, CSCLIS .hould b. -0-, CLOGIS ahould be 
·,111·, CIBIIC sboald be ·,11,11,· and CIIII 
84ou1d be ·,1111111·. Tb. t.l~etry oatpat after 
co •• aDding OD tb. SCL abould b. -1· tor CSCLlS, ·,,1,· for CLOGIS, ·0000000· for CIIIIC and 
-00000000· for CIIU. CIBal'::". tb.. co .. and 
••• 01'7 r •• doat tel.aUf ella .. el,. 

3.6.J.2.2.2 wagipq. 'rior to •• Ddiag co •• aad. to tbe 
... 01'7, tbe SCL •• st b. traD.f.~red to tbe 

Loadi.ng State (SCL atat. 1_,. Thia U 
ecco.pliahed hJ MeDding tbe LOlD co..and cod. 
(0100) in tb. quaDtitati •• co •• and. rel ••• trl 
.erif1catiuD of CLOGIS abuu14 be ·,110·. Each 
SCL can be loaded onlJ fro. 1t. a.aociated 
eo •• and Processor (i.e., there ia no crosa
strappiDg between SCLs aad CPa regarding loading 
of SCLs). 

Vben loading the co..and ... orJ, tb. addr ••• 
poiDt~r, CBEBIC, vill diaplaJ tbe next ••• ory 
locat10D to be loadea. Wben tae ••• ory i. fall, 
the addr •• a pointer vil1 recJcle to addr ••• 0, 
aDa aDJ adaitioaal inputs will be written o.e~ 
ex~t1ng co.aanGS ~ tAe ••• ory_ 

Afte~ loading tbe da&ired co •• aDd sequence in the 
••• ory, the sr •• OBt ~o •• ana .ust be sent to take 
tbe seL out ot tbe LoadiDg State; no otber 
co •• an4 will tranater the SeL out of the Loading 
£tat.. the SC~ does nut .uto.atically transter 
to tbe Standby atdte when the •• aorl is 
eo.pletelJ loaaea. 

3.~.3_2.2$J "'itl~.tiOQ. rue conteDts of tb. co •• and 
yerifi~ prior to executiDg the 
DY co •• aDu1ng ~e SCL into the 
state 10). In tbia atate CLOGIS 
teldaetrJ Proc~saor (TP) .uat be 

3.6-l6 
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then .~o ••• ndeci intu the Co ••• nd !l •• orJ 8ea40ut 
foraat for tb. ~.le •• trJ sJsta. to tiaaple tbe 
contenta ot tb. aaaurJ. rhe coa.ands to tbe 
.pac.~raft baw. tu be s~nt in th~ oraer so aa to 
pr.w.nt ••• pIing t.. a.aory on lh. first .aaple 
in l.as than aD ei gh t bi l by te • '1'.... TP aDd CP 
are uBSYDchrOGiz~ so that the Read stat. could 
De started in tbe aiad1e of 4 01" read enwelop. 
and could cause all sUbaequent eight bit byte. to 
bd sl~veo off by th~ nu.~r ot bits contained in 
the fitst ~.pling 01 tbe .eaory. 

III or~r to read tbe full contents of tbe co •• and 
••• ory. tn. I.~El oo •• and sDould be sent to lbe 
SCL tu place tbe address puinter at aodr.ss zero. 
Th. lMDEX co •• ano bas lh. do.inanl pu£pose ot 
~tt1ng tue a •• ory address pointer to zero. It 
the addre»& voiDter is not reset to zero. tbe 
~l •• etry output vill D~qiD at the address 
preli.ut vllon tbe f1rst teJ.e.etry fO •• plf.t 1ai tuen 
and tar.inale when the address p01nter is at 
z~ro. It the ••• orr is sa.pled and Dot in tbe 
K~ad State. the teleawtry output v1ll be all 
zeroes it the S~L ~£ on. At tbe cua~letion of 
IlIading out the coucSnu .a.ory into t.eIe.4ttrf. 
the ~c~ autoaatically t.ransfers b4C~ to tbe 
StAndby state. Wbeu redding t.he ae.ory, th~ 
••• orr .udr~sa point.er, CaE!lXC, in~icat~s t.hd 
neat .e.or, loca~on to be ~a.pl~d. If tbe rp is 
co •• auded out uf tb~ Co •• and "~.ory ~~adout. 
for.at prior to the co.vl~t~on 01 t.h~ .e.ory 
r~4dout. t.he S~ sho~l~ De set Dack to address 0 
by sendinq th~ laD£A co •• and. 

rb~ Co •• ano Se.olY R~adout tUI.cSt is des19Ded to 
read out ae.orr eDtr~es tro. ~c~ 1 dnd .a.orf 
8Dtr1~s iro. ~CL l !D ~acb .inor tra.e. M 
t~le •• try vord is ~i~ht ~t.s lOD~ so it takes 
three tel •• etrl ~oras to read out one .@.ory 
entry iDto the .1Dur fra.a tor.at. rbe .inor 
tra.~ forwat is uiYid~d in halt w~th wuras ~ 
Lbrou~b 35 u@woted to SC~ 1 dDd vOrd6 J7 tnrougb 
03 d~dicat~d to SCL 2. tber.fore, ye~iticatioD 
01 t.b~ ••• or, contents 1S acco.pl1sheo by .aking 
4 oi t bJ bit co.paru,;on \)f tlla ~" lJi t vords sent 
to th~ SCL witb tb~ ~ bit l~1~.etr1 word re~~we4 
in the Co •• aad BeaulY Readout tor.at. 

a.wi_ioll 
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3.6.3.2.2.4 CorBctiAg th'.,£oPttAt. oft" 'Mor,. If the 
wrong sequence is loaded or a Dev .. ~ueDce is 

to be iDserted iDto the a.aory, the CLBAI coaaaDd 
caD be HDt. to the CP to load zeroes in all the 
a.aory locatioDs. This functioD CaD only De 
acco.plishe4 froa the Standby state. 
Alt.ernatiyely, the SCL can be coaaaaded otf froa 
any state, and then coaaanded on vith the 
CLKliJOJ coaaand to load zeroes into the aeaory 
slots. 

A SiA91e entry in the co .. and aeaory can be 
correc~e4 or changed, if necessary. This can De 
accoaplished by tirst advancing the aeaorJ to the 
address location waere the nev entry is needed. 
To do this, the SCL aQst. be coaaanded into the 
StandbY state (SCL state lS, and then the AUYA.CE 
and STAIDBt coaaaDds aust be sent in pairs to 
adYance the address pointer by one step. The 
ADY1MCE coaaand villaoye the counter, but the 
srl.DBI co .. and is also needed to coaplete tbe 
sequeDce. WheD the SCL is adYanced to the 
location desired, the SCL aQst be coaaaDded to 
the Loading state (SCL state 14, and the Dew 
entry to be transaitted can then be entered into 
tne aeaory by the uplink eoa.and toraat. 

This process can be yery tiae consuaing if a 
corr~ion or change has to be aade .ore than 
balfway into the sequence because it takes aore 
tiae ~o aaKe a single correction than it does to 
~load th~ vhole sequence again. EYen for a 
short sequence, 1t is less tiae consuaing to 
reload the whole sequence up to the place where 
the nev e~try has to be aade, than to sead tvice 
the Duaber of co .. aDds to advance tbe SCL to tbe 
required location.' Boveyer, for the case of a 
aarginal I' link, it is probably aore efficient 
to .. a~e single or aultiple corrections in tbis 
.ann~r than to risk additional errors 1n. the 
retraDs.ission of ~e seyueDce. 

3.6.3.2.2.5 M9ad~P9 Kultiple S,guepces. 1 nuaher of short 

3.6-28 

coa.ano sequences can be loaded at the sa.e 
tiae and executed individually by using the 
AD.AlCE co.aand. Por exaaple, if the second 
sequence is needed to De perforaed first, the 
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r, ' ADV •• CI co •• and could be used to set the aeaory I, ' 

, address pointer at tbe address location of the 

. ? 

first co..and word in this sequence. The ADVA.CE 
couaDd aust. be followed bJ t.he STAIDBl co.aud 
to aove the po in ter one address loca t.ion • 1 gain, 
~his capability only exists fro. the Standby 
state. In addition, if the second sequence has 
been co.pleted and the first sequence needs to be 
perfor.ed next, the Index co •• and can be sent to 
place tae address po1nter at the address location 
of t.he first co •• and word of the first sequence. 

3.b.1.2.3 Sttrtiag the SCk. ~he SCL can be started in 
three different waJs; na.~ly, by a real-ti.e 
coa.and, froa the 4096 second cleck generated in 
the !P or by the closure of the spacecraft 
separation switches. ~he 4096 second clock gives 
an accurate reference P01.D~ for delalin9 the 
start of a co •• and sequence, and the separation 
switch input is used for spacecraft separation to 
start a special co •• and sequence to spin-up the 
spacecraft. The following sections describe the 
different ways the SCL can be started. 

3.0.3.2.3.1 la.dute StHi. to start tbe SC1. in real-

'Ie"';;" 

ti.~, the IB!EDIATB STABT co •• and .ust be sent 
to the CP. 'I'he co_and .eao'1 viII begin 
operatih9 within £l00 .illiseconds aft.er the 
uplink co •• and is ~~ceiyed by the CP; real-tiae 
co •• and processiD~ ~lots occur ~yery 125 
ailliseconds. Th(~ actual delay tiae depends on 
the type ot ~o •• ~~d, the CP in use, and the SCL 
~n use, as seen in ?able 3.&.3.2.3-1. After the 
~L is started it ia.ediately transfers tro. the 
Standby State to the Bun state (SCL state 12) and 
deteraines whetAer tne entry is a co •• and or a 
ti.e delay. If th~ entry is a co •• and, the SCL 
will transter into the Process Co •• and state (SCL 
state 8); if the entry is a ti.e delay, the SCL 
goes into tha Load 'l'i.er st-ate (SCL state 13), 
ana extracts that ~ntry in tbe sequence out of 
the .e.ory. The ae.ory address pointer, CftE~XC, 
will then indicate the next location in .e.ory. 
l'he two SCLs cannot be started si.uluneously 
"1th real-ti.e ca..ands. Since it takes 12 
seconds to trans.it a co.aand to tbe spacecraft, 
the closest the tvo seLs can be started t09~ther 
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is 1l •• conds. Ho".Yer. if the firat ... trJ ill 
ooe coaaaD4 .. que~C8 is .... d to coaaaDd tbe start 
of tile otber SCL. both SCLs can be atartecl within 
2~O aillis8Cooda by .eAd1Ag one real-tia. 
coaaaAd. 

tIIB DILAI B1M~. POk COIRAID 
AxaO.! OPlllTlOI, rOLLOlll' BICll~ 

or UPLlI' COIIAID Sf CP 

--.. ~ .... -----... ----~-------------------.--_ ... .-.-
Tl!~ DILAY (ai!liseconds) 

~------~-- ------~~-----~ 
rIPs or 
COtUUID: 

CPl to SCLl 
(or C~2 to SCL2) ._------------.. 

lal1 to 321 

188 to 3~8 

CPl to ~L2 
(or Cit~ to SCL 1) 
--------------_ ... 

129 t.o 19q 

130 to 395 

3.6.3.2.3.2 li'ed Start. to st.rt the co •• and ••• ory fro. 
the 409b second cloc~, tbe TI!ID ST1IT co.aand 

auat De sent to the CP. the ~096 second clock is 
a continuous squar~ vaye clock that is generated 
fro. the 20QS second b~t of the spacecraft ti.e 
code in each Tp.rbe output of each TP is cross
strapped to both CPs as shown in rigure 3.6.1-1. 
Consequently, both SC~ CAD be started Dearly 
si.ultaneously by this aetbod. Since the tvo CPs 
operate asyncbronouslJ, the start of the tvo SCLs 
could be different by 4 aaxiaua of 125 
.iiliseconds. IIhen th .. rIRED STAir co •• and is 
~iyed by the SCL, it transitions fro. Standby 
to tae 'fiaed Start 0 state (SCI. state 1). 'lhe 
teleaetry indication for this state iur CLOGIS is 
·0001·. 1f the Q096 second clock is a logic "0· 
when this state 15 entered, the SCL will reaain 
iD this state until ~e clock changes to logic 
.,. (i.e., fro. 0 to 20~8 seconds in SCL state 
1). Iben the 4096 second clock switches to logic 
·1·, the SCI. traasiera to th. Tiaed Start 1 state 
(SCL state 5), and re.ains the~ for ~0~8 seconds 
until the clock again svitches to logic ·0·. 
CLOGIS is ·0101· in the ria.d Start 1 state. If 
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the ~09b secoDd clock is a logic ·1· vaea tbe 
TIftED STAHT co •• ano is sent, it vill transition 
~aeaia~elJ froa SC~ state 1 to SCL state ~, and 
reaain there until the ~096 second clock svitches 
~o logic ·0· (i.e., duration froa 0 to 2048 
seconds). rhe 409b second clOCk is a square vave 
so tbat tuere 1S aaple tiae to receive a 
telaaetry status on the logic state of tbe clock 
(1.e., tAe second ass of DCLOK2). Ihe sc~ 
transfers iaaediately into the Bun state wben the 
cloc& switches froa logic ·1· to logic ·0", and 
tAe aeaorJ begins to process the loaded sequence. 

the first co.aand in the sequence will be 
eX8Cuteu within 129 to 2~4 ailliseconds (tor a 
discrete coaaand) or 130 to 255 ailliseconds (for 
a quantitatiwe coaaand) ot the Q096 secoDd clock 
transition becaase the CP caD only process stored 
00 .. 4Dds eyery 125 811liseconds. This is one of 
three error sources in starting the SCL. 

The secouu error source is Que to tAe way the 
cloc~ is qenerated 1n the IP. Tbe TP outputs the 
40~b second clock transitions synchronously with 
~he word rate clock. lberefore, the accuracy of 
this output is a funct10n of operating bit rate 
at tbe tiae of the occurrence of the clock 
transition and the bit rates used prior to 
selec~ng the b1t rate used during tbe 
transition. rhe previous bit rates affect the 
accuracy beeaase soae bit rates ha,e vord and 
ainor fraae perioas that are not integer 
sut.ultiples of Q09b seconds. fctble 3.6.3.2.3-l 
presents tbe results of an analysis of the 
aaxiaua inacc~racr of the 4096 second clock d~e 
tu the TP. rhe yertical scale in the aatrix is 
self~xplanatory, but the horizontal scale 
requi~-es S08e discussion. This scale shovs the 
highest bit rate that the rp was coaaaDded to 
operat.e at, froa t.be tiae it \'ctS first turned on, 
until the t1se it vas co .. andea t.o t~e bit rate 
clt vhich tbe ~096 clock transition took place. 
This does not aean lbat all bit rates haa to be 
used up to ana incl~din9 tbe h1qbest bit rate 
selected, ~ut. tbat a~ least the hiqhest bit rate 
vas se!ectea at. soa~ tiae prior to goin9 into the 
bJ.t rate At t.he t.1:4Jl~it1on. fha scale starts at 

lleYision 
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16 
~ 
~ 64 
~ 
to) 

128 ~ 
.0 

17~ ! 3 
1-4 256 < 
~ 

3~ ~ 
~ 512 
Q 

68~ ~ 
:i 1024 
8! 
0 2048 

1. ~P&. Decause the TP is initialized to start 
operatiDg 4t this rate. 

A subtlety in tbese results ia tbat the length of 
ti.. in the bighest bit rata ba. an effect on the 
accuracy. If Ue leDgth of U.e is just ri9At 
the error vill be z.ro, but if the length ot ti.e 
is so •• special yalue the .axi.u. error qi.eo iD 
the table will result. this is beat ~llQstrated 
by an e1a.ple. ~Ae. tor instance, the case 

TABLE 3.6.3. Z. 3-2 

ACCURACY OF 4096 SECOND CLOCK 

mGHEST BIT RATE SELECTED SINCE TP TUBNON 

18 128 

0 0 0 

0 0 0 

0 0 

0 

17o! 256 
3 

0 0 

0 0 

0 0 

0 0 

811 321 

0 

CONTENT OF EACH CELL 
IS THE MAX!MUM ERROR IN 
MILLISECONDS BETWEEN THE 
DESIRED START TIME AND THE 

500 

0 

0 

0 

311 

0 

1~ 
8 

OBSERVANCE BY THE CF OF THE 
4096 SEC CLOCK TRANSITION. 

500 

0 

0 

0 

311 

0 

1~ 
8 

0 

88~ 1024 2048 
3 

750 750 750 

250 250 250 

0 0 0 

0 0 0 

311 311 311 

0 0 0 

1~ 
8 

1~ 
8 

1~ 
8 

0 0 0 

713 
16 713 

16 
713 

16 

0 0 

0 
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wh.re the high.st bit rate selected is 3ij, '/3 
bps and the bit rate at the transition is 8 bps. 
In tb~ .atria. the aaxia .. error is give. as SOO 
ailliseconGs. One va, to arr~v. at this aaxia •• 
error (and tb.r. are a n.-bar of coabinations) is 
to co •• and on the TP and have it operate at 16 
bps for 135 ainor fr ... s which ~s 406,. seconds 
into the tirst full "096 second tiae period 
because the TP is initialized to start the first 
4096 clock per~04 25b seconds after turn on. 

aevi-alo. ~ 
:4 
14 
I, 
; ~ 
I 
I, I; 
: ~ 

Tben ooaaand on 3'" 1/3 ops tor 21 ainor fra.es. 
wbich is an ad4itional 31.S seconds. This now 
gives a total tiae per~od of 4095.~ secoDds. If 
the r~ is DOV traDsterred to 8 bps. the "096 
second clock will transition to logic II()- at 
409b.5. for aD error of O.~ seconds. The reason 
for this is tbe vord period at 8 bps is 1 second 
and the traasition aust vait until the end of the 
teleaetry vord to occur. If the starting bit 
rate of 1b bps vas aaintained for 1J4 aiDor 

Ii 

fr •• es instead of 1lS (i •••• 4032 seconds into 
th. period) ud tAe 3161 1/3 bps vas used for a 42 
ainor fraaes rather tban 21 (i.e •• aD additional 
63 seconGS into the period). the error vould " 
zero after the a »ps b~t rate vas coaaanded ~nto 
operation. 'lbis 15 ~cause only one second 
reaain~d in tbe clock period vbicb 1S coiDcident 
vitA the vora period at 8 bps. Tberefore. it is 
obvious that tbe error in starting the co •• and 
... ory is h~ghly dependent on the bit rates aDd 
ti.e per10ds over v~~ch they are used. 
Cunsequently. this eftect auat be accounted for 
in prograa.ing tbe start of the .eaory. In 
audition. an laaBDlA~! STaaT cGa •• and can be sent 
to the SCL vnen it is either iD the Ti.ed start 0 
or Tiaed Start 1 states to override the use of 
the 1109& second c:loct. 

the thirQ error source iD starting a coa.aDd 
_quance or executug a defined function is due 
to the stability of the oscillator iA the CP. If 
ti •• dela,8 are used iD the co •• and sequance, 
either as tbe first entry iD the .equence or 
iDt~rsp~raed tbroughout the sequence. tbe 
variat10n in tbe oscillAtor frequeDcy will affect 
tbe progre •• ed delays. Tbis will cause the 
execaUon of the final e .. nt to be in errort The 
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lonq~r the Iccuaullted tiae dellJ, the larger 
will be t~e uncertaintJ. ~be oscillator 
s~aoilltJ is SU pp. vorst caa •• 

Additional discuSSion and eaaaplea are contained 
~ leterence 1.S.Jl. 

3.b.J.2.3.l S,p4rltiRD S,il,b Stlrt. to stlrt ~be SCL fro. 

3.6-34 

the closur.a ot Uae spac~crltt separCltioD 
switch, the lMS SIPlklflOi SVITCB co.alnd, vhich 
is part 01 the CP COM1IGUIB guantitlti,e co.aand, 
.ust be sent to the cr. Tb1S co.aaDQ aust also 
~ sent to the r~undant CP to ara the redundant 
separation switch that, upon closu~, actiYates 
the seqaence loaded in the redundant CP coa.and 
•• aory. The vurpoM of. this co •• and is to 
preyent an in4<1Yertent C10SUN orpreaature 
closure of tbe s.ap4ration svitch froa starting 
the SCL and causing the spacecraft spin-up 
sequence ~o begin. Tbe ABS SBPAH1TION SWITCH 
co.a .. nd trAnsfers the SCL into Separation State 0 
(SCL state 0). rba teleaetr, status of CLOGIS 
lor t~s stat~ is -0000-. It the separation 
switCA ~s closed (~.e •• 5SBPIS equal to logic -1·, prior to sending this co.aand, the SCL vi!l 
reaain in sta~e 0 and ne,er start the spin-up 
»equence. leferr1ng to rigare 3.6.1-1, 1t can be 
~D that 6dCb separation svitch is conDected to 
only one CP. Ther~tor~, ~he pre.ature closure of 
only one switch pr10r to the ara coaaand vill not 
pre'~nt the sF~-~P sequence fro. occurring 
because the noraal closure 01 th. other svitch 
vill iQit~ate .. siailat tiequenc. loaded in tbe 
other SCL ae.orJ. In add1~ion, Separation State 
U can be overridden ny an IBaBD~AT~ StABT co.aand 
vbicA transferti the SCL to tbe aun State (SCL 
b~ate 12). If tll~ seFaration svitch is open 
prior t(l S8Ddl.D<) t be AltS co •• and the SCL 
transfers ~ •• ediately tro. Separat10n State 0 to 
Separation state 1 ~t.t. (SCL state 4). 'rhe 
tele.etry s~atvs as ~i'.n by CLOGXS for this 
state l.S ·0100-. Tne SCL re •• ins in this state 
unti! separation s~itch closure, a~ vhicb ti .. 
th~ SCL ju.~~ to th~ Mun state and .zacutes the 
£piD-UP sequence. Closl.n9 ot the separa~ioD 
sw~tcn ~.Q ••• a latch in the SCL to be set which 
prevents awitch bounce 1ro. affecting the 
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operation of this tUDctioo. If n.eded, the 
separation State 1 state can be overridden bJ the 
l!aAD~lll srAa~ co .. and. 

3.b.3.2.4 Stoppipg the SCL. After tbe SCL transfers to the 
Bun State, it eztracts a coaaand .eaorJ vord fro. 
ue a_ory and begins tbe processiDg cycle. If 
the coaaaDd .e.ory vord is a co.aand (e1ther 
discrete or quantitative), the SCL transitions to 
cAe ProcetiS Co.aand St4te (SCL state a" aDd 
reaains there, instead of returning to tbe BUD 
Stat~, as 10n9 as tbe folloving coaaand .eaory 
entries 4re co.aands. The teleaetry status vill 
reaaiD constant at "1000· tor CLOGIS tor all the 
tiae that contiguous coaaands are processed out 
of tb~ .eaory. To stop the ~CL froa this state, 
the stoP coaaand aust be sent to the CP. ~hen 
this coa.and is ~o.iyed by the SCL, a transfer 
vill be aade to the ~toP 1 state (SCL state 2), 
and tbe SCL vill reaain 10 tbis state until 
another coaaand is receiYed. The SCL vill 
coapleta processing oi the current coaaand before 
1t switches over to S~P 1. An I8BBDIATE stAal 
co .. aad, aD AD'lMC~ coa.and or ~ STA.OBJ co •• aDd 
folloved by a BOI co.aand is needed to get out 01 
the STOP 1 state and continue processing_ In 
this stat~ they are effectively the saae coaaand. 
The ADVANCE co •• and causes the SCL processing 
rout. to go tbrougA tAe aUD state wb11e tbe 
148BDIATB srla~ co .. and ter.inates directly 1n 
th& Process Coaa.ad or Load fiaer status. The 
saapling of tae tel ... try sJste. 1S not fast 
enougb to distinguish the ditfereat paths; the 
wbole process takes place in 125 ailliseeonds 
1ncludinCj the ezecution of ta. co ••• Dd it the 
next entry is • co •• and. In su •• ary, it either 
oo ••• no is seDt, tb. SCL vill end up in the 
Process Coa.and State it the nezt entry 1n ••• 0rJ 
is a co ••• nd and io the Load Tu.r State (SCL 
~ta~d 13) i1 the Bext entry is • tiae delay. 

W~en taa SCL is in t.e Load ri.er state, 
indepenuent of hov it gut there (i ••• , tco. 
state. ~, 8 or 12), tae SCL can again be stopped 
~y sendiog the StoP co ••• nd. Froa this state, 
tb~ SCL will go to tbe Stop 2 state (SCL state 3) 
and will q~Ye a tele •• try readout on CLO~XS of 

••• ia10D 
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110011-. 1. the pcoce •• of COQ.t1Dg don a u... 
delaJ (r • .,- in Pigare 3.6.3.2-1 .a.n tbe ti •• 
del.J co •• and ha. beeD • ..cuted, aD4 the ti •• 
COQ.t ba. not Jet decre.ent.d to zero). the SCL 
go •• to &Iul re.aiDIi in tlaa SUB 1 state CSC!. atate 
9) unt.il tJae ti •• cout ia deer •••• ted to z.ro 
(i •••• r beco •• s ·0·). ~f the tia~ ~elar ha. Dot 
been ooapletell coante4 dOVD vheD a S~p coa.and 
is issued. the SCI. vill go to the stop 2 atat. 
and bold tA~ last ti •• COUDt iD the Subtract 1 
oount~r (T reaa~Da .,.). ~be ti.& couDtdovn caD 
be resuaad by .ending tb. IB!EDIAT£ STAll co •• and 
and the SCL vill returD to tbe Sub 1 .tate. 
Bovever, if tbe re.aiDing tiae coant .uat be 
a&ipped, th. lD'AIC~ co •• aDd vill ext~act the 
Dext eDtrr out of tbe a •• orl bJ tra.aferr1Dq tbe 
SCL to the haD State. If, br chaDce, the STOP 
co •• and arriYes just after tbe countdown of the 
tiae a.laJ bas ~ ... co.pl.ted. the SCL will 
.dyance to the Stop 1 atate. tele.etrJ statua 
will be recognizable in the Stop 1, Stop 2, 
PEOCess Co .. and (for aaDJ coDtigQOQS eo..aDds) 
and Sub 1 (for long tiae delals) .tatea, but vil1 
Dot be obseryable tor the aUD or L04d ri.er 
states because tbe SCL traasterli tbrougb these 
states rapidlJ. 1 liaapling of the status of 
tbese states will occur on a yerJ 1DtrequeDt 
basis. Likewise for yerr ahort ti .. delay. or 
altern.~nq coaaands aDd ti.e dela,s in tbe 
a.aorJ, t.he Process Conand ud Sub 1 states viII 
Dot be obserled OD • r.gular basis. 

3.6.3.2.5 COQ8id"at.opi to, Dl§igpipg ,oa ••• g SegYIPces. 
The aetbo4 tor lOAding coa.and words 1Dto the 

3.6-36 

••• orJ through the us. of real-ti.e oo .. ands b.s 
beeD discuss.d io • prewious section. However, 
there are certaiD lacts tAat saoula De consid.red 
prior to designing a seqQeDCe to b. placed in the 
.eaorJ. the tirst t4cL is that the SCL vill 
coDt1nue to process eDtr1es tro. the .e.orJ uDtil 
coa.auded to stop.lh4lt SCL will cycle through 
all 128 aesort s!ots and t.hen repeat th.se 
ent.r1es ower and oYer un~11 teraiDtted bJ a 
STAMDB!, STUP or OIl coaaaDd. Tbis teature is 
~s~ciallJ useful tor orbit operations vb.n a 24 
bour oro1tal sequ&nce has to be repeated over 
.aay orbita. Bowever, if for exa.ple. only the 
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Lirst 20 slots are used in the .e.o~r for a 
particular cu.aaDd sequence, th. SCL will process 
these 20 ~ntrieH aDd tben step tbrough each of 
\be r~aaining 108 slots in 12~ ailliaecond stepa 
(assu.ing each of tbese slots contains all 
zeroe~). The SCL will repeat tb1~ process 
cont.inuously, unl\lss tne 20th entry is one of 
tA~ee stop-typ~ co.a~nds .entionea above. In 
exten~ion of t.ois is wben .ultiple co.aand 
~quences Gre loaded int.u the aeaory at on~ ti.e. 
If each sequence is not t~rainated by a ~T1NDBI 
01: S'lOP coa.and, all t.ne sequences w111 be 
eaecu~d in series and cunt.iDuousll repeat.ed. 

A se~ond con5ide~ation is that the SCLs in botb 
CPs can be o~rat.u siaultaneously, as with the 
spacecraft spin-up operation, but that the 
cO"GndS in eaCA s~uence aQst not address the 
saae COl at the saae tiae i.e., within the saae 
ol.S .sec. per~od. If a control word is receiYed 
at 4 CO" f~oa botD CPs, the coaaand will not get 
processed t.hrougb lbe CuI. lbe two CPs operate 
asyncbronously, eacb oscillator in ~ach CP is 
independent witD a SO ppa staDi11tJ requ~reaent. 
Is a result, coaaand words occuPyin9 tbe saae 
slot in aeaorl could be executed at the saa. 
tiae, or aany seconds apart w1th a sequence 
oontainin9 aany coaaands and long \.iae delays. 
Tb1S fact aust De accounted tor in uesigning 
parallel sequences. 

Inotber consideration is tbat both SCLs caD not 
start ~recisdly at the saae tia. because tbe 
stor~d coaaand proc~tising tiae slots ~re not 
sync~roD1Led betw~en tbe CPs. Therefore, t~e 
SCLs cou!d start as aucb as ll~ ailliseconds 
apart with noainal clock frequencies in each CPt 

lnotber use ot t~e SCLs ~ for serie~ operation 
to dtfectiwe!y increase th~ coa.and aeaory to 256 
locations. This C4n D~ accoaplisbed by designing 
tbe sequence in one coaaand a.aorJ to transfer to 
the uther coaaand Ihtaury. In exaaple uf this 
operation is giYen as tollows: 
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Tbis exaaple sbow. bow ~be two SeLs are used 
toge~her to execu~e OAe 256 coaaaAU sequence once 
without rep.ating it autQaatically_ It is 
assuaad tbat both SCLs w.re coaaaAGed OA through 
real-~ae coaaandiAg prior to starting ~he 
seQuence in seL 1. Fur SeL " aeaor! alots 0 
througb 125 are used for the first part of the 
deS1red MequenC8, but the last two slota .ust be 
reserved to transter over to SCL 2 and ter.inate 
SCL 1. In slot 120, the SCL 2 laalDl1T~ STABT 
CO .. ADd is inserted to start SCL 2. Following 
this coaaand, the SCL 1 ~rlMDBI co .. and is 
inserted in slot 117 to place SCL 1 1A standby 
anA preyent 1t fro. repe~tin~ its sequence. SCL 
2 will start betw.ea 0 and 125 ailliaeconds after 
the SCL 2 LI!!ul1T& ST1BT co •• and is .xecuted 
DeC4USe of tb. asynchronous operation of the tvo 
CPa. th.refore, tbe first co •• aDd word iD ... ory 
2 sbould De a 125 .illis.cond ti .. del a, or 4 
co .. and tbat is Dot routed ~o tbe .... COli 
thro"'Jh wh1Ch tbe SCL 1 SraarDbY cODaDd is 
proc~ss.d. Interter~nce ~tweeD the SCL.1 
STa.DBI co .. and aDd the first co.aaDd iD ••• oty ~ 
vill cau.e Deither co •• aDd to be executed and 
resuJ.t. ill the SCL 1 seqa .. nC8 being r.peat .. d 
s~.altaDeouslJ witb the SCL ~ sequence. The 
tinal co.aaDo in ~De seL 2 sequence .uat be the 
SCL 2 ST1ID'" co .. and ~o prey.nt repeating ~he 
sequence in SCL 2. 
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If taere is no iateDtion to repeat tbe 2~6 word 
sequence, tbe STAHUBY ~~ ••• nd. sbould be repl.ced 
with orr co •• ands t.o cunser.1it powltr. Sbould it 
be deaired to repeat tbe sequance continuously, 
slot 12b in SCL ~ .ust coatain tbe STAIT co ••• nd 
tor SCL 1. Tbere .re a nu.b~r ut v~l:iations to 
ta1s procedure, but basically this is the aethod 
tAat .ust be used to operate both SCLa in aeries. 

scL Oper.tAD9 COh't'AAPtf' Tbe configuration 
control lU~1c in tbe CP can receive botb raal
ti.a coaaands ana atored co •• ands to control tbe 
sc~ 0~rat10n. Howevar, there auat be a ainiaua 
of 1~~ .illisecoads between all co •• auds received 
bf tbe SCL. If a stor~d co •• and sequance is 
Ue1nq processed, a I:eal-ti.a co •• and sbould not 
De sent to tbe ~Cl. witbin 12~ ailliseconds ot tbe 
ti.~ the SCL is outputting a co •• and to itsell. 
S1nc~ the l:eal-1i.e tiae and stored coaaand 
process1n~ ti •• slots are 62.~ .illiseconds 
apart, it is possible for tbe SCL to re~eive two 
coa.ands as close tGgetber as b2.~ .illiseconds. 

51.ilarly, it both SCLs are processing co •• ands, 
one SCL sbould not seDd a co.aaud to tb~ oth~r 
~L witbiu bl.~ .111iseconds ot the t1 •• tbe 
other SCL is send1ng a co.aand to itselt or 
recdiYin~ 4 r~al-tiae coa.and. 

J.6.3.3 f1'2tekbDic DeYict Ope,.tioD" lbe uperational 
~pects relateu to pyrotechn1c deyices on tbe 
Orbiter sp.c~cr4ft involve tbe tiring 01 tbe 
Orbit lnsQrtion Botor (Olft) and d~ploy.dnt ot 
ac1entif1c instru.eDt devices, sucb as tbe OftAG 
aad o~rp boo •• , OHftS breakotf bat and tbe OIAD 
IDt~nna .~cbanis.. Tbe following two sdctions 
aescl:1be ueae operations. 

1.6.3.l.1 911 '+tinQ SegMIPc2- Tbe firing ot the 018 will 
~ acco.p11sbed by using t.e two cO •• 4nd a.aories 
s1.ultaneoualy. okly toar co •• and words are 
noainalll requir~ in each •• aor, to pert ora tbis 
operation. lbe four eotr18S ar~: (1) Ti •• D~laJ 
1 (~O 1" (2) ABB uI" d1scret. coaaand (Oa~ll .nd 
ORDA1), (1) fiae O~lay l (tD 2), aad (~) P41E Ola 
\U.SCret.e cO.Had (UkDl~ and UAOa2). Tlua 

aeyi.1oll 
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.. qgence v1ll De iRitiated by aa~n9 tae ~096 

.. COAd cloc& (i.e., the It.aD STlit featare of 
tbe SCL, to achie.. th. accuracy a .. 4ed ~o fire 
tJae 011 for vrop.r i ... ruo. into ' •• us orbit. 

fAe firat ti.e, TD 1, abog14 b. a delay gr.ater 
tJaaa )fa houra to iaagre Uat tb. a8CJg.nC8 can 1» • 
• tarted before 1~i.9 co .. aaicalion vitb th. 
spacecraft for the receiver re •• r •• li •• out 
period 01 36 *' bOur. in t •••• ent ~ae rece1 •• r 
that ia con •• cted to tb. forvard o •• i taila. If 
fD1 va. le.a than 30 hours, anG there wa. a 
failure ill t •• forward oui rece1',er, t.beo 
co •• aDic:ation to Ua. apacecraft vculld be blocked 
off tar Jo boars. ~ecag .. co •• allda would not be 
roce~.e4 DJ tJae spacecraft, tbe ti .. _in40v for 
0.11 firi.g vould be .iued 1.f it occurred within 
that 30-bour t1 •• tra.e ,a .. Section ~.2.l tor 
.ore details). eo .. unicatioll lo t~ spacecraft 
is ollly through tbe loeward oani at thia ti •• io 
the .isaion due to the orientation of the 
spacecratt. T.e exact t1 •• sel.cted for tD 1 is 
a functioll ot when the '096 secolld occurs in 
re1atl.OIl to the a4l&1.r8a ti.e ot 0111 ti.ring, the 
.alue of TO 2 ana 4D allov.nce of ~~O 
.illiseconda ~o esecut. tb. AI! aQ~ FlkE 
cu •• abOs. the second tiae delay, ~ 2, provides 
t.ae necea.4rJ tiM delay betw.en tM Aill COIiPlAIO 
ano tbe rliE COIISAMO. ls described 1.D ~.CtioD 
l.6.l.J, tb~re is a ti .. d.lay of ij t2 •• coDds 
bu~lt 1.nto tAe pca design betW .. D tb~ .ctual 
ar.iD9 of tb~ PeD and the receipt of the lBIi 
~o •• aDO. Consequently, a PIli co •• and folloving 
as closely as two liieconchl aiter tbe Aid! co •• and 
will nut be .. ecGted. rD ~ is used in 
cunjuDctioD wiLb the tiain9 Ealationsbip in the 
PCU to preVf!Dt A pr ... tur. catutropb1c firing of 
the 0111. Witb TD 2 pr09n •• ed to M between 6 
and lij.~ .~coDds, the Ola will be fired llora411J 
1.D the 4Daence ot a SC~ ~a11ure a04e. 

If ODe SCL 5hould tail prior to tbe ~ginDin9 of 
~hd countdown of tv 1 or during TD 1, causing it 
to be trullca~d, 7D ~ viiI also be igDored and 
tae IIBI co •• and will follow within 125 
aillisecoDGs of the Alft co •• anG. 'ox tbis case, 
tbe UlJI tiring ,,111 be iJlub1.tecl in tJua SCl. and 
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th. ~.rallel aega.ac. contained in tbe other SCL 
co ••• nd ••• 0rJ will perforl a nOlinal firing. 

Tb. otb.r ca.e is when tbe failar. of tbe SCL 
occurs during ~e proc ... ing of TO 2. If it 
occur. qt'e.ter tAaD two .ecoAds in to tbe 
countdown (worst cas.), tb. 01& will be firvd, 
Qut th1s accelerated event will not ba •• a 
signiticant i.pact on ACbi •• in9 '.nus orbit. 
laturally, .hould tb. SCL tailure bappen within 
tAt f~rst two seconds of TD 2, uo firiLg will 
ta).e }oIlac •• 

SiDce two identical se~uences w~ll be loaded into 
eacb co •• and •• 0rJ tor thiB operation, tbe 
precaution sbould again bd tak.n to addr •• s tbe 
ARa a~Q FIBE coa.anda to differ.nt COBs, or 
sta9g~r th.se co ... nds in tiae in the two 
sequenc ••• 

3.6.3.3.2 sci'ptific lAltrY'lit DI!ie'I' Tb~ tiring ot the 
SCientific instrWleDt prrot.chnic devices is 
~rforled by on •• 1~ cOlland ~nd two fir. 
co •• aooa. 'I'1l.se fQDct10ns can !)e (lertor.ed br 
real-ti •• collands sent to tb. spacecraft or 
UDder tbe control 01 the SCL. 

'l'bv OB1G boo. is aeployed abortly .tter launCh. 
The lBS SlG BOOS, OETP BOOB DEPLOr~Elr, 018S B/O 
HAT, aDd OM1D MlL!lSE SECHAIISft co •• and COBD13 or 
OkD13) is t1rst .. nt to tAe spacecraft, followftd 
by tb~ BIL~lSJ SlG 800d tire cOI'and (u.Dl~ or 
ORU1'). Tbe 11ft cua~anQ aras the two squib 
driYers a .. oci~ted "i til Uese 8yenU. Tber. is 
no tele •• try of tbe -laa- status tor the peD. 
Th~ kELEISE KAG BOO! fire co •• and .ust be 
cont4guou5 witA tae dr. co •• and for real-t~le 
cullandings an4 aust be delared aa a .i~i.u. of 
six SdConas and a .axi.uI of 1~.5 .econds for 
oo •• 4ndin~ tro. tAC a •• or, to account for tAe 
ti.in9 iD ~A. PCD. lbe bi~eYGl status of tbe Rag 
BoOI Deplvr.~n~ is inserted into tele.etrr as 
SBOOIlS. 

ltter orbit insertion, tbe OMftS ~r .. k-ofl bat, 
OErp boo. 4DQ OalD antenDa .echanisl are 
nle4Sed. This is 4ccoaplaJ.led b, the BEU1S! 

3.6-111 

I 
l 
j 
i 

I , 



·7'~~~""·"''''f''''';:''Il''II",""", .. '''''~-r~''~~~.:~_+ ~_ .. __ .. :~=_:~'~ --~,. -'#IfA_-""-""/, t-- r"'r----.....-:"'I'~""!j .... ,.441!'J!11'; •• """" ... , ..... ""'t'-I".,...... ... "':r'T.""""" .... :'7'>';"'T"fI .. -· ..... " - ...... ~~ .. '-~ 

----------- 1 
Section 10. l.b.3." 
Doc. 10. rc=t02 
Orig. l •• ue Date _212811~ 
aev iair.n 10. 

l_iaioA 

l.6-42 

OIlS ~/O 8AT, DEPLOY OITP B008, UlLOCK OBlD 
8BCHAIIS8 fire coaaand (OiD15 or 0IDI5). The 
sa.e ara co •• and as for the OllG boo. (OBDll or 
OBDll) aust be sent prior ~o sending the aDove 
f1re co •• and. fae sa.e constraints exist tor 
tiaing delays between ~he araing and tiring for 
these devices as for the OB1G boo.. Pur an 
ex .. ple of the~e s~quences, see Table 4.2.3. 

leWiys, Beye," OE!1'.tiODS. The receiver 
reverse capability iD ~he co.aand subsys~ea is 
designed to prevent loss of uplink control of the 
spacecraft for aore than 36 14 hours. The CP 
sen4~ out two discrete coa.ands autoaatically 
every 36 t4 hours when no valid uplink co.aands 
~rtt raceiYed in that tiae period. Oae coaaand is 
used to select the forward oani and the other is 
sent to change the receiYer/antttDna iF switch to 
the noraal or reverse position. I hen the switch 
is in the Dorsal po~ition, the reverse pulse is 
sent. (JUt, and vice versa. lor redundancy, each 
CP perforas the saae function. 

~ben power is init1ally applied to bot.h CPs the 
receiver reverse counter in each CP is reset ~o 
zero and each begins counting. If a yalid 
coaaand is ~eceived DJ eitAer CP, the counters in 
both CPs are reset tu zero through the cross
st.rapping between CPs. Under noainal conditions, 
there is no WelY to defeat. t.he operat.ion of t.his 
t~nc~ion once prise power is applied to the CPs. 
The application of power aay cause tbe two CPs to 
ini~ialize in ditLeren~ logic st.ates, i .. €:., one 
CP aay be in t.he nor.al state read! to s~nd out 
~e reyerse pulse and thtt other iu the reyerse 
state read! to ou~put the Doraal p~lse. !n order 
to place t.he CPs in ~he sa.e state. both CP 
configure coaaands, CPCQ', and CPCQ2, aust be sent. 
in t4e iQceiver loraal aode, or both ccwaands 
.ust De sent in the iieceiver Ileyer~o aode. Ii 
t,bjs condition is not. corructed, the two outputs 
fro. the C~s will negat.e each other and the 
receiver swit~h v~LL not cha~ge posit.ion. The 
logic state of CPl and CP2 are giY~n in telaaetry 
as C~EV1S and CkEY~S, respectively, vher3 logic ·1· is noraal clkd logic -o~ is reverse. 
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To insure tbat tbe receiver reverse logic in both 
CPs dC~ in the Sdae state, the CP yuantitative 
coaaand aUtit be seut to eacb CPr Dits 33 and 3~ 
of tne quantitative co.mands must be set to "01" 
to obtain the noraal state and ·10· to get tbe 
reverse state. If the "Either Cp· address for 
Bits 39 anu &to (i. .. e., "11") is not uSt!a, tben 
tBose tvo nits must be carefully selected to 
address the CP to .b~cb tbe com. and is to b~ 
sent, i.e., "01" tor C~ 1 and "lu" for C~ l. 
EVen thougb there ~s cnly a ~ingle quantitative 
com.and to each CP lrom a different CO!, tbere is 
a possibility tbat the receiver rev~rse function 
can be defeated tbrough selection of tbe wrong 
address b~ts in the ~udntitative com.and sent to 
a CPr If th~ wrong CP address is sen', the 
noradl and reY~rse outputs viII be inhib~ted, but 
the oani select output will always 'occur at 
~ece~yer leyerSe timeout. The two flip-xlops 
that control the power strobe to tbe output 
buffer an~ the gat~n9 01 tbe output pulse are 
placeu ~n opposite logic states. Consequently, 
the output pulse w~ll be gated to an ·off" output 
buffer and vill be inbibited tro. going to the 
·on" oUt.put buffer. This occurs basically 
because one fl~p-flop is connecteo to a decoder 
that senses tbe address nits and tne other is 
connectea to a decoder that does not. ~he status 
of tne normal/reverse 10'Jic is only sensed on one 
tlip-flop so that it is i.possible to determine 
fro~ teleM~try it the wrong address bits were 
sent. 

It t.1iA.es d coabina tiun of three huaan errors a,nd 
hardware failures Lor t.bis pron!e. to have a 
catastrop~4c eftect on the .~SS4on. Tne 
coabination is: (1) a receiVer tai!ure to 
necessitate the use of the receiver' reverse 
capabilitJ, (2) a C¥ failure (or a hu.an error 
that causes the ~p to be addressed 4ncorrectly), 
ana (.J) a buaan error tbat causl:!s the re.aining 
operational CP (or second operational CP) to be 
addressed incorr~tly. 11 there ~s every any 
uncert~inty as to whether thl:! CPs are correctly 
coniiqurea prior to entering a long period 
witbout coa.dnd trdllsmissions, the correct 
quantitatiye CORmanus could be retransaitted to 
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tbe space"aft. 'lids is dOll. bJ ... di89 both CP 
co.figur. co •••• ds, CPCQ1 a.d CPCQ2, 18 the 
I.c.i •• r lor •• l 804., or s.8di89 botb co •• anda iD 
tile &ece1,.r I ••• r.. .04 •• 

to precluG. the occurr.Dce ox tbis probl •• , it is 
best tu .1 •• 1S code bits 39 aDd 40 .s .".. this 
code selects .1tber CP, aad bit 1S of the uplink 
co •• and abou14 be used oDl, to s.lect the desired 
CP. 

fUrtberaor., if tbe CP should .xperi.Dce .D 
o •• rcurr.nt conditioD th.t eau .. s the pow.r 
aupplJ to be turD.d uff bJ ta. cJclic fus., and 
if t.h. falllt vas lat.r rno.ed aDd pov.r re
.applied, the rec.i.er n •• r_ cou8ter w1.11 b. 
r ... t to z.ro aDd the logic will laltiallz. iD 
soa. ra8doa atat.. ~b1s a.aas tb. two CPs aay 
DOt be a,ncbroniz.4 aDd, CODs.queDtl" the CP 
CO.FIGUI& quaatitatiy. caeaaad sbould be S.Dt to 
each cp.so tbat tbe two CPs vill output tb. sa •• 
co ••• Dda aiaultaaeoaaly. 

, 
SQ.,aaO I •• POA", Table 3.6.4-1 preseats tb. 
co_aD4 I:.,poas.s for til. co •• aDd SUDaJst... Th. 
table lists ••• ry co •• aDd tbat directly .ffects 
the subsyst.. aDG tb. t.l.a.trr iDdication that 
,.r1.fi., th. proper .s.cation of tbe co.aand. 
Til. an.aoaics tor eat:b of tbe co.aaDd aDd 
t.el ... trJ p.naeters are also iael UGed. 

o 
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MNEMONIC 

Tbe a lxtb 
alph&lllllJl e rt 0 

,. it A" for 
CPl , or " S" 
~or C P2. 

CMTQI for 
CPt; or 
c.: MTQ2 for 
CP2 

C P Con1'Igure 
(SCLCom-

mand) 
(CPCQ1 :, r 

CPCQ2) 
STORCMD '" 

XXXXX. 

TAOLE 3.6.4-1 

COMMAND RESPONSl S FOR COMMAND SUBSYSTEM 

COMMAND -
TITLE RESPONSE MNEMONIC . 

Stored Com.mlll'd The SCL 01 the approprtate CP, If It Is In CLOGlS 
the Load state, will aocept the s tored com- CLOO2S 
mend, and Its addres8 pointer will advance 
by one CO'.lDt for each sLored command. C M}';M1 C 

Stored Time Delay No apparent difference from r esponse to 
Command. Il11Y stored commend (above) . 

SCL Standby (0001) If SC L Is ON and In any state except 10, CLOGl S 
(STORCMD '" STDBY) SCL will go to State 15. CLOO2S 

SCL lmmedlate Start tI SC L Is ON and In States 0, I, 4, 5 or I S, CLOG1S 
(0010) SC L will go to State 12 for 62 . 5 ms and CLOG2S 
(STORCMD - IMMED) then switch among States 8 , 9, 12 and 13, 

depending on the stored commands being 
processed. Il SCL Is ON and In State 2 and CMEMIC 
the next memory entry Is a command (MSB CMEM2C 
= t), SCL will go to State 8 and continue 
processln.g. If SC L Is ON and In State 2 
and the next memory entry Is a delay (.MSB 
= 0 ), SCL will go to State 13 and cooUnue 
processlng. tI SCL Is ON and In State 3, 
SCL w\U go to State 9 and continue proceS-
slnl!: the delay stored In the tlmE' delay 
counkr. 

TELE1-1ETHV VERIFICATION I 
INDICATION AND/OR REMAP.KS I 

SCL State: State 14. 
(Load) 

Command Memo!l: Address Pointe r : Com.man 
memory addres8 will advance one count for 
each memo ry load command. 

• Same as for any stored command (above). 

• Memory verification will IndIc.te tf 
correct time delay was loaded. 

SCL Sta.te: State 15. 

SCL State: States 8 , 9, 12 and 13 , depeodlnl!: 
on .. tored commands beIng processed anid TM 
sampling of state. 

Command Memo!l: Address Pointer: Com-
mand memory address will be advaoolng as 
commands and time delays are beLng proct!llse< . 

.-
Othe r TM: Other &1bsystems will be com-
manded by the stored commands. 
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TABLE 3. 6. 4-1. COMMAi'll) J', ES PONSES FOR COMMA ND SLI3SYSTEM IC 00 tl.ru cd) 
-

COMMAND -
MNEMONIC TITLE RESPONSE MNEMONIC 

., 
C P ronflgur ... I 1 l Im ed St. n (001 1) I: SCL Is ON and In any s tate except 6 , 10 , CLOGl S 
ISCL C MO) ! [ylRC MD • TIMF: D) 11 or 14 , SCL wUl go to State 1. I! UDd CLOG2S 

(Coatlnued) when tnt! 4(196 c lock Is one , SCL wtll go to 

(C P('Q I ~ 
Slate 5. When t!:Ie 409t; clock II. e . , the 

ir-PCQ2) 
8I!cond MSD 01 DC LO(2) goes from one to 

STORCMD -
u ro, SC L wU1 go from 1!'.ale 5 to Slate 12 

XXXXX. 
for 62. 5 m . !ben s wttch among States 8 , 9 , 
12 ..nd 13 , dependIng on the stored com-
mands being prO<'.eseed. 

CMEM2C 
I C MEMlC 

SCL Load (0100) If SC L I. ON and II> State IS , SCt will go C LOGIS 
ISTORCM D· LOA D\ to Slate 14. SC L must til! In State 14 to 108£ CLOG2S 

the [l)(;IDOry by servtlng memo ry load 
commands. C MEM1C 

C MEM2C 

- -
SCL Advance 1'0 1011 I! 5C l. I..J Or-; and In Stal e 15 , SCL wUl go to CLOGI S 
ISTORCMD - A()VAN} Sht.e It. The memory Is s hifted 24 bi ts CLOG2S 

which results In a ooe-won! advance In 
m emory. SCL wtll then go to State 6 a nd C MEMI C 
r~maln th ere unttl 8 standby command Is CMEM2C 
received. 

- -- --------

'" .,Ot?Vl 
It) ~o.g~ c ..... .... I.C. C· I/) en • ..... .... z,) 

TELEME TRY VERIFICATION 0 0 .... 0= 

rNDIC ATION A.ND/OR REMA RKS 
= :: til • 

til z 

SCL State: ~te 1 un t1l the 4096 c lock (I.e. , 
the second MSB of DCLO(2) goes to one and 
the n the SC L goes to 5. I! c lock Is al ready 01lE 

the trans Ition from Stale 1 to 5 wU1 occur at 
once. When c lock goes from one I.e> zero, 

2: c: I 0 
o CP 

t>1~ ~ I 
,..~ 

~ Gt. 

s wttchlng between states 8, 9, 12 and 13 wU1 
occur, depending on s tored commands being 
procellsed and TM sampling of state. 

I 
Command Memo!I Address Polnter: Wilen 
409 6 c lock goes from on.e to zero, command 

! 
memory address wU1 start advancing as com-
manda and tlmc delays are tll!1ng procellsed. 

Other TM: Othe r subsystems will til! c om-
, 

manded by the stor ed commands. 

SC L Slate: Sta te 14. 

Command Memo!I Address Potnter: Comm.anc 
memory address wtll advance ODe count for 
each memory load command. 

SCL St.ate : State 6 (advance complete). State 
11 will probably not til! observed by TM. 

Command Memo !l: AddreslI Point: Advances 
count by one for each Issuance 01 advance/ 
s tandby command palr. 
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MNEMONIC 

CPCoofIgure 
(SCL CMD) 

(Contlm!ed) 

(CPCQ1 ££ 
CPCQ2) 

STORC MD -
XXJnCX. 

COMMAND 

TITLE RESPON~;E 

SCL Adv.oct' «llO I ) If SCL Is ON and In Slate 2 or 3, the SCL 
(STORCMD - ADVAN) then roes to State 12 for 62. 5 m s , and 
(Continued) switches among Statee 8, 9, 12 and 13, 

depending on the " tored command" beLng 
processed. 

SCL St!lp (0 1101 If SC L Is ON and In State 8, SCL wUl go to 
(STORCMD a STOp) State 2. tr JCL Is ON and In State 13 or 9, 

and the I1me de lay counter Is zero, SCL 
will go to ~'ta te 2. tr SCL Is ON and In 
State 13 or 9 and the time delay counter Is 
not zero, SC L wUl go to State 3. The 
counter wUl stop counting and retaln the 
count that exis ted ~n the STOP command 
was recel ved. 

SCI. Ann Separ al10n II SCL Is ON and in Slale 15, and 8cparnl101 
Switch (Olll ) s wi tch Is c losed , SCL will J;O to State 0 and 
(STORCMD " ARMSp) remain indefinitely untU commanded out of 

that s tate. If SCL Is ON and In State 15, 
lind separation switch II! open, SC L will go 
to State 0 and them Immediately to State 4. 
V.'ben the s eparation switch Is c losed, SCL 
will go (rom State 4 to State 12 and start 
processing stored commands as described 
under SC L ImmedIate Start command. 
{Closing of the separation switch seta a 
laID!! In sr.:L which can only be reset by re-

i movtng el!senttal bUB voltage from the unit 
whIch \.8 not possible by commandl. 

TELEMETRY VERIFICATION 

MNEMONIC INDICATION AND/OR REMARKS 

CLOG1S SCL State: ~tes 8, 9, 12 and 13, depending 
CL0G2S on stored commands being processed and TM 

i s ampllng of state. 

! CMEMIC Command Memory Address Pointer: CommllDl 
;::MEM2C memory address wUl be advanclng as com-

mands and Ume delays are belng processed. 

Other TM: Other subsystems will be com-
manded by tbe stored commands. 

CLOCIS SCL Slate: State 2 or 3, depending on coodi-
CU".JG2S tlonl listed under command responlle. 

C LOG1S SCL State: State 0; If the separation sw1tch Is 
CLOG2S closed (I . e., SSEPXS=l). State 4 If the separ 

atlon switch Is open (I. e., SSEPXS=O). 
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TABLE 3 . 1l. 4-1. COMMA"-o RESPONSES FOR COMMAND SUBSYSTEM (Con ttnued) 

COMl lAlW 

MNEMONIC TITLE RESPONSE MNEbt ONlC 

P Conl\l-"Ure set Clcar/( 'N If SCI.. Is OFF. SCI.. power wm be turned CU>G1S 
(SCI r MO) I (1000 or 100 l) ON .. 1tb SCI.. In State 15. Command metn- C LO(;2S 
(e Onl hme-d) ('ITORt MD ' ( I EH I ~ ory ... m be t:: leA red and the command mem- r---
i\J>CQ\ I!! 

rl.}';R2) ory address polDter wUl be zero. I! SCI.. CSCUS 

CPCQ2 I 
Is Oi>l nnd In SWte 15, c ommand memory CSCL2S 
wlI \ be c leared and the command m.e mory 

STOR(,MD~ a.dd~88 pointer wUl be :te r o. C MEMI C 
XXXXX . C MEM2C 

CMon 
CMEW 

PBUSU 

PUMTl 

SC"L Index (l010 I!! 10 11 ) If SC I.. Is ON and Ln States 15 or 10 , CQrn- CLOOl S 

(STOHCMD = INOJO or 
ma.r:d memory wUJ be I'nd around sbltterl C LOG2S 
untIJ the fi rst s toreo word occupieR addre.!/8 

I NOX2) O. SCI.. wtll gu to Stn '.e 15. Cl\fEMlC 
CMEMlC 

<;('1.. H.:ad n ! ()(' ~ 11011 If SCI.. Is ON and In State I S, SCI.. w11180 to CLOG1S 

(STORCill 0 = R}';AOl 2!: 
SlatA.' 10 . SCL muSI be In State 10 Co r m em C I..oc:.:S 
ory ve rl n catlon. SC L wUl go from Slate 10 .... 

R~A021 to Slate 1.5 when the address pointer goes to CMEMIC 

,,~m." .. m om.,>, ",tlI"U®., '" M I CMEM2C 
Index commnnd. 

- - - - - ------~---

TF. LEMETRY VEru n CATlON 

tNDlCATIOS AND/OR REMARK8 

I SC I.. State : State 15. 

-
SCI. State: ON (Lc«lo 1) 

f ommAbd Memo!} AddrelllS Polatert Zero~ 

Comm and MCOlO!:! ~adout : EDti l'e m~ry 
rada zero. 

~acec raft Loeda Curreat: AD 1.Dc.'t'ue crl 
about 72 Dlllll~peres n lSB) ~ SCL Is 
turned ON. 

lJus Vol!!&! Uml~r CUr r eah Decrnae. u 
much lUI PBURU hu IJIereued, It .atllcteet 
surplus s olar paae' current Is p~at. 

SCL State : !3Ui.te 1 5. 

Command Memo!l Addre • • Polnter: Zem. 

----
SC L State : Sta.te 10 . 

Comm md Mnno!l! Address Polnte r : Commaoc 
mem ory addre .. wm be advUlClag ~ mem 
o ry ve r1.fIo attoc.. 

'" cr. 
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!II .... 
o 
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COMMAND -

MNEMONIC TITLE RESPONSE 

CPConngur~ SC L OFF(lll O or 111 11. SCL Power will be turned (,FF. 
SCL C MD) 

(STORCMD = OFF! .!!! 
(Continued) 

OF 1'"2) 

(C PCQl or 
C PCQ2\ i 

STORCMD c 
XXXXX. 

C P Configure Rece ive r "onnal The :t"ce lve r Normal ('ommand wlU set tile 
Recel\ e r Md 

(HC V = NORM L) 
Com m -oo P rocessor Rece ive r Reverse 

Tele me try Slate to NORMA L and gene r ate an envelope 
Commands ) to select the "onnal omn.l antenna/rece iver 

(CPCQ1.!!! 
cooll gu r ation. 

(C PCQ2\ RC \1= 

XXXX 
Receiver Reverse The Receive r Reve r se c omm:uxl will set 
(RCV c RVRSE\ the Command Processor Receiver Reverse 

Slate to REVERSE and generate an envelope 
to select the reverse omnl antenna/receive r 
c onOguratlon. 

Clear Command Counter The command c ounter and reject flag In the 
and Reject Flag C P ,,111 be set to :tero. 

(RCV - CLEAR) 
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TELEMETRY VEnl nCATION 

MNEMONIC INDICATION AND/OR REMARKS 

PBUS U ~aceoratt Loads CUrrent, A decreue of 
about 72 mUlIP.mperes (1 LSB) when SCL Ls 
turned OFF. 

PLIMTI Bus Volta~ UmUe:r CUrrent: lncreues .. 
mucb as PBUSLJ bas decreued. If auftlclent 
surplus sctar panel current Ls pretleDt. 

CSCUS SCL Status: OFF (Logic 0) 
CSCL2S 

CLOG1S SCL Status: All Logic 1 bIts. 
CL0G2S 

CREVlS CP Receiver Reverse State: Norm.a! (Logic 1). 
C REV2S 

RRCVHS RF Swttcb Position: Receiver 2 to despln 
antennas and Receiver 1 to aft antenna 
(Logtc 1). 

I 

CREVlS CP Receiver Reverse State: Reverse 
CREV2S (Logic 0) . 

RRCVRS RF Switch Posltton: ReceIver 1 to desp\n 
antennas and Receive r 2 to aft antenna (LogicOl 

CREJ"lS Command Reject: Zero 
CREJ2S _ . 
CCMDlC Com.mand Counter: Ze ro 
CCMD2C 
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COMMAND 
I 

TITLE ! RESPONSE MNEMONIC 
-

Command Proceesor Seta lip logic tD coo1\guJ-e r eceiver N/A 
Select (C MD PROCSEL reve r se ' " r norm:1l or ,-everse outputa. 
- Nooe/No. l /No. 2/ 
E ither 0/1/213) 

COM 1 and 2 OFF For some Ca UurE, modes In the COM which N/A 
COM 3 and 4 OFF leave the COM pI>~red ON. the COM can 
COM 5 and 6 OFF stUi tw used by eendl ng a COM OF F com-

mand alte r each command using that COM. 
In n OI'1DaJ operaUon, the COM 18 autDmat1-
cally turned OFF at complet1on oC command 
proces8lnc· 

SCL 1 OFF Dl8crete command whI c h will IlJrn SCL 1 CSCL1S 
Power OFF. 

PBUSU 

PUMTI 

SCL 2 OrF DIscrete command wn!ch will tu rn SCL 2 CSCL2S 
Powcr OFF. 

P B USLr 

1 
PLrMTI 

_______ L __ - -

~ CIloeVl 
~ ~ P·R ~ ~ 

~. ~ ' \Q • ,.. 
I/) 114 • /oJ. 
~. .... ~ O 

TELEr.IETRY VEllIFIC ATlOI' 0 0 ..... 0:: 
1::1 1::1 III • 

INDIC ATION AND/OR REMARKS Ul liE 

No telemetry verlflcall on. 

11 a COM faU s to respond tD a command, send 
a COM OFF command an<.! try tD send the 
command again. IJ the COM r eBpODds tD the 
command, thc COM can s t1U be used. t.y send-

% C; I 0 
o ~ 

~~L 
Q·F[ 

~I 
Ing /I COM OFF Command after each command 
usi ng the COM. 

SCL 1 Statu.: Zero 

SpaCecI ;ait Loads Current : A dec r eee of 
about 72 tr,U lIamperes (l LSB) when SCL 'S 
IlJrned OF F. 

Bull Voltai e Umlter Current: lnc reuCl! as 
m uc h 88 P B USLI has dec r eased, 11 autr\c lent 
surplus s olar p anel curr e nt III present. 

SCL 2 Statu.: Zer o 

SDacecraft Loads Current: A decrease 01 
about 72 m Ul lampcr u (1 J:b) when SCL !!I 
tumed OFF. 

BuB VoIlaS!! Umlte r Current: l1:creaaes as 
much all PBUSLI bas dec r eased, 11 .umclenl 
surpl us solar panel cu.r rent 1.8 p r esent. 

-- -- -- -- --
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III the PCl' fa ll s \.0 dI sa rm the s quib 
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lIent aftE- r 18. 5 lleeon<is from arming. 
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TI::LEM ET RY \ 'ERlnCATION 
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Verifi ed If a ssociated flre comm and Is 
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3.1 COBlUIICA!lOIS SUBSIST •• 

5,b.,at,. pt.criptipB- ~. Orblt.r co •• aDic.tioD 
.. barst •• g.n.r.t •• an 5-baa4 40waliak .ign.1, 
~ •••• 04al.~.s lt vith ~. PSI .04alat.4 
tol ••• trr aabearrler froa tb. t.le .. ~, 
procesaor, .n4 traD •• ita it, .itb ~~.iD.llr 
.itb.r 10 or 20 •• tt. of ., pow.r f.d into ODe of 
.... r.l antenn... ~b. aaba,st •• also rec.i ... 
u4 4 .. 04alat •• the uplink pbaae .o4al.te4 5-ban4 
aiga.l .nd prowi4.s the PSI tone. to tb. co ••• a4 
procesaor. In addition, tb. suba,,,,, prow14 •• a. unlooal.ted 1-baD4 dovnliak carrier frol • on. 
v.tt (into tb. aateana) tr.n •• itte, for tbe 
occultation uperi_nt. ~ ... frequ.nCJ of tJais 1-
band carrier i. cober.nt vitb the S-band 40w.link 
frequeacr. He.iapbaric.l tr.n •• it .a4 reeel .. 
coy.rage is proy!4ed for tba 5-bUG ai9 •• ~a bl 
\he lultiple antennas shown in 'igar. 3.7.1-1. 
!'he forw.rd o.ni coyers .pproxi •• tel I &e.':'O tt) 95. 
froa tbe .& .zis, aod 95 0 to 1800 is coy.red hI 
tae .ft olni. The I-band signal is ,adiat.d bl 
the higb ga1. aDteaDa, whic~ alao proyide ••• rrow 
be •• S-baDd coyerage by .irtue of lbe dual 
frequencI, S/I-b.nd feed. A d08ghn.t ahaped 
patter. Carl.etric vitb tlae spacecraft Z axia) is 
pro.ide4 bl the high gain backup ant.nna, tbat 
.. y be 8til1&ed if tbe HGA ia .paa ap. Selection 
of tbe desired anteana an4 tran •• itter/receiYer 
coabination is 4ooolplisb.d hI a.... of tbe 8t 
.. itche., as sbown in tbe functional block 
41agraa of Pigure 3.1.1-~ and the appropriate 
-01/0"- coaaand of tbe pover aaplifiers and 
\raaspoDder exciters. transponder 1 tf'cei.e:r or 
transpoDder 2 reoeiy~r selection i. d~n. br 
tuniDg the uplink frequeDer to tbe desired 
recei.er's uniq.e operatiDg fr.q~encI 
(2112.289352 aHz and 2112.~30_01 88&, 
re8pecti.elr) aince both reeei.era are alva,. on. 
Tb. -iD-lock- status signal frci each racei.er i • 
• ent to tb. coI.ud processor to guard aC).in8t 
th. noise output of the UD_ad recei wer fro. 
beiag proce.sed by the ~oal.D4 prOOltNor. Tbe 
\raDsaitter cODsists ot four 10-vatt solid-.tate 
po_r aaplifiers whicb caD be operated one at a 
ti •• or in pairs. II ben operatee! in pairs, th.ir 
oatputa are au •• ad by a l dB hrbri4 to pro_ide 
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3.7.2 

lb. 20 wat~ S-baDd IF capabilitJ. Bacb of tbe 
four power •• plifiers is driYeD bJ a dedicated 
aolid-.tate driver •• plifier that receive. ita de 
po .. r fro. tate pewer a.plifier power CODYerter 
tbat it i.a driYiDCJ. All four driVer a.plitiers 
ue driYeD aiaultaDeousll bJ a .. n. of tile four
•• J pewer diyider (6 dB bJbri4, wboae iaput is 
.. lected bJ tbe SPDT awitcb (S-svitcb) to be 
eitber ODe of tile traDsponder exciters). A 
ai.ultaneou8 traDe.it 4nd receive capabilitJ 
tbrough a.J of tbe anteunas is provided bJ the 
two 4iplexera. 

~he coaauDicatioD subsyst.a units are arraDged on 
the spiDDing eCjuip .. at sbelf as sbown in Figure 
3.7.1-3. Plac .. eDt of tbe units 18 int.Dded to 
.1Di.ize coax liDe lengtb aDd aP i~~ertioD loas. 
~he power a.plifiers, due to tbeir h1gb iAt.mal 
beat dissipation, have been located OYer the 
abelf tber.al louyers. Sinc. the fonard a.ni 
anteDna, high gaiD antenDa, and high qai. backup 
antenna are all located OD the despun portion of 
Ue spacecraft, JU' pover is coupled to these 
antenn •• via tbe rotary joiat. Tbe rotary joint 
contaiDS one cbanDel for S-band (destiDed for anJ 
OD. of tbw tbree antenna.) and one cbaDnel f~ 1-
baad ,de.tiDed for tbe 8Gl only). Tbus, 
.. lectioD of tbe ~ree de.pun antenDas is 
acco.plisbed by tbe despun switches 80unted on 
tb. anteDna .as~. COII.ands for these switche. 
are routed Yia slip rings iD tbe BAPTA. 

A detailed Logic Plow diagra. for the BubsJste. 
18 sbown in rigure 3.1.1-4 (Append~ C). It 
identifies all coaaand inputs to their ter.inal 
poiats, and all tele.etrJ outputs tra. their 
generic sources. 

gRit DtIC'iptioDS 

'IIg,poac1.,. 'fbe transponder CODsista of a 
receiver .actio. aDd an elciter section. A 
tUDctional block dugra. of tbe transponder 1& 
shown in Pi9Qre 3.1.2.1-1. rae frequency plan 
abow. in tbe block diagr •• is 91YaO ia taras of 
the S-band downlia~ frequency, DoainallJ 2294 
118&, as indicate4 bl 2 .. 0 , 1.rbe frequency 
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inelicated bJ '2 is til •• ecOAd 11 fregaeacJ aad i. 
ao.inalll 12.2S 88z. 

3.7.2.1,1 JruaPipd., "c,U". -ria. t,a.pond.r receiY.r, 
"r.aft.r r.f.rred to a. tb. reeeiy.r. is aa S
baael plaaa. lock raceiy., tllat d •• oelulat.. the 
apliAk co •• aDel tOA" fro. U. carri.r anel 
proYi4 •• a fraqa.acy aoaEC. for tla •• zcit.r tbat 
18 pha •• cob.reat with tbe apliak carri.r. 71l. 
aplink liP ia roatee! first to t_ I' cony.rt., 
.odale. rbi •• odal. li.ita tb. r.ceiy.r 
pred.t.ctio. baadv14th to 60 a8z hi ... as of the 
preselector filter. 

Aft.r conYeraiOD to the first I' fr.qa.aeJ of 13 
". the aignal is roat.d to the fir.t l' 
.. pl~fi.r vh.r. it is .. plifi.el Aael conY.rted to 
the secoad I' frequ.DcJ of '2. rh. 88coael I' 
aapliti.r farth.r aaplifi •• the .iga&1, perfor •• 
narrow-baael filt.riDg anel proYiele. a Ilarel li.it.el 
OGtput aad a liaear outpat t.o th. pha.e det.ctor 
asa •• lUJ. 

'lh. d.tector d_odulat.s the lia.ar input. to. 
proYid. a cob.reat lGC an4 til. in-lock aignala. 
'lb. h~rd liaite4 iapat i8 d.aoclalat.d t.o proYi4. 
the .rror sigaals for the plaas. lock loop and t.b. 
co •• aDel aabcarrier. Th. phase loci. error aignal 
18 coaditioned bJ tll ••• eoael orel.r loop fUt.r in 
t.b. YOO .odul.. ~M oatpat. of tal loop filt.r 
coatrol. the yeo phase aDel fr.c;a'::lCJ aad ia also 
t.l.aetered as the static phase error (SPB). Tb. 
'co oatpat frequ.aer is aaltiplied aDd tran.lated 
CYia a fixed 08ci114tor at 2 '2) in th. local 
oscillator ass.ablJ t.o proyid. th. aiz.r 
freqaID'i'. of 26 " to the I' conYerter. aDd 
(13'1) - '2 to tbe first I' a.plifi.r aodal'8. 
It also prot'!dea tlae refereace fr:equ.acJ (2 '2) 
~ tlae detector ao4ule for the coherent pkaa. 
d.t.clioa process. 

lu".r for tbe receiYer auclales is proYided bJ a 
po •• r CODYerter tlaQt con~.rts the aoaiaal 28 yolt 
iapat. yol\&g8 ,.ssential baa, to +" Cr.c.iYer), +" Crelay yolta9* for .xcit.r coatrol fancti~.s) 
&ad -bY (receiYer). Oyereurre.t p~'ectioD for 
tAe ree.iyer is proYidad bJ a carrent Ii.iter set 

.... 1aioa 
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Secu. 10. 1.1.2.1.1 
Dc. 10. IC-10a 
Oa.,. J._ ..... ~Da~U ..... ~V~28!!'"'Zf--8 
a.ia10.lo. 

K _III 

a.Ja!o. 

ae 200 tlO la. ..C81 •• 1· faiDq ill 1aclad" 
.ater_1l1 in Ua • .,acec:nft baroe_ (3.18 aap 
fa .. ). ~ ... recei •• caaDOt be co •• aac1e4 orr, aa4 
18 01 .... n ••• r ~c is appUecl to tbe 4c iapat. 
Siace boUl r~i 'en are coan.etect to tb. 
ap.caera!t .8£.ntial ba., tb., are alval. 01 and 
ta. rec.i.er ad4reasiDg is .1. appropriate uplink 
freg_encr ~lect10a. The i.portant operational 
cbar.ct.rist~· of the rae.i.er are .s followa: 

• '(,be ,lgQr. 
• ~rrl.r Tbrealllold ,at 

re,t:~i •• r inpat ter.lnal) 
• Tblr •• bold Loop Mois. 

Ba:advidU (lBLO) 
• trAcking Capabi!ity 

• AGC bnge 
• eo ..... d capability 
• CO •• and Taresaold 

(Calculated, for 
BII a 3.5 X 10-') 

1." dB 
-153 dB. 

18 Hz 

t~OO kJlz .. t 
5S Hz/sec.: at 
-1AlO elBa iDput 
1 ••• 1 
100 dB ainillaa .oa. 
-118.6 clB./aZ 
,worst ca •• 
flux den.ity) 

(-136.b1 d8. at 
the recei.e 
aatenna output 
port) • 

1M' Lpg rrIQI!PlSiJ ~tll!llitJ (Alsi Set 'ig,,,, 
1.1.2.1-2) : 

-40, to .,2601' 
.32., to .90-, 
at .810' for 10 ~oars 

'franspoDd.r 
!i, 1 '51 3) 

22.0 kllz 
6.6 kllz 
3.8 kBz 

'IraDsponder 
12. 2 .SI -. 

15.4 k8z 
",1 kHz 
2.3 kHz 

"l ... trr Ip'QlI.~iQa 'Ii'S «,\&lIt ~.fQ'1A II 
112'1111, ,,: 

• 
• 
• 
• 

latoaatic Gain Control (AGe) 
Static Ph... Irror eSPI) 
la-lock Status 
yeo f •• per.tllre 
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3.7.2.1.2 trlA.ROa4" licit.,. Th •• zcit.r proyi4.s an S
Mad aigau that i. piau •• 04ulat.d bJ tb. 
t.l ••• trJ subcarrier. TN fr.p.nC! 80urc. for 
tJl •• zcit.r is .ither t.h. rec.iy.r 'co CMltput, or 
th. redun4ant uuspond.r 'co, or an auziliary 
oscillator in the Gciter. Th. fr!Cj\l!ncJ soarc. 
is •• l.ct.d accor4uCJ to tb. lO9ic SbOVD 1a Tabl. 
3.1.2-1. fbe auziliary oscillator is 01 vb.n.yer 
the .zci t..r is 01, regardless of w b.th.r t.b. 
l'eoeiY.r is locked to th.a upliak fregu.ncy or 
Dot. rb. inMb! t cola.r.nt .od. co_aM caua_ 
th •• zeit.er to ase tb. auziliary o.eil.lator 
frequ.ncy source wbea t.b. nceiY.r is lo(;k.4 aad 
the t.ransfer to 'co co.aand (test onlJ, sborte4 
out. by fligbt. test access conaector) caase. the 
.zeit.er t.o uae tb. unlock.d ,CO as t.he frega.ac, 
soure.. Selection of tb. frequ.ncJ soarce is 
40n. by a solid-atate switch, witb both sourc.s 
alv.y. preseat at. the input. to t.b. swit.ch. 

1 30 F1 signal, generate4 in t.be 111/X1~ 
.ult.ipli.r, is applied t.o the phase .o4ulat.or 
where it is pbase aodu~at..d by t .. t.1 ••• tl:, 
s,,'>carri.r. Tile t.ele.·ttry subcarri.r froa t.be 
tel ... try proces80r is reg.n.rat.d in t.b •• zcit.r 
in ord.r to cont.rol t.be 8£p1it.ud. of t.b. 
~dulat.in9 signal t.bat is applied to tb. pbase 
aodulator. ~bis .akes t.b •• odu1atioa ind.z 
stabilit.J ind~peD4.nt. of t._ int.rface bet. ... n 
th. tel ••• t.r}' processor aa4 the eonaieation 
aubsyste., t.bua resulting in a st.abl •• o4ulat.ion 
index. ~Ile co •• andable s.lect.ion of .00ulat.1on 
ind.z is aceoeplisbed by at.t..nuating t.b. 
regea_rat.d subcarrier wit.h a yariable Yolt.&ge 
41yid.r. Tb. J8 aultiplier/s-band pover 
a.plifier generat.es t.h. 2~0 '1 output., a.plifi.s 
it and k.eps t.1l. out.put leY.l eoaat.ant b, •• ana 
of an auto.atie 1.yeli09 loop • 

• dc to de pow.r CODy.rt.r proYid.s +11, +9 an4 -
• 'de for tb~ ezeiter .odul~s. OYercurr.at. 
prot.ction for t.1le oxcit.er is proY ided by a 
carrent liait.r set. for 360 t~O .a. Izcit.r 
fasing ia included •• ternally in tb. &pacecraft 
bar.... (3/4 a.p fuae). Tb •• xciter i. co •• an4.4 
0110" by the couand that. t.UX-1UI tb. power 
conYert.er O'jO'F. 'fhe 01/01' couan4 is s.ell 
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TABLE 3.7. Z-l 

TRANSPONDER EXCITER FREQUENCY SOURCE SELECTION LOGIC 

r;:'::::~:;~:::::;~:::l--;~::::~:d-~~~~~~~::-r----------------------~I 
r--"1nhltIr----"TransTerT--j-----()\;"n-----Redundant-' I 
I Coherent to I Receiver Receiver I Selected Frequency Source I I Mode VCO I In Lock In Lock I for Downlink Only I 

~-@fEH~~~-rn3~~~~L1~-1--~~~~i~~Q~!S)4~JL------_--------_________ ~ 
I I I 

I I o 0 I No No f Auxiliary 08cillator Z. 

o 
o 

o 

o 

o 

1 

o 
o 

1 

I 

1 

I No Yea I 
I I 
I Yea Either I 
I Yea or No f 
I 
I 
I 

I 
I 
I 

I 

No 

No 

Yea 

No 

Yea 

Either 
Yea or No 

Redundant Receiver veo 

Own Receiver VCO 

Own Receiver VCO 

Redundant Receiver veo 

Own Receiver VCO 

I 
Either I Either Either Auxiliary 08cillator z* 
Oorl I Ye8orNo Ye80rNo I I 

I I I L ___________________ . ___ ~ _____________________ ~ __________ --------------~ 

• Te8t only. This command ia diaabled (aet to a permanent "0" atate) by ground connection made 
by test acce .. flight plug_ 

2. Auxiliary oscillator is always the one on in the exciter of intereat, since only oae exciter can 
be COtnJTl&nded on at a time. 

3. X = 1 or Z. 

4* Y = Designation for Redundant Receiver. 

-

• .Or" I • D. II 
Ii t"-:a. ~ ... ... ~I 
0 0"'0 
1:1 ••• • 11 r o. • 

• 

N 

c' 
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tlaa~ _11 OD. e&c:l tar caa be 0. at a tl... bat. 
botll ca. be off ai.al t ..... 1, • 

lb. laporta.t operatioDa1 cbaract.rlatica of tb • 
• zeiter an .. fo11o.. (fartb.r dltaila of 
co_aDd. aa4 t.1_etry am 1. Stctio. 1.1 •• aa4 
lPPlD41z 1. reapectl.,l!): 

• 8oda1atloD lA4.s eo .... t.bl. to 1.18 
,a4ia •• or 0.65 r.diaDa 
C61.6. or 31.2. 
reaptc:t.i •• 1J) 

• lazillarr 08C1l1ator ',.qat.cI Stability •• 
~ •• ,.ratare: 

... -.,.-
+32· 
+11'· .50-
+61· 
.68-.". +90-

.,26-

1".pop4,r l 
(51 3) 

2293.812960 
2293.883520 
2293.888920 
22~3.890360 
2293.890120 
2293.890120 
2293.890 120 
2293.888920 
2293.881120 
3293.885920 

InMPopAv,.i 
(SI .. , 

22911 .2"6"0 
22911.256120 
22911.261520 
229".2621180 
229".2621180 
229'.261880 
229'.260560 
229" .. 2592"0 
22911.256600 
229" .252280 

• eo •• a.4 Capability 
(I.f.r to SliM:tio. 
1.7 •• ) for 4.taila) 

beit.r 1 01, 2 opr 
&zeit.r 2 01, 1 opr 
bci t.ra 1 a.1i 2 orr 
8i9b 104 laclex 

• ~.l ••• try 
lafor.atio. 
,I.f., to ~pp .. 4iz 
1 for d.tails, 

1.0" 804 b4.z 
Iabibit Cob.r.at 804 • 
••• tore Cob.rea t lIod. 
~raDaf.r to 'co 01 

Ct .. t oalJ' 
2raaaf.r to 'co opr 

(t_t. OIllJ' 
la.iliar, o.cillator 

7e.pe,atur • 
• seit., OIIOPr St.ataa 
1D hi bit/aeat.or. 
Cola.nat 104. statu 
?raDaf.r to 'co ol/O,r 
stat .. 

... l.loa 

3.1-1 
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prlltr '.plifi.,. ~Iae 4ri •• r up11f1.r CODauta 
of tlan. trauiator atag_ t.at •• plifJ tb •• ,. 
48~ inpat fro. tat .~cit.r to .pprozia.t.lJ +3' 
48.. Tb. firat atag. op.rat •• aa Cla .. I .. 4 tb • 
.-<:ooel Del thircl atag.a oper.t ••• Cla .. C. 'lh. 
ac pow.r for t •• elri •• r •• plifi.r 18 supplied hJ 
tJa. pow.r .'pl1fiar dc regalator. 'I'1a.re .re DO 
fa ... or current lbiting in th. dri •• r 
.. p1i£ier. 'lher. are DO CO"&D4. or t.le •• try 
for the elriYtr a'pliti8r. 'I'la. 4ri •• r •• pl1fi.r. 
ar. turDed ol/orp .h.De.er the po •• r alplit1.rs 
ar turDed ol/Orr respecti.elJ_ 

Ponr 'IDli,it,. 'I'h. po ... r •• plifi.r •• plitia. 
the S-band output signai fro. the elr1Y.r 
aplifi.r uel pro.ides •• iDuu ot !f.S vatt. 
output. 'I'bi. is acco.pliabed bJ t~ higb pov.r. 
ISC300~. tran.i.tors in parallel. Th. Br iDpat 
po •• r i •• plit into twu paths bJ the •••• type of 
3 dB hJhrid U.t coabine. the outpat fro. tla. tvo 
asc300~.. aa .bown by the block di.9~' in rigur. 
3.7.2.3-1. 'I'h. two tran.i.tora are prot.cte4 hJ 
til. output isolator. '0 tJaat it is poaaibl. to 
operate th. a.plifi.r into .n open circuit or 
abor~ circuit (due tu .p.cecraft failur.). 
altbough operationall, this should .1.a,a be 
•• o14ed clae to the additioDal atre ... acounter.el. 

DC pow.r tor tb. t.o ., transiatora is proyided 
b7 a telperatur. coa~Da4ted aeri •• regulator. 
h.pentar. co.pe.Ation ia nttce •• &rJ to li.it 
tAt carreat coaau.ption to th. specitied 1.2 
ap.r .. at th. aabient an4 low.r t .. per.tar •• 
• ~er. th. tr.n.istors put out .or. Ir pov.r but 
dr •• aore current. 'I'his regul.tor .lao .upplie. 
tat 4c power to the driYer •• plifier. rae 
control circuit. tor. the .aplitier ar. in the dc 
_ctioa or ·de tr ... •• Oa/Off cuntrol i. 
accoapliabed hJ ... ns of a l.tching circuit taat 
latcb_ the re~ul.tor on vith the -0 •• pul •• 
co •• aDd a.d turns it ott with the -orr· pul .. 
co.aad or lot tbe baa Yolt&g' drops too lov. 
appro1i.atel, .eYeD yolt.. ther. i •• lao curr.Dt 
li.itiag. vhieh ia s.t .t two a.peres. &D4 if tbe 
fault is .uCD so a. to c.u •• aor. current to be 
4rawD. th. regal.ted yoitage vill d.crease (-tolcl 
back·) 1a or~r to 8.int.ain the two .. pere. 

l 

~~~~--+---------------------------------------------..... '-' ... -................ ~ ..•. -
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CQrceat lillit. hrt-'ln.l. for a an.rl faalt. 
tJa. regolateel yoltAge caD faU below tile .. WID 
wolt. t~re&bo14 .. 4 tbe reta1ator .111 a.latch, 
Uat .l8 tarD off. 'lb. ..pl1fllr can be tarDed on 
A9UD bf t~. ItO ... 00 .... 4 bat. lf tJa. faalt atill 
eziata. it vlll aDlJ .but off ag.1D. 

tbe power a.plifiar ia faaeel iDterDallr wit~ tvo 
(2) four "p.r. tu ... aDd • 0.2 o~. reat.tor 1. 
iD •• rie. ~t.nallr iD tbe b.n ••• vitb ODe f ... 
ao Uaat 0 •• fa .. wU.l alvaf. blow tiat. 

OUtpat Po •• r 
CQrreat COD ••• ption 

Currellt Li.it 
Bini.a. Bua 'oltage 
~ a ••• iD -Latched- On 
tele.etE} IDfor.atioD 

9.5 watta .iniaa. 
1.2 a.per •• (0.' 
a.pere. additional 
for 4r1Y.r 
•• plifi.r) 
2 •• pen. 
Z wolta 

Po •• r Oatp.t 
I.plifi.r 
Teaperatar. 
eaefer to IppeDdu 
I for 4etail.) 

',bridl. RiRltle,. 11010 tpr aat loSA" Joiat. 
TVo trpe. of brbrid. are uae4 iD tb. Orbit.r 
eo •• uueatioD Sabarate.. tb. 6 dB bJbri4 ia .: .. d 
to aplit tbe output po •• r of t~. ezciter four 
.afa to driy. ~e foar driy.r a.plifiera. T~. 3 
dB bJbri4 1& aeed a. a po •• r au •• er to coabi.e 
til. outpat of two power uplifi.r.. lolla bJbri4. 
ar. ,.aaiYe deYice5 4nd ~Ye DO CO .... d or 
tele.atrJ capabllitr. 

RiDlel,r. ,be 4iplezer peraita .i.ultaa8Oo. 
t' .... i .. 1on aDd receptiOD t.rougb t~ .... 
an~nDa. t~e diple.er uUlizea tvo coalial Ctll, 
.ode filter. coaDected a •• bo •• in t~e .c~ •• atic 
in 'igDre~ 3.7.2.4-1& aad 3.7.2._-18: operatioD 
1& ezpld.ae4 br tIlf ;~lock dia,!:'u ill tu .... 
figur.. ...reJJ f,,,":, t~e traa.itt.r i. 
pr.Yeated froa eReriaC) tbe rtc:»iwe, b, t~CI 
Madp ... filter at. tae rteei.er port t.Ut i. 

.e.1aiol1 

{ , 
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"_4 to U. r.eei .. ceDt.r Ir ..... cr. !laia 
fU~.1' laaa laigla .~teaaatlo. at tla. ~n ... lt 
fr .. a .. cr .. 4 low attenuatlon .~ tla. rec.19. 
1r .. a .. cr. ~a ... ltt.r ... rgr d •• to .par. tlaat 
algbt f.ll iato ~. nc.i ..... d i. att.D •• ted br 
U. bud r.ject filt.r tbat 1. tu .. to tJa. 
ncei9. freqHDcr alao. 1'b1. f1lter laa. laigh 
.tt .... tio. at tb. rKel .. fnCJa •• q .t t!a. 
tra •• ai.tt.r inpat port bat loot. like aD OpeD 
eireait at tla •• D~"D. port at tb. r.eei •• 
frec)Gucr· 

7 •• r •• poD •• of tb. SI S dipl ••• r, for • 
coebinatioD of .acb of tb. porta. 1& •• on 1D 
Pigare 3.1.2."-2. SiDe» tb. dipl ... r i •• 
,...1 •• d •• io.. it laa. •• i~.r a coae_Ad DOl' a 
t.l ••• trr capabilitr. 

"ollto,. Tb. 1solator i.a a tbr_-port f.rrite 
eirealator witb a .ateh" t.~.iAatioD oa ~Ia. 
Uircl port. 'lla. t.r.i.atlOD ia clt'ble of 
4i_1patiDg 12 watta. TM .1.gDal i.a paaaecl iD 
~. forw.r4 4ir.ction witla 9arr low iDaertloa 
10.. ,1 ••• thaD 0.3 d8) and with .ar, hlgh 
in •• rtion 10.. (greater than 25 418) iD th. 
ee •• r .. direction. It i ••• 84 betw ••• the 4ri •• r 
.. plifi.r and tb. po.er a.plifier. 'lh. pow.r 
uplifi.r is protected by it& own balt-ln 
iaol,ltor , .... ba.ie d_ign, bat .. 0 .att 
teniaatioD) • 

Iot.'1 ,)oiat. rae rotary joint pro.id •• til. S 
aad l-bIDd IF liata betw ... tb. atltloDary part 
(4 .. pu aDt.D •• ) a04 th. rotatinCj part of tb. 
Orbiter. rh. dual-cuDDel ro~arJ jo1Dt COD.lat. 
of two coac.Dtric co •• i~l li ••• , tb. c.Dtrll li •• 
of vatca carrie. t~ X-b&a4 .igDal, and ~ oat.r 
liD. t.h. S-baD4 at • iDiaal l05a. la.i ••• life 
_4 .b •• a •• , ao1 .. i •• D .. n.d bJ tlae a_ of 
aoDcontaetiDg claoke joiDta to couple the ., 
•• rgJ aeros. U •• interflce betw_D tb. 
atatioD.rJ aad .o'l'1.Dg ~rt.. 'I'll. oD1J cODtactuCJ 
parts ac. tile beariDq aDd pow.r traDafer ..... blJ 
,llPTl) ball beariDgs used to •• iDtain • coaataDt 
"paratioD bet ... a tbe .tationar, 04 rotatiAg 
portioaa of Ue NtarJ joiDt.. 

. -
tJ 
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~le rotary joiat is coatained withia the BAPTA, 
wlich prowides t.he aechanical rotating struct.ure 
and aooDtinCJ supports. 

Vaveguide-to-coaxial transitions are used to 
couple in and out of the rotary joint. The X
bind transition uses a siaple probe coupliag 
technique. The S-band traasit.ioa us .. a aodified 
ahorted ceater coaductor in a single ridge 
wayeguide for both tbe iaput and out.put sections. 
The spin sectio~ transitions for both S and X
bands coatain the noncontactiDg chokes. 

Switches 'pd S~i\ch DriJH. ""0 types of BF 
latcbing rel'~J s"it.cbes are used in Ue 
Bus/Orbiter CoaaanicatioDS subsystea, an S switch 
and a C switch. Tbe S switch is a SPD'l switch 
and the C switch is a cross-over awitch in which 
two inputs are alt.ernated between two out.puts, as 
shown ia Figure 3.7.2.5-1,. 

Two coils are used on each svi tch, oae for each 
position, thus requiring two circuits to provide 
the s"itcaing cunent pulaes. Xn fie absence of 
switching pulses, the switches reaain in tbe 
state corresponding to tbe last pulse. 1 aiDiaaa 
specified pulse voltage of 24 volts is required 
to ~ause switching. 

~h prive,. The switda driver consists of 
seven identical _odules packaged in a sing1. 
anit.. Bach aodul. is basically two co .. and pulse 
aaplifiers which iDCrease aDJ one of tbe input 
coaaand signals to tbe yoltage and carrent levels 
required to operate the IF switch. !be standard 
35 asec, 9 to 17 'de coaaanl pulse at any input, 
controls a transistor switch that applies tbe 
unregulated Bus ,essential bus) to tha desigaated 
ar switch coil. pulsing a -2- coa.and input 
provides a palse to the -2- side of the KF 
switch, and ~ pulse at a -1· input provides a 
pulse to the -1- side of the switch. 1 bileyel 
tele.etry oatput is proYided to indicate 
co.aaDded switch status. A -0- indicates that 
the last executed signal was position .,- or 
-noraal- and a -1· indicates tbat the last 
eX8Coted signal was position -2- or -reverae-. 

a.wi.ion 
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..... po .. r i. first app11ecl. or reao'l.d and 
reappli.d, t~. te1 ... trJ co ... ap 1a tha ·0· 
atat., regardl ... of t~e actual s.itch position. 
Th ••• itch dri.era are cODnect.d to the 
.pacecraft .... ntial bus. 

~",d Trl"11tt". !he l-baDd trans.itt.r 
out,at. a carrier ~itho.t ~ndul.tioD) tbat is 
coberent witb tbe S-baad downlink frega.Dcf witb 
the 'reqaeacy ratio of 11/3. It raceiYes ita 
iAput dri.e ai9aa1 fro. the azciter porth'~ of 
ai tlaer tra.uponcleJ:. rlae input fI"\lCJa.nCJ range. 
fro. l10.0.~ !B& to 211.035 8Hz at a le.81 of 0 
48a tl dB. Tbe iaput treqaen«:f is avltiplad 1 .. 0 
bJ four a.parat. 4iode .u1tip1.r8 and a.plified 
such that output sigDal i. 1100 'w .taia •• o.er 
the fregaaacy range of 8~Ol.8 BHz to 8 .... , ... B8z. 
1 block d1a9ra. is ShOWD in Figure 3.1.1-". Th. 
low 'regaencf ..... blJ .cc.pta eitber input driYe 
.igael witbout tba u&& of a •• itcb bJ usiag a l 
dB hybrid au •• er. I ti.~. two .ultiplier and a 
ti ••• four .ultiplier pr09ide an output fraqueacf 
of approzia.telJ 1~9 aB& to the power a.pliti.r 
"Mably. rhis .aeably proyid •• Ua driy. for 
lb_ tvo p.rallel IS .ultipliar a ... bli.s. Tbe 
t);O 15 outputs .r coabiaH bJ • po .. r su •• ar that 
is followed by • coax to vayeguid. adapter that 
coataiDs tb. power .onitor tele.atry pickup 
probe. Tho sigDal fro. the pickup probe is 
uplified by a dc uplifier contained within the 
dc regulator ..... hlr. Tbe dc r.,.lator asse.bly 
pro. ides the necessary yoltages for the 10. 
fraq.eDcJ aas •• bly and tbe power •• plifi.r 
..... blJ aad proyides the Ol/OFP co.a.Dd 
fU8«:t1oa. An oYercurrent liaiter withia the dc 
regulator Ii.its tbe input current to ODV aaper. 
aDd ~urna off tDe aait vb.a thia li.1t is 
n.ch~. Tvo "-a.per. fuaa. in panU.l with a 
ODe resistor in aeries vith one fase protect thp 
spacecraft power bua. 

!he flight J-b.nd ~ans.itte[ 'S~ 002) pover 
output for three test te.peratures is as follows: 

'..,.",,-n= -.. at' ritti it_ 

-
U 
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39 
10 

120 

Po.r o,y. '1'\'" 
1521.8 '.1 I!!l .. 't ." 

1.36 
1.2~ 1.'. 

1.39 
1.28 
1.21 

Tbe l-baad tran •• itter tGliperatar. (aIlItat) is 
teleaetered iD addition ~ tbe pow.r o~tp't 
caUra,) t.ele,etry. 

3.7.2.7 Aate&i.... 'Ill. Orbiter ~tilite. a tonard o.ni 
aad an aft olni utenna to obtain .1r at.r.dian 
antenaa coyerage for coI.and receptiOil ,either 
8i •• ltan~usl,). and tel ... try tr .... ia.ion Cone 
at a tile). .. d.pan IU.gla gain ~nte.na tBGl) 
proYid~a the pril.r, tel ... try link .ad a .1 .... 
dipole antenna proyieles bactar to tile BGl sholld 
tae daspin .eeaani.. fail. 1 brief description 
and a perforlaDce su •• arl for these anteaaas is 
9i.en below: 

3.7.2 r 7.1 AtlD'I' pe,cliptioD 

Big, iliA lp\,.I' 'Iil) DtICEip\ioa. Til. Bigh 
GaiD latenna consists of a _J-inca dialater 
alu.iDua boneycoab parabolic refl.~or and a S/X
band dual freqaency feed. Design frequeaci •• of 
the feed are 2115 is. 229S is aDd 8_,S *S BBa. 
Tae BGA asaelDl} 18 aounted on the despun section 
of the Pio..eer .enU6 Orbiter spilcecraft. 

Tbe reflector and the focal point feed at. 
lOanted indepeDdently on t.e a.at uselbl, to 
~rlit tilting of tbe reflector of approzilately 
100 iD ele.ation for sCAaniag of t. ... 229S aad 
.. lS asz bea •• electrically great:er taan *tS- for 
~e scieatific occultation experiseDt. 

I.e du.l frequeDCY t .. d is a coasial born 
operatialj at: S-DaDd (21~t: to 2300 11Hz) ".ere t.la. 
hollow center condQCtor is ased .a an I-band 
conical feed borD. rae s-baDd feed is escite4 by 
four sl •• atric probes wbicb are f.d at equal 
alplitude aad "itD a 900 pba •• progr.asion to 
obtaiD Circularly polari~ radiatioD. ~he feed 
Ilet.ort for the four probes is aOlle to four 

Ie.i.noa 
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pow.r 4i.1di89 oetvork a&4. up fro. t.llrH 
,a.dratur. br.ncbliPe bJbri4a. 

~~e I .... d feed couiats of til. "011_ ce.ter 
coDdactor of tbe coaxial ~oro ezcited .. a 
circular horn. a two pill polaria.r an4 a right 
&8g1. rectaagular-~-circQlar v ••• gaide 
tra •• it.ion. 

Bi9h Giia I.",p Aat.al. 'IGIRA. Rllcriptiop. 
n. Bigb Gaia Backup Aat.aoa ia a six .l.eot 
caRt.r fed .1 .... 4ipol. array, that .0aDt. OD 
top of the high gaiD aotean. aa.t OD the Orbiter 
apac~aft. 1'M aot.ana opera tes at botll ' 
u .... it and rec.i •• fregu.d .. of 2295 ~5 aod 
2115 ~5 81z, respecti •• ly. It pro.id •• a a.diua 
gai8 asiauthal oanidirectional pattern to be uaed 
as backup to th. high gaill anteDaa in cas. th. 
despua a.challiaa aaltuaetions. 

~h. al.e.e dipole array is a c.n~r f~ atandiog 
wa •• array cODsiating of a •• eral eooceatric 
coasia1 traD.aiaaioo lioas, auch tut th. OQt.er 
coDchactor of ooe 1 iDe sene. as \.he cellter 
coaductor of tbe Ilext 1ewel of conc.ntri~ coaxial liD.. The central coaxial lille ia the feed lioe 
to the forward oalli which is aoullted 011 top of 
the backup aateDna. 1'lda cable is electric.lly 
iA4epelldeat of the backup aRt.enaa. It i. a • 
atraigbt t.hrough f_d line wit.h eOIlDectora Oil 
botb eada. The second concelltric coaxial liae ia 
the iapat. line to the backup a.te •• a. Ita input 
is a coaxial tee juaction aad the li .. coapl.. to 
the third le •• l of ccncentric liae through aD 
aDDular riDg. The third and final cODcelitric 
line couplea directly t.o tbe al .... dipole •• 

~hia third coasial lill. 18 dielectrically loaded 
to reduce the pbaa~ .elocity in the line. Thi. 
aDd ceater feediDq togetaer aake tile aatenna 
rad1ate a broadside baaa witll aiaiaal baaa aqaiat 
at the trauait and neei •• frequencies. ~be 
dielectric loadiDC) of tile oater coaI line alld a 
fibergla ••• 1 .... O'er the whole aa~eably add 
atrength a10a9 the 1ellgtb of t.be a1e •• e dipole 
arraJ. 

u 

) 
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lon.g GIN MtUM PMcript!.. ~ke for.an 
oeDi .. teaaa ia a t~o ar. 109 ~ical spiral. 
Ide. tical uBita are aDaate4 oa top of ... ta 
locat_ OD tke forward s14. of botla tbe 
IQltiprobe BU8 aad IDd Orbiter spacecraft. to 
pro'ide I' coa.Qaicatioa coYe,age OYer a091 .. 
frOit 00 t.o apPNxlaa tely 9So troll t •• pl.. ,. 
cia. 

!lao antoa"a cora.iata of ao opozy gla .. cODica1 
.ell oa .hida tvo copper coaelactor. are 
de.poaited. tbe radia U!lg ele .. ota are fed at 
tae t.op of t~e coae by a .ic~~.trip balQD .~ich 
u •• pported ia a f1 bergla.. t abe. 1 coaz t.o 
.icroatrip t, ... ition 18 located at tb. ba .. of 
tlae antenaa. t~ia deaigA radiate •• rig~t. aand 
circularl, polarized axial mode pattern. 

Aft O.pi Ag~UP' I)pgiRtiog. 'l'be .ft. o •• i 
aat.ana is a co.aon ~.r.atil. al •••• t abo,. a 
coDical qrouDd plane. Ide.tical anita are 
.oaoted oa top of hilts located OIl Ul. aft eDd of 
both the laltiprobe Ius aad orbiter spac.craft. 
to pro.id. IP coamunicatioD co,0~a9. o.er angl •• 
trOll 9S. t.o 180. tro. -:.:.be plg ~""lli •• 

Tbe turnatile el •• ent is .eed to produce circular 
polari&ation aDd typicall, produc •• " nla't;i.,ely 
aarrov 1 dB bea •• idth (100 ) pattera. the co~i~~l 
9roull4 pI ... 1s incorporated to broadell u~! 
baa.width aDd CJ.D.ra~e ~he .url, beaiapher1Q1.1 
gaill co.erag •• 

~he aDteaoA 18 all al.aiD.. ..lded con.~ru~tion 
except for a •• all t.tloR dielec~lc be~~ iD t~. 
iDpo t. conAector. 

The 4eaigD 1s capable of sor.1'iag t~e extr ... 
".p.ratar. (500 0 ,) r.sultiDg fro. its proaiaity 
to the aotor pl.a. 00 the Orbiter. tbe i.pot 
conial CO.Doctor (type riC) anet ... l-rigid teed 
cable ar. protected illside the .a.t on which tbe 
anteua is aoute4. 

"ytaioa 
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0IIi AI'.MI. Plota of tb •• iaia. 9aiD for ta. 
fonarcl aac1 aft oaDi ant_aa.. 11l t.enaa of 
raeliatec1 pow.r cteaa1tr (UI.), are 9i.8a ia 
~1g.n 3.7.1.7-1. rile diffenal-~ bet .... thes. 
plots and ac~aal aateaaa gua is tlaa t Ue 
traDsbtur po"er aad circait lou to eacb 
anteaaa baa bee. iacladed; bo"e.er, th. sbape of 
the cur.ea ia ideUcal to tt. actual anteDaa 
piA. stach a pr __ tatica baa beea jadged to be 
aore .. ef.l dge to tbe deairabilitr of iaaieatiDg 
lbe .plaerica! aDte .. a co.erage of t~. spacecraft 
on OIU* at of coordi.ate axea anel aiDee eacb 
uteDDa has differat feed circ:ait 1088. It i. 
iaportaat to Dote that Figure 3.1.2.7-1 iacla4e. 
Ue aiDiaa. pill of tbe utenDaa at eacb 
ele.atioa aDgle as a fanctioll of azi.gth. rut 
is, th. plots are obtaiDad br aaking an aateDDa 
.. aaareseat wbile boldiD9 ale.atio. a.gle 
CODstaDt a.d .ary!.q tbe aaiaath a8g1e. r~Q 
aziaath aDg1e, tor which t.e gain ia .ini .... 1a 
UeD used to deriYe Figare 3.1.2.1-1. Tbe ~ ) 
.. riatio. bet" .. n ainiag. aDd aaxi... gaiD is . 

3.7-16 

!Delicateet by the c~oic plots, or gain .eraas 
aziaatb angle, 9i~UD in Figure 3.7.2.1-2& and 
3.1.2.1-28. 

ne aioiau receiYe gain for the olll1i alltenDas 
is sbowll in ter •• of flux density i. Pigare 
3.1.2.1-3. rbe co .. aad link threahold, is baaed 
OD tbe specified -103.2 elBa per square aeter 
.. xia .. upliDk pa.er density. and a bit error 
rate (BEl) of 3.5 x 10-6. ~his BII baa b ... 
.shOWD to proyiCle t .. specifie4 probabilitr of 
false cOD •• nd eaecution anel aiased coa.and, anel 
corresponds to a sigDal to noise ratio of 17.2 dB 
at t.e transponder output. It can be a .. a fro. 
figare 3.1.2.7-3 taat for coaagaication angles 
greater tban approrlaately 100 0 , the aft oui ls 
.ore effecti'e for receptiou. 

liih Gt~1 lQ~!PAI. A su •• ary of tbe bigb gaill 
aotenDa aeasared gain and Dtia • .,idth in gi •• n in 
table 3.7.2-2. Tb~ aziauth and ele.ation 
p&tterDs tor the SG~ for 00 dish tilt aDgle for 
2295 GHz are giYeJaLTJ JPiga.res 3.1.2.1~ and 

..... , 
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3.1.3 

3.1.3.1 

3.7.l.7-S, respectively. The azi.ath aDd 
elewatioa patteroa for 8.~lS GBz, 00 acaD, are 
giveD in ligQres 3.7.2.1-6 aDd 3.7.2.7-7, 
reapectively_ tbe OD aais aaial ratioa for the 
HG1 are 1.8 dB at 2.1~ GUz, 1.9 dB .t 2.9S Glz, 
ADd 2.1 dB at ~.ij1S Glz. faese axi.l ratioa .are 
inclucled iD tAe gaiD calc:alatiOll _it .. respect to 
a perfect right baDd circalarlJ polarised soaree. 
It shoula be Doted that ~ince tbe feed is fized 
and the dish is rotated f~r be •• scaBBing, tbe I 
ADd S be.a centers diyerge fro. e.ch other as the 
elisla is tilt.od. r_ be •• diwergence aDd the be_ 
steeriDg as a function ot eliu.tilt angle i_ 
giveD in Yable 3.7.2-3, with defiDitioD of tbe 
BGI PAttern Coordi~ate& aAown in rigure 3Q1.2.7-
8. Tbe effect of the .agaetoaet~r hoo. OD tbe 
HGI Gain patt.rn is seen in ~i~ure 3.7.2.7-9. 

High ilia Baclup la\tPDI. 1 suaaary of til. high 
gain backap anteana perforaance is gi~.n in ~abl. 
3.1.2-4. 'file elewation patt.ern for the BGa01 is 
giwen in ligures 3.7.2.7-10 aDd 3.1.2.1-11 .~d 
the conic or aziauth pl.ttern for 900 (+Z axis) is 
giYen ia rigures 3.1.~.7-12 and 3.1.2.7-13. Tbe 
HGRUl peak gain is fouad bJ taking the .iDiaua 
valQ~ of tbe conic pattern. 

Ipqia!!r.~P9 19§ttJ'IQ\ltiQa - (Se'-12PI84il .) 

Ope,atipui pescripSi2B 

,om'l . ..2.e.r.tilg OWU 

3.1.3.1.1 TrlAsaissip; DodIS. The Orbiter co.aunication 
sODsJstea has a aoabar of operatiaq a04.s whicb 
are defiDed according to the tr~ns.itt~r 
configuration. tb, antenna used, aDeI tb, raeaiv.r 
used. Tae two basic trauaitter aodes are high 
power and low po~Qr. but since tb.re are 
redaadaat pover a.pliti,ra, th.re are seYeral 
co.binations of aaplifiers available for each 
.ada. lurtaeraore, there ar~ t~o basic rout~a 
that tbe Ii power can take, .ith~r through the 
rotarJ joint to ~ despun ant.Dua or to th8 aft 
o.ni. Table 3.1.3-1 lists tb. aod •• ~bicb result 
froa these warioa co.binaUon.c. fbe s.itch 
positions, and associa~ed co •• ands aDd teleaetrJ 

...ia10a 
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'fABLE 3.7.2-2 

HGA PERFORMANC1": SUMMARY 

-
Pe ... k Antenna Gain (Note Z) S-Band Antenna Gam (Note 4) I 

In dB Va. Tilt @ +4. 15° Beamwidth I 
I 

Frequency, Angle (Note 1) V;: Tilt Angle (Note 1) I 
l gHz 

Max'rr.um I ML"limum Maximuln 
Tilt Angle Tilt Angle Tilt A.ngle Tilt Angle Tilt Angle 
~l07. 1°) = 90° (69. 5°) (107.1°) = 90° 

-
2.l95 H.8 25. ;! Z5.5 ZO.6 Zl.:! 

2. ll5 23.5 24.4 23.4 19.9 . 21. Z 

~lS 33.8 35.0 34. 5 - - , 
I . {Note 3} 

Note l: 
Note Z; 
Note 3: 

Ti~t Angle is that aUKle between the RF Beam Boresight and the sic +Z Axb. 
Peak Antenna Gain is meaaured on th~ Beam j3")reaight. 

Note 4: 
Mec8ured X-Band 3 dB Beamwidth ia +1. 1 degrees. 
4. 15° Beamwidth is required by PC 410. 

Minim'lm I 
Tilt An51e i 

(69. 5, I 

21. 1 I 
I 
I -

Zl.Z i 
I 
I 
I -- I 
i 
I 

. ', .... 

i iali 
=- Ii~' ~ 
=- =-Hrl • II •• 

.11 r o. • 
• 

c-

;I .... 
1 

1 

1 
:'l 

:~ 

~ 
~ 
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HGA BF-AM STEERING SUMMAR Y Ie BEAM COINCIDENCE 

S-Band X-Band Diffe rence In 
Dish Tilt* MEASURED MEASURED S- and X-Bands 

Beam Directivn Beam Direction Beam Directions 
Angle (Deg) Azimuth Elcv. Azimuth Elev. Azimuth Elev. 

0 0.40 -0.45 0.40 ! -0.49 0 +0.04 

+2.0 0.38 +3. 115 0.40 +3.74 -0.02 -0.09 

+4.0 0.35 +7.57 0.4U +7.65 -0.05 -0.08 

+6.0 0.36 + 11. 46 0.40 +1 •• 59 -0.04 -0. 13 

+8.0 0.20 +15.36 0.40 + 15. 51 -O.ZO -0. 15 

-Z.O 0.50 -4. 18 0.40 -4.Z3 +J. 10 +0.05 

-4.0 0.50 -8. 15 0.4l -8.18 +0.08 +0.03 

-6.0 O. 50 -11. 24 0.45 ,-11.26 +0.05 +0.02 

-8.0 O. 50 -15.74 0.45 -15.86 +0.05 +0. 12 
-

+max 
.1 

0.20 +16.85 0.38 +17.11 -0. 18 -0.Z6 

-max O. 70 -20.27 0.40 -20.48 +0. 30 +0.21 

.. ZO. Z. degrees accuracy. 
4*See Figure 3.7.2.7-8 for coordinates diagram. 

TABLE 3.7.2-4 
HIGH GAIN BACKUP ANTENNA PERFORMANCE SUMMARY 

Frequency Angle (Degrees) Minimum Gain 
(gHz) W.R.T. S/C+ZAxis (dB) 

Z295 91)0 7.8 
Downlink 850 to 95° 4.2 

2115 90° 1. 65 
Uplink 85° to 95° -Z.15 

1 . 
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plus the pover aaplifier caeaand. and tel.a.~y 
for the t •• l.e treuaitter .04 ••• are qi.en in 
Table 3.7.3-1. Tweaty-foar spacecraft I' 
transaisaion aodes result froa the 12 tr&Ds.itter 
aodes being ued in conjUllction vi th th. four 
spacecraft antenna. as gl •• n in Table 3.1.3-2 
(only o~d nuaber transaitter aod •• are uaed vith 
\be d_pun ant_us and e.ea nuber trens.itter 
.odes are used with the aft oaui). Another 
tventJ-four spacecraft traDS.ission .odes (total 
of 48) exiat as a result of using transponder 
nuaber tvo exciter (nuaber one exciter is used 
for the first 2~ aodes). Svitcb poaiitons. 
co •• ands. and associated tele •• trl for the fortJ
eight spacecraft transaisaion aodes are gi.ea in 
Table 3.1.3-2. r~e tele.etr, indications 9i.en 
in Tables 3.1.3-1 and 3.1.3-2 pro.ide a 
con.enient .eans for ident11lin9 the spacecraft 
transaission aodes. The spacecraft nap for tbe 
first 2~ aodes (ideo tical for second 2~) i. qt.en 
in lable 3.1.3-2. 

The ca.aunication sUDaystea bas the capabilitl of 
being coaaanded to either a high aodulatioD index 
".,8 radians) or a lov aodulation index (0.65 
radians) for tel_etry aubcarrier aoclulatioD of 
tbe dovnliak carrier. In genaral. the bigb 
.odulation index is utilized for the higber aata 
rates vi~b the high gain antenna And the lov 
.odulation index ia used for the low data rate. 
vben the spacecraft oani antennas are being used 
for transaission. such as during orbit inse1·tion. 
DovnliDk S-band carrier-0ID1, operation is 
possible by coa.anding tbe abcarrier OP' yia tbe 
Teleaetry Processox' Control co •• and (TPCQ 1 for 
'I'Pl; '!'PCQI for l 'P2). 

The l-band transaitter eperation is independent 
of tbe spacecraft transaission .ode &xcept t~r 
so.e operating ta. liaitations uposed by 
transaitt r aodes 5. 6. 9 and 10. !bes. 
llaitations are discussed furtber in Section 
3.1.3.4. Tbe I-band trans.itter racei.es ita IP 
4riy at 210.45 RB~ (fro. Exciter 1) or 210.35 
!1H z (fro. bcit.er 2). according to vhiche.er 
exciter is t~rn d on. To trans.it an I-band 
signal, it is only Decessarl to turn on an 
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•• eiter, if OD. 15 aot alr_4, OIl (co._a4. 
IIC19jWICA9 or BIC29/ZICa9) aad to co ... ad tbe 1-
baDel tra ... itt.r ou (CoaMael 11!19/11'&9). 10 
ut.aaa awitelliDg ia aec ... r, e .iac. 'the 1-•• 4 
trana.itt.r output p.r .... Dtll f .. de tb. blgh 
gaiD aat.aaa I-buel ieeel (tb. apaeecnf~ .uat be 
deapon, with tbe BGI pointed at Earth, if • 
ai9Dal is to be neeiYed OD !aRb). Ibe I-HDel 
aigaal will be ra4iateel r.garelle .. of reception 
of an upliak S-b .. d aigDal, aiDe. tbe ezeit.r 
au1111&ry oscillator ia aatoaatic.lly tb. aoaree 
of l-baDd AriYe as .ell ... S-baD4 elriY. ia tbe 
&b.Dat of apliak lock. .o •••• r. iA order to;) 
achie.e a. l-bud aiCJDal witb Ue le .. t pba •• 
jitter, tae tran.pODeler .. ou14 be operat" 
cobereat1,. i •••• lock" to a. up1i'lk slgna1. 
through U. high gua anteua. 

Y.1e •• trJ vi1l iD4ieate a DOD-zero .f ootput 
po •• r for t.be X-Mad tr .... itt.r oal, vben an 
e.eiter. ia taraed 01 to pro.id •• , iDput to the 
tran •• itter. &pproziaatelJ o.~ aap .ill be 41' ••• 
once tbe I-band tr .... itt.er baa .f 4ri... & 
.i.ilar .ituatioD occurs for the ~-b .. d Po.er 
laplifi81'a (&ofereace: Paragraph 1.5.11). 

rigar .. 3.7.3-1 tarou9h 3.7.3-3 abow tb. no.iDa1 
spacecraft Data trana.iaaioD capabl1itJ .ith tb. 
thr .. ant ... a. f or aU or part of tbe li •• ioa. 
tb.se •• 1' ••• tracted fro •• eference: Paragraph 
1.~.12. figur •• 3.7.3-Q through 3.1.3-9 aho. tb. 
e.pected rec.iY.~ a190al a~r.ogth for tk. 
ia4icate4 con4itio ... 

IfectptiOA 104... ~nc. th. t.o tru.pooder 
rec:ei •• ra are al.a,. ~".red ·0.-, tbeir u_ for 
reception of t~e apliok aiqnal ia controlled by 
_lectinq tb. uplink freqll_CY to con_poAd to 
the Doainr.:l reat. frvqu.uq ot the d.aintd 
tr&Jl.ponch~~ (tra"pon4er 1 :2112.289352 IB~ ud 
tranapond.r 2:2112.blO~01 1Hz). It ia alao 
Dec •• aary to take iDto cOGaia.ratio •• ~icb 
uteDna i. cODnected to the eleaind receiYer aAd 
the COD.uAicatio. angle .. 4eter.iaeel by th. 
spacecratt attitude. La general. wb .. eyer th. 
orbit.er ia ori.nted perpe.dicular to loU ecliptic 
plue • iU the KG& despUA u4 poiA ted at the 

1e.181oa i· 
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lar-tIl, till •• .-a v111 be aelected for !M)tIl 
tr •••• i •• io .... d receptiOD. If ttl. apacecraft i. 
perp •• dica1ar to tille .cliptic pia •• a.4 apaa up, 
tJa •• .-aoa .ar be ._d if till. orbit.I;'a 
di.place.e .. t fro. tA. ecliptic pla.e ,a. gi.eD 11l 
Sect.iOD ... 3.") i. leu tba. approaiaatelJ 8 
4f19r... (th •• a.et coaaaucatiOA a.g1. 
aupportable bJ tb. IG80a ia 4.peD4 •• t OD 
co ... Dic.tioD ra.g. aDd OS. atatiOD). Tla. aft 
c.Di &atuDa 1. &1._,- COD •• cted to a r.cei •• r, 
•• AbouD i. Tabl. 3.1.3-3, bat tb. choic. bet ..... 
4 4.a,.D .ateDDa .Dd the aft oaDi for rae.ptioD 
.is 4 • .,.adot oa co_ uicatio. a.gl. ,aa 4ictate4 
bf .pac.cr.ft ori •• tatio.) a .. d th. d.air.d 
~&D.aiaaiOD .048, aa gi ••• iD Tabl. 3.1.3-2. 

Tbe recei.er r •• er. ca.a.d .U.iutea U. 
po .. ibilitJ of l~ing r.ception capab1litr 4 •• to 
.... r.l po •• ible .pacecraft failar... t III. a. 
po.aibl. f.ilar •• are recei •• r fail.Ee, aD.a.t.~ 
.piD up of d_paD _ctioD, •• d otb.r failur •• 
• bic~ ca •••• plink coa •• aicatioaa to be loat. 1. 
the ••• Dt of on. of tb ... fail.rea occarriag, tb. 
OD-board coa.and proceaaor a.to.aticallJ isa... a 
r.ceiw~r raw.r •• COl •• Dd .fter • perio4 ~t 36 
~ura b •• occ.~rred .itbout proceaaiDg •• y 
a,.c.cr.ft co.a.Dd. 'lbe co ••• Del ia _Dt to coaa 
switch 1SI022 a.d caase. the 8GIOa .Del for.ard 
oaDi t.ed Ii .. to be cODMet.d to U. rotar, 
joiDt .ignal patb. S1.ult.neoua1" tb. co .. aDd 
is alao "Dt to COd switcb "S1022 .0 tbat tb. 
for. ad O8ai is C»lu14tct.ed to tbe f_d lia. 
_l.ct.d by 1SI022 aDd tbu., througb th. rotarJ 
joiDt .igD.l patb. at tb ••••• ti •• , th •• Dt •••• 
iDp.t conDectioDa to both traDspoa4.r rec.i.er. 
&4e re.eraed br actuation of eoax •• itch 15.019 • 
• he. the receiwer r.wera. co .. aDd is eaeca~e4 hr 
tJa. spacecraft, the .. pliDk freq •• Dcr ••• t be 
_if~ed to tbAt. of t.M ~r.,· .• poa4.r .adch .i11 b. 
CODDected to the for.ard o.Di. alao, tbe 
do •• link w111 be eGaD.cted a.toaaticallr to tb. 
tor.ard o.Di, aad the ... 4~ •• 11Dk frequeDcr v111 
beco •• 2110/221 tu .. t)ae De. upliDk freq."cJ 
aft.r oaboaJ:4 pbue-lock ia e.tAbliabe4. 

Tbe rece1 •• r r.w.r. COIIaa.d aal aao be act.ated 
hJ qr01l.4 co_aa4, aa 4iac:uae(\ ill Se,'t10 .. 3.6. 

u 
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RCVR 
Mode 

Reverse 

Normal 

Switch 
Position 
ForlSWOl9: 

Position 1 
(Switch 
"Normal" 
state) 

Position 2 
(Switch 
"Reverse" 
State) 

.'--' 

TABLE 3.7.3-3 

RECEIVER/ANTENNA COMBINATIONS 

Telemetry sic 
indicator Antenna Xmlsslon 

(RRCVRS Used By Mode 
Bit state) RCVRl (From 

Table 3.7.3-2) 

0 HGA/l3 Through 18 OR: 

HGBUA/19 Through 24 
OR: 

FWD Omnl/7 Throogh 12 

1 Aft Omnl/ Any 

---- --------

sic 
Antenna Xmlsslon 
Used By Mode 
RCVR2 (From , 

Table 3.7 .3-?) 

Aft Omnl/ Any I 

HGA/13 Through 18 
OR: 

HGBUA/19 1b.rrugh 24 I 

OR: I 
FWD Omnl/7 Through 12 

NOTE: See Table 3.6.4-1, Section 3.6 for explanation of "CP Configure" commaItd that Is 
used to change the receiver modes • 
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Bowever. wben actuated bl gr01lnd co .. and. onll 
switcb lSVOl9 is actuated. 

1.1.3.1.3 IIciter Apd eoperepl Dode U'49'. litAer Bxci.ter 
1 or BXciter 2 can be used witb eitb.r receiver. 
Auto •• tic cross strappl ng of the cola.rent 
frequencJ source fro. the receiver that is in 
lock is provided, as described in 3.1.2.1.2. 
~hus. altAougb Exciter 1 (also Beceiyer 1) is 
designated as tbe pri.arl esciter. Exciter 2 CIn 
be used as well. However. after ,~oae in-flight 
operational Aistory of tAe spacecraft has been 
accuaulated, one of tbe exciters aal appear .ore 
desirable fro. tbe standpoint of frequency 
stabili.tl of the auxiliary oscilla~r wben in the 
non-coberent .ode. 

Coberent aode 'eriM lop-Coaerept lode. 'lbe 
noraal operation of tbe spacecraft will be with 
siaultaDeous uplink and dow.link, thus proyidinCj 
for coherent operatioD of the co.aunication 
links. As lOD9 aa tbe last coberent .ode coa.and 
executed by tbe spacecraft vas -Bestore Coh.rent 
&ode- (COH19 or COBA9) , then selection of the 
auxiliary oscillator auto.atically occurs witb 
the absence of aD uplink, and tbe coberent .ode 
is autoaatically selected vhen uplink lock 
reoccurs. 'rhe -Inhibit Coberent !lode· co.aand 
(COH1i or COHAi) prevents tbis auto.atic 
transference i~ either direction, and caases tbtt 
auxili&ry oscjllator to be tbe frequene} source 
~~etber or not an uplink is present. 

3.1.3.1.' CoI.qpicltion SubsIst,. lAitialil'''.,ioP. Upon 
application of DC power to tbe co •• unication 
subsJstea. the units will be in tbe followio9 
states: 

3.1-26 



u . 

"rnlLSponder 
leoeiger 

BKciter 

Poerer 
laplifiar 

Drlger 
Aaplifier 

J-Band 
'lrusaitter 

IP Coax 
Switch 

II 

leJ.aitial DC 
Pover 01· 

Seetio. 10. 
Doe. 10. 
Oriq. 1 .... Dat • 
••• 18ioa 10. 

, 
'I 

ieceiger is on t •• spacecraft I 
esseatial bus and is t.ere
fore alvaJs On 

Transfer to YCO ?est onlJ - vired out for 
TS - -o,p. fligbt 

Illhibit/llestore 
Coherent -
Bochl TS -
-Restore-

Sod Index (12 
'fS) - 8igh 

Ol/OPP fS -
-opp-

Saae as Power 
J.aplifier 

11 ftagnatic latching. vill be in 
state of laat coaaand that 
was sent. 
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Switch 
Driyer 

11 

lI1uitia1 DC 
Power 01-

Bacb switch driYer is on the 
essential bus and is tbere
fore alw4ys on. 
How ••• r: 
.'or initial spacecraft power 

up. the switch driver TLft 

I 
will initializo regardlsss 
of switch position. in the 

I logic -0· state (= position 

I 1). 
-Tbe switches .ust be 

co ... uded to their d.si~d 
position in order to force 
the status bits to indicate 
.ctaal switch position. 

-the fact that a s.itch 
co •• and changed the 
appropriate status bit to 
indicate th. switch bas 
.owed to th~ proper pOSition 
does not guarantee tha~ t.he 
switch actually .oyed. Xt 
only indicates that the 
desired co •• aDd pulse vas 
gftnerated. 

1.1.1.1.~ Op-o~bit DSt of COiliMiclti9Q Svb'J'te. 

1.1-28 

IqqiP"Dt. Prior to a loog eclipse. tb Orbiter 
co •• uuication subsyste. should be configured for 
use of tbe forwara o.n~ antenna and tbe lO-vatt 
trans.itter tbat .as pro.ided the sost 
satisfactory in-fligbt perfor.ance. Also. tbe 
reoeiYer that baa pro.ided tbe .ost sat~sfact~rJ 
in-fligbt p8EfoEaance should be connected to tbe 
forward o.ni. Dur~9 the eclipse. tbe exciter 
and all trans.itter. will be turn.d off. Upon 
exit froa the eclipse. the exciter a3d power 
.. pl~fier selected accordinC] to th. criteria 
stat d abo •• sbould be c~.anded on. Once 
satisfactory spacecraft control bas beau 
established, switcbing to t~e bigh gain antenna 
<3n be per10n.d. 
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Sectioa 10. 3.1.3.2 
Doc. 10. ___ rc .... -..... jI,jQI.I2 ____ _ 
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a •• iaion 10. 

Prior to g01n9 into occultation, t~ apacecraft 
.. ill be cO.figured for tbe 20-v.tt tra .. aitter 
IaOde, according to the coastraint discussed in 
3.7.3.4, vith the I-band tranaaitt.r alao turned 
00. OptionallJ. the spacecraft ~B aubcarrier a.J 
be t.urned OPP. the recei.er .. u.cb is used for 
occultatiOD sbould be th& one .bicb haa exhibited 
the quickest acquisiton in flight .nd tbe exciter 
asec1 should be the one whieb )au exllibited the 
best. auxiliarJ oscillator stabilitJ in flight. 
Prior t.o beginning occultation, the upliAk 
frequencJ should be tuned as close as possible to 
correspond to t.he recei •• r best lock frequenCJ at 
the spacecraft. This will aiDiai&e the 
spacecraft receiYer ,co drift wben los8 of uplink 
lock occurs and thus aid in faner .plink 
acquisition vhen tbe spacecraft. ea.rges froa 
occultatioD. 

Use of Jedppd,&cY. The Orbiter Coaaunication 
SubsJstea contains four (4) pow~r a.plifiers 
.bicb offer a reduDdancy of high aDd 10 .. pover 
&Odes, as discussed iD 3.7.3.1. Two transponders 
offer uplink recepti~n redundancy, as discussed 
in 3.7.3.1, also. Tbe BGBOl offers ~~undanCJ 
for t.he BG1, in the e.ent. of HGI apinup, since 
the BGBOl bas a patt.ern vhich is sya •• trical in 
azi •• th about tbe ~ axis onlJ. Ho .. e.er, since 
the HGBUl has approxi.atelJ 11 dB lesa gaiA than 
the BG1, ~is redu~danCJ is at the expense of 
deqraded link perfocaance; i.e., a lover data 
rate. Since the I-Band transaitter is strictlJ a 
radio science experi.ent and is DOt. used for 
co.auDicating t leaetry, i~ has no redundancy. 

IOA-StApdard D04U' The aon-5tllndard .odes for 
the Orbiter eoa8unication Subsyste. are as 
foll0.s: 

(a) OnlJ 1 pOlfer •• plifier ·01- th.~ is 
connected to tbe 3 dB bybrid (pow.r 
aaaaer): Xt is possible to configure 
351019 or 3SI022 80 ~at either 
.aplifier 1, 2, 1 or 44 onlJ is -01- aDd 
connected to tile iDpo~ of tile 3 dB 
hJbr id . Tbis .. ill resul~ iD a po •• r 
oatput fro. the hybrid of approxiaatelJ 

.e.iaioD 
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S wat.ts, with S .a~t. beiDg di •• ipated 
iD tb. illt.gral bJbrid load. In this 
aode, tae hJbria aounting surface 
t,aperature will reach t.b, acc.~tance 
test 1 •• 81 of 1360 P. but tb.raaA 
aDalysis indicat.es that t.he int.rDal 
te2perature aay r.ach 16S-r. llthougb 
the hJbrid vill probablJ sur.i ••• this 
aode is Dot recoaaeDded as a noraal 
opera'tiBg .ode. 

(b) Siaul tU80US transaissioD through a 
daspun anteDDa aDd the aft oani 
antenna: The co •• uDication subsJst •• 
aaJ be configuEed so that the downlink 
t.le.etry signal is transaitted by a 
torward antenna and t.be aft oani. 
Ther. is no readilJ apparent ad~antage 
to this lOde and it .ay create an 
erratic and poorly shaped radiat.ion 
pattarn due to tbe interf.roaetric 
effect of tvo nearbJ antennas radiating 
the sa •• signal. rurtheraore, this 
non-standard .od. Decessitates the use 
of non -au ndard aode , discussed aboy" 
Since, by design, ODe anteDDa vould b. 
fed by a power aaplifier (' or 2) tbat 
bJpass .. tae 3 dB hJbrid, and tbe otber 
antenna would be fed by a power 
aapliti.r (3 or ~) .ia tbe 3 dB hJbrid. 

Opt,atioaal '.st,Ac\ioDI. rhe folloving 
rest.rictions apply to the operation of the 
Orbiter CoaaUDi~ation Subeystea: 

(a) Do Dot switch -Hot-. i •••• do not 
chaDge t.he posit.ion of ftD ap switch 
vhile an RP transaitter sigDal is 
~ssing through it. exc.pt iD an 
.aergeDcy situation (iefereDce: 
~aragrapb 1.S.18). The power 
a.plitiers should always be coaaaDded 
·OP'· before actuatiDg t .. ir svitches 
that feed B.l' into U." or pass ir froD 
the.. ~b.is is to prot.ct botb th. 
switch .. aDd t .. power aaplitiers. 
Iliad.enent failore to obs~r.e this 
r.st rictioD is Dot 1 ikel y to da.ag. 
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the.e units, but repeated .iolations 
aaJ e.entually inflict daaage. 

The tollowiag sequence ot 
operations should be carried out it 
switching ot IF switches is to be 
parforaad: 
(1) Turn off unit. wbich proyide input 

IF pover to the switch (if such 
units are coaaudable) • 
(2) Turn off units which obtain IP 

power troa the svitch (if such 
units are coaaandable) • 
(3) Initiate switch coaaand. 
(_) turn on units turned off in (2). 
(5) lurn on units turned off in (1). 
(6) 'erity switcb is in proper con-

figuration by teleaetry and/or 
spect.ru analysis. 

In an eaergeDcy situation, where 
an iF liak aay be lost unless switching 
is quicklJ perforaad, hot switching is 
allowed. Steps (3) and (6) should tben 
be asecutGd in that order. 

(b) le.ar operate a power a~plifier into an 
open circuit. This restriction applies 
to aaplifiers 3 or ij. Caution auat be 
used to ensure that switch lSV022 is 
configured so tb4t tbe 1 dB hybrid is 
connected to vhi~he.er aaplifier is 
turDed ·01· or about to be coa.anded 
·0.·. Refer to Table 3.1.3-1 for the 
correct switch position and ~aaaDd. 

(C) I-Band TraDsaitter operating Tiae: 
Wben the S-band trano.itter is operated 
in the 20-vatt aode, tbe I-band 
transaitler vill reach its acceptance 
teaperature li.it of 120.P (aou&ting 
surface teaperature, in one hoar. It 
aaplifier 3 is coabiDed vith eithe~ 
aaplitier 1 or 2 to produce tbe 20 vatt 
aode, a steady S~at.~ teaperature ot 
, .. 0oF will be reached after 
approsiaatelJ 1 hours ot I-band 
traDsaitter operatioD. Purtheraore, 
Uaa poller aaplitier c.l -::t:t. est to tit" 1-
band tODSaitter, PI'. , altfit n, t be t')D 
or the transai tter viII :ceacb .' ts 

leyision 
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acoeptuoe t .. p_~at.ur_ liltit iD 1_. 
UaD one Dour. 

fbe.. ti.e .at.i.at.. apply for t.he 
DoaiDal spacecraft attitad. on-orbit., 
i.e., the spacecraft SpiD azis is 
noraal t.o t.he ecliptic. 

(4, The apacec£&ft aft. o.ni shou14 not be 
used at. launch, aa the geoaetrical 
int.erference fro. the attached Centaur 
is sigDif1cant. 

,e, fh. 1 dB hybrid is Qsed as a power 
au ••• r to co.biDe the output of tvo 
pover uplifiera. Shoulcl only one of 
tbe tvo power a.plifiers, that supply 
aD input Signal to t.he 1 dB hybrid, be -0.-, half of the signal pover vill be 
dissipated in the integral hybrid load 
and the other ~lf, approst.at.ely fiYe 
vatts, will be out.put sigDal fro_ the 
hybrid. Operation of the hybrid in 
this .&Dner viII cause tbe hybrid to be 
bot.ter tbe~ Do~al. altbougb the 
teaperature will be vitbin the hybrid 
desiga liaitations, this aode is Dot 
recoaaended for n~raal operatioD. 

(f) fhe best lock frequeDCy of the P-' 
receiYers viII ·pusb- if the 
acquisition sv .. p rate is low. That 
is, tue spacecraft receiYer 'co vill 
.oye avay tru. the uplink Signal. 
aotorola has stated tbe aaxiaaa rat. 
the 'CO vill -pusb- is 5.9 Hz/sec aDd 
~ye racoa.ended that acquisition sweep 
rates be greater tban 10 H&/sec. 

Du~iDg tbe 'leak signal coapati
bility testing at ctl-21, an 
acquisition sweep rate of 10 H&/sec 
c:auaed no pushinCJ wtolle a 5 Hz/sec rate 
definitely did. It is recoaaeDded a 
ainiaua acquisition r~te of lS 8z/sec 
be used to proyide a healtby .argin of 
.atety. 
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Coa,pu,catiop. SMRa.t. CO",. Inpopte. hble 
3.7.4-1 preseDta tbe co •• and reapooa .. for tbe 
Cot'.Dicationa SaD'Jstea. The table liats eyery 
co •• aDd tllat direcUy aftecta the aabsJst •• , and 
the tele.etrJ indication that .erifies the proper 
u&cotion of tbe ca.!land. fba Inetonica for tbe 
cot.and and tele.try para.eters are also 
included. 

WbeD a anit is iD tbe unpowered OFF state, all 
tele.etry fro. that unit vill be reading zero 
Cuncalibrated), .xo&pt t .. perature tele.etrJ 
wbicb is powered by DI8s. 
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TAB LE 1.7 .4 . 1 

O RBIT E R C OMM U NIC ATIONS S UBSYSTEM COM}'{AND RESPONSE 

r---------y---------------------r----------------------------------11--------,---------------------------------------
COMMAND ~ COMMAN D TIlLE 1 C O MMAN D DESCRIPTION A ND I T M I TM TITLE ~ ND/OR REMARKS 1 

: Sl·B.<;VSTE M INTERNAL RESPO"SE : M NE MONIC: . : 

r--------~ --------------------r----- ------------------- --------- ,----- ---~-----------------------------------~ 
I I 1 I I 

PO WJ:R AM PLLFLE RS I I I Aaaumee I'AZ .... p .... vloulY ON. I n ________ n___ I I I I 
AM P " p . wer Amphller I O N II OFF : AC'UAt .. ooltd 0'.'. a .. ltch .. wlth. n PA I and P A Z I RAM P I W I Rf Po_r 0UIpu' I - 1 to 10 wouo IVS/": AmbI_, I 
AMPA 9 I '0 cha l ~ A1. II tu rned OrF a nd P A l . & l u rn~d ON. 1 1 I 

R AM PlW 

I 
~------~----------. --------
I A NPZq : Po",.r Ampl'l t« .. 0 /\ II OFF 
I AMPB~ I ! : I RAM PZW I fi r Po.on QuIo>ut 2 - 13 to 16 W,""" lIP - ~ ~--, I 
1 I I RAM P lT I PAl Tnnperature OPcrua.,. " Settle. a t thtl r lllll'utf(llO"u.lo.ffJ 
I 1 -+-- --------------------------------------------~-
: I :~u : pAZ Tm>peratu .... 111 .. "" a!Id Sdtlu at lIlu"-of ,uOIolOs"T) : 
~ ________ +______ __ ___ __ ____ ~ ___________________________________ L_~~~s.!_.!. __ J..~~ _L~ ~~_'~..!~~~':~_~ app_~..:ma~!.~!_~~ ___ _.J 
l AMPI ' : "'ow~r Amph.fl~r. 1 aa"''"!QJ' : Actuale-•• olld .lale .... ttche • • ,thln PAl and PA L ~ I ~ l.ote '1 : ., : 
I AJot PA. 1 I' 'hal PAl .nd PAl ar o 'U-",,-I OF f. I RAMPl~ : fi r r",,, .... OUtiIU£ I- 1 w.lt !{isle Ambl~nl) I 
I I I RAMP2W I fiF l'o_r 0UlJIIIt 2 - 1 ~It(@ SIc Amblenll- 1 ::: I RAM PIT/ : AClCoi'dirC to .... ICIiOlPATor pAT .... :>~VtrOiili ON, PAilemp; 
I 1 I 1 RA~I r:; 1 or PA 2 te.mp. deere ..... lUId . ettlo at "-af ltlO"u.l0~oT) 1 
::: : PBt'~U ~I slc loaa. curreol dOc ....... bY """.-lmaft2 1., .... p. : 

I I 1 PUMTI ou:a \'Ouap ttDi ' .... r curnllt UJ<d1 iiCreaaea tij iIW same amCilDll I 
~------- --+.---- ----_____ -_____ . +-------________ -___ _____ ---_______ .J _________ --f..MYB!.~jI~~!.~ ___________________ .; 

: AM P" I Power A m pls fu'r 1 ON I . CF F ACIU.t~. 80:.ld H ate .Wllche. w ilhLD P A l and P A4 1 RAMP]'" ,Atoumen pa3iDdPA1!ft'tt Dreytcayly OfF, _ : 
I AMPC9 : .0 th., PA4 .a tu r n.d O FF' a nd PAl to tu r ned ON. I : Rf Power OuIput : - lIlQ 13 Watts • sic ... !!Ibt~r;(1 ---' 
1 1 1 RAMP~W 1 Rf ""_r 0uIpU • - I Walt I 
1 I 1 I ' 
: I : R AMP1T I PAS T .. ml!"ratu .... riaea IUId oetIlH 111 78° til 
I I I PBtlSU I sic J..oo<U curr_ Inc ...... .,. b7 app 

: I r--PUloITl i &18 voIlait' Um:tel C.u-mit li@y dO 

--------1---------------------~------------------------. ------- --~--------~!~~~~~~~----------------------~ 
AM l"H I Power A m phll.r 4 ON I J OFF l Ac ,,, .... aolid at ... a ., il<hu wlth.n PA J ond PA4 RAMP j ... I ASSUME/! p AJ AND PA4 WERE f'REVlOlfSLY OFF : I 

AMPD9 1 1 0 0 tha t P A4 .. tur ned ON and PA l ia turn.ed OFF. 1 Rf Po_r Ou!put S - I Wall I 
:: RAM P 4 W : R f I'Owu- ()utpul ,,- 11 to 13 WIIU.. : 

I 1 i 1 
:: RA M P 4 T 1 PA4 T rall.l.n rUIn " Htfle. at 710 10 9.°,. IAI SIc .\mbtftl 

1 1 PBtlSU C LoItda c......- lJle....- app. amp. 
I:: P UloITl .Bua ,..,llap lIa:Jte r c:urftllt tIJtdi JiC ...... e. bY IJii same iiIiiddK : 
1 1 1 lisa PBt!SlJ Iutd Inc-reue<l. I 
~ _________ L ________ _ __________ __ L ________________________ _ _ _ _ ______ L _____ __ __ L ___________ ___________ _____ . ________ _ I 

)1m E ' I : The foUowtnC Idemgzy will _ be mOlll:onbl~ .... m doe 
I. ~JCK\ItA!d 1IIIl~ .. PAl OR PA4 I. 1.0 Ide [or _ ~ 

• !I 

'" 
..,. 
0 ., 

... auld .... ult In ooo-s W>dard mode II ... cluc~ In _ 3.1.3.'). 
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If • t 
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TABLE 1.7.4 . 1 (c" .. I'd) 

OIUlITER COMM UN IC A TIONS SUBSYSTE M COMMAND RESPONSE 

A c hUte. l oUd .t.t.~ ... h c.h ee .. lth ln P 4 1 aId PA 4 
. 0 th. 1 P A ) and PA4 are lu rned Of" Yo 

1-: .. PB 
I I I 

---------------------------------~-------_4_--. -- -------------------------------~ I I I 

I ~CH~l!.IlL I I SEEI'IOTE'2 I 
I I ! 

I 
I Al'4T 11 
: ANTA l 
I 
I r 
I 
I Al'4 T Al 
I 
I 

~-----

: A NTlI 
I Al'4T11 I 
I 

I 
I 
~ 
: A!H U 
I ANTlU 
I : .------
I ""T11 
I AJfTC1 

I 
I 
~------
II AMTSl 

A MTCl 

Actuate. coa.a •• Uc.b lS WOl9 10 tha .. output of &be I RANT IS j A ft Omnl/Delpun Anl.eQ,Q.l\ '. to Hl&b/Low Power Sta hl .. • 
A.ot ..... / H ... h P~er to ; 1 dB ..,&...41 .. connected Lo the . Jt omni antenna : I BUeye.l lOlae It l '" c- AJl to HI). 
Aft Om:aJ S-.le<t I __ ad thor output 0 1 ehher PA I o r P A l It cOl1nect~ I I 

I to U,e r o tary JolAt . I I I 

+ H';-;":;:;:;j)eop.aa ----t;~.::~;:;.-;:-;.ch -z:s;-o"i9:::;':~~;:'-07-';"-l- iiiNTts -~EE t'9U]f- - -- --.- -1 
A"~""," / l.ow p.,..tr to I 1 dB ~"'r1d II c01U>ec . e d to the r ot.ry Jo in. and I I Aft OmDI/ o .. p .... ~ to UlPILDw P"wer saa- - Blk .. J I 
Aft Omm S.I~c. : "'. outpul 01 either P A I o r P Al I. cOlUleclt!d 10: : locIc " 0" (- Aft to ~. : 
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: lb., h leh IU,Q a nlerlAa la conne cted to the r o tary : 
I JOUU. HGBUA And forward om.nl Dot u ... b le. I 
I I 
I I 
I I . 
I I I by . ppr .......... loIy ~ dB. I 
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Figure 3.7.1-2. Orbiter Communication Subsystem 
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3.ij .1 

J.8.1.1 

f2v,r Sub,xlteR DtIM'4Pt19D. ~b. Orbiter pover 
suDsyst.a provides seai-regulated power at l8 
yolts ~101 to all spacecraft and science loads. 
Tbe iDdividual users coodition this pover, where 
necessary, bJ additional regulation, power 
switcbing, and dc/de converters that develop the 
specific yoltages requi~ed by that user. 

run,tAQRal D1af,i2t4Q1. ,igure 3.ti.l.1-1 
(lpp~ndix C) shows a functioRal block diagraa of 
the orbiter pover subsystea. Pover is proyided 
tu 411 10ad£ OR ~ dixierent power buses: 

(a) the essential DUS - which cannot be 
coa.anded orr, 

(b) The science bus - dedicated exclusivell 
to the science instruaents, 

(c) The svitcD~d loads bus, and 
(d) Tbe IF trans_itter bus. 

rhe priaar1 pover source is the solar panel. The 
Orbiter panel has a total ot lS,9tiij solar cells 
connected in 4 series parallel arrangeaent that 
optiaizes pover output and ainiaizes stray 
.agnetic fields, ripple, and shadowing effects of 
the thrusters, star sensor SUD shield and 
aaqRetoaeter boo •• 

During .ost .ission phases there v ill be a 
surplus 01 solar panel pover availaDle to aeet 
the load require.ents. 1 pover surplus alvays 
torces the solar panel yoltage upward aboye the 
noainal 2ti volt v41ue. To prevent excessive 
po~.r bus voltages, the bus liaiters sense tbe 
bus yoltage and sbunt otf surplus solar panel 
power to load resi8tors aounted on tbd rear 
sections of the solar array substrate and the 
equip.ent abel yes. The bus liaiters .aiRtain the 
bus voltages belov 30.0 volts at all ti.~s. 

When the solar panel cannot provide adequate 
,power for all sp.~fllCratt loads at l~w SUD angles 
and during eclipses, tbe tvo n~ckel cadaiua 
batteries coae on line autoaatically through the 
~ischarge regulators. ~he regulators noraally 

3.8-1 
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.aintain the bus voltage above 26.1 volts at all 
ti.es. Battery e~ergy is subsegueatlJ 
replen~sheQ througb s.all charge arrays that 
boost the aain array voltage to a yol~age level 
that reslll ts in redlarging ot the ba tteri.es. 

If a spacecraft overcurrent or undervoltage on 
either battery occurs, loads are re.oved by the 
undervoltage/overload (UV/OL) switch to protect 
the spacecraft iroa potential catastrophic 
tailure. Those loads, however, that are de ... d 
vital to the spacecraft survival are hardwired to 
the essentia~ bus and can~ot be switched off. 
These include all oo •• and subsyste. units, 
propulsion heaters, and r.f. sUbsyste. switch 
drivers. 

It a fault occurs that raises the total 
spacecraft load current above lb.5 to.15 a.perea, 
the other 3 power buses (science, switched load, 
iF trans.~tter buses) will sequentially trip off. 
If the spacecra1t loads decrease below 16.5 
aaperes, the trippinq seqllence is teniAated. It 
a fallit occurs that lowers tbe battery voltage to 
J.7.S5 to.1S volts, all 3 buses vill be switched 
otf. When the battery voltage recovers to 28.3 
volts, a UV/OL reset relay coaaand can be sent to 
power up all three nun-essential buses again. 

the UV/OL switch aas an override aode that 
~nhib1ts load reaoval. This feature can be used 
if the trip circui t.r y 1ails or it it becoaes 
~cessary ~o operate selected spacecraft loads 
~Yen unuer fault conuit~ons. 

~citation for t~ pyro bus is derived froa a 
Dattery tap located lb cells (01 a total of 2~) 
froa tAe ground r~terence level. This tap is 
alsQ useu to prov1de large fault claarinq 
currents to the power bus in th~ event of a heay! 
faal t current t.hat s4t'lrates the discharge 
cont.1:o.l.lers. 

A total of ~ight current Sdnsor.s are used to 
aon~tor ~~~~r sUbsyst.ea perfor.ance. Bach sensor 
consists ut 4 50 a~livolt resistive shunt and a 
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hybrid differential aaplifier with a gain of 
102.4 that dayelops a 5.1~ yolt output signal at 
full scale. Pour of these sensors are integrated 
into th~ charge/discharge controllers - they 
aeasure batt~ry charga and discharge currents. 
~he spacecraft loadS current sensor is integrated 
iuto t.he UV/OL switch necause it. not only 
proyiues a teleaetry Signal DUt also an 
overcurrent trip signal to tbe UV/OL turnoff 
~quence generator. The other 1 current. sensors 
shown in ligur~ J.b.l.l-1 are packag~ as 
lnQiV~4Ual un~ts. 

The charge controller provides a high rate charge 
by connecting the boost charge string directly to 
~ts associated bQttery an~ a low-rate cbarge by 
inserting a 47 oha resistor betweQn the charge 
stri~g ana the battery. Each battery pack has a 
theraal switch tbat closes at 95 ±50 1 and 
autoaatically turns off battery charging. ltter 
the baLtery teaperature drops ana the theraal 
switch opens again. battery charging is resu.ed 
autoaatically. 

Near Earth low solar heat input conditions or a 
UV/OL tr~p Cdn reduce the equip_ent shelf 
teaperature to dangerously low levels. For this 
reason two of the seven bus l~aiters are 
connected to hea~r resistors aounted on the back 
side of the e~uipaent shelves. fo quarantee that 
the first 130 vatts vi excess solar panel power 
~ SAunte4 ~nto these shelves the operatinq set 
voltage ot each 01 these tvo liaiters (.2 aDd '6) 
is lowered by closure ot ther.&l svitches when 
the shelf ~e.perature drops to 3~ ±5 0r. 

The power interface unit (PIU) provides pover 
sv~tchiDg for the propulsion heate n:. luses for 
tAe propul~ioD beaters aDd science instru.ents 
&re also locat~ in the PIU. 

Eqyip.eat SVII." AlO Lqcit1ea. The coaplete 
orbiter ~over sUbsJstea CODs~sts of thQ following 
units: 

• Solar panel (with ten 2b.O oha 10a4 resistor 
circuits bonded to rear of substrate) 

a •• iaioa 
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Four l~-cell battery packs (2 per batteE}) 
rwo charge/discharge controllers 
Four 2~.5 volt (-1) bus liaiters 
rhree 30.0 volt (-2) bus liaiters 
One underyoltage/oyerload switch 
On~ pover intertace onit 
Tnree current sensoDS, three types: O-"~' 
0-12, 0-18 aaperes ,live additional current 
sensors are integrated into the 
charge/dischdrge controllers and the UflOL 
switch) • 
Pour shelt ther.al switcbes 
lour ~b.O oha equ~paent shelf load resistor 
circuits. 

The locations of the shelf aounted units are 
~hovn in ligures 3.8.1.2-1 and J.8.1.2-2. 

Qn~ts pescriptioDS. Described below are the 
~div~du4l pover subsJst •• units. 

Solar Papel. Ibe orbiter solar panel is designed 
to supply tbe pover reqQ~re.ents 01 the loads 
UDder varyin9 conditions ot ~lar intensity, 
te.pexature and sun angle. • total of 1~,988 two 
x tvo ca sol4r cells are used on the Orbiter 
panel. 1 thin d ail, 20 oba-ca ligbtweight cell 
v~s s~lect.d tu aip.iaize panel veigb to. Eacb cell 
has a 0 .~l aicrosbeet coverglass to ainiaize 
radia~oll degradation. 

The basic layout of tbe orbitor panel solar cells 
are -3 x us- group~ (three cells in G parallel 
~t. 85 such sets in series). lbere are a total 
of 52 of these groupa (lJ,l60 cells). tbere is • 
ouff~cient nuaael' of l..hese -3 x 85- cell groups 
to aeet the po~er ~oad require.ents of Yenus 
orbitdl operations. Ho~ever, they do notproyide 
~ultic~eDt ~ov~r to meet tne ~rb~ter cruise 
requ~re.ents during ai4iau. solar intensity 
condilio~. Th~rty-six additional parallel cells 
Add ~o be adaea to aeet est~aated requireaents 48 
days aft~r launcn of the vrbiter. Since the 
additional cells ate neeaQd onlJ wben the panel 
is relatively cold, tile nuaber of a>eries cells 
for th~se groups vas r~duced fro. uS to 62. 
~su~tin9 in a t~al increase 01 36 x 62 ~ 2232 
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cells (thirty-six -1 z 62- c811 g~o.pc). In 
additional 96 cells Mere added to co.pansate for 
.agneto.eter boo. tiDadoviAg when the spin axis is 
.ore than ~o fro. the sun aonal. "his results 
in a total of lS,S88 cella, escluai.e of battery 
cha.rge striACJs. 

Tbe Orbiter paoel bas ~iCJbt indiYidual ., z 2S
battery ck_rCJe strinCJs tor each battery ,boost 
charg. array). Th~J are all connected in 
parallel and spaced approxi.atelJ ~~ deCJrees 
apart on the cylindrical SUbstrate. This s.all 
ou.ber of solar cells (200 per battery) e.sily 
proyide. tbe required aini.ua charge rate of O.~ 
.. pere Dear leolls. . 

Tbe Orbiter pane! is also desiCJned to withstand 
vide ta.perature .xtra.... DurinCJ the lODg 3.8 
Aollr apoapsis ecl~ps. the Orbiter p&Del 
te.p.rature will drop to -16S0C aDd during 
periapsis passes will risa to peat teaperatures 
betveaD +90 and +130 oC. Panel teaperature is 
tele •• tered by 'PII2T, located at & = 263 0 , 
approxi.atelJ ~2 incbes froa tbe top of the paDel 
and PPllll located at ~ • 2~30, approxiaatelJ 9 
inches froa the bottoa ot tbe paael. 

lbe orbiter panel is 4e8igned to sarYiye a 
.assive solar flare. Solar panel degradatioD 
coapatatioDs have been .ade &Bsuaing that tbis 
flare can occur at aDJ t~.. At aDJ point in the 
.iasion tbe eqaivalent fluence of tbis solar 
proton .Yent is scaled according to the iDyerse 
of Ule &qgue of tile diatallCe fro. the SUD. If 
tbis solar flare occllra vben the Orbiter is n.ar 
Venus, a peraanent pover loss of approzia.telJ 
131 will resul~, ... figure 3.8.3.3-1. 

Bany of the orbi t.er science iostI:ll_nts require 
that all ezp~ed solar cell terainals and wiring 
be coyered vith a nOD-conductiY •• aterial to 
a~niaiz8 pla.aa chargiDg of the spacecraft 
structure. to ... t tau require.eDt, the YOi.Q 
area betv .. n and aurroun4ing eac:b solar cell is 
filled with iTI 566 adhesi.e. Tbis encapsulation 
~ groutiD<j process Eesaltu 1D a •• aU loas 1.11 

solar pan.~ po.er Gila to bloc&ag. of light to the 

J.8-S 
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solar cell act1,e ar~a and is acco .. odated iD 
solar paDel perfor.aAce ~redictioaa. 

'i,jel ~ad.i». B.~t~,ill' ~acb battery con.~.ta 
of two l~-cell p4C~8. A pack asseablJ sketch, 
~hicb 11~ustrat~s tbe aetbod of construction, is 
shown in Pigure J.d.~.2-1. Eacb pack contains 12 
individu411y insulated 1.5 lH nickel cadaiaa 
cells, 11 eztrua~ theraal shunts and two ead 
plates, all held t~etAer bJ two tens10n bars 
torqued to cOMpressively load the cells. 

The Gatteries vill be fully chargea prior to 
launCh dt a C/10(o.15 a.~re) rate tarough the 
uaoilical connector froa the blockhOuse. Tbe 
batteries can be charged 1n~epenaeDtly with tbe 
~ttery enable plu~s reaoved and tbe spacecraft 
coaplctely powerea down. Charg~9 CAD also 
continue tbrough tne uab111cal after the plugs 
are illsta~led, it desired, unt11 littotf. 

The ba~teries dre charged Quring the aission with 
a ~aall boost cnarge solar array. Ln oraer to 
fully charge the batteridS, tbeir ,oltage aust b. 
r4isea 400VC th~ noainal 2b volt bus yoltag4l. It 
d C/l0 rat~ eacb cell volt4ge aust rise to 
apprux~.ately 1.4S volts/cell or 24 ~ 1.4~ = 34.6 
'olts tox ~h~ cosplete batt~ry. At C/SO {O.150 
asperes) each cell ,olt4~e aust rise to 
approziaalely 1.413 volts/cell or l4 x 1.416 & 

3~.9 vults tor the cuspl~te batt~ry. Tbis 
voltdge DOOst 18 obtained by aeans of a saall 
array that boosts uv the .ain array voltage to 
tbe aesired value. 

Eacb of the four paCkS bas a teaperature sensor 
located n~ar the s~dle 01 tbe paCk. Each pack 
also na~ a tberaa~ switch that turns oft battery 
cbargin9 it th~ pack teaperature r~aches g~ ±50P. 

b4xi.ua battery deptb 01 u1Scbacge (0(10) vill be 
bOA during tne apoapti1~ ecl~pse ~eASon. Pigue 
3.~.~.~-~ describes battery perfor.ance as a 
tunction ot ~Dergy (A-d) rwao'ea at 15 0 1; 4.~ lB 
rep.~aen~s a DOD ot bU' of rated C4pac~ty. Por a 
battery load ot C/2 or J.1~ asperes, tbe battery 
voltage ~taJs abuve 2~.~ volts ur 1.23 ,olts per 
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cell at tbe 601 DOD le.el. At this rel.tiyely 
higb battery yoitage tbe d1scbarge controllers 
will atay in regillation at oatpat yoltage. 
exceeding ~7.~ Yalta. Thi. data indicate. that 
w1th • r.latiyely 81gh discharg. rate tbe 
batteries will pro.ide .ufficient yoltage to 
a.intain the regillator output ahoye l7.~ Yolts, 
eyen at 601 DOD. 

llthouyh the specitied auiau DOD, aa quoted 
dhoYe, is bOi tAere would be yery little risk to 
the oatterie. if this yalue vere increased to 701 
in order to •• et apoapais eclipse acience 
objecti.es. The apoapsis eclipse season laats 
only b da,s and the Bickel cadai .. a batteries are 
capable of siz charge/discharge cJcles at this 
OOD leyel. 

The data shown in Pigure 3.8.~.~-~ ia for an •• 
bat.tery. Bis.ion 5iaulatio. dat.a indicat.es that 
there vill be a .aall aaount of yoltage fade due 
to tiae aging and cbarge~i.chargecycling during 
periapsis eclipse. Hovey~r, th~ battery current 
load auring apoapsis eclipse vill be only 1.35 
a.peres. Therefore, the dischargA 
characteristics shovn in 1igure 3.ij.2.2-2 are 
very close to those that vill be obtained during 
apoapsis eclipse. 

Th~ nickel cadaiua bat.teri~s aust each proyide 
b1g~ peak currents (up to 30 aaperes) for 35 
ailliseconds to actuate pyrotechnic deyice.. III 
Orbiter pyrotechnic ~yents occur vhen t.he batter, 
~s tully charyed and the full h&tterJ voltage 
during pyro tiring5 vill not drop below 30 Yolta. 
This value is veIl above the set point ot the 
discharge coDt.rollera and the bas yolt.ages viII 
not be atfect~d by the pyro firings. 

BlIs VvltA'" lei,it', EltcNismi,£I. Voltage 
liaiters are used tu dissipate excesa panel 
ca~acity in load res1Stors in urGer to aaintain 
the DUS voltage below 30.0 Yolts. ~be liaiters 
are di'ided into t.a groups with ditferent set 
points to prevent siault4Deous operation ot all 
liaitera 4t their aaziau. 1Dternal paver l,y,ls. 
'tne lov set pout. !i.itaas (-1) begin to conduct 
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after tne bus reacDes ~9.~ volt» aDd acaieve fall 
condoctioD or .. tu~atioa before the bu. Yoltage 
becoa .. .l9.b Yolu. "hell tJae bus reaches 30.0 
'folts the upper set. poat liait.ra (-2) »tart. t.o 
up.rate in a 84ail4r aaDuer. Mben the baa 
yoltage rCiac:b~.lO.l Yol ta all of Ue bus 
liaiters dr. in full conGuction. 

I si.plitied block diagraa ot a bus li.iter is 
shown in ,igure l.b.l.l-1. Each ot th~ .evea baa 
liaiter& can be euabled or QiBable~ bJ coaaaDd. 
Each liaiter bas cOAtrolliag circuitry tbat 
seAS~& tbe bus voltage and applies oriYe correat 
to two po.er transistors wbich &bunt curreat. 
throu~h load resistors to ground. rhe two pover 
transistors turn on sequentially, as the bu. 
volta~e r4ses, iD order to ainiaize the aaxiaua 
ther.al dissipation in aacb liaiter. The off.et 
diode forces 02 (and Ute B h~a tEtrs) to 90 into 
full coDduct~on betore Ql (and the I beaters) 
starts to conduct. rh~ diSSipation in eacb pover 
transistor is very low atter saturation is 
reac~ed because tbe sa~uratioD voltage drop is 
less tbaa O.l~ volt&. 

Tbe upper set point liaiters bave two additiODal 
tQra~nals. Tneir noainal 30.0 volt &et points 
can be lowered tu either ~d.S (liaiter b) or 2~.O 
(li.~t.r 2) volts by the closing 01 shelf 
tber.OBlat~c svitches. 

SeyeD yoltage li.iters are pcoYided on tbe 
orbiter to prevent eXCeSS4Ye bUB voltages. Pour 
l1a1ters (1, 3, 5, 1) tit4rt to cODduct at 29.5 
Yolts aDd dissipate surplus vanel capacity in the 
solar panel substrate. Tbree voltage liaiters 
'C:l, 4, b) start to con~uct wilen tbe bus voltage 
reaches ~Ur.O yolts. L4aiter ~ is ooanecte4 to 
load resi&tors .ounted in th~ solar paDel . 
:iuba trill te • Llai te ria ~ 6 ad b d re COD aected to 
ioad resistors bonaed to tobe 1:ear ot tbe 
equip.ent sAelves. 

W.i tt!r 6 on U.e battery sbEllf Ui OODDectec1 to 
battery sAelt heater resistors. Is explained 
AboYe, ~ta cODduc:t~ou yolta~e CAD be lovered by • 
pair of tAeraostat1c svitcbea. rAe batterJ sbelf 
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awitche. ~re located at an aDgDlar location of 
appruu •• tely i • ;t80~. Closure ot the switches 
at. 3~ t~OI lowerc the .et point of liait.er 6 to 
2~.5 vults. fais placea ~t.s aet. pO~Dt. below all 
the other li.iters and forces the tirat 60 .at.ta 
of available aolar pAnel powwr int.o the bat.tery 
ah~lt luad reaiators. Tbe swit.che. open vhen the 
sb~l1 teaperature reachds S5 ~50P. 

~iait.er ~ on tbe r.f. sAelf is ~lso connect.ed to 
shelt heatera and ther.ostatic switches. The 
latter are locdt.ed near Pover l.plifier J and 4 
(& z ~10o). These switcAeH close when their 
teaperatur~ reaches 35 ~50P. Closure of tbe 
switcnes lovers toe set PO~Dt. of l~.iter l to 
2~.O volts and torces bb vatts into tbe r.f. 
shvlt vhen solar panel po.~r is a.a~lable. 

ius l,ilit" Lotg j_iatOR. Thrt seven bua 
li_it.era edch rquire tvo 2c; ,'-._ lotld resiators 
for d tutal ot 14 load circu1ts. Ten of these 
ar~ booaea to tbe rear ut tbe solar arraJ 
auostc~te and the other tour are bonded to the 
botto. ot the equipadDt she!Yes. 

E4cb ~olar arraJ circuit consists of tiYe 
parallel 130 oba s~tions aDd each 130 oha 
·section, in turn, consists ot two 65 oha 
res~stor~ in serieb. Each of these teo 6~ oha 
~ctiuos dre approxia.te!y 1.~U inches hiqh and 
20.5 ~ches viae ana coyer a coaplete 1.d iAch 
band dround the eot~re 4ns~Qe peri .. ter of tbe 
substrate. rb~ vire is ooo-aagAetic aod twisted 
to proYi~~ .a~Detic t~~ld cancellation. 

Each shelt lota c~rcu1t consists ot four 6.5 oba 
sectioo~ cunoected in series. Eacb 104d reaistor 
se~~~UD i~ d.~ x ~.J incbes in size. 

~Q4rge/O~sC44'9V CVAt,ol~. F~qure 3.8.1.1-1 
~hOV6 a block uiaqraa ot th~ cbarqe/discoArge 
oontroll~r d~oci4tea with each bat.tery. Tbe 
cbarge cootroller section COLnects d booat cbarge 
Array in seritt:i vi th tbe bdt.tery tbrough 
~w~tcb~Dq reldYs 11 doa K2. ti~qn charqe rate is 
5el~c~ed by co.aanding butb relaya to th~ir upper 
posiLions (b.r1~ or bArA~; and BAT1J or bAT13 tor 
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battery 1. lor bat.t.ery ~: blT29 or 01'89; ... 4 
BATl3 or ftATbJ), vAich r~aulta in a direct 
conD~~tioD ~etv.en tbe cbargv array aDd ~h. 
batt~r}. Lov cb~rqe ratft is .elected by 
oo •• anding botb relays to tAeir lover positions 
(dAT1~ or b'TA~; and B1Tl~ or blTA~ tor battery 
1. For battery ~: BAr~ or til'lB~; and BAT2' or 
Bl'rB~) • rb~s places 4 "1 oh. resist.or bet .... 
tnQ battery and chargQ array aDd t~rC8. t.he 
op~r&tiDg point ot tbe latter below the kn .. 
(constant yoltag~ port~on) of i~s voltage-current 
caaracteristics. Battery charging is t.urned off 
VbeDeyer ~h~ ~wo r~laJs are in opposite 
potiit.ions. 

Tbe cbarge rat~ of one battery is selectable by 
ground co •• and indep~nde~t of t.be chargv rat.e 
selected fOL the otAer battery. an 
oYerte.p~r4ture trip circuit is inc1udgd to turn 
off ba~t~ry chargiug it t.he tc.perature of eitber 
ot its aasoc~ated battery packs reacbes 95 ~501. 
The bat.twry ther.al svitCh~s are connected in • 
parall~l and closg~ ot ~itber switcb rvsulls in 
a trip cu •• and pul~ to t.ne 11 re14Y driver. If 
relay K~ is in t.be bi9b charge rate or upper 
posilioL, relay At vill be transf~rred to the 
lower position. It ~~laJ K~ is in tbe low-cbarqe 
rate or lovex position, dn oyerte.~r4ture trip 
signal w~ll drive relay Kl into tb~ upper 
pus~tion. Iu bolA cas~s CA&r9i~9 vill turn otf. 
When tbQ battery pack te.p~r4ture decreases by 
approxi.ately lOOP the tberaostatic switcbes vill 
0i>en it9al.n ana an onbociLru .t.uto.a~ic reset. co •• and 
pulae vill return relay 11 to its p~~Yioua 
position and cbarging vill oe r~~u.ed. Charging 
can also be restorvd 4tter a ~rip by qround 
co •• ~nd t.o relay Kl. 

~hen tbe dssentl.al L~s vUltage ~ .aintained 
above ~b volts, lA~ ditiCbar~e controller~ ate in 
4 stand-by .ode. Wben the solar panel cannot 
provl.d~ sufficient current to pover the 
sp4cecx4ft loads by l.tselt, the DUS yoltage vill 
decreas~. lither Lbe pri.ary or redundant 
dis~barge ~ntroll~r 'vbicbeyer bad beeD s~lected 
uy qround coaa4nd) co.ea on line .uto.at~c&llJ at 
~·J.HO to.Oo!» yo.iU. l'be 0.1 ou resiatora in 
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series vith each regulator force load current. 
sharing between the tvo batteries. These 
resistors cause the bus voltage to decrease as a 
function ot load current altbough the regulator 
output voltage is aaintained at 21.80 to.065 
volts by the regulator feedback loop. 

1 . 
The aaxiau. eclipse load vill be 5.5 aapeL'es per 
regulator, resulting in an output voltage 
dovnstrea. of the 0.1 oh. resistor of 27.80 -
0.55 ; 27.27 volts ..It tbis load current the 
ainil!\lII required drop across the regul&t.or is 
approxiaately 1.2 yolts. ?he output voltage viII 
continue to be regulated as long as the battery 
yoltage reaains above 27.25 + 1.2 ='28.25 volts 
or 1.185 volts per cell. If the batteries 
discharge beyond this point the regulator viII 
satuxate and the output voltage will decrease in 
accordance vitA the decrease in battery voltage. 
When tbe battery yolta~e reacbes the DV/OL trip 
point ot 21.S5 yolts or 1.tij8 volts/cell the 
regulator output voltage viII drop to 27.55 -
1.20 :: 26.35 yol ts. 

It the priaary discharge ragulator of either 
controller fails, the redundant regulator 
associated with that controller can be switched 
in to replace it. $Aould a battery fail 
co.pletely, the ~eaa~ning battery and its 
controller can support the entire lo~d 
require.eat within the a.pere-hour e~rgy 
l~.~tations of the one re.~ning ba~terJ. Each 
~ischarge ~e9ulator is capable of proYiding a 
.axiaYa of 11 a.petes continuously. In the 
e~aaple c~ted above, a s~ngle regula~cr vor.ld 
regulate at ~7.aO - 1.10 = 2b.7 volts at ~1 
a.peres until the battery reached 26.10 ph,s 2 
volts requlator drop for a total of ;,t8.70 .Yolts 
(1.196 yolts/celi) • 

1'lJO CU~l·.tnt sensor!; are incorporated ato each 
con~roller to aeasure battery charge and 
discharge ~urTent (PCHG11 and PDIS11 respectiTely 
f.or batter.y 1; PCdGlI anQ P~lS2I respectively for 
u..'\ttery 2). 
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tower In\erf,ce Qnlt.. tbe Power Interf4ce unit 
(flO) provides centralized swit~bin9 and 1u~e 
pro~ect~on for the propuls1on neaters an~ scien~~ 
inst.ru.ents. 

ftagnetic la~ching relays a~e used vhere load 
sW1tching is required. Each latching relay is 
driven by ~ts ovn hybr~d relay driver circ~it. 
In tbose cases vher~ fli9h~ critical functions 
arE! controlled, redundant relitYs are connected 
toqether tu ensure reliable switching. rbe 
stat~~ of all relays ia aonitored vith bilevel 
~eleaetrJ signals. 

All tuses are connected in a parallel redundant. 
confi9ura~~on. The series resistor in the 
redundant leg ~s s~z~ larg~ enough to force 
approIiaately 901 ot the c~rrent tbro~gb the 
pri3ary f~se, yet saall eno~9b to ensure a 
mini.WI b~s voltage c~ <5 .. 2 volts to the loads, 
if the pr~.arJ tuse rails. 

All ~pacecra1t heaters are on the essential bus 
and are fused ~n the PIU. The four saall radial 
Jet and tank beaters are on continuously; they 
cannot be co.sanden orr. The tank beaters are 
redundant. A latcQ~ng relay selects either the 
primary or secondary tank beater group by qround 
cosaand (!iTT19 Qr HTTAY; flTT2~ or tlTTB9).. 10 
S1ngle point failure will vrevent one of the two 
heater groups from being cos.anded uN. 

The Ola hedt~r arrange.ent has series/parallel 
red~DdaDci. Th~s guarantees that no single point 
iail~~e can preven~ one of tbe ~wo beaters fro. 
b<1ng cO •• 4n~ed O~ (HT"19 or HTftA9; Hra29 or 
HrftB9), and tbat Dotn heaters can alvays be 
co.sanded O,F.tl (H'ta 1jl or HTIUjI; d'.ra2jl or a!aBg). 

~witching of tue two aft axial beaters is 
parallel redun~aDt.. No s~ngle point 1allure vill 
i'revent one of tile two beaters 1ro. being 
com.anded ON (dTJl~ or ~TJb9). 

T~e Orb1ter P1J oas d to~al of 12 science 
instruaent tuse vairs and 11 propulsion beater 
tus~ pa~rs. 
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Und,npltaqeJ9yerlQld SWi-!=9. The undenoltage/ 
overload svitch unit (OY/OL) provides power to 
the fuur spacecraft lQad ~uses. A 0-18 •• pere. 
~ av resistive shunt 1S externally .oant.d on 
the U'/OL unit. It .easures the load current 
(PBOSLI - Spacecraft Loads Current) provided to 
all foar. power bu .. es. Tiaree of these bU$es pass 
throuqh aagnetic latching relay contilcts which 
are trippe~ open if the spacecraft load current 
is excess1vely high or it either battery teraiaal 
voltage is too love 

The essential bus loads cannot be switched off 
because they are vital to the survival of the 
spacecraft. Tbe other loads can be'tripped off 
if either battery terainal voltage drops to 21.SS 
zO.l~ volts or the spacecraft load curreut 
~ceads 1&.~ zO.lS aaperes. 

A trip signal is g&nerated to turn oft science 
loads 7S aillisecon4s after a fault condition 
occ.u:s (refer to '.rable 3.8.2.7-1). It reaoval of 
the sc~ence loads reauces spac~craft loads to a 
value less than 1b.5 a.peres vith1n 50 
ailliseconds. the tripping sequence is inhibited. 
It spacecraft loads are still above lb.5 aaperes. 
another trip signal 16 generated 12~ ailliseconds 
after the fau~t occurs. this vill trip off the 
switched loads bus &lsu. If tbe current still 
does not recover a~ter trip of tbe switched loads 
b~s. th~ kl trans.itter bus is also tripped off 
by a siqnal genera~d 17~ .illiseconds atter the 
fllUl t. occurs .. 

The saae trip signals described above ar~ also 
generated when the voltage of either battery 
decre~e» to 27.S5 ±0.15 yolts. ~hen the battery 
yoltaqe rises above 28.3 yolts atter an 
undervoltage trip, as a result 01 a transition 
fro. bat.tery aischarge status to battery charge 
status, tb~ tripping seq~ence is inhibited. 
However, it aoraally re~uires several seconds to 
recover to this voltage. Since the J trip 
signals are qeDerated wi~hiD 100 .illiseconds of 
each other, a battery unoenoltage ~rip wUl 
alway3 •• itch off all 3 non-essential pover 
.busea. lfte. tJte battery yoltage rises to 26 .. 3 

3.8-13 



~ 

-* 
&: 

TABLE 3.8.2.7-1 

RECOGNITION OF UV!OL TRIP 

TL'T\e (\f G round Rec ognition 
occu r anc e 
afte r fault Subsys t E'm TM 
aj>~ars Response mnemonic TM &r. Res}>oM e 

75 msec . Sc i ence Bus Relay to PSCBUS S cience B us Relay Status = 0 iOFF~ 
of{; Pow er to sc.ien ce 

P SCICI Sci ence current decreases to ze ro loads iB cutoH, 
sc ience loa ds r eset P BUSLl sIc loads cu rrent decreases by same amount as PSCICI 
to off . 

PLIM TI Bus Voltage Limiter current likely increases by same 
as PSCIC::X; decreaoed 

--_ ... 

125 ms~c . Switched Loads Bus Loss of downlink telemetry data 
r e lay to off; all 
s witched loads re8 ~ t 
to of! except th e star 
sensor 

175 TTlsec . Xmtr Bus Relay to Loss of downlink carrier 
off; a ll RF Xmtr Bur. 
loa ds r eset to oli, 
e xcept Xponder-
exciter 
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volts, a -UY/uL rdlay reset- qrouad co .. and 
(P51»11 or PSjtll) vill reset all 3 buses. 

The three rela,s, 11, 12 and 13 vh~ch provide the 
bus protection described aboYe, are all reset by 
the -U'/OL relay reset- co •• and. aelay K~ 
proY~des 4B override capability that can be 
utilized, at the discretion of ground control, to 
bypass the trip fUBction and re.oye the 
protect~on feature (PSP1, or PSPA'). 

Once tJae ·U'/OL relay reut- co..anei is sent, 
only the science bus can be povered down again by 
ground coa.and (LlSl,or liS." unless ao 
oyercurrent or uDderyoltage condit~on occurs. 

It is possible to power up te.porarill after a 
trip, in order to aa&e a quick spacecraft 
tele.etry assessaent, and then pover dovn again 
in the folloviog aanner. First, the override 
(not protected) feature via relay 14 aust be 
enabled (PSP", or PSPA~. fhen spacecraft l.oads 
are turned on, a fev aajor fr •• es of Tft data is 
recorded, and then 14 is disabled again (PSP19 or 
PSP1~). The override feature is also used if a 
failure occurs in the trip circuitry (trips vhen 
it should not), ox it any ODe o~ the tvo 
batteri~ tails • 

• capacitor prechareje C.lrcuit is iDcorpoJ:ated 
in~o tbe uV/OL svitch. rh~ purpose of this 
circuit is to li.it the .agnitude of current 
~Drush to the 1Dput capac.ltors of all the loads 
on the science and svitched loads buses through 
tvo 3~C oba series resistors. ~bis preYents 
large SV1tcAiD9 yoltaqe transients vben th.s~ 
buses ar& connectad to the essential bus through 
r~lays Il aad I2. 

?vo re.erse c~~Dected d.locies are v~ea across 
each of the three switcbable buses. lhey prevent 
poteDt •• ~17 daDgerou~ negative bus voltages which 
could be geDerated by tu~ning off loads vith 
large inductive e~eaents in their input filters. 

aeYisio~ 
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3.8.3 

3.U.3.1 

Ipginveripg InstrpIIB\atipn. The power subsJste. 
~£le.etry signals are explained in detail ill 
lpp~ndix 1. 

rhe ~eape£a~ure sensors on the solar panel are 
precision wide rA9ge platioua resistors. 
Theraistors are used on ~ha oattery packs. 

lhe c~rrent sensor uses a dual ~O av current 
shunt and a byb~id differential aaplifier with a 
gain of 102.4 to develop a 1ull scal~ teleaetry 
signal of ~.1~ volts (O.OS x 102.~ : S.12). The 
current sensor is connected in series with the 
positive nuses. It is power~d directly froa the 
bus wbere the .e&sure.ent is .~e. 

¥our of the current sensors are built into the 
charge/discharye c04trollers. On~ of the current 
sensors ~s an inte9ral part ot tbe UW/OL unit. 
The other three sunsors are packaged as 
ADaividual units. 

ope,a~49QS Descr4p~. lbis section describes 
hov to pover Manage the spacecr~ft. ~t explains 
ho~ to confi~ure tbe pover subSySt~3 properly by 
ground co •• and and how to ass~ss its perforaance 
fro. the ayailabl~ telt!lIatEJ signals. 

fcn,er ;'iU~ Yo.L.tage ~4t+n(J._ f.<anges. Fl.guEe 
3.0.3.1-. descri~s the power bus oparating 
v~ltage raa9~s durin~ various miss10n operating 
lIolies. 'tbe no.ina~ po.,er hus voltC:l9~ is :l8.0 
vul~s. Durl.og tbo~e operatioDal phases wnen the 
solar panel is fully illu.lna~ed, tbe actnal bus 
voltGge vi!l be ~i9her tnan this Yalu~. UQEing 
eclipties, woen the discnazge controllers are 
act~we. th~ DUS voltage will De under 20.0 volts. 

'!'h~ sol&r panel is siz~d to provide po"er . 
SOlleVnl'.t in excess ot that IIhich is required by 
t~e lua~~ and tne bus voltage is driven upward 
untJ.l cla.peu by the bus laiers. Bus liait.ers 
1, 3, S ~nd 1 bave set points at 29_S ,oIts and 
DUS li.iu~rs i., 4, aua I) bave set, ~iIlts at 30.0 
woILs. Duriny aost .~SSl.on pta~es tbere is a 
surplUS of solar paDel pOlle~ that ranqes hetween 
v.2~ and b.U a.peres. Bus liaiterQ 1, 3, ~ and 7 

, j 

, 
1 

J 
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toqether are capable ot absorbing oyer 9 a.peres 
of excesa paael capacity. ~b.r.fore. the otaer 
group of lia1tera .ill aot bec~e actiYe unle •• a 
1_1:9. Jlll.ber of spacecraft loacla are tuned oft 
or tAe shel .. es are colQ. 

Por the reasona st.ated aboye. Ue bus Yolt.age 
.~ll be Dear 19.5 ~lts ~uriag .oat of the 
aiSSiOD. It w~ll rise up to 30.0 ~olta only for 
a short period of ti •• during ex-it fro. _poapeis 
eclipse vheD exce.s panel capacitJ vill be .e&r 
13 •• peres. 1D ~DaerYoltage/o.erlo.G switch gait 
trip coulc1 a180 actiYate the 30.0 'folt bas 
liaiters. 

bus li.iters ~ aDd 6 are connected to load .eater 
resistors ~.ded to tbe rear of tbe equip.ent 
sbelYes. If the theraoatatic swit.ches asaoc:i.ted 
vita bu~ l~iter 6 are actiYated dae to a cold 
sbelt, it~ .et point will be lowered to 28.~ 
'folts and the tirst exoass 66 watts of paDel 
c.pacitJ will be torced 1Ato tbe battery shelf 
D"3aters. If U.e theraoatatic switches aaaocia.ted 
vith bus liaiter 2 are actiYated due to a cold 
r.t. shelf, ~ts set point vill be lowered to 29.0 
volts and the nelt incre.ental excea. 66 watts of 
panel capacity will be forced into the r.f. shelf 
aeat.ers. 

When the s~acecraLt p&8SeB tarough 8. panu.bra 
region before entering full eclipse. tbe current 
pro'fided by tbe solA~ panel slowly decr.a~ea and 
tAe power bua voltage also decre •• ea. lae. tbe 
bus yoltagd drops to 21.80 to.065 wolts t~e 
d~scb.4rge controller co.es OD auto •• tically to 
help share tbe load. rhe diacbarge controller 
output is regnlated werJ close to 21.80 ~olts 
eyeD at b.~gb. loads. there are 0.1 oila resistors 
f"OnDectt!d betw.eD _ell regulator output and the 
power bus to force accurate load share between 
tAs tlfO regulators. Since the biglaest eclipse 
load will be ~.5 a.peres (during periapsis) the 
low~st DUS voltage during eclipse .ill be 21.80 -
(~.l) (S.~) • 21.lS ~olts. rb. ligb.te.t load 
will be during apoapais eclipse - approxi •• telJ 
1.35 a.pet.a/bat~'1 which results iA a 27.6~ 
vult poW(.lr bWi. 

3.tl-17 
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~he noraal bus yoltage during eclipses, 
therefore, v1ll raoge between 21.25 and 21.65 
yolts at the discharge reejulator conn,ctor. 
Harness drops vill reduc~ this yoltage soa,what 
but the lowest yoltage at any load viII not be 
lover than 2b.~ yolts. Load yoltages will drop 
DY another 0.& wolt if one of th~ batteries 
tails. Bus yoltag~s v~l drop to the aini.u. 
allowabl~ value of 2~.2 yolts only i1 battery DOD 
exceellS 80~. 

Energy »allAce a .. ~eQaD,e. The spacecraft aust 
be powered .anaged to stay in a suitable energy 
nalance situation at all tiaes. Duing .ost of 
the a1Ssion, the spacecraft viII be in full 
illa.ination and the SUD line viII be near 90 
degrees with respect to the spin axis. DurinCJ 
tD~ tiae, the ~paoecr4ft loads .ust not exceed 
the sol&r panel capability for any appreciable 
perioQ 01 ti.e. The batteries can supple.ent the 
solar panel during short transition periods, but 
a continuous negatiYe energy situa~ion cannet be 
tolerated. 

the spacecraft energy balance condition is best 
assessed with the current sensors. 1 siaplifi6d 
diagraa of the power so~rces, loads and current 
sensor aeasureaents is shown in Figure 3A8.3.2-1. 
111 ~over sources are shown on tbe left and all 
power loaas are on the right. 

lAe current proyided oy the aain array for 
spacecra1t load use is aeasured by the solar 
panel current sensor.. Hattery cba r<Je current. is 
proY1d~d by tne aain array, plus the boost charge 
array~, and is aeasured by the twu battery charge 
current sensors. ~ battery cbarging is turned 
off or reduced by sW1tching froa h1gh rate to low 
rcS t.-:. , the solar panel current sensor tele.etry 
s1gncSl viIi increase by the saae a.ount as the 
Qecrease in CA&rge current. The solar paoel 
curr~nt that is nti11ze~ bl the loads, plus the 
current supp)i~d by the batteries .hen they ar in 
a discharge state, 16 .easnred bJ *be spacecr~f~ 
!uad current sensor. rhe excess current that is 
not naedea is shunted off by tbe bus liaiters and 
is aeasured in the bus liaiter cur~eDt sensor. 

" 
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Total aaia 1rral currllDt is tAli aua of ISp + ICft1 
+ lCH2 (refer to 'i9are 3.a.3.2-1) Solar Pa.el 
CUrt-eDt (Isp) .... ur.. solar paDel curreat 
supplied to tbe spacecraft load.. It •• asures 
total .aia arraJ curreDt oall it battery charging 
a couaDded ott. 

lull ~lu.iDatioa conditiDns can b. defined by a 
CUrrtaDt equation that sbow. tAe po_r sources on 
the l.tt aDd tbe loa4. on tAe rigat: ISp + leH1 
+ lCH2 : lSCL + ISL (Bat~.ries not aiachargiaq) 

vhere 

lSp III solar paDel carreDt 

lSCL- spacecraft 10a4s curreat 

ISL - bus liaJ.ter curEVDt 

Ica1' ud lCU2 - t.el_et.ered batterJ 1 and 
battery 2 cbarge curreats 

DuriDg eclipsest aU spacecraf t. load. are 
supported DJ the batteries tbrougb the discharqe 
controllers. fhe battery c&I.rrents are .eaaurea 
by the two bAttery discbarge carrent .ensor •• 
Tb~ spac~craft load curr~Dt is again .easured hJ 
the spacecraft load c~rre.t sensor. Howey.r. the 
_all sbuDt cllrreat loss in each dJ.scharge 
cODtroller is Dot .... urea dir~ctlJ. rigure 
J.ij.J.2-2 ~escrihas ~is saunt curr.D~ loas as a 
function of load current. Th. bua li.iters. of 
course, are &O~ actiY8 Guring eclipse. E.c~ bus 
liaiter dravs uDly 5 .~llia.p&r.s of standbJ 
current. Since tbe bus li.iter current •• nsor 
full scale rang. is 0 to 12 aaperes. or ~7 
ailliaaperes per tel ••• try bit, the tel ••• try 
Signa! vill be yerJ s.all. rbe ~clipse situation 
CAD be su •• arized by the current equation: 

..Yi8io. 
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where 

1 B01 + I BD2 ;: ISCL + IBL + 1.Sft1 + lSH2, 

1.B01 and I B02 a: tele.etered battery 1 and 
battery 2 d~charge 
curr4ltnts 

lSCL & spa~ecraft load current 

1 SH1 and .lSft2 

& bus l~~ter current 
(appruxi.ately 35 •• ) 

- discharge controller shunt 
curr@nts as deterained fro. 
'~9ure 3.b.J.2-~ 

There will be sburt tiae p~rioQs wben tbe solar 
panel and batteries aust saare the load. This 
includes launcb, entering and leaving eclipse, 
and soae periapsis passes. Wb~n ~nterin9 
ecl~pse, tbe ayail~ble solar panel current 
decreases and t~e bus Iiaiter current also 
decreas~s by a corresponaing aaount and then 
Decoae~ ~ .ill~a.peresl1~aiter standby current. 
Atter tbe bus voltage drups to ~1.60 volts, tbe 
Qischa~ge contrOllers becoa4lt active. Tbe charge 
current w~ll then by-pass the batteries and flow 
directly intu tbe d~scharge controll~rs through 
the battery discharge current s~nsors. As the 
solar panel current co~tinues to decrease, the 
batteri~s will then start to discharge. The 
curren~ equation for this situation is soaewnat 
aore coaplex toan tAe two preceding conditions. 
unce a9ain~ all vower sources are on the lett and 
the ~oa~ are on the right: 

M t ' « .--J 
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ISp • "TBD1 • Lr'BD2 & ISCL • "BL • ISH1 • ISH2. 
where 

ISp -= solar panel cllrrea~ 

1 TB01 & True bat.tery 1 discharge 
curreat -= ITBD1 - leHl 

ITB02 c True bat~ery 2 dacharge 
CIlrrent • ITBD2 - I CH2 

l..SCL = spacecrat (' lCt(' •. d curreat 

z DUS 11a~ter current 
(approx~atelJ 3S aa) 

.L SHl and ISH2 • discharge coa troller shuat 
current as aeqra1Jled fro. 
ligure 3.6.3.2-2 

It Should be noted that vhen loads are beiDg 
shared by the sola.£ panel and batter ies, ~ae u.u 
batt~ry discharge curreDts an lBD1 - Iat aDd 
IBD2 - "CH2: DIlr~Dg ~cl1pse, of course, the 
charge curreDt Sensors read zero and IB01 and 
IBD2 ~dicatd the tru~ ~attery discharge CIlrrent 
direcUJ. 

The discharge controller shuDt loss, shown in 
li~~re 3.ti.3.~-2 renrwsents the shUDt curreDt 
required when the ba~terJ wo1tagQ is aiga enough 
tu aaintain the reguLator ia an act~w~ regulator 
a~Qe. VhwD the batterJ voltage drops to a 
voltage level vhere the series pass regulator 
transistor dro~ gets too low, the latter goes 
intu 4 saturate~ AOD-regQlatiDg aode and the 
output yoltage startu to decrease. In the 
saturated aode, the drive circuitry is att.apting 
to aaiDtai~ regUlation by delivering ~ta a •• 18ua 
Qr19~ current capab1lity to the serieti pass 
tra.nsistor. This value is approxiaatelJ 230 
ailli.ap~rd8. Therefore, ~e shunt loss of the 
regulator will sharply increa.e fra. tbe saall 
values sbow~ io '~gure 3.8.3.l-2 to approxi8ately 
2ijO aill~4.peres wDen the controllers ~o out ot 
regulation. Under nora.l operat1D9 coaditions. 

3.8-21 

118wisiol1 

I .. 



, 
--~~--~----------------------------------------------~----------~~ 

Section 10. J~8.3.3 
DOC. 10. __ ~PC __ =4t __ Q .. , ____ _ 

Onq. 1.sue Date ",all'1 
aev!sion 10. 

aft is ion 

3-" .3.3 

3.8.3.4 

3.8 -4:2 

~t i~ not 4nticipateu that the battery voltage 
levels vill drop duvn to 1~ve15 that result in 
satuI.at4l!d aode opera tion • Tbis would occur only 
under t~lure aode condi~ions. 

Sol., PAQ~l Pe,to{IAPCe AS r»Dk1i21-0t Sol.r 
CoAstSA!- ID oruer to plan pover operations, it 
is very useful to know wbat the a¥ail.bl~ current 
"ill be at t.!le n",aaal 2ti.O volt bus voltage for 
all ~u.1."r constants tbat. vi.1.1 be encountered 
darib9 th~ orbit~r aission. Figur0 ~.d.3_3-1 
shovs plots of solar pan~l current at 28 volts as 
a fu~ion uf solar cUDstant. The lover curye i. 
a "urst case predict that assua~s a aassi~e solar 
tlare v~ll occur. Xne upper curv~ is a aaxi.u. 
pred~ct ~at assuaes that no radiation d •• age 
UCCUrS anG that tbe solar calls vill pert ora up 
to their a4xiaua potential. Tnese curves 
represent power ou~ut vith the $un incidQnce 
nora.l to t441! spacacra1t spin axis and include 
tAe eLfecta of ~ncreasiD9 solar ~anel teaperature 
at hiyh~r solar constants. 

b.t\.,ux Usage apLelurgiag. During aost 01 the 
aission. tbe batteries vill De on trickle charge. 
9igh rata charging vill bd n~d~u only during 
that portion ut tbe periaps~s eclipse ~ason vben 
eclips~ tiaes e~ceed 10 ainutes and during the 
apoapsis s~ason. table ~.J.~.~-1 cont~ns 
r~co •• en~eu ch4rgin9 .an4geaeut tor the orbiter 
!b.ssion. 

Section 3.ij.2.~ Qescr~b4i!~ bvv th~ battery charger 
oper4tes. The charg~ ~urrent aV4~lable during 
the Vdr~ous .is5ion tiaes is a Lunction 01 a 
nuaber ot factors. This can be aust easily 
expla~n~ oy the use of battery boost charge 
array volta~a/current cur.~s and load lines (or 
variuus critical aissivn tiaes (figure l.8.l.~-
1) • 

Durin9 high rate charge ~he load line oper.ting 
region is cllvays above the knee or on the 
con~t4nt curr~nt portion of the curve. 
Tberetor~, the charge rate is a ~irecl tunc~ion 
of tn~ so~ar const44t. ~t vill vary froa O.J a.p 

d' .. 
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a~ L.~8 4ay8 to approziaatelt 0.1 aaperes .eAr 
Vellus. 

Duc1aq lov r.t~ cbacgiDg the load liDea iDtersect 
tbe curY4lS beyoad the kDee of ~b4lt car9... rbe 
caacq. rate vill 9&ry be~V"1l 130 ADd 190 .a _ken 
tbe bus voltage is at 29.~ volta aDd froa 100 to 
lDO aa at a bus voltage of 28.0 90lta. 

Tne trickle or low cDarge rate. quoted abo9. 
assu •• tbat tbe battery is f~lJ cberqed or near 
full cn.r~e and ha» a terain.l 901t4ge of 
approl1.ately l~ 9ults (1.~16 volta/cell). Iben 
a partially discbarged battery ia iAitiallJ 
plac@u on cbarge, 1t¥ volt~ge will be aoaewhat 
Ivw~r by appro1i.ately 2 or l yol~s. this .09~S 
the abacia .. interoapt of Ua4lt load 1 iDes to tbe 
left uo increaa .. the initial cbarqe current to 
a .alue tbat is ~o to 00 .a bigber. Tbe cbarge 
rdt4lt will then alvvl! decrease as tAe ba~~~ry 
reacbes full charge. Charge current increa ••• by 
approxi.ately 20 .a for each 1 volt reduction in 
batt~ry ~~r.iDal voltage or 1 volt increase in 
power bus voltage. 

battery cbargiDg vill be ca..anded to low ra~. 
char~e at launch aDd r •• ain in this configuration 
approlli_atvly 7 aonths ~.ntil the periapais 
~clipse saason. In or4~r to atay in energy 
balance, wnen lbe periapsis .clipsea exceed 10 
.inutes, it viLl ne necessary to go ~o high rate 
charqing for at .. " houra e.ery orbit. To pnY8At 
uYer~eat~ng the batteries. tAe aaount of bigh 
rate chAr~e .uat be tiae li.ited. 8axia .. 
battery depth uf discbarga (DOD) du~ing tbe 
per~4pti~~ season will De approxiaately 301. 

During the long apoapaia eclipse aeason, .axi_ua 
battery 000 vill be approx~.Ate!y bOI., It this 
battery discharge 18.el, it vill require 
appruxi •• tely 10 hours tu recharge at higb rate. 
ll: tAle bAtterJ t •• perature does not e]Fceeel 8~O, 
undttr cODtiD~ou. high rate cbar9_ during ~be 
.poa~SiB ec11pr. ao.avD, tbe charge oontroll~r 
CdD be l.tt 14 higb r4~e charge 4uring tae entire 
sbort lieaaOD. 
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Batte£y cAarg1D9 vill noraally neyer be tarned 
uff. 1s explained in Sect~on l.S.l.S battery 
charg~ng is turned oft vben relays Kl and K2 are 
in oppog~te vos~~ons. It it is nece.sary to 
turD utf. Dattery charging for soae reaSOR, t.be 
preferred rvlay s~ates tor char9ing turnotf are 
11 b~~h and K2 lo~. The r~a.o~ 15 as follows: 
It, instead, relay 12 wa~ lett in tbe hi~h state, 
4fiQ celay '1 was l~ft in the low titate, a batt. .. ry 
ugert~.perature condition Lollow~d by a battery 
cool ~ovn voulQ g.D~xate a r.asat s~D.l to relay 
K 1 IIal.ch would transfer the Id tter to a bigh 
!'Usi lion 4nd high ra te charging would start 
autoa.ticdlly. It, on tbe otb~r haDd, charging 
~ turn~ off i~ the preLerred .aDner, a battery 
()"erteapdratuxe condition tollow.ad bl a cool dovn 
"oula result in • r~set si9nal to 11 which would 
transier the latter. to a low posit1on and low 
rat~ charging vo~d start dutoa4ticaily. 
llthoUgb~ ~t is e.tre.~lJ un~ik~ly that turning 
ott D4tterJ cb4rg~ng would be follOWed by 
actuation of th~ uverteapera~ur~ svitcb, it is 
pr~ferable ia this cas~ that low rat~ rath&r thab 
h~qh rate char9~ng ~e turned on. ~n aDY case, if 
cbcsrlliug coaes on auto.a ticall y as a result of a 
reset 5ign41, ~e overteaperature circuit v~ll 
turn CQ4r~~ng otf 4.ya~n ~f t~e D~tteries qet too 
but. fh.a overte.~er.ture switch and its 
ass()cia teu circuit would C:OJl tinue to 
4uto.dt~c4l1t turn DClttecy caarqiD9 on and ott 
afid, tbus. protect the D4tteries fro. ezcessiYti 
t~apt!r(t tures. 

rh~ aolar ~auel char~e otr~ngs are spaceJ 
4pproxiaat~ly ~~ d~rees apart on the cylindrical 
substrate, as ~xplaiDed l.Jl S~ct~OD 3.ti.2.1. This 
r~::;ul ts ~n apPl'ozi.a t.el)i 4. 9 percent ripple of 
tbe cur~ent oyer th~ con~ta~t CUI[ent portion of 
the ~/I curv~. It high ~b4cye rates this ripple 
current v~ll De seen 03 the cna~ge current 
t~le.etr1 silnals. ~ow cbarge rate operation is 
pecturaeu ~low thd kn~ ut the '11 cu~ve. Sin~e 
tile cpea circult voltAge ot a ,solar cell is 
le14 tiv~ly insttnsi ti \h'! to sO..t.a r ~11uaina tion 
.leYdls, t.hu~l! will bd a .uch lov~r cbarge current 
t1pplu QUr~Dg IDw ra~ cnarge. 
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TO g~t an accurate .eaaure.~nt of charge curreDt, 
approxi •• tely 10 aeasureaents should be averaged. 

!!e Of PrecilF9' ki&cuit. ls explained in 
3 •• i.2.1, a precbarge circuit has been 
incorporated into the Orbiter uDder90ltagel 
oyerload u~it to slovly precharge the input 
filter capacitors of the instruaents on the 
science bus and the spacecra1t loads on the 
switched loads bus. 

The precharge circ.u.t. should be used as a first 
step in powering up the switched loads bus again 
after an underwoltage or overcurrent fault has 
resu~ted in a trip of this bus. 111 of the loads 
on t.he swit.che~ loads bus (with one exception) 
are t.urned on and off by electronic latch 
circuits. Only the star sensor is turned on and 
off vith a a.chanical latching relay. Therefore, 
if a UY/OL trl.p occurs, the star sensor load viII 
still be on the switched load bUS after it is 
reactiYated. When the pxecharge circuit is 
turned on, the star sensor vill draw a continuous 
current of approxiaately 2~ .illia.peres through 
the 390 oh. isolation resistor. 1'his results in 
a sVl.tched loads bus woltage of only 16 to 18 
yolts. Fortunatel" at this low woltage star 
sensor all co •• and circuitry still functions. 
lfter sendl.nq a ·Precharqe on" co •• and, both star 
sensor channels .uat be co •• anded off to allow 
the svitcheo. loads bus to be precharqed to 
approxi.atel, 28 yolts before the ·Of/OL relay 
reset.- or ·pover syste. protection OPF- co •• ands 
are sent. 

Tne SCience bus is also precharged bJ the circuit 
described abo.e. During sJste. test, bovewer, it 
was dat~r.ined tbat the instru.ents prese~t a 
relatiwelJ low input capaCl.tanoe and do not 
require precharging. fherefore, if the science 
bus is turned off by sending ·All science 0'" 
co •• and, it is not necessary to precharqe the 
science bus before sending ·OY~L relays reset". 
On the Orbiter spacecraft, the precharg0 circuit 
is Qsed only if the svitchecl loads bus is tripped 
off. In that e.ent, tbe ca..and PKBCHAiGE OM 
should al.a,s precede the coa.ands UY/OL RELAY 
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BESEt and/or POIER SYSTEK PBOTECTIOI orp. theae 
~ould always be rollowed bJ the co •• and 
PBBCIiUGE OFP. 

iOWiC »p§ rlyl~ P'9~jcti2B lag ot/ok Trip 
BiC9'~[I. The ~pac~cratt has a nuaber of 
features that prot~t ~t froa po~eI DUS faul~. 
Potential tault conditions are overvolt4ge, 
und~ryoltag~ and overcurreut. 

rbe uu~ l~.iters provide overvoltage protection 
DJ absorbing excess soiar pdnel capa~ility and 
Nst.rict.ing transient oVttr~hoot voltages to 
valu~~ less than 31 volts. 

~cb spacecraft load has protect~9t! 1UBeS and 
aost. spacecraft units also have electronic 
currt!nt liaitiuy to pt'otect against ogercurrent 
conditions. It is alaost iapossible to protect 
a9a~Qst !larness snorts, !Jut ~nternal unit sbort 
circuits .ill be eftttctively isolated by the 
tUSt!S 4n~ current liait circuits. 

it ~~ possible for the spacecraft to go out of 
eneryy balance it the spac~cralt spin axis drifts 
otf t.he SUD line noraal, it excessive loads are 
coaaanded on inadvertently by equl.paent faults or 
aission operations errors, or a spacecraft unit 
dt!velops a fault current that is oL insufficient 
.a~n~tude to blov 4 fuse. The net result vould 
be that batteri~s .ould start to discharge at a 
t~ae when they noraally sbould b~ on cbarge or, 
.if probleas occur uurillg ecll.p!ie, the battery 
discharge current vould e~ceed its nuainal value. 
These operating conditions could a~plete the 
battery and threaten tbe spacecraft vitb 
aarqinaily lov voltaye conditions. To reaedy 
thttse battary underYolta9~ and/cr oyercurrent 
conditions, the UVjOL svitcb vill trip otf 
s~ience, svitchttd load, and kP tr~n~~itter bus 
loads a~ ~xplainea in Section J.~.2.7. 

In aost instances, all analy.l:i~s of the teleaetry 
data, prl.or to a OV/uL trip, vill reveal tbe 
nature ot th~ difficulty and thereby suggest 
corrective 4ctl.On. oovever, if d trip results in 
~uddan loss ot the duvn~ink carrier and/or 

I 
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d~gital tele.etry signals vitb no clues to t •• 
nature 01 the proble., it will be Dacea.ary to 
.ak~ ~n asseas.eDt of the spacecraft operating 
conditions to tOl'1lulate corrective action. In 
this case, it would be prudent to power up the 
sw~tcbed loads anA HP transaiter buses 
terwporarily to get a few aajor fra.es 01 data 
and th~n pow~r down again to the aiDiaua 
essent~Al bu::. loads while t.he uata. is being 
evaluated. 

When it is desired to pover up t.he buses 
teaporarily aft.er a tr~p, ~t should be 
accoaplishe4 by ca .. anding to an override or 
npow~r syste. protection 01f- aode. lXecutio~ of 
tb~ -UYjOL relay reset- coaaaD~ is uDdetiirable in 
this cas~, si.nce tbe swit.ched load and B' 
Lran~aitter reset relays, 12 and ~l, can 
subsequently be powered down only bJ anot.her 
undarvolt.age or overcurrent trip signal. 

lhe coa.and sequence to t.eaporarily power up t.he 
spac&cratt after a UY/OL t.rip is as follovs: 

• Precharge on (wait one second) 
• PSI. off and PSIl. off (s tar se nsor off 

coa.ands) 
• ~wer systea protection otf (ov~rride on) 
• precharge off 
• coaaands to restore BF downlink and 

teleaetry 
• Power systea protection on (override off) 

~ower down again • 

• fter corrective act~on nas been iapleacfted t.o 
reaove the tault, the power buseb shoul~ t. 
co •• anded back into tbe -protected- aode with 
relay !q otf and 11, K2 and K3 reset ~laJ 
en~bled by the -UYIOL relay reset- co.aand. 

t.o 

Al.ost dll non-essential spacecraft. and science 
loads are turned on with electronic latch 
circuits. Beaoval of bus power to t.Aes.t loads 
alao turns otf t.hese latcb~.. lfter power is 
restored ~o t.heir respect.ive buses, it is 
necessary t.o 8end pulse t.urn-on co •• ands to t.urn 
thea on again. there are only two non-essential 
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power bus uDit~ taat do not bave electronic latcb 
circuits. Is explained abowe, one ot thea is tbe 
star s~nsor. The o~ber is tbe transponder 
exc~ter. Tbey 4re botb turned on by aecbanical 
~atcbing relays. When power is restor~d to tbeir 
respective power buses after a trip, they will 
turn on again. The star sensor can be lurned off 
throu~h tbe precharge circuit as explained above. 
The tr~nsponaer exciter can be turned otf (it it 
~ uece~sar} to do so) only arter k' late bus 
yower is restored. However, it does not 
interfere with tbe noraal operation ot tbe 
precharge circuit~ on the sc~ence and switcbed 
load buses. 

A battt:!ry undeJ:voluge trip v~ll reaove ill 1 
non-essential power buses even ~1 the battery 
starts to ~barge atter tbe Science and/or 
switcbed Loads buses are trippe<1 otf. Battery 
voltaqe does not rise fast enough to interrupt 
the trip sequence. An overcurrent con~ition that 
does not reduce ba~tery volt4ge below 27.55 volts 
~ill be interrupted When luad ra.oval drops total 
spacecraft loa~s current unuer lb.25 a.peres; 
th~s coul~ result ~n re.oval ot l, 2 or 3 non
esseutiai .. ow,,~r buses (keterence: Paragraph 
1.~.18) • 

rbe all sc~ence op, CO •• ~IlO w~ll be ineffec~~.e 
vhenevel' tbe spacecraft is op~ratin9 with tbe 
pov~r syst.~a pLot.e(;tioll 01f. Thus, in this 
cont~yucdt~on, instxuaents must be ~urned orp by 
utilizing iUdividudl uP, co •• auds (Reierence: 
Pdrdgrapb 1.~.lij). 

~ei 01 ijUS Volt~q~~~~. The seven bus 
~i.it~rs will be enabled prior to lauucb and tbey 
~oulu ~tay enabled throuqnout. the .ission. A 
DUS l~aiter should be disable~ ouly i1 it is 
u~fective. 

~lX uus li.it.ers dl'e required to absorb the large 
QXc~ss panel capacity thdt ~~ dvailable 
iaaea~tely atter the sPdc~cratt hdS passed 
throuqa a 10D9 apo~ps~s eclipse. spacecraft 
loads are approxiaately ~.7 a.peres at tbis tiae 
and tbe panel capab~li~J dt 30.ij volts ,.axiaua 
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allovabltt bus vQltage) caD be as high as 16.b 
aap~res tor a tev a.iDu~es as the paDel hehta ~p 
to its noraal operational ~e.perature near 1580 C. 
Ther~tore, there vill ~ all e~cess ot 13.9 
daperes tbat anst De sbun~ed off by the bus 
Iiaiter loads 4t ~bis ti.e. ~ach bus Ii.iter is 
C4pable 01 absoroin9 2.35 aaperes or 16.ij5 
d.p~res total tor the seven l1aiters. This 
provides a aargiD of ~.~5 a=pere~. 11 ODe bus 
11aiter fails, boveyer, the aarg~ is reduced to 
only 0.2 aapere. rberefore, in oruer to lighten 
the uUrdttD on ~be bus liaiters, the batteries 
.~st De coaaanded into bigh cbarqe rate befo~ 
the ~yacecraft en~ers eclipse. Tbis v111 add a 
load of approxiaa~elJ 1.4 a.peres upon exit tro. 
eclipse and increase t.he bus 1 i.it~r safety 
aarg1.n o.t aD equal a.ount. This ~ill bring tbe 
total spac~ratt load up to 4.1 aaperes. It vill 
also prevent the bus troa rising above the 
aaX1aua safety level ot J2.H.volts even if tvo 
bUS l~iters tail. 

The aboye analysis p~rta1.ns to tbe tiae vhen the 
~lar panel output is aaxiaua and loads are 
ainiaua. At all other t~es, tbe tour (-1) bus 
liait.ers vill ~ able to bandle all excess 
capac1.ty and .a1nt~n the bus voltage belov 29.5 
volts. 

fropulsiop Helt~, ~rtota4pce. :val~li2a. The 
Orbiter has tha folloving coapleaeut ot jet 
tbrusters: four ra~ial, tvo att axial and on~ 
forward dxial. EaeD thruster and ~t~ associa~ed 
line segaeats have beaters. 111 01 tbe radial 
line hea~ars and the 10ur radial j~t thruster 
heaters are on continuously. Tne al1.al jet 
thruster h~ater and associated line heaters CAn 
be co •• aDded on and 011. 

All seyan jet t4ru~ters nave teaperature sensors; 
tb@ three dxial 11nes also have teaperature 
sensors. However, the 10n9 radial lines do Dot 
~aye le.perature sensors. kauial line 1/2 beater 
.status (VJ12HS) is aonitorad by a saall series 
38.ij oha r~sistor vitb a scale factor of ~b.05 
.a~olt. it 28 volts, ~uis Deater requires 103.4 
aa and results in a teleaetry signal 01 3.97 
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volts (19d data units). K4dial l~ne 3/~ heater 
status ('JJijHS) is .onitored by a s.all series 
42.2~ oh. resistor with a scale factor of 23.66 
aa/Volt. At ~ij volts, tAis neater reguires 76.4 
aa and results in a tele.etry si9nal ot 3.23 
volts (1~1 Qata unit~)« Laprupa~ operation of 
the rdQ~al line heaters will be denoted bJ a 
sharp change in tbe Tft si~nal. 

The p~opulsion tank heater switcb in tbe PIU 
controls opera~oD of not only the tank heaters 
the.selves but also a large nu.ber 01 asscciated 
heatars tor propellant, till and drain, and gas 
lines; fill 4nd dr4in valves; latch valves; and a 
pressure transducer. rhe Vropulsion tank heaters 
and tbeir associat~ heaters are all upstrea. ot 
the latcb valves. All of tbese beaters are 
redundant. The p~U sW1tcb selects eitber tbe 
priaary or secondary group of heaters (HTT19 or 
arr19; HTT~9 or HTTB9). No s10gle point failure 
vill prevent one ot the tvo beaters fro. being 
co •• anded on. E~ther the priaary or secondary 
yroup is on continuously. 

Th~ tvo tanks and their propellant lines, bave 
t.e~perature sensors to aonitor the operation of 
~e~r he4ters. At launcb, the pr~.ary beaters 
vill ~ co •• aDded on. 11 any of tbe tank or 
propellant line teaperature sensor~ indicates 
heater fa~lure, the secondary group of beaters 
vill ae svitchad on and the primary ~rou~ vill be 
sw i tcbtH1 ,)11. 

Tbere ~s not a sutt~c~ent nuab~r o~ teaperature 
$ensors ~o aODitor allot the other saall beaters 
~l ?ardll~l witb tb~ tank and prop~llant lin~ 
beaters. The rQsolution of tne 0 to 18 a.pere 
sVac~craft loadS current sensor is inadequate to 
v~rify th~ir proper opercltion. 'rberefor~, tvo 
4~dit~on41 current sensor aedsure.ents, vitb good 
.lvv current resolution, v~re added to aouitor l;VO 
p~i.ary taDL b~ater subgroups. Th~ following 
group of beatQrs dDd taeir no.~nQl current at 28 
volts is aonitured by a lb.~ oh. curr~nt sensor 
(V~VPi~ - Laten Valve Priaary ~eater status): 

j 
j 
1 , 
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Latch wal.- 1A 
J.&tcb yal w. 21 
Pressure transducer 
'ill aad GraiD liD. 1 
Fill And drain line 2 

10." 
26.16 
10."6 

6.20 
_1.aQ 
63.48 

aa 
aa 
aa 
aa 
I. 
aa 

This ra cbabDel ~ill read 1.047 yolts at 28 
wolt.s. The scale lactor is 60.&1 aa/yolt or 1.21 
aa per data uDit.. l'ai.l8re of aaJ ODa of t.he 
aDove Aeaters ~ill result iD a aiDia" change of 
6 or 7 dat.a unit.s. 

the second group of priaarJ heat.ers aDd their 
nuaiDal current. at. 28 yolt.a ia (VrDVBS - Fill and 

Drain Valve PriaarJ BeAt.er StatuS) : 

rill and draia yalYa 1 18.4:l aa 

Pill and drain waIve 2 16.42 aa 

Pill and drain waly. 3 16.162 aa 

Fill and drain 3 gas line .!2.J§ I. 
1 ... 62 a4 

lniR T! c.annel has an 8 obi current sensor that 
deyelops a 0.~91 volt. sigaal vhen the woltage is 
2S vults. The scale factol: is 12~.1 aa/yolt or 
2.~O .4 per data unit. rail~re of one of tbe 
above beaters viII result in a ainiaua change of 
7 or S data ~nits. 

tbe t.eleaet.ry values of t.hese 4 propulsion 
heaters vill fluct.uate slightly ae t.he bus 
voltage fluctuat.es. llso the propulsion heaters 
and the saall c~rr.nt sensors _ach baYe a ~I 
tolerance. In additioD, beater resistance 
increases by approsiaately 101 when the 
pcopuls~on beater te.peratures are near tbeir 
aaxiaua levels. Tbe~etore, the actual aeasured 
data ue.ia~e8 slightly froa the dbove Do.inal 
values. Sbovn DeloM are actual aeasure~ values 
at a bUS yoltage of 19.~ yolts at approxt.ately 
+oijor: 
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Latch yalve beater group 
'ill anG drain VAly. 

htta ter CJroup 
Bl/Bl line heat~rs 
a3/B~ 11ne aeaters 

63.0 aa 
11.S aa 

101.8 a. 
bO.O aa 

failure lod.s. '19uadA&.s:X ape) £2n~ti,e Actiop· 
the pover subsJste. nas redundant bUs liaiters, 
discharge regulators, and battery cells which 
allow Dora.l or near noraal spacecrat~ operation 
to continue in case of fulure. TM UV/Ol. 
protective circuits have an override .ode tbat 
allows by-passing of tb~ reset relays. The 011 
and tonk heater ciICuits are redUL~ant aDd tbeir 
operation cannot be coaproaised hr any single 
point failure. A su.aary of potential failure 
aodQS and correctiv. a~~ion 15 shown in Table 
3.8.3.~-1 belove 
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111LUBB aonBS , OO •• BCTlI& lCTIO. 

PAlLOR! flODZ 
-~.-~------..-. .. .-.-. 
Bus voltage 
liaiter fails 

Discharge 
controller f411s 

Cur rent slltnsor 
fails 

Cbarge controllQr 
relay 11 fails in 
high state 

Charge controller 
reia! 11 fails in 
10lf state. 

ella rge controller 
relllY 1t2 fails in 
hig4 state 

-----~------------------~-------~-COdBCfIII lCtIott/COltanrs 

Send disable ca..and to re.owe fro. 
pover buu. 1 Ii.iter is redundant. 

BaCA bat tary has red undant discharge 
regulator - select redundaDt uDit by 
co •• and. . 

Current ~naor ele.ents consist of 
~ parallel pover resistors (sAunts) to 
pre.ent open in power bus - if sensor 
electronics fails, unknown current can 
be deriweel fro. otJaer current seDSor 
.easure.ents with aid ot equati~Ds in 
Section 3.6.3.2. 

By .eaDB of relay 12 can co •• and to 
high cAax:ge and ot.f only - if battery 
gets too hot in high charqe state, .ust 
periodically co •• and on and off by 
ground or .e.ory co •• and. 

By .eaDa of relay 12 can coa.and to 
low cAarge or off only; would not be 
able to co.pletel)' recharYQ one of 
the batter~ea Guring longest eclipse 
periods but su1ficient capacity viII 
be awailahle fro. 2 batteries. 

By .eana of relay Y.. 'f can co •• and to 
higb cbarge and ott only - if battery 
gets too bot in b~gh charge state, 
aust periodically comaand on and oft 
by groUAd or .eaory coa.and. 
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FAILURE "OD~ COBBECrIV~ lcrlOM/cOftftEl~S 

Charge contcoller 
relay ~2 tails in 
10" statti 

Oy. rt .. pera ture 
circuit 
1DadYertently turns 
off relay It 1 

0'/01. trips ott 
in~dyertently 

Precharqe Circait 
fai Is 

Badial Jet deater 
1, 2, 1 or 4 fails 

I
CaD not turn 00 or 
t.ur n off aft azial 
beater 

Can not t.UD iurwud 
azial j~t heAter on 
or otf 

Open cell in A 
bat t.ery pac" (v4iry 
1011 probabilitJ 
eve nt.) 

I
Sba rt.ed cell 1Q Ii 

bAttery .,aCl 

l.8-l4 

-... -..... ----...-. .... -..... .-.--... -... ----.--~ . ...,....--.-.-. ......... .-.-

8, ... DB ot rel., K1 can co •• and to low 
charge or oft ODl,; would not be able 
to co.pletel, recharge oae of tb. 
batteries during long.at eclip.e 
per~ods but sufficient capacitJ will 
be a.ailable froa 2 ~atteries. 

Itela, 11 can be co •• uded t.ack to 
pre.ious positon bJ gruund co •• and. 

bypass U'/OL raset r~laJs by turaiAq OIl 
relay ~4 witb apower subsyste. 
~rotection ott- cO •• dnd 

If U_/OL trip occurs and loads unlatch 
after reset cO ••• Dd, send pulse 
eo.a.nds to turn thea on 49a1n. 

Beauadant. ra~1al jets ayai14Dle if 
det~ctive heater resul~s in excessiyelJ 
cold jet. 

Use red~ndant. aX141 jet witA suitabl~ 
te.peratW:ti 4~ .~ri~ied by teap.rat~r. 
sensor. 

If forward Axial j~t ~e.perature not 
sU~~4b1d, use redandant aft axial jet. 

1.066 of coaplete bat tery - 'turD oft 
cbarge to fa11~ battery. uuri~9 long 
apoapsis ~clipses .iniaize sp4cecraft 
loads to preyent co.plete d1scoarge of 
reaaining battery_ (See Sect~on 
".j.~.1) 

Battery vill cont.1Due to operate with 
one or two SAor~ cells with reduced 
capillc1 ty • 

l.) 
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TABLE 3.H.J.9-1 (Continlh!d) 

------------------- ------------------~--------------------
FAILUkE ftOD~ CuRkEClIVE lCrloM/~u~~E.TS 

On~ or .ore heaters 
of pr ia ary tcU1A 
group tails 

One or .ore of 
t.hree OUI group of 
h~ tars tails 

Had ial 1 aD~ 
raoial 2 line 
heaters defective 
as yerit ied IJy H 1 
400 .2 Lue Heater 
Sta tus TJI. 

Had ial j anJ 
rad ~al 4 line 
haa ters detective 
as v4I!ritied by &3 
aDd k4 Line He4ter 
Sta tus £ft. 

lrclnster to secondary taDk heatel: 
group 

select r~undant orft qroup of beaters. 

U~e rau4al 3 and radial ~ jets where 
poss4ble. 

Use radial 1 and r~Qial l jets wbere 
}.l0~4ble. 

3.8 .~ Pover SIJP~yst4!! C2Y411d Jt~sP2QS4lt.. 'rable 3.H .4-1 
below exv1clin the tuuctiou ot each pover 
~uIJsyste. coaa4U~ aDd how the associated 
tele.etry s49n41s ae4sure the response to these 
co •• ands. The tab!e assuaes that coa.ands will 
De seut uurinq full solar pan~l 4llu.iDation. 
Normally power SUIJsystea co.gdnQ~ viII not be 
sent during ecl4pses. 

l)Uring aost full illuainatioD ti.~ periods there 
45 excess p4nel capac4ty ~nQt torces current 
tbrou9b tbe bus 14.iter lOdd r~sistors. Whene~er 
~is is tbe Cd~. aD ~Dcr~a5~ in ~ol4r pdnel 
curre~t result£ 40 an increase 01 bus li.iter 
currel1t by th~ S4.~ d.Vuut.. Also, v ben a load is 
turn~o otl, 4S retl~ct4ltd iG d d~~r~ase ~D the 
~Pdcecr4tt load current, t4e uus l~a~ter current 
.ust ~cre4Se ~y this ~.e •• ount. 
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Di lcha rg' R"g'Jla 
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POWER SUBSYST £~ O:-.tMA~O RESPO;-':S 

nd s ba r y I to 10 

rate If Kl in 10 

Iu rn s le r y I 

c ha <8e of{ if Kl in h i 

La 

PClI 

PBI RIS 

1 Status goes to 

Current changes 

qua ntity as battery cha r ge cu rr ent 

vommands battt' r y I 10 h i 

cha r~e rate i( Kl U1 h i 

state.- ; tu r ns balle r ), I 

cha r eL! ocr if Kl in 10 

r h i 5 ta te (= _'_' _1 '-")'-___ • ______ ~ 

Batte ry I Cha r ge Cu rrent changes PCHG II 

s la 

PPANLl 

LnP.H of primar y d ischa r g PREGIS 
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ba r v I and ou tput t o 

bu 

ndan t dls - PREGJS 

r egu lato r connec ted 

nd output 

value to high cha r ge rate level or 

to ze r o o 

Sclar Panel s by sa me 

quantity as battery cha r ge cu rrent 

but chan~e is in oppos ite direction 

P ri ma r y / Redundant Discha r g e 

R egula t o r I Status goes to prima r y lo t"l 
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P ri ma rY / Re dundant Dis cha r ge 
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' BATll 

BATAl 

BATI 4 

ATA4 

BA TZ IJ 
BATB, 

orr. rna.nd 
Till 

BoULe ry I - RdA Y l. I 

Batte ry I - Relay Z 

1...0 Rate Cha r ae 

Battny l - Re lay 

Lo Rate Charae 

Commands battery I to h i 

cha r ge ra~e if K I in h i 

slate ; tu r ns batte r y I 

cha r ge o({ if K I in I 

stat 

Co.nmands batt~ T :' I to 10 

cha r ge Tate if K I in 10 

s tate; turns batte r y 1 

cha rge off if KI in h i 

s tate 

Commands battery l to 10 

cha rge rale if KZ in 10 

lute; tu rna battery l 

cha rge oU if Kl in hi 

state 

me tr y 
monic 

PBI Rl. 

PCHGII 

PANLl 

PBIRlS 

PCHGIJ 

PPA N LJ 

PBlRIS 

PCHGZI 

PPANU 

Batte r y I , R Y l. Sta tus S 10 

val ue to h i2h c harae rate le vel 

o r to z.e r o 

Sola r Panel Cu rre nt changes by 

s a me quantity as batte r y c ha r g 

cu rr e nt ou t c han 

dir ection 

in oppos ite 

Batte r y I , Re la y Z S tatus lloes to 

quantit:; as battery cha rll e cu rrent 

but cha 

Battery Z, 

Battery Z Char 

to low cha r _ 
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H i Ra t e Charg 

Ba ttery l. Primary 

Dis c:la r ge Regula 
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L ommand R cs p o n se 

Command battc. ry l. to hi 

c ha rge if K 2 in hi Fcate ; 

turns batte r y 2 c ha r g 

off if K2 i n 10 <; ta t 

input of p rimar y 

dis c h a rge r egu lator 

connected to batte r y 2 

and outpu t to es s e ntia l 

bu ' 

Te l emet r y 
Mnemonic 

PB2RIS 

Te leme try T itle/Comme n ts 

Batte r y 2 , R e lay I Status Goes to 

t-______ --+-hi state (= I) ___ _ __ _ 

CHG2 1 

PPANLI 

PRE G2S 

Ba t te r y 2 Cha r ge Curre nt changes 

val ue to h i gh cha r ge r ate l e vel o r 

to ze ro 

Sola r Pan e l C u rre n t chan ges by 

same q ua n tity as ba tte r y c h a r ge 

cu rre nt b u t cl-)ange is in o p pos ite 

d i !"e c cio n 

P r ima r y/ R e d und a n t Discha r ge 

Regula tor 2 Status goes to primar y 
s ta t e ( = I). 

~----+--------+----- ----- - ~ _. 

BAT22 

BATB2 

Batte r y 2 Redundan t Input of Redundant 

Disc har ge d isc ha r ge r egulato r 

Regu lato r S e l e ct connec t e d to batte ry 2 
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PREG2S P rima r y/Re d und a n t D ischa r ge 

Regulator 2 Status goes to redunda nt 
s ta te ( = 0 ). 
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B AT2 3 Batte r y 2 - R e lay 2 

BATB3 Hi R a te C harge 

BAT24 Batte ry 2, R e lay 2 

BATB4 Lo Rat e Char ge 

P S Pl 9 Power System 

PSPA9 P r otection ON 

PSP ID Power Sys tem 

PSPA0 P rot e ction orf 

INS l,0 All Sc i e nc e Off 

I NSA0 

T e lemetry 

Command R es ponse Mnemonic 

Command ba ttery 2 to h i PB2R2S 

c ha r ge if Kl in h i s tate , 

turns batte ry 2 ch a r g e P CHG21 

o ff if K I i n 10 state 

PPANU 

Com mand battery 2 to 10 PB2R2S 

charge i f Kl in 10 state; 

tu rn s battery 2 char ge PCHGlI 

off if K 1 in hi stat e 

PPANU 

Commands r e lay K4 of PSPROS 

UV/ O L i nto O F.fposition 

Commands r e lay K4 of PSPROS 

UV/OL into ON position 

Command s relay K I of PSCBUS 

UV IOL into off position 

PBUSLI 

PSCICI 

Telemetry_ Title/Comments . 
Battery 2, Relay 2 Status goes to hi 

state ( = I ) 

Battery 2 Charge Current changes value 

~o high charge rate level or to zero 

Solar Panel Current changes by same 

quandty as battery charge current but 

chang;~ is in o~site direction. 

Battery 2 , Relay 2 Status goes to 10 

state ( = 0) 

Battery 2 Charge Current changes value 

to low charjte rate level or to zero 

Solar Panel Current changes by same 

quantity as battery charge current but 

chang;e is in o~osite direction 

Power System Protection on/off (redundant) 
goe~ to ON state (UV I OL Protection active) 

J - ...l 

Power System Protection on/off (redundant) 
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Scie nce c urrent will decrease to zero 
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PCGA 

HTTI 
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HTTB 
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HTJ A 

HTJI 

HTJA 

Tank Hea 

Secondary Pro 

pellant Tan 

H 1' 5 SeLec 

Forward 

Heate I' On 

Fo r ward Axial Jr. 

Heaters Off 

and K 3 into on position 

Commands precharg 

TWa r d axial 

Jet:; hea I' 

r ns off forward axial 

5 heate r 
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LOBUS 

PRFBU S 

PB US LI 

P R C HGS 

PRCHGS 

PHTTKS 

PHTFJS 

VJET5T 

PHTFJS 

VJETS T 

Science Bus Reset Relay Status , 

Switched Loads Reset Relay Status. 

and Xmtr Bus Reset Relay Status 

= " 1" ) 

Space craft loads cu rre nt will inc r e ase 
( r om las t ob s e r ved value if science bus and 
s witched Loads bus h ad lr ipDed off. 

Pr e c harge on/oU status goes to O N 

state ( =" 1" ) 

Precharge on/ off Status goes to O FF 

state (!:IO " ) 

Forward Axial Jet Heate.s on/oH goes 
to O~ Sla t e ( =-" 1"). SIC load cu rrent 

scnsor re solutio n inadequate to mea

sure IS rna current c hancze 

Forward Axial Jet Temperatu r e rise. 

Forwa rd Axial Jet Heaters on/off goes 

to OF F s late ( : "0" ). 

F o r wa r d.axial jet t em perature dC'.r cases. ----
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HTJl9 

HTJB9 

HTJl~ 

HTJBt! 

HTMl9 
HTMA9 

HTMltl 

HTMA8 

Command I 
Title 

Ait Arial Jet and 

Line Heaters On 

Aft Axial Jet and 

Line Heate rs Off 

OlM He ate r I On 

OIM Heate r I Off 

Te leme try 

Command Response Mnem o ni c 

Tu rns on Aft ax ial jet 6 PHTAJS 

and 7 h eate rs a nd line s 

VJET6T 

VJET7T 

PB US LI 

T u rno ff Aft axial jet 6 PHTAJ S 

a nd 7 h e ate r s and l in e s 

VJET6T 

VJET7T 

PBUSLI 

T u rns on OIM heate r 1 PHTIMS 

PBUSLI 

VTHROT 

VCASET 
VSA FET 

Turns off OIM heater I PHTIMS 

--
PBUSLI 

VTHROT 

VCASET 

VSAFET 

------

Telemetry Title /Comments 

Aft Axial Jet Heate r s on/off goes to 

O N state (-" J" , 

Aft Axial Jet 6 tempe ratu r e r ises 

Aft Axial Jet 7 Temp, rature rises 

Spacecraft Loads Cur r ent increases 

by J 0 1" l data bits 

Aft Axial Jet Hea te rs on/off goes to 

OF F s tate (=" 0 " ) 

Aft Axial Je t 6 Temperatur e decreases 

Aft Axial Jet 7 Temperature de ;:: reases 

Spacecraft Loads Current decreases by 

I or l data bits 

OIM Heater lon / of{ goes to o n state (;"l' , 

Spacecralt Loads Current increases 

by approximately 0 . 6 ampere s 

OIM Throat Temperature ve r ifies 

heater on 

01M case t empe r a ture ve r iites hea ter I S ON . 
Salt: &. Atlll Un it t em p e rature ve nL htr is O N . 

OI M Heate r lon/of! goes to OFF 

state ( = " 0 " ) 

Spacec ral t Loads Curre nt decreases 

by approximately 0 .6 amperes 

OIM Throat Temperature decreases 

OIM Case Temperatu re decreases 

Safe &.: A r m Unit tem p . ve r if ies htr IS 

OFF 
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HT M29 

HTMB 9 

HTM23 

HTMBg 

UMl 9 

UMA9 

UMI¢ 

LIMNJ 

LIM2¢ 

UMB¢ 

UM39 

UMC9 

Command 

Title 

OIM He ate r 2 On 

OIM Hea te r!. Off 

Bus Li mite r I and 2 

Enable 

Bus Limiter I 

Disable 

Bus Limite r 2 

DisablE' 

Bus Li m it e r 3 

a n d <\ Enable 

--.. 

Command Re s pons e 

T u rns on OIM heate r 2 

Turns off OI M He al e r 2 

l..at c hing r e l ay conne c ts 

bus lim i t e r s I and 2 to 

essential bus 

Latc hi ng r e lay dis c nn -

n e c ts bus limiter 1 

from essential bus 

Latc:' ing r e lay discon -

n ec ts bus limit e r 2 

fr om essentia l bu s 

Latching r e lay c onnec ts 

bu s limiters 3 and <I to 

. e sse n t ,~ b l\ 5 

I 
j 

l:O ~ 0 t:Hn 
Telemet ry 

~ !i P·R ~ c 
Mnem onic Te lemet rr Title/Comments tn· .... \Q • ,. 

CIl • .... 
PHT2MS OIM Heate r 2 on / o ff goe s to O N 

.... .... 2:0 
0 O~O" 

state (= " I " ). 
., ., Vi • 

til a 
PBUSLI Spacecraft Load s Cu rrent in c r eases II: ~ I 0 o ~ • 

by approximate ly 0 . 6 ampere s 

VTHROT OIM Thr~lat Temperature ve rifies 

heater on 

VCAS E T OIM Case T emperatur e ve rifies h tr O N., &: 
VSAFET Safe &< A rm Unit T tC mp ve r if ies ht r O N . 

PHT2M S O IM Heate r 2 on / off goes t o OFF state (=0 ) 

VSAFET Safe & A rm Uni t t e mp. verif i e s h tT O N 

PBUSLl Spacecraft loads cu rr ent dec reas es 

b y approximately 0.6 am pe r es. 

VT HR OT OIM Throa t Temperatur e dec reases 

VCASET OIM Case Tempe r ature d ec rease s 

PLlMI S Bu s Limiter I E nable / Disab le goes 
to e nabJ",o s tate ( = " 1'J. 

P LI M2 S Bus Limi te r 2 Enable / Disable goes 
to e nabled s t a t e ( ~" I " ) . 

I 

P LIMI S Bus Limi te r I E nable/ Disable go efl 
I 

to o l6ab led s ta t e ( ="0" ) . 
I 

I 

PLIM2S Bus Limiter 2 E nable/Disable goes i 

t o d isabl e d s tat e (="0 " ). I 
I 

PLIM3S Bus Limiter 3 Enable/ Disable goes 
to e nabl e d state ( =" J "; . 

PLIM4S Bus Limiter 4 Enable; Disable goes 

to e na lJ l ed s tat e (=" 1" ). 
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Detailed perforaance of ~oe Orb~ter Spacecraft io 
nonal opera tiny .od~s and bacAup .odes is presented 
below. 

!ISSION ft£CHAMICS 

The aecha01cs of t.he orbiter .i8sion are delioeated hJ 
descriptions ot (i) tAe no.inal .ission profile 
(4.1.1), (~i) dis~urbanoes to ooaioal spacecraft. 
confi9urations (4.1.2), and (iii) ch~nges in 
spacecratt cQnti9ura~ions (~.l.J) .. 

No,ina1 lbs§iop tt2iile. rhe ooainal .ission 
profile 1S introduoe~ by a coapreheosive ai.ssion 
descripti~n tro. lift-off to end ot life 
(4.1.1.1). A detailed. attitude prof i1e (and 
options) follovs (4.1.1.2), wit.h illustrations of 
spin axis attitude, sun angle and co •• unication 
angle vhen appropriate. The spin rate profile 
(and options) are presented in 4801.1.J. The 
.aneuver protile propellant Dudget •• aneuver 
charac~eristics and constraints dre discussed in 
'6.1.1.4. 

BeYiaioa 

4.1.1.1 

4.1.1.1.1 kguDeh f4asi Ckift=2f{ to spi~ecraft Separattaal. 
The Or~it8r spacecraft will be launched with aD 
Atlas Centaur launcA veh1cle trot cape Canayeral. 
launcb vill take place during a une hour window 
on one of ten successive days in tb~ period froa 
lO ftay through ~ JUDe 197d. The launch vehicle 
vill place the orb~ter on the desired 
int~rplanetary tra)~~tory after a b to l~-.inute 
coast perio~ in a 90 n.i earth parking orbit. 

After Centaur second nurn ("ECO 2) and prior to 
spacecratt separation, the Centaur vill reorieat 
the spacecraft +Z aX1S to an app~oxiaatelJ noraal 
to th~ ecliptic attitude in tbe direction of the 
norto ec11ptic pole. l'he north eclipt1c polar 
dir~ction bas been selected ior the orbiter spin 
axis cruise attituae b~cduse of its proxiaitJ to 
lbe Venus orbit in~rt~on attitude and its 
~esu!t4nt pr~pellant saving ralatiwe to using the 
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soutil ecl~ptic polar d~rect.ion. The spacecraft +, axis is initially tilted avay froa the Dorth 
ecliptic tovara the local sunlin~ in order to 
obtain an Average sun look angle less than 80 deg 
req~ired to insure tbera41 control of tbe 
aagnetoaeter booa prior to deployaent, so •• four 
or aore hours later. rbe aaount of tilt selected 
allo"s tor an at.titu.de uncertainty of :::::,9 deg 
after sp~up d~e to Centaur control errors (S de, 
attitude ~DcerLa~uty. o.~ deg/sec pitc~yav 
rates) and separation tip-otf rate error (0.3 
deg/s~c). lfter reorientat~on, the centaur 
sequencer init~ates spacecraft separation. 

Mear i.(tb Ph,,, J§!pa"tioa to Jb Hours Ifter 
Li1t=off). Duriag t~e near earth phase, the 
Orbiter spin axis, spin rate, attitude and earth 
pointing states are sequentially established in 
preparation for the cruise phase. The process 
De9ins vnen spacecraft separation tiv~tches 
initiate redundant coa.and sequences, each 
sequence being stOEed in one of the tvo 
spacecraft coaaand processors prior to launCh. 
Two spin~p tbrusters are tired to iapart a 6.S 
~O.3 rpa spin rate and the spacecraft is then 
configured for initial ground station acquisition 
(Section" .2.1) • It is expected that groand 
station acquisition at Canberra, DSS-~2, will 
occ~c during the t~~t four hours after launch. 
Cebreros, DSS-b2, provides no.inal coverage 
during the nQxt six to e~ght. hours vhile 
Gold~tone, DSS-12, sbould acquire About 1~ hours 
aftex- litt-off. 

the spaC8C£att is designea so that the noainal 
spin (+Z) 4xis will be the axis ot aaxiaa. aoaeDt 
of in~rtia vhen tbe aagnetoaeter boo. is 
~eployed. Hdiore boo. deployaent, the axis of 
aax~aua aoaent of 1nertia (tr~e spin axis) is 
tilted abo~t 9 deg troa the +Z axis tovard the 
stoved a4gnetoaetex boo.. Th9refore, s~n and 
ea rtb 100" anqles vi t.h respect to the +Z axis 
vill hawe a t9 deg wariation at spin frequency 
prior to booa deployaent. 

centa~r reorientat~n/spacecraft separationl 
Sp18Up no.inally tilt tha angular aoaentua Yector 
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(i.e., tbe average attitude of the true spin axis 
as w~ll as th~ +Z axis) 19 d~g tuwaro the 
sunl~ne. Centaur, separation and spiaup errors 
contribute to a 9 deg uncertainty in the ayerage 
attitude so that t~e a.erage sun anqle lies 
between til and SO degrees. In the absence of 
nutation, the true spin axis would b~ aligned to 
the angular aoaentu. vector, and the sun look 
angle w~th respect to the +~ axis lOulo range 
troa 02 t9 to 80 ~9 degrees. However, tbe spinup 
to tbe low aoaentua state required tor boo. 
deployaent yieldS ~10 deg of residual nutation 
and generates an additional t10 deq variation in 
sun and earth look angles at inertial nutation 
frequency (approxiaately ~O~ greater than spin 
fr~uency). There10re, tbe sun look angl~ would 
rang~ fro. b2 t19 to 80 ~19 deg iaaediatel, after 
~p1nup. Tne resioual nutation after spinup is 
slowly daaped out by the nutation daaper (~1 hour 
tiae ~onstant tor 0.5 rpa spin rate). 

lne st>itcecraft. is aitially below t.he ecliptic 
after de~arture froa the eartb. It tbe +Z axis 
were oriented toward t.be north ec11ptic pole, the 
~itial eartb loo~ dngle would be 10 to 60 
degrees. ~ecause the average attitude after 
spinup is tilted toward the sun anQ the ~unline 
and earthline are within 30 deg 01 one another, 
the average eart.b look angle lies ~tween ~3 and 
11 uegrees. Taerexore, the earth look angle to 
the +Z axis would ~ange froa 43 t19 to 11 ~19 deg 
iaaediately after spinup. 

Spacecraft enqLDeering teleaetry v~ll be 
trans.itted via the spacecrait forward oani 
antenna during the ~~quisiton ~riod. The sun 
sensor i~ used to in1t~ally asseSti sp1n speed, 
sun angle and residual nutation. In tbe presence 
01 nutation, the averagE: value ot + + tiae 
~ntecvdls represents the spin per10d (noainall, 
b.5 to.3 rpa) while the a.erage value of + + l tia. 
int~~vals divided by spin period is a aeasure of 
sun aspect dngle (noainally b2 to ijO deq). The 9 
deg ti~t 01 t.he .z axis xroa tbe true spin axis 
causes ditterent att1tude ti8DSOr geoaetry with 
respect to the spin axis; tnis results 1n an 
abnoracll relationship of + + ,'Spin period ratio 
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.ith sun 4spec~, aDd in aDnor.al fields of yie., 
but no yaria~ion in sun aspect angle (angle 
betw.an sunline and true spin axis) if nutation 
is absent. Mutation 9.n~rat.s • qaasi-sinusoi4al 
Yac1ation in .+laboat tb. av.raq. Yalu. at bodJ 
Autation tr.qu~ncy (inertial nutation trequencJ 
unus spin fr~guency), i •••• ~ 20' of spin 
frttquency. 'lhe .aplitude ot the wariation in +.1 
tia. iBt.~¥als 1S a a.asure of rasidua1 nu~tion 
(no.1na11y < 10 deg). 

The range of poteotial attitudes. liaite4 nuaber 
of stars and larg~ res1dua1 nutation could 
frustrate any initial attituae aeasureaents with 
the star sensor. Satisfactory spin speed and SUA 
angle are botb essential criteria for 
.a9netoaeter booa aeployaent. Average sun and 
~arth 100& an9~.s will reaain the saa. after 
deploy •• nt; post deploy •• nt nuation could 
introduce as auch as ±lO deg of nutational 
wariation in these angles. Attitude and spin 
sp~d trias will be executed. it required. to 
aeet any of these criteria. 

The a~gnetoaeter boo. will be deployed b] ground 
coaaand. Upon co.aand. pin pullers release the 
caged booa asseably, and centr~fu9al force 
dey.loped by tbe orbiter's spin driYes tbe three 
lling~Q booa segaents outward. Detent pins at 
each b1nge autoaat1cally lock the aeployed 
asseably _'0 seconds alter start. S1nce the 
aaqnituae and d1rection of angular aoa.ntua is 
conseCY~Q, tne averaqe attitude reaains the sa.e. 
The spin rate vill decrease to about ~ rpa 
~cause of the larger spin aa.ent of in.rtia wheD 
the booa 1S aeployed. The +~ axl.S is est.ablished 
as t.he axis ot aaxt.WI .aaent of inert.ia (true 
spin elxis). The a "rage sun angle recorded by 
the sun seASur vill .be the saae al though t..tae 
aYera9. value of +.2vi~1 differ since tbe 
attitude sensors now possess noaiDal gao.etry 
v1th r~spect to the spl.n clxis. The deployaent 
process does not align tbe new instantaneous spin 
axis t.o the constant angular aoaentua Yector. h, 
40Q a laege res1dual nutation results. ~he +z 
axis cones about the angular ao.eotua yector at 
aD av~rag. angle of 22 aeg, the actual nut.ation 
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angle vary ing between 1 .. and 30 deg Que to 
asyaaetr~c41 .o.ents of inertia. lesidual 
nutation is ODce again recorded as a quasi
sinusoidal variation in. +1-
lhe Dutat~on daaper pertoraance after deploy.ent 
is poor Decause ot ~arge nutation angles and 10. 
spin speeus. The no.inal ais8ion plan calls for 
sp~nup to 15 rpa after d~ployaent. ~ncreasing 
the S~ill speed by a factor of three reduces the 
aYdra~e nutation angJe froa 22 to 1 aegrees. ~he 
~gher spin speed also generates an exc~tation 
frequency (body notation frequency) closer to the 
Qa.per natural frequency. This results in a 
nutation da.ping ti.e constant <30 .~nutes even 
at the larger Dutation angles and the residual 
nutat~on is <0.1 deg v~thin tvo hours of tha 
secondary spinup. 

After the steady state spin about the +Z axis is 
achieved, the attituae will be no.1nally 
reoriented to vithin 2 deg of the north ecliptic 
po~e in preparation for the cruise phase. Prior 
to th~s 19 t9 aeg reorientation, star sensor 
aeasureaents are obtained to define attitude as 
well as .aneuver para.eters. Wh~le the star gega 
is no.~nallJ v~~ble, it is poss~ble that a saall 
aaneuver .ay be eaecuted on sun angle inforaation 
only ~n order to aL~ui~ a star. The aaneuver to 
the north ~liptic pole vill noa~nally be based 
on attitud~ inior.ation so that when attitude 
.easure.ents are obtained after the .an~Qyer, an 
initial calibration of axial jet(s) pulsed 
perfor.ance can be .ade. 

Aft~r spa~ecratt attitud~ and spin rate haYQ been 
adjusted to the~r crui~e values, the high gain 
antenna can be des~un to establish earth 
pointing. The spacecraft trajectory carries it 
belo~ the eclipt~c plane so that tbe eartbes 
ele9ation vith respect to the spacecraft spin 
plane will be positive. Th~ earth's elevation 
start~ at +10 to +lO deq, uecreases slowlt 
through the cruise phase and ultiaately Deco.es 
n~9atiye ~lbu uays atter launch. lA order to 
util~~e the high ydin antenna (HuA). the 
retlector .ust be initially stepped up in 
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.levation (tov4rd the +~ asis). i •••• tae 
Degative slew directioD) so •• ~ to 10 d'9 at 
acquisition anu slowly d~creased through the 
cruise padSe. An~enna elevatioD open loop 
adjust.ent will noainally take place after closed 
loop dziauth pointing of the MG' is achieved. 
lhe l4tter will e.ploy toe selected roll 
reterenc~ (Skk). noainally the sun. as its 
standard inertial reterence and a co •• and.d 
dZi.uth posit~on relative to the sun based on 
availabl~ trajQCtory and attitude infor.ation. 
Doth coa.anded antanna azi~utn and elevation 
an9l~s aay be increaentally adJusted to find the 
oent{!,[ of the bQa.. It is reco •• ended that a 
coa.and to switch back to torward oaDi at a 
Q~si~nated tiae be stored onboard. in the event 
ot an anoaaly during the in1tial atteapt to poiat 
the tiGA. 

".1.1.1.3 lAterpliletary C,g~i fb4Se (36 UOYI§ Attlr 
~~'t-off to '.QUi ~C9UD\et). For a type II 
earth-lo-Venus trajectory. the angle between the 
sun-Iarta liDe at launch and tbe sun-VeDUS line 
at arrivdl (heliocentric transter angle) is 
greater tbaD 'dO deg. As sbown in Figure 
... 1.1.1-1. thi~ trajectory vill re.a~n outside of 
the Eartb'~ orbit until b7 to 105 days after 
Iduncb, pass between tbe ~Qrth and sun (interior 
conjunction) at 151 to 17~ days, and proceed to 
~ntcrcept ~enus at O.1~ AO from the sun at 183 to 
20~ days atter launch. tbis trajectory allows a 
l-1/2 aontb separation between Orbiter and 
ftult~probe (rype I) launcn opportunities. while 
being coapatible with sci~ntific objectives and 
adziaua in-orbit payload. 

Trajectory correct~on aaneuvers (TO!) will be 
needed to coapensate tor launcb vehicle injection 
errors and aanauver ~zecution ~rrors. The 
oorrect~ons are expecteQ to total not aore tban 
d.l a/s (30) in spacecratt Yelocit! cbange (AV). 
Th[~e trajectory correction aanaUYers are 
planned, tor approXiaalely f~ve and tventy days 
after launch. and tventy days before ,.nus 
encounter. 'lhe first aaneuver is the 1;r fgest. 
requ~r~ng a (~9.S' probability of not excQediD9) 
~V of 7.~ a/sec to correct launch vehiCle 

\ 
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injection errors. ~his aaneuver viII noaina1l1 
be p~rforaed in ta~ north ecliptic polar attitude 
Qsi~~ successive f1r~n9s of axial and radial 
jets. Since either radial jet pair generates 
thrust e~sentially noraal to the spin axis and 
the aft and forvara axial jets generate thrust 
parallel to tb~ spin axis, tbe reguired ~v can be 
d~liY~red in any direction DJ vector co.bination 
of individual axial ana radial jet i.pulses. The 
secona and tbird Tess, expected to be require not 
.or~ tJlan afl..Y of 0.& a/s and 0.1 a/sec 
resp~ct~vely, are also executed with the vector 
.od~; these aaneuvers correct execution errors 
resultin~ froa the previous aaneuyer, and 
aodelling errors coaparea with the actual solar 
pressure encountered in tbe .ission. Tbe vector 
aode bas Deen noainally selected for orbiter TCfts 
because ~t does not appreciably cnange the steady 
state cruise confi9Uratioo vhile incurring a 
slIall propellant penalty tor the vorst case 4.' 
aagnitude and direction. 

Coaaand and control of the orbiter vill noraalll 
be exercised utilizing tbe DSN 26-aeter net 
except tDat when adDeuvers are being perfor.ed 
the o4-aeter stations will be used. Prior to the 
start of the first tvo TC~s, the earth look angle 
~s 10 to 80 deq; ~rior to the thira Tea, the look 
angle ~s ~90o. The coabination of forward and 
aft oani1s vill ensure cu..and function in tbe 
event of an ano.alous attitude cbanye. The HGA 
vill no.inally ro.ain despun d~ring any 
interplanetary trajectory correction .an~uver. 
Prior to and following and aX1al or radial jet 
firing, attitude, spin rate and nutation will be 
determined froa SUD and ~tar sensor data. Earth 
look angles during ~k~ first tvo TCfts cause 20 to 
30' ox tJl~ ~v ~aparted by axial jets to be 
reflected ~ range rate change and thus doppler 
frequency bblft; negligible shift would be 
observed during the third rcs. Thus, near-real
ti.~ .easure.ent of perforaance during tbe !Cas 
is available via doppler sbift. Doppler chaDge 
associated vith anJ fl.,V iaparted by a radial jet 
pair is dependent 00 the direction of th~ iapulse 
witb respect to tne spacecraft/earth line in the 
ecliptJ..c pleane. 
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lbe order of a~ial and radial jet tiring caa be 
signiticaat. Por radial jet pair pulsed 
a4DeUye~S of five ae~ers/Sec, the accuaulated 
precession and spin speed change is on the order 
of 2.~ deg and 1.5 IP! respectively; the residu&l 
nutation is negligible. lor a single axial jet 
continuous aaneuver of tA. saa. aa9nitude, 
preceSSion is negligible, spin speed change is 
~O.6 RP! and nutation is several deq. lor a two 
(aft) axial lets f1riDg, both precess10n and 
nutat10D Are negligible while spin speed chaDge 
is :0:: 0.6 itP!. In orG~r to ainiaize the effect of 
coupling errors due to the first part of tbe 
vector aaneuver on the perforaance of tbe second 
part, th~ tollowing se~uence is rectiaaended: 
aX1al jet aaneuver~ eaploying both aft jets 
alvays baye first priority; radial je~ pair 
puls~d .aneuvers hav~ second priority vben tbe ~, 
correc~ion is saall such as for the second aDd 
third corrections; 10rward axial jet aaneuvers 
have second priority wben th~ radial A' is aore 
than s~veral a/sec, but at least a half hour 
~ould be ~llocated between both parts for 
nutation da.ping. An attitude touchup and spin 
speed tr1. vill be executed if required after the 
.aneuver 1S coaplete and nutation is da.ped. 

The initial reorientation to the north ecliptic 
pole atfords aD opportun~ty to calibrate the 
axial jet(s) in the pulsed .ode. 1 radial jet 
pair in th~ pulsed .od~ Aas pot~ntially stroDg 
SP1D and preceSSion coupling during a velocity 
aanftuver. 1 calibration. .aneuver (perhaps a day 
earli~r than the t1rst TeB) on th~ cruise radial 
jet pair ~s reco •• ended to anticipate and plan 
for any large coupling errors that aight be 
expecienc~u during the t1rst TCB. 

Star and SUD sensors vill be used to provide 
attitude data 10r aaneuvers as vell as steady 
state operations. Tbe star sensor with its 
redundant sil1con aetectors is expected to be 
xespoDsiYe to ~S stars. The star sensor field of 
Yiw. is the sector between 44 aDd b& deg fro. the 
spacecraf~ spin axis. This field sveeps out a 2_ 
deg wide band of the sky as the spacecraft spias. 
The stars vhich tall in the sensor field of yie. 
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depend OIl the spacecraft attitude. Por the 
DOain41 cruise att1tude (north ecliptic polar), 
four stars are potentially Yisibl~: Arcturus, 
Altair, ftirac, and Capella. Soaetiae durin9 the 
interplanetary crU1Se, tbe relatiYe celestial 
lungi~uda of each ODe of these stars with re8pect 
to th~ sun will cause sun interference. 80.ewer, 
a~ least tvo of the four stars are useful 
attitude ref~rences at all tiaes. Sun angle 
aeasur~.~nts are available fo~ sun look aogles 
greater tnan 1~ dey and less than 16~ deg, when 
the appropriate aid-range or extended range 
seDSor is selected. 

Attitude deter.~nation in 1ts siaplest fora 
requires a sun aeasureaent and a star 
aeasu~.ent. ftultiple stars perait estiaation of 
sensor biases, ano tnerefore i.proye attitude 
accuracy and e9aluation of solar disturbance 
torques. star sensor data on the ayailable star 
set v1ll be obt4ined periodically througbout 
cruise to i.prove attitude ~sti.4tion. 
Assess.ent ot attitude changes in association 
w1th TCfts or attitude touchups e.ploys the 
aini.g. data set with updated sensor biases. 
Spin period deter.ination is routin&ly aade by 
aver4ging sun sensor + + t1ae intervals. latation 
transients and decay can be obser9ed in the quasi 
sinusoidal Yariation in +'1'2ti.e intervals at one 
quarter of spin frequency_ TeleaetrJ viII be 
traDs.itted pri.arily via tbe high gain antenna 
with the torvard oui as backup during the first 
~uso daJs. 

~.1.1.1.4 Venys A{rit.l Phl§~ 'Vengi jD~oVR11' to 
~letiQn of Qrbil.1Dse,t10Dl. The orbiter 
approaches 'eDUS with a relative gelocity of 3.6 
k./sec. As 11lustrated in Pigure 4.1.1.1-2, the 
trajectory carries the spacecratt over the 
Dorthern he.isphere a~ '~nus. The gravitatioDal 
attraction of Venus causes the veloci~J to 
incredse 10.1 ka/Sec at the point of closest 
approach, Doainally 4~o k. altitude. 
Approziaately ti .1nutes before closest apprOAch, 
the spacecrax~ will disappear fro. earth vie. 
bdhina Venus. aetrovelocity (orbit inse~ion 
autor 1apulse) is directed nearly parallel and 
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opposite to tbe spacecraft •• loc1tJ at closest 
approach to obtain a near 2~-boQr orbit wit~ a 
baseliDe periapsis a.ltit~de of .. 50 Ita. 'lbe '.IlU. 
approach traj.ctorJ will be ta~geted to produce 
aD orbit inclined 10~ deg to tbe ecliptic plall., 
a. shown in \he figQre. Iaitial peri.psis 
latitude increases troa 1~ to 32 deg as liftoff 
is delayed tbrouqn tbe laQnch opportuaity. Orbit 
insertion will alwals occur in sQnligbt, tbe 
iD jec:tioa poiDt beiJlg at least 20 4.,g ill 
10ng1LQde froa tbe terainator. 

Tbe noainal tn.ertion attitude depeads on tbe day 
ot lauaeb aad tia. of arri.al. Howe.er, tbe 
ra~ge ot tbe SpiD axis attitQue is withia 20 to 
J5 duq of tbe Dorta ecliptic pole. Tbe SUIl look 
angles raage froa 85 to 95 d89 so that ao tia. 
lia1t aQe to tbena! conatraiau ezists. !~e 
eartb look angles range froa 18.5 to 6".5 deg so 
that the up and dow link. can be aaintained usug 
the forward oaDi antenDa and tbe 6 .. aeter DS. 
net. Por launches prior to Sal 27, Sir.ch is the 
priaary stellar reference; Capella is the priaary 
stell.r reference for the second halt of tbe 
launch period. Both stars will be • .1Sible during 
the crQise period. 

The actual insert10D att1tQde depends on tbe 
ais.atch between the spacecraft Weight Qsed for 
design of the orbit ~sertion aotor and actual 
spacecraft we1gbt. 'lbe excess c4pabil1ty aQst be 
dissipated bl a non-opti.al attitudft. It aay be 
dissipated in Qseful ways such as raisin~ 
periapsis lat1tude, eaploying an attitude witb 
two stelLar references, or biasing tbe orbital 
peri~ low to aioia1ze ~hQ aaxiaa. initial orbit 
trill ~V. SQn and &s rtll look a nCJles would not. be 
si9nifican~J ditf~ent tor any of tbese 
approaches. 

~r1or to orbit 1nsert1on, trdnsa1t and rece1.e 
functions dr. sW1tcbed fro. the KGA to the 
1onaro oani antenna. Th~ spin a&18 is precessed 
to tbe tarqe~ att~tude. Attitude aeasure.enta 
are tllen .ade on t~e ayailabl~ starCs) UDder 
cruis~ conditions, i.e., 1S BPS aDd antenna 
despun. TA1S ~ p4r~icularly usefQl tor airacb. 
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Oil. of the wea_e.~ atara .iD tbe relerence st.ar 
set. W1tb tbe attitude witb11l .e.eral degr ... of 
tbe target attitad~, deapin control is teraillated 
and the antenna allowed to spin ape rae 
spacecratt is tben HpUIl up to 30 rp. to proYide 
tAe proper 9Jroscopic stilfness during 018 barD. 
Tbe att1tude perturbation due to t~ia .aneu.er ia 
.all. After Yeritic:atiOll ot proper apin sp .. d 
cbange and a spin Itpeed tru, if Decesaary; the 
antenna is again despun. ,_ote that since t .. 
ant~nDa ia soaewbat atatically and dJDaaicallJ 
t.ba14nced, ~he resultiDg ~lt ot the true SpiD 
asia froa the +Z axis wben tbe antenDA is 
ap~ning (~1 d89) would hias attitade data). 
Attituae aeasureaents are again iAi~i.ated aDd an 
attitude tria is planned and esecated. After the 
attitude is properly defined, despin cOIltrol ia 
again terainated in preparation for IUtrofire. 
The !lntenna is allOWed to spin up pri()r to 
injection in order to ainiaize tbe ettect of tbe 
trans.erae torque resulting troa antenna static 
imbalance and noainal thrust alon9 tae +z asis. 
Sillc~ aotor firing occurs bebind tbe ~lan.t 
relat~.e to an ~art4 obserYer, tbe necessary 
coaaanus will be stored and yerified in the 
cu •• ~nd aeaories vell befure ioitial occultation. 

The LWO aost significant errors associated with 
the orbit insertion aaneu.er are uncertainties in 
Lbe altitude at clusest approach (90 ka (30)) and 
orbit ins~~tion A' aagnitude. Tbe latter is a 
func~ion of uncertainty in aotor i.pulse (to.61) 
and cusin~ loss. IA initial attitade error of 2 
d89 WOUld not cause signiticant drrors in initial 
orbit para.eters. 

!IDM! Orbit Pb'SI 'Q,p~t l".rtiOD-1o ~!J'4 PlI 
Qf orRita. Sbortly 4tter orbit Inaert10n, the 
spacecroft will be reacquired and undergo 
eng1neer1nq cbeckoQ~. Attitude •• p10 rate aDd 
res1dual uutation vill be aonitored ~o Y.rify DO 
signiticant ch&D9~S ha.e oocurred. Track1Ag data 
~ obtained to define orb~tal period and 
periapsis 41titude. It spacecraft stat.s i. 
aatistactory. tbe spacecrait can be de.puD to lS 
MPft in preparation for tbe in.ersion .an •••• r to 
positioD ~be spin axis pointing toward tbe south 
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ec11pt1c pole ne4r tae t~r.t apoApais. Ibe 
attitude perturD.tion due to tbe apin dOWD 
••• eu,er is •• all. rbe reori •• tation to tbe 
aouta ec11ptic pole .. ta up tbe no&1oal an9le of 
attack and spacecrait viewing geo.etrJ tor the 
initial periapais pass. rAe sun louk .ngle 
Qur~nq tai. ono boar .aneuver can range between 
7~ and 100 deg "b11e tbe Bartb look angle can 
dect •••• to a low of 30 deg before increasiag to 
a noaiDal ~9 d~. lfter tk~ attitude inYeraion. 
the H~l is despuD &ad attitude data are tateD to 
plaD .Dd execate aD attitude tria. if required. 
lfter tbe latter aanea.er. a BGl elevation tria 
ta aade aDd tel.aetry u4 co •• and fUDctions are 
.witehed ~o the IGI. 

the initial orb1t tria coosists of orbit 
correction aaneu.era Dear periapsis aDd apoepsi. 
to aodify tbe iDitial 'eDas orbit (resultiDg fro. 
orbit iaaertion) t.o a :l"-aour orbit period aDd a 
200 k. peri. psis a.ltit\iode. rbill is reqai.red 
because of the iasertion altitude hi ... and 
errur~ in tbe appr04ch trajectory and orDit 
iDsertion. Opti.u. velocity changes "itb axial 
jets could be aade if ~he spin axis ,,@re aligned 
parallel to the peri apsis ana apoapsis .elocity 
.ectors. Aaial Uaruster corrections d.re aade in 
tbw noainal ecliptic noraal attitude vheD tbe 
orb1tAl .elocity .~tor .uhtenda a near aiDia ... 
angle vith respect tu tbe spiD axis. Corrections 
Dear apoapsis viII occur aboat one bour aft.er 
apoapais and have a l21 loss in eftic1ency 
co.pared to the optiaua. Corrections near 
peri.psis are coastrained to t.ake place at l ... t 
~1 ainutes 4fter periapsis to reduce interfereDce 
vitA scientitic .easureaent~ tbere; periapat. 
corr.ctioD& incor a 311 loss in ~fticinecy. bat 
represeDt only 301 of the total orDi~ tria ~, 
budget over t.he aission. 

Lf sufficient confidence 1» periapsis altitude 
est~aation .X1H~S 4fter d bours of tracking. the 
second h.lt of tbe inversioD can be dODe litb a 
siAgl~ af~ axial j.~ to take 4uvant&g8 01 ~, 
ooup11n9 wAich C4U&eS periaps1s lover1ng. ADJ 
additional periapsis lowering is obtaiDed bJ 
~DtinQous!J tiring the two at~ axial jets after 
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iIl,ersioa. If 1 ... ttici .. t coaticl.aca in 
periapsis a1tit.4e esiata, tb. periapaia 10 •• r1ag 
.an_u,er is pertor .. d witA tA. aft a11ala aft.r 
aD additional 2~ bour. of track~g (i.e., second 
ctpoapai.). 

If t.he I'ttriud ia 1","1 tlla .. 2" bour., tbe 
spacecraft ca.. be de.pua to ~ IPI 1ol10viag 
periapais adj.ataeDt. TIlen, after 12 bours at a .. 
altitude 01 ijOOO k. on tb. exit si48 ot 
peri apsis, both aft axial jets caD b~ fir.d 
contiDuously to ~Dcrease apoapaia alt1tude aDd 
achie •• a nearly 2~ bour period. If the p.r10d 
;Us gr .. ter thaD 2~ boars, it vill be D8c._arJ t.o 
f~re tbe forward axial jet after the 1n1t1a1 
peri apsis pass iD order to d.er .... apoapaia 
altitude aDd acbie •• a Dearly 2~ bour period. If 
the ~paceeraft vere deapun to 5 iPl prior to a 
per1od-shorte.iDg .a.e.,ar, a 1arg. attitude 
error (~b de9) aDd residual .. utatio. (~'S deg) 
could result. It ClOald be cOQllidered ill this 
case to .aka tbe initial periapsia pa •• at 1S aps 
41Ul <iuspin to ~ BPI! priol: to the .. ut. pa ••• 

&fte~ lA. initial orbit correctioDs, periodiC 
orbital correctiODs are r.quire4 principally to 
co.p~ASate lor perturbatioDS to tbe spacecraft 
orbit due to so14r gra.ity and at.08pberic drag 
Deac periapsis. The .ain eftect of ~be SDD is to 
gradually cleere ...... orbital ecceD~ricitJ. causiDCj 
tJae p.,ri4ps1.s a1 t.i tude to r1&e .. Dd a po.paia 
altitucl~ to drop. rhe .ain .ffect 01 at_ospheric 
drag is to ceduee ~he spacecraft periapai • 
• elocity and tbas lover 4poapais altitu4~ while 
r~dacing orbital period. The blseliDe orbit 
control oD)'tcti ••• ar to "uJltaill pe;:"\api.iia 
a1 t1 tUCle iK!tveeD 1!;)o ka and 2b 0 ka, ';',ld pel:iod 
Ileal: 2~ boal:s. rb~ requir"~Dt to lower 
p81iapsis .ltitud~ and iDcrease apoaps.ia .1ittud. 
,aD4 iDcrease oI'bi tal period) a aatisfied with 
t.he aft axial lets wbeD the spill axia is directed 
toward th .. ~ou\.b ecliptic pole. Pvriapais 
alt~lude 1& lowered ~y t1riD9 tbe tvo aft &xiAla 
continuocsly abou. aD hour after apoapais; 
~riaps~ corr~ct~ODs ar~ tJpi~llJ d _/s.e aDd 
occur abOut ~ t1aeS 1D tbe .issioD. 'poapa1s 
4ititud~ is incr~aed ~y 11r1D9 ~he two aft 

__ ~~~_-~~a-__ ~.-_-~-~-~ ____________________________ ~ 



r-··-~~~··· ..... --...... .,,..'<".~,--...r'--,..---.,.-' ........ T-~' __ • -. <J'!)tr.t:.'"7Un ___ -,-· ..... " .... ,.-·_ .. ·~_ ... , ..... -~ ~... '.-"'-"'~" .~~'-- -... -.,..~.,- .. -~ ....... ---
.. , 

.. , 

Sactioa .0. .. . 1,1,1.5 
Doc:. 10. pe=4t02 
Oa.g. IS8ae Date 2/28/78 
a_iaioa 10. 

lerisioa 

" .1-14 

axials continaously at an altitude of 4000 k_ (no 
science interference) on the exit side of 
per~apsis; apoapsis corrections are tJPically 1 
-/sec and occur about 10 tiaes in the .iS8ioD. 
The pair of aft axials are balaDcdd to aiDiaize . 
attitude perturbations; tbey are also red~ndant 
to one another in tbat it one fails, the other 
caD execute all required corrections in either 
the ccnt1nuous or toe tW1ce spin frequencJ pulsed 
.o'· .. ~ (180 deC) bang-bang) .ode. 

The spa.c,~cratt attitude will Do.inally be 
aaintained witain 2 deC) of tne souta ecliptic 
pole in 'eDUS orbit. witbin this attitude band, 
seveD stars are potent~ally visible: Sirius, 
ligel Kentaurus, .ige1, Hadar, Beta Grus, 
Poraalhaut and Gacrux (tbe latter two are not 
visible at tae pole). The SUD will periodically 
preyent several visible stars froa serving as 
useful reiereDces any~herd in orbit. Hovever, at 
least tvo stars are useful at any tiae aDd at 
least three stars are useful 90' of the tiae. 
Yenus itselt vill interfere witb the sensor.s 
Y1e~ of reference stars as spacecraft coaes over 
the north pole on its approach to periapsis and 
possibiy when the spacecraft approaches the orbit 
ascending node. During the 12-bour interval 
between periapsis exit and apoapsis approach, 
candidat~ stars for attitude deteraination need 
only avoid sun interter~nce to be useful 
references. 

~ultiple stars pera1t estiaation of sensor 
biases, whic4, after orbit insertion, aay differ 
fro. those estiad~ed during cruise. After the 
initial bias estiaatiou during the tirst few 
orb~ts, star sensor uata on diverse sets of 
usable stars ~ill be obtained periodically. in 
urbit to iapLove attitude estiaation accuracy and 
evaluation of solar and aerodJna.~c disturbance 
torques. tbe solar torque is qu~si-static while 
the aerodynaaic torque is the iapulsive type, 
occur~in9 near per10psis when tne altitUde is 
below lbO ka. The a1niau. attitude data set with 
sensor biases updated by periodic estiaatioa will 
De used to define aaYDitude and uirection of 
tbese torques. Weekly attitude corrections can 

! • 
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then ~ biASed such thAt tbe attitUde will 
~e.iate no aore than ~ d~ troa south ecliptic 
nor.al Qurinq weekly or lODger intervAls. 

Tne dGl will noainally provide botb uplink And 
downl'nk capab~li~y througnout the noainal io
orbit ai~sioo. SiDce th~ orbiter's despun 
antenna .ust be pointed toward earth tor o~tiaua 
~~ •• unicdt~ons, az~auth and elevation position of 
tu~ 40teDna bed. w~ll be perio~~caIIJ updated to 
reflect Venus ~nd earth aotion about tbe sun. 
Uuring tn~ initial 1S to 90 days in orbit, the 
spacecraft w~ll pd~ beb~nd Venu~ and be occulted 
iro. eartb view tor periods up to 2~ .inutes. An 
occ.ultdtion ~xper~.ent will ~ conducted 
e.ployin~ both S ~nd X-band tr~uenc~es rAuiatad 
toward e~rth tbrou9b the friuge of tbe Venus 
ataospbere during botb entrance into and exit 
froa occultation. Tbe orbiter's despun antenna 
vill De controlled tu 1011owi:ha virtual eartb at 
Lhe lines of Venus tur up to 17 aeg of 
retr~ct~on. Antenna pointing ~s controlled by 
dCljustillg antenna azi.utb position with respect 
to tbe selectv~ ~oll refdrdnc~ and by slewing the 
po~it~on 01 lbe antenna reflector reldtive to the 
fixed feed in elevation. rbe required azi.uth 
and ~levation profiles for any u~~ultation are 
~xecUlcd on-board v~a stored co.aands. fhe b~
.~ter DS~ st4t~oDs vill ~ utilized tor this 
experiaent. A stK;onu, shorter OCCUltation season 
~ hi U.1ys) occurs near tile lIiJdle 01 the ~n-orbit 
aission, wben occultations are longer (one to 
thH!~ hours) because they art! nddrer to apoapsis. 

rwo sedons ut ~clipses occur tor tAe Pioneer 
V~nus vroit: 4 iirst season ot short eclipses 
«2~ .inutes) n~ar p~riapsis and a s~ond season 
ot long ecl~pses (up to j.~ bours) near apoapsis. 
l'he i1.r.!:.t ::h~40n can nt!'J~n al:i early dS ~4 days 
~tter ~nsertion ana end as late as l~ij days atter 
~nsert~on. Periods ot coabined solar ecl~pse and 
occuldtioD vill occur, then, Juring the last l1l:I SO 
U4YS of tbe tirst occuldtion season. Since the 
ecl~~se durat~on ~~ ~t aost ~ij .~nutes nedr 
periapsis, a tul~ s~acecratt operations can be 
.~iatdined using en~rgy supplied by tbe battery. 
lne ~a~ence ot sun ~.plies tiw~tcn-oVer to G 
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atellar roll reterence (noainalll kigel 
lentaurus) or to 4 siaulated roll reference prior 
to eclipse. During the 1nitial 1U to 20 days of 
lAe first eclipse season, ~ransfer tiae betw .. n 
the sun' Clnd a usable stellar reference is on the 
ord9r of tvo ainutes. An option to e.ploy tbe 
onboard siaulated roll reference pulse to bU7 
aore transfer tiae, or to -flywheel- through the 
sbort eclipse, aaJ be exercised, pending in-orbit 
stud~es of sun/yenBS iaterference with star 
detection. and sUDject to anticipated roll phase 
error buildup due to speedup ot tbe spin rate 
induced by taeraal shr1nking. Tbe long eclipse 
seasoD starts about 11U days after insertion and 
lasts for "",10 days; the spacecratt auat be 
povered down to a suryivA! aode during this 
seasOD. The long occu!tation season vill always 
occur between thQ tvo eclipse seasons. 

!xtensiye use vill be aade of tne dAta storage 
capability and the co.aand aeaory during orbital 
operations in order to establish a aore efficient 
schedule of real-tiae ground operations. The tvo 
data storage units will be us~d to store 
scientific instrwaent data recorded around 
periapsi~ And tor other periods during the orbit 
for playback at later tiaes. The 2b-aeter DSH 
net will De utiliZQQ tor data gathering and 
s~acecratt coaaand. 1 l4-nour coaaand sequence 
of a aaxiaua of lSb coa.ands aay be stored in the 
coaaand aeaory and aight be usable for several 
days, as the orbital qeoaetry does not change 
rapidly- Moainal operations, howeyer, vill 
include soae real-tiaa coaaanding during anJ 24-
b.our period. 

l1$ltude PtotllJ. The spacecraft spin axis is 
the axis of aaX1.U. aoaent ot inertia about vh~ch 
the spacecraft is spun for attitude . 
stabilization. lfter the aagnetoaeter boo. is 
deploJed, tbe positive spin aX1S is noainally 
coincident vith the spacecraft +Z axis. In tbe 
abseace ot nutatioD, the positiv~ spin axis is 
also coincident vita tbe spacecraft angular 
.oa~ntua dnd angular yelocity Yectors. 
Spacecraft attitude is tbe direction of tbe 
spacecratt angular aoaentu. vector. In the 
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absence of nutation. spacecraft att~tude is 
identical with s~in axis attitude. lith nutation 
present, spac~cratt attituQe represents the 
average d1rection of tbe positive spin 4X18 • 
Attit~de will be de1ined by the celestial 
latitude and longituae of th~ -average" dir~ction 
of toe pos1tive ~P1D axis. as shovn in rig ore 
~.1.1.2-1. 1 detailed attitude profile expressed 
in ~nese coordinates is discuss~d belove 

Sun loo~ angle coastraints for the .1ssion are 
illustrated in Figure 3.2.3-1. 

4.1.1.2.1 LaUPCh AD~ lear la[lh PhAiS- ~rior to spacecraft 
separation. the C-.tnt':;.ur viII orient the 
spacecraft +Z and +~-~~~s such that. atter 
separation and spinup, spacecraxt attitude viII 
no.inally be l~ d~g 1ro. the north ecliptic pole 
4nd the average sun look an9le viII be less than 
80 degrees. the latter condition .aintains 
~h~r.al control of the .agneto.eter boo. prior to 
deploy.ent some four or .ore hours later. F1gure 
~.1.1.2-~ shows that tbe Centaur orients the +Z 
ax.l..S to 80.9 deg lat1tude, &s, deg longitude and 
the +1 axis to -d.7 ae9 lat1tude and &s -16.9 deg 
10n9itud~. &s is the celestial longitude of the 
s~nline prior to bep~ration; it v~ries f~o. S6 to 
75 deg over the orDiteI 1auncb ovportunity. 
$eparation and sp1nup no.in411y establish 
spacecraft attitude (angular .o.entu. vector) at 
71.1 deg latitude, &5. 10ngituc1e. ~he cone of 
possiale ~tt1tuaes indicated in the figure 
reflects a possible attitude error ot 9 deg due 
to Centaur control. separation and spinup errors. 
Tnerefore. tau average sun look ~Dgle can range 
between 02 and 80 de~rees. rhe earthline is also 
delineated in the t1gure witb latitude 6e and 
long1tude ije- Botb ~n91es vary rapidly d~ring 
the t1rst tvo bours following inje~~ion. The 
IGt~tude, 6e , then settles to 10 to ~O deg 
depending on launch date. lbe longitude. i e • 
D~co.es qU4S~ steady at ~~ to J~ d~g as a , 
function of launch aate. rhe resultin9 average 
eaxth loo~ 4n91e lies between 43 to 71 degrees. 

rne spin up process generates ~10 deg of residual 
nut4~ion and causes d ilO deg variation in sun 

leYi8101 

".1-17 

·' ____ a._._ ... __ .., __ ..... _ . .ot"~...... ,. ("e, ............. ft .... t remrttN' 
! ( 



r-· .. ¥t .. g;;!11'11·-_""!lIp .... ,.." """'+"'« .... w ..... I"J~"9'.ec-'·-··..,~ ... :""~-n .. • ·""~..,"o-.""' ... -.. ;""-'q.,.'':'*'~,~~.-=:: ... ' w_e~. "!'.")_, ... ""!.4!'!l',P'l¥. __ ...... "":4 ~_":Q$:'.":':==:lfW=_=::.~==:.::::.,;,;..;.~'.:"r-:·:· .. :.=' "j 
Doc. 10. __ PC=40l, 
On 9. laaue Date 21,d/l§ 

I' 

... ialon 10. 

... iaiOA 

4.1-1d 

and earth look angles as tbe positive spin axis 
cunes around the spacecratt attitude at inertia~ 
JlutatioD frequency (approIiaatelJ 201 qreater 
than SpiD frequency). Since the posi~ive spin 
uis is tilted ~ deg fro. the +Z aris before boo. 
aeployaeDt, aD addit~onal ~~ deq variation in sun 
and eartn look angles is generated as the +~ axis 
CODes around the positive spin aIis at spin 
speed. Piqure ij.1.1.2-l illustrates the aotions 
of the +Z axis and positive spin axis and hov the 
look anyle to an inertial tary~t will vary in the 
presence of nutation and spin axis tilt froa the 
+Z axis. lhe nutation daaper will slovly (_, 
hour tiae CODstant at thiS spin rate) da.p out 
tA~ t10 deg variation in look angles, whereas 
only booa deploJaent can eliainate the ±9 deg 
variation in look angles. 

The SUD and star sensors have different transfer 
funct10ns and fields of view when the boo. is 
stow~d. Figure ij.l.1.2-ij illustrates the angle 
betw~eD tbe sunline and the positive (true) spiD 
axis versus the aeasured +.+1 tiae interval. lote 
that, vben the boo. is stoved, the tield of view 
OD the aidranqe sun sensor is increased vhile 
those of the extended range sun sensors are 
decreased. Tbe sun aspect angl~ .easured by 
~ither the upper ext~nded or .idranqe sun sensor 
a~ acqu1siton would range froa &2 ~10 to 80 ±10 
deq in tbe absQAce of nutation daaping_ The 
stars that are visible near the noainal 
spacecraft attitude with the booa stoved are 
illustrated in Figure ij.1.1.2-5. lote that 
~ltair woula be the priaary stellar reference tor 
the locus of no.~nal attitudes witb no nutation. 
Tbe ~ deg attitude uDcertainty and 10 deg aax 
nutat10n could aaxe any of the three available 
stars v1sible at soae tlae in the nutation cycle. 
Initial stellar .easure.ents would tben be 
inter.ittent. ~s nutation decayed in tiae, a 
contInuous ser~es of star aeasureaents could be 
obs~rved_ It is a~o possible that no star would 
be observed if the attitude vere located in the 
region vher~ all three stars are outside the 
sensor field ot view; hovever, a reor of the spin 
axis severdl deg~es avay tro. the sunline would 
generate a reierence star. 
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rhe noo. vill n081n&11y be deployed wben sun 
angle, coaaunications angle, sp1n speed and 
residual nutation ar~ satisfactory. 'or an 
1ndeiinite attitude ~vell duriD~ tbe orbiter 
aission, pover requires an awerage SUD look &Dgle 
qreat~r than about qO deg while th~raal 
considerations con~rain tae average sun look 
angle to be less than 110 degrees. raleaetry and 
co •• ~nd V1a th~ forward oani ant~nDa require 
1Dstantaneous earth look angles less than 100 
degrees. The spin rate requir~ prior to 
deployaent is 0.5 ±O.l rpa, while residual 
nutAt~on shoul" be less than 10 d~9rees. Since 
the .agnitude and direction of the spacecraft 
angular aoaentua is conserved during deploya.nt, 
the dveraqe sun ana varth look angles reaain tae 
saaa after deployaent. Post deplofSeDt nutation 
could introduce as aucb as ~lO deq variatio. in 
these look angles. Therefore, tBe initial 
conditions that DO.1nally exist at acquisiton 
(average sun dngle range 62 to 80 deg, average 
earth dngle range ~3 to 11 deg, spin rate 6.5 
~O.l rpa) are consistent vith those require4 for 
booa deploy.ent. Tbs SUD sensor ,aid-range or 
upper extended) can be used to verify 
satisfactory sun 100& angle, spin speed and 
nutation. because of spacecraft/earth/sun 
geoaetry, tb~~ sensor can also be ased witb 
gl.'ound received signal strength to belp verify 
sati~factory earth look angle. Star sensor data 
pr~or to deploy.ent can then be considered 
op'tional. 

After booa deploy.ant, the sun sensor transfer 
function and field of view Deco.e no.iDal, as 
illustrated in Figure ~.1.1.2-6. Although the 
average sua look angle vill'not cbange, the 
averclge value of '" '" 1 tue inf'", :,vals obserVed by 
tbe aid range and upper extended sensors will 
change; this is one innicator of succ~ssful 
d~ployaent. lhe c~~ce of wbicb sensor to 
observe during tbe actual deploy.eDt is dependent 
on tb~ average SWB look angle. ~ince tbe 
deployaent process ~enercltes • large res1dual 
nutat~on (tbe actual angle varying between 1~ aDd 
30 ddY), on8 and possibly bo~b ot tbe sensors 
lull occCUiionally aiss '" '" and \}I (f 2. aeasureaents. 
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The sensor with the Dest field of yiew is 
selected dur1ng deploy.ent and bota sensors are 
esercised after deployaent to cross check spin 
speed. avelage sun look angle and nutation. The 
s~1n speed is tRen incredSed to lS rpa, reducing 
the average nutation angle t.o f::$1 deq and 
perturbing spacecraft attit.ude f::$O.5 degree. The 
nutat.10n aaaper w1l1 then be aore efficient.ly 
tuned and wi!l allow reliable st.ar aeasureaent.s 
to be ad~e within t.wo hours. 

The stars t.bat are v1sible near tbe noainal 
attitudes with the booa now deployed (noaina1 
sensor geoaet.ry) are 111ustrated in Pigure 
~.1.1.2-1. ~ote that Ve~a would be the only 
stellar reterence tor t.he locus of no.inal 
at.t.it.udes with no nut.ation. It. is possible that. 
no star would be observed if the attitUde were 
loca,ed in the reqion whera all stars are outside 
t.he sensor L1eld of view. A reor of the spin 
axis several degrees toward the north ecliptic 
pole based on sun inioraation only would aake 
Altair or Arct.urus v1s1ble. The actual aaneuver 
to the north ecliptic pale tha t follows would 
then noainally ba baseu on sun and st.ar 
1ntoraat10n. An initial ca11bratioD of axial 
Jetts) pulsed perforaance can then be .adft after 
attitude aeasureaeDts at the near-~arth cruise 
att.1t.ude dre obtained. 

".1.1.2.' l»terplfPeta{f Cru~e Ph!!e. Durinq the 
1nterplanetary crU1Se port10n of the orb1ter 
.issioo, tbe spacecratt vositive spin axis (.Z 
axis) is noainally aaintained within 2 deg of t.he 
norta ecliptic pole (except as needed tor 
trajectory correction aaneugers). Tberefore, the 
celestial la~itude of tbe positive spin axis i~ 
Ho to 90 degrees. The celestial longitude would 
be arbitrary (0 to 300 deg) if the a tt.itude vere 
not biasea to t4k~ auvantage ot th~ entire 
Gtt~tude deadband dnd a1niaize toe frequency of 
attitude touchu~s required to co.pensate for 
solar torque pr~cession. Attitude biasing 
i.plies th4t the ait1erence ~n celestial 
10n~ituQes at the sualine and spin axis is ~90 
deg. so that as solar tor~ue precesses the SpiD 
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axis arounQ the sualiAe. the eAtire attitade 
dea4baad is utilized. 

Tb~ orbi~er sua look aDgle history for tae cruise 
ph4S~ is shown iD rigure 4.1.1.2.a. Th~ +, axis 
is assuaed orienteo to t~e Dorta ecliptic pole. 
th~ orbiter earth look aDgle bistory tor tbe 
cruis~ phase is ShOVD iA rigure 4.1.1.2-9. Part 
of tbe att1tude yari~tion due to solar torque 
would be reilectad in eartb look a.91e througb 
aost of t1l~ cruise SlAce the earth a.d aUD lilae. 
ot sight are near coiDcidence for abort periods 
of tiae oDly. rhia is illustrated iD P1gure 
4.1.1.2-10 by th~ .un-apacecratt-earth angle 
dur1ng cruise. ' 

The aziauth aDd ele.ation of tbe HGA beaD aust be 
perioGically updated to coapeDaate tor ,ariatioDs 
10 tbe sUD-to-eartb spiD angle and eart1l look 
aogle, respecti •• 1y. Pigure 4.1.1.2-10 sho.s bow 
the ~un/spacecraftl8artA angle 'aries during 
cruise because of the relati.e aotioD of tbe 
earth and spacecraft in the ecliptic plaae. 
Since the ~pin axis is within 2 deg ot tbe Dorth 
ecl.lptic pole, this tiqure can be ased directly 
to ascertain tae required a,iauth pointing 
coa.and tor ADteDna ear~h pointing vitb the sua 
as roll reference (allov1Dg tor bias explained in 
~Qction l.3.l._.3). It a star is selected as the 
roll reterence, tae relati'~ loogitude of tbe sun 
to t~e star aust oe Added to tbe angle obtained 
fraa the figure plus a bias unique to star seas or 
usag~. Figure 4.1.1.2-9 sbows bow tbe eartb look 
angle cbaDges due to spacecraft aotion away fro. 
~rth and out of tbe ecliptic plaDe. Any look 
aD~l~ cb4nge due to at~itude tilt away fro. the 
Dorta eclipt1C pole in the d1rection of the 
earth-line auat be subtracted fro. this noaiDal 
aogl~ before coaputing the proper 61e.ation angle 
tor the H~A positioDer. Tbe HGl 3 dD beaawidtb 
is 8 d~q. 80 tbat aziauta aad ele,atioD angles 
•• i De adjustea to peak tbe 9a1D after the 
iDit1al open loop oo.aan4a aJ:e executed. 

tb. aaxi.ua aagular raLe of tbe ~arthliDe is 
about l c1e'J/cla, "DO occam to .. arcl the last tt.ird 
of the cruise pbaae. lntenaa ~intiDg 
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corrections (pria~rily ~n aziauth) would be 
required no aore frequ~tlJ than eyery four da,s 
in order to aaint.~n the ear~line within the 3 
dB be4aw~Qth; t4is iaplies that the earthline is 
allowed to dri1t froa one edqe ot the beaa to tbe 
ut.her. A det.ailea discussiCln 01 KGA pointiAg is 
g~yen in Sect~on ~.3.4. 

The ~arth look angle Sbould noainally be greater 
than 8S deg for aft. oani satisfactory transait 
ana rQce~ve cap~Dilit.). Pigure 4.t.1.2-9 
indicates tbat it requires 120 to 160 days of 
cruise tor the noa~41 look angle to increase to 
8~ deqrees. .In the event of a despin ano.aly aDd 
loss of 8GA pointing. 30 bours .ay elapse before 
coa.and cavab~li~y is restored via the forward 
oani with. a receiver reYerse coaaand. An 
att~cuQ~ option taat could circu.vent this 
condition would require tilting of the positive 
svin axis 5 to 10 deg away froa the north 
ecliptiC pole and the earthline. Part ot this 
t11t would reflect ~nto a sun lOOk angle change 
(tending to increase it during the first 100 
days) and star availability (discussed below) 
~oula not be s~gn~f~cantly coaproaised. Another 
option is to tly the cruise phase with the 
posit.iYe spin axis orientea at the south ecliptic 
pole. This strategy vould always aaintain the 
earth look angle greater than 89 degrees. 
dovever. this approach WOUld r~uire an 
additional pound of propellant for spin azis 
inYersion prior to orbit insertioo and would not 
perait study during cruise 01 northern heaispbere 
stars taat. dre reference~ at the orb~t insertion 
attitude. In addition. the earth look angle 
during th~ near earth ph4Se vould baYe 
siguificGnt variations about 90 deq and resulting 
tel.etr.y froa the selected o.ni could be quite 
interai 1.tent. 

A third option is to fly the initial l~O to 160 
Qays vita the UGA antennA spinning And tbe 
forward oani in the tr4ns.it and receiYe .odes. 
This configuration can support at least ij bps 
vithuut. the b~ aeter net. tor the first 160 daIs. 
Attitude correct~ons to co.pensate for solar 
torque precession voald De .ore frequent. the 

I: 
i ~ 



... , 

(~ 

-
seetio. 10. ..1.1.2.2 
Doc. 10. _ .. PC_=4il1.Q .. 2 .......... ~~ 
Orig. 1 •••• Date i/21l78 
leYaion 10. 

antenna "ould be Cleap.a periodicall, to take 
.nbiaS8Q att1tua. ~ta as .ell a8 tu cb.ck oat 
an~eDQa p01ntiD9 operatioa. prior to the orhital 
phase. 

Tbe stars ayailacle tor attitude deteraiD_tioD 
and rull reference duriag cruise wben tbe spin 
axis is orieated n8lr tbe nortb ecliptic pol. are 
illustrat~d in rig.re ~.'.'.2-1'. It least tvo 
stars are useful references at any ti... lote 
that Arcturus and A~tair are usetul refereac .. 
for the tirst 6S and 170 days, respectively_ !b. 
celetitial longitude of tbe .arta as obserYed at 
the spacecraft is illustrated in rigare Q.1.1.2-
12. SiDce tb. longitude of tb~ darthliDe yarie. 
froa 2S to 66 4eg dOEing cruise, tilting tbe apin 
axis avay froa tbe pole and earthlae in rigure 
~.1.1.~-11 Cloes not effect yiaibilit, of lrcturu. 
and lltair. If the tilt. is liaited to.S deg, 
8irach "ould still be ayailable, starting 36 days 
after launcb. Vhile Capella woold not becoa. 
noaiD~lly a¥a1lable at 99 daIS, tbe attitud~ 
could be returned to tbe north ecliptic pole 
prior to tbe loss of Altair, aad two stellar 
references would still be ayailacle at all ti .... 
!n sua.ary, the earth look angle to tbe aft oani 
could DI:t iapro¥tlc1 -S deq witbout coapro.ising 
svacecraft att1tucie, tJler.aJ. or pover 
configurations. 

Trajectory correction aaneUYers are noainallJ 
executed 10 the norta ecl1ptic polar attitude bJ 
YQctor coabination of indiyidual axial aDd radial 
jet i.pu!ses. rocvard and aft oanis are selected 
for co •• an~ fUDction, in tae event of an 
an08alou8 attitude cbange. Two optioDal rCI 
.ethods aX1st "bicb aight avoid anI propellaat 
pensl~J atiaoci.tea "1tb tae vector aode, 
particula~ly during the first rca. The 4xial jet 
.oae requires pr~c~sion of the spin AXis to tbe 
ue81red ~y dlrection, continuous att or for.ard 
ax~l jet tbrust, and reorientation of the apin 
axis oack to the nurta ecliptic pole. Pover an4 
ther.al contiideratioDS require sun look angl .. 
~t.een approxiaatelJ ~o and 110 deq tor 4v.ll At 
any pot~ntial a4"0Y~r attitude. Witb tbe 
eartal1n4it within -.so deg of tJae .-uBlue at. firat. 
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Tca, the earth look angle would range between 10 
and 140 ~.9r .. s. TAe Av4ilable stars or planets 
are d~penden~ upon the specitic attitude 
requiNd. Thflt radial. jet aode requ1res 
precession of th~ sp~n axis around tae sunline 
until the u~sired 4' direction lies in the radial 
~ts thrust plane li.e., the plane tbat contains 
tAe rad1al jets thrust vectors), palsed radial 
Jet pair tb~u~t, and reorientation of the apiD 
axis bacl to th~ north ecliptic pole. the aaD 
loo~ aD~le would be constant C_90 4e9) wbile the 
earth loo~ an9le would range between 60 and 180 
ddq~~es. Tnflt available ata18 again are dependent 
upon ~e specific attitude required. Both of 
~ese adthods require pr~cessioll at the cost of 
-.1 l.ll/100 <legrtMs. 'lh~ aax.iaua weight saving 
assoC14teu with these aethods for the worst cas. 
first Tca A.V aaglli t.ude and direction is -.0 _ 7 lb •• 
~bere10rd, the use of either a.thod viII depend 
on a trade-off of actual weight saving against 
operational coaplesity and star ayailability 4t 
the .aneuvfltr at~ituQe. 

4~.1.2.3 ."iY41 fa,se. rae SP4D axi~ ~tt1tude at orbit 
insertion is no.inally directed parallel and 
Oppos1te to ~he spacecraf~ veloc~ty at clos~t 
approach ~o Venus. rhe longitude and latitude of 
the at~~~UQe depend on the day of launch and ti •• 
of arr~.al. Tae range of possible a~titudes witb 
oorrespondinq sun and earth look angles are 
presen~e<l in rigurflts 4.1.1.2-13 and 4.1.1.2-14, 
respectively_ The precession required to achieye 
tbe optiaua at~itade is 20 to 3~ degrees. Tbe 
sun look angles range troa 85 to 9b dfltg so tbat 
no tiae liait due to pover or theraal cons~ra1nt8 
ex.is~. lhe earth look angles raDge troa 7U.S to 
04.5 deg so that the uplink and downlink can be 
aa1ntdined uS1ng tae forward oani dnd the 64-
seter DS. ne~. . 

The S~4rs availabl~ tor attituQ@ dfltteraination at 
lbe o081n&1 orbit insert~on attitudes are 
illustrated in Fi9ure ~.1.1.2-1~. ¥or launches 
prior to ftaJ 21, 8iracb 1S tbd pri.ary stellar 
reterence; Capella i~ the priaarJ stellar 
reference for the second balf ot the launch 
period. ~evfltra! d1aaer s~ars ar~ 6Yailable as -
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ref.teDc •• at aDr pot.atial attitud., a. i • 
•• id.nt ia tb. figu.. Otll.r opt1oaal att1tu4 •• 
aigbt be .aplor.d to rai •• periap.1a latit~4. or 
bialJ til .. i .. 1tia1 orbit periocl to 1bU~ ia1ti&1 
orbi~ tria ~,. Sua and eartb look a.~l •• would 
not be aat.ria.Lly cliff.reat tor aar of th ... 
approaches aDd, iD all ca. •• , at lvaat oae 
stellar reference v111 be A_ailabla. 

~.1.1.~.4 !,aM' Qrbil Pba ••• rollow1Dg '.D •• orbit 
insertioD, aDd .pacecraft r.ac~uiaition, tba apia 
&xis 18 raorieatecl to tbe 1I08tb .cliptic pole. 
~h~ .UD look a .. g". ehlrug UiJI -160 aeg nor caa 
range bet""D 7S aad 100 dec) vJu,l. tb •• arU look 
angle caD d.cr.... to a 10" of 30 d.g before 
iDcrea.iDg to a Doaiaal of 8~ degr .... 
COaaunicatioa. ,,111 be a&iDtain." aaiag tb. 
tOE"card oaa1 aael tJl. 61&-a.ter J)SI Det" 

DuriDg the '.DUS orbit pba.. of tha orbi~.r 
a18s10a, tb •• pacecraft po.iti ••• pia aKia ,,111 
aoain.llJ be aaiata1ae4 "itbin 2 d89 of tb •• outb 
.cliptic pole. Th.r.fore, the c.lestial latitude 
of tb. posl.ti.e .piA ax1. is -88 to -90 d8CJr .... 
%he celestial 10ng1tud. d.peD4. UpOD "b.ta.r 
attitude biasing sch •••• ar. being uswo. During 
aost of tb. orbital op.rationa "b.a tb. 
spacecratt periapais altlt8d. is abo •• 160 k., 
the attitude can b~ biased so that as 801ar 
torque pr.c ..... the sp~n axi. around tla ... uuia. 
tbe entire attitGd. d.adbaDd i. utilized. 
do" ••• r, "hene •• r periapai8 is lo •• red to .1SO 
ta, ta. a.rodrDasic eliaturbanc. torque Mcoa .. 
doain4nt for •••• ral daJ.. rb. attitude WOQld 
theD be Doaloall, bia.ed so tbat am at.08pb.r1c 
torque pr.c ..... tb. apiD axi. around tha 
we!ocitJ .actor at peria~si. the .atir. attit.d. 
GdaubaaG iM utilized. 

~D aDd .artJa look an9l. hiatori_ tor tla. 
no.inal 2'3-4ay OD~rblt p .... ar. pr ... nted oa 
r~9Rrea 4.1.1.2-16 aDd ~.1.1.2-17, r .. pect' •• l,. 
Th. aUDta~acacraft~artA eagl. b18tory i. sao_n 
1D r1':1 .. re '.1.1.2-_. TN latter figar. 
inaicat •• tJaat part of aLJ attitad •• ariation du. 
'to solar torque woald De r.fl.cted ~D .. rt.1a look 
angl. change taroagh .oat of the oa-odd. t pllaa.; 
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Lbe eart~ and aUD Lln •• of .1gb~ are .ear 
coincideDce only toward tbe latter part of ~b. 
or~ital at.aion. !he a~aoapbereic torqua caD 
pe~uro botb SUD and eart. look angl .. wi~a1D tbe 
cleadb4Jld Iiaita. 

The 4ziauth aAU ela.ation of tae BGA beaa auat be 
periodicAlly updat.ed to coap.D.a~. for .ariationa 
in t.be SUD-~o-eartb spin aDgle and .arth look 
aDgle, reapecti.ely_ Figure '.1.1.2-18 sbow8 bow 
t.he Mun/Bpac.craft/earth apin aDgl. ,ari.. in 
ocDit. becauae of t.be r.lati.e aoUoD of tbe eartb 
and , .. nus ill tbe .cl~pt.ic pla.e. Since th. spin 
axis is witbi. 2 deg of t~a aou~b ecliptic pol., 
this figure can be u.ed directly to ascertain the 
re9uired aaiaut.h puiDtin9 coaaand tor anteDna 
•• rta p01ntiDg wita tb. aaD aa roll reference 
(alloviDy t~r bi •• e~plained in SectioD 
l_l.l.~.j). During occultatioD entry aDd ezit, 
wben the oroier'a a.spuD aDteDDa vill be 
coDtrolled to follov tbe .irtual earth, a 
v4riable azi.utb aDgl .. auat be added to tbe true 
earth aZ1aut". If a sUr 1a aelected .. ~be roll 
reference, tbe relati.e longitude uf tbe aUD to 
the star aust also be add.d plus a bias unique to 
star seDsor usag.. 11gure ~.1.1_2-11 abovs bow 
the wartb look aDgle cbaDgea due to VeDUS 
,spa'dcratt) aotioD aV4Y t~oa .arth aDd out of 
the ecliptic plaDe. ADy look aDgle chaDge due to 
solar or 4taosph.ric torques aust be added to 
this noainal aDgle betore co.puting the noaiDal 
ele,at10D ADql. for tbe HGA pos1tioner. DuriDg 
occultation, a ,ariable elevation an91~ .uat oe 
4~d.~ to true .a~~ el~'ation angl~ in order to 
Lr4C£ t4e .1rtual earth. 

~he stars poteDtiaill a.ailaole fo~ atti~ude 
chtt"raiDatioD and roll r.terence during or~ital 
op~r4tioDs wbeD tbe ap1n axis is or1eDted n.ar 
tb .. soutb ~cliptic pole 4re illustrated in rigure 
~.1.1.2-1Ya aDd Figure ~.1.1.2-19b. At le~st tvo 
stUti 4re Dot aubjec" to SUD 1nterference at aDY 
tia" in ("I: bi t, wbile tb~ee sUra are free of aun 
iDterfereno. ~OS of tbe tiae iD orbit. 'e~.a 
v111 iDterfere V1t.a »tar aetectioD vhQn tbe 
spacecralt coacs over tbe pole on its vay toward 
periapaa but. will not iDtertvre duing loll. 12-
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hour iDt.r.al betW"D pedapai. _it a.d apoapals 
Appro.cll. ligel I .. taa~u aact Madar ar. priaarJ 
&ad backup a~.!lar r.tereDcea, ~ .. pecti •• lr. 
G~riAg p.ri.paia p ..... 11 eclip ...... 0 •• 

, •• l.rge auaDer of .~ar •• i.ibl. 11 tile viciDit, 
of ~be aQutb .cliptic polar attitud •• ak ••••• r.l 
attitaacle op~ioa. po.aiD1.. 'lb. ap1l axla coa14 
be t11~ed •••• r.l degr ... aw., f~. the pol. to 
iAcrea.. th ••• rth lUOl .agl. dQriag tb. firat 
100 u.,a ia orbit; ~b1a would iapro •• tb •• ft 
Gaoi co •• uaic.t1on8 &a91.. rb •• pia •• i. coald 
be ~ilted .... r.l d'9r ... to •• rd tb. v.locit, 
v.ctor .t periap.i. wb.a ,.ria,.la lOHrug 
•• aauv.r. ue r.quJ.r"; tlu.a woald re4ac. tJa • 
• t.o.pb~ric torque aad reduce the .ttitad. 
diaturbaDc.. Tb. apin •• ia could be tilt.d to 
ciaADge the .n91. of attael profil. for tit ..... 
spectro.at.ra or tb. vi.w tracea oa tbe pl.Det 
tor .aa, iD.~ruaa.ta. 

orbital corr.ctio •• a •• avara ara nGaiDallJ 
execQ~.d ia tb. eoutb .cliptic pola~ .ttitud. DJ 
firi8g tll~ two aft •• ial. co8tinaou.l,. 
Periapais correctioD8 take pl.ce .bout .a Iloar 
after .p~Apai. p .... g.. apo.pai. Q)rr.ectioa. 
occur .bout 2S aiDut.a atter peri.pais p .... g •• 
~t.r d.ta ara .vail.ble ~t botb ti ... to cODfir • 
• iaia.l attitude 4iatu~b&Dc, or to plan attitade 
tria •• 

Spio '.t. Pt0fAli. Z..adi.tal, tollowin~ 
",aratioo fro. tbe cent.ur, tbe orbiter is apan 
up to 6.5 to.l rp. by a pra.tore4 co ••• nd 
__ quenc.. Th. lo_iDal iDiti.l apin .p .. 4 raag. 
haa bee. a~l.cted to ioaure aacc ••• fal 
centr~u9.l d.plola.nt of tb. Z-folG aagDeto .. ter 
boo.. a auJ. •• apin spHd of S r~ i. r.quired 
~ pro.iQ. aRffici.at letcbilg .IergJ .t .acb 
AiDqe 1D t~. ev.nt ai.g. drag torque. r.&1i&. 
th~r eat,i •• ted worst ca .... 1.... a ••• iaa • 
• pin .pHll 01 1 rpa 18 rlCJuirecl to liait letelling 
•• er9J at .acb aiDg. to oe co.ai.t •• t witb 
stractara! iDtegritJ 01 til. boo. in ~. 'V'Dt 
biAge 4ra9 turqu ••• r. Deg11giDl.. Bec.u ••• 
toleraDc. of 51 OD tb. iDitJ.al apin a,..d (bi.aed 
towA~d ~~ higA aiel. of lb. .ccep~Abl. apia apeed 
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r~n~e) 1~ alluw.bl~, aust probablJ, lAece vill be 
n~ neea 1~1 ~ spin tria ~rior to de~lo,aent. 
Sinc~ an~ul4r a~a~utua i~ ooftserY~G 4~d tbe spiA 
aoaent ~t inertl. i~ increased during deployaent, 
~pin ~p~~J ~ll1 n~ainall1 decrea~~ to 5.4 to.2 
rpa vb~n "lIe Dooa is t ully deplo:re~. 

'~llo~iD~ bo~a deploy.ent, the orbiter is spun up 
to tbe noainal cruise spin speed range of 15 to.5 
~p.. rD~ crUlse spin rate nas b~en selected on 
the DaS1S ~f aany tr.de-otfs. rbe initial apiDup 
to l~ rp. r.duc~s ~~ rath~r lar9~ nutation C_22 
~e9 a¥~ra~e) qeneraled ~J booa deploy.ent 
app~~xl.ateil by a l~ctor ot thr~. IDe s.aller 
nut~tlon ,,~etber witb tb~ iDcrease in body 
nuta~on ltequ~ncJ ren~er the nutation da.per (a 
~411 an~le, Droad!y tuned deYioe) neArly twice 
~s elt~ctiye. 1t 1~ rpa, Dutation w~l be da.ped 
to J.l de~ wltblD 2 bours after splnup. Tbe 
cruise spin rate also proyides sufficient spiD 
·stiffDe~s· to Ii.it dttituae errors and residual 
DutatloD r~ulti~~ f~ua subsequent aidoourse 
aaneuvets. rhrust pointiDq error ADd nutation 
iDduceJ by a coatinuous asial jet A' aaneuver 
'DO~D lngerse1y proportlonal to spln speed 
squar~J) are nounded a~ 0.1 and 3.2 deq, 
respectively. 1ttit uJe chan~e induced bJ a 
pul~e~ 1ad141 Jet palr ~, aaDeuver (lnyersely 
pr~porti~na1 tv s~in spe~d) is bounded at 2.~ 
j~9re~s. The sa •• gyroscopic stiftness 1iaits 
crai$e attltuae preceSSion due ~o solar torque 
(lngerse1y ~roportioDal to spin speed) to =0.1 
e.g/day- !Ae spin rate is liaitea ~o lS rp. 
duriDg crU4se ~o alD4ai2e propellant required for 
precessi~n aaDeugers (proportional to svin speed) 
.b~e bein~ consis~ent with aini.ua gyroscopic 
st~ifness reqQ~reaents. 

The orbiter is aaDeuvered to the orbit insertioD 
attlt~ae 4t l~ rpa ana is ~hen spun up to 30 rp. 
xor 'enus orbit in5ertlon. the object of tb~s 
a4DaUyer 1£ to ~ncrease gyroscopic stiffness aDd 
hait insertion errors due to the potent~ally 
~ar~er attitude distU4bance torques during .otor 
~rn. thrust .isalignaent and ~GA ceDter of aaas 
offset iroa the +z aX1S generate an average 
unat pol.Ata-J .arrur and a coning of the apin 

tJ 
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axis about the target A' direction (the latter 
~s~lts in a cosiae loss of i.pulse) that are 
both inveraelr proportional to spin spe~d 
squar~. rhe 30 rpa spin rat~ ·stiff~ns· the 
spacdc~att by a tacto~ of tour relative to cruiae 
and li.~t~ the vorst case t~rust pointing error 
and spin a~is coning to 0.5 and 4 deg. 
respectively. The)O rpa also provides the 
orbiter vitb an 4ngular aoaentua co. parable to 
that of aany other spinning spacecratt tbat hay. 
u~ilize4 s~ilar solid aotors. 

Desp~n control is noainally tera~n&ted prior to 
the Durn and the H~A is ailoved to spin up to 30 
cpa. Tbis is to spin ayera9~ any disturbance 
torqu~ nue to HGA center of aass offset froa the 
.Z aAis (noaina1 thrust direction). If tbe 
antenna v~r~ aaspun during Durn. this disturballce 
~rque voulu slew tne spin axis and angular 
aoaentua vector ~14 d~g. resulting in ~1 deg of 
thrust po~ntin9 error. When the antenna is spun 
during burn, the Mspin averaged" d~sturbance 
torque generates a thrust pointing error and spin 
axis coning of 0.13 and 0.1 deg, respecti,ely; 
these errors ar~ included in the worst case total 
~rrors discussed .bo,e. Roveye~. because tbe 
antenna i~ dyna.ically iabalanced relative to tbe 
spun section (rotor) princ~pal axes. spinDiD~ the 
antenna vill generat~ ~1 deg coning ot tb~ +Z 
axis about tbe Mall spun- spin axis prior to 
Durn; th1S con~ng angle aust be added to the 
con~n9 angle generated by the disturbance torques 
during burn. the sp~ning antenna approacb has 
been eapl~yed on adBY otber spinning spacecraft 
whose despun platiora aass properties were 
siailar to the orbiter HGA. 

After orb~t insert10n, toe orbiter is despun to 
1~ rpa ~n preparation for precession 01 tbe spin 
axis to th~ noaina1 on-orbit attitude (south 
ec1ip~ic polar d~rection) and for ~e initial 
axial ~V correction that lowers periapsis 
altitUde. Th~se aaneuyers are coapleted in tbe 
viCinity ot the in~t~al apoaps~s pass and tbe 
spin sp~ed can th~n noaina1ly be reduced to ~5 
cpa tor ~nitiai scientitic observation duriDg tbe 
ensu~n9 periaps~s pass. Tae actual spin rate 
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reduction .a, depend on the .agnitu48 and 
direction of tbe second .alor axial ~V correction 
~~uired to establ~h tbe Do.inal orbit, i •••• a 
cODtinuous burn at periapsis exit to adjust 
apoapsis alt~tude and orb1tal period. It the 
torward axial let were required. a apin speed 
graater than S rp. would be desirable to avoid 
large att~tuQ. error and nutat10n. It is also 
possible tbat jet tbrust aDd ali9naant biases of 
the re~uired thrusterCs) (which can ~ calibrated 
dur1D9 the in~tial apoapais pass) could reduce 
tbe SpiD speed e1c ... i,ely duriDg tbis .aDeuv~r, 
this requiriDg a higber initial spin speed. Tbe 
actual profile of .ow tae orbiter achieves its 
Do.inal steady state, oo-orbit spin speed at S 
rp. will dep~nd thdn on the details of initial 
orbit correctiona, It is probable that a near 
steady atat. coaditioD vill exist at tbird 
apoapsis and thd spin speed vill theB bQ tria.ad 
to S rp. .s required. 

figure 4.1.1.3-1 illustrat88 the nu.~nal orbit 
ap1n xate h1story. The phase lock loop (PLL) 
spin ranyas, spin rate detector liai~ aDd spin 
speed range for H~A pointing are also sbown in 
the t1gU~. S1nC8 the acceptable sp~n r.te range 
tor .agneto.ater boo. deploy.ent i~ narrov and 
the on-orbit spin rate is vell detined by 
sC1entit1c considerat10ns, tbe prlaary spin rate 
options are available during cruise orbit 
iDs __ rtion and orbit initialization. An increase 
1D the cruise ap1n rate would .a&e tb¥ orb~ter 
.ore resistant to attitude disturbances but would 
require .ortt prop4t.U.ant for pre~ssion aaneuvera; 
the star sensur vould also not operate at. it.s 
peai t>erfur.ance. An increase in the orbit. 
ins~rtion SP~D rat~ woulu also Mstift.nM the 
orbiter attituQe but. would requlre aore 
prop~!lant tor t.be associatea spinup and despin 
.aneuvttrs. Th~ inwersion uf tbtt spin axis to the 
on-orb1t .ttitude ~~uld De done at a lower spin 
r4te tu 8age propellant; howeyer, any reduction 
in s~in speed .uat tal'_ account of attituae 
error, nut.tlon 4nu poss1ble spin speed decrease 
when the ~otdnti.lly lar~e initial orbit 
~~rrection~ are ex~uleQ. 

u 
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Spill speeQ can .ary a. a result ot change. in the 
opin aoaent of 1nertia, eros. coupling during 
tbrusting aan~u¥ers, 4nd external disturbance 
tor~u~s. ~pin cbang~ r~sultiDg iro. aagllv~oaeter 
boo. d~ploy.ent 1S accounted for in lAe noainal 
ais5ion profile. Spin change accruing fro. the 
fitst TC~ or initial orbit corrections is 
expecte~ to be on the ord~r ot ~ rp.; tbv .pin 
change resulting froa orbit ins~rtion sAould be 
less than 1 rpa. ~p1n trias during cruise or 
orbit init1ali~ation Should be consistent with 
tbe noaiDa~ profile or an available option. 
During the st~ady st~te orbit phase, spin ~ria8 
v1ll De aade dS requ1red to co.pensate for spin 
speed v4riation caused by periodic orbital 
aaint~n4nce .aneu¥~rs «o.~ rpa). Spin s~eQ 
variation uue to 4t.o~ph@ric disturbance torques 
is ~xpected to be two orders ot aaqnitude 
saclll~r. 

~4Deuyer "i58i09 i~~. Tabl~ ij.l.l.4-1 
ddlin~ates th~ cbronoluqica! s~uenc@ of noainal 
spin speed, 4tt1tude and veloc~ty aan~u¥er& 
uurin9 the orbiter aission. E4Ch aaneuver has an 
associatea rov of tabulated valu~s defining 
aaneuver .agnitude, required propellant, .aneuver 
aission tiae, no.~nal thruster(s) u.ployed, pul •• 
vioth se!~cted, nuaDer ot pu!ses and exe,utio~ 
ti.e. ~p1n speed a4neuvers are noainally 
executed b~ continuously t1ring el ~ir of radial 
j~t sp1nup or ~~spin tbrusters. Attitude 
.dDeuver~ are noainally executed by pulsin9 the 
axial Jet couple at $v~n fre~uency. Howewer, at 
S rpa, a sin~ld axia! jet is pulsed at spin 
frequency ~n order to .ainta~n 4 preoess10n 
yranul~rity ~f ~U.1S deg/pulse in tbe lowest 
.o.entu. sta~e; the _, associatad with this tJpe 
of .elneuver 1n orb1t c~n be used to tr1 • 
.,eriapsis dltitud... 'rbe .idcourse velocity 
a4n~uvers are assu.~d to De executed in the 
wectur .ode, 4nd the .agD1tudes of both axial and 
radial ~v corrections are asau.ed aaxiaua and 
&qUell, corresponQing to tbe vorst C4~ required 
~V .49nitu~e and d1rect~on. The .ax~.u. 
availabl .. ')ulse "1dth bas beeu selected for the 
t1rst ana s~cond raaial ~y .idcourse corrections 
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~ l~.~t execution ti.e; ta~s results in 
neglig1blv chang_ in oYeral! i.pulse efficiency. 

tbe initial orbit tria a4neu,ers are no.inallJ 
executed bl continuously firing axial jets, rae 
initial periapsis adjustaent e.ploys tbe two aft 
aX1als 1~ and possibly 3~ hours after insertion; 
two .aneuvers aay be required depending upon how 
.uch periapsis altitude is actually lowered 
QUr1nq the first opportunity. lne ~Ditial 
orbital period adjustaant •• ploys either the 
forward or afl axial jets 2~ and possibly ~8 
hours after insert10n; two aaneu,ers .ay be 
Eequired if the aaxiaua required correction 
cannot. b.. coapleteQ cJ.uriDg the first. periapsis 
pass. lfter orbit initia11zation. typical 
urbital aainlenance aaneu'ers eaploy the aft 
axial jets in the continuous aode. Optional 
aethod~ tor execution ot anyone of the ooainal 
set ~t aaneuvers are d~scussed in Section .,3.1. 

The orbit.er is initially loaded with 10 lbs of 
provellaol. '~gure 4.1.1.~-1 111ustrates 
re.aining propellant versus .issioD ti.e, lote 
~al prior to orbit 1nsertion, appro_i.ately 9 
lbs of propellant are cOQSu.ed. Atter tbe orbit 
nas OdeD initially tri.a~, a totdl of ~25 Ibs of 
propellant. will have been consua~Q. urbit 
aaintenaoce aaneuvers OYer l~J ~aJs require an 
addit.10nal ~b lbs ot propellant so that 
approxiaat~ly la los of propellant ate a,ailable 
tor calibrat~on .aneuvers and continqency 
planning. 

All aaneuvers shoula be exe~uLed within a SUD 
loo~ (a~p~ct) angle xange of ~O to 110 degrees in 
ord~r to a'oid any li.itation in attitude dwell 
~iae Jue to th~raal ana power consiueratioDs. 
It, ~n audition, tne sun aspect angle is 
.aintained greater tban ~5 deg. the aid-range SUD 
sensor is always visible and DO sensor switching 
is requ~red. ftaneuvers are noainally ex~cuted in 
sunlight so that the sun can alwats be eaployed 
4S the spin reterence pulse tor th~ PLL and spin 
rate ~etector. Ta1S is part1cularly i.portant 
during long continuoas 4.ial jet burns, since a 
tiinql~ Dit error in the jet sel~ct .agnitu4e 

\ 
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PuJSI' Executlon 
lIeq . TIme Width No. of TIme 

It PM Il)s . (I)a\'S ) (Msc-ci Pul s ... s (:> Hours) 

Inlll.1 "1-"nup '1. R h. ;; IJ. 37 S HI 113 0 . 008 

'plnup \I 9 . 1. 0.:;1'1 S • 0 .2 III H.3 0.011 

Rror to 'nJls" AUiwck- I!I 0 .1 8 S . O. ~ AS • All 128 1 2~ 0. 13 

Hrst TC:'I A"II " I ,:1 \' :; 3. 0 'S AS' A(j. A7 0 .132 

FI r s t T(:'\I Radi al ,:IV J 3. 1 L ' ;; R.3 • R~ :l12 490 0 . 544 

St-cond TC\: I~dlal .1\ ' O.4 :! 0 . 21, L - 20 R3 . R4 5 12 41 0 . 0 

"i<'cand T(, ~1 .\."Ilal .1\' u . ~ 2 II. 2;; I . 20 AS-All-A? 0 .012 

Thl rd Tl:,\1 nad lal ,:1\ 0 . 07 (J . 04 ffi) - 20 11.3 . R4 128 28 0 . 031 

Thi rd TC \1 Axial .1V 0.0 • 0 . 01 ~- 20 A:t- A(i 'A 7 0 . 002 

Prelnsertlon R('o rl ('ntatfon 3 1 0 .32 ffi}- 2 A5' All 128 222 0 . 247 

-;PInup rilr Ins ('rtlon I.'; O. 8!; w-2 RI • R3 0 .02.3 

I>oB I los(' rtlon Splndo\\'Tl - I :; f) . liZ ffi). O. I R2 . R~ 0.022 

fiNr 10 On-Orblt Anlrud ... I ~3 I. 2. 5 00' 0 . ;; , 
A5 . All 128 965 1. 072 

(nual Perl.p,,, AdJ u.tm .. nt 24.4 8. 7 7 E • 0.5 Ab · A7 0 . 2.7 
~.1. 5 

InItial ""rlod '\"Iu"tm('n t 13. :; 4.~R E · I. A5 0.309 IIDOQU) 
~. 2 

~ P. ~ ~ 
.. "f n t? :; rpm - 10 O . 5~ 1 [~}1. ;; R2· R4 0.021 

~. ~ . ,. 
TyPIcal P(' rl ap"l. Co r r('c t lon ~ . B~ All . A7 0 .1 12 

.... 
~. IE 0 

() . ~n 
II As .... 01' Tvplca l \po3ps l ~ Cor r l'ctlon II RequIred 

Afj · A7 0 .014 
I' t· a 

I "I' lcal ,\IIlwrlp C"rn>C t l,,,, 11 . 11;') 2 f) . 0 1 A5+At;'A7 128 12 0 . 040 
Z .: I 0 
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~~aa.nd or a logic failu~e could Gause one of the 
spin tb~usters to ~nadyerently fire. Barth look 
angle is unliaitea when both forward and aft 
oaoi& a~~ in ~ecei~ aode. Rov~wer, tbe forward 
oani should be in Uansa~t .ode for looa. aogles 
less than g~ deg vbile the aft oani should be iD 
trans. it .od~ tor look angles greater than ijS 
aegrees. If an attitude aaneUYer requires 
crossing eitber ba~rie~, proYision should be •• de 
to switch the appropriate oaDi to the transait 
.ode in order to aYoid loss of tel .. ~try. When 
tb~ KGl is in both transait and re~i.e .odes, 
the aft oani receiYe aode should be EeligiouslJ 
protected ~n oEder to aYoid any loss of co.aand 
and teleaetry for ~6 bours due to aespin aDoaalf 
or anoaalous earth look angle change. An 
insurance co •• and to switch transait and receiYe 
function to the torward oani at soae appropriate 
tiae dtter noainal aan~u.er teraination sbould 
always be entered pr~or to a aaneuver; this 
oo.a~nd can alvays b~ cleared iaaediately after 
the aan~uver is coapleted. ~ong, continuous 
burns ~uch as orbit corrections at apoapsis are 
preferably ezecuted vith botb oanis in receiYe 
.ode ana with tbe oani baying the ~st eartb lock 
Angle in transait aoc1e; this practice would 
insur~ twleaetry coy~rage of any anoaalous 
~haYior and provide coaaand capability for aDY 
iaaeciiate dctions that a~9ht be required. 

Durin9 any aaneuye~, spin period and sun angle 
shOUld be tne selected attitude .eGSureaent 
words. lfter the initia! spinup aaneuye~ at 
separation, the spin ~ate detector should also be 
enaoled for the reaainder of the a~sion. Por 
continuous aKial jet burns, the sun qate and PLL 
loss of lOCk are enabled so ~bat the aao~uyer 
v~ll terainate autoaatic411y when the tiae count 
reach~s zero, the Jet output is s.itcbed ott, the 
PLL los~s lock O~ the spin rate ~ange is 
exceeaeo. One of tne last two condit~ons viII 
quietly teraina~e ~he aaneuYer in the event a 
spin tb~uster is inadvertently tired. Po~ 
continuous ~aQ~al je~ burns (sp~n aaneuyers), the 
PLL loss 01 lock and sun 9ate are disabled to 
perait ~Ae aaoeuYe~ to continue as the PLL loae. 
lOCk and ~o alWAYS proyiae a spin ~eference pulse 
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to t.aa •• pin rat.e eletector, reapectiYely. 
lher.fore. this t.ype of a.neayer vill terainate 
vhen the tiae CODDt reacbe. lero. the JCI output 
is svitcbed off or tae apin rate rang. is 
exceeded. ror pulsed _neu •• r. (precessioD, 
Y~locity or spin). the PLL los. of lock and sun 
qate are ena))led. .114 t.he .... silutclown cODditioDs 
as thos. ior ~be coatiDuoua axial burns apply. 
thea~ cODditions .lASUre accura~ thrust direction 
aDel DO erroaeoa» apia tbru.ter f.lriag. Boveyer. 
a duty cycle detector eaabled ooly iD pulse aod. 
caD alSo tersinate the SaDeuyer. If the duty 
cycl. exceeds li.i~ dependeat oa apin speed and 
thruster pulse width s.lection, auto.atic 
shutdovn occurs. ~h1s f .. ture basically liaits 
aDy AnoaaloU& pulae "idt" to 18&8 than 60 
deqrees uf tbe spia cycle &.d tberefore liaits 
the error ia t.he direction ot applied jet 
ispalse. Tae Guty cyc1. det.ctor, "kicb cannot 
be disabled by 9round co .. and, precludes tbe ase 
ot ~he ~12 as palse width 4Dove 20 rpa. 

pistMrQIDces. Ix~ernal torces "ill perturb 
spac~cratt attitude. spiD rate and velocity 
durin9 the aission. Attitude dritt due to solar 
pr~ssure is discasaed in section 16.1.2.1. 
Attitude, _P1A rate and velocity perturbations 
due to aerodynaa.lc forces arisiny during 
periapsis pa .. es at low altitudes are presented 
~n £&et.lon 16.1.2.2. .atation can be .lnduced by 
dZt~~nal forces 'e.g., jet aaDeuvers) as well as 
interD~! torces (e.g •• cnanging th. ~GA spin 
rate); nutation ~ dlscuased in S8ctl0D ij.l.2.3. 
wobbl~ refers to the resultant up/down aotion of 
the despun BGl bea. vaen the +Z axis is tilted 
relatlve to the AZ.lS of aaxi.us a08ent ot 
~ertia; the sources and eftects ot wODb~e are 
~uaaarizeu ia Section ~.1.2.~. 

SOlar Pisturbapce lprgqe. An external torque due 
to solar preasure arise. vhen tbe »pacecratt 
center of vre.sure (c.p.) and center of aass 
(c ••• ) arv Dot coinc14ent. The .a~nitude of the 
torque and t.erefore the attitude drift rate are 
proportioaal to the sola' pressure flux and the 
c.p./c ••• offset. Since solar pressure is 
.lnVerSe1l proportioaAl to the square of ~he 

ae.1a1on 
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dia~ance fro. tAe SUD, the pr.cessioD rate of the 
orb~ter at 'en us (U.1 lu) ~ould be about twice 
that at earth (1 Au) for a given c.p./c ••• 
offs~~. The spacecraf~ cen~~r of pressure caD 
also change AS a cODsequence of tbe variable 
solar pressure surface presented by the high gaiD 
antenna as its bea. tracKS the earth. During 
cruise, the ceDt.r of pressure nearly coincides 
with tbe center of aass when the san has An edge 
view of the RGA; the c.p. is about 1S inches 
higher (to~arQ the +Z AZ~) tbaD lhe c ••• when 
the sun has a front ur rear view ut the bGl. 
lt~er orbit. iIl.ert.ion tile cent.er ot aass is 
shifted ~pprQX~8AtelJ ~ ~Dches toward the +Z 
4&is. CODseguently, during on-orbit operations, 
the e.p. is approxi.ately ~ iDches below th~ c ••• 
for solar edge views of tbe HG1, and About to 
inches above the c.a. tor solar front ~r reAr 
vidws of the HG1. lote that it the antenna were 
spinning in orbit (dS, for exa.ple, after tbe 
co.~let.ion of the primary orbit aissioD), the 
averA9a c.p./c ••• otfset over a spin cycle, aDd 
therefore the daily att.itude precess~on rate 
would oe s.all. lone and a half incb solar 
skirt has been added to t.he aft. eDd of the 
orbiter solar paDel sUDStrate to li.it att~tude 
dr~ft in this configuration. 

figure q.l.~.1-1 illust.rates tiselines ot the 
orbiter solar precession rdte dur~ng crU1se for 
the HGl despun (eart.h pointing aode) and all-spun 
(osni .ode) configurat.1ons. Positive precession 
rate ~adicates tDat the c.p. 15 torvara of the 
c ••• and that the direction of pr~oession is 
9ivek by the right-naud rule with th~ right tbusb 
P01Dtin9 fro. tbe spacecraft to the sun. The 
precession rate is near zero tor the despun 
configuration during the cruise inter.al ot 90 
t40 days after launcn. Uur~n9 this interval, the 
sun and earthlines arQ nearly urthogonal, so that 
th~ ~sQltant Solar edge view generates a s8all 
att~tude drift when tbe variat10n 1D tbe eart.h 
lOOk 4ngle is .ost sensitive to solar dist~rbance 
turque. On the other hand, a relatively large 
att1tuae ~r1tt occurs toward the latter p4rt of 
crU1se near interior c~njunct10n, because of t.he 
solar rear view at t.he HGl ADa t.he increAsed 
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solar f1az. lIowe._. til ••• ar colia_rit., of the ~ 
.... aDel eart.ll1u_ r ••• lta i. a fraction of t.a. ' 
at.titude drift be.i.Ag propa9a~.d i.t.o eartb look 
aDgle .ariatioa. The pr.e.-s10. rate tiaeliD. 
for tbe all-apR. coafi9aration reflecta an 
increase in .olar 41atarbaDc. ~rqae dae 
e1clusi.el, t.o declaa.iDg apacecrait diat.aace 
froa tae SUD. ~ae a.eraC). spacecraft c.p./c ••• 
off.et ... ociated witb a .pi.Dl8g IGA duriag 
~£uise 18 aboat 8 ia~b .. wbicb resalts in an 
attitaoe drift bi ..... r tb •• t1aat con"poDdiDg to 
'the earth poUtiDg a04., ezcept d1lr1.~ the laat 
JU da,s of cruis •• 

rD. culllative solar tor«)u8 prec_a1OA for tae 
orbit.~r dari., cruise i. tbe ear~ poiating aode 
is .OOgt 0 Gegne.. Appropriate basiag of U. 
attitade relative to t.e aaali ... to t.ue J 
&dvaatag. of the eatl"e at.titude 4ea4ba.d would 
liait the Duabttr ot attitude touCbups to two. 
lhe cwaalative sol.u torque precession duriDIJ 
cruistit vith the ... , .piDDiDg "oald be about 12 
degr.... lttitacia biasiDg woald liait tbe Daaber 
of corrections t.o foar. SiDce the e~rtb poiatiD9 
.ode is priaarl •• 0 aore tbaD tare. attitade 
toucbupa shoula be r.qaire4 ~uriag cEaia.. 'i 

1 

rigur~ 4.1.~.1-2 il1ustrate. tiae11DeB of tbe 
QCbiter solar precessioa rat.e on orbit for tae 
8Gl aespaD (eartb po~nt1Dg aode) aad all-spun 
(sle.,. dipole backup 80de) CODfiguratioaa. 
Positive precession rate agaia iDdicates that the 
c.p. 18 torv.ra of tbe c... lote that tae 
forward shift of the c ••• r.a~lting fro. orbit 
ias~rtion bUrD geDerates a 8igDiticant .~9ativ. 
c.p./c.a. off.et for 80lar edge view. of tbe BGl 
(30-110 days ia orDit). the re.~1t1D9 attitude 
drit t of .. 0.1 4eg/da, wou14 reflect direct,l, into 
earta 100& aDgle chaDge. DuriDg tae initial 
forty dal. iD orbit ,pri.arf occultation .ea8OD). 
bo".ver, tbe c.p./c.a. offs.t will chaDge sigD 
and th. ayerag_ Grift rate over this ti •• 
interyal will be Dear zero. lher.tore, it woa14 
be possible to allow tbe attitade to 4rift 
forward aDd theD bac&"ar4 "itbin tae attitude 
d.adband withoat regairiDg a touchap. lfter 80 •• 
1JO da,. in oEbi.t. the ... starts to illuaiaate 
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th. froDt of t •• BGA, aaa the prece •• iOD rate 
iDeraas .. to a .aK~a. of U.2S de9~ay at the a.4 
ot ~be pr~.arJ ai.sion. rbe preceuion ra~e for 
tA. all-span coofigaration is SbOWD to be 0.021 
Gag/day with tbe 4Qu~tion of tb. 1.5- solar 
Mut. 

Tbe cuaulativ •• 01Ar ~orque precession for tb. 
arbiter auring tba 2~3-Qay period in .artb 
po~nting aooe 18 about 25 degr.... tt solar 
tor~ues were tbe only aisturbance, attitude 
biasiDg coala li.it the nuabar ot attit~oe 
to~ChUPd to about tieYen. Boweyer, •• rody ... ic 
disturbance torques will coa~ into play wbaD 
peri.pais ia low.red duria", th. un-orbit pbas •• 
Tb1S typv of Gi.t~rb~Dce, wbose effect on 
.ttitude is diacua_G in conjunction with sol.r 
disturbances in section ~.1.2.2, CaD incr .... tbe 
cuaulat~Y. precession 4n aGd~tion.l 1~ degr •••• 0 
tba~ several additional correctioDs vill b. 
aeettss.ry. 

1n tbe all-spun aoue, • aaxi.~. cuaulatiye 
4ttit~de precessioD ot 1.5 aegreGs occurs, i1 no 
a~titQd .. t.ouchups art! aade. Th.-reion, tbe 
sleeve u1pole is Doainally a viable anteDna for 
co •• uDicationa du-iDg t.il~ eK~ended .issio. 
vithout. the Deed 10r any 4t.~itud~ aaneuvers. 

A.rodxp.aic pistu&bAPCIS. An external (drag) 
force on tbe orbiter is geDerated by spacecraft 
.otioa tbrough the sensible ataospbere iD tbe 
vicinity of periapsis. Tbe .agnitude of this 
force 4~Q tbe resultant velocity loss are 
proportiQnal to the dy.a.ic pressure. An 
eKtdrual torque al~ arises near p~riapsis wben 
the sp£cecratt aerodyna.ie c~nter of pressure 
,a.c.p.) and center uf .a.s (c ••• ) are not 
eoiDci4eat. The .agnitud~ of the torque and 
therefore the 4tt~tude disturbance 4re 
proportional to tbe dyna.ic pressure and tne 
a.c.p./e ••• offset. 

AtaospA~ric density in tbe Yie1Dity of periapsis 
caD ~ approsi.ated by an eKponeatial law, i.e., 
p 4eereas.s eKpo.entia!ly with s~ale height 8 
fxo. cI. •• X.l.U. P.p at per.lapais. T,uti expon.ntial 
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behavior 01 density ~aplAea that alaoat all of 
tbe aerudyna.ic disturbance occur. in tbe first 
three sca~e beights aboye periapsis. ~t can be 
sbown thal tbe he1gbt aboYe per~apais b can be 
ap~roziaated by a parabOlic tunct~on of ti •• fro. 
periapsis, t; tor the no.inal set of orbital 
paraaetecs, the be1g4t above per1apMis is 
observed to increase at tbe rate OL 12.~ 
~a/(ainute)~. With the scale height near 
per~aps~s avvrox~ately 10 ka, tbe orb1ter spenda 
a~out l.d ainutes ~ the tirst scale heigbt and 
3.1 aiDutes in the first tbree sca~e heigbts. 
This calculation illustrates wby ataospberic 
disturbances are descr1bed as the t.pulsiv. type.' 
The relat10ns uefining P and h can be us~d to 
evalu4te tbe average ataospheric Qensity in the 
first Uu.:~e scale height.s to be l/:lP p • Since 
spacecraft velocity is essentially constant in 
aagnituGe near per1aps~s, tbe average dyna.ic 
pressure dur1ng d periapsis pass is effectively 
halt the dynaaic pressure at pariapsis. Por the 
Aodel 1 Qens~tJ ot 10-12 ga/cc and velocity of 
lO.l~ ka/sec at a per~apsis alt1tude 01 150 ka, 
the av~rage dynaaic pressure is caiCulated to be 
O.OOO!l lbs/ft2 • 

The ~nstantaneous drag lorce is tb8 product of 
th~ dynaa1c pressu~, Qrag coefficient (CD) and 
projecteo Area (1) perpeDd1cular to the airection 
of .otion. rhe 1.4 tter t.vo wariab14ls are 
lunctions ot spdcecraft shape and angle of attack 
(~.e., the 4n91~ between the spacecraft .~ asis 
and the svaceccaft veloc~ty vector). rhe angle 
ot d~lac~ at periapsis is a tunction 01 orbit 
1Dclination aUd periapsis latitude. For the 
koainal inclination of 10~ degrees aDd periapais 
latituue 01 15 d8g (~arly launch" the angle of 
attdck at per~apsis ~8 ~1 de9rees. ~he periapsis 
latitUde 01 3~ d~9 associated wl.th d late launch 
results 10 • 15-~eg angle ot at~ack. Tb~ angle 
of attact will vary ~2.5 deq froa tbe per1apsis 
yalQe for eitb.r launch date as the s~acecratt 
.uves tbrouqh tbe tirst tbre~ scal8 beigbt.s above 
per~ap~~~. lerooYDa.ic stud~es ind~cat@ that the 
spac~~att dra~ coetficient and ~ro)ected ar~a 
are 4pproziaatdlJ constant (i.@., 1.1~ and d~ 
ftZ, respect~vell) for tA~a range of angles of 
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attack i~ ~A. cegiOD ot iDter •• t. T~.r.tore, 
.nteqrat;on of tbe instantaneoua drag 1apul •• call 
~ appro~iaat.d bJ aultiplicat10n of aYerage 
uJnaa.c pr~ssure, Col a~d the ti •• spent in the 
t.rst tnree acale "1gnt~. Por tbe noainal 
veraaeters cited 4bUve, tne cuaulative drag 
iapulse is abou~ lj.~ lb-sec and tbe result&nt 
veloc.tl 1~8 to~ a aOO-lb. spacacratt is O.~5 
ft/aecond. 

Since velocity loss per paas is eftecti~elJ 
proport10nal to per.4psis dens1ty, 1t .ill 
iDdicat~ (decraase) exponentially with de~r.a8. 
(incr~ase) in periapsis Altitude. T4~tvfor., it 

1& d us~ful inuicator in th~ 1nitial lowering of 
peria~sis altitUde to a level consisteDt w.th 
spa~ecraft satvty. Moreover, it is a direct 
aeasure of per1apsis dens1LY, wbose accuracy is 
Ii.itea by uncertainty in ~rag coefficient (less 
~an 4 factor of two). 

rb~ aerodlnaa1c center of vr~ssure also depends 
on the angl~ ot at.tack.. lerod yoaa ic studies 
1ndicat~ that the a.c.p. is offset att of the 
c~nter ot yass (toward tne -'/. direction) tor 
angl~s ot attack g~at~r thaD ~~ d89rees (i.e., 
per.4~sis 14t1tude greater tban 17 deqrees). In 
~1tect, th~ ~~posed surt4ce of the solar vanel 
dru. qeD~rat~s a tipping ao.~nt gr~ater than tha~ 
cau~ed D1 the torwara tAera4l barr~er, b.gh gain 
antenna, and Mha~ri.· ~lan~e added at tbe 
~riphery ot the torward tuer.al Darri~r. The 
aax.aua eLfect a.c.p./c ••• oftset ~s about 2.3 
1Dch~s for the iargest ang!e of 4~taC~ (J~ deg) 
4t. pel:iapsis. 

rhe 1llstantaneou~ ura9 .oaent is tne product of 
the dyna.1c ~rdssure, drag coetiicient, projected 
ar~4, and a.c.p./c ••• ottset (U. IntdgratioD ot 
tbe 1nstantaD~ous draq angular i.pulse ean be 
dpproxia4ted by aultiplication of lhe cuaulatiYe 
drag ~.pulse ana tb~ ~ttectiYd a.c.p./e ••• 
offset. For the worst c~se offset cited aboYe, 
th~ cuaulati,e dra9 angul4~ iapulse is about 2.9 
tt-lO-~~; the resultant attitude precession tor 
a spaeecraLt spiDn1n~ at ~ rp •• 8 1.l degree • 
.Lbe Y4r1C1tion ot this 4ttitude diaUlrbance with 
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~riaptiia latitude (i ••• , angle of attack) is 
~llustrate~ in r~~ure ij.l.l.~-l. Tbe preceasioB 
~l~r ~~.s fur a periapais altit ude oi 150 ka is 
~U.Q as ~ tunctioR of tD~ .Dgle b~t.een tbe 
4ntenna Dorea~gA~ ax~s aDd the orbi~ plane .itb 
lbe ~~o p~riapsia lati~ude eatr.a •• (15 aDd 32 
Geg) as paraaet~ra. The variatioD in ~ach carye 
a5 4 tunct~oD of boresi~ht aDgle iti due to tbe 
Yariatiull ~D froDtal area vi tne anteDDa diah .s 
S~D ~J Lhe oncoaiDg gas flov, the size aDd 
loca~ion 01 the asDaGOv· C4&t by tbe antenDa onto 
the 1or.aIG ~beraal barr~er, and tbe resultiDg 
aoyeaent ot the a8ro~YDaaic c~Dter ot pr~aure. 
Tbe 14rge d~ftereDoa between curYes iti c4uaed by 
tbe tendency (cited aboye) of tbe aerodYDaaie 
ceD~.C of pressure to aoye aft of tbe center 01 
.~s~ 45 the angle of attac. ~ncrease.. positive 
pcecvasioD rate correspunds to aD aerodYDaaie 
torqu. wnicb would teDd to ~ip tbe bigb gaiD 
an~eDna (VUti~tiye spin aaiM) tovaru the oDcoain9 
~as flow if the ,eb~cIe were not svinning. 
Spacecraft spiR aC~41ly causes tAe spin aaia to 
precetiS around the yeloc~ty 'ec~or. 

SiDce attitude pr.~S8ion yer vass is effectiyelf 
pcoportional to peci4pais density, it too vill 
~crease (decrease) eaponentially vi~b decce.se 
(iDcreaSe) ~D periapsis altitud~. Therefoce, tb. 
oDserYed yeloc~tJ loss aDd att~t~de precession 
CO.pl~.8Dt ODe aDotner dur~9 the initial 
pdriap~ir. 10v~riDg pro~ss. Either obserYatioD 
prv,~des a ciirect •• asure of periaps1s density 
liaited ocly bJ UD~rtaint, in tbe drag 
(.otttt~ci"ll~ or a.c.p./c ••• ottS~it. Tbe tvo 
aeasu~eaeDts can b~ us~d ~D conjunct10n vitb one 
aDutbur to eati.ate one ot tAese paraaet~ra as 
vell 4S aeDA4ty_ 

P1yure 4.1.2.~-~ ~bovS tAe 1Diti~1 aDO f~nal 
velocity and SUD y~tors tor the lij) day OD orbit 
phase. A~r04YDa.i~ torqud teDus to precess tbe 
sp1n ~x~~ aroued ~Aa yeloc1ty vector at per~apai8 
vb21e sol~r torque tends to prec~ss tbe svin aaia 
aroun~ thd sUD1~De. SiDC~ th~ tiunliDe rotates 
re14t~Ye to peri4ps~s velocity ~. VeDUS 
transportd tbe apaoecratt arouDd tbe ZU~, tbe 
total SO!4r + a.~QYD4.ic preces4ion is a '8CtOE 
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ooabination of the individual contribution. 
Solar torque precession has been shown t.o be 
about 0.15 de9/day, substantially less than the 
aaxiaua attitude disturbaDce. Because of the 
orbi~al paraaeters and sunllenus/earth geoaetry 
dur~n9 the on-orb~t ai~ion, the solar 
disturbance will generally reduce the aerodynaaic 
disturbance for orbits having pariapsis latitudes 
greater than 17 degree~, ~herefore, the aax18ua 
attitude disturbance at a 150 ka periapsis on a 
~aily basis is about 1 d~gree. 

lerodynaAic torque will also have a saall 
coaponent along the spin axis direction. Siailar 
to lb.e precession torque, the spin torque is a 
function of 4D9le of attack, tending to be 
largest tor the high periapsis latitude orbits. 
Aerodynaaic studies indicate a aax18ua spin speed 
change of 0.00) rpa per pass for the 32-degree 
periapsis ~atitude o~bit. 

Mutation. A spinning body will always tend 
toward a spin about its axis of aaxiaua .0aeDt of 
inertia, because th1s is the lowest rotational 
energy state. 1 ·pure spin- equ~libriua is 
characterized by coincidence of the body spin 
(aaxi.ua inert~a) axis, angular velocity vector 
dnd angular aoaentua vector. External .oaents 
such as those arising during jet aaneuvers will 
usually pertu~D the ·pure spin- state by 
accu.ulat~n9 angular veloc~ty and angular 
.oaentum orthogonal to tbe body spin axis. 
Nutation refers to the angular .ot~on of the 
s~inning Dody under such a perturbation. The 
resulting nutational .otion tor a body whose spin 
ax~s ~s an axis of syaaetry (i.e., .o.ents of 
inertia about all axes perpendicular to the spin 
axis are equal) is illustrated in Figure '6,1.2.3-
1. In inertial space, the body spin axis is 
observed to cone counterclockwise around the 
angular aoaentua v~tor at the in~rtial nutation 
rate, wn. The latter frequ~ncy 15 the product of 
the spin-to-transverse aoaent of inertia ratio, a 
(greater than one), and the spin speed, wz.. 'l'wo 
1Bportant observat~ons can be .ade froa study of 
the tigure. ~he first is that with respect to a 
Dody-fixed observer, the angular aumentu. vector 

•• 
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apPdars to cone cOUDterclocltwise aroUlld tbe body 
s~1n ax1S at 1nert1al nutation frequency ainus 
spin spe~d (i.e., body nutation 1requancy, n.s 
(o-l)wz.)' This:is the frttguency at which any 
~~.p~rs on tne sp1nninq DOd} are excited. ~he 
second obserYat1on is tbat any sensor (e.g., sun 
s~nsor) vhich saap~~s the angle between tb~ spin 
4xis an~ an 1nert1al target direction once a spin 
~riod, vill detect an aaplitude .adulation on 
th~ .easur~d angle at tb~ difference (body 
nutat10n) trequency. Tbus, for exa.ple, nutation 
would generate a SinUSOidal variation about the 
av~rage value of t.be \}I \}I.2dat.a type at 201 of spin 
tr~quenc)', i1 a. vere 1.2. An attitude 
sensor/spin rate detector such as the sun sensor, 
is therefore, a usetul nutat10njmass properties 
sensor on a spinn1ng body. 

The Pioneer Venus Orb1ter is an asya.etrical 
body, i.e., ao.ents of inertia about axes 
perpenuicular to the sp1n aX1S are unequal. The 
resu~tin9 nutational .ation tor su=b a body is 
so.~vhat .ore co.plicated than the 5yametrical 
case, as 111ustrated 1n 'igure 4.1.~.3-2. The 
body spin axis is observed to precess 
counterclockvisd around the angular ao.entu. 
vector at a nu~atioD angle, &, which varies 
uetveen 8min and ~.ax. Tnc precession rate can 
still be ident1tied as the inertial nutation 
ra te, wn. I where the latter frequency is the 
product 01 the etfoetive s~in-to-transverse 
.o.~nt ot inertia ~e (9r~~ter tban one) and the 
spin speed wz • 0e 15 de1ined by 

0e;: 1 + 1/(°1-1)(°2-1) 

IInere 0.1 is the ratio ot the spin t.o aclxiaua 
traDS9~rse au.ent of inert.1.a (lz/lx) , and 0'2' is 
the r4tio of the sp~n to ainiaWl transverse 
ao.~nt of inertia (lz/l}). 'the nutation angle 
vari~s ~caus~ of a tendency tur the nutation 
anyl~ to 1ncrease wben the ctngulclr aoaentua 
vector a~prQaches the plane def1n~d by tbe axes 
of spin and aaxiaua transv~rs~ ao.ents ot 
inert1ct. ,since tbe augular 110 JIe lit ua vector 
ap~ars (to a body-fi1~ observer) to cone about 
t.h~ Dody spin ax1S at DOUY nutat10n lrequency (n e 

4.1-43 
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= (a .. ,-1)u.~1, it. vill approach the plane of 
intarest at t.vice this fE8<jue!lcy - In inert.ial 
space, uen, t.lle spin axis spirals fro. a,min to 
&max and bact t.o &min at tvice body nutat.ion 
frequency, vhile precessing about the angular 
.oadUt.u. vector at inert.ial nutation frequency
The ratio of the .axiau. to ainiau. nutation 
angles is defined bJ 

& ,p;-_IU ~ 
& 0'-1 

ain 1 

rb~s ratio is approxia.tely 1_~ for t.he pioneer 
Venus O~biter. ~Ae variable nutation angle will 
~nd to dist.ort tbe aaplitude of the sinusoidal 
variation in sun aagle at body nutation 
fr~uaDcy, wben tbe sun sensor is sa.pling at 
spin frequ~ncy; however, the average nut.ation 
dngle (imin + imax)/2 ~ill be readily apparent. 

.utation .,ill be induced by any thrusting 
aaneuver vh~ch generates a t.orque about the 
spacecraft center ot aass that is orthogonal to 
the spin axis tor a noninteger nu.ber of body 
nutat~on p&r~ods. lfter spinup, the continuous 
firing of a single axial jet is the major source 
ot nutation. 1 thrust~r tiring tor an integer 
plus 4 half nutation period will develop a peak 
dver~ge nutation proportional to the transverse 
torque ana inve~se1y proportional to the spin 
rotational energy (1/l IZ'w,ZZ) and (0.e,-1). 
ftaxiaua nutation pyrturbations during cruise at 
1~ rp. aDd on-orbit at S rp. ,are 30 and l~O, 
respectively_ The continuous t~ring of two axial 
jets w~ll induce a saall nutation due to tbrust 
aisaatcb (less tb6n 2'). A saa11 nut~tioD «O.2S 
d~q) ".1.11 also be i.nduced bI cont~nuous fir~n9s 
of radiai thrusters during spin tria .aneu.ers. 

Axial and rad~al thrusters vill alvays be pulsed 
for a saall traction of tbe body nutation period. 
AS a ~sult, each pu!se vill induce a changA in 
the nutat~on anqle e~u~yalent to the precession 
(angular aoveaent of the angular aoaentua vector) 
~r pulse. Hu"ever, since the pulsing 

., 
,', 
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frequenci~s (spin speeu ana twice spin speed) are 
dSyncnronous w~th body Ilutatl.on frequency ne ., 
nutatl.~n will alternately increase and decrease. 
Th~ maxiaua nutation, ~, r~sulting froa a 
~u1s~ng a4neUyer at fre~uency Wp which generates 
a precession per puJ.se, Qp' is giyen by 

bE 

Precession .an~uvers which pulse axial jets at 
~pin frequency wl.l1 gener4te the .ax~um nutation 
dl.sturbance associated with pulsed aaneuyers. ip 
loS 4pproxiaately 10' greater than the precession 
per pulse. 

Nutation vill also be induced when the high gain 
antennd l.S despun (despin acquisitioD) or allowed 
to spin up with the spacecrat~ (friction spinup). 
lhe a~! is dynamically iabalan~d wiLb respect to 
spacecraft princl.pai 4xes. When the HG! is 
despun, the iabalance has nQ effect on spacecraft 
spin and the +Z axis is the noainal spin axis 
(axis of aaxiaua aa.ent of inertia). When the 
HGl is spinning vitD the spacecraft, this 
iabalallce Cduses the noainal spin axis to tilt 
~pproxi.ately 1 degree fro. the +Z axis. During 
any transition (deSpl.ll acquisition or friction 
spin up) be~ween these two states (despun or 
spinnl.ng KGl), the new spin 4X1S i~ not perfectly 
ali~n~ to the constant angular aoaentu. vector. 
Soaa ao~entua orthogonal to the spin axis reaains 
tesultl.ny in residual nutation (less than 1 deg) • 

• utation is daaped by eaploying onboard aovahle 
devices that dissipate energy associated with the 
transverse angular rates so that the prin~ipal 
axis ot .axiau. aom~nt of in~rtia can becoae 
col.ncl.dent with the .oaentua (cons~nt in tbe 
Absenc~ ot external torgue). The spin sveed vil1 
always increas~ slightly during the passiYe 
daaping process, consistent with both 
CODSerYatl.on ot aDyular aoaentua and the lo.est 
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possl.ble energJ state for lIpure spin-. lbe 
analytical aethud, corroDOrated by aany in-orbit 
oDsdlvations, for descrlbing the converging 
character of the nutation angle is the ti~e 
vonst~nt approAiaation. The basl.c assuaptiun is 
that ~he rate of nutation angle change is 
proportl.ona~ tu nutation anyle; the rdsulting 
~xponential Qecay uf nutation an9l~ is described 
Vl.a the tiae const4Dt (the recl.procal of the 
proportionality constant). Nutation d •• pers vill 
g~n~rate differdnt rates of ud,ay OVdr different 
r~ql.OUS of nutatl.on ~nqle. tiae constant, 
ther~tore, are identitied witA apdcitic ranges of 
nutation. 

The prl..arJ .et~OQ tor onboard nutation da.ping 
is provid~Q by the treon tube da.per described i~ 
~.3.l.b. The aa.ping p~rfor.anc~ of this deyice 
is a t~nctl.on of s~l.n speed, aass properties, 
teap~rature, 4nd nutation angle level. rigure 
3.J.l.&-1 illustrates ~ts perforaancd over spin 
speeu and teaperature for 8aall nutation angles 
«18 ). ~able 3.3.2.&-1 detines da.per 
~rtor.4ne~ for tey aission ev~nts and th~ir 
associated spin sV~d and nutation levels. 

'rhere is 4n auxiliary .et-hod for nutation da.ping 
provideu by thd uespin control syste.. Figure 
4.1.2.3-3 illustrateti AOV desp1n control is 
cuupl~ to nutation alna.ies. Desvin control 
vill dlways apply a to~que to th~ daspuD section 
l.11 response t.o posi.tl.on a.nd rate errors. In tbe 
prt!st!nce 01 Dutation, the angular acce!@ration 
orthogunal to tAt! spin axis acts OD tb~ 
dyD~.l.cally l..balanced despun sectl.on to generate 
a sinusoidal aziauth torqu~ disturbance at 
nutatioD trequdDcy. Uespin control vill respond 
by coa.a.nal.ng a sinusoidal torque vhose aapl~tude 
and pbasft d~pdad upun its 1requ~ncy r€~pon8e. 
'lhe totdl 4ziauth torque, Uutn, will tend to rock 
~e ~espun ti~ctl.on dt notation frequency_ The 
result~n9 aziautb aJlqular accel.etation act.s on 
the dyna.~c4lly iabalanced daspun ~ctioD to 
qenerdte a siDusol.dal transverse torque 
disturbance at nutation frequency. rbis torque 
vill tend to reduce the aagular velocity 
cua~onent orthogonal to the sp4n a1is when the 
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despl.n control trdns1ar function is pI'operly 
synthesized. 'l'ab.i.e i&.1.2.j-1 defines the 
nutation ~aapin9 t~e constants associated with 
aesp4n control tor 5 rpm (on-orbit), 15 rpa 
(crulseJ, 30 rv. (orbit insertion) and tvo 
Dutatl.On angle levels, 10 anu 50, Note that this 
auxl.ll.arJ aaapl.ng is (1) signl.ficant at spin 
s!:,eeds gl:edter than 15 rpJl and (l) effective at 
nutation dngels as large as So. These properties 
can be explo~ted dtter .agneto.eter booa 
deployaent/spinup to provide effective da.ping at 
1arge nutation angles, a conuition whe~ the 
primary daaper i~ ~~ewhat weak. laole ~.1.2.3-1 
also datines nutation d~.ping time constant when 
deSpl.D contL:ol is Cleactivated (des pin section in 
spl.nnl.ng). No~e fro. Piqure ~.1.L.3-3 tnat eYen 
if tne despin coa.dnd torque is not present, the 
pres~nc~ ot fr~ction torqu~ will introduce so.e 
pnase chan~e in the dynaal.C reaction torques, 
r~sulting iu soae nutation da.ping. This effect 
is aost sign~ticdnt at nigh spin rates and s.all 
n~tation an91es, a condition corresponding to 
post-orbi~ insertion .otor burn. 

wonble. lhe spacecraft Z axis and the antenna 
despin axis are noaina11y aligned along the axis 
ot .a~i.u •• o.~nt ot inertia. In tbe absence of 
nutat~on, then, every point on the spun section 
rotates about the Z axis and the despun HGA bea. 
is stdtionary in inertial space. uncertainties 
~u tne spclcecratt allgn.ent and bellancin':J 
processes cause the true spin axis (axis ot 
aaxi3u. ao.ent of inertia) to D~ tilted with 
respect to tne spacecraft Z axis. Consequently, 
~very point on the spun section rotat~s about the 
t~lt~a spin axis. This i.plies that the Z axis 
and t4e antenna despin axl.S cone auout the true 
spin axis at the tilt anqle. ~ince the MGA bea. 
~ despun, it appears to p~tch up anu down tro. 
tIle aartllll.ne elt spin frequency as shown in 
P~gure ~.1.2.4-1. rhis .otion 01 the antenna 
tieda is relerreo to as WObble. 

rhe WoOble or spl.n dxis tilt anylc is 
proportional to the spacecraft res~dual dyna.ic 
~.balance and ~nYer.sely proportional to the 
difterence betWeen the spin and transverse 
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TABLE 4.1. 2. 3-1 

DESPlN CONTROL/FRICTION NUTATION DAMPING PERFORMANCE 

Mode Spin Speed 
Nutation Damping TIme Constant (Min.) I 

10 Nutation Angle 
0 I (rpm) 5 Nutation Angle 

DCE ON, 5 ~ 900 

Position Hold 
15 13.7 16.4 

30 3.9 6.0 I 

I 

I 

DCE OFF, 5 363 287 I 

I 

I 

Friction Only 
I 

15 162 199 
I 

30 18.3 37.2 I 

J 
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aomelats u1 inarti~. Since tbe Pioneer Venus 
Orbit.er is an asy.metrical body, t.he wobble angle 
would be large~~ 11 the dynamic i.balance were 
located in the plane defined by the spin and 
mazi.u. transv~rse .omwnts 01 inertia. The 
uyna.~c iabalance co.ponent uue to eacb error 
sourc~ bas neen assu.ed to lie in tb~ worst plane 
ill ora~r LO conservatively bound t.ne total wobble 
aogle error. Table 4.1.2.4-1 l~~ts the various 
uncertaint l errors and their contribution to the 
wobble angle befor~ and after the Venus orbit 
insertion maneuver tVOIK). lhe re~iduals 
associated witD tb~ deployed magneto.eter boo. 
are the uominant cUD~ributor to orbit~r vobble 
angle error. Tae w~1gbt ana center of gravity of 
the Doom bave been car~1ully measured in ord~r to 
li.i~ the wobble angle due to these error 
sources. 

There are systemat1c error sources for the 
orbiter wobble an91e tha~ are also listed in 
Table 4.1.~.4-1. Tne caV on tbe neutral aass 
spect.r\)met.er is ooainally eject~d atter Y01. Tbe 
spacecraft. will De nominally balanced ~or tbe on
orb1 L Conf1quration, ::>0 t.hat a syst~aat1c 0.31& 
deg tilt 01 the true spin axis tru. the +Z axis 
(t.ollfara 4It :::: l~O deg) "~ll be present during 
cruise. Tbe elec~ron teaper4ture probe antenna 
is d~ployea dfter vu~~ causinq an additional 
saa11 tilt f::::0.01 deg) dur1ng cruise. 'lwo 
movable insttu.ents on the orniter, tbe radar 
.apper and cloud pbotopolariaeter, will cause 
.ass relocat~on and ~BUS wobble dur1ng tbeir 
op~ration in orbit.; the aagnitude and direction 
of spin azis tilt au~rng tb~ir respective 
ope4tions is known ana can therefore ae 
~li.iDated tro., lor ezaaple, occultation data. 
it nec~ssax-J. 

l.wi8ion 

lUQ Latal wobble angle due to ~yst~satic and non
systea4tic errors in the aynaaic ~alance 01 A 
rigiu s~acdCratt is indicat~a i4 Table ~.1.2.~-1. 
There are tvo non-r1qia p4rts OD the spacecraft, 
na.e~y, hydrazine propellant and nutation daaper 
fluid, t.bat. can .i.Jlcretlse the wobbl ~. In), spill 
dZ1S Lllt toward one biur4~1ne tQn~ would cause 
t~uid to .igrtlt.e to t.he otber tanA in order to 
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TABLE 4.1.2.4-1 

RBrTEH WOBBLE ANGLE MMARY 
(DE P N ANTENNA) 

ontrlbutor 

l ncertainty Error · 

1. Alignment to pin Balance Machine 

2. pin Balance Machine R [dual 

3 . Orbit Ins rtion Motor Re idual 

4. Propellant Tank/ Line Residuals 

5. Ma tometer Room Re ldual 

ETP Boom R Idual 

7. Th 
------~~~--------------

1. 

2. 

R l nce rtalnty 

u r able Error 

'MS ap (Ei ct dAfter TM) 

ET P Rad! al nt nn a ( plo ed iter 

3 . Radar Mapper (Movabl ) 

4. PI T 1 cop (M o able) 

Total Rigid Bod Wo bl 

Worst ea ' mpUflcalion F ctor 

Maximum ngl 

I 1) 

Wobble Angle (De g) 

Pre-V IM Post- 1M 

+{).014 ~.008 

+{).003 ~.002 

+{).0 54 ~.03 

+{).006 ~.004 

+{).13 ~ . 07 

+{).00 5 +0.002 

+{) .03 ~ . 03 

+{).15 ,::<> .09 

0.34 

0 . 01 

+0 . 0 

T I D 

0.34-10 .15 . 0 >+0. 09 

1.12 1. 12 

.55 0.1 7 

r th :.I1l nn a 1- allowed to pinup with the ~ un ction , an nna Imhalan (. 
au ,nn ad Itlonal wobble an 1 contribution of - 0.5 d gr • 

• 1 -~O 
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keep tbe free surface in eacb tank equidistant 
froa the spin uis. The res~l t of this aigratioD 
is to aap11fy tAe wobble co.ponen~ in tbe plane 
containing tbe tanks and the Z axis. StQdies 
indicate that a worst case a.pliiication of 1.083 
occurs at a propellant till tractioD of 331. 
Si.ilarly, any spin axis tilt toward tbe nQtation 
aaaper vou!a cause da.per tluia to .ove such that 
tae free surface is 4lwaJ~ parallel to the spin 
axis. Tbe r~adjustaent of da.per fluid aaplifies 
th~ wobble coapoD~nt in the plane containiBg the 
ua.p~r and tne Z axis; the worst case 
aMplification is '.Ol~. Vhen both hydrazine aad 
a •• per fluia are pte6e~~ on-boara, tbe 
dispalceaent of one !lu1d is coupled to the 
dispalc~aent of the otber. studies indicate that 
the wors~ case resultant aaplificatiOD factor due 
to both fluias is 1.12. Table ~.1.2.~-1 
indicates that t be aaxia .. expected "oallle angles 
before an~ after YOl are O.~S and ~.17 deg, 
~esv~t1yelJ' ~henever tbe antenna is allowed to 
f.pinup V1 tb tbe spun section, antenna iabalance 
would increase these aaxiaWl "obble angles by 
zO.S deq. 

As d1scussed previously, the pri.ary effect of 
spacecraft wobble is to nod the KGl aDtenna beaa 
up and dovD fro. ~Ae earline. This effect has 
been .aini.ized for t.tae on-orbit. contiguration by 
inten~ion41ly balancinq th~ spacecraft vithout 
the olas cap. As a consequence, the HGl bea. 
vill nod appro%i.ately ±O.~ deg during cruise. 
Wobble vill also a{fect sun an~ star sensor 
align.en~ paraaeters; calibration of biases in 
these para.eters due to spin axis tilt will be 
ne~ssary in order to accurat~ly defiDe att.it.~de. 
Wobble vill also affQct aX1al jet align.eDt, 
causiug equal and opposite spin biases on. the t.wo 
axidl je~s "hen using ~he AV .od~. 

There are several tiaes in tbe .188ion wbere 
vobble has a trausitory nature. Wobble increase 
after antenna 6p1nup bClS already been discllssed 
dbove. rhe orbiter 1S initially launcbed with 
tbe a4gn~to.eter booa stoved; cunsequent.ly a 
large vobble angle, =9 deq, ~s present aft.er 
initi~ spinup and ~riur to booa deploy.ent. ~y 

.e.iaioa 
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aan.llv.rs aaJ ~eapocarilJ draw prop~llant 
asyaa~tricallJ fro. ODe tank causin9 .o •• n~arJ 
wubble cAaoges of at .ost 1 deg; aLt.r 
r~~&tribut1on of prop.llant (less tban 1 bour), 
only the fu~~ a.plication .tfe~ discussed aboye 
will be present.. 

!l6Hpu "IIU&liel. lbe i>J ncl.~CS aspec~s of several 
key points in ~he a~ssion is discussed below. 

~qDcA yei~cl, Sep ... t~pn/Spacecratl SpiPYR 
pyp •• ~a. spacecratt sepa~atioD occu&:s whan the 
Centaur se~ll.ncer tires the two .xplosivQ bolta 
~leasing the V-band claap which bolas the 
~pacecraft. to the att.ach titting. 'ben the 
at.tach fitting and spacecratt physically 
sepcl&:aL~, two redundant separation switches are 
activat.ed, vaCA indepand.DtlJ iDit~ating one ot 
the two coaaand aeaories that contAina ~be spin
up sequence of co.sands. The spacecraft cl~ars 
lAe at.tach fittin9 1.bO seconds after separation 
,~s + 1.ijO sec), apinup jet ignition follows at 
1s + J.38 s.conds, and spinup to 6.5 rp. is 
co.pleted at Ta +lb.Ua seconds. 

Tbe c~Dter of .ass (c ••• ) of the Orbiter 
spacecra1t. is laterallJ offset by about one inch 
fros the ~ axis w1th the sagD.to.eter ~ooa 
stowed. As a constJqll.nc., tb~ axial torce 
~Xd.&:'t..td OJ tbe springs dQriDlj separation gi,es 
rise to a torque tend1Dg to rot.ate the tip of the 
att oaDi antenna, wbicb point.s parallel to tbe -Z 
axis of ~Ae spacecraft aad is located in the ~-! 
pl.ne, towaen t.Ae adap~er. However, the lateral 
forc~ of ~aeh spring (arising frua tbe axial 
coapression) is select~yely align~d to provide a 
~orgue counteract~ny ~De introduced bJ t.he axial 
1urees. With tbe separation springs rotationally 
dli9n~, t.he deterainistic portion of the 
spacecraft. tip-off rate 1.S reduced "1.11 .agnitude 
tu O.i9 aeg/second. Th~ t.ip-otf rate indicated 
in t.h~ cbart is exclusiY~ ot the Cent.aur rate 
pr~oL to aepar4~~on, est~.ated at 0.16 aeg/sec 
(R~~ tor pitch and law). 

11th tbe orDiter separated, t.he ~itial spinllP 
allueuver begins a.t. fa + J.30 secollds.. During 
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apiDUP, th~ spacecraft aoaentua ve~tor will be 
UDder the intluence ot deterainlat1c torque 
perp"ndicuiar to tbe noainal spiD direction. 
Taese tor~ue. occur priaarily becausa tAe orbiter 
axis of aaxiaua inertia (tbe principal axis of 
in~rtia or tru~ spill axis) ia tllt~d ~o froa the 
geoaeLcic SP1D axis (spacecraft ., axis) with tbe 
aagnetoaater booa stowed. Since tb~ apinup 
tor9u~ is dPplied es.entially along th~ geoa.tric 
axis, angular ao •• ntu. w111 be aaded to tba 
vehic~~ in a direction perpeDdicular to the 
priDcl.pal axis. This results in a dttteraiJaiatic 
attitude d1splaceaent of tne spacecratt aO •• Dtua 
ve~or, and a residual spacecraft rate traDSyerSe 
to the principal axis (nutatioD cunuition) 
subsequent to tae .aDeuver. 

Tbe deterainistic transvarse torques present 
during spinup also r~sult froa tile inuependent 
canting 01 tbe two pairs of radial jets to fira 
thrcu~b systea c.a. locations at different ti •• s 
1n tbe .i5sion. As shown in Pigure 3.~.1-J, jets 
B3 and B~ ara aiaed at tba spacecraft c ••• 
location duriD9 cruise .ode to ainiaize 
preeess10n during toe noainal AV aaneuvers. rhe 
other pair ot jets ,~1 and 82) is aiaad at tbe 
post orbit-insertion c~nt.r of aaas to ainiaize 
prece~Bion sbould any ~y aaneuyers be called tor 
in that ~base of tne .iasion. SiDce ODe ot each 
pair of jets (81 ana 8J) is used during initial 
sp~n dnd siDce the systea c.a. does Dot ah1ft 
aX1ally during nooa dvvloyavDt, it is priaarily 
the alignaent of the post-ula c ••• orianted jet 
(~l) wbicD gives r1Se to a tor9ue perpendicular 
to t.bt) geo.etric axis. rhia torqu~ adds to tb~ 
traDs'~rsw torque alrv4dy pr~s~Dt 111 principal 
coord1aates due to tAe boo. in stowed position. 
In assessing the tradv-off 01 pointing tbis 
~conu pair ut radial jets at tbe post-orbit 
1nAert~OD c.a. r4taer than the cruise c.a., the 
xollowing sbould be noted. rile 4eterainistic 
4~titude t11t of spacecraft aoaentua vector wbicb 
C4D be b1ased out prior to spacecraft separation 
would bv present due to tbe principal axis tilt 
vvvn 1! tba Jets vvr~ co-aligneu. rurtberaore, 
the rddial jet pair Vb1C4 1~ not aiaed at the 
current c ••• loc4t~on could be used tor precision 
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at~tu4. control or 48 a backup attitu~. 
~rec~ssion _ode. rbe detera1n1stic transyerae 
tOIque in~IoQuc.d bJ the j~t gaoaetrJ and 
pIlnclpal aX18 t~t 1~ »BOWD io rigure Q.1.3.1-1. 
Th~ deterainiatic tip-off rate, wbich contributes 
an auaitional tilt ot tbe aoaentua Yector Quring 
~plnup ~s 41so shown. 

~be tIensverse turque C4wae~ a deter.lnistic 
attituu~ displac.a~t of tbe spacecraft aoaentu. 
vee~or tow.rd the lDltial u.rectlon of tn. tot41 
torque. tbis dJnaale pbekOaeD4 can be understood 
bJ nuting tbat tor a bo~y whose ratio ot roll 
1nertla to pitch lnert4a is near one (1), the 
principal axis tends tu cone about the 
iDstantan~us aogu!ar aoa.ntua vector in inertial 
space at nearlJ the sa .. r4t~ at which tbe body 
spins about ita princip4~ axis. T~erefore, tbe 
total torque ex~rted on such 4 bod, tends to be 
tixeG in inertial space 4Dd aoaentua tenus to 
aceuaaiate along tbe inlti.l direction of the 
total torque. In aU4~tioA, tb~ aoaentua yector 
will tend to tilt due to the preseuce of tbe tip
off rate in an inertial airectioD rougblJ 
perpendicalar tu .nd trailing the 4irection of 
th~ rate ltselt. Superposition of these two 
eLfects leads to a 4eterainist.c estiaat~ of the 
aoa~Dtua vector .~\itude tilt Quring initial 
Sl'lnup. 

lb~ res~ts ~f tbis analysis are seeD to yield a 
ne~ auaentua vector t.~t ot ~.~ de~rees as shown 
~D tue reY~ev ot splnup peItoraance 9iYen in 
'rabl~ 4.1.3.1-1. • priori kDovledqe of tbe 
.aqn~tuue and uirection of this eotion enables 
the CeDtaur v~bicle to be used to bias tbe 
spac¥cratt attitude prior to separation so that 
t.b~ ~e\.tt~alJAiatic t1tects ~xp4lxienCttd "uring 
sep4tat~~D 4DQ in~ti~ ap~oul' will p08~tion the 
aYerd~e att1tud¥ vector t~ a desir~ atttitude. 
~n this vay, with d¥teraiDistic errors coabined 
v1th Centaur reor~entation, tbe t10al attitUde 
uuc~rt4~nty ut ij.9 aeqreea is seen tu res~lt 
pure~y troa ranQoa sources. 

rblll ue:ured it"ercage attitude Yect.or pouting for 
the urbit~r spacecra1t fulluwing apinup 18 in the 
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general d1rection 01 tbe north ecliptic pole. hut 
With a sun aogle less tbaD bu ~d9r~es for 
.a9Ile~o.eter boo. deploy.oDt th~l:'.al control. 
lakiDg iDto account a possibi~ b.9 deqree rando. 
~~it of tbd average attituo~ Y~ctur. the 
~pac~ratt. ~ axis .Utat be t.clrge~~ ior a t11t 
aD~le of ld.9 d~greus (10 Q~~rees ~ias plus d.9 
ucgrv.,s r4ndoa error) tu satisfy th~ ther.al 
oon5tra~n~. Look~D~ down at tbe spacacraft 
avwrage attt1tud~ Y~ctur fru. tb~ Durtb eClipti~ 
pol~ ('1~ure ~.1.J.1-~) it .dY b~ seen tbat th~ 
spacecratt .~ aZ1S (wnic4 1Dit1dl1y ~iDta up at 
tbe viewer) .ust be tilted down toward tbe plaDe 
ot tbe ~rawiDg tu achieve aD 80 deqr~. SUB an'll •• 
To account for all pussible ran40. errors. the 
.a9n1tud~ of tb~ tilt .ust De 1~.~ degrees. 
Mowever, aovant4ge can De taken ot tb~ 
detera1D1st1c nature OL tb~ 9.~ deqree ab1tt 
durin~ spinup to rQUrient tbe spacecraft as clo.e 
as 9.1 ~e~[U~s to tu~ uorth ~clipt1c pole belore 
~epdration. 1s long as th~ reor1eutat10n 
.an~uyer Dotb tilt~ the spacecratt ~ axis 9.1 
degrees tovaca tb~ sunlioe and urieots tbe A axis 
ot tbe spucecratt bO that tbe det~r.~n1stic 
~eparatioD and S}l1.1!UP distur1Jdnce~ .,111 .ove the 
.0.aD~U. vector dD ~ad1tiondl ~.ij d~grees toward 
tD~ sun, ~~e post spinup attitudu w1.11 at1.11 .eet 
the toer.al r~~u1.r~.ent eYeD 11 tbc t1!t due to 
rao~u. aLt~cts 1.S uire~tly dway lru. tbe sun. 

lhe ceUri~Qt4t1on il4I4euver 1~ rela ted to tne 
in~rti41 location 01 the ~un ~t the t1.e of 
~paratioD. Por is gl.V~D launch od1, the Centaur 
.ust place tbe SPd~crdft coordinates dS SbOVD in 
Tabld ~.1.j_1-2. TA~ X ax1.S lon~itu~~ Wh1Cb is 
J~_l de9re~s 00 Bay lb. 1ncr~dse~ 1 deg/day 
Juring toe lauDCb op~o~tunity dS due~ the Z 4Xis 
lODgituQa. 

n~"'AetQ.vte, 4192L'NplQlkDt DYUci.l£R_ 'lhe 
aagneto.ete[ buu. is dep!oyed by q~uUQd co •• aod. 
~pon co •• dod. pili puller~ releasc the c~qeu boo. 
4sse.~ly, dud ceQt[i1~~dl ~orce develo~d by the 
ul:bit~r's Sp.1O dr.l.Ye£ tile ti4I'\!~ hinljt!a boo. 
~e~aents (S-told) outwdrd. P1~U[~ 4.1.J.i-l 
illustrdtes how the DOO. de~loys r~latlYe to 
spacacratt COOrQ1Aates. uet~ot ~1ns at the outer 
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TABLE 4.1. 3,1-1 

ORBITER SPINUP PERFORMANCE SUMMARY 

I Attitude 
Residual Nutation 

E rror Sourc~ At End of Maneuver 
Error (Deg) 

(Deg) 

1. Tr2.Dsverse Torque (Deterministic, 
14% of Spin Torque) I 

I 9.8 10.3 
2. Tip-Off Rate (Deterministic, 0.290

/ 

SeC) 

(Random, 0.76o/Sec) 7.4 0.2 

Resultant * 7.4 10.3 

3. Attitude Uncertainty of Centaur 5.0 -

TOTAL 8.9 10.3 

l 
~ Determlnlstic Attitude Errol' (9. 82~ combined with Centaur Reorientation and roll 

control to satisfy sun angle constraint ( ~ 80 0
) for Boom Deployment. 

TABLE 4.1. 3.1-2 

CF.NTA R REORIENTATION REQ -IREMENT 

paCE:craft Z-Axis Direction 

pacecraft X-AXis Dt ;ectlon 

Celestial Latitude 
(Degrees) 

80.9 

-F;. 7 

Celestial Longitude 
(Degrees) 

Os - Celes ti allongltuue of the spacecraft sunllne at the t ime of the maneuver. 

4.1-5 6 
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tvo hinges luck the boo. in a linea£ 
confi9uration about 3 seconds afte£ co •• and 
initiation. rhe bO\). continues to £otat.e 
relative to tbe spacecraft for another 7 seconds 
until the root binge detent pin locks the boo. 
along a spacecraft radial. 

Sin~e the vehicle spin ao.~nt of inertia is 
ldrger after deployaent, the resulting excess 
rotational en~rgy in the deployed configuration 
.ust be either dissipat~d uuring deploy.ent or 
transferred to boo. vibration and spacecratt 
nuta tion. During boo. deploy.ent, a fraction of 
this ~xcess energy is dissipated by friction 
torqu~ at each hinge, as booa seq.ents .ove 
relative to one another. At the tiae of any 
hinge latching, 4Dother traction ot tbe excess 
ener~y i~ available to be sto4ed ana dissipated 
by boo. flesing and structural daaping. The 
latching energy at each ning~ is a aeasure of the 
peak bend.1.119 aoaent developed to inh.1.b.1.t any 
turtual: relative aotion between ad Jacent booa 
segaents. Aft~r a~ binges hav~ latcbed and boo. 
v.1.vrations have ter • .l.Dated, any reS.l.dual excess 
enerYl manifests itself in spacecraft nutation. 

The spin speeu limits prior to ueployaent have 
been selecteu to (1) lia.1.t latcA.1.nq energy at 
each hinge consistent with struct.ural inte\jrity 
ot ~he booa in tbe event hinge drag torques are 
&egl.1.~.1.ble, and (~) to prov.1.d~ sufficiP-Dt 
latchin9 energy at each ~inge in tbe event hinge 
dra~ torques r~alize their worst case values. 
Figure 4.1.3.l-2A .1.l1ustrates the effect of high 
initial spin sp~ed (b.d rpw) and no drag torque 
upon booa link angle bi£tory and total syste. 
energy dur.1.ng Qeployaent. The .iddle hinge 
latch~ at about 2.~ seconds with the outer hinge 
following su~t one-balf second later. The boo. 
continues to 8W1.0g aDOut the root hinge until 
latcb occurs soae 10 seconds aiter deplojaent 
initiation. Tne total systea en~rgy is seen to 
step uovn at each Binge ~atcn w.1.th binge daaping 
(~l~) rap.1.dly djsS.1.patiug the vibrational energy. 
S.1.nce no tx:iction torque is assu.ed to act, 
systea ener9Y .l.S constant between dBy two 
latches. Tbe peak b~ndin9 ao.ents experienced at 
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the root, aiddle and outer binges are 165, 230 
and ij~ ft-lbs, respectively. these aoaents are 
at least lOI less than the ultiaate stress levels 
of 233, 55ij dDG lOb tt-1DS, respectively_ SiDce 
bending aoaents experienced at any hinge scale 
approxia4tely ~ith spin speed squarea; the 
ul~iaate stress level a~ tbe root hinge would be 
axceea@d for initi4l sp1n ~peeds greater than 6 
rp.. A spin s~eed upper bound ot b.b rp. has 
b~en seldcte~ to insure conservative stress 
.ary~n at the root oinge. 

Figure ij_1.3.~-~B illustrates the eifect ot lov 
lnitial spin speed (S rp.) and the .axi.u~ drag 
~rque upon boo. l~n~ an~le bis~orJand total 
system energy during deploy.ent. Tbe aiddle 
hin9~ latches at about 5 seconas. Th~ outer 
h~nge re.a~ns quasi-st~tlonarJ about 20 degrees 
fro. latcbup tor another 13 seconds until the 
root binge latch aL~ion triggers the outer hiBge 
latcnup. The total sJstea energy is seen to 
decrease sigDificantly betveeu latchen as a 
result of the vorst case hinge triction torques. 
~tch ener9ies and therefore peak bending aoaents 
are sUbstantially saaller ~han those associated 
vith deploy.ent at the high ~itial spin speed. 
Although a spin £p~~~ lower bound ot 5 rp. 
appears acceptable, a noaina1 spin speed r4n~e of 
b.S ±O.J rp. has been s~1acted to (1) insure 
positive latching action cOB£istent~itb adequate 
stress aargins and (2) tu no.inall} devloJ the 
boo. aft~r confiraation of tbe spin rate at 
acquisiton. wi~hout requ~r~n9 any ~pin tria. Tbe 
variations in the total deploy.ent ti.e and peak 
benuing aORents are une second and 20', 
respect~vell. over thi~ recoasended init~al sp~n 
speed ral1'je. 

Priur to booa aaployaent, the spacecraft +Z axis 
~~ t~ltad a .Axiaum ot u.o Q fros the axis of 
.axi.u~ .o.ent ot inertia (the noainal direction 
01 th~ aD~ular aoaentu. vector). Consequently, 
the +~ ~x~s appears to cone about the angular 
aoaentus vector (initial att~tude) at spin 
trequ~D~J' The deployaent process establishes 
the .~ ~x~s as tae new ax~s of max~aua .oment of 
inert~a vhile conserving the aagnituue and 
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dire~ion of angular .oaentua. Align.ent of the 
nev spin axis (+Z) to the constant angular 
aoaentua vector QOes not occur, however, and a 
large residual nutation results ethe energy 
associate~ with 6utat1on is the excess rotational 
energy th4t has not been diss1p&ted, as discussed 
pr~viously). Fiqure ".1.3.2-31 illustrates tbe 
in~rtial ~race of the +Z axis on a plane noraal 
to t4e 4ngular aoaentua direction (spacecraft 
attitude prior to and after deployaent). The 
dotted circle describes the coning path of the +Z 
axis pr10r to deploy.ent. T1. and T2 define the 
start and end P01Dts of tbe +Z axis path during 
deployaent. The +z path between 13 and TU 
describes nutational coning of the Dew Sp1D axis 
aaout tbe angular aoaentWi vector at an average 
angle of 22 degrdes. The actual nutation angle 
varies betve~n '" and 30 degrees due to 
asy.aetrical ao.ents of inertia (see Section 
".1.~.3); ~n the abs~nce of nutation daaping, tbe 
+z ax~s would continue to cone about the angular 
momentum vec~or at inertial nutation 1requency, 
vbile spirall~ng in and out between the nutation 
limits ot 14 and 30 degrees. 

The spin r4te vill decrease to about 5 rpa 
because 01 the larger spin aoaent of inertia vhen 
the booa is aeployed. Tbe lov spin rate together 
vitb the large nut~~ion significantly degrade 
nutation daaper perforaance. Tbe spinop to lS 
rpa following booa deployaent reduces the ayerage 
nutation ang~e froa 22 to 7 degrees. Figure 
".1.3.l-3~ illustratQs tne reduction in nutation 
re~ulting fro. a spinup process initiated at tiae 
'X3' rhe higber spin spe~d ~lso generates a 
Dutation ~xcitation frequency closer to the 
uaaper natural frequency_ Tbis tuning results in 
a nutation daaping tiae constant <30 .inutes for 
nutation It!ss than abOut 12 u.e<Jr~s. The· 
res~dual nut4tion vill be <0.1 deyree witbin tvo 
bours of tbe secondary spinup. 

orbit IpsertioQ DXpa.ics. During LnQ Venus Orbit 
Insertion (Y01) burn of approxiaately 25 seconas, 
tb~ angular aotiua of the spinning spacecratt 
vill De perturbed due to tbrust aisalignaent and 
variable .ass properties of the Yehicle. 

4.1-59 
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therefore, the &pacecraft thrust C.Z) axis will 
precess about the intended direction for the ~y 
aauition as shovn in riyurv 4.1.3.3-1. As a 
consequence, the ven1cle viII experience a cosine 
loss in thrust aagDitude and an offset in the 
direction of the AV de11vered. 

Prior to orDit insertion, the orbiter is spun up 
to 30 rpa and the Qespun platfor. (UGA) is 
~lloved to spin up. .\ 1.22 degree wobble is 
,ment as a result of the dJnaaic iabalance ot 
the sp~nning plattor. ana a aaxiau. O.b1 inch 
offset 01 tbe platfora center of aass (c.a.) fro. 
the ~eoaetric spin axis (spacecraft +Z axis). In 
tais conait~on, the spacecratt qeo.~tric axis, or 
noainal thrust axis, cones about tbe angular 
.o.antua vector which is (in the absence ot 
att~tude deteraina~on error) tbe noa1na1 
direction for th~ insertion. consequently, soae 
saall portion (O.02i) of the AV delivered during 
the Durn vould be lost due to the inertial coning 
aot10n 01 the tbrust axis. 

If the plattor. were not spinnin9, the torque 
arising froa tbe platfora center ot aass offset 
would tend to cause a airect slaw1Dg of the 
angular aoaentu. vector. The aagD1tuae of this 
potential sleving is a~proxi.atel} l~D or, 
equivalent, a 10 AI airectional error. It is to 
average the effect ot tbis disturbance that tbe 
platfora is inertiall} s~un prior to burn. rhe 
spinning ot the plat fora reQuc~s th~ ~v 
~rectional error to app.ox~aately 0.15 0 • 

Uur~n9 the burn, the angular .otiou of the 
spac~cratt w~ll also be ~~sturbed ~J & 
coabination ot thrust .isali~naent and variAble 
adSS prop~rti~s, tbe latt~r r~sulting fro. 
~epletion of fUel, re14t~ve .otion of the 
iabaiancea p~dttor., and felzing ot the 1~.1-toot 
ad'1nt!otaetIl!L 000.. The qU4litative and 
qU4nt~tative act10n of tbese etfects, acting 
s~Pdrateii and in concert, have been deterained 
both indiv.l.aually and 1n CO.1)~n4t1(J:1 vbttre 
~pacecratt aass geoaetrJ vas arrdn~ed to yield 
worst case disturbance effects. r~e results ot 
tn~ worst casu slau!ation are qivdn in Yigures 
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~.1.l,3-~ and ~.1.3.l-l and Table 4.1.3.3-1 
su •• ariz~~ the indiv~Qual effects. 

Considerinq the perturbation effects sevara~4IllJ, 
the 0.1,,0 (iSS) thrust .isali~n.ent gives rise to 
a d1s~~rbance ~orque perpendicular to the angular 
aoaentu. Yector wbich rotates in inertial space 
at rotor spin fr4ilq~ancy. The platfora center of 
.ass offset results 1n a syste. center of .ass 
offset which also leads to a transverse torque, 
ooly this ti.e rotating at plattor. inertial 
rate. (at the start of tbe burn, tae veAicle is 
all-spinning but relative rate .ay develop fro. 
the variation of coulo.b and viscous 1riction 
exper1enced at the rotary joint as thrustin~ 
}troceeds) , 

~orques verpenuic~lar to the Angular ao.entu. 
vector of the spacecraft tend to precess tbe 
vector toward tbe disturbance torque. since the 
~orque is rotating in inertial spaoe, the angular 
ao.entu. vector undergoes a conical precession. 
lbis phenoaena can be seen in viewiny the 
inertial tilt of the aoaentu. vector (trace (b, 
of Pigure ~.1.J.3-l) wbere the spin frequency 
action of tbe transverse dis~urbanoe torque is 
evident. The .o.entu. vector represents tbe 
average direct10n of tne thrust axis so the 
average tilt of tbis vectv~ is si.ilar to tbe 
velocity auded angle. The disturbance torques 
also introduce nut~tion an~, therefore, a cosine 
loss due to the coniDg of the +Z axis about the 
.o.entu. vec~or, 

lbe .otion of the aaqnetoaeter boo. aay be seen 
in trace (a) ot figure ~~1.3.J-j. Once the 
initial vibrations ot tbe boo. hdve settled out, 
the booa Gssu.es an offset position ot 
approxi.ately ~o axial d1splace.ent in response 
to Lh~ 5g ~cceldr~tion experienc~d by the syste. 
center of aass. Th1S CAuses tne +~ axis to tilt 
tu~ther fro. tbe p~incipal a~is of inertia, i.e., 
ao.entu. vecto~ at ~tart ot burn. In ~tfect, tbe 
wobble a~gle 01 the s~~cecratt increases and the 
coniny aotioD of toe thrust o.is abOut the 
~itial att~tude is ~.pl1ti~J. Tbe trac~ of the 
~obble 4ngle ~u '1qure 4.1.J.3-~ snows that the 
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wubble angle, wbicb starts a~ 1.25 0 , increases to 
4pproxiaa~ely ~o dur11l9 tae burll. 

The key paraaeter pictured 011 iigure 4.1.3.3-2 is 
th~ coning of ~be noaiDal thrus~ axis (spacecraft 
.~) Ahout the Gesirea 4V directioll. The COiling 
01 tois vector leads directly to the ~V cosine 
loss. Tnis ~raCd is seeD ~o exhibit all of the 
att1tude per~urbat10na discussed previously, 
l1a.ely, th~ spin frequency vobble due to the 
platiora center ot .ass offset, the wobble 
aaplificat101l due to tBe DOO. henGing; the 
coniC41 precession, at s~in frequency, of the 
aoaentua vector due to the aisturbanC8 torques; 
anQ tne sinuso1dal Yac18tion, at body nutation 
!~equency, 01 tAe a.plitude of the tilt between 
the principal axis anQ tbe ao.elltua 'lector. This 
last effect. v~1ch i~ actually llutat1on. 1S also 
a xesu.l. t 01 tb8 clc;tioll ot tbQ dist urbance torque. 

~n reYi~wing tbe gual1tat.ive results 01 the 
~.ualt.10n study vre~nted in Table ~.1.3.J-l, it 
can be seen t.hat the figures recortled tor the 
worst casa siaulation QO indeeQ retlect t.be 
cu.ulat~ve sua ot the separate effects list.ed at 
t.be left of tbe table. lhe figures of aerit. used 
t.o assess the Gisturbances are the velocity added 
angle, or t11t of t.he cuaulative yeluc~t.y 
iacreaent in inert.ial coordinat.es, ~nd the cosine 
loss ezperienc~d in the aagnitude of the 
Ge11vered ~V. Tb1s cosine loss .4] be 
interpretea as a retlection ~f ~be average 
geoaetric spin azis tilt. during the burn since it 
15 tois tilt vnich cQuses part ot the~V t.o be 
diss~pated in tbe transverse direction dYring the 
burn. The cosine loss is arriveu at by t..king 
tae cosine of tbe 9uot.~ent of tAe act.ual ~v over 
the no.ina1 A V • 

The tabulated values indicate that the priaary 
effect ot th~ boo. on insertion perforadDce is a 
cosioe loss of 0 .~·18 witb virt uall y no velocit.y 
addda angie. The thrust aisaligna0ot. and 
plat.tora cent.er ot .ass oftoet int.roduce bot.b 
thrust pointing ~rror and cosine luss, the latter 
to " i~s~~r uegred. 'lne thrust .~salign;~~nt. 
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contributes .ore toan balf of tbe total values 
recoraed in the vors~ CGBe run. 

Tabl~ ij.l.3.J-~ revidvs tAd overall orbit 
insertion accuracy. Tbe total pointing error 
(ASS) a.ounts to approxi.ately 0.710 vith tbe 
pr~burn attitude uncertainty and spacecraft burn 
Qyn~.~cs contributing equally. Tbe cosine loss 
~u i_pulse due to spacecraft dyna..~cs is T8D v~tb 
a 0.01 uncertainty in the total ~.pulse deliYered 
l>y t.h~ .ot.or. 
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TABLE 4.1.3.3-1 

VENUS ORBIT INSERTION BURN PERFORMANCE 

Cosine Loss 
(-) 

III 
2.75 Hz, 2% Damping Boom 

~ 
0.97 

Flexing 
"-
~ O. 140 Thrust Mtsallgnment 3.75 Q) 

~ 1. 20 Wobble resulting from TBD 
"-
CIS platform static plus dynamic 
~ 

imbalance 

... Q) All three effecte combined to TBD III III 
"- CIS give worst response. ~u 

TABLE 4.1. 3. 3-2 

ORBIT INSERTION ACCURACY 

Error ource I Pointing Error 
Degree 

Attitude Detert 11natlon 0. 5 

\ OIM Impulse -

)pacec rafi Dynamics· 0.51 

0.714 

Includ 

• Thru t ml alignment 0.14 Deg. 
• Platform • M. off et 0. 671 Inch. 
• Boom Bending t 2. 75 Hz, 2% Damping. 

It.l -04 

Velocity 
Added Angle 

(Degrees) 

0.01 

0.42 

0.13 

0.51 

Impulse 
Percent 

-

-+{I. 6 

TBD 

TBD -+{I. 6 



& -I 
~ 
V' 

" 

120 

.......... ..... 
--~--.... -\ --.; 

..... -
.... '>- - SPACECRAFT 

./ ,/" TRAJECTORY 

ARIES 
DIRECTION 

~SUN 

VENUS ORBIT 

EARTH ORBIT 

~~ "", 
" ", , 

,\ 

" '\ 
\ 

1 

\ 
\ 
,\ , 

\ 
I 
I 
I 
f 
I 

I 
I 

Figur:~ 4. ~ .,. 1-1. North Ecliptic Polar View of 1978 Type II Orbiter 
Earth-Venus Trajectory ~ • ~ .... 

• .... 
C 
D 

.. 0 tIC" 
ef1ce 
~ .... t: n 
.... IQ • ,. 
l1li • ... • .... -= 0 
Ot-4Cc;, 
::I •• 

." . • CI 0 C. • 
• 



Sactl.OO Mo. !t.1..3 • 3 
Ooc. 10. _f£,_--~OLl ___ -
orig. Issue Date ~/,VI18 
B~ 1s100 No. _____ _ 

HeY is100 

ij.l-c o 

APPROACH 
TRAJECTORY 

TIME FROM 
PERIAPSIS. hr 

ECLIPTIC PARALLEL 

TERMINATOR AT 
TIME OF 
INSERTION 

INCLINATION 
= 1050 

I 
ASCENDING ./' 

NODE 

VENUS 

LAUNCH DATE = 24 MAY 1978 

+3 +4 

Figu r e 4. 1.1.1 - 2. Perepectiv View o{ Baseline Orbit 
Fo r Pionee r Venull O r bite r. 

-3 

-4 

-5 

-8 

-7 

-8 

-9 

-10 



( 

Section 10. ',1.3.3 
Doc. 10. _ .. fC&,_-..,It&,02 ____ _ 
Orig. I •• ue Date 2/28118 
lley~a.lOD 110. 

r---------------------------------------------------------------,MeYision 

ECLIPTIC NORTH 

-----

SPACECRAFT 
ROTATION 

DESPUN 
ANTENNA 

/ 
/' 

ATTITUDE VECTOR 
(POSITIVE SPIN AXIS) 

AV ERAGF. 

CELESTIAL 
LATITUDE 

DIR E CTION 

F i ur 4.1.1. 2- 1. R pres ntation of Sp cec raft Attitude. 

".1 - 6; 



S~tion Mo. ~'.3,3 
Doc. "0. _&.rc __ - ... ,+.&.O""", ___ ~ 
Orig_ lSRU Oat~ ~/,d/7b 
Ii Yision No. 

iittY is~OD 

ROaTH ECLIPTIC POLE 

Y. ARI ES 

SUNLlNE 
lEQUIREME T 

LOC US 

, .. 

! 
ItOTlON OF niE SPACECRAFT 
AVERAGE ATTITUDE VECTOR 
DURING INITIAL S~INUP 

I H"f!fP<" 
I .4.?\' ( .... ,,'-, 

, ~, , ' , < \ "' 

\ 

; a •. ' "~ 
I 

'\

CXlffE OF POSSIBLE 
ATTITUDE AnD 
SPINUP 

) 

.0-
S ., 

.~ -'Q---
.~ /~ 

I ::~ \ 

AVl.I!AGE EARTII LOOK ANGLE 

AVERAGE 5UN LOOK ANGLE: 

Fiqure 4.1.1.2-2. Separati on, Spinup and Initial 
Acquisition Geometry 

14 .1 - 0 



S ctiok Mo. ~.1.3,J 
Uoc. No. PC-~Q2 
Or~9. LS8U Date 
.. y i5ion 110. 

~ 
(,) 

~ 
~ :00: 
..J 8 (,) 

~ ..J 

In 
:00: ::> 

8 0 
Ial 

..J ~ 
Ial ~ 
a < ... 
> ~ 
~ ... 

" v v -

Figure 4.1.1.2-3. Motion of SIC +Z Axis and Spin Axis in 
the Presence of Nutation, Inc uding 
Effect of Spin Axis Tilt from the SI C 
+Z Axis 

4 .1- ~ 



(\ 

r::P 

.r:. 
• 
~ 

I 
.".j 
o 

180.0 

~ 120.0 
16.1 
ac: 
c,:, 
16.1 
C 

z:; 
a: 

~ 

U 
16.1 
L 

'" a: 60.00 
z 
~ 

'" 

'0.00 

0.00 
0'.00 

/~---
/ 

END OF roy (159.8) 

Urrflt 'UN 
.11 DDLf ,UtI 
UNn 'UN ---- tID 

~ 
t;;. 
.... 
o 
CI 

END OF FOV MIDDLE (130.0) 
ETR:8.6 
NU=230. 

DEOftEES =Tilt of Principal Axi. from +2 
DEGREES ~ngle That Projection of 

Prir.cipal Axi. in XY Plane 
Makes With +X Axis. \ 

\ 
\ 

\ 
\ , • ! 

\ 

" '- End of FOV 
" Middle (51 •• ) 

"-
"" X -....... -----(21.5) 

'0.00 60.00 90.00 1~0.00 
PSI~-PSI (DEGREES) 

lSO.OO llft.OO 

Figure 4.1.1.2-4. Sun Sensor Transfer FUnction Prior to Boom Deployment 

ttl 0 t;Hn 

iP~~ 
.... \Q. rt en • .... 
.... k 0 
o .... o~ 
CI In • 

II • 2:';;1 0 o ¢ • 
• 

'W 



~ 

• .-
I ..., .. 

~
'!.. '" ,I I' I m. . G - ' - - '. - -' - ~ - .- : <. - .... '- .~ ~ . . . -

. - :-1 , _' _ . . -:. _ _ " ' . I 
';' 1 11 I' l . I .. I v 1 I I ' 

~ ?1
5;-r I ITI - - , ~-, I 1", I T --r 'r- 'r T .. T-'- -f 

bO I " j I A I " o ! 1/ n , ~ rcturu8 in . I I 
- ,- ~ - • ] I ~I ;#17f V1ew ' 1- .- - 11

1

,\, t~ , ~ H! I ~ 
] I i I I I 1" IJ II I' ! I ! ~ . 1 ~l I ~ ~ ~ 1. I Krtft1~11 i ! .~ :, " M ;2P , " 1 I I 7 ' ; I , " 'I , 
.... - . 10- - . 1 I Ir .. " . ~rl- ' -,. n.J. .:rrr~~ 1~R:t __ .. T - -n-U ~ , ' " I tt . I , ' , ~ I I I ' I I . r ~ ( I' I C]' (\ \ ~ . ' I' I I I ' 
~ l til! I Locus of NOIDina,l Atti tudes . ~\.e~ 'N ~ . I , '~ I : I 
.~ I-Ii -I '- I r I 'III' 'I' I' ,. 'I'. ; i I ~\.'\.'3-\.~ \.~I I rn ,, ~\S~~~tr \ \ \ : , II ~ ~ ~ ' : I I I II I" I I ,,'~ 1 I I LL! 
u 1 61'~~ 1- ~I' ,'j TI II~ I I :-' I i ' ~ega in' Vi

ew I I ,... .. ' ~-n' 
I' I ,I ~ It! {~ I I I I I II 1 " I I I II" ~"'" I 11 '" 1 . -T '1 ' -. , l . " 

!J ill ~ llt II . II I 

m
" I tl I!I I 1' 1 r " I I ? ~ , ) (, ~ I ~ p - . 1) - - ,eb 

,J ffif ~ . ~ , : , ~ , ,~e.l~~~~l~o.n.git~del!Lgree.! ... ,-:,' ' I ~ ~ .' i 
Figure 4.1.1.2-5. Star Visibility Prior to Magnetometer 

Boom Deployment 

f • .... 
• .... 
o 
I' 

00 
"'":::0 
.,,5 
0-
OZ :::o1! 
.0." C:l; 
~"' 
~iii 

~ 0 t"" 
S p. ~ ~ 
t; ~ • ~ . 
.... • 0 
O~CI' 
i:' •• • • .1::1 0 o CD • 
• 

~' ~ 



Section tio. ~,1.3. 3 
Doc. No. _ .. Ka.·_-=t .. O:LI' ___ ._~ 
Orlg_ 15SIl8 Date V~d/1~ 
kaw ision 110. 

RdY isioD 

'UN ASP -CT RNGLE !DEGREES l 

en 
o 

"'1). 

eno 
-0 
I';) 

I 

" en ..... 
(J) 

~C1 

o· 
1'110 
00 
~ 
I'll 
I'll 
en 

I';) 

o 
o 
o 

-
o 
o 

c 

J 
o . 
o 
o 

4.1-7 ~ 

U1 
In 

-

zm 
C-4 
II :D 
01/ 

o 
o. 

c 
o 
1'110 
om 
::uo 
1'11:;:V 
I'11m 
CDm 

CD 

til 
o 

I 
I 

I I 
I 

CD 
o 



00 
.,,~ 

;g~ 
o 
::tIr 

o~ 
c> 
~w 
r"P1 

~c;; 

~ 

• • , ..., 
low 

• 4) 

" "0 
:;j ... -... 

C.ele8ti~1 Lon~itude . (D~ ,g.r~e8) . i II 

Figure 4.1.1.2-7. Star Vis'ibility After Magnetometer 
Boom Deployment 

r 
~ .... 
• .... 
o ., 

koeCll 
~ .., 0 (I 
< .... nn 
... · 10 ... 
II ..... 
.... tEO 
0 ... 011 
::t •• . :~~ o. . 
~ , .. .. • 



&. ... 
I 

...,j 

&: 

1< « , 
N 
G) 

> 
-0-_ ... -.., 
.-. 0 
oo p.. 
c: 

0 .... 

~ 

LL.I 
a 
:::> ..... 
..... 
c:r: 
~ 

...J 
c:r: .... ..... 
VI 
\.I.J 
~ 
\.I.J 
U 

u .... 
0:: ..... 
z: 
\.I.J 
U 
0 

...J 
\.I.J 
:I: 

1 

o 

. 5 

88 . 5 

88 

87 . 

8 7 

I 

LAUNCH DATE, 1978 ~--- . 
----MAy 16 

\~" ' l 
", ' 

- MAY 24 
JUNE 4 

I 
.1_ 

. . 1 -: i . - i I I 

. ARRIVAL DATE = 4 DEC 1978, 1800 UT -; 
• ' I 

~ - . I . _ \ . --r -. .. --
I 

I _.I 
I • 

_1 _ _ ' 

ECLI PTI C PLANE 

! . . ! 
-+ - - _ . ! . .-,; 

\

- 1- --

"', . 

- - }, - . -

. : ''i, ~~";'j : I - ~-. ' : ~ 

i 
I 

------t-
, .. , 

--+ - -

\. I . .... - , , ./ . _ _ _ __ _ __~ 
~\:.... - :-. --_:+- ._ ._ oJ, . - . , - -,;;r . , - - -I r-. I , _ : 

p, - - -- I: t ,\. -~-:--:- . - - - . :----t . : --I • '\ •• - • • 1 I I I 

: \. ! , . . ---.:! --L. ~ -- ..! -_ _ . -: . _ ~ -'-- - - _. _-- - :.- --- ~ _ 

!. " I . ' - .~ . . :. ; .J .. !.. . 1· 1 . • ; . t -- . ; .. , j: / • . EARTH'-ORBIT CROSSING ~ 
-i - -- '- -. ~ '--J .' INFERIO'R COHJUNhi6t4" ~ ' ! ~J - _1- .• _ :. - ' . I . .. ! I 

o 20 40 60 80 100 120 140 160 180 200 220 
1 r- ,'. - - 1 . .• - - -: . -. - -1' -- - - ---I 

, .. -; TI~;E AFTER LAUNCH, days ; - ~ 4-..;.. -.:..- -t . __ .1 

po~itive Z;..A4is O~iented t~ ,NQitti ..EJ:l£Pt1.<e- _ 
i , 
!Note: 

Pole for Cruise 

Figure 4.1.1.2-8. Orbiter Cruise Sun Angle History 

., , 

.... 
en .... 
o 
&:I 

.,occn 
= P·R ~ 
.... \l). ,. 

CD • ~-
.... z: 0 
0 .... 0&:1 
&:I en • 

(II z 
IE c:: I 0 e ~ • 



92 , t ' . , , 
:. "1' - ~ -." 

..... . ! 
, 

ORIGINAL PAGE rs 
OF POOR QUALITY 

SecLion '0. _ ,.1.3.3 
Doc. No. PC-4t02 _ 
orig. Issue Date 2/21(78 
Revision No. 

ltevisioD 

! _ . ... L ..... . L ' .. r: .:. "r . ~. 
: I ',' . t I • ; 

: I • • J . • I . . ' 

I:ECLIPTIC PLANE ' j . '. I ;! 

90 ~+-~--~~~--~~----------~-+~~~~~+---~~ 

, :' . j:: ; j . 

-
~= 
~n 84 
~0004 .... . 
g f 82 

00040 ...... 
III 
U ... 

0004 U 80 
5!. 
R i 78 
U 

.c ...... 
1j.j0004 
1II:a 76 ....... 
u 

" U 
III 74 
0. 

CI) 

n 

. I 

., )ARTH, ~RBIT CROSSING . 

.. 'INFERIOR CONJUNCTION . 
. . (." .. 

-~ _.: - :-1:-· '- ' '1- : .. -.;, .. . -, i .. -.- 1 

.~i·: .· ! . .. -:J ~ . 1 .. ':" ·r. - :. . ~~~k~: · ... : ; ~;: ; .~ I :~ .. ' :. : ~ ~~~ 
· ., j "' . - : ,/ .. I. . . · . ~. .. l ' .' I . . : ~1 

, - ' ····· .. .:..·r·- , .+ .~ . : . . t--t¥ ~ '''E' i>:·;·t· La" .. -i1 
· i '. ;i"'~ i :. ' : .:: I ! . . . I i':! 

• 1 ., • - .. , I .. , ., .. _- . '-." ... "'- . , ,,. 1 
. _ ...... . , I' . , : ; •• I " , .1 

, "..~ I .. . . ,-/ - . "'I!-: ... r ' . ~. t: '.' ''' . I j-;--- -:--; r; - -~:j 
I I :' , 1 .. _ ....... ... I I. , .. . . · - , .. 1 .. : .. •· ' ... ~ 

, i ! ' ,. :'~ __ .~ /: I ' : .. i ! .: ' . :: . :! . - - .. ·-r -p.-- -' -'--7 ... ~. J . __ •. , '" . .. . _ 1-

:.' .. . " . ... ; '" :1 . :; ; : .;. I ~ :: . : ~ ... : . r :~ 
. ...... ~. ~ .. -.t:' . _.L -. : ~ .... ' .. , ... LAUNCH DATE, 19'78 ;~: . . ~ .. '- .l.Jl I~"-' ; • f • -, . ; , 

• I ! ..... . HAY 16 1 • • • :'. r · .! 
: . . ; . ! . ... :-: ' ' ', j .. : • -·· ·": "':·HAV24· !· ; .. -"" -1'1 

I • • t - - ___ .-JUNE "4' -r"-:- .-.... ,--.-:, 

" _.. ... ~RR(VAL DATE • 4 D~C 197k.1Sdn ~.l ~j 
1 ' . . 1 '" . I :.. · .'" . ', : 

7 0 0 20 
: 1 

40 220 : ! .: . . .. TIME AFTER LAUNCH, days ; . ~ . " l-~ ~ 1 

Notel Po.·ftive-"z~Axie odented to North ·Ecll.ptfC · ~"' - "' - ' 
Pole for Cruise. 

Figure 4.1.1.2-9. Or~iter Cruise Communication 
M <Jle History 



s ec \.~ 0 n "0 . ~. 1 • 3 • 3 
Doc. NO. __ PC-ijO, __ 
Ilri g. Is ue l)a te -1L.1tJ./78 
H Y 5ion No. ---_._--
Rew ision 

- I 

t . 
_. : - .. t----+---

-
-1-- . 

I 

--- 1--- -
---1--· ... 

. I 1- -

", .00 a . 00 !20.00 160.00 2 0.00" -I 
1 ~I'1E AF. TER LRU~C~: OR_YS. ___ i . ; - _ _ _ I .=~~ 

~.1 - 1o 

/ 

Figure 4.1.1.2-10. Sun-SiC-Earth Angle During 
Interplanetary Cruise for 
Pioneer Venus Orbiter 



90°-

SectioD 10. -,1.3,3 ____ 
Doc. 10. --'p~CI..-.... , .. Q.~,~~_"'!"~ 
Orig. Issue Date 2/21{ZI 
MeVl.Sl.OD 10. 

NOMINAl SPIN AXIS ATTITUDE: ECLIPTIC NORTH POLE 
CELESTIAL LONGITUDE, deg 

\ 
. \ 

. , 

I 
I 

J • 

" ' 
, , 

./ " 

J , 

'. . \ ' 
\ 
\ 

I ,. 
I 

LOCATE SPACECRAFT ATTITUDE BY ITS CELESTIAL LATITUDE 
AND LONGITUDE TO DETERMINE VISIBLE STARS 

", .... 

ABOVE STARS SUBJECT TO SUN INTERFERENCE IN CRUISE AS FOLLOWS: 

ARCTURUS - Day 85 to Venus 
CAPELLA - Launch to day 99 
ALTAIR - Day 170 to Venus 

POLLUX - Launch to day 133 
DENEB - No interference 
MIRACH - Launch to day 36 

\ 
-270° 

I 

"'evi.sioD 

Figure 4.1.1.2-11. Reference Star Visibility for 
Spacecraft Attitudes During 
Interplanetary Cruise for 
Pioneer Venus Orbiter 

4.1-71 



S~tion Mo. 4.1 .. ~,3_ 
Doc. No. _ fC~O, __ 
o ri CJ. 1 SlOU Dat~ _~dlla 
keY i81.0n Nu. 

k~v isiou 

t ' t , 

-..... 
V) 
Lt.J 
~ 
Lt.J ' 
u . 
u -a: ..... 
z 
Lt.J 

.U 
o 
Lt.J 
~ 

I 
.. I 
, 

• " I .. 
1 

I 
, • -.J •• 

65 

60 

55 

50 

45 

3 

20 

---- ORIGINAL PAGE IS 
OF POOR QUALITY 

9 20 40 60" ' 80 100' 120 f40' '· 160'" 180' 2'00 220' n 
.. I t""I ' ; . • t· : " ! ~' ~ -, +. I • - • l " t :, . ~- -4- L . ~ _I . . .. : .. :-'._ • • i- T~ME A~ER lAUNCH • . da,Y~ : ' i ': .. ;_.~. ' _.!_ ,;,. ' ': 

Figure 4.1.1.2-12. Geocentric Celestial Longitude 
During Interplanetary Cruise 
for Pioneer Venus Orbiter 

".1 -1 



&: 
• ... , 
.,J 
It> 

80 r- SLA :: SUN LOOK ANGLE 
ORBIT INCLINATION -= 105" 

75 

SPIN AXIS 

.f 70 

"" '" 1 ~ TO SUN 
o 
~ ... ... 
~65 
-' 
-' 
~ 

t; 
"" ~60 
u 

ARRIVAL DATE, 1800 UT, 1978 

55 .... 0 4 DEC 

o --5DEC 

~ 
I 50' «II « 

~.t5 5 10 15 340 350 355 0 330 335 
CELESTIAL LONGITUDE, deg 

SUN LOOK ANGLES AT ORBIT · INSERTION ATTITUDES 

Figure 4.1.1.2-13. Sun Look Angles at Orbit-Insertion Attitudes 
for Pioneer Venus Orbiter 

20 

ID • • .... 
• .... 
o 
D 

IIDOOcn 

• .. 0 , 41 ..,. n n 
~. ~ • C-
.... _0 
O .... OD 
D : •• 

• IC I 0 O. . 
• 

~I i 



~ 

• ... 
I 

<Xl 
0 

SPIN AXIS ELA = EARTH LOOK ANGLE 

80 r \:- EARTH LOOK 

ORBIT INCLINATION· 105° 

15~ 

.f 70 
U.I 
C 
~ 
~ 

~ 

ct65 
~ 

~ 

ct 

t; 
IoU 

Li180 
(.J 

~ \ \. 

MAY 

ARRIVAL DATE, 1800 UT, 1978 

56~ 0 4DEC 

o --5DEC 

6 

LAUNCH 
DATA 
1978 

-_ ... 
~--~--

ORBIT 
INSERTION 
ATTITUDES 

ELA -ecr 
~~= .., 

50' «. «Fe < ' , , , 
330 335 340 3f.5 350 355 0 5 10 15 20 

CELESTIAL LONGITUDE, deg 

EARTH LOOK ANGLES AT ORBIT·INSERTION ATTITUDES 

Figure 4.1.1.2-14. Earth Look Angles at Orbit-Insertion 
"ttitudea for Pioneer 'Tenus Orbiter 

II' rcCt:7~ , S P·R ~ ... .... .0. ~ 
01 ., . .... .... .... ao 
0 0"'01' 
D I:t " • 

• ~ I • 0 
o c • • 



~ 

• .. 
1 
~ .. 

, 

"" 
c: 

~ 
.:: 
... 
< 

< 

:oJ 
:.J 

so 

.:30 

A I VAI. DAtE, 1978 

. Bn l:;CLl::A 
• ) be:' 

\' • 12° 

E 

EC ) 

,. 7 

O~ • 

Figu re .. . I. '.1.- 1 5 . 

105 

) 45 350 
i 

CELESTIAL LOl«:lTUDP.. (DECREES) 

Reference-Star ViaibUity at Orbit-lnaertion 
Altitude. (or Pioneer Venu. Orbiter 

10 

: .. .... 
I!-
o 
III 

eOCIII 
... 0 • 
C "'- 0 n 
..... " • r ..... 
.... • 0 
0"'0" D: .• 
• CI 0 
o. • , 



SctiOD 10. ',),3.J 
»oc:. 10. 'C='tO, 
ori9. lasue Date 2/2'217tt 
I .. iliioD '0. -

90~--~-----+--4-~----+---~~+--+----~ 

89 

88 

87 

6 
o 40 

OAIIT DAY o· 4 DECEMBER 1871,1100 UT 

10 120 110 
ORIIT DAY 

• 
200 140 

Notel Po.itive Z-Axi. Oriented to South 
Ecliptic Pole on-orbit. 

Fiqure 4.1.1.2-16. On-Orbit Sun Anqle Hi.tory 

I 
aD 



-Z' 93 
~ -
1-... 
Q) -r4 

~~ 
~J, 
-CD 
5~ 91 
... "" .a-r4 
~ ... 
-0 

"-e 
C 90 
00 
-r4"" 
"" ..,"" 00 

-a 8 89 
::I ... 

R:! 
U-5 

88 
"" .,-4 
IW~ .a .... 
k 
0 
Q) 
0 87 .., 
a. 
til 

86 o 

SectioD 10. ',1.3.3 
Doc. 10. PC-t02 
orig. lsaue Date 2/28/78 
JleYisioD 10. 

aeYisiOD 

END OF 
NOMINAL 
MISSION 

I 
SUPERIOR 

CONJUNCTION 

ORBIT DAY 0 • 4 DECEMBER 1978, 1800 UT 

80 120 160 200 240 · 280 
ORBIT DAY 

Note I P08itive Z-Axi8 oriented to South . 
Ecliptic Pole On-Orbit 

Figure 4.1.1.2-17. Qn-Orbit Communication Angle History 



S ec ti OD Mo. , ' 1. 3 I 3 
Doc. 110. ___ PCK."'_"IW~ ___ _ 
orig_ Issue Dat@ _~/2ij/7§ 
lhwision "0. 
Boav ision 

- - - - - - - I- - -- ' - . . - . . 
~ :. I' .--. ~ ·:·-r ~-. ' - ..: ~~-. - ~- -- , 
• . - . . ..- -- . - . _-r_ + __ 1-_- .-+1--

Figure 4.1.1.2-18. Sun-SiC-Earth Angle During 
Pioneer Venus In-Orbit 
Mission 

4.1-t34 



Sectiou Mo. 9.1.3.3 ____ 
Doc _ No. --'PC ..... -_'oIoIQI.I2~ __ ~ 
Orig_ Issue Date 2/21/1' 
1hlYl.sion Mo. 

Naain.l Spin AXle Attitud •• . Icliptlc South Pol. 

- ' . 
9Oet...;- L.~ - _ . 

.. !. !, 

. -- . 

. , . 

llr)° 

LOCATE SPACECRAFT ATTITUDE BY ITS CELESTIAL ~TITUDE 

" 

I 
I 

AND LONGITUDE TO DETERMINE STARS IN SENSOR FIELD OF VIEW 

VISIBILITY SUBJECT TO INTERFERENCE FROM VENUS AND THE SUN 

Figure 4.1.1.2-19A. Referenc~ Stars in Field of View 
for Spacecraft Attitudes in Orbit 
for Pioneer Venus Orbiter 

• •• i8io. 

4.1-tt5 



StlCtiOD Nu. 46.1.3.3 
Doc. alo. _&.PCOL-_".:.;O~'L· _~~~ 
Or1g. Issue Date ~/,O/1b 
Rey ision 110. 

Kev isioD 

Noainal Spin Ax1. Attitude. Ecliptic South Pole 

LOCATE SPACECRAFT ATTITUDE BY ITS CELESTIAL LATITUDE 
AND LONGITUDE TO DETERMINE STARS IN SENSOR FIELD OF VIEW 

VISIBILITY SUBJECT TO INTERFERENCE FROM VENUS AND THE SUN 

Figure 4.1.1.2-198. Reference Stars in Field of View for 
Spacecraft Attitudes in Orbit for 
Pioneer Venus Orbiter 



, 
• Q • • ,_ 0 

o CIa 

• • •• II 
110"'0 o a .,.. ...... 
t' • ",.,.. 

¥ g'd; 
CIIQOIII 

.... • a 

~ 
~ 
II 

~ 
Cl:O 
s: ... 
a. 

(/) 

~ .. 
U 
II 
U 
oS a. 

(/) 

~O~B1H a~va UldS ~a~lq~o ·~-(·~·~·b a~nbld 

6H1 

LR'~ 50 

70.8 rpm 

1 
PLL 

Spin Range 4 

Detector 
Range 

40 

30 

2.0 ' 

1 
1 

PLL 

HGA SlJin

l 
Range 3 

Pointing 

i 
PLJ 
Spin Ran~e ~ 

10 T I I ... 1 
PL.u-

SP·t l 

o 

t t 
Lallllch Spinup MAG Boom 

Deployment 

f t 1 1 
Start of Start of OlM Spin 
Crui.e Encounter Burn Axis 

Inver.ion 
Event Timeline 

t 1 
lnitial Science 
Orbit O perations and 
Corrections O rbital 

L .. i a intenance 

r-
CO 
I .. 
• 
~ 



~8CtioD 10. 16.),3.3 
Doc. 110. _PC-4tQ2 
orig. Issue Date ,I2V/18 .. e. is~on 110. 

litW ision 

IlEHI.lNINC PIOPELLAMT 

... N I.l ~ 0 0 0 0 

C!~ ~ 
t:I>!i/ 

~~~ 
!t 

>..1"<1 

2E 
H 

~VI 

~~~ 
i; 

VI~ '" '" i: ;:,... 
~. l» 

~ ~o 
1:: 

~VI'" 
....... 

...,~ ",,0-1 

.... 0-1 i 
l» 

/iii • v. 

i;> "O 
... ;J!~ Iii ...... 

VI I 
0-1 

E~ 
c ... 
(1)0 

'" 0 

}3§ 
z 

~~ 
~ ;;~ - -- -

.0-1 

1'1 ~ ~ ..., ... 

1 
~H~ 

~~;:! 

ij.l-bb 

(LIS. ) 

Q) 
.-4 .... 
~ 
0 
~ 
~ 

C 
0 .... 
+I 
III 
N .... 
r-4 .... 
+I 
::> 
+I 
C 
III 
r-4 
r-4 
Cl 
p.. 
0 
~ 
~ 

~ 
Q) 
+I .... 
.a 
~ 
0 

~ 

I 
~ 

~ 

~ 

~ 

Cl) 
~ 

=' 
t7' . ... 
ta.. 



Iii 
~ .. 
It 
Z 
0 

= III 
U 
III 
It 
A. 

0.08 

O.eM 

0.02 

1-

'" '" 
0 

- 0 .02 
20 

Section 10. !.1.3.3 
Doc. 10. _PC&.&-4...o1.l01.12 __ --~ 
orig. Xssue Date 2/28(18 
MeY iaion 10_ 

fteyisioll 

0 
'I 

l\-J 
V 

, 
ALL SPUN ANTENNA, A , 

[> V I ---- / 
'" 

OESPUN ANTENNA 

1'7 V 
~ - ./ 

40 so 80 100 120 140 1S0 180 200 

TIME IN TRANSIT , DAYS 

FIGURE 4.1.2.1-1. ORBIT£~ SOLAR TORQUE PRECESSION RATE DURING CRUISE 

'&,1-89 



8: 
• 
~ 

I 
\C 
o 

> 
c 
0 ..... 
C) 
\AI 
0 

..i ... 
C 
IE: 

Z 
0 

~ 
\AI 
U 
III 
IE: 
L 

0 .3 

0 . 2 

0 . 1 

0 

-0. 1 

lie IiOOCcn 

~ ':l.8 ~ 
~. 
.... 

.... 0 

E Cf 
III • • .: c: I 0 CJI 

/' 
~ 

O .... UN ANTENNA> / 
~ 

\ / 
/ ALLSPUN ANTENNA~ 

\ I 

) ~ 
.......... --20 40 eo ., 100 120 140 1eo 1., 200 220 240 280 280 

TIME IN O"8IT. DAYS 

FIGURE 4.1.2.1·2. ORBITER SOLAR TORQUE PRECESSION RATE DURING ON{)RBIT PHASE 



1.3 

1 .2 

1 .1 

i 
1.0 

~ 0 .11 " III 
0 
:I 

0 .' ~ 

i 
~ 

'" 0 .7 
0 
III 
0 
;:) 0 .8 
l-
I-
oJ 
C 0 .11 
1/1 

f 
c 0 .• i 
III .. 
a: 0.3 0 

'" z 
0 0 .2 
i 
III 
U 
III 0 .1 a: .. 

'- J 

'" ~ I "II 

II \ 

\v 

S.C~OA 10. 9.1.3.3 
Doc. 10. --JrclULo=5~Q&.I2 _____ _ 
orig_ 1.aue D.~e 212'/11 
Ittt. iaion 110. 

• •• i.10. 

I--t--t--t--+--+---t- PEAIAPSIS --+--1 
LAT~TUDE 
. 111-\ 

) 

ANTENNA BOAESIGHT ANGLE . DEG 

FIGURE 4.1.2.2·1. ORBITER AERODYNAMIC PRECESSION PER 
PERIAPSIS PASSAGE VS ANGLE BETWEEN ANTENNA BORESIGHT 
AND ORBIT PLANE 

\ 
I' 

I 

t 



Sec tioD 110. ".),3.3 
Da:. 110. _ .. PC .. -_It .. UK.l2 ___ _ 
OCl9. Issue Date ~/28/78 
111ft isioD 110. 

iewision 

4.1 -9 2 

(VIEW LOOKING AT ANT NNA END (SOUTH END) OF .'ACECPlAFT) 

Vv (INITIAL) 

ANTENNA BO RESIGHT AXIS 

.1 PERIAPSIS LATITUDE· 32° 
IJUNE 4 LAUNCHI 

Vs (FI NAL) 

ANTENNA BOR ESI GHT AXIS 

bl PERIANIS LATITUDE· 15° 
(MAY 11 LAUNCHI 

V S (INITIAL) 

Vv (FINAL) 

Vv (FINAL) 

FIGURE 4.1.2.2·2. RELATIVE ANGLES BETWEEN PROJECTION OF 
VELOCITY (Vvl AND SUN (VS) VECTORS AND ANTENNA BORESIGHT 

AXIS IN TRANSVERSE PLANE DURING 243 DAYS ON{)RBIT PHASE 



Spin 
Axie 

Nutation 
Angle 

Angu ar Momentum 

~ 

Inertial 
Nutation Rate 

Sectioa 10. '.1,3.3 ____ 
Doc. 10. pc-'Ol 
or19. laaa. Dat. 2/2"78 
lle.ia10D 10. _____ _ 

.e.iaion 

Fiqure 4.1.2.3-1. Nutation for symmetriC Body 

Angular Momentum 

Maximum 
Nutation 
Angle 

Wn Inertial 
Nutation Rate 

Minimum 
<--- Nutation 

Angle 

--
Inertial 
Target 

Fiqure 4.1.2.3-2. Nutation f or A ymmetric Body 

".1-93 



c 
• 
~ 

~ -

CO ........... DED 
P'OINTING ANGLE 

P'OSITION 

~ 
DEPIN 
CONTROL 

~-------
RA1'£ £ .... 0 .. 
GEN.RATOR 

* 

DYNAMIC 
IMaALANa 

AZIMUTH 
REACTION 
TORQUE 

n .... N.VEME 
REACTION 

NUTATION t. TORQUE 

DYNAMICS 

DYNAMIC 
IM.ALANCE 

I 
w ... 

COMMANDED 
TORQUE 

TOTAL 
AZIMUTH 
TORQUE 

1 P'OI~I~ lliJACTUAL 
____ ANGLa 

P'UCTIOH 
TOROUE 

DurUN.P ' N II 
INERTIA 

L ~ 

FIGURE 4.1.2.3-3. DESPIN CONTROLINUTATION COuPliNG 

~ 

S 
ti .... 
o ., 

DeOocn 

SP.R~ 
.... . \tl, ,. 
III, ..... 
..... • 0 
0 ... 0" ., .. , 

II • 
• c: I 0 
o. • • 



( 

SeeLio. 10. !,1.3.3 
Due. 110. _&' .. C_-!~O.2~~ __ 
Or~9. laaa. Dat. 212111' 
i .aioD 10. 

/LOCU. O. 0'"'' AX" ... m.. ! 
-C IN INI "TIAL IPACI 

"," " 
I \ W) ~X 

1 
T .. UI .IN A)(II AND ANGULA" 
MOMINTUM VICTO .. 

T .. UE IPIN A)(II AND ANGULA .. 
MOMENTUM VICTO .. 

• •• 1.10. 

DI"IN A)(II AND/
.ACIC"A'T 
Z A)(II 

FIGURE 4.1.2.4·1. WOBBLE OF HGA BEAM 

".1-95 



Sec tiOD 10. '.1.3.3 
Doc. 10. lC=!02 
Or1g. 1.aue Dat ~,*,7' 
I .. ~ ion 10. 

II 9i810D 

I 

\ 

TRANSVERSE 
TIP-OFF DIS
TURMNCE RAT! 

+x 

TRANSVERSE TORQUE 
DUE TO JET ALIGNMENT 

+y 

(S pa cec raft Coordi nate .) 

Figure 4.1.3.1-1. Orbite r Diaturbance Etfect. 
Following Separation 



LOCUS OF 80° SUN ANGLE 

Q • SUN LONGITUDE 

SectiOD 10. __ ',1,3,3 
Doc:. 10. __ a.PC .... - ..... &O.2 ___ _ 
Oriq. Issue Date -lllllll 
iewision 10. 

\ 
CONE OF POSSIBLE ) 
A'ITlTUDE (TIP OF 
sIC +Z-AXIS) 

18.isioD 

x AFTER SPINUP ) 

sIC 

____ I'-_--IL--__________________ _ .....:.~ Y. ARIES 

NORTH ECLIPTIC POLE 
(NORMAL TO. AND OUT OF 

PLANE OF P.6J'ER) 

Figure 4.1.3.1-2. Sinlplified View of Orbiter 
Re0rientation Maneuver 

4.1-97 



Sec:tiOD Mo. ".1.~.1_ 
Doc. 10. ~ik __ -...iI' ... Q .. 2 ____ !",-
0r19_ IMBue Date ~/2U/78 
Ii," is iOD 10. 

1_ 1&iol1 

7 SEC 

@c===~======~====~ 

SPIN DIRECTION 

o STOWED POSITION 

® DEPLOYED POSITION 

~==:::II® 

TYPICAL MAGNETOMETER 100M DEPLDY~ENT IEQUENCE 

Figure 4.1.3.2-1. Boom Motion Relative to 
Spacecraft Coordinates 

I w 
ell 



~ 

• .-
I 

\C> 
~ 

200.00 

" '" 0 
.,; 
'" ~ 
" 0 .00 
z 
C 
It 
Z 
::; 

-200.00 

• ~ .:. 
L 

54),00 

- 40.00 
> 

" E 

'" Z 

'" 

\ 
\ 

- KINETIC EHEAGY 
- - TOTAL EHEAGY 

30.00 ... ' --------.-----~ 
0 .00 !!I.oo 10.00 15.00 

TIME. SEC 

.. HIGH SPIN SPEED II ........ , . NO D"A.G TOROUE 

200.00 

" " ,.goT HINGE 

'" - - MIDDLE HINGE 0 .- , ___ -OUnA HINGa 

• ~ 
" Z 
C 
It 
Z 
::; 

0 .00 r 

-200.00 

• ~ 
.:. 

30.00 

L _ 28.00 
> 
" E 

'" Z 
'" 

---1JIIe--_ 

22.00 L' ____ L... ___ ..... ---_~--_} 
0.00 !!I. 00 10.00 15.00 20.00 

TIME. SEC 

b' LOW SPIN SPEED 11.0 ...... ,. MAXIMUM DRAG TORQUE 

FIGURE 4.1.32-2. EFFECT OF SPIN SPEED AND DRAG 
TOROUE VARIATION ON DEPLOYMENT 

... 
I 
¥ 

I 
~ .... 
~-o 
D 

II' 0 t:H" 
: c-8 ~ 
~. IQ • ,. . . .... 
.... -0 
0 .... 01' 

1:11 = .. 
- 1:1 0 o. • 
• 



Sec ti. on alo. 16 • }, 3 • 3 
Doc. 110. _ .. pc~-_'+ ... O~' ___ ~ 
Ocig. Issue Date 2/2ij/1Q 
tieY ision No. 

a.ision 

".1-100 

C) 

'" Q 

~.: 
...I ... 
> 

C) 

'" Q 
.... 
...I 

... 
> 

.a.00 ,....-------"""""1--------.... 

20.00 

" .00 

·20.00 

-40.00 L.... ___ ........ ___ --' ____ ...... ___ .... 

-40.00 ·20.00 0.00 20.00 .a. 00 

XTILT.DEG 

aI SPIN AXIS INERTIAL MOTION 

.a.00 r--------"""""I----------~ 

20.00 

0.00 

·20.00 

-40.00 L.... ____ ~ ______ --' _______ L_ _____ ~ 

·40.00 .20.00 0.00 20.00 40.00 

X TILT. DEG 

bl SPIN AXIS INERTIAL MOTION 

• INITIAL WOBBLE -a.lSo , SPIN SPEED IS RPM 

• T 1 - 5TART OF DEPLOYMENT 

• T 2 - END OF DEPLO MENT 

• T2TOT3-N~TATION 22° 

• T 3 - START SECOND SPINUP, II 111 RPM 

• NUTATION DAMPER REDUCES RESIDUAL 
NUTAT ION 

FIGURE 4.1.3.2·3. INERTIAL TRACE OF SPIN (Z) AXIS 
FOLLOWING DEPLOYMENT 

! 



Velocity Added Angle 

Spacecraft 
(+Z) Geometric 
Axis 

Sect10D 10. !,1,3.3 
Doc. '0. rc=!t02 _ 
Orig. Issa. Date 212,,1' 
fle. ~.~OD 10. 

Desired V Direction 
(Desired Magnitude Ml) 

Actual V Direction 
(Actual Magnitude M2.) 

""'--lnstantaneous Cone Angle 

Thrust 

a •• isioD 

Effective Cosine Loss Angle=COS- 1 (M2. /Ml) 

Figure 4.1.3.3-1. Effect of Spacecraft Wobble on Venus 
Orbit Insertion Maneuver Performance 

1&.1-101 



Section 110. it.l.l.l 
Doc. 110. _ .. pc .. -_901.OQ5.J'_~~~ 
orig. Issue Date 21'8118 
lieY ision ~o. 

Rey 18ion 

- 800 0 -• 
CD 
oJ .. : 400 
ell 
:> ~ 
It 
l: 
~ 

II THRUST, LB 

....... 

I ~, 

~ 4 .0r-----r-----r-----,-----,-----,------r-----r-----, 

~ 

:I C) 
:> W 

~ 0 2 .0 ~----t_----+-----+-----+-----+------t------+-----t 
W 
:I 
o 
1 

Cl 

bl MOMENTUM TILT ANGLE, DEG 

~ 4 .0 r-----r-----r-----,-----,-----,-----~-----r-----, 

W 
oJ 

" ~ 2 .0 

CII 

W 
oJ 
CD 
CD 
o 
~ 

xC) 
o(W 
NO 
• w· 

c) WOBBLE ANGLE , DEG 

10.0 r-----r-----r----..,...."r---,---,------,------r------, 

~ ~ 5 .0 h~--t_--~~----+-----+-----+----+~-_+----l 
«z 
Ito( 

~w 
oz 
«0 
CLU 
U> 

4.1-102 

0.00 1.00 12 .00 HI .OO 20.00 24.00 

d) SPACECRAFT Z-AXIS TILT, DEG 

FIGURE 4.1.3.3·2. VENUS ORBIT/MANEUVER 
SPACECRAFT PERFORMANCE 1 

28.00 32.00 



0 .. 0 
III o 
~ 
o z 
c 
J g 
ID 

Section '0. ',1.3.~ 
Doc. 10. __ pcL&.-tt~OIl.l2 ____ _ 
Orilj. l.6a.a. Dat.e ZOl/li 
Jley iaion )10. 

JleYisioD 

I -

II 100M AXIAL DI.LACEMENT, DEG 

bl BEARING TRANSVERSE BENDING MOMENT, FT·LB 

o 2.0~r---r-----r-----r-----r---~r-----r----.r----. 
iii 
o C) 
0 111 
C 0 

~ !Ai 1 .0J-+-I---lh~--~----~----~----r------r------r--------i - ~ u C) 
o z 
; c 
> 

0 .00 • . 00 ' .00 12.00 1 • . 00 20.00 2 • . 00 28.00 32 .00 

cl VELOCITY ADDED ANGLE, DEG 

FIGURE 4.1.3.3·3. VENUS ORBIT INSERTION MANEUVER 
SPACECRAFT PERFORMANCE 2 

".1-103 



".2. , 

::t2'! 

sec~1oll 10. ~~!~,2!-__ _ 
Doc:. 10. rc=90a 
Or1g. I •• -a.~D-a~~e~a~~~'{"'!'!i~1 
I.Yisioll 10. 

III 8155101 Eta.tS 

!be step-by-s~ep sequence of ac~icns for each of 
several key .i&&10n e.ents is described below. 

Itpar'l+og In~ ID~Sial Spipup 

• •• isi-oll 

4.2.1.1 litroductiop. orbiter spacecraft separation f~oa 
the centaur launch yeAicle occurs at a zero spin 
rat~ ana out of view of ground stations vith 
co •• and capability. Depen41ng on launch date and 
~i.e. ground station(s, becoae visible anywhere 
betveen 20 .iDates and 4 hours after launch. to 
acaieve attitUde stability and prevent ~uabling. 
spacecraft spinup aust be accoaplished as soon as 
possible after separation; auch beiole initial 
ground station acquiSition. 

Orbiter spacecraft spinup is effected vi~h 
si.ultaneous use of t~e spacecraft stored coa.and 
.. roc.ssors. The spinup sequence of coa.ands is 
loaded into the co .. and •• aories prior to launch, 
and initiated upon spacecraf~Centaur separa~ion. 
the two spinup thrusters are fired to effect a 
o.S rp. spin rate and tbe spacecraft is then 
configured for initial ground station 
acqUisition, all via stored co •• and. centaur 
reorientation require.ents and Centaur/Orbiter 
separation dynaAics are presented in Section 4.1 
of this doeu.ent. 

CQ •• and 3"0,1 Loading aad Y!,if~l\ion. The tvo 
Orbiter co •• and .eaories vill be loaded with 
their respective spinup coaaand sequences about 
"ree hours prior to liftoff. !his corresponds 
to the beginning of ~he standard 60-'inute built
in hol\i in the countdown. Both ae.ories wUl 
have their cont.nts verif1ed after loading. 1 
final verification will be .ade approxiaately 15 
ainates before liftoff, after the spacecraft has 
been switched to 1nternal pover. (Switching froa 
external pow~r to internal power does not affect 
the content£. of either cOlaand ~e.ory). Detailed 
procedures tl~ loaGiDg and verifying the coa.and 
.e~ories are delineated in Section 3.6.3.2 of 
this docuadnt. 
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4.2.1.3 

4.2.1.11 

4.2 .1.5 

Sp,ce""t Sgb'I". IeIMAch CRpfigprltioQ' At 
liftoff, ~h. Orbiter sub.,st •• s will be 
collfigMred ia ~e following operatiollal status 
s04es as listed ill ~able 4.2.1.3-1. 

COuaIW "'lOry 'piaalirzUiop. It liftoff tbe 
stored Co •• aad Logic (SCL) 1 aAd 2 aEe ill the 
-lr. Separation Svitch- stat.. UpOIl closure of 
tbe spacecratt/attach fitting aeparatiOil switches 
at separation, the SCL states switch to 
-iMecUat.e start- (initiation of t ... stored 
co.aaad aequellcas). Figure 4.2.1.~-1 depicta the 
functional SpiAUP sequence i.ple.eAtation. One 
contact. of eacla separatiOil SlIi teA slaorta its 
respectiYe lDP -01- co •• ud to ground while the 
switch is iJa the launch confi.guration. Each 
switch prohibits its respective co .. and processor 
fro. executing the spiuup sequence prior to 
separation, and circu.vents ill .iss ion 
catast.rophic failum due to a possible &;',iog1e 
point failure ill tbe SCL. this fa.1..lure causes a 
chaage of state in the SCL; e.g., -a,a- to -run-. 
(See Section 3.b.3.2 for further delineatio. of 
this failure aode). SeparAtion Switches 1 and 2 
inhibit lDP 1 01 and lDP 2 ON (lDP1~ via CO! 
assign.ent SD~8 and ADPB9 Yia CO! assign.ent 
61)31), respectively_ lDPs 1 and 2 yay still be 
oo •• aadea 01 prior ~o launch via coa.ands ADP19 
and ADP29 (Yia COl assignaents bD28 and 5D31), 
respectively. the stored BeCJueuc:es "ill onlf 
send lDP 1 cO".Dds via COB 5. and lDP 2 co •• ands 
• .1.& COS b. 

sto(.d Co •• aDd SegyeA&l- Table ~.2.1.5-1 
presents ~he detailed sequence ot co .. ands stored 
in each SCP alOllCj vi th tae of. execution relative 
to separatio.. Reasons for tiad aelays, etc., 
are given in tae -couents- colun of the Table. 

Ipitial Acquisition- The spacecratt 
configuration at initial ground station 
acgQ4Siton is show. in Table 4.2.1.6-1. 
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..,. ..,. :EO 
0 O~OD 

I ~ ~ v. • 
Rel ati ve Command I'rocus or 1 Comm.nd Procc uor 2 Telemetry Vertncatlon I 

S\.ep 
Start Command t'ommand I 

l"o .• 
Time Command Mnemonic 

Hex 
Command ~nemolllo 

Hex Comments 
Mnemoalc Title" bills 

. !, • 0 
o CD • • 

14 AJCE FS Jet Flre EDllble Sbtln -
~oot' d Disabled 1"01. 
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If the Standby com m al , 

J 
Is e.lrl!ClI \Ie, Uv sube, 
quentcommands In thi s I 

I column wtll not get exe-
cu ted; OClly a rea1 ·~I · • 

I 
command will change I the SCI 2 state. 
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• SCL 2 OFF. m an<! . 
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TABLE 4.2.1.6-1 

ORBITER SUBSYSTEM ACQUISITION CONFIGURATION 

SUbsystem/Unit Operational Configuration 

Communloatlons • Same as Launoh ( ee Table 4. 2.1.3 -1) 

Controls • Same 8S Launoh, except ADP 1 ON 

Command • Same as Launoh, except SC L 1 and 
2 "OFF" 

Data Handling • Same as Launch, exoept neu wlll 
be turned ON for storing pre-
acqulsltlon engineering data 

Power • arne as Launoh (see Table 4.2.1.3-1) 

Propulslon/Tbermal • arne as Launch (see Table 4. 2. 1.3-1) 

SclenUftc Instruments • TBD 

IItga.w"w '00' Msply,",\.. laa purl'o:ie of 
Uaia SOct.101l is to u~s &:.ibd the llrAitar 
~~~cecr4ft '~ • .10U opeCa~10QQ se~uenCti fro. tD~ 
ti.e uL 1Dit1a~ gru~nd St4tiuD aoquisitiun. 
thro~gb 'G~D.to.~t~r boo. deploY~Dt. aDd up to 
tBe ~.1Dn1.D9 ot t~" cruise pacase. 'rll.18 entire 
oo •• alW/ew~nt attCjuYllce .15 del-iDY.ted 10 'rable 
At.2.l-1. 
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ORBITER ~I.I\~NITO~IETEII BOO~I OEP\.O\'MENT SEQ! ' t::NCE OF t::n; NTS 

T .... "tnt'lr\ \\.' rlfl c.~u tIOtt 

IId lt th'l'Tlml' C~\l) ~Inemonle ('ommond TltI .. 0' [\'('n, Tl.M 
T DI Tl th' 

MMmonlt: 

A - O Inl' lul (: rollnd Station Acquisition. I)s~ GI'tJ\Uld S\ ul lon \\il l :!("quln' 

f~ 1 - 1l 1 3U~I, non-cohc.'nmt sp:t('{'('ruft I l'l,'m," r\ 
dOllnU,oI., CotW"O'lI' 11111. 11'1111,.. 
subst."C.4uc,,·"lh l,,..tuhll,,,htotl. 

A - 3 Min. S\\it('h 0\ r to 20. bps T~I rlill': th,'n 
Po"'l'r SI' st.m Protl'Cllon ON, 

,I - 10 ~lIn, V('rl f\' ~pocl·c .. aJt opt~rtdlni( mOtll'S . Sp;ICC."CI'l1ft (,' onfh.\lIr:ltlon unrt o,x'rulllu: 
mock·s as Pl,<, lnloU 111 I. :l . 1. h , 

A - 20 Min. I":rform utlllud(' and/ or spin rutl' t dOl 
mlln pU\ t ' r :oi d f II( t' s an I . s., S<'c l lon ~ 

1.3.1.1 a nd 1 .~ .1.3, 

A - 30 Mill. f\'rrorm at1 llucl,' dt"tl'rntlnulion " l 'l ' :-:ectlO" 
".3.21 (If trtm mUl"M"u \,('r had ~11 V"r'" 
romwdl. 

,\ IV ~lI n. OHf)l3 Arm :\I u~ Boom. ET P hoom dt·pIO\'m.nt. 1'0 ·'.-\rm" statu ~ 1')1 l '~bts - ~IIn, 

ONMS R Ol!t't , lind ORAD. n Sc..'(" und m tL'I( 1 I :0.4.,0(' bl'I\\'\.'\.'n 1101 
" FlBE ('onlmllnd~ . 

A 10 ~11 2'- O RDl4 ncl~:OSl' ~I"A Boom. I SlIOOl\1'; ~I"~ \loom d,oplO\ eel _I:otto , ' I , 

~: tluom \\i l1 n 'qulrl' approxl-
m!1 ll'l~ 10 Sl'e to d,'plo,. 

,\ l'T~" 7. I\T"~lJ 7. .unl ,\TT\f2Z HWU urln~ 

,-\ '1"1')117. .. ~ . ++.) \\ til c.'hun":'l'. ~ho,,1n ' t'pln 
1':11(" ChtuUtC' and nutation as d(·scribt.·(j 
In ~('I lon ". 1. t. :! , 

40 ~1 2 4 ~ 0 ll UI8 1.1I arm pcr ,To backup aut 1mlut lc..' dl!l .\ rm 
(unction" 

\ - 40 M3ij~ ~I GI9 O~ltI 1'011 r 0;\, 

tI ~IIn, I"'rform unHud,,' nnd pin r ;lh' tk' lt,' I'm lnu-

lion jS<>t' ~~tlon L 3. ~I. 

;,5 lin. 1 ' rform pln0f' to 15 rpm IS l '{' :"It~ (" tlon 

4.3.1. 3,. 

I - I. 0 10 H("("h('C~ ,Iufntdl' ;&00 lOOptn rllll- I ft l'" 
:;,0 lin. rt- tdunl l1utwtion damp8 out) 4Sf' . ctlon 

~. 3 . 21. 

,\ I l ir, 1 ' \'SI~ 01 I'S 1'0"" r 0 I. 

IM Slg OI~IS r...,,, .. , O ~ r. 

1\ - 1 1130~: (, PPI 9 I'P Po" r 0 ' . 

oe PP Chf.'C~oul. 

~ . 0 IIr • I'~ rform prl'Ce olon to lIor th .cHI,tl o 
('rul. .. "nlrud~ 1 .... .- tlon 4. 3. I. It, 

".2 -12 
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opon initial OS. ground station downlinK 
teleaetry acquisition, the orbiter subsysteas 
will be configured in the operational status aode 
11sted in Section 4.2.1.6. Tbis initial 
acquisition aode incorporates the attitude 
a~asure .. nt (lCS, data foraat with +. and .+2 as 
the selected aeasureaents. At titude and spin 
rate deterainations are begun by utilizin9 tbese 
tvo aeasureaents to calculate spiD speed and sun 
aspect anyle re£pectiyely. A coaplete attitude 
deteraination is then perloraed as described in 
Section _.3.2. The star Altair is yisible for 
all noainal attitudes. Attitude aeasureaents aay 
be interaittent during this initial acquisiton 
phase due to coabined effects of tbe 9-4eg coning 
angle (because of tbe stoved booa) coupled with 
the approziaately lO-deg of residual nutation 
resalting troa initial post-separation spinup. 
Tae effect ot spacecraft aynaaics on attitude 
aeasureaents at this point in the aission are 
further discussed in Section 4.1.1.2.1. 

Tbe booa vill noa1nally be deployed wben sun 
angle, coa.unications angle (Earth look angle) 
spin speed and residual nutation are within 
satisfactory li.its as listed below. llso, aDS' 
ground station coaaand uplink aust be established 
prior to boo. Qoploy aent. 

• Ayerage sun angle -- &2 to 80 deq (sun aAgle 
aust be less than 80 4eg to .aintain OSlG 
booa and hinges aboye 0 0 " 

• Ayerage Earth look angle -- 43 to 11 deg 
,aust be less than 100 deg to insure use of 
forward oani antenna, 

• Spin rate -- b.~ to.3 rpa 
• Besidual nutation s 10 deg 
• coning aagl~ of spacecraft +z axis about 

spin azis S 9 0 

If the abowe criteria dre not aet, an attitude 
and/or spia tria aaneuyer vill be necessary as 
abo_n in Table ~.2.2-1. 

The aagnetoa.ter Dooa will be deployed by ground 
co.aaDds as listed in Table 4.2.2-1. Upon 
receipt of the specitied co.aands. pin pullers 

F • 

aeYisioD 
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release thv cayed booa asseably. aDd centrifQgal 
forc~ deyeloped bJ tbe Orbiterls spin driYes the 
Uree hiJlged boo. &eC).dnts outwam. Detent pins 
at eacb binge autoaattcall! lock tbe deployed 
asselbly approzi.ately 10 seconds aiter start. 
Tbe boo. root binge should be tbe last of tb~ 
tAree b1nges to loCk 1nto place and 4S sucb, it 
utiiizes a .icru~.itcb to indicate the 
stowed/deploYdd status of tbe .agnetolater bool. 
Sonitoring tbe teleaetrJ status of this s.itcb 
along with tne cbangv in spin ratQ descriDed 
belov vili b .. tbe lost illediate and absolute 
indic~t1ons of successful boOI deploYlent. rhe 
average spacecraLt attitud~ relains the sal. 
atter deploYI~nt. However, the spin rate vill 
decrease to no.in411y ~._ rpa aud deployaent of 
tbe DOOI will intruduc~ a 22-4e9 average 
nutation. Tbe attitude leasurel~nl data 
nOlinally ellpected aot this tile is described in 
Section ~.1.1.2.1 • 

• utation daaper perforaancQ at tbis low spin rat~ 
and bigh nutation an~le is l1lited; tiae constant 
>4 hours. Th~ nOlinal lission plan described in 
Table 4.2.2-1 calls for spinup to 1~ rpi atter 
deploYlent. Increasing the spin speed by • 
factor 01 three reduces the averag. nutation 
angle froa 22 to 7 degrees. Th~ b1gber spin 
speed results in a nutation d.aping tiae constant 
<30 liDutes eyen at tbe larger natation angles 
and the residual nutation is <u.1 Qeg within 2 
bours of the secondary spinup. 

~n ~he event tbe aagDetoaeter bool fails ~o 
deploy, 4n assesslent of teleaetry data saould be 
underta.~en. 10 ch aDge in the atti tude 
leasureleDt da~4. 1ndicates that tbe bool vas not 
unca~ad, in wbich case the appropriate -ara- and 
-fire- coaaards l~sted in T4ble ~.2.2-1 should be 
repeated. 

1 cbange in d~tituue I .. sur~aeut data without th~ 
root hinge switcb 1ndicating -deploJed- status 
indicates tbe centrifug41 toree (i.e., spin rate) 
vas not 9r~at ~nouq~ for the boo. to tully 
deploy. In tb1S eYent. the sp4cecraft spin ra~e 
wiii qraaually be 1Dcreased (in iDcre.ents of 

"1 
I 
I 
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.pprozi •• ~elJ 1 rp.) uAtil the roo~ hinge awitch 
indi~ates ·deploJe~~. 

After the 5~eady-s~ate sp~n about the +~ axis is 
.~hieved, the attitud~ will De no.inally 
reori~nt~d to .i~bin 2 d~g ot the north ecliptic 
pole in preparation for the cruise pnase. Prior 
to ~his 19 t9 deg ~recession. star sensor 
aaasuraaents are obtainea to detin~ attitude as 
v~ll as aaneuver p4raaeters necessary in 
executing the s~yuence in Tabie 4.2.2-1. The 
aan~u¥er to the north ecliptic pole will 
noainally be based on attitude iafor.ation so 
that when attitude aeasureaents are obtained near 
the pole, an initial calibration of axial jet(s) 
pulsed pertor.ance can be .ad~. 

Qrbit Ipsjrtion nin$Uv~.. The purpos~ ot this 
section is to describe the Orbiter spacecraft 
.i8sion operations sequence froa approxi.ately 
two days before arrival at Venus, throuqh firing 
of the Orbit Insertion Rot.or (Olll), and up to the 
beginning of noainal on-orbit operations. This 
entire co.aand/event sequence ~s delineated in 
Table ".2.3-1. 

The orbit insertion aaneuver begins with ~he 
Orbiter spacecraft in the interplanetary crui8e 
configuration as d~tailed below and in section 
4.2.1.6. The no.inal spacecraft attitUde is one 
with the pos~tive sp~n a~i8 oriented toward t.he 
Dort.h eclil-'tic pole. Spacecraft spin I:ate is 15 
rpa aDd tAa high gain antenna (UGA) is des pun and 
poiDt.ing towards earth to aain tain uplink and 
downlink coaaunications. 

The spacecraft +z axis attitude required at orbit 
insert10n is noaindlly directed parallel and 
opposite to the spacecraft velocity at closest 
approach to fenus. Approxiaately a ainutes 
before closest appx:oach, the spacecraft will be 
occulted froa darth by fenus. The celestial 
lODgitude and latitude ot t.he insertion attitude 
depend on ~he d4Y of launcD and tiae of arriyal. 
rhe rauge of possible attitudes with 
correspon~in~ sun and earth look 4ngles ar~ 
presented ~n Sec~on ,..1.1.2.3. The preceSSion 
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required to Actai .. ye the iD •• rtioa attitad. ra.ge. 
fro. 20 to 3S 4.gr.... fb •• aa look a.gle. raDge 
froa ij5 t.o ,.b "egr ... ao tllat DO ~1&e 11.1.t dae 
to power or tberaal constraints •• i.t. tbe eartb 
1001 angles ran9. tro. 18.~ to b~.~ degr". 80 
that co.aanicAtionM will be .aintaiDed aS1n9 t •• 
torward oaai anteana and the DSI 6'-•• ter 
a"twork. 

!Secauae of spacecraft occultat101l fro. earth yiew 
at close.t approacb, tb. 011 auat be fi:e4 bJ a 
pre-stored co.a.nd •• qu.ac. fro. tbe spacecratt 
stored Co •• aDd Loq1c (SCI.). Orbit. insertion is 
the aoat critical .... ay.r of tbe antire .isaion. 
ls such, it. ia desirabl. to be at tbe aaertion 
attitade for _ aut1ic1eDt 1eDgtta of ti.a prior to 
arriYAl to allow tor proper attitude and apin 
ratd d.terai.ation, ADd tbe other ~ceasarJ 
ope"at.iona lat." i.D Tul. 46.2.3-1. Prec:e .. 1on 
to t.be iDa.rtion attitude ~8 hoars prior to 
cloa4Jst approacb (II) -tad boara) allow. aaple tiae 
to pertora all Dec.aary opera tions vita a aarqiD 
of at least '0 boara 01 operation t1.e. 

The earth look aAgle at the orbit in .. rtion 
attitude dictate. the as. of tbe forw.rd oan1 
antenna .sc1uai.elJ. Mo otker antenna ca~ 
pro.i4e co.era9~ at tbat attitud.. It th. 
r.ce1.er conDected to tb. torward oaDi should 
tail wbile th. orbiter i8 in tbe insertion 
attitQd~, lb.4 bouts vill pes. before 
co •• uDicat~o .. with tke spacecraft can be 
.. tabli.bed. rbe ~b.46 bours i. tb. tiae period 
of tb. autoaatic r~diY.r ~9.r .. tUAction whicb 
is deta11.d fartb.r ~n Section 3.6.2.1. &11 
neo.aaarJ sp.cecral~ coaaand operations sbould b • 
• tf.cted w~ll in adyaDCe of 36.46 bours Defore 
closest approaca. OegiDDin9 th~ orbit insertioD 
aaneuvar aequencd at ~ - 48 bours as Sb04D in 
~abl. 4.2.J-1 is coapatiDle witb protecting 
aqainst a recei'~r failure in tbe 1naertion 
att1t114e. 

rh~ orbit insertion .aDwUyer aeque.c. ~gins at 
-Ill - lid taoars by sV1tcaiDg tr&Aala1t aDd recei •• 
lUDCtioDS troa tna KGl to tbe forward oaDi 
aaUIU14. Tbis trau1 .. " i.a aa4 .. while 

u 

) 



coa.uDica~ing on • ~s. ,_-.. ter netgroun4 
titat~on and Wi~A ta. co •• uDicationa aub.Jato. in 
tbe bigb power .04e. lb. tele •• trJ downliDk i. 
at 1b biLS per .econo (worst casw) in t~e torward 
oani/aiga power conti9ur&t10n. tbe .pacecraft 
apin a~i. i. then pr.c •• .-a to tbe in •• rtion 
attitud~. 'or lauAcbe. prior to ftay 21, lirac i.a 
tlae .ole sullar reterence at t.ae il&sertion 
a~ti~ude. cali.ll. is tb. OAly .~.llar reference 
tor the s~cond halt ot ~be lauDcb oppor~uni~y. 
Doth stArs w~ll ha,e been ,isible GUriDg ~be 
crui~e peciud. lttitude •• asur ••• nts are .ade on 
tb. a'ailabl_ atarts) Gnder ~uia. conditions; 1~ 
rp. and H~l detipun. 

witb ~be a~acecr~ft a~titu~. witbin at le •• t 2 to 
J aegree. ot tbe target, de.pin control of tbe 
UGA .. tet.inated &Ad tbe HGA i~ allowed to spin 
up. the spacecrait is then spun up to 30 rpa ~o 
pro'ide tbe proper 9yrOticopic atittn-'5 during 
01! burn. ltter 'er1t1cation ot a proper spin 
sp~ed cbange aud a spin speed tri., if n~ces.ary, 
tbe antenna is again de. pun to perfor~ a tinal 
attitude deter.ination. (Attitude data taken 
witb the UGl spinning is Diased due to its static 
and dyna.ie iabai4oce.). 

Atter 11na1 attitude aeasure.ents and tr~., 1f 
laecessary, de5p~n control is again terainated in 
preparation for 018 tirin~. During injection, 
tAe spacecrAtt is configured in tbe all-spun aode 
to ainiai%e tb~ effect ot tbe tran.,er.e torque 
re.ulting tro. aDtenaa .ta~c iabalanc~ ano 01B 
tarus~ AluA~ tae .Z aai». 

Tbe spac.ctaft cosaand a .. ot1e. w111 sub.equeDtly 
De loaded at ~ - ~l bouts witb tbe 01! firiDg 
&equenc~ and vvrified •• SbOWD in rable ~.l.3-1. 
The relative tiain9 And cO •• A~ds loaded into tbe 
two SCLs ~re 414gr ... e4 1D riqare ~.~.l-1. Tbe 
~uenc.5 ar~ tiaed to be iDitiated witb r.spect 
tv tb~ nearwat ~O~b .. coDd clOCk traasit~D at 
the tiae ut l04d~nq/Y.riticatioD. ~.is 
eli.inateE th~ necess~ty of sending th~ •• aorr 
-STAlt- CO~.AD~ at a pr~ci»~ tia. tro. tbe ground 
st4t10n. PyrotecA~C Control On~t (PCU) tiaing 
uct use 01 tiae cbtlays 4:' S!lOVA in rigu.ca ~.2.J-1 
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are to preclude certain failure aodes in the SCL 
as discussed in Section 3.6.3.2. 

Proa ~ - '0 hOUES on, spacecraft traekillg dat.a 
is assi.ilated so that the -Ilear-tenus- effects 
on trajectorl and approach velocity aal aore 
precisely be aocountdd for in calculat.ing t.he 
exact tiae required for 01a burn. At 
approxiaatell ~ - 6 hours the SCPs are reloaded 
and restarteu (one at a tiae) vith the aost. 
curr~nt 01ft firing t1ae. 

During the tiae teaaining until closest approach, 
the spacecraft functions and -nouse£eepiDg- data 
are .oni to red for anoaalous Dehavior. 01" burn 
vill occur at the closest approacht.o Yenus, 
approxiaately b aiautes atter the beginning of 
earth occultation. ?be spacecraft vill exit 
occultation appro~i.ately 12 ainutes after OI~ 
born and coaaunications links will be re
establ1shed bl tne DSN ground stat10n. 

Post-insert.ion attitude, spin rate and residual 
nutation sbould be aonitored to verify no 
significant changes have occurred. ~rackin9 data 
is ootained t.o define orbital period and 
periapsis altitude. As soon as spacecraft status 
is yerified as being sat1Sfactory, the HGA is 
spun up t.o the rotor rate of 30 rpa, then the 
entire spacecratt is despun to =15 rpa in 
preparation for the inYersion _aneUYer near the 
first. apoapsis to position tbe spin axis pointin9 
toward tbe sou th eel iptic pole. . (l.f the rotor 
vere despun to 15 rpa while the HGA vas despun. 
the HGA aaJ aOye erratically and unpredictably in 
azt.utb. Spinning up to the ~GA to the 30 rpa 
rotor rate first requires onlJ the Single aotor 
drive OFF coaaand and a saall transfer of 
aoaentua fro. the rotor to the HGA). 
2eorientat.ion to the south ecliptic pole 
establisbes the noainal ao-orbit angle of attack 
and spacecraft YieviDg 'leo_try for the initial 
periapsis pass. After tae iDYersion, the HGA is 
despuD and attitude data is taken to plan and 
ex«ut.e an attitude tria if required. After the 
latter aaneuver. an BGA elevation tria is aade 

-
L' 

, 
.' 

1 

___ ~~~ _____ --_·" •• -.'.-w·'.~'t~ce~._.~ .. --. e_t~,~ __ ~ ______ .t~< _____________ 4 _.-..._ .......... _~_"t .. ~~~~~_ -_." ..:»~." - - ----



,. 14# ~;. • a 

( 

ss;wo: au UI as .ttt 446415 .: .t $ 62 44 2M 

SecUOD 10_ Ad-: 
Doc. 10. PC 
orlg_ Issue Date :;ai/18 
Jieyaion 110. 

aDd tele.etry aDd co •• aDd f~nctioDs are switched 
to thv HGA. as shown ill ~able ij.2.l-1. 

ID1t1al peri.psis ~Dd second apoapsi~ aan_uyer 
strategies arv discussed in Section 4.1..1.1. 
ODce the orbit para.etars (periapsis altitude and 
orbit period, are properly adjusted. the 
spacecraft is despun to ~ rp. aad tA~ oD-orbit 
.isaioD phase proceeds. 
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• 
N 
I .... 

V' 

TOl 
T03 

Time Delay 
= 9.875 sec 

(See 3. 6. Z. 3) 

Conunand Memory 1 OROII 
(Arm OIM) 

OROIZ 
(Fire OIM) 

TDZ ::::t Time Delay r-
T04 = 9.875 sec 

\ ~ (See 3. 6. Z. 3) 
~ ------, 

OROll ORDAZ Conunand Memory 2 

1!l48 Hr. ~ 
Load & 
Verify 

:::f}-42 Hr. 

~40 Hr. 
(N earest 4096 
sec clock 
Transition) 

(Arm OIM) (Fire OIM) 

~ '46 HT' I I 
: to : §.10 Sec. ~O 
lafJ-r Hr I 

Tracking Data 
Update 

TOl = Time delay equivalent to time between ~-O and nearest 4096-second clock transition after ~4Z Hours 
with Command Processor 1 clock stability bias incorporated. 

TO
Z 

T03 

T04 

= Same a s T O t exce pt with command proces sor 2 clock stability bias incorporated. 

1 
= Same a s TO exc e pt us e n earest 4096-second clock transition after !}-6 Hours. 

= S6nl& as TD 
2 exce pt U'i e n earest 4096-second clock transition after ErS Hours. 

C o mmand proces so r accu r a c y (s tability) de te rmined for e ach command proce ssor during 
inte rplane tar y cru is e ; pre fe rab l y in las t ZO da ys of cruise. Each comInand processor's 
clock timing is calib r a t e d a gains t r eal time on ground. Calibration is e ffecte d by storing an 
e xact 40.0 hou r t ime d e lay code follow e d imme diate ly by an RF modulation index char.ge 
command, and m81suring the time between start of the memory and the observed change in 
downlink modula tion index. 

Figu re 4. Z. 3-1. Orbit Insertion Command Firing Sequence. 
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SPACECRAFT OPERAXIOMS 

Descriptions ot Priaary and Backup Operational ftodes 
and Operational Li"itations, tor ftaneuvers. ~oli 
Reference Transfer, Attitude 1»terPination. HGA 
Pointing, spacecraft kover and spacecraft Theraai 
Disciplines, are described belove 

Kaneyve!2. A General Description; Coaaon 
Kaneuvers !)trate~y and '!'actics; Stat.egl and 
ract.~cs un~que t.o each of precession, ~V, and 
spin rate maneuvers; and typical co •• and 
sequenc~s wit.h corresponding tele.~try 
veriticat~on for e~cb ot tbese three types of 
maneuvers are described ahead. 

General Descriptioa. S~acecraft aaneuvers 
include all coa2anded changes ~ spacecraft 
attitude (9ia precession), ur velucity (via 
translat~on), or sp~n rate (change in angular 
moaentua). Saneuvers are perforaed to establish 
anQ aaintain a~titude and spin rate during 
crUise, to correct errors ~n velocity (trajectory 
correction maneuvers), to ad)U5t spin rate and 
att.it.ude before and aft.er orbit insert.ion aotoe 
burn, and to corr~ct perturbations in velocity, 
spin rate and attit.ude during the in-orbit phase. 

E1ecu~on of anyone maneuver vill result in a 
deficiency or excess in the .agnitode of the 
desired .aneuver. This is doe pri.arily to 
impulse uncertainty, and is caused by Yariations 
in thruster(s) perfor.ance. lny one .aneuyer 
will' result also in sadll changes as it each ot 
the remain~ng two types of aaneuvers had been 
executed as vell. 'fhese cross-coupling errors. 
as they are cal1e~. are caused not only by 
i.perfect .echan~cal alignaent ana unbalance of 
the thrusters, but also by iaperfe~~ timing in 
thruster,s) burn; and vill vary as aass 
properties change due to Qepletlon ot liquid and 
solid (013) fu~l, deployaent ot equip.ent, and 
reorientation uf equipa~nt (HGA). Another 
unwanteu effect, nutat~on vill also result; 
lIuta t.ion is tbe illerticl.! con in g ao'tion of the 
spin axis clbout t~e angular .oaentua yector. 
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Strategy and tactics cO.lon to tbe tbree tJpe. of 
aaneu'elS arlit aescribed in SIItCUons ".3.1.2 and 
~.J.1.J, respectively. tAe approach to 
aandu,er., and the ~i9nificance of iapulae 
unc .. rtainty, coupling errors and nutation are 
described in theHe sect101lS. 

Eacn of the tbree types of .an~uvers. including 
its unique strategy. tac~ics, characteristics, 
and tYPl.ccll cola and sequ@nce. are aetailed. in 
Sections ~.3.1~4 ~hrough ".3.1.0 • 

COllOQ Strasegx. strategy is the basic plan, 
iadependent ~t tbe spacecraft design and the 
POl.Dt in tb .. a is si un • Strategy coalon to tbe 
three t1~es ot '4n~UYers consists essentiallJ of 
(1) detininq tbe ~re-.aneuver conditions ot 
spacecratt lechanics and propulsion ~rtorlaDce 
paraaeter~, the aosired post-.aneuver conditions, 
and tb .. best way to accoaplish tbe post-Ianeuver 
conditions. (2) dOl.Dq the laneuver, and (3) 
v~rifyiny the 4dequacy ut the result. 

~pecit~c strat~y oegins with deteraining the 
pre-aaDeuver spacecraft attitu~e, velocity, 
position, spin rate, and Dutation (it any is 
pr~seDt). Dllttlltraining .elocity aDd position are 
r~l4tively t~e-consu.l.n9 for any spacecraft 
design. 'rht! degree of accuracy to wbich each of 
thes@ five characteristics are to be deterained 
varl.es according to the .aneuver type and 
~equired .aguitude. It is sOletil~s cODstrained 
by lack ot availabl~ ti.e tor d~te~ination, 
val.cn ~n torn, aay be due to spacecraft theraal, 
~ov~r, or cO.lunications link pertoraance 
cons t.rain t.s • 

The pre-.aneuver propulsl.on perforaance 
p.tlaleters are updated Ileat, usinCJ pre-launch 
aeasur~d Yalu~s and any in-flight calibration 
aata that aay be a.ailable. rhese are tbe 
~.pol~ char4cteri~tics ot eacb thruster, and the 
spacecraft .ass properti_s. This infor.ation is 
used to defiae, 914 4ppropriate oftline sottware, 
aaneover paral.ters, i.e., tbe burD duratioD 
(coatinuous or DOIDdr of pulses), jet start angle 
~ulse a4neovers), the eapected cross-coo~lin9 
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4Dd the expected nutat~on associaten with an, 
required post-.aneuwer coaditioaa. 

8aneuwer strategy will eaphasize: (1) ainiau. 
fuel us~~e, (2) a~n~.ua disturbance to the 
cu .. unication lints, power profile, and tber.al 
protile, (J) aaneuver accuracy and (4) siaple and 
~fe oper4tion, including perforaance of the 
aaneuver ewent in the shortest aaount of tiae. 
The t~e aleaent becoaes increasingly significant 
as the One-W4! coaaunications tiae between earth 
and spacecra1t increas~s (one way coa.unic.tions 
t~.e when tbe orbiter spacecratt begins oroiting 
Venu~ ~s approxiaatell three amutes. Tile one 
way coaaunications tiae gradually increases 
until, 230 days later, it beco~s approlia.tely 
fourteen ainutesl. All of the ~de41 goals are 
not attainable si.u.1 taneously. 'lbeir relative 
priority of i.portanoe depends in part on the 
po~nt in t~e 815sioo, the cond~tion of the 
spacecraft, and the .iss~on i.pact resultin9 fro. 
~ch ideal goal that is co.proaised or oaitted. 

rhe aaneuver is then executed, and the result is 
assessed to deteraine if it is acceptably close 
to the required ~sults. Post-.aneuyer attitude, 
Y~loc~tl, ~Qsit~on, sp~n rate, and natation 
shou~d all be deteraln~ tor the first usage ot 
dach Lbrnster to retine the aodels ot .ass 
propert~es and thruster ~apulse until they are 
sufficiently accurate. Subsequent post-waneuvers 
assessaents Deed then be only partial. It the 
re~ult ~s inadequate, tnen the cycle should be 
repa4t~d using rewised ~erfor.~ce paraaeters. 

fg.,op 1jcti~. TdcticG consist ot the specific 
iapl~.entation of tAe strate''}J, unique to t.he 
spacecraft design and to the point in the 
lIission. 

Successtul co.pletion 01 a aaneuver requires the 
use ot ali toe orbiter's subsJste.s. The 
controls subsJste. supplies tbe attitude 
aeasureaents and thruster control signals; the 
propulsion subsyst~. supplies the 1.p~lse 
r~qu~red to aove the spacecraft; t.he coa.and and 
datd aanal~n9 subsJstea~ process tbe co.aands 
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necessary to perfora the .a.eu .. r uel the 
tele.etry cond.tionin9 necesaary to warify the 
aaneuver; the co .. uaicatio.s subsyst •• receives 
the coa.anGs, transa~ts the tale.etry aAd 
indicates cert&1n .aneoyer perforaance by doppler 
shift; dnd tbe power subsyste. supplies tbe 
elect~ica~ power necessary to operat. all of the 
l:equired un~ ts. 

~actics lu~ tbe Orb1ter 0.9in w1tb deter.ining 
lhe pre-.aneuver spacecraft attitude, spin rate, 
and nutdtion (if any is presen t.t • 1 t.titude and 
~piD rate d8terainations are described in 
S~ctions J.J.3.6, 3.J.3.1 aDd ~.3.~. The 
preterred aetbod tor deter.ining attitudQ, via 
us~ of sun-to-star(s) tiae aeasureaeats, is 
tunc't1onally independent ot tbe point in t.he 
ais5ion, but. tbe cboice of ~tar(s) varies during 
t.he .iss~on as Qe8cribed in ~ctioD8 J.O and 
~.j.2. rhe pretarred aethad tor detera~ning tbe 
s~in rat~ is essentially independent ot tbe point 
iL t.ne .ission, as long as the SUD is witbin the 
FOV ot d sun sensor. 

l'ulation vill bawe reduced to oeql igible levels 
it the previous aaneuver had occurred .an} bours 
aqo. It sho~ld ba'e Deen .easured 1a.ediat.ely 
after the previouH aaneuwer tc aid in updating 
aass pro~rtie~ ana ~rust lev~l for tbe 
torthcoa~ng aaneuwer. (Tbe lutation angle (half
con~ angle between t.be spacecratt ~~n axis and 
t.he angular aoaentua vector about which the spin 
4X~ ~s coning) should be <1 0 10 aagnitude before 
beginning any .anauyer). teleaetared. I/J - ~,2 ti.e 
delay (ATT!lZ and ATT!2L) vill vary approxiaately 
s1nusoiaally V11en nu tflt10D ~s present. Tile 
equivalent SP1n angle delay wariation can b~ 
convert~~ to the sun asp~ct angle variation by 
use of tne appropr~ate equation sbown ~n ligures 
3.3.l.1-1 or 3.3.2.1-2. lesolution in sun L.O.S. 
anql~ .easure.~nt va~ies witb spin rate and 
ottse~ f~oa tbe DOretiight ax~s of the sun sensor. 
Por tbe no.inal cruise a~titude and spin rate ot 
1~ ~oa. ~De teleaetered EVsolution ot ±O.l~ 
.~ll~becoDd t1a. Qelay translates 1Dto a sun 
L.O.S. (~1ne-ot-si9bt) resolution of to.u~3uo. 
Por the no.ina1 on-orbit attitude and spin rate 

-
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of S rp., the sun L.O.S. resolution will be OAe
t.hird as aaall. 

Det.er.ination ~t pre-aaneuyer velocity and 
position is dond conventionally via the onboard 
phase-lockable S-baud syste. and doppler 
measureaents. The onboarci pbase-lockable X-band 
trans.ittar ~rait.s .ore accurate velocity 
measu~e.ents. It ~s iD~ended for science use 
during occultation, but can be used tor velocity 
.easu~.ents during the transit phdSe, provided 
theraal cons~raints ~~e aet (see Sect~on 
3.7.3.4). 

Updating ot .ass properties and i.pulse tor 
accurate pred~ct~on of tbe forthco.ing aaneuwer 
is i.portaLt due LO the orbiter propulsion sTste. 
uesi~n. The orbiter uses an unregulated .ass
expulsion propulsion systea. Steady depletion ot 
tuel results in decreasing pressure and 
corr~sponding t.brost lev~l for the thrusters (1 
"blovdovn- system - refer to l~gure l.~.2.1-3 
tDrough 3.~.2.1-5, and Figure 3.ij.2.3-1). OIa 
burn resoits iu a step decrease in spacecraft 
we~9nt ana the spacecrai~ .oments ot Inert~a. 

~he arraugesen~ of ~be seven thrusters on the 
Orbiter is shown pictor~allJ in figures 3.~.1-J 
and 3 .... 1-4. 'laDle J.~.l-~ turt.bt!r spec~ties 
thrusters geo.etry. Three 01 th~ seven tbrust~rs 
ar~ ali9n~d parallel to and ottset fro. the opin 
axis. These axial thrusters, one callen forward 
aud the other t.vo Odiled aLt, are used for 
precession an~ velocity change .an~uyers. The 
four re.4inin9 t.hrusters are aligned offset iro. 
and approximately perpendicuiar to the spin axis. 
These tour raJial thrusters are divided into tvo 
pa~rs; the plane ot the thrust vectors of each 
pair is cdnted relative to the plane 
~rpend~cular to the Sp1D axis ~n oruer to pass 
tbrooga tae center 01 .455 dur~q a pa~ticular 
phase ot the .ission. In part~cular, radial 
thrusters B3 and k~ are canted through the center 
of .ass at tue tiae of the first trajectory 
corr~ction .aneu~er ano radial thrusters 81 and 
82 ard canted tbrough the on-orbit center ot 
.ass. ~ach thruster can be operat.ed ~n e~ther 
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t.lle coatinau". or pGla. a04e. 18 tl:ae palae aode. 
the pulse on tiae can De either 128 ail11aeconda 
or 512 ailliseconds. rable '.3.1.3-1 details the 
types ot a4n~UY9EB that can be pertoraed with 
Y4r10US taruster coabinationa. 

Tbe esaential significance of eacb aas. property 
paraaeter ana. other pertinent paraaeters tor each 
ut the t~cee tlpea of a.neuyers is s~vn in ~.ble 
14.3.1.3-l.. (lbe relationships are detailed in 
later sectiuns). loainal aaSR paraaeters are 
b.steG l.n 'table J.1.l-J.rolennces on these and 
tbruster related ~ar.aeters are used to predict 
thu expecteQ cross~oaplin9 err~s associated vith 
eacA C3nd1.date set of thrusters for the 
lortAcoaing aaneuyer. 

There Are a large nuaber of possible thruster and 
thraster operating aode ooab1nations. lot all of 
the possl.ble coaoinations are practl.cal. and 
certain coab1nations are .oro aa.vantag80us than 
others for sOlIe aaneuyers. ·.rbere are fou 
criteria used far ~lect~g tbe thruster or 
tbrustQrs aD~ operatiD9 aode u~d in a particular 
aaneUYec. Tbese are etf1ciencl. graDu14rity, 
.aneu,~r durG~ion aDd the disturbances caused bl 
the aan~uyer. Effici~ncy is d~fiDed as the size 
of aaneuver uat. can be per10clled per unit of 
p~op~llant; it is affected bJ spacecraft. spin 
rate, a4SS. aoaents ot inertia, propulsion 
subsystea pressure, cant angle of tAe radial 
thrnst.ers and palse widtb in tbe pulse aode. 
since several of tbe~ paraaeters cbange darin~ 
the .issl.on, tbe efficiency of a 91geD ~aneUger 
changes tbJ:OU9bou," tbe aasion. Granalaritl is 
deli1led a.s t.be ainiaua .andUyer t.bat can be 
perforaeu by one pulse or une seconQ ot 
continuous burn. branul~ritJ is affected DJ the 
saae paraaeters as exficiency and thus, also 
cbanges tbroaqbout. tile alSsion. flaneu'er 
duration is 4tfected bJ t.be Sl.ze 01 tbe a.neuyer. 
t.b~ qrdnularity ot t~e aaneuyer, the nuaber of 
tll1.ustecs ased. dDCl the tJlruster overating aode 
useJ. lbe disturbances caused durine) a aaneuYer 
iAc~uQe uncertaint1es in tbe plaDn~ aaDeUYer, 
nutat10n and cross-coupll.Jlg of otner aaneuYer 
t}.,.8 sucn 4S precassioD and spin speed changes 
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during velocity cnange aaaeoyers. Disturbance. 
&re caQS~4 by thrust aisalignaeata, caDt a8918 • 
of the ra41al tArU&~Qrs and onc.rtainties in 
spac~alt a.8S properti~. and thruster 
perfuraance. Table ~.l.1.l-3 lists the throsters 
and o~rating aodes selected for tae Orb1ter 
aission and includes the e1ticiencI and 
granularity of each aaA~u,er. Thd rationale for 
these selections is discussed 1D t~ tollowing 
pea raqra phs. 

Table ~.J.l.3-1 L1stS thr~e uniqae w.,s to 
parfor. an axial ~V aaneuyer, .1.e., t.b8 axial 
Y810cit 1 coaponent of a "total ,vector) ~, 
aaneaver. these are a single axial throster 
(forward or att) in the continuous aode, tvo aft 
axial tnrusters in "the continaous aode and a 
siDgld axial thruster (1orward or aft) pulsed 
tV1ce per ~pin period. Tbe basic aethod tor 
~rtorain9 an aX1al ~ V aaaeuyer is to a.e a 
Single axial taruster in the continuous a04e 
~1nce only a 5109le tbruster is AYailable at tbe 
forward end of tbe spacecraft. Because the a.xial 
thrusters ara of1s~t iroa the spin axis, the use 
of a s1n9le aX1al thturster causes preces~ion and 
nutation in addition to the desired axial ~V. 
Coup.hta radial. ~ V ana SplJl spe~ cban9~s are 
causeu uJ aisaliqcaents 4nd principal axis tilt. 
Tbe use o~ tvo aft axial thrusters eliainates the 
aoa~n~ aue to a sibgie thruster and tbus reduces 
precession and nutat.on to 1unctions of 
aisalignaent~ and uncertainties. Efficiency is 
the saae vbetb~~ une or tvo tbrusters are used, 
but 9~4nularitJ is ~ncr~4Sed ~y a tactor 01 tvo 
and aaneuver d~r~tion is r~uc~ nJ a fdctor of 
~~o DY using th~ lVO aft dzials. lssuain9 that 
tbe 1ncreased qr4nularity can be tolerated, noth 
alt dxial thruste~~ should be used tor aft axial 
~V aan~uyers in oraer to .inia1%8 precession and 
nu~ation. Ta~ two alt aX1al~ are no_inally tired 
together to execute all requirod o~bit correction 
aaneUYers. '1'b., dxial ~ 'I granu uri ty is nearly 
the 54ae IO~ toe crU~5e dnd on-orb1t ~hases 
aecause tbe redu~t10n in thrast due to pressurant 
blowdovu is n~arlJ o1f~~t by tbe reauction in 
a4Sti 4ur~nq orb~t 1nsertion. Tbe efticiercy ot 
cu.ial ~ V _dne~vers inC1:U4SeS on-orbit bdcaus~ the 
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r.t4uctioll ill sp4kcecratt .... ia greater tile Uae 
reductioll in .,ecific iapula. 4.. to propel1aat 
blo"cio" Il. 

rbe tl.nal aetbad of parforaillg aD uial 4' 
.anttu.er is bJ pulsing a aingle azial jet. twice 
per spin period. 'l'a1s .etAoel is used oD-orbit ill 
tb. e.~Dt of an aft aXl.&l taraster failure. 
Belatiy~ to tb~ Do.inal two-jet .04e, this 1ijOD 
bang-bang .0Qe iDcre~ses .aDeu.er QUratiOD by a 
tacto~ of .1, and requira 21' aore propellallt to 
executa the ..... aDeuver. 

1 radial A' •• nauy.r, i.e., ~. radial yelocity 
co.l'0Dent uf a totca14 V aaD.Uyer, caD only be 
perforaed in a puls. aode. Tbe pair 01 radial 
thrusters cantQd closest to tile center of .as& cat 
tne tia~ ot the aaa~uver (kl and a~ prior to 
orbit 4nsertion, aDG &1 &DQ 82 atter orbit 
insertion) l.5 use~ l.n order to aiaia1ze 
precessioD. ileadial4' .an.yy.rs tod to be 
1~a9thy since oalJ on. palae pair caD b. fir.d 
per spin p.rl.o~. rA~S, tbe Sll .illisecond pulse 
width is used to .iDiJlize the dura tion of tbe 
a4D.uv~r. B4J~al 4' .aD.uvers ar. l~s efficient 
than coaparable axial 4Y aaneuvers because ot the 
lover tbruster lap l.n the pulse aode, the 
trl.gonoaetr1c loss Que to the 4091. swept during 
tne puls. on tl.ae and the trl.9ODoaetric loas due 
to tbe cant aagle ot the radial thrusters. 
~cause ot the caDt angle, tbe~ is aD a.ial 
veloc1tl chaDge VAeDeVer a radial 4' .aneuver is 
parfor.ed. In add1t~on. it tbe tbrust vector 
~lane uues not pass thruugb the spac~cratt c~nt~r 
ot .ass, precessioD vl.ll occur. uncerta~ntie5 1D 
radial ~ ¥ ia tbe desued ano trausverse 
"irectioll, axial ~ V, SPl.1l chan98, precession anQ 
nut.t~on all occur due to aioall.gn •• nts 4DO 
tbruster ais.4tch~s ~ld perfor.ance 
uDc\lrtaiDties. 
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spin C~trol 

spinup 

spinliovn 

Cante4 Ba~ial ~V 

" a1 and 13 con~1nuou. 
~) k1 continuous 
3) kl cont.inuous 

1) '-'2 and B" continuous 
~) R~ continuous 
3) B~ continuous 

1) k1 and l;t pu lsecl suult&n80uslJ 
at. spill 1req uency 

~) Bl 4b~ B" pulsed siaultaaeuuslJ 
at spin frequenc) 

1, .~ cunt.inuoua 
~) l~ cont~nuoQs 
3) l~ pulsed at twice spin 

frequency 
~) 4& pul~d at t.wice &p~n 

frequency 
5, 11 continuuu~ 
b) 1b 4n~ 11 continuous 
7) 17 pul~d at ~.ioe spin 

tr"'luency 

Attitude pl:4Itceaaion 1) (lil an~ i2, '.)r (1(3 and 8'" 
pula8d si.ul~neou&lJ at spin 
frequ~DC' 

l) (81 and It") or t8l and 83, 
pulswd st.ultaneously at spin 
trequencJ 

3) A~ and lb puls~d si.ult.aneouly 
at spin fr~quency 

_) A~ pulsed at. £p~n trequencJ 
~) Ab pulsed at sp1n frequency 
b) 41 pula.4 at spin frequency 

9.3-9 
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SUMMARY OF NOMINAL MANEUVER CHARACTERISTICS 

Mode Nominal Nominal 

Jet Selection (Pulse 
Performance During Performance 

Cruise At 15 rpm On-Orbit At 5 rpm 
Width, 
ms) Control Efficiency Control Efficiencv 

1) AxIal Jet Pulse 0.15°/ 1060 /lb. 0.30°/ 292° /lb. 
Couple (12S) Pulse Pulse 

2) Single Axial Pulse O.OSO/ 106o/lb. 0.15°/ 292o/lb. 
Jet (12S) Pulse Pulse 

3) Radial Jet AV Pulse 0.02°/ 12° /lb. 0.04°/ 340 /lb. 
Pair wtth (12S) Pulse Pulse 
thrust offset 
from Center 
of Mass. 

1) Radial Jet Contin- 0.19 17 0.13 lS.5 rpm/ 
Sptnup or uous rpm/sec rpm/lb. rpm/sec lb. 
Desptn Pair 

2) Stngle Radial a) Cont. 0.09 17 0.06 lS.5 rpm/lb. 
Jet Spinup or b) PUlse rpm/sec rpm/lb. rpm/sec 
DeRptn (12S) at -- -- 0.005 14.4 rpm/lb 
Thruster twice rpm! 

sptnfreq. pulse 

1) Aft Axial Contin- 0.02 1.7 0.02 2. S MPS/lb. 
Jet Pair uous MP / MPS/ MPS/ 

sec lb sec 
2) Stngle a) Cont. 0.01 1.7 0.01 2. S MPS/lb. 

Axial Jet MPS/ MPS/ MPS/ 
sec. lb. sec. 

b) Pulse -- -- 0.004 2.2 MPS/lb. 
(512) at MPS/ 
twice pulse 
sptnfreq. 

3) Radial Jet Pulse 0.01 1.6 0.01 2.2 MPS/lb. 
AV Pair (512) MPS/ MPS/ MPS/ 

Pulse lb. Pulse 

" .3-11 
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Spin spe.a changes can be accoapli&hed by firiag 
a diagonally oPPos1te pair of radial thrusters in 
the ContilUlOU8 aode, tiring a single radial 
thruster in the coatinuous aocte or by fir-iag a 
single £adial tJaruster .1n the pulse .ode. 'the 
Dura.l aethoG is tu use the diagonally opposite 
pair. This ae"hud is etficieat and aiaiai&4118 
attitude disturbancea. !he siDgle radial 
thruster fired in the contiauou aod. is used in 
failuN .ode situ4tiuns. This •• thod i.prow.s 
granularity but iDcrvases attitude disturbances. 
the single taruster fired in the pulse aode can 
lMt us4ltd for oll-or&lit spin speed trUis. It bas 
th. adwantage ot i.prowed granularity and it 
ainiai&e8 the HGl puillting traasients associated 
with phase lock-loop tracking at a variable spiA 
spa.d. but 1t suffers an efficiency loss of 221. 

SpiD sp~d granul.ri~y is better in tb. on-orbit 
configurat10D thaD the cruise ooaditioD b~cause 
tbe reduction 1D thrast du. tu presauraat 
blovdowll is greater than the aecrease in 
spacecratt spin aoaent ot inertia Quring orbit 
inMrtiOD. Buvewer, sp.in aaae uyers are slightly 
aore etfic.1eat oll-orbit because th~ ~d~ced spin 
aoaent 01 1n.r~ia aore tban offsets tbe 
degradation in spvcitic iapulse. 

Attitude precession .4n8uvers are always 
perforaed ~n the pula.e aode using one of thr8f~ 
aethods: lhe FOr¥Grd and 1ft axial tbrusters as 
a co~pl~, a single dxial thrust~r or the rad'~l 
thruster pair tJla~ is not aligned throaqh the 
spacecraft. centlc1r 01 .as& at the tae of the 
aan.uYer. The use ot tAS axial co~ple is 
efficient and a~n1.izes velocity disturbances. 
The singl~ axial tar~ster precession aaneuyer has 
tb~ ~aae etficiency as tbe axial couple .et.ho4, 
bu. there 18 an iDher~nt axial velocity change. 
The 9~anularitJ of the sin~l. thruster .aDeuwer 
is iaprovlc1Q by a 1actor of two, is cODsist~nt 
vitb noain.l at.titu~e .. ~ntenance requireaents 
and generates a t1Y (eO .001 aps/pulse) that can be 
used to tr18 p.riapti~ altitude. Attitude 
preceSdion granularity is worse Gurin9 the on
orbit phase because the deer .... in spacecraft 
an~ular aO •• Dtu. is greater than the reauction in 
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tJu:ust due to pressurant blo"do"D. Precession 
efficiency is iaproved in the on-orbit phase 
since the reduced .oaent~ state .ore than 
offsets the degradation in specitic iapulse. 

Precession aaaeuvers can also De perforaed IIsing 
the radial thruster pair wbose thrust vector 
plane is otfset froa the center of aass. This 
type of precession aaneuver offers the saallest 
granularity bat is onl1 111 as efficient as a 
precession aaneuver pertor.ad with the axial 
tnrusters. There 18 also a radial velocity 
chanqe inherent in this saneuver. In addition to 
tile cross-coupling errors .entionea. above, each 
of tbese precession _aneuvers causes attitude 
disturbances and velocity changes due to 
_isalignaents and thruster performance 
uncertaJ.nties. 

1 set of thrusters and its operating _ode bave 
been selected tor each of nominal _ission 
aaneuvers. The expecte4 perforaance tor each 
aission aaneuver is sho"n in lable ~.1.1.4-1. 

The increasing one-vay coaaunications link ti.e 
delay cited earlier is an tnduceaent to use the 
onboard co •• and aeaories for operational satety, 
wuerever Uaing in execution ot e.o .. ands is 
critical. Spacecraft coaaanding should be done 
in real tiae "herever possible, but the onboard 
co •• and ae_ories should be used to execute backup 
co •• ands that. .ill ret.urn tbe spac~raft to a 
safe state. The cossand se.aries .ust b~ used 
for ~v corrections req~~red whil~ the spacecraft 
is occu~ted, beginning with vIS Durn. ~or these 
events, the onbOard Data st~rag~ Units should 
also be used to a~Q in post-.aneuver perforaance 
analysis. Detailed descriptions ot bo" to use 
th~ co •• anu _e.ories and DSCs are provided in 
Section J.b and 3.5 respectively. 

Detailed in£tructicns and usage restrJ.ctions for 
st~ucturing the ADP configure quantitative 
c~ •• and for aeasuxeaents and jets control during 
a .an~uver event «lrQ~l or AT~A) througb (lT~12 
or lT~~L), respectiyely}, are contained in 
Sect~ons 3.J.J.5 aDd 3.3.3.11, respec~vell. 

lievision 
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The maneuver is theA esecuted, aDd tke r~sult is 
clSsessed for accuracJ. InJ tJlI'uster aan8ayer 
also offers the opportuaitr tor poat-aaneav.r 
resolution between thruster tularaDces aDd 
observe~ cross-coup14n9 errors. 

" .3 .1." .1 Precession Daney!', ~tra\ti!. the initial and 
fina~ (a~s1rwd) spin azi~ orientatioDS are each 
specitied bJ two an91es ~~terenced to a 
convenient inertial fra.e. The spacecraft is 
precessed tro. the initia! to the tinal 
or1entat10n by applJ1~9 an inert1a11y referenced 
.o.ent nor.a1 to the spin asis. tb1S precession 
.oaent is suppli~ bJ pulsiAg &11a1 (or radial) 
jets tbat are offset froa tbe spacecraft center 
of aass; to obtain the proper iDertial direction, 
these jets are fired at a fixed lag angle 1ro. an 
10ert101 reference (sun ur star). 

4.3-14 

A convenient ~nertial iraae for a xeorientation 
aaneUVdr starts w1th the spacecraft at tbe origin 
and with one asis direct~ towards tbe sun 
(pr1.ary 1Ilertial reference with stars as 
b..tCK up). 'rbe second asis is ortboCjonal to tbe 
suulind and in the plane defined bJ the suoline 
and north ecliptic pole. Mote that tbe sunlin~ 
an~ north elliptic pole are not tJP~cally 
ortbogonal becau~ the spacecraft 11iw8 outside 
of th~ ecliptic plane. The third 4Iis coapletes 
toe tr1ad. Tbe two an91es tbat spec1fy tbe 
oLientation 01 the s~in axis are shown in Figure 
~.3.1.q.l-1: ~ being tbe angle be~ween the 
sulllin~ and the 8Vill 4~is, and .. being the 
d~ueural clngle between the plane detiDed by th~ 
sunline/n~rtb ecliptic pole and the sunline/spin
axis ~lane (r~9bt ban~ed rule). Relatiye to the 
uuit sphere shown 1n rigure Q.J.l.4.1-1 w1tb the 
sun as .. pole, the tip of the unit sVin a~is 
v~~tor is 4t co-latitude, and on aeridian (or at 
longitude) &. 

An arb1trary inf1n~tes1.Al preceSSion of the spin 
dxis is shown sche.atically in Figure ~.3.1.~.1-
~; d~ is th~ aaqn~tu~e of the precession and the 
~1r~ct10n loS q1YtUl DJ t4e clnqle "'. lf is tbe 
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angle of rot'at~on about the spin axis aeasured, 
as shown in ,igure. ".3.1.4.1-2, froa the 
sonline/spin axis plan~ to the direction of 
precession. 1/1, called phast! angle hereatter, 
differs by a t90 0 fr~ toe jet-lag angle since 
Jet torque is orthogonal to jet thrust. In 
practice, the jet-lag angle is aeasured fro. the 
sun puls~; and this angle, and accordingl" ¢, 
are held constant during an ideal precession 
aaneu'er. On the unl. t sphere (shown in 'igu,re 
~.3.1.4.1-1), the tip ot the unit spin axis 
'ector describes a rhu.b line, i.e., crosses 
successive .eriQ~ans at the saae angle: in the 
ftercator projection, tbe rhuab line appears as a 
straight line. 

'rbe basic Iline.at~cal equations tollow fro. 
Figure 4.3.1.4.1-l: 

~ 1 - 1 F - ifr = -P cos lP 

tJ 
tan ~ 

2 
Jir tan-

2 

(1) 

(2) 

where the suDticripts 1 dnd P refer to initial and 
final orientations, respectively. 'or gi,en 
initial and final orientations, tht:! phase angle, . 
~, ~s obta~ned fro. ~uatioD (1) aDd tbe total 
required precession angle, P, fro. ~quation (2). 

I.ple,entatiop_ The ac~ual precession .aneuver 
is conducted oy pULsing axial (or radial) jets 

at a tixed Idg angle (tro. the sun line) as 
deter.~ned fro. ~ (~quat~on (1» _ An uncertainty 
in this lag angle, equivaleLt tu B~, vill. 
ooviously affe~t the final orientation of the 
spaceerdft. Eaen pulse precesses the spacecraft 
through a no.iDal s.dll angle. P, Obtained fro. 
Equation (2), uetQr.ine~ tne nWlber of pulses and 
an uucerta1nty in the precession incre.ent leads 
to an uncertainty 1D the actual P, denoted by BP, 
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which, in tUrD, leads to uncertainties in the 
tiDal orientatioa of the spacecraft. 

In adch.tion to the t..,o ancertaiDt1es -- 6'Ji and 6P 
-- there ar~ also tvo uncertainties in the 
initial orieD~atioa ot the s~cecraft. ~he 
uitial uncertainty in co-lati tade, " vil1 be 
denoted bJ 6'1 and vill be called aa in-plane 
ullcertaiaty -- ia-plane referring to the 
sunliDe/Bpin-azis plane. Tbis uncert.aintJ is due 
to SUD sensor .taa::iue.ent errors. rhe second 
initial attitude uDcertaintJ vill be defined as 
an uncertainty Doraal to tbis plane, .,ill be 
denoted by £1' and v11l De called an out-of-plane 
~certainty. lhis uncertaintr is due to star 
seDSor aeasare.ent errors. 

Dncertainties in tae final orieo~ation ot the 
spacecraft vill also be defined as the in- and 
out-uf-plane uncertainties -- denoted by 6'F' and 
€ F' respect.ively; in-plane nov refers to the 
f1n41 sunline/spin-a1is plane. ~n particular, 

6J1F == e, 691 + e2 EI + e3 6, + e 4 61» 

E"F ;. 11 6I11 + f2 El + 13 6, + f4 6 P 

vhere the els and tis are error coefficients (or 
partial derivatives) defined in Table 4,3.1.4.2-
1. lote that tinal values of the output 
uncertainties in each plane are obtained by root
sua-squariDg tbe corresponding contributions 
sbovn in the equat10ns 4DOve, The total at.titude 
error is given by 

-V(HIF ) Z + tEF) z. 

To obtain tbta values to acbiewe an open-loop 
precession along a rauan line path, a nu.ber of 
steps aust be taken: 

(a) the yalues ot l.on'litade (&1' IF' and 
co-14t it ude 011, SlF) , vlucb descr~be 
the initial an" final orientatioa, are 
used to obtain the rhu.b line 
para.etara, ~ .nd P. lhese describe 
th~ anql~ to tne sua, an4 the length of 
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the idea! rhuab l1ue. Toe logic for 
det@rlliniD~ tlle correct IIbase aogle /II, 
and quadrant iJ is detined in fil.jurc ' 
".J.l.".~-1. 

(b) the ~ropulsl.on perionan(;e 
characteristics (calibrated i.~alse and 
i.pu~so ceutroia lucation) are then 
used to oet1ne the requ1rea nUI8~er of 
~uls~s to acnieve P and tbe appropriate 
jet start an~l~ correspond1ng to ~. 

lC} An esti.a~e ot tue total a~titude errur 
resu~t1ng Lro. the a4Deuver is .ada 
tro. known tul~raDces to insuru that 
~be ranq~ of actual atLl.tudes ~cbieved 
15 acceptaole. 1n addition, v~rious 
attitud~s a~oDq tb~ rhuab !ine path are 
exa.1nea tor coapat1Dility wito ~ny 
pover, thermal dnd cuamunications 
constrdiDts. 

(U) Toe requ.l.r\-.-d set of spo.lct;.crai t co •• anus 
is coustructed, transs1tted and 
veriiiea prl.or to aaneuver execution. 

tieviau,OD 

rn~ proce~s .l.S beat 111u~trdteJ by a 
1:et're~ntative exalllple, the noaiual/aiss10n 
scheuuled reor to orbit l.nsert ion at titude. 
l'l.qure ".j.l.".~-:t .l.llustrates tn~ Lelevant 
qeo.~try dS veIl as celestial latitude and 
longl.tuu~ of tne SUnl.l.lh~, in~tul dttitua.~ and 
.10011 att.l.tuue. 1i' Of ~nd A& are first deL~ned 
dS tollow~. From Fi~ur~ ~.j.l.ij.2-l, the in1tial 
OIi1 dnu u,nd.l (Jlf' sun dnqles are l1eteral.ned t.o 
be 

cos ~i ; cos (-0.&0) cos (90 0 ) cos (arbitrary) 
+ sin (-0.«)0) sin (90 0)¢!li :; 90.&0 

cos lIf : cos (-0.&0) cos (b~O) cos (Jij8 0 -2bijO) 
+ sin (-0.&0) sin (b~O)=C>j1f:; Uij.bo 

The great ~l.rcle precession, AP, i£ given by: 

cos 6P = cos ,6~0) cos (90 0) cos (arbitrary) 
+ sin (b5 0 ) sin (~OO) =C> 6P = l5°. 
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~ ••• t rotatioR of the .piR azia/auRliA. pla •• , 
A.. 1.a obtaiaed froa the la .. of coaia .. , 1 ••• , 

QDS (3600 - At) & 

cOl 2)0 - ea 90.60 eM .".§o .J-....... 
sin 90.6 0 aln 8 •• 6· -,,' 

A& ~ 335.70 (10D9 route) 
A~ • -~'.3Q (short route, 

Tbe rhuab liDe Bq~atioDB «(1) and (l) of Section 
4.l.1 ••• 1, can DOW be wsed to solve for tbe 
noaina1 rhuab 1in~ precessioR, p. aDd phaae 
4D918, ~, along the shortest route: 

tan ~ - --...-&.&.~~~ =C> ~ c 76. 7· 
In 

P & -

"f-fl.) ___ ....;;;1.-. =t> P :& 2t. .. ,. 
cos 'f 

osil19 th~ 110a~al p4ra.e~ers unGer 4iscySS~OD, 
tbtl in-~lane and out-ot-plane errors are define'd 
frga Tabl~ ~.J.\.~.2-1 to be 

6 fll- 6Jf + (0 .~) 6 Vi 2 + (0.0,) 6P41 

E i SIll £ i 2 ,-. to. ~~) (\ pz 

wbere iD1tial ~nd iinal erro~s are a •• sured in 
~1.!9r~es. AssuaJ,ng 1.Ilitial. in JU,4ntt and oat of 
plane errors ot s..' \l.So, a phase angle t!rror ot 110: 30 

dnd 4 J' iapalse ~rror (i.tl., 6? ~ o.eO) results 
in a tinil! in-plan~ error ot 1.~0 aDd tinal out 
of plane error of O.~~. rbe to~al attitude error 
Aft~r ~be aaL~Uger is then 1.1e ; t~. aaneQger 
adds ~10 to tb~ ioitial total attit"d~ 
uncert4~nt! ot 0.1 0 • 

u 
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1 tan' (1 . sin -F ) 
sin -1 

J 

e2 ' f2 

0 
sin -F 

sin -1 
e3 f3 

P sin' 
1 (69 s1n -F 2 ) 

cos, sin' + P sin Y 

e4 f4 

-cos 'f - sin 'f 
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~pulse cbaracte~isties of tbe thruster. are used 
to define tbe required naaber of pulses (see 
Sect10n 4.3.1.,.~.2). I.pulse ceDtroid 
chardcter1stics and thruster/sUD sensor geo •• try 
are eaployec1 to COAgel"t froa t be phase aAqle, 1/1. 
to an appropr~ate je~ st4rt anqle. 

4.3.1.4.~.l Pr~eSl*oD pYD~i£l. Precessiun ot a spinninq 
spacecraft such as toe Orbiter is aceo.plisaed 

" .J-lO 

by firing gas Jets that ~Derate an applied 
torque noraal to tAe Sp1D axis. succeSS1~. 
turque pulses vill cause the aagular .a.entu
Vd~~Ur to precess and will induce a wobble .otion 
ot tae spiA axia:» about tae anqulcU' ao.entua 
vector. 

The angular aoaentu. st~p size d~ is qigeD by the 
following equation (dlso s~ovn on P1yure 
".J.l.4.2.J-l) : 

vhttre 

dp: ~:~~::.: (~~~~) 
Ds tI/J. 

l = au.ber of Axial Jets fired. 

r = lX1~1 jet thrus~ (lD.) 

li = Rad ius tu cl xi&! jets (feet) 

T = pulse burn uuratiuD (seconds, 

Us = spinning angular aoaentu. 
l (slug-ft Z) x (rad/tiec) 1 

Total »pinDiD9 Inertia 
tiaes the total space
craft apiA rate for aD 
all-span configuration 

L \ 
/ 

) 
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& lZRNOR & Mot.or spinnin9 inertia 
ti.es tAe rotor spin 
rate for the despun 
config lIratioll. 

& :: aurn an9~e 'd~qrees) :: ~OTr 2£ 

:: wORT. 

(~~~~) :: etf~ciencJ of the thrasters. 
&/4 

or:.te coaaand reooluuons for d precession, i.e., 
the dngular step size in degrees per pulse (12b 
as) are shown i..il Tabla ",3.1.3-3, lor several 
tnruster co.b~ations and the tvo bati~c phases in 
the .ission. . , 

4.3.1.4.2.3 Prece¥sioD naAd».I. eora.et,rs I~ Algorith.s. 
!aneuver para.~ters that are signilicant tor a 

prec~s~~on are shown ~n labl~ ~.3.1.3-l. Their 
first order ~ttect and algorit~s relationsn~p 
ara shown in Figure 4.3.1.4.2.3-1. 

4.3.1.4.~.4 ll.st.rictl.OIHi' Hestrictiolls unique to a 

I.wision 

pravessioll aaneuyer include: 1) a ti.e 
l~.itation. depending on sun L.O.S, and solar 
intensity, according to ,iqure 3.2.3-1, to avoid 
excessiv~ th~r.dl ~abalancd, 2) sun L.O.S. 
restr~ction to ~nsure pover oalance, Th~s also 
varies v1tb ~olar intensity, batteries leyel 01 
chargd, and spacdcratt 104d le.el (s~ Sections 
3.8.3 and 4.3.,), J) sun L.O.S. restriction on 
usage ot anJ one ot the tbree SUD sensors as the 
SRB. It each ot tbe initial aDd tiDal spin axis 
angles w.r.t. the ecl1ptic nor .. l is <30 0 , the 
aid-range sun sensor should be used. If the 
final spin axis angl~ is ~300, then tbd 
appropriate estenaed sun sensor sbould be 
selected pr~or to the st4rt of the precession. 
") !arta 1.0.s. restr1ctions on usage 01 anyone 
of the four a.ailable antennas. Tbe High ~ain 
Antenna is usable only when despun. Its 
effective t~elQ-ot-view, 4S wdll as th4t for each 

4.3-:':1 
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of the other aotenaas, i8 describ.a in Sections 
2.J.2.1 And 2.3.2.2. Sw~tchover to transaitter 
Hi power, tben to tb. higbe.t bit rate usable on 
the aust affecti,. oani, followed bJ switchoY.r 
to tOit oani prior to the start of tbe prec.ss~on 
is th~ aoat-likely required action tor .ost 
~r~essions, aoa S) the nutatian angle should be 
<1 0 Defor. beg.nniog any aaaea,er. 

lYpical Co •• aRd StgJepee IPd IIilIISIl 
ye;i,ic.tiop. Initial and changed apacecraft 
configurations tor a tJP~cal precession aaneuyer 
4r~ sbown in table •• 3.1.",3-1. lbe full 
descript10n 01 th~ init~al configuration ia shuwn .n tbe fl.rst coluan (-A~aaaed ~teady stat..
culoan). only tb. ~R'P9" in coufiguration, fro. 
tAe preced.ng coluan, ~re aaovn .n subsequent 
colaans. 

A dutail~a typical coa.aud sequence for a 
precession, wi~Q 4ssoc~ateu teleaetrJ 
, .. ritication, for an in-transit ~reces5ion troa 
ecliptic-nuraai attitude, is shown in Table 
... .1.1.4.J-~. 

".l.l.~.l A'i "aDeuer strlte~!. l~' .ADeover, 
accoaplishva in the cr~ise or oo-orbit attitude, 
does DO~ ~gDific4Dtly d.sturb tbe preya1lin~ 
coaauDica~ioDs !inks, theraa! profile, and pove, 
profile. By rdsolviD9 tbe r~quired yelocity 
change .nto veloc~tJ coapoDents that are parallel 
to an orthog0D41 set ot spacecraft thrusters 
(yector aodv), tA~S. disturban~s are Ayoided. 
The o~rat~oDal coaplexitJ of pre- aDd post
aaneuyer precessions reqaired Lor a ~, _aneuver 
vi~h axial j.ts ouly (axial aoae) are avoided by 
execat~ng two successive, but operationalll 
s~apler, a4neuvers. Figure _.3.1.S.1-1 
~llustrat~s tbat th~ wei~ht ~D4ltJ incurred 
usiDg tae vector .ode as a fupction of tbe ~f 
~equired aDd tbe ang!e between the spin axis and 
~'direction. Use ot tne vectat .ode for the 
f.rst aidcourse (bV ~S a/sec) ~CQ~ & aaxia .. 
we~gbt p~D&l~l ot 0.0 Ibs. 

4..3-22 
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.s: 
• W 
I 

N 
W 

'11m. R.laU.e 
to Maneuver 

E~11)IIIftlt 

I Eartll ~uonr"iilln (Tee, 

ICommUDIcatt0ft8 SIS} 
Mod Indft: (Radlane, 

Tranemlt Antenna 

Rft!ef.e Antenna 

F.xcIter 

Power Ampllfter(., 

Slate. of Tl"Ulller 
swtt.chH 

X-Band TlWlamltter 

leoatrale 8/s Is f1tar 
8eftaor Chunele • 

----

~ 

TAdLE 4.3; 1.4.3-1 

SPACECRArr CONf1GURATtONS FOR A TYPICAL 

PRECESSION MANEUVER 

~tweeD 

Auumed JUBt Prior to FIrat Jet 
Study-State FIrat FIre. LaBt 

(Pre-Mueu'ler1 Jet Fire-I Jet FIre-I 

16 M. 84 M. 

1.18 !HGAI 1.0 XMTR pwr; 0.65 (Fwd Omnll HI 
16 M. DSN). PWI1 84 M DSN} 

HGA. Fwd Omnl. 

~"r 1 to HGA, Re"r 2 to Ken t to Fwd Omnl. 
aft omDi. 

1 ON,I OFF. Coho Mode 
Enabled. 

1 ONI I. ' ..... OFF. 1 • I ONI 2 ... OFF. 
fELo Po'ft~. (i!Ift Po'ftr) 

<D Lo pwr to de .... utn- ~ HI pwr to cIe8pun .... ........ 
~ RCA Beleeted. ~ Bllelalp/Fwd Omnl 

Selected i IFwd Omld eeteetecl. 
ERlter 1 eelected. 

I>Y AMPl to 1.0. ~ Amp 1 to RI. 
~ Ren No"" Select. 
~ AM" Selected. 

OFF 

• , •• ..,. Bath ON • 

• BP • 11al'Hhold ~I . 
.. Reqalred. 
--- - ---- ----

-I - NOTEI Onl,. the ch8IIIH lrom 1M p~ column are .howft., 

.,-~ .. ,.. ... 

Immedlatel,. ABnmed 
After LUt Steady-State 
Jet FIre-I tPoet-Maneav~rfl 

! 

.... 
,.- ~-~--,.." 

~. 
t t 

:: • j.r-
lit .... 
g 

ICC~~ 

=~gA 
t;"~. c. 
.... DO 
O ... OD 
I:t •• • • • GI 0 O. . 
• 
I 

'-

I 

1 



~ , ..., 
I 

f'.. 
~ 

':J 

- --- .. -..... -. - - ~. _ .... --. -
T1m~ RelaU.- Between 

to Maneu.-r Auumed Ju.t Prtor to F1nt Jet Immedlatel, 
Stndy-State F1nt F1re. IAIt After IAlt 

EquIpment (Pre-Maneuve r') Jet F1re Jet FIre Jet Fire 

~~rot. s/sl Irom'c!l 1Un.l",. uta att. I. =: off ecUp. DOrm •• 
!'11m ~"Onl Mld- RN\ap ~lected "-o,.,~~= 

~. r- -
ON/OFFSlaw AnrlON. 

MH"U~"'t A • 8 Maunel. ht MY Conftll'lre for apn 

~'f!Ct ooaIIl'I nI U CIII. nlte .. INII aapect alii 
mftlJUrenI",u: 
A: .to. 

At~tudP B: • to ~I 
nata <D PrelHr ..... :iA6 • I'roeftaor Jet ("ontrol <D All Jete lll .. bIed. 1 AI &elected 

OI'A6Hl~.'orA' 
ieleoted, or AT Hlecl! 
or a.c_lIode abaIc •• , 
(JU • R2 selected) 01' . 
(RI • 1M Hlected) or 
(JU • ft" selected) !! 
(R2 • R:I Hleoted). 

<!> BpI. nlte detector ....,.ed. 
lei> PIlI. ft re, pal. ® AU c6er ehotcel: DNA 

COWIt, 118 1M pa\ae 
wtdlll, normal it re 
"1f- - all aeleeted. 

,.np Modto ! ................. 
~teet 8l1l'i pw eMbIed. 

Nomwt (OateA-ll.250 
de)eeleoted& SRR aeleotIed: .' 

L- ___ ~_ -------
L"_·l~-,-(~ 

----- -- --- -- -- - --

'I - t«YrE1 For La,.. p~" ..... wen. lite Ume ~t mode wt1l be 'I8ed. 

~:J 

::-w~r!"'"" .:; ~ , • ..!.~ 

lie SIt' 0 t"" , ~PR~ 
A .. amed 

SIndy-Stata 
t t; . .c., ,. . .... ... .,. :lrO 
0 "''''0'' (Post-Maneuver') ~ ~ til • 

til • :ac; 0 
Oft) • • p t 
I~ r~ 

same a. Column 1. 

L' 
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Table 4.3. 1.4.3-1 (Contin'led) 

l 
~ 

r----
Time Relative 

to Maneuvf!r A!i8umed 
Steady-Sblte 

~Equlpment _{pre-Maneuvert 

II Controls sis I Cont'd 

t· t 

~ 

ADP Mode @ Stu Gates A " Dr 
&=le,;t (Cont'd) Channel 1 (r-) II-,!ected. 

® PLL LoSII of LGci( 
enabled. 

@ P ':"L spIn range ~ 8.0 

I 
~. 

- 17. 7 111m lIelf!Oted. 

ADP Conftgu:"'! <D Jet countdown: All 
Attltude Commands 3 zeros. 

Data tbroutbll 
iI'rocc:1I80J.' 

(Cont'd) 

® AC'S angler Delay mag-
nltude as required. If Star 
Gate B Is In use. 

I 

~ Roll 'ndeJ.: delay m84'ftl-
tucfeooall requl red. 
@ PLL spin period magnl-
tude - lIame as preval1:ng 
spin period. 

(§) JCE buffer output dis-
~Ied. 

Spin Rate 16 RPM. 

I 
~ 

I 
,J:: 

• t.... , 
t-: 
V'I 

./".~. 

Be~n 
JUllt PrIor to Flrdt Jet 

First Fire" Lalit 
Jet Fire Jet Fire 

I 
~,Jet countdown mag <D Jet countdown 
nltude " ACS ancIe magnitude decreall 
delq magnitude both Ing by one per sIc 
loaded. revoIuUon. 

®JCE bufie1" enabled 

~ Fire Interlock, 
tben Ore. 

, 

Immediately 
I..lter Last· 
Jet Fire 

(!) Jet countdown 
magnitude at an 
binary ones (de-
cimal 4(95), " 
no longe r chang-
Ing. 

<!> JCE buffer 
. dl sabled at fhred 

tlme t!eIay reIa-
tlYe to lat pulse 
n ring-. (ThIll Is 

baokup turno« of 
Jets. Normal tum 
0« of Jets OOOUllI 
when JCE oount-
down register 
counts down to all 

=!li ~~es Mell 

Allcumed 
Steady-stat~ 

(Post-Maneuver) 

Some as Column 1. 

! 

I 

i 
! 

I 

i'~ 

:' ... .... 
rn .... 
o 
~ 

.h .......... _~ 

~ 0 t:::Hr. 

= :J.g ~ 
.... IQ • ~ 
III • ... . 
.... _0 
O .... ocr 
pm. .. . • CI 0 
0$· 
• 

.. 



~" m m m _ ,- - _. - ~ ....... >'~,,,.~ •. <: """" · •.. ..,-w 

J . 

, 

t 

~ Table 4.3.1. 4.3-1 (Continued) 

t.. 
I 

"o 

Time Reb.tlve 
to Maneuver 

Equipment -
L.fui!ltrols sis I Cont'ti 

ON/OFF state 

~otor Ddve 

neapln 
control 
Elect. 
(DeE) 

OCE Configure 
Commands 0 
Through 5 

-' I Command slsl : 
Comn>pnd Pr.x:essor 

-----------

Assume/) 
Steady-state 

(Pre-~aneuver) 

1 ONI 2 OFF 

ION; 2 OFF 

<D AZ polmlng slew: All 
Ze!'."O. 

@ HGA Elevation PosI!lon 
er Slewl All Zeros. 

<!> A~IJTlutb Posltlonl at' 
required. 

CD HOA electrical bore-
sIght despun and pointed tCi 
Earth Statton. 
® HOA elevation position 
er OFF. 
® RAM VPD and NADtrt 
(Not Used). VPD Reset 

$162 ON. 
Receiver normal 

selected. 
(!) SCL 1 6 2 oleared. 

----_. 

Between 
Just Prior to First Jet Immediately 

First FIre" Lalt Arter Lalt 
Jet Fire Jet Fire Jet Fire 

,.-_. 

<D FtlaEe reset 
dIsable. 

I 

f 

-',,,,-,,,, 

- -~-.. _ ..... ..- -----

Assumed 
Steady-State 

(~t-)taneuven 

Either I' ON or 2 ON 
In order to retalD 
HOA In despuu state. 
~lnD1ng HOA blases 
HIe attitude determlDa 
Uon', • 

ENABLE' 

s:r 
~ 
t;j. 
~. 

0 
~ 

, .... 
t ' 

~Ct:itr. 

!iPR~ \-:: 
In·.c· ". . .... 
.... 1£ 0 
OMOtJ 
=' rtl • 

rz: ~ t • 0 
Ott • • Q 

~I' "~I.e: CD c • 

, ..... L ... :~ 
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Table 4. 3. 1. 4. 3-1 (Contin\~ed) 

Time Relatlvll' 
to Maneuver Assumed 

Steady-state 
EqulDment (Pre-Maneuver) 

.I Command sis }(cont'd) 

Command output 1 '11Il'OUIh 6 ON. 
Modules 

pyrotechnics PCU Dlsanned. 
, 

I Data HaDdU!!! sis It 
Nominal Bt t Rate (bpe) 2048 (via HGA) 

Data Format Orbiter EJIg. 

PCM EDcoder ION; 2 OFF 

TM Processor ION; 2 OFF. 8lbcarrler 
COIlV. ene. II data all ON. 

Data InpIlt Modules AU 8 ON. 

Data stonge UDits TBD 

I Power SIs I: 
Batterles D. O. D. 0% 

Batterlee Cbarwel ~ Le cbc,. rate seleoted. 
dlecbarp State (typical) 

Prim. dlsch. ret. selected 

Bt'!tween 
Just Prior to {o'irst Jel Immediately 

Flrflt Fire & Last After Last 
Jet Fire Jet Fire Jet Fire 

To highest support-
able bit rate via fwd 
OIDDI II 64 MOON. 

ACS 

Assumed 
Steady-State I 

~ Poat-Maneuver) I 

I 
I 
I 
I 

I 

I 

orbiter EJIg. 

I 

! 

---------

(" 

:: 
.; .... 
en .... 
o 
p 

II' 0 tnn 
CD,,04t 
... to- n n ....\Q. ,. 
1ft • ... • 
.... _0 
O~OD 
z::, ., • 

UJ ~ • ci 0 O. • 
• 

t. 

i 
t. 

l 

.~ 
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~, 

~ 
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/ 

! .. 

r 
~ 
~ 

~ 

• w 
t!. 
(l. 

... _ ..... - -- . ..,~ .... -. _ .. ,-............ "'._-, 
TIme Relative 

to Maneuver Assumed 
Steady-state 

Equipment JPre-Maneuvert 

I Power sis • (CO:lt'd) 

Protective Clrculu. 
..-:"'I tt AU 7 limiters enabled. 

)UV/OL protection ON. 
~ Precharae OFF. 

Science Bus ON (To power om beater). 

I Propulsion S/S II 
Latcb Valves 1 Ir 2 closed. 

'i)Prlmary tanka. fwd 1& Heaters » Jet beaters all ON. 
~IM beater ION; 2 OFF 

'---._-

Just Prior to 
First 

Jet Fire 

1 Ir/or 2 Opened lUI 

required • 

, 

~ ~Qt:lcn 

Between i $ p. R 8 
Firat Jet Immediately Assumed 

Fire Ir Last A~er Last' Steady-state I 

Jet Fire Jet FIre (Poet-Maneuver) 

t tA·~· ~. .... .... lEO 
0 OMOI:I 
1:1 1:1 fII , 

V. .: 
=- c:~ 0 Q. , 
• CO • 

I .. ,.. 
• 

Both Closed. I 

I ,-
, 

I 
I 

! 

I 

I 
I 

I 

I 

J 

1 

j 
, . ..-

~-

/..... r· J 
.--<'~_ r 
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I --

I 
Command 
Mnemonic 

0 

0 

0 
AT,,"1: 
MEAl=SRR 
MEA2=S2S 

(PSl2). 

0 
----

~ 

• (.r.; , 
.. ~ 
\0 

-~-, 

TABLE .c. 3. 1 • .c. a-2 

TYPICAL PRECESSION SEQUENCE 

Command ot" Action Telemetry 
Mnemonic 

Tn'cal Io-Traaalt Precession from EcI~lc Normal Attitude. 

• Determine up-to-date pre-Maneuver sIc attitude. spin rate, .. 
'velOCity for U8e In determining required precession magnitude 
.. lor comparlsoD to post-maneuver values lor performance 

evaluation. 

• Via an ofnlne computer program. the up-to-date (bltCs) for the 
selected thruster(s), the ACS angle delay magnitude required lor 
correct IIpIn WII prece"lIlon direction (Including blasell for sun 
sensor reference pulse .. eIWlnes thrust vectors). "number 01 
thruster(e) pulllell (Jet countdown magnitude) required to complete 
the precession shall be calculated. 

• An offline computer program may aleo be ulled to predict the 
ellp8cted crollll-coupiing errors In IIpln rate .. l!. V rellultlng 
from the pl&llDed maneuver. 

• rAlllftcure for spin rate. sun L.O.S. meallurementll throughout 
.-e ImpeDdlnc maneuver: 

ADPI c!Onflgure - meaaurement eelect. AMIADB 

AM2ADS 

• Balled (':: leteet measured spin period. update PLL lipiD period 
magnitude ~Iow) I 

----

-":..." , 
.~'"""'. 

Reman. .. VertftcaUOIl 

Remams • TN Data 

~ . "ndca1cu1atecldata, FUel usage to 
~te (I. f ':mualnlDgluel); tanka preuure; 
~stel ,-ratllres;pre1aunchteatdatafor 
paise firt. .. of enpnee, updated Sic momeDta 
~ Inertia; updated eug1Dee momeDtarm.e; 
pre8eDt sic aUUude In Inertial apaoe; total 

~eelred ortentaUoo. 

_ •• ..-... ,"_8/c __ ," _ 

I 

Measurement A addreee: I 

BRRto BRK. : 
I 

MetUlUrement B addreell: 
I BRR to P812. i 

Update III recommeaded If onooboard I 

loaded magnitude differ. from 
me ..... red true IIIIlIhltude by JlH)re tJalUl 
:!;1 bit ~.25 m.II.). ----.J 

r 

II! • c; .... 
Dl .... 
0 
tI 

.----, 

treev. 
1tt10CD c;..,nn 
.... \oC • ,.. 
m .... .... = 0 
O"'O&:J 
&:J fI3 • 

fI3 1& • GI 0 
O. • 
• 

-- . ..j 

j 
l 

I 
J 

'1 
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T&ble 4. 3. 1. 4. 3- Z (C('"tinued) 

Commud Commar.:d or A"tlon 
Mnemonic 

AT~ 
TlPlcallo-TrlUUl1t Precession from EcI~lc Normal Attitude (Collt'dl 
ADPI ConflJUre - PLL Spill period magnitude (Eight MSBIJ) 

~ A 78. 
which Is 
comblna-
tlon of 
AT(#7 " 
ATQV8(see 
ahead). 

() AOPI Configure - PLL Spin period magnitude (Eight LSBs) 
A~8 

SIMSPNPOU ~ 

@ • Conf!lNr'e sIc for jet firing sbort of JCE buffer enable " 
opening of latch valve(s): 

~T~ ADP Conflpre - Jet Control ~preferred: (AS" AS selected)!!!: (AS 

RnE, RhO, 8elec~) 2J: (AB selected) .!!! 7 Selected»] .Q!! [Backup Mode 
ChoiceSt (Rl" R2 Selected) or (R3 " R4 selected) or (Rl " R4 selec-ArnE. 

ArnDt :3 ted) .!!! (RJ " R3 8eleoted)] • Mrmal fire mode, 128 ms pulse -rdlh, 
requ r pulse count, pulse fire. and spin rate detector enabled - all 8elected. 
{,"=1 thru 
4; m~thru 
7)j FMN; 
P, 8, CPI 
FP;SRDE. 

. ---

I 

--' 

Telemetry 
Mnemonic 

ASIMSZ 
(word 9) 

ASIMSZ 
(word 10) 

AJETIS 
Through 
AJET7S 

ASDETS 

AJETMS 
(word 2) 

AMAGCS 

APULLS 

AJETMS 
(word 3) 

"' ~~--:-'!'~-' .. -

Remarks " \':';~·~ncI!Uon 

Remarks .. TM Data 

MSBIJ values of AMIADS (measured spin 
~~od~ are oommanded herefc;!J:terlUalelD 

ted RRUBedurtngeneulng eflrtng. 

Corresponds to that value commanded. 

LSDs value of AM1A~(1Deasuredsptn 
period) be re for potentialstmulated SRR use 
during ensuing pulse firing. 

Corresponds to that value command6d 

= 1 for selected Jeta; 
= 0 for remaining Jets. 

= 1 (spin rate detector enabled) 

= 0 (Pulse fire 8elected) 

= 1 (pube count) 

.. 0 (128 ma. pulae width) 

= 1 (normal fire select) 

~c ~_--

Stl IrO~V • 

!i ~ P·.R ~ 
t· t; ~ • ~ 
........ II: 0 
o O~C::J 
::J t:: tI) • 

~ ~I ~ o C() • 

,. ~F71~ I C() c~ 

~ E ~L 

r-- I 

'-
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Table 4.3. 1. 4. 3-Z (Continued) Remarks. VertncaUon i 

.s:: 
o 
W , 
W ... 

ClI'Il'mud 
Mnemonic 

@ 
A~. 
MAGSEe 

@ 
ATQt5 

ACSANG 

o 

to .;::~ • .... J;\- ... /.r \.~ .. ~. 

Commed or Action 

Typical ID-T~lt Preoe .. lon fcom EclJptlc Normal Attitude (Coat'd) 

ADPI Coaflpre - Jet countdown. 
(19&d number of pulSN to be fired) 

ADPl CoDflpre - AC8 angle delay magnltudf' (azlmuthal angle 
delay between occur alICe of BUll reference pulBe aDd loltlatlOD of 
one pulse firing per i!lPlo period). 

• Verify ADP mode telemetry 18 all IDdlcated at the right: 

Telemetry 
Mnemonic 

AJMAGC 

ADVANS 

ASUNG8 

A·ACQS 

ASRRMS 
(Bit 8) 

ASRRMB 
(Bit 5) 

Remarks. TM Data 

JCE countdoWil - macnltude corres
ponds to that value commanded 

Note8: ' . 
('i)!8ch pol8e firing of the total 
DUmber 0( pulBes loaded above wW 
occur at this conataDt delay. A larp 
precession may warrant two or more 
blOOD of pulse., each block having • 
IIIIIque ..... del~ mapltude for all 
of Ita puls., •• 
(2) There Is a 0.». oount blaB, I. e. , 
t!Mt actual delay Is one couot greater 
thaD the comlD8llded valU45. 

- 0 (SRR advuce lnbtblted). 

.. 1 (sun pt. eDBbled) 

'" 0 (normal) 

c t (SRR selected) 

.., 1 (sun selected) 

ASUNSS I 81m 8enBort Mldnmce selected. 
___ ~.--l(~!!.I!~JDJPltude,t40 

A·GA8S star Oat. A ,. 1 (channel 1 lIIeleeled) 

A·GBSB Star Gate B '" 1 (channel 1 selected) 

ALOLEB PLL LotIs Cll lock c 1 (enabled) 

ASPINS . PLL Spin rqe select: 8. 0-17 • ., RPM 

lie 0 t:nll 
11..,0_ 
.. ~·n n ..,IQ.,. 
I'l' .... 
... CO 
0 .... 01' c:s .. . 

fA • • ~I 0 o. • 
• t7 ~ ... • 

,'i. 

I. 
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Table 4. 1. 1. 4. l-l (Continued) 

r~mand Command or Action 
~~('ftIC 

0) l~vplcal In-Transit I'recneeloD (rom Ecliptic Normal Attitude (Coat'd) 

• Verify .leE buffer te dle.J,led before pro.!eed1ng: 

CD • Configure downlink (or forward OMN1"H1Xmtrpwru.a~: 

C!) • Tranllfer command control to 84M DBN .tatlo~. Tune up-llnk 
frequency to produce ph __ Iocked downlink correepondlng to 
reet (requency of VCO In receiver 1. 

@ • Decreaee bit rate to hlgheet supportablf.l via fwd OMNI, III 
XMl'R po9'er ... 64 M. DSN. Station usage (woret caee 01 
16 BPS 88M1med abead) t 

~ Telemetry ProceetlOr control - bit rate eelect (to 16 BPS) 
TPCQlor 
TPCQA-

@ Low Mod. Index eelect 

lIlH\~ 

@ Power a~llflere 1 and 2 OFF. 

nl~~ • Verify lo.e· of downlink before proceed!ng. 

t~ 
HI power to de!lpWl antennae .. lect. 

~ ~ 

---' 

Telemetry 
Mnemonic 

AJCEFS 

Bit rate 
.electlon 

---"---

tID ~C~ln 

i i ;l·R ~ 
Remarks .. Verlficatl9ll 

1;;. .... '" • r+ C4 • .... ..... .... 2:0 
Remarita .. TM Data 0 O .... Ot' - ::: en • -

I ~ 0 (JCE fire dleabled). 
I 
I 
I 

en IZ 
2iC 0 
C t; • , "0 

~l I t!~ 
~rr-

. 
• Loee of bit Bync • 
• Bit eync re-eetabUehed 

Indlcatee 16 BPS. 

Momeatary disruption 10 data III 
wont aue - likely demod eync. bit 
.ync, .. frame IIJDC wUl K retained, .e carrier euppreeeion Ie decr~ 
by 6.4 DB. 

Lo •• of downUDk carrier. 
, 

No downllDk - not verifiable III real 
time. 

--------

c' 
,~. "a" am..~ "M' '" ... 1IoooL __ ",,_ ..... _" _ ,"_ ,. ___ ~~"~"" ... _~ _,_, - , __ ~4't '0 r j 017 6ft, f "'In 2 ,"S e ro
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----- ... -... -. - -----..... _--
Command Command or ActlClll Telemetry 
Mnemonic MnemClllIc 

§ !n...lcallD-Traaalt Preceesloll from Ecliptic Normal Attitude (CoDt'd) 

ANT22 Baekup/forward OMNI amE'NUl select 
01' 

ANrB2 

1$l~ Amplifier 1 to HI power select. 

~~, PA 10N/2 OFF 
AM or 
AMPA9-

8 PA 3 ON/. OFF 

AMP3t~ 
AMI'd 

@) !-Verify Comm 8/8 telemetry status before proceeding. RANT18 

RAMPIB 

RANT28 

RAMPIT 

RAMPIW 

RAMPST 

RAMP3W 

-- - --_.-.-.......----,.pQIIJ uS • •• ,f,*, 44. , 

.-
Remartca • VerUlcaUCIIl 

1\emar1ul • TN DIlta 

No doWDl1nk - not verlfl8ble ID real 
time. 

No dowDIlnk - not verlflllble ID real 
time. 

Carrier may be detecl!lble at multiple 
of real freqaeDClJ 01 VCO ID RCVR 1 
(aIaoaId be p~locbd). 

SUfficient doWDIlDIt sboWd be pr8ltent 
for grOlUld recetYer lock OD tIM carrier 
demod IIJDC with tIM IhIbcarrler; • bit 
SYDe OD tIM data. Frame SJDC wW 
follow later beeauae 01 the low bit rate: 

AFT OMNI/deepua ...... to mILo 
pwr '" 0 (deapaa to HI pwr). 

AMP 1/2 to HIILo pwr '" 1 (AMP 1 
I to HI) 
I 

HGA/Low pln antenau awltch poe." 0 
(low plD I.IIteftnU aelacted) 

PA 1 temperature eettlee lit "ON" 
level. 

RF Pmrflr oatpat 1 - 1.15 watts (110m.) 

PA 3 temperature r .... • Httlee lit I 
"ON" level 
RF power oatpat 3 '" 9. Ii watts (110m.) 

I, 

II:ICoCl) 

S~8~ ... . .c. ,. . . .... 
to'- ~ 0 
0 .... 01' 
I' f1 • 

III .a o. 
• 

• o 
• 

J 

I 
- -- - -- --~--~- --- . L.. 

~ 

f. ~ F j 
a __=:~;:.~_;:-:-.; u. .~, .. , •• ';" ._~ .... --- ...... ~---'- .. ~ 
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Table 4. 3. I. 4. 3-Z (Continued) 

Command Command or Action 
Mnemonic 

@ Typical ID-TraDIIlt Preeeelion from Ecliptic Normal Attitude (CODt'd) 

• Minimize coupled IIpIn speed cIuuwe eifeot& on PLL frequency track 
I~t 

DCEQ6 DCE conflCUre - mode CMD (phase reeet dillable). 

. 

. -
® • To produee hlPer .. ~1.1Dc of pertlneDt data durl~ the 

maneuTn, switch to the ACS format: 

TPCQl Telemetry proceeeor comrol - format lelect (to ACS format) 
or 

TPCQA 

@ • AccordlDg to the selected tbruter(I), opeD the pertlDeDt latch 
valv_: 

-----

I 

'-

-" --.,.. 

Remarks " VerlneaUon 
Telemetry 

Remarkll " TM Dt!.ta Mnemonic 

• To awld HOA polDtlnK traDIIlentl 
durlDg Jet flrlDK period. (HOA II 
kept eeeeatlaUy dellpOll to avoid 
bl88l~ pollt-maneuver a~tltude 
determ lDatlon. 

ADSPNS Deepln Phaee Relet '" 0 (dillabled) 

• Thll will keep the HOA pointed 
W. R. T. the lallt remembered 
location of the IUD l.o.s., " the 
... remembered spin period. 

If the spin speed chaDlee IllPdy 
due to coupllDg clarlDg the forth-
comlDg maneuver, the HOA bore-
sight wDl roUte about the spin IUdI 
at a rate equal to the difference 
between the remembered epID pertod 
and the preeent true lipID period • 

• LOlli of frame IYDC. 
• If 3 llUCCeulve mlDor framee are 

required to re-elltllbllllb frame ByDC. 
then 96 leeoade (worllt cue, wU1 
ellpee before It occure, due to 
16 BPS rate. 

I 

c' ---

'1 

I 
l 

1 

~ 
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-C.ble 4. 3. 1. 4. 3-2 (Continued) 

~ 

• ...., 
I ...., 

VI 

Command 
Mnemonic 

VA~or 
VALA9-

e 
VAL2t or 
VALBe-' 

0.11 
A~ 

@ 
ATQll 

e 

Commalld or Action 

Latch .. be 1 cpeIl (If required - for use of IU!1 comblnatlon of 
R3, R4, AI or A'1). 

Latch nlve 2 cpeIl (If required - for uae of IU!1 comblnatlOll of 
Rl, R2, or A8). 

• VerUr proper latah valve status before proceedls. 
ADP 1 CoIIftl'lre - .lCE ~er {)qtfJut Enable. 

• Verify that Bufter .. enabled before proceedlnl. 

ADPI Coaflpre - Jet fire Interlock 

~I .... medlately after eltecutlDg the foUowlDg Jet fire command, 
monitor the IDdlcated telemetry data. As p-ound bllClmp to the 
naboard syatem, he reUy to execute the JCE buffer output dlsable 
command (ahead), If telemetry IDdlcatea a alplflcant deviation 
from e...,ected values. 

Telemetry 
Mnemonic 

VALVlS 

VALV2S 

AJCEIR 

, 

... , 

Reman. • VerlficaUon 

~man. • TM Data 

I Latch Valve 1 ~/Cloeed - 1 (apeD) I 

utch Valve 2 q,en/CI~aed .. 1 (open) 
I 

I 

.leE l'atfer - t (EMbled). 

I 

I 

I 

i 

The sIc .. protected aplDIIt erratic 
performaace by: 

i 
1. PLL loea of lock enabled (two 

I 
1IUOCe ..... e oat-al-1ock occanacee 
termlDKee the maDeU"fer). 
2. SplD rate deteator eubledJIf IpID 
rate esoeede the nap 3. '1 flo . rpm -
the JIlUII!QV8r.'a termlDatedl. I 

3. OD-boent aatomaUc OrIDI daty 
cycle detector (If nrllW daratlcD per I 

apla period ~ 28'{, for certaIa.. 
~ 13% poatbl.r, the maDeUftr t. 
termlDated). 
4. Jet coaatdowD clrealt. (After the 
DUmber of pal ... loeded ID tile __ -
down clrcult are flred, .lCE biller ud 
.lCE fire euble latch Ibtter __ led 
ID aeat lItep) are both aatomat1calJy 
dlabled). 

.-

'~.: ~ ~'!* • 

....... . , .. -~ .. ' -." ....... ~~ .... ~ ~ 

~ 
\ I 

r .. .... .. 
~ 
I:J 

ICOt:'CII 
.",oct .., ... nn 
~.a. ,. ... .. ~ 
0 ... 01:' 
I:J •• • • .CI 0 o. • 
• 

- J 
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Table 4. ~. l. 4. 3-Z (Continued) 

Commud CommUid or ActtOft 
MnemonIc 

TD!lud lil-Tranalt Pr8CN.1on from Ecliptic Normal A"ltude iCODt'!D 

ATQ12 ADPI ooaflcure - Jet fire 

Telemetry 
MnemonIc 

AJCEFS 

VJETIT 

VJET2T 

VJET3T 

VJET4T 

VJET5T 

VJET6T 

VJETTr 

VTANKP 

PLIMTI 

PBUS LI 

. ..,., ......... ~. ,-.~ 

, , , 
, i 

IU ... 0 cn" 
5 1"·8'1 

Reman. • VerUlcaUCID 

Remarks. TM Data 

~. = . .Q. ,.. . ~. 

~ ~ &0 
0 o .... o~ 
=' ~ II) • 

I 

JCE fire euble .. 1 (fIr..,. ftemalDe I 
1 oaIy for Brine duratloo. I. e. dlarlnc i 

palee flrlnl. lib!., It wID telemeter 
I •• zero. 
I 

.I!~ ~ o It • 
• e .. ,. 
• 

I 
Radial let 1 Temp , 
Radial Jet 1 Temp Incr1lUe for 

8IICb tbrwIter 
RMIal Jet 3 Temp prmouely 

.... 
.eleeted 

Radial Jet .. Tftftp 

Fwd ADa! let S Temp. 

Aft ADal Jet 8 Temp. 

Aft Axial Jet T Temp. 

Tuk Pre_an: - may .bow • deteet .... 
IftdIaal tchaDl't, depelk'lltlc Oft ......-
t.Ie vi prece8rloD. 

Ba •• 0"" limiter auj 

sIc I.-da carnal 
u teleaMitry -mpu.w fL eMber vi . 
u.eee oocv. __ • Jet flrhIL ....... 
wW be ... (Jaer .... for PLll1TI: ~ 
tlr.ee for PBUBLI,. (With ... vi ACB . 
forllllli • 18 BPS. FBlMLl'e 
.,.,. ftWJ 18 IMIC. ; PLIMTI • ..,. ftft'Y 
ICM8 Mea. Willa nrt.c 00CIUbII for • 
lJ8 laze. DInt ... ..,...,..,. ...... 
prabIII)lllty vi ........... detected •• 
• ., lGw). j 

c· 
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T .. bl~ 4. J. 1. 4. J-~ (Continued) 
Remarlul • VerlflcaUon 

Comlllud Command or Action Telemetry Remartt •• TN Data I 

MnemonIc MnemonIc I 

Typical Ia-Trault Proc.llon from EcUptlc Normal Attitude (CODt'd) I 

AM2A DSI SRR to PSI2 - ehaDlee as expected I 

ATI'MtZ (1Dcreaee or deereue" and at ellpeCted I 

rate. I 

AMlAD6/ SRR to SRR - Chanpa .. I' 

ATI'MtZ elqMlCted (lIP'. rate, - bued 011 eetl
mated lIlieallpmeal8 vi lImI8tere. 

ALOCKB PLL Lou of lock .. I (no 10M vllock): I 
• If PLL loea vi lock ... beea -.bled. I 

a lou crI the roll refereace pd. lor two , 

lIUDOe .. be &lc nvoIatIoae (aDd DOt befo1 
wm _ thI8 to drop to aero and tel'1ll-

t.te tile m ....... r. If PLL LoII8 f1ll.ack 
baa beetl tllhlbtted. CId. wIII eta.J at "I" 

• at. ttm... I 

AJMAOC JCE ~ - decr __ by _ eoaDl I 

___ . ____________________________________________________________ ~---------~-pw----IIP-~-pw---~---·-----------------------1 t-----··- 1-. 
- I t;;\ i-u a problem ocean darlDl fir". HDd the DeJd oommud Immedlatel) 

~ Otberwl~ It lifter a time delar from the preri __ Jet fire ooin-
mud 80 U to be ueeatecI 011 board Immedlately after the Iut pa1ae , 
f'r ..... ocoa~ ~ 

A·t~U ADPt CoafIpre - JCE bailer oatput eIl...,le. AJCElS JCE 1MdIer 2 0 (411_1., 
~---+-------------------------------------------_r------~-------------------------

'"' ItVet"" compl~loa of fir .. Yla tile telemetry lDdIeaUon at the rapt. AJMAOC JCE uuatdon ... eoaDled don to all 
~ leroe. tINa oouIer .... recycled to all 

blDat'l_ (deelmal40t6' ..... .aapped ......... 
AJCEPS JCE fire mahl .. - 0 Caot flrbc) 

, 

~. 
~ 

r .. .... 
fIl .... 
o ., 

~ .. -.: ..... -~~--

II' 0 tn" .",0. 
c ... ·n n 
~IQ. ,. ...... 
.... -0 
0 ... 0., ., .. • • • GI 0 o. • 
• 
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Table 4.3. l. 4. 3-Z (Continued) 

Cemll'lud Connnud or AcUan 
MMmOllle 

!Xl!1callrr-TnMlt PrectlH'" from EclIDtlc Normal Attlbade tcoat'~ 

~ 

-

® • BetrID trajectory determlllaUOD to __ UeIl 4 V C8IIHd by 
prec.atoa. 

@ • Recoanc-n dae SIc for pollt-lllUeUYer et.dy-etate operlltlone 
(utmmee DO eubeequeal Imm1Deat ~er operatlone); 

v~, Latdt V.lYe I oIoHd CIt apeD) 

VA -

@ Latdt Val .. I closed CIt apee) 

l'AlYr VAL 

~ 
--' 

ADPI CCIIIftpre - ,et COIItrol (all )eta dl .... ecn 

~DI:' -I n :m-
Ilion T); 
FMIf; PUc 
CPa FP; 
IIRDE. . 

L 

\. ~ . ..".., 

Telemetry 
MnelDODlc 

AM2ADSI 
ATI'MlZ 

ANlAD81 
ATI'MlZ 

AJCElS 

VALVIB 

VALV18 

A.JEnS 
,~ 

ABDETB 

tUftMB 

AMA0C8 

APULLS 

'.', -....- - ..... ......,.. 

Remark8 • VerUle.Uan I 

Bemam • TN Data I 

I 
SRR to PSlI - DO dIaIe 8lDOe 

Ierml __ 01 ftn.c. 

SRR to BRit- DO e...... .1Dee 
Ierml_tlCIa 01 ftrIDI. 

JCE balfer - • ( ...... ed) 

Latdl V.lYe 1 opea/cIoeed - O(cI .... 

Latch Vamt I apea/cIoeed - • ......., 

• 0 for all )eta. 

• 1 (split rate chIteator ....... ) 

CoIItI..,u/pUe fire ... eat .... (PIIiM, 

PIIIM/tlm. oCIIIIIl ~Ieet - 0 rn-e, 

......... eeleet -. (111 •• ) 

(C~ 

,., , 
~ .... 
o 
I:' 

1'*", 
~).-

.OCte-
t p-g R ..,..a. ,. . . ..,. 
... -0 
0..,0&:1 ., .. • • .1:1 0 o. • 
• 
~ .. • 

1-

~---...... « 'm m r $ 1t ') _ 1 r .0 7 ; 772 7 " rna n7ms1 
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Table 4. 3. 1. 4. 3-2 (Continued) 

Commud Command or Aotlon 
Mnemonic 

:r.!l~loalID-T ...... lt Pree.alon from Ec!!l!!lo Normal AttJtude fCoat'd! 

~ 

A-r&W ADPI CoDfllure - Jet COUIltdoW'D. (= AU zeroa) 

t~Q78' ADPI CoDflcure - PLL ..,In period mqnltude (MSBe) 

whJch Ie 
combination 
01 ATQf7 " 
A~8( ... 
ah~ 

AT~ ADPI CooOpre - PLL ..,In period mapltude - (LSBe) 

@ • Stay In the ACS format, • with HOA dMpIn (a apl.nnlDc HOA wID blal 
attJtude meuurement.) whUe performJDc an attitude determination 

(refer to eectlon 4.3.2), theD return to orbiter enpneerlnc format, 

TPCQl Telemell')' proo .. aor control - formal Hlect (to orbiter ene. format) 
or 

TPCQA 

@) • RMUme eteady-etate ooeratlonll .. detlned In Teble 4. 3. 1.4.3-1 -
monitor batterlee .tatee-oI-cbartee Ir cam.m. sIs temperaturee In 
face 01 HI XMTR Pwr operatton. 

Reman. • VerlDcaUon 
Telemetl')' 

Reman. • TM Data 
Milemonlo 

(CoaUaued) 
AJETMS Normall Alternate Fire Mode • 1 fNormal) 
(Word 3) 

AJMAOC JC E Countdown - ...... ltude 01 alJ zerOll. 

MSBa mllee 01 AMlAD8 (me .. ured apia 
perlod) are oommanded here for pofa '!u'Il 
almulated SB.R uee. 

ASIMSZ Correepoad. to that mae commanded. 
(word 9) 

LSBa mue 01 AMlADS (meuu.red apIA 
period) are oommended here for potertIal 
.Imulated BRR 11M. 

A81MSZ Correapooda to tbat mae commanded 
(word 10) 

• LotIa of frame ByDC. 
• if 3 aucce .. lve mIDor fram. are re-

qulred to re-eRabUab frame ByDC, then 
96 _a. (worat ca .. , wID ....,.. befol'e 
It occur., ~e to 18 BPS rate. 

Ie • ~ .... 
" .... 
o 
D 

tl;oocn 
• .;0. 
~ ... ·n n 
.... IG. ,... 
It • ... . 
.... • 0 
0 ... 01:1 
c;:I '" • .. IE 
• C I 0 o. . 
• 

~I r 
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'.l.1.~.2 6! 1'8111'( %lct~1 

".J .1.S .2.1 'IRlI.9Pt.t.ioa 0* jl 6Y "pn!er. 'file axial aBel 

~.J -4l0 

radial thrGsters onDoard tbe orbiter constitute 
tbe orthoyonal set r9qui~el to perfor. anJ A' 
witbout cbanging tbe prevailiDg attituele. Tbe 
geoaatric arrang~aeBt of azial and r44ial 
thrusters relative to tbe spin axis, and tJae 
design of Jet control in tbe a tt.itude COntrol 
~ubsJstaa, perait the spac~Eaft to be translated 
~ucceHS1v81y 1n axial and rad1al 4irections with 
operationAl $iaplicity. 

The thrust vectors ot radial thrusters B3 and B" 
are can tea -~.~60 toward the -z ax.s fr08 a plaDe 
P4rallel tu the spacecraft X-I plane, in order to 
pass through the center of aass tbat is 8stiaated 
to apply at Lhe re~u1red t1ae for Tel ". This 
set shoU.Ld oe used for radial fl.' aaneuwers pci .. ,.: 
to OIft Durn. 1s the center of a4SS shifts toward 
toe tZ .xis due to expanaitare of brdrazine fuel, 
subsequent usag~ ot tbrusters B3 and H~ will 
cause a coupl~d posit.i'~ precess10n aboat a 
prec~~s10n aX1S at 8 = 3~~oJO' (.1 axis is at & z 
00 ) • 

rhe thrust vectors OL radial thrusters 1t1 and ~2 
ara canted +~.O~O toward tbe .~ axis fro. a plane 
parallel to th~ spacecratt X-Y plane in order to 
pass through ta~ center uf a.~s tbat is estia.ted 
tu ~~~ly on-orbit as an a.erage. rb~ set should 
be uSeQ tur radial ~V aaDeuvers atter 018 barn. 
ls the c~Dter of .elSS ~bif~ toward the .Z axis 
due ~o ftxpenditur~ of hydrazine faei, subsequent 
asage of thrustexs R1 and 82 will cause a coupled 
Dec)at1ve precession caoout tile precession axis at 
& = J22 olu'. The thrust vectors 01 axial 
tarusters A5, 4b and 11 are paDlllel to the +Z 
a~is. 

Using tbe aaial thruster(s) in continuous burn 
.oae lor an cax1al A' w111 result in a saall 
preceSSion it th~ 40yle burn duration is not an 
in~eg~r .ultipl~ 01 the pre.ailing spin period. 

The coa •• nd resolut~on for a ~v aaneaver, g1 •• n 
the s~4~iti'ities shown in rabie ~.l.1.l-l, and 

) 
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O.51~ secoll4 for tbe LS~ ill the lDP CODfigare 
quantitative coaaaad for continuous firing a04. 
(ltg,' or l!~D), is 0.0102 ap~O.Sl~ sec. for 
~e att axial jet pair, aDa O.OO~l BP5/O.512 .ec. 
for 4 siByle ax~al jet. 

Pulsed lode EBsolutiun is O.OOq apS/pulse tor 
singl~ axial j_t pulsed (512 as) twice p~r spin 
perioo, and 0.01 ~PS/pulse for a ra4i41 jet pair 
at ~1~ IS pulae daration. 

4.l.1.5.~.l !In,y!,,, Paraleters Ilg Ui2nlaU. Paral.ters 
tbat are significant tor a AV lane.yer are 

sbown in table ~.J.1.3-l. Their first order 
effect and algori~Daic relat~oDShip are sbown in 
Pigur~~ q.j.l.5.2.~-1 aud q.3.1.5.~.2-2 tor axial 
and radial ~, lan~~y~rs, r~spectiY~IJ. figure 
4.3.1.S.~.2-Jl ~hows tbat ~apulse aagnitude error 
(essentially detined by tbruster ilpulse 
uncertainty) is ~ ~rcent and <3 percent in tbe 
aXial and vector aocle~, respecuyel,. figure 
4.3.1.S.2.l-l~ sbows tbat tbe iapulse direction 
errors (function ot attitude uncertainty, open 
loop preeess10n errors and ~xecution errors) are 
<3 deg and <1.1 deg in tbe axial and vector 
lodes, respectiY~ly. 

'.3.1.5.2.3 !!~~,ic\iops. rbe~ are no rest~ictions unique 
to a A~ aaneuyer beyond those general restric 

tions already ~~ted in Section q.3.1.3. leither 
iiriuq the radial ~nginecs) with 512 .s pulse 
wi~~h p~r re,olutiuo or tiring the axial(s) 
cont~nuously to acco.plisb a 69 are expected to 
cause intolerable disturbances to the DCK control 
ot tb~ HGA. 

".3 .1.5.3 !'lpie"l COMtP9 S"91UDce opd tsldnu 
Y,riji£i!i9P. l~itial and cbaDqea spacecraft 
confiqurations for ~ typical radial AV .auea,er 
(no p~cessions required), axial AV laneu,er (DO 
precess~ons requirea), total ~, .aneayer w~tb 
axial jets only (precessions required). aDd ~otal 
~y laneuY~r witb radial jets oAl, (precessions 
requirea) are sbown 1n t4bles -.J.l.S.3-1, -3, -5 
and -7, rdSpectiyely. 

".3-41 
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Ilev ai-on 

A d~taileQ tlpical coaaand sequence tor each of 
these three types of ~y aaneuyers. vith 
associated telea.try veri£icat1on. startiny vith 
the spacecraft intnnsit and in ecllptic-ILonal 
attitude, is shovn in Tables ~.J.l.S.J-2. -'I, -6 
QDd -8, respectiyely. 

TA~L£ ~.3.1.5.3-1 

S~ACECRl~T ~UN1~~U~A~XOMS lOB A TIPICA~ 
RADIAL a' 4lllEOVER 

This is the saae as fable 4.3.1.4.3-1 ('lJp.i.cal 
Precession ftaneuver) with tbe fo!loving excep~ons: 

1. Pre-aaneuYer stea4y-state cont.i.ljurations for co.a. 
S/;i & bit rate prevail througbout the radialoa' 
aanauver (HG! can ~e .aintained pointed to earth 
station by DC! even in tAe face ot 512 BS pulsing 
of radial jets tor a radial ~') • 

2. Por -Attitude UAt4 Processor - Jet Control - Just 
Prior to Pirst Jet Fire-. replace jet select 
coabinatiuns by: 

(til & il selected) ~ (Ill & li4 selected,. -
vhicheyar ?roduc4!s a thrust vector c.li.rected closer 
to the preyail1n9 SIC Center of Bass (1.e. that 
produces tne s.all4!r aagnitude precession because 
of chanqe in location ot ceuter-of-.ass since 
launch) • 

3. Por "OC;; - Just Prior t.o First Jet. lire - delet.e 
"~has~ Reset Disable-

- -------- -~----------.....-.~--..-~..-~------........ --.----~ .. --~~ .... -

I" ,., 

t .... adieCt· #ts ·h - - • 
.~. ;. h 
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'l'tP'l.CAL aADlAL A.' lI'IIURa SIQUUCB 

This is the 54 •• as Table ~.J.l.4.J-~ (Typical Precession 
aaneuver se~uence) w~th the ·ollowing exceptions: 

1. lepl.at all references to -precttssiOft- bl -radial 
A' .anauyer.-

2. aeplace jet select colIDaations for ll'QJr~ coa.and 
(lDP1 ~~Dfigure - Jet Control) by -(Bl 6 B2 
selected) ~ (h) 6 ti4 selected. M and selection ot 
1~a as pulse width by selection of ~ll as pulse 
width (APULLS teleaetry should read logical 1 
(a 512 as pulse width» • 

J. De~ete ~ll ch4b~as to coa •• SIS & Data ~andliDg 
SIS - operation on BGA. 2046 (or higheat 
supportable) bps rate. B~ .od index select. 6 
Xatr, low power. 

Del.te DCB configu~tt - aod. control - disabling 
of MGl in4se R.s~t. 

Beta~D sCAeUuled sw~tc:noy.r to 6 trUil lCS DAta 
roraat. howeyer • 

..... -~ ....... ----------------~---~.-.~ ..... --.-.-.-.----.-.----~~ .... ., 

.eYlsl~ 
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Matialon 

SPACBCIA" COlrlGUallIOls POI 1 ~IPIC1L 
IIllL ~, 8111U'BI 

r-; ~;-~;-~;;-;:;;:;-;~-;;-;:;~:;:~~;;;;~ -------Precession !aneuwe£) with the fo110.1a9 ezceptioaa: 

1. Pre-aanel1't'er steadJ-state cODfigurat.ioDs for co ••• 
S/S ti Hit aa te Prewail throughout tJae anall:.' 
aant!l1ver (JlGl can b4It aaiataiaad essentiallr polated 
to earth station DJ DeB eyen in tbe face of ~12 as 
pulsing or continuo ... firing of allia! jet Ca, for a.a 
azial ~ Y; hOweyec, DCI Rhase leat slaould be dis
abled to .void BGA pOinting transients 4~ring the 
Jets Firing). 

2. Fur "Attitude Data Processor - Jet Control - .. ast 
prior to first jet f~re-: 

(a) &ep~ace jet ~lect coabinations bJ: 
(A5 2l: 10 2X 11 2E ,Ab & 11) selvcted for 
continuous firin'l' ~ (AS 2[ 16 ~ 11 
selected for pulsi D9 at· ODce per hal f spin 
periods) 2[ C (lb & Al se.l.ectecl for pal.aill9 
at once per spin per~od). 

(b) For continuous fuing: Continaolls fire 
select " tiae COWl t select. 

(c) Por Pulse firiny: Pulse Pire. ~lse Count. 
Pulse width likely S12 .s •• and either nor.al 
(one firing per spin period) or alternate 
_ode (one firing per balf spin period) - a~ 
svl.ectQd. 

3. Por ".lOP Configure - COM4lJldS AfOIl" tarou,ll &f012 
for continuous tire: 

(a) heplace all references to -Jet Countdown- Df 
-Tiae Countdown-. 

", Por ·OCE - i •• ediately after last jet fue- - Add: 
"Phase reset enable.-

------------- ....... ----.... .. -~---.... ----~-.~------ --
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~--~-~ .. ..-..-~--~--------.-.~-.-..----------....-.-. ... ~-.. --..--
~his is tbe saa_ as lable ~.3.1.'.J-2 (typ1cal 
precession aaneuv~r sequence) with the following 
exceptions: 

1. Replace all ref~rfl.lces to ·precession· by ·axial 
~, aalutuwer.· 

2. a.place jet select coabiDations for lTQ,l co •• and 
(AUP1 config8re - Jet Cont.rol) by • (A~ i.E At; 21 
17 !ill (Ii 7 1&) st\l.acted. POl: continuous fire, 
select contin80u& fire & tiae count. 'or pulsed 
fire - as shown, but select 512 .s. pulse width, 
aDU noraal 2X alterDate aode. Listed tele._try 
should 1Ddicate corres~ondin9 to that selected bJ 
coaaand. ' 

3. 'or a CODtinuous E1r1ng: (a) lTQ'~ co •• and (ADP1 
Configure - jet countdowD) aust represent the tiae 
count ~n 0.512 secoDd st.epsi (b) IT~5 co •• and 
(ICS Ingle Delay aagnitude) is oaitted: Cc) the 
on-board duty cycle detector ~ inhibited uur1ng 
cuntinuous tiring & the reference to ·pulse 
loadea into the countuovn circuit- is to bQ 
revl4ced by •••• 0.~12 asec, tiae counts loaded 
into the countdowD circuitM: (d) PLl!TI & PBUSLl 
will both aefinitely show a change in current 
lewel dur~ng a continuous t~ring; Ce) IJIUGC (-lCI 
COQDtdown) wil~ De decreasing by one count per 
0.512 asec. 

" • Delete all changes t.o cuaa SIS & Data Handling SIS 
- ret.ain o~ration on H~A. lO~8 (or hig.est 
8upportabl~) bit rate, Hi !od Index select, & latr 
low-power. ketain scheduled switchover ~o & fro. 
ICS tor.at, howeyer. 

s. lfter t.he post-aaaeuyer issuance of ATU_' & lTQ,8-
ADP 1 configure - PLL spin period •• gnitude - add 
(t.o rest.ore full DCB control): DCIQb - DCi 
configure - aOGe cad (phatoe reset enable). l"SPltS 
8bould then : 1 (enabl~d). 

.. Wi-Ilia, 

! • 
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%AaLB '.J.1.S.l-S 

SP1CBCBllT COlrlGOllfiOiS 101 A fOTAL~' 11I.U1.B 
WlrH lX11L JETS OIL! - (llIlL IOD~ 

-------------..-.-~--------..-.-.-.-.--------------..---- ..... ------~ 
This will consist of a prK ... l.OJl to tIlt)~' at.t1t.u4. 
follOWed by axial jet,.) burn continuouall. follo.e4 by 
precession bac~ to the .tea4), stat.e at.t.itude. SIC Con
figuration chang~s shall confora t.o: 

1. Precession t04V attitude - sa •• as fable ... 3.1 .... 3-1. 
except do not. close lat.ch .al •• Heeled tor ateps 2 & 
J ahead, 

2. Continuous axial jet (8' bun - sa.e AS Table 
... 3.1,~.3-l, except . 

(4) Co... SIS & data hand11.ng SIS SAal1 be saae stat.us 
elurine) the burn as :h)r post preaassion. and 

(b) Do not close latch yalYe~ needed for st.ep 3 ahead. 

u 

3. Precession back to steadJ - stat.e attitude: \ 
Sitae as Tabll ... 3.1 .... 3-1, et.:cept eoa •• SIS & bi.t rate ...... .." 
SVl.tcaoyer l.S in reyecsv order ~. ('ID OIIX. HI 
l!\~ ~WB, 1& bps) 12 (NGI. LOW IITB PII. 20~8 bpS». 

il&LB ~.J.l.5.J-& 

SEU01UICE 1"0R A TO!IL 4 V IlIIEOYER VITti AXIAL JETS 
OM!.! - (IUAL lODE) 

~:--;;~;~~;-~~~;-;;~i;;;:-:-;;;;-;;-;;;i;-;:;:;:;:i:~-I 
(typ4cal preceSSion .aneDyer aequenoe, 

2. Continuous axial jet(s) burn - sa .. a. lor TaDle 
".J.l.~.J-" - except CO ••• Sle & nata Bandliag SIS 
shall be the saae status during the burn as for post
preces~4on (already on PWD Oftll, laTa BL PW.. 6~ II. 
OSlt. & 16 BPS). 

J. Prt:tC8ssion bac~ to steady state attitude: Sa •• as 
~able 4.3.1.~.3-1. except Co ••• SIS & bit rat. svitch
oyer is in reverse order - co.pl •• eaury co .... da 
nt)eciea tor this that are not shown in tbe Table.) 

1 

" 
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SPI.CBcar-r mlr:wourlOiS lOa & '107lL fl. Y IUBU'Bl 
11TB UDIlL .JBrs OILI - (llDllL aoo&) 

~bi& vi1l cODs1st of a prec .. aioD to the fl.' attitude 
f ollov_ bJ ra41al jet (s) burD iApulsecl a04e, folloveel 
bJ precessioD back to the steaelJ st.te att.itud.. SIC 
Configuration chaages saall cODfor. to: 

1. PrecessiOD tOAY attituGe - saa •• s Table ~.3.1._.3-1, 
except do Dot close l.tca valv.s Deeded for »tepa 2 & 
3 ahead. 

2. PulSed aadial jet (a) Dum - saa •• s 'fabl~ _ .3.1.5.3-1, 
except 

(a) C~a. SIS & d.ta Dandling SIS .bAlI b ••••• status 
during the burD aa for post pnCBsai.oa, and 

(b) Do not close latch valves needed for ~ep 3 ahead. 

3. P recession back to ste.dJ - state a ttitacl.: 
Sa .. as Table _.3.1._.3-1, except co. •• ~IS & bit rat. 
svitcho •• r is in re.ers. 01'4.1' ~. (riD 0111, HI 
IITR PIS, 1b Dpti) 12 (dGl, LOW XITI PIB, 20_8 bps.). 

TAiL& ~.3.1.S.J-8 

SEQUEMCE rOd A 'fOTAL fl.' IAIIOYB8 IITd RADIAL JITS 
UILJ - (&ADIAL 10DI) 

--~-----...-........ ----~ .. -~-.-~ .. ----.-....~--~--... 
1. P rec6lssioD to.fl.' at.t.ituGe - sa. as Table" .3.1.4.3-2 

(tJP~cal precession .aneoyer sequeDce) 

2. PulSed Badial jet (8) Dum - sa •• as for table 
4.J.1.S.l-2 - except. CO_. SIC' Da ta Handling SIS 
Shall De the saaa status daring tae burn as for. 
post-pr~~saion (alreao! OD rID oall, 11TI B1 ~'R, 
b4 s. DS., & 1b BPS). 

3. P recession back to steady state attit.ude: Sa.e a. 
Table 4.3.1._.3-1. except Co ••• SIS & bit rat. swit.ch
o Y8l' 18 io l' eyers. orQ~r - coaple ... arl co .. a.Gs 
needed for t.his thdt are not abowD in tbe table.) 

•• wlsion 

"~"""~~==~---~---·---.. --~--==~--__ -_-_--~··t~.~*mt __ ~'~h_Ch ... r __ .~ __ ~t_O_tt ________________________ ~~ 
- 'Crt.", &; ...... ~ 
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4.l.1.6 SPA' Mttt Cht.,. 1.4 Ir11 "lillIE. 

4 .3 ,1.6 • 1 ~DiA II t. ClaMSIl la"pI'A' S pia ell_g. 
a.R.a •• ra are loat •• pedi.atlr 40D. bf f1riD, 
radial tDrutera coatiaaoual,. 80 .... r. til. 1800 
DaR9-bID9 1& pr.f.rred dartD9 BQ& op.ra~oD 1D 
ord.r to 1il1t apt. apeea rat. of chang. a.4 
iDsgr. coatiaQo". poutiD9, , iriRCJ a pair of 
SpiDGp or d.ap1D tDrGat.~ r4t"r tala a al8,l. 
tbrgst~r ia al •• ,. pr.t.rred iD eith.r cODtiDGOG. 
or pulse lod., iD ord.r to aiail1z. attitud. aad 
velocitJ p.rturDat~~D •• 

Q.l.1.&.~ !pigue Zlcti;. fQE a S~il Ilil CbllQl 

4 .J .1.6 .~.1 llplelsatlYOI of A SpiD 1u.L£iuu. Ta. CADt 
aagles ot tb. spi.A-up tAnat.rs pair (11 lad 

iJ) Ind spiDdoWD tarustera pair (82 &ad R4) OD 
the Orbiter are s1i9bt1y diff.EeDt ,.'.020 an4 -
~.'bO, r.sp.cti •• l,) so .. to IaSQlt iD I s.all 
precessioD about the preceaa10a IXU at & 
3~~OJO', ADd a s.a~l A' toward the -z 111a. 
USiD9 IDJ &1n~l. th£uster for SP1D rat. ebaDqe 
vill r.sult in a llr~.r prace.Mion aDu an 
aceoapi oJ inCJ larCJ' ~ axia 1 A V t bat that obt.ained 
by use of the appropriate pair. 

The coa"Dd resolati~D 1.01: a spin rIte cblnge, 
giYeD th. seDSiti.1ti~s abova iD Tlbl. ~.J.l.3-3, 
and 0.512 secon" for tile L!iB iD tbe IDP Confi9ure 
9ulntitlti,e co •• and for coutinuous tiring a04e 
(lTQ'~ or jTQ~D), ranges fro. U.09d RP8/0.512 
~. ~ 0.0&1 if!/O.~ll sec. !oc a radial j.t 
pair, and troa O.O~b ii!IO.512 sec. to 0.0301 
hP!/O.512 see. for a Single radial jet. Pulsed 
fir1ng fro. a SiDCJ1. jet oa-orbit ha. a 
resolution ot u.OS KPB/pulse. 

~.J .1.6 .~.~ SpiA MIt.' Chuq, '''M.t.rl gd Uqorit.hU" 
Par&a~ters tbat are siqaificaat for a spin rate 

cb~Dge are sbowD iD !able ~.l.1.l-2. ~De~ first. 
order effect aDd a~goritaaic relationship are 
sbuvn in Pigur. ~.~.1.6.2.2-1. 

4 .3.1.6 .~.l ij,at{1;t.iou. Beyond the gell8ral restrictions 
cited in Section 4.J.l.3. r.strictioaa UDique 

u 

I 
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to a .piA rat. cbaa9' iaclad. tao •• d .. crio.4 iD 
S.~ioD 3.3.2.3.5 aD4 3.3.3.5 ~at aEe ••••• rill 
nported D.r. for '.p.uta: (1: the 1lJ. loa of 
.lock d.t.ctioD .bo"ld be 4uulecJ _capt for .pia 
tri.. wi.thill til. PLL •• 1ected apia rug •• lace 
lA. PLL caDDot traCk 1ar9' .piD .p .. 4 cbaD~'., 
aad will t.r.iaat. th. apiD ~"9' Baa.av.r if 
10 •• of lock 1& 4.tAlcte4 (2) t .... u gat. Moald 
1M! d~sabled, •• c.pt for apia trua withiD tile PLL 
sa1.ct.d apin raDg. .iac. tb. apiD peri04 i. 
daaDg1.Dg, aDd aa .a.bled sqa gat • .oal4 tru.f.r 
the so to tJt. saa14t.d SU atter two 
COD •• culiv •• i ... d .u pal.... & disabled .aD 
g4tQ also .110W8 aor .. 1 .all acquiaitloD. (fa, 1a 
ord.r to .&iDtaiD ta. BaA bor.a1gat aai. 
approxi.atell poiDt.d to aDS •• tatioD 4ar189 a 
apiD dpeed cllaag" tb •• aa!au. firiag dutl clcl. 
pera~aaiole 1S ta4t obtaiDed Y14 a .. of two 128 
as pu!s •• p.r revolutioD. 

".3.1.6.3 1jyucal ki •• IDd $t9aMB apO ttl'.lSn 
Y.r~f~s:.tiRP. laitial ~AO cbaaged spacecraft 
coDfigaratioD for a tlPica1 128 .. pulsed .piD 
cbaDge .aD.av.r (like1, a .pia tria, witbia tile 
RLL s.lected .p1D raag. are .bOWD ~ Table 
4.1.1.6.J-1. 1 correapoDdiaq d.tailed aequ.ac. 
ot co •• a.ds aaG tel ... trl veriticatiOD ia .bOWD 
~a Table 4.3.1.6.l-2. 

lDiti41 aad CbaDged spacecraft coa1198ratioa8 tor 
a tJPical coDtia.,OU or S12 •• pal.eO (or 1ltt •• 
pulaed to prudac~ fiDal apia rate outside of the 
initi.l PLL selected apia raage) spiD chAng. 
aaDeuver are abowD ia ~aDl. ~.1.1.6.1-J. 1 
col:responding d.t.a11e4 sequ.DC' of cO •• ADds ADd 
tel~.etrJ weriiication ia ShOWD ia Table 
... 1.1.6.J ..... 

de _ . 
_ ..... 'li0ii* ........ __ ....... .-__ ... _ ... _ ....... __ ... :-.. ... _. _4 « 
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SPIC~CalPT C~"lGUIITIO'S POI 1 ~IPIC1L 138 as. 
POLS!D 5'11 ClllGI 81.IU'.1 eLlllLV 1 5.11 ,all) 

IIrKl. fal 51LICIID .LL S.11 11 •• 1 

1hia .1.8 t.h. sa •• ali TaDle .... 1.1.11.3-1 ('fpical .rec:esai08 
IS& neu,er) with tae follollin9 exception.: 

1. Pr.-aln.~'.r steadf .tat. c08f!4aratiOaa tor co ••• SIS 
and D.1.t rat~ pre.ail taroagAout the .,18 tria a&Deo.er 
(HGI can ~ •• aiDu1aec1 p~illt .. 4 to .. rtA •• t1o .. bf DC! 
.'.A in tbe face of 128 as pal sing oace ~ t"ice per 
apin p.riod of r.dial jeta for a apia tra - refer to 
Section 3.3.3.. Bo"e,er, DCB caatiqan - a04e coatrol 
- phase nut ahould b. cU.aaDle4 to Iyo14 IIGI poiDtiag 
tranai.nta dur~Ag tae jeta f1ria9s. 

~. 'or -.ttitaaa uat4 proce .. or - jet caatrol - ja8t prior 
t.e firat j.t tire- replace jet .elect coalai.AaUoD8 bJ: 
k1 ~ M2 2E k3 2E .~ ~ (.1 6 13) al (12 6 a_) 
selectecl. 

3. If tha ezpected tiD41 apiD rat. } S oat.ide the pre
a4DdUw.r 8t. .. 4J atate .. lected .p1a EaDge for -IDP 804e 
Select-, t.eD the aaaeOYer 4e.cribed ill ~abl .. 
~.3.1.6.3-3 a .. 4 4.3.1.0.3-4 shoal4 be followed. 

'I. lor -11)1» Conf.1.CJure CO ..... el. IT~II tJaI:OOC)A AT012 - jost 
prior to tirst jet. tir.- - add: PLL 5p1 .. ~i04 
.a~Ditud. - s~t ~o ~zp.c~4 t1p.l apia rate. 

~. ror -ltt.l-tud. DIU Proceuor - Spin late- -

(a, -bet" •• D f.1.rat jet tire and laat jet fire- - a44: 
-chaDCJiaCJ to"ard expecte4 tilaal apia rate.-

'b) -l ••• diatel, after laat j.t tire- - a44: -at 
eapect., l.1.Dal ap1D rate.-

6. lo~ -DC~ - i ••• ~1.~lJ altvr last jet tire- - a44: 
1'b" .. reset ... ble. 

_. 

U 
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l1"lCA~ 5'1» lal! (128 IS POUID - M,,'tBII ~ftl I'LL S.ld.IC1'.ID 
S~lN BAIGE) IA.EOVKI S~OUE'CE 

This is tbe sa •• as labl. ~.l.1.~.l-~ CT)pical Preceas10n 
Mn •• ner Sequanc:e) with tile 10.UowiA9 except1ona: 

1. aeplace all ref.~.uce. to "precession" DJ "spiA trtl 
.ADeuv"r." 

2. lr~" t; ltula (or, equ1Y.lent.ly. lrQ 'I, co_and. ClDPl 
Contiqurv - PLL Spin Period aa9D1tude - IS8. , LS»a) 
~huuld 104d th •• xpected 'AlII apiA pec10d 121 ~a. 
initial spin pwri04. 

J. Be lilac. jet. aelect 00.D1D& tiODS tor &rOJl~ co ••• lIl4 (lDP1 
contiC)ure - lQt. (:ontrol) by "B 1 S .2 2X 13 2E 14 ~ 
(81 & JlJ) ~X (al & .4) alelecte4." 

.... nt-lete all cboDCle. to CO ••• sIS' Da tA H an.Uin9 S/S -
re~~in op.'4tion on H~&, 20~8 (or bi9b.st .upportaDle) 
bps rate. di !OQ. lnu"x sel_ct , latr low po.er. 
Bvtain &ca.4ul~d sWltcnov,,~ to and fro. ACS DAta tor.at 
and dia.bliDg 01 (DCA configure - Sode Cuntrol -) Pba •• 
reset (to .vo~~ 8Gl poiDt1n9 trAnsients 4uriAg the jets 
f1r1n~6), 4ovever. 

~. JQ~t alter t.he post-tlaneuver i •••• nce ot &'nIfT1 & A'tO,a 
(1~~1 cont1gure - PLL Sp.n ~e~i04 fta~nituQe" add: 

RemArk. " Veritic&tion -CMD TM 
Mnemonic Command or Action Mn~momc Remc.rk." TM Data 

ATQ_3SRXX .. ADP 1 Conli&ure - ASUNGS z 1 (SunGate Enable) 

rrq'd;'PLE; ADP Mod«- Select 
SGALl; , '--,c, (,LL LOll of Lock ALOLES PLL LOll of Lock'" 1 

SSRM; REF5UN; enat.led; .un lAte (!!:nabled) 

STN; SUGE; enabled). All other TM • a. 
SRRNRM Leiere. 

DeEQb DCE Conli&l!u - Mode ADSPNS Dupin Pha .. Re .. t 
CMD (Phale Ruet : 1 (Enabled) 
Enable) 

•• Y1.1o& 
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SPiCICB1PT CUIPIGUhAIIOIS POB A rrpLC1~ COIlllaOUS 0& S12 as 
POLSKD COR 128 a~ PULSED THAT B~UIRIS CH1IGB 1M PLL 

SB~EctBD ~PIK 11.GB) - SP11 CBllGE SI.EOVER 

~~-~-~---~~~-----~------------------~~~---~~----~-- . 

ibis is the sale as TaDle ~.l.1.~.3-1 (TJPical Precession 
ftaneuver) vito tae folloMing exceptions: 

1. Por "Attitude Data Processor - Jet Control- - Just 
pr10r to firs~ jet f1re-: 

(a) Beplac~ jet select co.bination by: 
B 1 2&: B2 21: RJ 2.[ B~ 2[ (11 & 1 J) 21: (12 ~ B .. ) 
selected. 

(b, For continuuus firing; CODtinuous fire select & 
t1ae count select. 

Ce) Por pulse firing: As shoMD, bu~ 51l as (or 128 
as) pulse v1ath selectea, as applicable. 

2. POE -lttitcde Data Processor - ADP Bode tielect- -

(a, "Just. prior to tirs t jet tire", ad.d: 

(1) P.LL loss of lock inh1bited. 

(2) Sun gate disanled 

(J) p~ spin ranye - s~lecte4 to encoapass 
expected tinal sp~n rate it it is outside 
of pre-.aneuver steady state selected spin 
ro1nge. 

(u) "Assuaed titeadY-8tate-post aaneuver •• add: 

( 1) PlJ. Ivtis ot lacl enabled. 

(2) Sun gate enabled 

------~~-.... .-..-----------.,--------..--------------.... ---
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TABLE 4.J.l.~.J-J (CoB~inae4) 

3 • 

4. 

5. 

6. 

lor -ADP CoDfigQre Co •• aads lT~ ~hEOU9h ITQ12- _ 
.Jast Prior to Pirst Je~ '~re- - acid: 

PLL Spa peJ:,;'ocl 1la9n~t.de - set to ezpectecl tiDAl. spin 
rate. 

Por -DeE - 1 •• ~diatelJ aLter last jet fire- - a4d: 
-Phase rese~ enable-

Por "IDP Conf~9are - Coaaands A!QJ111 tlaroagh AIg12- -
tOE continQuus fire: 

(a) aeplace all refeEences to 
Countdown-

-Jet Q)untGown- by -riae 

Por -Attitude Da~ Processor - Spin lat.- -

(a) -between fiEst jet tire , lnst jet fire- - ad4: 
-chuging tOVUG expect.ed final spin mu.-

(b) -laaediateif after last jet fire- - add: -At 
ezp~cted fipal. spin rat.-, 

--------.-----------'-' .... --~-----~~-.-~ ----------~~~--
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T~ll.CAL SPlli Ctll.~! (C.OI'1l.IUOUS 08 ~ 12 liS PULSED) 
(Oa 12~ as PULSED lBAl a_QUlhlS CRAIG! 11 PLL 

S~~~CTku SPLI BAIGB, - Sll!Uf&R S!QOBICB 

- -~-- ... -.-.---------... -~~------......~--.-.----.......... .-.--~-~~ 

Tbis is the sa.e as Tabl~ 4.l.1.~.j-2 (r)pical Precession 
ftaneuver S~uenQl) wit.h the tOllOMiag ex~ptioDS: 

1. 8eplacd all reierences to -precess4on- JJ! ·spin change 
aaneuver.-

2. ATOI7 and .TO'~ (or equivalent.l" arQ18) co •• ands (lDPl 
Configure - PLL ~pin ~erioQ aagnitude - aSBs and LSBs) 
Eohoula 1044 tOle eapecteG !Ya). spin per4od, D21 the 
ini tial spin per4od. 

l. 8epuce jet. select. co.binduons for UQ'~ couand (lDPl 
ContiCJu~e - -Jet. Control) by -Ill 2X 82 2X Il ~ III K 
(81 and ~J) 2( (d2 and Il~) selected.- 'or continaoas 
fi~e, ~elect Continuous Fire and Tiae Coun~. Por 
pulsed fire - as shown. but select ~ 12 as or 128 lIS 
pulse w~dth. as applicable; aa~ loraa! 2X Alteraa~e 
1!odt!. Listed t.eleaetrJ should indicate corresponding 
to that selected by Co.aanG. 

4. ~ust before confiquc1DCj downlink for forward o.ni 
usaye, add the 10110wing: 

CMD 
Remarks. yer1flcahon 

Mnemonic Command or Action TM Remarks Ir TM Data Mnemoni.c 

ATOf3: ADP 1 Configure- ASUNQS = 0 (SUD gate disabled 
SRXX as AD'P Mode Select ALOLES PLL L0811 of Lock = 0 required; 

(New spin rate (Inhibited - remains 
PLD; SOAl; 

selected. so throughout the 
5GBl; maneuver). 
SSRM; if expected final spin 
REFSUN; rate ex~eeds present ASPINS PLL spin range -
STN; selectee! PLL spin encompasses expectec 
SUGD; range; PLL loss of lock final spin rate. 
SRANRM. inhibited; Sun Gate All other TM - as 

disabled). shown in Table. 
4.3. 1. 4. 3-Z. 
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lOr 4 continuous l1r1.n..,: (4) A 1'1J'" Co.aluM! tlD" Configure 
- J~t Countdown) aus~ ~pr~~nt th~ ti .. cuunt in O.~l~ 
~~con(l s~ep:i; (b) ATQ'~ Co .. and (AC~ A ogle l)elay 
aagoi~ud~) is o.itteo; (c) Dutb tbe ODbOaro duty cJcle 
detector .lD(l PJ.J. Loss of LocI. ci.rcui t c&re 1nai.b1. ted 
durin~ c~tinuous fir1.ug and tbe refer.ac~ to •••• pula~a 
load~d into tb. couat~own cl.rcuit· is to be repl~ced by 
•••• O,~ lot • sec • \1..e counts loa"ec1 into tile couotclown 
circuit-; (J, PLIITI 4nd PBU$LI v111 botD 4811Ditell abo. 
a cbaRge in ~urr~nt lew.l uuriag 4 contiouous firing; 
(e) lJ"l~~ (JCE countdown) w~ll De decreasing bJ ODe 
count ~er O.~12 asec. 

JUst atter tb~ post-a4n~U\ar l.ssuance of jTO_7 aDO ATU'U, 
lDP1 ~onti~ur~ - PLL SPl.O P~riod aagDi~de. 4dd: 

CMD Remarks (\{ ver'ucauon 

Mnemonic ".I'M 

Mnt'monic Remarks Ie TM Data 

ATQ_3: ADPI Configure> - ASUNGS = I (Sun Gatt' Enable) 
SRXX as ADP Modc:o St'lect 
Requirc:od: (PLL Lou of Lock ALOLES PLL Lou of Lock = I 
PLE;SGAI: cnablc:od; lun gate (Enabled) 

5<.;1\1 ;SSRM: enabltld). All other TM - As 
REFSUN; Before. 
STN;SUGE; 
SR.'.NRM. 

DCEQ6 DCE Confiaurr. - Mode ADSPNS Despin Phase Reset = I 
(Phase Reset Enable) (Enabled) 

HGA SnOUIQ aespm to 
stationary inertial ref-
erence orientation. 

Transit'r of comm. link 
from fwd omni back to 
the HGA may be done 
after assurance that HGA . 
A7. &i1d EL position' 
are acceptable for the 
post-maneuver attitude. 
(Attitude determination 
is made ahead). 

le,ision 
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4.3.2.2 

Al.t.itud e peterll.D4tism. At.titGde deter.ination 
strategy Bud tactics are described below. 1 
discussion of attitude est~.ation. the overall 
aission tiaelin~ and the tlpica~ cOIaand sequence 
vith ~~rr~sp~nding teleaetry verification are 
includea. 

General 2escriptioQ. Att.itude deteraination 
includes all data collecting aDd Qata processing 
necessary to ~stanlisb the spaoecratt attitude 
(direc~ion of the angular aoaentua vector) v.r.t. 
~nertial (tixe4) cooraiuates in thEee-diaensional 
space. rhe spacecIaft attitude is deteraiaed as 
pr~cisely as pract~caL in order to (1) insure 
optiaaa t~ast vector or1entation for t.he 
hydra~n~ tbrusters. and, 80re iaportaDtly. for 
the Y~nus Orbit Insertion aaneuyer and (2) 
acnieve satisfactory point1ng of the HGA and 
scientitic instruaents. 

Attitude Qateraination aay be done (1) in a 
-quicA-loOk- aanner. 1.e., vith a tew saaples of 
data to estabL~sb approxiaately tbat a desired 
attitude prevails, or (l) in a "retined- aanner, 
vbere nuaerous saaples of data froa various 
spatial sources are £tatistically processed vith 
estiadtes of sen~ors biases in order to achieve 
an accuracy of 0.5 0 or hetter. The ·ref~ned· 
approach seeks to aini.ize rando. errors by 
appropriate data averagicg; and to ainiai&e 
syste.at~c errors (i.e., biases) by 
qUdDtitatively identifying tbeir up-to-dat~ 
values. Tne nia$es aay change due to several 
causes such CiS theraal effect OIl aechanica 1. 
all~n.ent, tuel-dapletion effect on 2as~ 
properti~s, and change-in-spacecraft-location 
etfect on intensity of, and angle sUbteoded bJ 
the spatial reierence(s) (such as the sun or 
ecul.h) • 

~tr4te9J. A genar41 description and the use 01 
two or aore spatia~ references are describad 
belov .. 

. \ 
~, 
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.. .3 .2.2 • t §epaol. strauCJY i& the basic plaa. 

Specific atrateqy for -quick-look- attitude 
detet:"iaation consists e .. aUally of (1) 
collectiag a fev a .. plea of 4ata of two spatial 
references, (2) defining the approziaate spatial 
positioa of the spacecraft aad aagles betveen 
liDes ot sigbt to the two spatial refereBces, aad 
(3) processiDg the data aiDiaally by oB-liae 
co.put.er or graphical aids to deter.iDe tea. 
approxiaate spacecraft attitude. 

Specific strategy for -refiDed - at.tit.ude 
deteraiBation cODSiat.& essentiallJ of (1) 
mU.ctinCj aaa, successiwe saaples of data of 
liaeH~f-sight to at least tvo and preferablJ 
three or aore poiDt-sourca spatial references, 
(2) defiaiag the accurate spatial position of the 
spacecraft, the angles betveea liDes~f-si9ht to 
all spatial rE'fereaces, aad up-to-date est.iltatea 
of biases to be eliai.llatecl froa the tel.aet.red 
data, aad (3) statistically proce&slaC) the data 
yia o1£-1ine cu.put.er to deteraiae the spacecraft 
attitude as accurately as practical. (The 
req~ired accuracy does yarJ v~tb aissioa events, 
e.g., TeSs, orbit insert~n, on-orbit operation). 

4.3.2.2.2 Ose 0' t,o 0, lore Spatial lefereaell. 
COllectioa of data on the liDe-of-sight to tvo or 
aore spat.1.al references is suf.ficient to define 
spacecraft attitude in inertial (fixed) 
coordinates. 

The accuracJ of the results is generally 
coaaeDSurate vith the Duabers of spatial 
references beyoad tvo that are used, the aaouat 
of data collecud ilIld processed to ain1.1ze the 
r.lndoa errors, aDd the accuracy of ealiaation of 
the systeaatic errors. AddltiODally, the 
accurac1 w1.ll be degraded vhea lines~f-si9ht to 
spatial references axe Deer1J oolinear aach that 
.. asure.eats b~coae redundant. 

lhe effect of raDdoa errors can be aiDiaized by 
appropriate statistical ayeraging, hence tbe Deed 
tor collection of aaDY successive sa.ples of 

1 
I 
1 

I 
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4.3-58 

data. tbe s,st.eaat1.c errors iacla4e 
cont~ibutioaa bJ: . 

ta) orbit or trajectorJ deteraiDatioa 
erro~s aad taeir effect oa choosiag tbe 
correct epheaaria data. 

tb) rbe aagle suotaaded bf tbe spatial 
retereace, such as the sua. 1 point 
source sucll as a star is inherentl, a 
aore acc~&te spatial ret.~enee thaa 
the sua. 

(C) lecban1c41 alignaents aad elect~ical 
boresig.t aligaaeats of sensors, and 
the .ffect of taeraaJ. distortioll UPOIl 
thea. 

(d) Sensor calibration uacertainty. 
(e) Wariatio... ia seasor threshold 

detection. 
(f) Spacecraft wobDle. 

lepreseat.ative yalaes for 'these coatributors, 
ezcludinCj the eftect of itea (a) aboYe, are sbown 
in Table ~.3.2.2-1. 

TaSiS. A geaeral description, a t.tit.ude sensors 
and data types, attitude deteraiaatioa, attitude 
estiaation, sua aad stars ayailabilitJ duriag tbe 
i&..."aiDal a18sioD, clDel aD oyerall aissiOD tiaeUae 
for attitude det.raiaatiOD/.st~atioD are 
describe4 aheael. 

GeptrY. 'lactics consist of tile specific 
apl.aeatation of the strategy, unique to the 
spacecraft a_igD aDel to tbe point. in tbe 
ai8sioa. 

The preferred aethad for deteraiaiag spacee~aft 
att1tude, 9ia ase of sua-to-star(s) roll aagle 
aad aspect aagle aeasareaenta, is faaetioaall, 
inelepeadeat of the poiat in t.he ai881oa, but the 
caoiee ot stars varias duriag tile aisaioa, as 
described ill Sectioa 3.0 and a bead. Purther, tbe 
accuracy of Gdteraiaation vill Yar, during the 
ai8B1on tor reasons al~ead! cited in Seetioa 
4.3.l.2.l. 

u __ .. .-. .......... ._=.-

u 

; < 

! , 
I 



t 
\ 
f; 

.'jt""....-.I'""'" .-- - ..... ~ ..... r .... ,'- .. ' .... : .. '!.'!_,IIII! .. ;~ .. ![I~. SIIISII=_;;".'-'o ·0 '!'I:, t¥1tII""'"'A,II!IJ. _.4.1!I!!!::!!"J:r=!5~}!I!!QA!!4~=0='-==::';':0 -::.-:,-::-=Y:.:·-:::-:::=e:!iffl!!'.!l;._!I!II~.AII!!!,"'''''' ...... 11;""".,... .... .,...,.,. ,,,,,:!:::::::.;.o..;;;_o;;,.o ";';.;:~::;,;o_.::.._.:::."'=' =:::;:' t:::;:a;:p;;;t __ .. ~ 

Sectioa 10. _ '.3,2,l,1 
Doc, lio. -lC:-=!_O .. 2 _____ ~~ 
Ori9' 1 ..... Date 2/2108 
i8YiaiOJl 10. 

TABLE 4.3.2.2-1 

REPRESENTATIVE VALUES FOR ATTITUDE DETERMINATION 
ERROR CONTRIBUTIONS (EXCLUDES TRAJECTORY ERRORS) 

Via 1/1 - 1/12 Via 1/1 to 1/1. or 1/12* 

Bias Error Source 
Measurement: Measurement: 

Midrange Extended Range Midrange Extended Range 
(De&') (Del) (Del) (Del) 

Sensor Alignment Uncertainty 0.009 0.027 0.061 0.071 

sic structural DeformaUon 0.086 0.268 0.171 0.400 

CallbraUon Uncertainty 0.105 0.255 0.085 0.135 

Leading Edge Uncertainty 0.1 0.1 0.244 0.331 
(Note 1) 

Threshold Detection Error 0.052 0.052 0.037 0.037 

Spacecraft Wobble (0.20 ) 0.140 0.535 0.176 0.754 -- -- - --
l:RSS 0.255 0.661 0.363 0.929 

Random Errors 

Jitter (All Sources) 0.148 0.148 0.376 0.387 

Nutation (0. 10 ) 0.070 0.268 0.088 0.377 - -- - --
l:RSS 0.164 0.306 0.387 0.540 

-- -- -- -
Total Error (Bias + Random) 0.389 0.967 0.750 1.469 

-- - -- -
Note 1: Assumes compensation for sun size variation per Figure 3.3.2.1-5 at Earth and Venus. 
Note 2: Worst case values are assumed for all components determined for the followtng separate 

conditions (AD)' system cODdltlon would produce less values, since some of the separate 
conditions cannot occur simultaneously): 

• • 
• • 

Sun Is at edge of FOV of each sensor. 
5 RPM for jitter determlnaUon. 
50 RPM for fixed time errors (I. e •• biases plus random errors). 
Maximum wobble and nutatlon angle as speclfled In PC-410. 

...iaioa 1 
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Spacecraft. att.it.ude seuars aDa 4ata t.ypes, 
at.t1t.Ude det.era~n.LiOD, at.t.~~ade est.1.atioD. 
ayaiiabilit.y of spatial reter.ac~ during the 
a1&&1oo. 4ad oven ie. b. •• liae. are aescribe" 
aheiut. 

4.~.2.J.~ ltti\14. Seniors AR~ 8ala rlpl'. 7he att.itude 
coat.rol »uU5yst.ea Uti8S SUD 4nQ star sensors ~o 
e1tect. attit.wie aDQ s~u rat.e aeasur .. eDt.s. 14cb 
~DSor 8as a vert.ical aDU a caDted slit; , aDd '2. 
for ~ae sun St:tD» or • !. 41lCl 'f,2 * for t.... st.ar 
_UOI:. lal oae oj: the t. ,., or '2* slits caD 
be usea as aa aziaathal ~~dren~e (Saa-selected 
roll reter~Dce) for tbe purpose of a4king 
aziaut.hai aDgie .eaaare.eat.s (y~a t.el •• ~t.rl ot 
t.i.e int.ervals b~t.wee. occurrences). to '2' 4nd ~o 
an) ~tar, ADcluQiDg the refereDce st.ar. usiDg t.e 
,. or V2* sii~. rhe gao.et.ry ox at.~itade aensor 
aeasureadnts is su .. arizea in ri~ure _.3.2.3-1. 
lurtaer ~esc,~pt.ioa OL t.ae ~UD aDd star sen»ors 
is d~t.ai~eQ ~ Seet.ion j.3. 

The pri.acy ana secondary data types ~aploJea in 
tAe 4t.t.~t.UQe 4etera~na~10D P£OC8SS 4£¥ aiso ~OWD 
iD Figure ".3.2.3-1. 'j'ne t.hree priauy dat.a 
t.lpes aCd SUD aspect angie (VV 2) , suD-to-st.ar 
roll angle w~t.b toe gert.~ca~ st.ar slit (V2*)' ~Dd 
sun-t.o-st.ar roll an9ie vi~A.th~ caat.dd st.ar slit. 
(VV2*). Tue ~cs a.chaa~zat.ion also per.its 
di£ect. aeasuceaeat.s ot star aspect 4891• ('*'2.)' 
star-tu-star roil aDgie with tae .~r~ica! star 
sli~ CV*(l) v*(2). s~ar-to-s~ar rull aagle with 
the C41lt.dC1 sl~t. n 2* (1) 'f.2* (2) ), aDd star-to-star 
roll dngle vit.h the Yertic4l and CADtad star 
slit.s CV*,l) ~2*(~). these lat.ter tOGr data 
t.ypes caD also be Qer~9ea fro. tae taree priaarl 
dat.4 t.) lies. 

there are ~wo kinGS ot er£ors associat.ed wit.a 
edcn dat.d t.lpe: ranooa aDd bias. lae raDGOa 
ouapoQeat is causeG 0) threshoid j1t.ter, pQlse
to-pu!se litter, rQ8iaua~ spacecraft nutation aDQ 
CJuantization ettec:ts. fae bias cu.poaeat is 
caus~ ~f ~eao~n~ ~ye dDd tAresaold uDcer~aiDtJ, 
seasur ai¥aI1gDaeAt.. calibration UDcerta~Dt.J and 
spa~d'ratt wobDle. 111 error sources ~zcept the 
lea4~n9 eGge Gad ~hretiao14 uDcert.A4DtJ geDerate a 
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bias wlaic" is a fUDct:ion of tile aun and star 
aspect angle.. lIoweyer, t:Jae effect. of all tbe .. 
error sources on the bias of aD, data tJpe caD be 
obt&ioed froa errors l.D the pairs of angle. tJaat 
define the orientations of all senS\ir slits. ID 
othvr worc1s, i~ each slit is representec1 bJ an 
aziautb angle (oefl.ned bJ the iDtersectioD of tbe 
~lit ~ith the actual SpiD plane) and a caat aogle 
(defiDed bJ rotation about. this liDe of 
iDtersectioD), theD errors ~D these two angles 
for each slit iDYolyed in the ~asure.ent of anJ 
data type can alwaJs be aade equivalent to aDJ of 
tae error sources Doted above. 

".3 .2.3.3 lttit\Mie ptt.rliAlti.op. Attitude deteraination, 
asicle fro. estiaatioD o~ attitu4e errors 
(discussed ab~ad), eaploys three scheaes that are 
shown iD ~able ~.j.2.3-1, aloDg with associated 
data types, required sensors, and .iniau. oaaber 
of required wisiDle st4rs aDd asasureaeDts. 
AdvaDtages aDO Qisadwantages associated with each 
scht!le are shown iDlable 4.3.2.3-2. 

4.3.l.3.4 Attitgd' litil.tiop. The Deed tor bias 
esti.ation is based on the followia9 essential 
consideratioDs: 

(a) 

(b) 

(c) 

(ei) 

Melative aziautla bias in the spin plane 
between two slits distorts 
aeasureatants • 
kelative cant bias with respect to spin 
plaD~ between two slits distorts 
aeas urea ~D t.s • 
ielative aziau~ and cant betweeD those 
slits .. ployed in the a.asure •• Dt 
proc~ss aust be estiaated to eliainate 
aDY out-ot-spec attitude error due to 
sellSor biases. 
~UD sensor requires estiaatioD at two 
cliffer8llt attitucles to distiDguish 
betweeD the relative azi.uth and CADt 
biases 01. the , an4 '2 slits. 

"y1s100' 
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SCIIDtE 

(!J DUAL SLIT: SUN AHCLE 

+ STAk ANGLE 

o SINGLE SLIT: SUN ANGLE 

+ SUN TO STAR ROLL 

A.~t;LE WITH ONE STAll 

SENSOR SLIr 

G) MAPPING: 'NO SPIN 

ANGLES BETWEEN 

nlRrE TARCETS 

TABLE 4.3.2.3-1 

EASIC SCHEMES FOR ATTITUDE DETERMINATION 

DATA TYPES 

.. * "2' , (1)'2 (1) 

* "2' " (1) OR 

"/(1) 

* * ff (1), " (J) OR 

* * "2 (1), "2 (J) 

SENSORS 
REQUIRED 

.. 
SUN,' SLIT, 

* '2 SLIT 

.. 
SUN,' SLIT 

OR '2* SLIT 

SUN SIIBOR, 

ONE STAI SLIT 

HINlJt\IIl 
NO. OF VISIBLE 
STARS REQUIRED 

1 

1 

2 

- - - .DL - ____ • -I _ - - _ ,.PI!; - ___ .i _ _ _ _ _ _ _ _ 
* * Y' (1)' (J) 

OR 
.. * 

'2 (1)'2 (j) 

____ 91.. ______ _ 

* * , (1)'2 (J) 

ONI STAR SINSOR 
SLIT 

c:m -------

; 

two STM SINSOR 

SLITS 

--

3 

-... "~ . .-... ........ _..,. " ... .. "J...,;~ .. "" ........ ~-------------------------

HINDUI IIlItIER or 
KEASUREHENTS RlQUIUD 
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TABLE 4.3.2.3-2 

&U:LATIVE MElC.lTS OF ATTITUDE DETEllMlNAT10N SCHEMES 

ADVAIITACIS 

• USES SUN ANGLE 

• REQUIRES ONE STAR 

• GOOD ACCURACY POR 
STAR/SUR RELATIVE 
LONGITUDE > 300 

• USES SUR ANGLE 

• USES SUN AS ROLL 
REFERENCE 

• REQUIRES ONE STAR 

• REQUIRES ONE STM 
SENSOR SLIT 

• GOOD ACctItACY FOR 
STAR OPPOSITE SUR 

• CAM USE SOH AS 
ROLL UFIUlCE 

. • CAlI USE 01lE STAll 
SENSe. SLIT 

• THREE TARGETS RELAX 
ACCURACY DEft1G\DCI 
ON IlELATIVK LONGItUDE 
BE'lVEEN TARGETS 

DISADVd'fAGIS 

• \USCEPTIB~ .:l~US IRJORS AT LOW sn AlIGtIS w.r.t+ a· 
• USES STAR AS R IlEFERDCE -

• REQUIRES 10TH STAR SEICSOR SLITS 

• J:IOOIl ACCURACY POll STAR OPPOSItE SUII 

• fUSCEPT1B!f TO ~ EIRORS AT tow ,u. AII:tI w. r.t. + &de . 
• POOR ACC~ POI STAR/SUII ULUlft 

LONGITt.'DE 60 'I') 120° 

. 

• UQUIUS AT UA!T 'ftI) S'l'AIS 

• UQUIUS CATDC 01 AT LlAST 'NO lUIS . 

• !WO OR .. E STAIS MUST SArIS" 
IllTERFEUIICI C1UT'DIA 
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leU.on 10. ',3.a.3.' 
Dgc. 10. _ ... pc~"' ..... 05l2 ..... _~_ 
oa.,. , .... D.te 2128'21 •• 1810a 10. ____ _ 

•• 18ioll 

1'b. Ileed to" .bia ••• ti •• Uoa i. Ula.U.te4 
guutitat1yel, ill pigan ... 3.2.3-2. ..,.dl._ 
of taae Me ...... plolecl •• ttitade det.n1 •• Uoll 
uill9 t.l ••• trl .1 •• i •• ot .aific:i •• t to reelae. 
the error ill .piA a.ia .ttitud. to the O.S. 0" 
leas "CiUJuu ••• nt of fC-4tO (ief.".ac.: sec:t1oll 
1.5.11). Dat.a s.GOt.b1Ag aad .. U •• t.iaD of I)i •••• 
vill "e.~t ill • I ... tlau O.SO .rror ill att.itud. 
for the 4pp"op"~.te g.oaet"l. 

The .PP"OAch tat.1l in the -".tiaed- attitad. 
deterain.tion proc ... 18 to e.tl •• te .ttitade 
errors (.bi •••• ) iD tAO.. pair. of .ngl.. ~at 
d.fia. alit ori.ntatioa.. 'hi~ tJae 1)1&. 
co.ponellt of th. d.ta type. i. Dot •• ti.at.d 
<liz.cU,. the •• u of the r •• idual •. (ol)"ryed 
.in •• co.puted 4ata) is ••••• ur. of how good the 
eati •• tion i.. rae at~ta4 •• ati.attoll algoritAa 
us.a tbia .pproach. 

rour baaic attit.d. eati.ation .ch ..... 4.fill.d 
by vAich d.ta type. ar. ..plgre4 w1ta t~ 

u 

•• U •• tor, can b. 1.4elltifie4: 'lb. "ria.rl ache.. t 
(Scla ... 1) aa.a aan a.,.ct .agle .D4 .aa-to-atar ... 

----~~-

xoU aD91 •• v1t.A tvo atar .... 01' aliu; til. 
secoDd.rJ ache.. ,SCh... 2) a... .all •• p.ct •• gl. 
ADd .a.-tO-.~4r roll aDglea vita olle atar •• naor 
slit. 

1 an •• arJ of tbe y.r16 .. a .t.titud ... t~.tiOD 
&ch .... , their da~a t.ype., DU.be" of l'e,aired 
.... ure •• nts (to ... t til. O.S deCjr .. attit.ud. 
deteraiaation accuracy) and .. ti. •• ~d b1a ... i. 
pre.ent.d iD fa!)le ".1.2.3-3. ldyaatag •• alld 
4iaa4yaDt.~ •• associated vit~ each sea ••• are 
.aOVQ ia table '.3.l.3-4. lote tbat v~11. the 
fUHt .cae •• r8C)airea the gr .... at •• Mr of 
.... are •• Dts, it 41.0 re,ai"" tao f.veat noab.r 
of y1.io1.- aU"a J thr... lote alao tbat tb. 
rela tiYe bi. .... ,"'~.~i.at.<l usiag Sell... 1 !llc184e 
or CAD be aaad to deUa. tlto .. aaao:i.t.e4 vitJa 
sc:b .... 2 aDd 1, aDd approu •• to tAO&e a.aoc1at.e4 
wit.h Sc:b ••• ". decau. of t~._ r.Iatiye 
.ayant.g •• , Sc.... 1 caD be eoasidered the 
oaMli.Jl. ty .... of .ttitWS ••• ti_tioa. Sc~ ... 3 
also ~.p1oy. botb star •• 11801' .1it. aDa r.,.ire. 
tour .... u ... Dta; tb. latter a4 •• Dt.&ge is offset 
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_____ d ______ ~ __ ~_ 

~ __ _ ~~ ~ •.. ~ ___ ~~~.._.oII.L.o __ . ___ '" -

, 
I 
1 
J 

I 
1 



t 
• 

L 

( 

.:t w .. , ? .W 

sectioa 10. .,1,2.3.' 
Doc. '0. ,C:!02 
Or1g. I .... DaU law ... 1a108 10. _____ _ 

bJ til. reCJa1nent for IOU" Y1ai.ble .ur ••• el 
.44.4 c~pl.a1tr of aaing •• t.r •• tb •• e1ected 
roll refeNDC8. SeA ••• 2 n'l.1re •••• 441t1oD.1 
wl.al.Dl. at.r (r.laUw. to sell •• 1! to coap .... t. 
for tbe u •• of oDlJ ODe .t.r .... or alit. S~ ••• 
1& r"(juir.a tb. f ... t .... ur ... eat. aDU onlr OD. 
a11t; laowo,.r. four W1.1bl •• tars .re r"qu1re4 
aDd tb. ~.v.r •••• ur ... nta r.lat1w. to Sell ••• 2 
is ofta~t bJ tae aa4.a coapl.aitJ of uaiAg a .t.r 
aa t.b. selected EOl1 r.f.reDC». seta.e. 1 aa4 2 
bawe bd.A ea •• 1n"d 1D d.tail witb r •• pect to tb. 
Pio ••• r 'eDu •• iaaioD profUe becau •• (1) sela ••• 
1 •••• nt1..11J sol,.. for .11 ta. oba.rYa~l. 
»1a_a "itb t .... f .. ".at n_ber of .taa; (i1) botla 
acla ....... ploJ tb. SUD ....... ilJ o.t.ctabl • 
.. l.cted roll ref.rence, i •••• a.oid1Dg a .t.r 
roil r.far.Ac. bJ u.l.D~ AA iDcraa.ed .aaber of 
~a.ure."Dta. (iii) -Colpl.t.- bi .... ti •• tion 
need Dot bv done cont.l.nuoualJ. oDl, periodicallJ 
to account tor drift aDd .a.a vrop.rti •• cha.gea; 
aDd (i.) unlJ on. atar and on. star sl1.t ia 
requ.£.red to oaun. at.titQoa at tar eada ~14a 
-updat.e-. 

".3 .2.J.~ SMP A.IAluilis.x..,Rgrip.a th. Moau1.1y.iop. POl' 
near!J .11 01 tba no.inal .ia.ion. tb. aun liDe
of-ai~ht "til re.liD •• 11 .ithia tbe .UD ~.naor.' 
f1alels-ot-wi.v. fa. perl.od of t.11e wheD tbe aUn 
1.0 ••••• J fall outside tAe aemMors' fi.148-o1-
9l.." Degins i ••• 4iately .fter launch and 
auto.atl.C apacecra't .pinup to a Do.iDal 6.~ rpa. 
At tbat ti.~, the ayerag. san look-an9le •• , ~e 
aDJvh.re betwv .. a ~20 to &00 (I.fvr to Sections 
4.1.1.1 aDd ~.1.1.~). bat additionally. it a.J be 
pa .. iD~ out tAe operat.iD9 .ensat" 1ie14-o1-.ie. 
fur part of .acb spin period ~u. to • poa~-.pinap 
sun luok 4D~le .,aeiatioD 01 19 0 aaaia.... la9. 
1)001 d.p~U"4Ult .a, iDcr_58 this YariatioD to 
Juo laai..... IDcr .. ainq tb" ~,.cecraft spiA rate 
Dy _ a tactor ot J ,~ 1~ rp.) vill re4ace ~. 
nutat.iOD DJ • tactor 01 3. aDd reduce tbe 
nutatioe dalper tiM cUDlitut to <JO .1aut.s. 
UDce the nutat.10D uaaper haa p.rlor.eel it.. 
tUDction. aDd tbe spacecraft apin a.i. baa b .. D 
preeess.d to tbe no.iaa! cnia8 attitude ot beiDg 
DOraa1 to the ecll.ptic plaDe. th. SUD 1.0.s. 18 
e&peeted to r •• lin ".11 wit biD tbe aDD s.Daor'. 
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Slrn I. ~:GLE + SUN-TO-
STAR ROLL ANCLES 
\Hnl 11-'0 STAR SEN-
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~~;. Ar:CLE + SUN-TO-
STAR ROLL ANCLES 
tll T II 0:; £ STAA SEN-LLIT 

kD STAR-TO-STAR ROLL 
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I STAR SE::SOk SLITS 
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G) STAR-TO-STAR ROLL 
ANGLES WI11{ ONE 
STAR SEI,SOR SLIT 
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TAELE 4.3. Z. 3-3 

E ASI C SCi-iEMES F OR ATTIT UDE ESTIMATlON 

MINIMUM 
SENSORS te. OF VISIBLE 

DATA TYPES REQUIRED . STARS REQUIRED 

... if 
3 "2' !Y (1), SUN, ., SLIT, .. * "2 (1) '2 SLIT 

... * . "2' n (1) OR SUN,! OR 4 , ... ... 
"2 (1) '2 SLIT 

. 

~ 

... ... 
,. SLIT, ,. (1)'2 (J), 4 

• ... 
1 - j AND/OR '2 SLIT 

1 " j . 
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Y (1)' (j) OR , 

OR '2 4 

• * 
'2 (1)'2 (j) 

SLIT 
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• RELATIVE AZIMUTH OF 
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• RELATIVE CANT OF ., f'f* • 
fI'* 2 

• RELATIVE AZIMUTH OF '11'2 
OR RELATIVE CANT OF .,/f, 

Ie RELATIVE AZIMUTH OF 'I'· 
S OR 'f /f "" 

i- RELATI~E CANT OF 'f l 'f· 
OR 'flY of< 
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<D STAR-TO-STAR ROLL 
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STAR SE~.'SOk SLITS 
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G) STAR-TO-STAR ROLL 
ANGLES WIm ONE 
STAR SE~OR SLIT 
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. __ . 

'-t 
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TABLE 4. 3. Z. 3-3 

EASIC SCHEMES FOR ATTITUDE ESTIMATION 

KINIMUH 
SENSORS ItO. OF VISIBLE 

DATA TYPES REQUIRED . STARS REQUIRED 

." * "2' Yf (1). SUN. , SLIT. 3 

* "2 (1) '/ SLIT 

* "r n (1) OR 
*. . 

SUN,' OR 4 , 
n/(1) * 'Z SLIT 

. 

- -
* * ,'" SLIT, 4 T (1)'2 (J), 

'2* S~T 1 - j AND/OR 

1 rI j . . . . 

HIN. t."O. OF I 
.tEASUR~l!t."tS 

R£'.lUIRED 

7 

, 

-
4 

., _0'='100 
i • p-g R 
~. .....a.,.. '" ... .... 

I ....... .: 0 
o OMOD 

BIASES 
ESTIMATED 

• RELATIVE AZIHU'DI OF 
I't*. V'Yf~ * 

4-

• RELATIVE CANT OF f'f*, I 

f'I * 
• RE~TIVE AZIMtml OF 1'12

1 
OR RELATIVE CANT OF 1''.21 

• RELATIVE AZIHtml OF I'f*1 
OR !/f * ; 

~ RELATIh CANT OF 1/1* I 

OR 'f /, 'I< 

• R":LAT~E AZ~urH OF f'fZ 
OR RELATIVE CANT OF 

1'12 

--- --- .. -
• RELATIVE AZlHtml OF 

1*'1 * 
2 

• RELATIVE CAlT or 
* * 'f '12 
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* ." '2 (1)'2 (j) 
SLIT 

1 rI j 

-

3 

. 

I * * • CANT or I OR I Z WITH I 

R~PECT to SPIN PLANE 

fj 
'-._--

-<0 

II: 

... ~.~ .. _t.. .~_ ...... -:'~. __ .~_ .. __ ·_ ........ _c ••• __ ~_ ••• ___ •• __ .... _~~.:.l~ __ -'".",." ....... _~:~.IL .• ~ ___ ~ _ ·~~~:~·r:~W' ..... ;,f·" W ,.«ttifta!erP."Atdrts d,rftji#'.H'f's·±_"""'···.,. 3d •• 91 ·tDt'Sa .... t .. • det" _ 



• • 1M 
t 

C" .... 

--

1 

2 

3 

4 

_ .L! __ "' ______________ _ 

·r ....... ). "e '" rS > 49* J$ P. 
.. ...;., .... 
t· "".= ,1 

TAELE 4.3. Z. 3-4 

RELATIVE MERITS OF ATTITUDE ESTIMATION SCHEMES 

SCHI'J4E ADVAJrrAGES . 

SUli AJlCLE + SUN 10 STAR • USES SUN AS '.OLL REFEREICE 
ROLL A)!';LES WITH BOTH • REQUIRES LEAST NO. OF 
SLITS STARS (3) 

• BIAS ES EStIMATED FROM ANY 
ontEJl SCHFJtE CAN BE DERIVED 

• DONE PERIODICALLY; mEN ONE 
STAR/ANY SLlT USEFUL . 

SUli AIIGLE + SUN 10 S TAl. • USES SUN AS ROLL REFERENCE 
It.Ou. AlICLES WITH ORE • REQUIRES ONE S1.1T 
SLIT 

• DONB PERIODICALLY; THEN ONE 
STAR/ONE SLIT USEFUL 

STO 10 STAll It.Ou. AJilCLES • INDEPENDENT OF SUN 
WITH 'N) SLITS • CAN INFER ONE SUN S DSOll 

BUS; HOWEVER, mlS 
IlIQUIIlES 5 MEASURP.MENTS 

STAll 10 STAR It.OLL MGLES • INDEPENDENT OF SUN 
WITH' O. SLIT • MINIMtIf NO. OF 

MEASUREMENTS (3) 

• ORE SUN SENSOR BIAS CAN BE 
INFEIUlED FROM nul DATA 
REQUIRES 4 HEAS EHENTS 

DISADVAlrl'AGES 

• REQUlllES HOST HEASU1lEMEtrrS (7) 
I 
I 

• REQUIRES 4 STARS 

• REQUIRES 5 MEASURDmrrS 

• IlIQUIllES USE OF POT!OJLAa SUT 
WHOSE BUSES HAVE BiEN ESTIMATID 

I 

• USES STO AS IWLL IEFEUllCE 
I 

I 
• UQUIUS 4 SUIS . 

1 

• MINIMtIf CF 2 STAllS AI.! UQUD.ED 
FOIl DETERMINISTIC SOLUTIOI 
SUBSEQUFJfr&.Y : 

-• USES STAll AS It.OLL REFERERCE 

• REQUIRES 4 STARS 

• MINIMUM OF 3 STAIS AU RIQU1IID 
FOR DETERMINISTIC SOurtIOI SUlSE-
QIJEHTLY 

-- - -- -- ----
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tield-ol-V1ev. IDis is illustrated in Section 
~.1 for the craise phase (Pigare q.1.1.2-B). the 
rangQ of Doainal orDi~ insert100 attitades 
(Pigure 4.1.1.2-13). an4 tA& on-orD~t phase 
(Yigure ~.1.1.~-lb). 

'.J.2.3.0 st.r 'Yfl14p11itz Ulrip9 tie IgalaAl lisslop. 
The Orbit~r cruise, orD1t, and orbit iasertion 
aaneuver phases vere si.alated uS1ng t~e 
previously introduced estiaatioo technigaes to 
ascertain the teasibllity of aeeting the attitude 
detera1nat10n 4ccuracy ~pec1fications. Since t~. 
accuracy ot ~e est1aator is dependent upon the 
Iluaber ot indepenQent aeasureaents, and 
therefore, t~e nuaber ot stars sigated, bar 
Charts 01 star availability were created for the 
Orbi~er cruise and in-orbit phases ot the noainal 
.15sion. Pi9U~s ~.J.2.3-~ and ~.J.2.3-~ are 
tiae line bar charts shoving the availability of 
visibl~ st~rs tor ~cb star sensor slit wheD no 
1nterterence by the ~un occurs. 14qures '.3.2.3-
J and ~.3.l.3-S include tiae line bar charts 
indicating thd total nuaber of Visible stars by 
e4ther star ~ensor slit. lor tne orbit phase, 
vbere t~e attituae is no.inallJ at the south 
ecliptic Dor.al, it could be aQvanta~eous to 
reor4ent tae SP1D 4Iis attituae to (ecliptic 
latitude) ~ ~ l1ijo. and ,ecliptic longitude) , a 

00 to potentidlly ~cgu4re Gacrux aDd Foaalbaut. 
An additional bar chart for this ori~ntation has 
been dra~n (Pigure ~.3.l.3-b) to d.aonstrate the 
~esultin9 increased nuaber of h'ars. 

Tbes~ Charts indicate that ~xc~pt 101' the Orbiter 
crU4se phabe, three or aore stars are awailable 
10r aor~ thau ~O percent of th~ ti.e. Por tbe 
1ailu~ aode, ~beD ODe star sensor slit is 
~nop~rat1we, th~ requ1red four stars Deeded tor 
coaplet~ onservability ar~ awailable q6.1 percent 
of the t~ae ~uxin9 ta~ orbit phas~ ,ecliptic 
noraal att4tuue). If tbe attitude ~s reoriented 
to & ~ 11~u, g : uo, four stars are available 
94.3 percent ot tne tiae during orbit phAse. 

!'or the orbital' cruise phase, thrtte or aore stars 
ar~ availabl. 19 per~nt of th~ tiae, ana four 

) 

) 
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Oriq. IssQe Date '/2817§ 
thtV ~l.on Ho. -------,-

~ta,s 4r~ a,ail~u!e ouly 1.~ pt~c~nt 01 ~he t1ae 
tor ~a~ tal.lure .oue. 

ji~ure ~.~.l.j-7 dev~ct~ the put~nt~al attitu~~s 
ana 4Ya~lable stars tor the or~t~r at orbit 
l.nseruon. 

".J.~.J.I vltri .. ! u,ti1JUl~...kst.~!lli9p leana. Table 
~.J.~.3-5 llsts so.~ pro.iDe~~ events in the 
uru~t~r no.ioa1 .1ssion wb~n an attitude 
~dt~r.iDat~on. ~l.tDer MQuick-Luok" or "Bdtined", 
1n conjunction V1tA ~n attl.tude estiaatl.on. are 
reco •• ended to occur. 

'f>' PI.C4~ Co •• apti S.!!illt!Rces an!! btl!!.,ptrJ 
VeriLi£A!i2a. rh~ luitial spacecraft 
Cont ~'Jl.lrat~ou 10r CI. tYPlcal. at u. tuo.e 
d~t~r~indtion sequence is Sbovn in tbe ·Assu.ed 
.,teady-Statd (pre-l'Saneuver) II colu. n v1. Tabl~ 
4.J .. l.~ .J-1. 

rbe le4s~ble tele.et~r~ data ty~es 10r use in 
a~ter.inin9 ~r ~sti.atin9 at~itud~ are shown in 
'clt.J:l.lI. iO£.clt 1.n '{.sole ... J.~.4-1. 1 SpeClt1C 
,st.ep-!>y-step coa'ldnd s~'luence. that. lDcludes 
corr~spon~lD~ ~el~at!LrY 9~r~1i~tion. tor each 
t.elemet.@red data type 1~ id@DtlI~ed hI Table 
number in each ce~~ o~ tbi~ .a~rill.. All of these 
t4Dl~s ar~ inciud~d in this Se~~ion ~.j.2.4. 

keVl.bion 

4.3-b9 
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TABLE 4. 3.2. . 3 - 5 

EXPECTED A TTITUDE E STIMATION ACC U RACY FeR SOME MISSION EVE NTS 

E ve nt 

JUbt tJ e t o r e Ma 
! . ..,o ,,, deploymen:. 

Jus t after M ... 
Huo,n deployment. 

VO l (O rbn Inse r 
t Ion ) 

A c tio n 

I ) Fir st " quick - look" Atl. 
De l. w . r . I . sun 1. o . s . 

(I) " Q uIc k - l o o k" a lt. de t . 
w. r. l. sun I. o. s . , spI n 
r ate de term l na ll o n , th e n : 
(l) S p In - u p t o 15 rpm. 
(3) Wall u p to tw o h our s 
(o r nuta.tl o n to d, m Inish t 

O. 1-
(4 ) P os t-d eploym ent altitude 
de t e r mina ti on that Incl udes 
ma p p i ng o f available stars . 
(5) R eo rient s pi n axis t o 

o r m al t o e c lipt i c plane and 
pO In t e d No rth . 
(6 ) De spln HGA . 
(7) B Las esti m ation and 
Altitude Dete r mina tion usi n~ 
available s tar s . 

(I ) BIas es timati on an" 
A lt l t uoe Dete r m inat Io n Ju st 

e fo r e and aft e r pr ec essIon 
10 VOl a lt It ud e . 
2 ) Sp l nu p t o 30 rpm then 

p erfo r m r l na l altllu d .. de te r 
n >lna tion pr Io r t o OIM bu r n. 

Rema r k s 

• A ve r age sun l ook angle 
nomina lly '800 t o maintain 
OMAG boom and hinges abov e 
OaF . 

R e s idual ' nu tation IS expe c ted t o 
b e ~O. 1

0 withIn two "ours afte r 
spi n u p t o 15 rpm due t o shorter 
lime constan t ( < 30 minu t es ) o f 
n u tation d a m per at 15 rpm . 

• Calib r a t Ion prio r t o r ea r 
perm it s use of 1 s tar t o defIne 
atlltudeto'l

o
. 

• Opt ion to r ea r to 2-star 
a tt i t ud e , c al ibrate je t s ; th en 
execu t e s mall r eOr and use I 

sta r . 
• OptI o n t o us e seve ra l d im 
star s w ith In sen so r o ete ':: 110n 
capa btl n y . 

0.04 0 

to 
O. I n O 

O. zo 

0.03.0 

t o 
O. 10 

Ie 

~ 

'"' cr. ... 
o 
= 

:IIOt:llcn 

5 r;!·R ~ 
... . \Q • rt 
~ . .... 
... . R 0 
0 .... 01:11 = UI • en 
a:c: 
O~ 

~ 
• 

I, ~ 4· 
mo~ 

~ r 
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ABLE 4 . 3.l . 3 - 5 (Cont inued ) 

E vent 
Sta r t Time 

Eve nt 

£·1 H.:.u r Conftgure 5 , C and 
T rtm Orbit. 

---- - - - - - - - -

Act ion 

(\) Perform 15 t po st-OIM 
Bu r n Atlltud e Determ lnalton 
( l) Oespln t o 15 r pm. 
( 3 ) Reo r ient s p in axis to 
eclt p tl c no r mal and pOint ed 
Sout h. 
(4) B 'as e s t ima t ion , atll t ud 
oete r ml natlo n and atl l tu de 
trim . as r equl r ea . 

----

Estimation Accuracy 
Re m .ark. I (Sta ra /Slit. An ilable') 

3/Z 4/1 Z/Z 3/1 

0.0,,0 O. Obo 

t o to 
0 . 2,>0 0 . 34 0 

r 
c .... 
en ... ' 
o 
c;, 
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iev i510n No. 

a~ ision 

TABLE 4.3.2.4-1 

MEASUREMENTS OF S I C ATTITUDE TELEMETER ED DATA TYPES 

(NOTE: All sequences assume that the SRR has already 
been established per Section 4. 3. 3) 

Measure: To: PST ~12 PSI· 

From (establlshed 
SRR): 

P I • Produces spLn • Perform • Perform 
period sequence Ln sequence in 

• Part of Table Table 
sequence In 4.3.2.4-2 4.3.2.4-3 
Table 
4.3.2.4-2 

P 1· Not possible for • Perform • For the same 
SI C design sequence in star, producell 

Table spLn period 
4.3.2.4-2 • For different 

stars. per-
form sequence 
Ln Table 
4.3.2.4-5 

P T2" ! Not possible for • Perform • Perform the 
sic deslgn sequence in sequence Ln 

Table Table 
4.3.2.4-2 4.3.2.4-6 

"..j-72 

PS12· 

• Perform 
sequence i.n 
Table 
4.3.2.4-4 

• Perform the 
lIequence in 
Table 4.3.2;", 

• For the lIame 
s tar, producell 
spLn period 

• For dlHerent 
Itarl, perform 
sequence 10 
Table 
4. 3.2.4-5 
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CO:.::.!.-\YD 
:,e:E:-'iO~IC 

ORSTEP II 

I 0 . 

® 
ATQfIl 
(For ADPI 

Only) 
(MEAl = 

SRR. 
MEAl = 

SlS) 

- ~-- -~ - --~~ 
t'~~V:~-ao-_~..--, .. 

TABLE 4.3. Z. 4-Z 
MEASUklEMENT OF SUN ASPECT (El..EVATlON) ANGLE (1/1 YZ 2.!! 1/IZ* I/Iz 2!i tII* 1/12) 

REMARKS" VERIFICATION 

Cm.fMAND OR ACTION 
'IELEMETm 

REMARKS" TM DATA MNEMONIC 

• Given the Inltlal spacecraft configuration shown In the first 
column of Table 4.3.1.4.3-1, use the existing SRR, which is 
assumed to be either the sun ~ a known star. 

• If not already so, configure ADP measurements to obtain data 
for calculation of sun elevation angle: 

ADPI Configure - Measurement Select AMlADS Measurement A Address: 
({SRR to SRR) and (SRR to PSI2)). (SRR to SRR) 

AM2ADS Measurement B Address: 

(SRR to PSI2) 

. ATTMIZ Measurement Data: 
OR Refiects :Wove data accordlag to: 

ATTM2Z 

ATTMSS Data Measurement = 1 (A) or:: 0 (B). 
alternating DO more often than oace per 
spin period. as explained In Section 
3.3.2.3.6 aDd 3.3.3.6 •. 
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~ .. • • ." I 0 O. • 
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:: TABLE 4. 3 . l. 4-2. (Continued) 
W I 
I ...., 

C 
CCIIIlJI]aDd 
Mnemonic 

0 

0 

0 

• 

• 

• 

CommaDd or Action 

Accumulate at leaae 30 valld samples of each measurement . 
Accept as a valld sample : 

(1) Only the first ATTM1Z or ATTM2Z sample follOWing a 
change In A TTMSS. 

(2) Only samples accompanied by tbe indicated tele met ry at 
the right : 

Determine the mean of each set of 30 samples - Reject samples 
outside of 3 (1 devlatlon f rom tbt: mean and recalculate tbe mean 
of the remalning samples. 

Calculate "spin angle" for 8RR to Sun: 

AZEL
SUN 

= (Mean of (SRR to 1~2) samples) + (Mean of (SRR 

to SRR) samples) - BIASELSl.N, where B1ASELSUN = value 

obtained from Tabl e In " Rema rks" column. 

-

Telemetry 
Mnemonic 

ALOCKS 

A MlSSC 

ALOLES 

ASUNGS 

------

Remarks" Verification 

Remarks" TM Data 

PLL LOBS of Lock = 1 (no loss of lock) 

Missed SRR Count = ~ change from last 
sample of thIs parameter. 

PLL Lo .. of Lo"" • 1 (Eoablod j N" 
r~lretJ 
but ~ 

Sun Gate = 1 (Enabled) If the p re-
Sun is the SRR. fen"ed 

SM: Corresponding " alue (from Tables 
3.3. 2.4-2 and 3.3.2.4-3 for 
BIASELSUN : 

PSI Zero. 

PSI" - (1 )-(2)-(3)+(A)+(B)+(C) . 

PSI 2 . - (1)-(2)-(3)+ (A)+(C). 

' :z 
~ 
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en .... 
o 
I:' 
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TABlE 4.3. 2.4-2 ontlnued) 

C 0:\1:\1 A 1'0 
:\!~r::\lOl'lC 

OR STEP § 

G 

o 

CO~tMAND OR ACTION 

• [f the SHR Is PST , declare Et.SUN = AZELSl'N and proceed 
to the next step. 

• If the SRn Is PSIW or PSI2 ~ , then calculate: 

e AZELSUN - SEPSTARst' N' where SEPSTARSUN = 

Azlmathal sepa r a tion angle from the SRR sta r to the 
s un, measurf!d In the plane nonnal to the SIC spin axis 
(measured In d irection of s pin ). 

• If e .. 0°, then ELSUN 360° + e 
• If 9 ~ 0°, then ELSON 9. 

• l"se anyone of the following to determine the sun aspect 
(elevation) angle (approximate) w. r. 1. the sic spin axiS, 
using the value ELSl1N as the known spin angle delay: 

n) The appropriate equation In Figure 3.3. 2.1-1 or 
Figure 3.3.2.1-2. 

OR (2) The appropri ate curve In Figure 3.3.2.1-5. 

OR (3) Any applicable nomogram - or table, when assembled, 
In the PV Telemetry Data Conversion Handbook 
(Refer ence Para. 1. 5. 16). 

REMARKS" VERIFICATION 

REMARKS &. TM DATA 
TELEMETRY 
MNEMONIC 

~ I r w ~ ~. ~ ~ ~ 
o 
a 

~c'='~ 
~ ., 0 • 
• ~nn 
t·~· C· 
~. .: 0 
OMOD 
=- II • • • .': I 0 O. • 
• '=' .. 

rt 
CD 

~ ,~ 
~l 
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• TABLE 4. 3 . 2.4-3 i 
IN 
.!, ME ASl·REM Er-.,- OF st·!' TO STAR l ·SING T HE PST " SLIT (tIItII " ) t · 

CO~.D;A :->D RE:-.t ARKS" \'EBIFICATION I ~· 
I:->EMO!'IC COM~lANDORACTION TEll ;\IET RY __ U. _ u . _ __ .::7 

OR STEP iI l\ IXE::\IOr-.1C 

(9 

o 
STRQl OR 

RQA 
star. 

o I Ass ign 

ATQi3 (For I ADP 1 Conftgure - ADP Mode Select (Sta r Gate B'"' Channell 
ADPI Only) (PSI ") ; All othe r ADP Mode States uncbanged). 

(SOB - 1) 

Q I Locate Sta r G~te B over the m easureme.nt Sta r: 

nt 

A "2T II 

A"ID PS 

A · 2B PS 

A "GBSS 

PS1" Th reshold Setting 

PSI2" Thresbold Settin g 

PSI" Bandpass State 

P ST 2 " Bandpass Slate 

All Conform 
to 

Commanded 
Slate 

Sta r Gate B E l (= Ch.anncl 1 = PST ") 

.,c;eVl 
iP.R~ 
... IQ • ,... 
m .... 
.... a 0 
0 .... 01:' 
tJ m • 

III • 
z ~, 0 
o it • 

~ 

~ 
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ABLE 4. 3. l. 4 - 3 (Cont Inued) 

Command Command or Actl on 
Mnemon ic 

AT Q45 (Fo r A OP I ConfIgure - ACS Angl e Oc.Lay r.lagJ:;Jlude 
AOP I (;nJy) (Cdlculue 0 - SEPSlI NSTAIl - Dl ASPt>lPS1. - 0 . 3520 -5. 6250 (to 

(A C,::'ANG - lOCAte s tar In the cent e r of Star G:Jle Bl whe r e SEPSUNSTAIr es tlma-

XXX . XX) cd n r.i muthal 8(?p1 !"lIti 00 angle m l"a lfU r '!Ci tn plane normal to spin m .! 
f rom the sun I. o . a . to the atar I. 0 . 8. (meaaured In tnc di r ection of 
SIC spi n,; and BIASPSlPSl o : Value d6'f1ned In Remaric s colu.mn. 

If 0 15 p081 11ve . the rt the commande 
magnitude ~ O. If 8 is nega ll ve . then the commanded magnl -
tude 360 0 ~ O. 

® Co nfigu r e Al r M fo r alar data: 

AT~l (Fo r A OP 1 Configure - Meuureme.nt Select 
AnP l Only) (S nn tc SRR) and (SRR to Gated Star BI , 

MEAl 
SRR , 

MEAl = 
GSB) 

Remana " VertOcaUcm 
Telemetry aemarb. TIl Data 
M.Mmonlc 

AACSAO ACS Angle Delay Magnit ude = Came 
magnitude .. that oomm&Dded) 

• Blu ps~l. ( valuea obtaIned from 
Tables • . 2.4-2 and 3.3.2. 4-3) -
- n )-(2)-(3)+(A)+(B)+(C). 

• Actual delay 1& O. 3520 la~er thu 
the oomm&Dded Yalue . 

'-
AMlA05 Meuu rement A Addren : 

(SRR to SRR) 

AM2ADS Meaaure ment B Addrea.: 
(SRR to Star Gate B) 

ATTMIZ Mea.ureme.nt Data - Reflec:ta .tIoYe 
OR data acoordlJlC to: 

ATTM2Z 

ATTMSS Data MeuuremeDt = leAl OT - 0(11), 
a!t.ematlng no more oileD tbul oaee 
per apin period .. uplained In 
SectJoaa 3 . 3.2. 3 , 6 and 3, :S. 3, 6. 

I 
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tw T A BLE 4.3. 2 .4-3 (Conl lnue d) 

I 
~ 
a.. Command 

M~monlc 

® 

0 

0 

COM.mand or Action 

• Accumulate at lea.1It 30 valid samples of each measurement . 
Accept as a valid sa mple : 

1) Only the nrllt AllMI Z 0'-AllM2Z sample following a 

2) 
~lt1 All~lSS. 

Y samples accompanied by the lndlcated telemet ry 
at the rlght : 

Determine the mean 0{ eac.h let 01 30 sample. - reject samples oot-
.lde of 30- devl.&tlon from tbe mean; then recalculate the mean of 
the remal.nlD& .ample •• 

CaJeuLate ~ln AltgJe: 

,AZElsTAR- {(Mean of (SRn to Galed Star B\ Samples) -:-

(Mean of (SRR to SRR) Samples) I + BIASPSI PSI -

The reltUlttng value Is dependent on the e levation 01 the sta r as 
",-ell as Ita u lmuthal separation (pUre " roll 'angle) (rom the sun. 
To determine these values , proceed to Table 4. 3.2.4-4. 

Remarks. VerlllcaUon 
Telemetry 

Remartu • TM Data 
MnemonIc 

A LOCKS PL L Lo .. of Lock '" 1 (No los. of lock) 

AMISSC Mined SRR Count · No cha..nle from lut 
sample of WI! parameter. 

ALOLES PLL Loo ... Lock • 1 ( ........ 1_ 
ASUNGS S QUe - 1 ~nabled) necetl .. r~ un but pre- . 

ASRRMS Sun/ Star Select = 1 (Sun) fer{ed 

e BTASpsPSl • WAS DEFINED IN Step(!) 

. . 

tIC 

S 
~. .... 
o 
t:I 

II: C t:n" 
IP-Rfl 
.... IQ. ,., . . .... 
.... itO 
0..,.01' 
c:r III • 

:2 =1 ! O. . 
• 

,~ 
~ t: 
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• 
"'" I ..., 
Ie 

O:\D1AXO 
.. IXE:lIOXIC 
OR STEP 

CD 

A 

XXX. >0:\ 

COMMAXD OP. ACTIOX 

Gh'en til 

Ito 
tt:n2 and b3l'ldnass 'comoallble with the mcasu r~ment 

the center of BI . "ncre SEPSl'NSTAR :O Estimated 

or 
column. 

• Lf 

• Ir 

lane normal to solll axl 

poslth'e. then th(' commanded magnitude '" 

nellllUvf!, then the commanded magnl rude = 3600 

r In 

1-

TEU:\II::TRY 
M1\'"[ZlI01\lC 

A'l Til 

A ' ZT HS 

'lBPS 

"-2BPS 

PS12 ' Tb resbold SeWn!!: 

PSI · \l.'Indpass sute 

• 

• 
comma.nded \-aJue. 

, AU conform 
to 

J _ ommanded 
State . 

am C !1l agnJ-

fie r than th 

.' ~ 
c ... • .... 
o 
" 

roeCil 
.'10e 
c .... ftn 
.... oQ • ~ 
tI ..... 
.... -'0 
O~O" " .. • • ':"1 0 o. • 
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T ABLE 4. 3. 2.4-4 (C onti nued) 

I CO:'lI:'lIAl'D I HDIARKS & VERI F1CATIO:-: I 
I :'II XDIO:--:IC CO~l:\iA:\D on ACTIO!\' 1 1' L I:. .\IETRY REl\ IARr;S & T}' I DATA ~ OR ST EP iI JlI:-:E 7IIO:-:IC 

G ConIlgure ATTM for St.a r Data: 
I 

AT~l (for ADP 1 ConfIgu re - l\leasureme nt Select (S RH to SIlR) and (SHI< to Al\fl ADS l\leasu rem ent A Add ress ! (SH 11 to SRR) 
I 

ADPI Onl y) Gated St a r D) . - -
I (MEAl = AM2/\DS l\ leasurpr-: . R ... ddress: (SI. R to Star Cate 

SRR, B). I 

=' =a.OQtr. 

~ ~ :l. R ~ 
t;. ~'IQ • ,.. 

til • .... 
~. .... lEO 
0 O~O~ 
t:7 = til • 

z ~I :III 
0 

o ~ • 

MEA2 = 
SCB) ATTMI Z £!: l\leasurem ent Oata - Reflects above data 

ATTI\12Z ::Iccord~"6 te): .c: 

I 
ATTl\I:-;S Data ME'as li r e m E' It = l eA) or = O(B) , alte r-

na ting no m\Jre often than once per spin 
period as expla ined In Sections 3.3. 2. 3 . G and 
3.3.3 . G. 

C9 • Accumula tE' a t least 30 va lid s ample s o f eac h m easurem ent. A LOCKS PLI loss of Lock = 1 (No los s of lock ). 
Accept as a va lid s ample : 

1. Only the ftr$t ATTM I Z or ATTl\'12Z sample followi ng 
AMISSC Missed SR R Count = No change from last 

c hange In ATTMSS. 
sample of this parameter . 

2. Only samples accompanied by the Ind lcat.ed t.e lemetry ALOLES PLL Loss of Lock = 1 
a t the ri ght.: (Enabled) Not 

ASl"NGS I Sun Gate = 1 (Enable d) 
Necessary 

But 

ASRRMS Sun/St a r Select = 1 (Sun) 
Preferred. 

0) Determine the m ean of each set. of 30 samples - reject samples 
outside o.f 3 tT devia tion from the mean; then r ecalculate the 
m ean of the re'll a lnlng samples. 

0 Calculated biased "spin angle" for sun-to-sta r: AZ ELPSI2· = 
I Mean of (SRR to Cated St a r B SamplesH- (Mean of SRR to SRR) 

Samples) I . 

'-
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TABLE 4.3.2.4-4 (Continued) 

CC(\J:\I"~D 

?-t~EMOl'lC 

OR STEP 1/ 

o 

@ 

Re MARKS & VERI FICAT IO!': 
COMMA~D OR ACTI ON 

• The resulting AZEl.PSI2· Includes 3Jl azimuth (roil) 
component and an elevation (aspect) component for the meas·· 
urement s tar, as IWll as the biases between the PST s lit and 
the PSJ2' slit. 

• The .\ctual aspect (elevation) angle of the measurement s ta r, 
measured w. r. 1. the sic s pin axis, may be determined as 
follows: 

(a) Determlr:e the spin angle delay using the PSI' slit by 
performing Step!1(i) through (2) of th.e sequence In 
Table 4.3.2. 4-3 ~ot already performed). . 

(h) From the mean values dete rmined In Step (2) of Table 
4.3.2.4-3, calculate: 

AZELPSI' I Me3Jl of (SHP to Gated Star B) 
Samples I + I Mean of (SRR to SRR) 
Samples I. 

(C) Calculate EL~TAR = AZELPSl2' - AZELPSI' 

(d) l 'se Figure 3.3.2. 2-4A or Figure 3.3. 2. 2-4B where 
El.STAR == PSI' to PSI2' spin angle del ay In degrees , 

to obtain e le\'atlon angle of the star w. r. t. the SIC 
spin axiS. 

1 he actual roll (aZimuth) mg\p (If the measurement s tar, meas ured 
w. r. t . tfJe s un In the spacecraft s pin plane :lJld In the dl. ection of 
pos itive space<:raft spin, may be determined as (0110\,/5 : 

TEU. j,IETTtY 
MNEMONIC 

The roll (azimuth angle) = AZPSI2' = AZELPSI2' + AZBIAS + 
EL

STAR
' where AZBIAS = valu\.' obtained from Remarks cOlurrf!. 

REf-lARKS &" T:-I DATA 

AZBIAS (value s obtained from Tables 
3.3. 2. ·1-2 and 3.3.2.4-3)= -(1)-(2)-(3)+(C). 

til 
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o 
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0 

0 
ATQf3 (for 
ADPI Only) 

TABLE 4.3.2.4- 5 

MEASl 'REMENT OF STAR "SPIN" ANGLE US ING THE SIlIl STAll CHANNEL (0/1',/1" OR 0/12· "'2") 

HEMARKS & VEH!F ICATION 
COMMAl'.'O OR ACTIUN 'rELE MI:.J' RY 

REMARKS & TlI! DATA 
MKEMONIC 

Because a spin angle measurement us ing the PSI' s lit Is dependent 
on e levation of a sta r, as seen In FIgures 3.3.2. 2-3A and 
3.3.2.2-3B, determination of the roll (azimuth) angle to a star 
requIres u .. , of the PS/2· sltt as well as the PSI" sltt. Once spin 
angle meas urements to the star using both s lits a re m ade, the roll 
(az Imuth) and aspect (elevatlon w. r. ' . the SRR s ta r) a ngles to the 
measurement sta r may be determined concurrently. The follow-
Ing sequence details the n rst basIc s tep tn thIs procedure, and 
r efe r ences the reade r to the rtnal bas Ic s tep. 

• GIven the InItial spacecraft confIguration shown In th e flrs.t 
column of Table 4.3.1. 4. 3-1, use the exIsting SRR, whIch Is 
assum ed to be a known s ta r (call It th e "SRH" Sta r). 

• This s equence Is to be uied only for e Ither one of the following 
two cases : 
(1 ) PSI ' Is the SRn channel, and PSI" will also be used for 

star Gate B. 
(2) PSI2" Is the SRR channel, and PSI2' will also be used 

for Sta r Gate B. 

• It Is undesl rable to change the thres hold setting and bandpass 
settIng (or the star ch.annel that Is beIng used as the SRn 
channel. This Is to prevent loss of the present SRR and sub-
s equent loss of DeE control. 

• II not already so, assIgn the Star channel beIng used as the 
SRR channel (I. e., Star Gate A) also to Star Gate B: . 

ADP 1 Coo11gure - AOP Mode Select (Star Gate A - Retain present A"GASS Star Gate A - No change In TM reading. 
channel selection. Star Gate B - Make the same as for Star Gate A 
(1 (or PSI'; 2 for PSI2', . A'GBSS Star Gate B = Same as for Star Gate A (~ 1 

for PSI', = 0 for PSI2·). 

--- ---
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TAB LE 4. 3. 2. 4-5 (Contlnuedl 

CO:\DIA:-;D 
;\1 :-':E~IO:\IC COMMA!'O OR ACTIO:-: 
OR STE P . 

0 • Locate Sta r Gate R ove r the sta r Lo be measu r ed (call It the 
measurement sta r ): 

I "'"'' (f.' AD P 1 Configure - ACS Angle Delay Magnlrude . Ca.lculate 9 = 
ADPl Only) SE P

STARS 
- 5. 625° (10 loc ate measure me nt s tar In th f: cente r of 

(ACSANG = 
Star Gate B\ - 0 . 352°, where SE PST ARS = Estim ated azImuth al I XXX . XX) 
separation angle meal!;Jred In the plane norm al to the s pIn axI s 
from the SRR s tar 1. 0 . s . to th e measurement s ta r 1. 0, s . 
(me asured In ttoe dl recti on of siC sp In). 

• 119 Is posI tIve , then the comma nded m agnItude = I} • 

• 119 's negative, then the comm anded m agnlrude .. 3600 
+ I} , 

(5) Conngure ATTM for Star D:.ta: 

ATQfII (for ADP 1 Conftgu r e - )1ea~u rement Select, (SIl R to SRIl I a.nd 
ADPl Only) (SRR to Gated Star B). 
(MEA l -

SHk, 
MEA2 -

8GB) 

- - - - - --- '~''''''W;-'It. i''!.''+J§t:!\~~; .. ¥"," " "' 1 p ... .4 •. . IiP, di4WF. !$~ 

RE~IARKS 8. \"E P.! FlCATfO:-: 
1 I:.LI:..\11·.TIlY I 
;\I]I."E~!Ol'\fC 

RDI ARKS &: T M DATA 

AACSAD ACS Angle Delay Magnlrude ., (Same magnl-
rude as tha t commanded). 

• Actual delay Is 0. 352° la rger than the 
comma nded valu.e . 

AMIA DS Measurement A Address: (SRR to SRR) 
-_. 

AM2ADS Measu rement B Address: (SRR to Star Gate 
Bl 

ATTMIZ OR Measurement Data - Reflects above data 
ATTM2Z according to: 

ATT MSS Data Measurement a I (A) or a O(B), alter-
nating no more often than ooce per lr,J1n 
perIod as expl ained Ln SectIons 3,3.2,3,6 and 
3,3.3,6, 

I 

III • • ..... 
fit ,... 
o 
D 

III 0 t:"" 
:p.~~ 
.... IQ • rt · . ... . ..... ao 
0 ... 0 Ell 
tJ •• 

• a 
• C I 0 o. • 
• 

6# 
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TAB 4. 3 . 2. 4-5 (C ontinued) 

CO:\DIA:-:O 
:'II r\E:\IO:-:IC CO:'lI1\IAKD OR ACTro:-: 
OR STEp· 

0 • Accumu late at least 30 va lid sumples of eac h measu r em ent. 
Accept a s a valId s ample : 
(1) Only the f':r s t ATTM IZ or ATT1I12Z sampl e followIng a 

change In ATTMSS. 
(2) Only s amples accompanI ed by the IndIc a ted telemetry 

at th e rIght . 

(2) Determine th e mean oC each set of 30 samples - rejec t samples 
ou tside of 3u devIation fro m the me an; then reca lcul a te the mean 
of the r f'ma lnlng samples . 

CD • Calcu late " s pin angle" from the SR n s tar to \.he measurement 
sta r: AZEL SAl\If. = (l\l ean of (SIlH to m eallUre ment s tn r ) 
s amples -f (1.lean of (SRR to S lUl ) -.tmples) . 

Q) • The r e s ultlnlt valuE' Is depende nt on th e e levation of t he 
measureme nt s~r . Its azImuthal sepa ration (pure " roil " 
a ngl e) from the SRR s tar, and the (known ) ele vatIon angle of 
tile 5 HR star. 

To determ ine these values , procet'd to T able 4. 3.2. 4-6. If 
the PSI" s lit was used for the SRR In thi s sequence, then 
perform the PSI- to PS12' mea sure me nt In T able 4.3 .2.4- 6. 
Othe rwise , perform th e PSI2 " to PSI· m easurement In 
Table 4.3.2.4-6. 

--

R E~IARKS & VE RIFlCATIO ;..l 
'ff:.Li:: :.IET HY 

REMARKS & T~l DATA 
~I:-:E:\IO:-:IC 

A LOCKS PLL Loss of Lock = 1 (No loss of lock) 

AM ISSC MIssed SRn Count = No c hange from las t 
sample of thIs parameter. 

ALOLES PLL Loss of Lock = 1 Not 
(Enabled) Necessary 

but 
ASP.R M3 SUn/Star Select '" 0 (Star) Preferred. 

'" i 
t , 
.... 
o 
I:' 

Ie 0 CHI) 

~ P. R ~ 
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TAB'JE 4.3. 2.4-6 

MEASUREMENT OF STAR ASPECT (ELEVATION) ANGLE ("'- ~2· AND ~- •• ) OR (~2-"'· AND "'2- "'2·' 
CO~l l'L\ND 

MKEMONIC 
OR STEP' 

o 

o 

STRQI Q!! 
STRQA 

o 

COMMAND OR ACTION 

• Given the IntHal 8pa~raft confllUratlc,i! .hown In the flret 
column of Table 4.3. t. 4. 3-1, use the exl.tlne BRR, wfllcb t. 
aallUllled to be a known .ta.r (oall It the "BRR" wtar,. 

• 1b1. HqUence I. to be Ulled only for either one of the foUowI,. two oue., 

(I' PSI- t. the BRR cha_I, IUId PSl2- wtll be uaed for 
star Gate B. 

(I) PSl2- I. the 8RR channel, and PSI- wtU be uaed for 
star Oate B. 

• If not alrea~ ac, configure-the lltar channP.l that III not being 
aeed .. the BRR atar channel, for the .tar to be meaeured 
(oall It the "meuarement" fltar,. 

Star Seneor Threahotd and Bsndpua Seleot. (Threllhold and 
BlUJdpaaa aeleoU-... 1I are retained on the atar channel (PSI- or 
psr2·) th.at la bet~ Ulled all the SRR ohame!; the alterna~ chan
nela eetUllla are ohanged to conform to the meaaurement star'a 
requtrements. , 

• Seleot Star Gate B f..>r the meaaurement atar'lI channel, but 
reta.ln 8tar Gate A aeleotlon for the 8RR Star. 

ATQf3 (for. I ADP I Conftgure - ADP Mode Seleot (Star Oate A - Retain pre-
ADP 1 OIIlr) a~t ob.rmel IM!I~on. Star aate B - Channel 1 (ll PSt- WIllI 

aeleoted In 8tep ~ , or Cbannel Z (ll P8lZ. _a .elec ted In 8tep 

0· . 

REMARKS && VERIFICATION 
-ft:LEME'1'RY 
MNEMONIC 

A·ITHS 

... ·2THS 

A-lOPS 

A-2BPS 

A·OABS 

I 
A-OBBS 

REMARKS && TM DATA 

• For the lltar channel that III the preunt 
SIm channel, It la undesIrable to chance 
the threshold aeleotlon and the baDdpus 
aelectlon. ThIs I.a to prevent loa. of the 
prese.nt SRR star and aubeequent 10 .. of 
DeE control. 

PSt- 1breahold SettIng 

PS1Z. Threllhold Settlng 

PSI. Bandpas8 State 

PSl2· BandpaslI state 

AU 
Conform 

to 
Commanded 

State 

star Gate /\ - No chan,e In TM Readlac. 

star OIlte B ., 1 (PSI· , or ·0 (PSl2·), .. 
oommanded. 

~r-T' =-.~~-'-= --== .....::.. 
';J.A.:~~: 

_.l... 

~~~ 

k' 
ID • ~. 

III .... 
.A. 

.. c~v. 
~,.,oct 
< ~· O 0 
~. IQ ... 
III. ~. 
~. CO 
O"'O&:f 
CI fII • 

fI) IE 
• c:: 0 0., • 
• too 
~ 

~lE 

~ 

~ 

.' I 
Ij 

I 

\ 

.~ .. 



~ TABLE 4.3.2.4-6 (Contlmed) 
• IN 
I 

ex. 
Q . 

COMMAND 
MNEMONIC 
OR srEP' 

0 
I ATQf5 (for 
I AOPlOnly) 
I (ACSANG · 
I XXX. XX) 

COMMAND OR ACTION 

• Locat., Star Gate B over the measurement etart 

ADP I Conftgure - ACS Angle Delay MagnItude. (Calculate 
8 · SEP

STARS 
- BrAS

STARS 
- 0.3520 - 5.6250 (to locate meas-

urement star In the center of Star Gate Bl, where SEP ST ARS ., 

Estimated Azlmuthal separatton angle measured In plane nonna! 
to spin ulll from the snR Star I. o. s. to the measu rement star 
I. o. I. (measured In the dIrection 01 sic "pln); and BIAS

srARS 
" 

value obtaIned from Table In "ReD".!lru" column). 

• If 9 III positive, then the c~manded magnItude - 8 • 

• If" II neptlve, then the commanded mlgnltude - 3600 
oj. " • 

:0 ~O~(n 

REMARKS &. VERIFICATION 
Q ~ P·R ~ • 

TELt:MJo.:TRY 
REMARKS &. TM DATA 

MNEMONIC 

.... .... \C • ,... 
til til • .... .... .... :EO 
0 0 .... 01:' 
:;I = I/) • 

AACSAO ACS Angle Delay Mapltude " (eame magnl-
tude as that commanded). 

SEP
STARS 

" Zero If the SnR Star and the 
measurement etar are the same. 

"~~ ~ o til • 
• or. 

III I 
,...Z'~ 

CP o. 
Cow 

I " 

• Actual delay Is 0.3520 larger than the 
commrutded value. 

SRR CorrespondIng value for B1A\rAM 
~I 

N 
• 
&: 

PSI" BI~~U - 3, where 3 II the PSI· 
to In ancle delay In degreea 
from "8I1re 3.3.2. 2-4A or -(B, 
that correspondl to the predicted 
relative elevation ande- of the meal-
urement Itu w. r. to the SRR IItU. 
NOTE, Ule of these flgurell for blu 
eltlmatlon II not exact wh.en ltan 01 
dtlferenl elevation I are Involved, u 
the delay la dependent on SRR star 
t:levlUon In aucb a clrcumatance. 
Howoever, they are aumclenUy 
accurate for uae In poeltlonlnc Gate 
B. 

1'512" BrASgfW - - 6 • where 3 la 
deb ve. 
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TABLE 4.3.2.4-6 (Continued) 

COi\IMA ND 
MNEMOJInC 
OR STEP. 

COMMAND OR ACTION 

---~~ 

o I ContIguu ATTM for star Data: 

ATQfl (for I ADP 1 Conftl\lre - MelUJurement Select. (SIlR to SRR) and (SRR 
ADPl Only) to Gated Star B). 

CD 

CD 

o 

----

• Accumulate at least 30 valid samples of each meallUrement. 
Accept as a valId I18mpler 

(1) Only the flret ATTMIZ or ATTM2Z sample following 
a chan~ III ATTMSS. 

(2) Only samples accompanied by the IOOlcated telemetry 
at tile rtl!btr 

Determine the mean of each set of 30 samples - reject samples 
outside of 3CT deviation from the mean; then recalculate the mean 
of the samples. 

• Calculate blued "Spin Anpe" from SRR Star to the measure
ment stan 

AZELDIFF .. [(Mean of (SRR to meallUrement star) 
I18mples) + (Mean of (SRR to SRR) 
I18mples)] • 

.. ---~-",-¥ 

- ~ ;· ·~':";:2·\~f JO:'i'..-~:';;~""'-rl- ~' ;~~,,~~'I:~~"","""" 
_. _ 5:~ _ eg;:;::::S:U u _ft"7~~ 

REMARKS" VERIFICATION 
TELE;METRY 
MNEMONIC 

AMI ADS 

AM2ADS 

REMARKS II TM DATA 

MelUJurement A Addressl (SRR to SRR) 

MelUJurement B AddrHsr (SRR to Star Gate 
B) 

ATTMIZ OR I MelUJurement Data - Rdlecta above data 
ATTM2Z according tor 

ATTMSS 

A LOCKS 

AMISSC 

AWLES 

ASRRMS 

Data MelUJurement e l(A) or ·0(8). altema
tlDl no more often than once per spin pertod 
IUJ expIatr.ed In Sections 3. 3.2.3.8" 3. 3. 3. 8. 

PLL Loss of Lock • 1 (No loss of lock) 

Mined SRR Count'" No cbaDle (rom last 
sample of this parameter. 

PLL I:JJss 01 Lock .. 1 (Enabled) 

a.n/star Select· 0 (Star) I 
Not 

Necessa.ry 
But 

Preferred 

_.:r:,:",-r--~ : ... -~- .. ~~4~=1. ~~~od_~-:,0.3~'; 

~ 
CD • .... 
01 .... 
o 
~ 

IrOt'v: 
/I) ., 0 /I) 
..... t') 0 ""IQ, ,. 
II) • ... . 
.... :z:: C 
0 .... 0., 
~ en • 

01 • 
ac: 0 
0/1). 

~ 
lit I 

il 

!I: ,I .j! 
I , 

~ 

i 

11 

~ 
\ 
'/ 
" 

I 
II 

(I 

, 

I 
I~ I 
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TABLE 4.3.2. 4-6 (ConUJlll~ 

COMMAND 
MNEMONIC COMMAND OR .. '>eTlON 
OR STEP' -
G • The actual IUlpect (elevation) angle 0{ the mell8urement star, 

meuured w. r. t. the sic apln uls, m ey be determIned .. 
rollOWl!lI 

(a) Retain the star IIlIt In ulle .. the 8RR IIUt, but melUlUre 
apln .. Ie del.,. to the meuurement star .men that samE 
star IIlIt III alllO IUIlltped to Gat@ (I. e., ",. ",. ~ 
"'2· .2·)' by performl~ Stepe 1 throuBb ~ or the 
lIequence In Table 4.3.2.4-5 (If not alrea~ pe orm~. 

(b) Calculate ELSTAR E (6) [(AZELSAME) - (AZELDlFF»). 

• II the SRR slit waa the PSI· 1I1It, then 6" +1 • 

• If the SRR slit w" the PSl2- sUt, then 6" -1 • 

(C) Ulle Fll'lre 3.3.2. 2-4A or Figure 3.3.2. 2-4B, where 
EL '= PSI- to PS12- IIpln angle delay In degrees, 
to ~ the elevaUon BIllie or the me8llurement star 
w. r. t. the llpaCecraft spin als. 

@ The actual roll (ulmuth) ancIe of the measurement star, me8ll-
ured w. r. t. the 8RR lltar In the IIpaceoraft apln plane and In the 
direction or poslUve IIpllc«ralt spin, may be determIned all rollo .... 11 

(a) Use the known elevation angle of the SRR IItar to ftnd, 
from (Flpre 3.3.2. 2-3A or -3B, If the PSI· alit was 
Ulled lUI the SRR aUt) or (FIgure 3. 3. 2. 2-3C or -3D, If 
the PSI2- alit WILli used .. the snn 1I1It), the correllpOfld-
101 position pullle delay ancIe. Declare this value = 
AZSRR. 

(b) Caloulatet 

Roll (AzlmQ i.!1~ Angle of the Measurement Star '" 
AZ

STAR 
.. AZELDIFF + AZSHR + AZBIAS + 

ELST.'R ' 
""ere AZBIAB .. value obtained rrom Remarilll 
colUIDII. 

--- - - - -

REMARKS .. VERIFICATION 
TELEME'rRY REMARKS .. TM DATA 
MNEMONIC 

I SRR CorreepondlllC vdlue for AZBIAS 
(from Table 3.3.2.4-3)1 

PSI· -(B) 

PSl2· (B) 

~ 

I 

• S 
~ 
b ., 

:R~UI 
.e-~~ .... .ca • ,. ...... 
bMrg ., ! . 
• I : o. . 
• 
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TABLE 4..3.2.4-8 (Cona~ 

COMMAND 
MNEMONIC COMMAND OR ACTION 
OR STEP' 

® (e) Optlonall1, th~ ealculaUOII !nay ~ made .. followlIl 
(Contt~d) 

AZ
STAR 

- AZELSAJofE + AZSRR + ELMEAS, 

wber~ E LMEAS - the pollltion pul Be dela) aqj~ In 
decreell from ~ IIpJiropriate one of nl'lr~1I 
3. 3. 2. 2-3A thrOU«ll -3D that eorreepoDde to the 0 
m~ __ rem~nl star e1~vaUOll ..... ~ found In step • 

(e), above. 

REMARKS Ir VERlnCATION 
TELJ::MJ::'fRY REMARKS .. TJof DATA 
MNEMONIC 

, 

, 

• S 
~ ... a 

!!rr 
~~ II a 
;- ... 11 .... 
• 11 r o. • 
• 



Sect.loa wo. • .3.3 
Doc. Ito. rc-402 
Oriq. I ••• Dat. 208/18 
... laloD 10. _____ _ 

.e.ls1o. 

'.3.3 

'.3-90 

loll 'e''''R9I.. tke ( • .sible coRbinations tor 
a.t.abl1ab"Dt or tnaater of Sel.ctea Itoll 
_efereDce are shown in satrix forat iD If.bl. 
1l.3.3-1. I specific stQp-by-tltep co •• aDa 
118CJ ... ce. t.hat includ.s correspoD4iDC) teln.try 
•• riflcatioD. for eacta SO transfer co.biDation 
is ic1entUiec! by 'rable D_ber in .ch cell of 
t.his .atrix. &11 of these tables are included in 
this Section '.3.3. 
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• • w 
J. 
~ 

F r om 
SRR 9 

o 
SRR . 

Not hing (No 
S RR e.tab
lhhed. o r 

0 •• o( 

5RR) 

PSI 

PSI · 

PSIZ · 

51 rr.ulatt'd 
SRR 

TABLE 4. 3 . 3-1 

ESTABLl'SRM'E NT OR TRANSFER O F SELEC"l'EO ROLl REFER ENCE CSRR) 

P SI 

in 

PSI '" 

Sta r Acqu isition (PSI"' ): 

Perfo rm the sequence 
i n T abl e 4.3 . 3 - 4. selec 
t in g P SI'" where pe rt i n 

nt. 

P e rfo rrothe sequen ce 
in Table 4. 3.3 - 7, 
se l ecting P SI. where 
p e rt i n ent. 

o Two - St e p Tran sfe r, 
us ing Slmul ated SRR 
~rarh IY: 
~m t e sequenc 
in Table 4 . 3 . 3 - 8, 
se l ecting P SI* wher e 
p e rtinent. 

P e r fo rm the sequence 
in Tabie 4. 3. 3 -1 1 , 
selecting PSI ¢ where 
p e rtinent. 

P e rCorm the sequ e nce 
in T able 4 . 3. 3 - 11, 
se l ecting PSI. wh e r e 
p e rtinent. 

P S1Z ¢ 

S tar A c qui sition (PSIZ*) : 

Perform the sequence 
in Table 4 . 3. 3 - 4 , selec 
t ing PSIZ * whe t' e 
pertinent. 

Gene r al: 

P e rCo rm the sequ e n ce 
in Table 4. 3. 3- 7, selec 
ting PSIZ 'lt wh~re per -
t inent. 

o Two-Step Transfe r, 
U sing Simulated SRR 
T eonporarily: 

P e:- Co rm th e sequ <:n ::e 
in Table 4 . 3. 3 - 8, 
se le c t i ng PSI2 * wher 
pe rt in e nt. 

P e rCo rm the sequ e n ce in 
Table 4. 3.3-11 , select 
i ng PSIZ lO: " he r e p ertin -

nt . 

Tra n sit' r to a DifCe r ent 
Star: 

Pe rCo:- m the sequence in 
Table 4 . 3. 3 - 11. se l ect -
109 PSIZ* where pertin
e nt. 

Perform the sequence 
in Tabl e 4. 3. 3 - 13, 
se lecting PSU * where 
pertinent. 

Simulate d SRR 

R efe r t o Tab! 4 . 3. 3-5. 

P e rCo nn the sequ e nc e in 
Tahle 4 . 3. 3 - 9. 

PerCo rm th e sequenc e i n 
Table 4. 3. 3 - 9. 

in 

• It • 
~ .... a 

r~~r ..... nn 
.... IG • ,. .. .... 
.... _0 
OHO" ., .. 
.JI r O. . 
• 



'ectlOD Wo. 9.3.3 
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••• 1s10n 10. 

TABL 4.3.3-2 
I •• is 10D 

A ltl tud 

o 
P r o r 

pLn 
ont rol 

I Iron
Ic. 

(OC I 

'.3 - 92 

fin 'NT PA 

:!U! Pili 

t. qulpmt'nt 

L r .. n or h8JUlC! l . 

o 

t .. \. .U.t..J e • • an 

ItA fT I lTI A I. nOt flATIO 

2 M. 

AOP 1 ON 

G) 
® pIn nat Oc r Cn led. 

® A. 

G) 
® n Gil 

CD lUI 
ar 

CD " DI h nllO'1 1 I lor 
Wit IIbl • I 

® P1.1 I oa_ or Lock l·nDblrd. 

® 1'1. 1. ' In HfllI« oC4. 0 to • 5 rpm 1-

[) 
® A Ana:l 1 III m jETlltud 0 ' A. 

G) HollIn I nod. 

o 
@ 

!I rpm. 

UClA In 

Admulh ro.tnOft I A requll't'd. 

t d pill! ADd 

IIGA Fr. 
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s~rtla\ll: Both 
OFF, bot h star sensor 

at 15 r om . and sun L.O.S . 

(All Je t ll duabl e d , 
n\ainde r a r r " don 't c arrs . but 
Count, 128 rna, n o rma l fi re all 

RE :'!ARKS" T:.t DATA 

AADP l S ADP I ON/OFF = 1 (o."l) 

PB C"LI 

P LlMT I I Bu 

• 

AJMAGC 

AJCEFS 

AJCE I S 

The A DP will initialize in a 'I 
random manne r except for thrust 
e r cont r o l {un ctio n s . (R .. {e r ence 
Para. 3. 3. 2 .3. 2) . These will 
indicat 

= aU ze r os. 

n}. 

r~BV ..... nn ...,\Q. ,.. .. .... 
... 0 
OMOD 
g •• 

• 1 
o 
• 
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TABLE 4. 3. 3-3. (Con tinued) 

CO)Il\iAKO 
~l:--:DIO:-:IC 

COl\Il\1ANO Or. ACTIO):\; 
OHSTEP ~ 

9 (Con ' d) 

AT@3 
ADP C o n fillu r e - ADP Mode S elect (PLL Spin Ra n j:\ e of 8 . ') t o 

! 7 . 7 r pm s elected ; PLL L o ss o f L ock Inh Ib i t ed; Star Gale A 
( fo r ADPI a ... u Star G ... le Ba r .. " don't ca r ..... " uu l Channe l I IS a r bi l ran l }' 
Only) 

SeleCI(·d; MId - range sun senso r sdecled ; Sun selc(.tea; SKR 
(SRb.l' LD. sele -: t ed : (S tar ) 0Io r ma 1 s e l ec t e e:; Sun Ca t e :'i sabl e -l: SRR 
SerA! ; advanc e InhIbIted. ) 
SGBl ; 
SSRM; 
REFSUN; 
STN;SUGI; 
S RA NRM) 

HE )1ARKS &, VEHIFICATIO:-< 

'IELEME Tffi 
REMARKS &. TM DATA 

MNEMONIC 

AMAGCS Pulse /Time C oun t Sel ect = I 
(Pul se ) 

APULLS Puls e Wi dth Sel e ct 512 1128 ms = 0 
(128 m s ). 

ASDI:TS Spin Rat e Detect o r E nabl e /Inhibit = I 
(Enable d) . 

AJE TMS Normal/Alternate Fire Mode = J 

I (Word 3, (Normal). 
Bit 0 ) 

-----l 
A * GA SS St a r Gat e A = I (PSI ~' ) I 

A* GBSS S~a r Gat e B = I (PSI * ) 

ASUNSS . Sun Sensor Se l ect = 00 ( Midro.n~e I 
Sel eded). I 

A SRRMS Sun/Star Se lect = I (Sun) 

j 
S KR IS imulat e d SRR S e l ect = I (SRR) I 

A ')ACQS 
~---

Star A c quisition/Normal = 0 (normal) 1 
ASPINS PLL Spin Rang e = 10 ~8. 0 - 17. 7 rpm) I 

. ALOL ES PLL Loss of Lock = 0 (Inhibi t e d) 

ASUNGS Sun Gate = 0 (Di sabl e d) ! 
( 

ADVANS S RR Advance = 0 (Not Advanc e d) I 
ALOC K3 PLL Loss of Loc:k = 1 (In-Lock) - This 

is not a true il\dicator of lock statu6 
whetlPLL LOBS of Lock has been 
inhibited. 
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1/1 

t' 
C' 

!:o0gC4 ctt1 • 
..... t') ..,.,Q • ,. 
en ..... 
S'M!,8 
C' II! • 
• ii I : 
OlD. 
• 

~~~ to Q. 

~ '" 



---

T ABLE 4.3. 3-3. (Cont lnu ~d ) 

CO;\l:\lo\ !': D 
;\ ! ::E ;\IU~I C 

cml:\IA 1\D OR ACT IOr-; ORsn; p .. -
AT~ ADP C o nfig u r e - r, oll Index De lay Magnitude 

( Ze r o De lay). 
(Fo r ADPI 

A~~G ' -
AT~ A DP C o nfigu r e - M ea su r e m e nt Se l e c t (SRR 

t o RIP for bot h mea s u r e m e nt s A & B). 
(Fo r ADPI 

Only) 
(MEAL = 
RIP , 
MEA2 = 
RIP) 

CD • A ft e r th e SRR to RIP reading s ha v e s tabilized , indica-
tlng su n acqui si t ion has occurred ( F 5 pul s e i s cente :-ed 
azimuthally in Gate A), proceed to establish t he no rmal 
o perating mode : 

AT~ ADP C o nfigure - Mea su rement S e l ect (SR R to SRR , 
and SRR to PSI2). 

(Fo r ADPI 
Only) 

(MEA L = 
5RR, 
MEA2 = 
5 2 5) 

6fI 

• 
W 

J, 
Ut 

11F:l\1A RKS & VEI1I F ICATIOI' 
rrELEl\IETffi 

RE~RKS & T:\f DATA 
~:-\E;lIONlC 

ARI PAD R o ll Index De lay Magnitude (l0 bit s ) = 
All Ze r os . 

AMIADS Measurement A Addres s::; 0 10 ( SR R 

I AM2ADS 

t o R IP). 

Measun: ment B Address = 010 (SRR 
t o RIP). 

ATTMIZ Attitude Meas ~rement: During Sun 
o r Acquisition, this measurement o{ SRR 

A TTM2Z t o RIP (actually Sun t o F s) wil l 
(de p e nd ing b ehave like a damped sine wave (flee , 
on T M for Figur e 3. 3. 3. 1-2). Once the PLI . i s I mat se l ec - i n Lock, thi s measur ement provides 

I 
t e d ). the st eady !Ocat e phase bias between I 

the SRR ~md F s' Ave rage at least 10 
sample" o f SRR to RIP readings . 
and r t: cord for late r usc wt '~neve r at I 
th e prevailing s pin rate (Thi s bias is 
s pin rate d e pe nde nt .) 1 

! 

I 
I 

AMIADS Measu r ement A Address = 000 

(SRR to SM) 
I 

AM2ADS M easu rement B Addre ss = 101 
( SRR to PSI2). 

ATTMIZ Actual s p in rate and quick look S IC 
or attitude w. r. t. th e sun 1. o. s . can b e 

AT'l't.f2Z dete rmin ed with thes e meas ·~r :. ments . 
------------------

., 
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TABL E 4. 3. 3 - 3. (C ontinued) 

C(J:'I;,L.\!\"D 
:\!!\"E:\IO:--1C 

C01>Il\1A Nn OR ACTION 
OIlSTEP ' 

@ • S e t simulated SRR pe r io d to matc h actual s pin p e riod: 

~TQln & ADP Configu r e - PLL S p in P e r iod Magni t ude iA TO, 8, OR (Set t o actua l s p in p e riod magn it u de as seen via ATT MIZ). 
A T078 (For 

iA DPlOnl y) 
SIMSPNP~ 

iA TOG3 (Fo r 
ADP C onfigur e - A DP Mode Se l e c t (p u... Loss of 
Lock Enabled, Su n Gate Enabled). 

~DPI Only} 
WL=E, 
SliC = E ). 

0 • .\ precise att itude determinat io n should be made b e for e 
attempting to use the de s pun HGA f~r two-way c o mmu ni-
cat ions (See Para. 4.3.2 & 4.3.4). 

0) • T he science r efe r ence signals (RIP, RAMVPD, & NA DIR VPD) 
would normally be u s ed afte r a precise att i t ude det e r-
m ination ha s b e en rnade~ th e RAM and NA DIR angle s 

have been calculatP.d. 

-

RDlARKS & VEnlFICATIO:X 
~LEMETRY 

REMARKS &< TM DATA 
MNEMONIC 

• S imulated SRR period should 
a lways be k e pt within +1 bit 
(+0.25 m se.:: ) of the a ctual spi n 
period in ord(>r for the SRR to 
stay within Gate A for 16 m i nutes 
at SIC spin rat e o f 15 rpm ( see 
Para. 3. 3. 2. 3.4 and 3. 3. 3. 2). 

A SIMSZ P LL Spin P e r io-j Magnitude (1 6 b its) = 
Same as tel e m et e r ed via A TTM I Z for 
SRR to SRR measu rement. 

ALOLES PLL Loss of L ock = I ( Enabled) 

AC;U Ncr Sun Cate = 1 (Enabledl 
I 

I 
I 

I 
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TABLE 4.3.3-4 
STAR ACQUISITION 

(St:N REFERENCE NOT ATTAINABLE) 

s:t 
• 
I.W , 
I,Q , 

~ 

CO~D1AND 

l\1:\E::">IOl\lC 
OR STEP i 

(0 lit @ 

@ 

STRQ1 OR 
STRQA 

(S2G=4 OR 5, 
SlG=40R5, 
S2BW=H, 
SlBWSH). 

CO::">1MAND OR ACTION 

• This seque nce Is the same as for Table 4.3 . 3- 3, SUn 
Acqui s Ition, with the following changes : 

• The prefer red s equence for es tablI s hing a star as the SRn Is tc 
n rst sel ect the s un as the SRR and , afte r a sta r map;:>lng 
sequence, transfer to a des I red sta r as the SRR. 

Thi s sequence assumes that due to sic a ttitude or s ol a r 
ec lipse or equipment malfunction, that the sun cannot be used 
as the Intermediate SRR. Regardless of Us probability of 
occurrence, this sequence Is Included In the m atrix 0{ Roll 
Reference sequences for completeness. 

• Perform Steps ~ and ~ of Table 4.3.3-3; then configure 
to acqul re the br ghtest a l able sta r (a 3ta r map cannot be 
made In advance because It requl res an establi shed SRR. An 
SRR has not yet been establis hed at this point In the sequence 
by definltlon): 

• Configure PSI> (or PSI2 » channel for acqui s ition of the 
brightes t avai lable star: 

Sta r Sensor Threshold and Bandpass Select (PSI- or PSI2') selectee 
Threshold setting 4 or 5 generally selected (see " Remarks" 
column), and 19 Hz Bandpass sel ected) . 

rt*-em*~ te 

HE;\IARKS & VEHlFIC,\TI ON 
TEU. JIIETRY I 
M Nl:: MONIC 

REMARKS & T;\l DATA 

• The thres hold setting shwld be selected 
to minimize false alarm rate and maxl-
mlze the probablllty of detection. Know-
Ing the approximate sic attitude" 
ephemeris, the brightest available star 
can be determined. The silicon magnl-
tude of this star can be determined from 
Table 3.3.3.3-3. The corresponding 
deSired threshold setting can be deter-
mined from Figure 3.3.3.3-1 (DeSired 
threshold setting vs. sllicon magnitude) • 

(Coutinued) 
_ . _------ ., 

It 
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• • 
...., TABLE 4.3.3-4 ,Continued) 
I 

\0 
Qt 

CO)L\[AND 
MNEMOl\lC COMMAND OR ACTION 
OR STEP /I 

€V 
(Continued) 

S ADP Conflgure - ADP Mode Sel ect. 

ATQlf3 (For (PLL Spin range of B. O to 17.7 rpm seil'c te d; PLL Loss of Lock 
ADPl Only) InhibIted; Sta r Gat e A anc! Sta r Gate B - both Channell (for PSI· 

channel usage) on both Ch a nne l 2 (for PSl2" channel usage); SUn 
(SRB;PLD; 

sensor select Is a "don't care." but midrange Is arbltrarLly 
(SGAI &. 

selected; Sta r selected; Star Acquisition selected; Sun Gate cHs-
SGBI) OR 

nbled; SRR Advance). 
(l::GA2 &. 

SGB2); 
SSRM; 
REFSTR; 
STA;SUGI); 

SRAADV). 

._- - ---

tIIIII ~O,=,ua 
~ ~ "'8· • ~ ~ n .... .... ~ . ,... 

RD1ARKS" VERIFICATION ~ !.4 • .... 
TELEMI:.TRY 

REMARKS & TM DATA 
MJ\E;\YONIC 

• If P SI" has been selected: 

SO ~ ... !g 
~ ~ ! . • 

~ ~ I 0 
• • 

A 'lTI-fS PSI" Threshold Setting (Analog) = State 4 or 5 

A' I BPS P SI' Bandpass State = 1 (19 Hz). 

• If PSI2' has been selected: 'oJ 

A"2TH S PSI2" Threshold Setting (Analog) = State 4 or 5. 

A' 2BPS PSI2" Bandpass State = 1 (19 Hz) 

A"GASS Star Gate A = 1 (PSI' ) OR = 0 (PSI2·). as 
s elected. 

A "GBSS Star Gate D = 1 OR 0 - Same chotee as m ade - --
for A"GASS. 

ASlINSS SUn ::iens or Select = 00 (MId-range s elected). 

ASRRMS SUn/Star Select = 0 (Star) 

SRR/Slmulated SRR = 1 (SRR) 

A'ACQS Star Acqui s ition/Normal = 1 (Star AcquIsition1 
• ThIs causes Gate A to be 450 wtde. 

ASPINS PLL Spin Range = 10 (B. O - 17.7 rpm). 

A LOLES PLL Loss of Lock = 0 (Inhibited) 

ASU NGS SUn Gate = 0 (Disabled). 

ADVANS SRR Advance = 1 (Advanced) 

A LOCKS 
PLL Loss of Lock c 1 (In-IOCklp This not a true 
Ind!ca.tor c:4 Lock status when LL 10R'M lock 
bas been Inblblte~ 



ZI 

• 
W 

J, 
\£) 

- - - -- -. -. -
C O;\I;\LA. Nl.) 
;\iNEMON IC 
OR STEP N 

@&@ 

(i) 

~ 
ATOfI 
(Cor ADP I 
only) 
(MEAl :: 
S? R . 
MEA ~ :: 
S RR) 

@ 

" -"" ........ ... "" ... 

COMMAND OR ACTION 

• P erCor ' I' S teps @ a nd ~d 0( ' 1 a b le 4. 3. ', - .:: . S .. '>sti t ute 
t h e wo rd ' Sta r (or the wo r d SU'I' i n th e r em a r ks co l u:" II . 

- -- -

• t .fter t I, e tel e r. .e tr y li sted a t t ! c right I. ave s t a 'li l i zed. 
i r,d icat lnll S ta r acq uisition bas occurre d ( F s p uls e is 
centered az i ln utra ll y i ll Ga le I, ). proceed to " .easu r e :'""I ent 
se lection : 

A DP C onfig ure - Meas ur e m en t Se le ct 
(S P.R to S RR. and S RR to SR R). 

• Pe rCorm St~p @ oC Table 4 . 3.3-3. 

REMARKS &. VERIFICATION 
1ELENtE TRY 
MNEMONIC REMARKS &. TM DATA 

ATTMIZ SRR to R I P (Telem etered as both 
Q.B M e asu r em ent .' a ll d M easu r e m ent B) 

AT 11\, 2 Z has stabilize d. 
(Depend in g 
on TM 
forrr.a t 
selecte d). 

A ~ I IJ RM PSI* B rightness } Tp e selected star 
channel output has 

A :~ 2 BP. M PSI2 " Brightpe s8 stabilized in 
brightne.s 

-

A MI ADS Measurement / ' Addres. :: 0 00 
(SRR to SRR). 

AM2A L>S Measurement B Addres. :: 000 
(SRR to SRR) . 

AT T MI Z Actual spin rate can b e determined 
QB with Measurement AIt.B. 

A T TM2Z 

. j 

till 
~ • 
~ .... 
o a 

r ~rr . .... nn 
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a 
• w Table 4. 3. 3-4 (Conti nued) 
I .. COM~!A Nl) 

o IMNEMON IC 
o OR STEP /I COMMAND OR ACTION 

@ I . Configure for norma l o perati ng mode after S tar 
Acquisitio<l : 

ATQe 3 

(PLE; STN 
SUGD; 
SRANRM) 

4 

ADP Configure - ADP Mode Se le ct 

(PLL Loss of Lock Enabled ; (Star) Norn lal selected; Sun Ga t e 
state " cio n ' t care , " but arbitrarily lef, in disabled sta te; SRR 
Aavance inhibited). 

• A precise attitude d e termination should be m ade before 
attempting to use the despun H GA for two - way c o m munica
tions (See Para . 4.3.2 and 4.3.4). S in c e the sun is not 
available, a n d prellumably the star in use as the SRR is 
not known, a star mapping should be done using Ga te B 
(See Figu re 3.3.3.3-1 for the mapping sequence) and all 
available stars positions used for the attitude determina
tion . If a sta r othe r than the one presently functioning as 
the SRR i.1 the preferred SRR, then a star-to-star transfer 
should be m ade afte r the sta r ma pping (See Table 4. 3. 3-1 1) 
and before the df! lIp·.m HGA and science Reference lIignals 
are estab l illhed. 

H EMARKS & VERIFlCA TION 
"lELEMETRY 
MNEMONICI REMARKS &. TM DATA 

A ~'ACQS 

ALOLES 

ADVANS 

Star Acquisition/No rmal - 0 (No rmal) 
• This c auses Gate A to retract to 

a width of II. 2So . 

PLL Loss o f Lock = I (Enabled) 

S RR Advance = 0 (Not Advanced ) 

.., 
~ 
~ 

" b 
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DBLE '.3,3-5 

SI!UL1'f!D sn "lCQUlSlftOl-

---.--------............ ----.-.------~-- .... .-.-.----..--....-----...-. 

GiYen no established Sltft anel the initial 
conditions listed in 'fable _.3.3-2, inability to 
perfOr1l either a SUD acquisitioD or a star aequsition 
i.,lies .u1tiple spacecraft failares or an abnonal 
spacecraft a~titude with the san l.o.s. 8lOBCJ the spin 
arls and DO stars within the star sensor fie14-of
yiev. 11so, if ODe vere c1riY8Il to atte.pt this 
sequence, one wou14 hD'e to aake the best eati_te of 
the present actaal spin perioel basec1 on pre.io_ 
knowledge in order to .ake the siaalated spin period 
acceptably realistic. At.tit.ude is indeteninate 
except .1a the earth L.O.S. 

I ft. actual spin period coalel be aporozlaated ID 
real tiae by .. asuring the period in the qroan4 I recei.ea signal. streagth sJJJnat.re e ... tug ~EO. a 

'spacecraft oani a_aDa. fte _asare.ant cou14 he 
refined, br ~ra.sf.rriD9 the aow.liDk to tit. KG& tJaat 
is approxiaate1y despan anel the 40vnlial is 
detec:ub1e. ~1a sse of the aboye ... sarecl &piA period 
as the siaalated SRI peri04. A slov arlft of tile liSA 
trans.ittea siqnal .. ill iDdicate the error betHell 
tEll. aDd st-alated spio periods. 

BGI elevation position corresponding to aaxiaua 
qJ:Oad recei~ed siqnal strength vUl pro~i4. t.1a. 
reaainuuf infonatioa for deteniDiDq spacecraft 
w.r.t.. the earth L.O.S. 

••• 18108 

'.3-101 



• • 
~ , 
4 
o 
1'1,) 

cml:.j' :\[) 
;\!:, C:,!V:>:l C 

on ~TF J> · 

CD 

@ 

STRQ l or 
STRQA 

TA B L E 4 .3 . 3-
SUN TO SUN (DIFFERENT SENSOR INP UT) TRA NSFER OF SRR 

RE MARKS & VERIFlCATI01\ 

CO~DIA:\D OR ACTION 
rn:LEl\IETm 

RE:'<IARKS & TM DATA 
MNEMONIC 

• Initial condi tions are as shown In Table <t . 3. 3-2 (essentially: ADPl 
ON; DCEl ON; IICA despun , pointed to ea rth I. o. s ., and In use for 
('pllnk and Oovmllnk; PSI Is the SRR; and sun sensor mid-range 
selected. 

• WIthout speculating about the probabil ity o.f occurrence of this 
sequence, and cxcludlng (11 Intervening precessions tha t may 
requl r e It. and (2) the geometric limI ts of usage of the IlCA In 
the face of a precess ion f rom an ec liptic normal spln axis attitude, 
lhe g'_".j<lence Is presented here for completeness : 

• Choose any delectable s tar (or the purpose of bi as m easurement . 

• Meas ure and r ecord the (SRR to Gat ed Star B) A TTM t o th i s 
"bias measurement" star - conve rted to spin angle delay via 
(SRR to SRR) A TTM. Als o, reco rd the Intens ity of thJ s ''bIas 
measu rement" star for a id In Its Identlficatlon: 

• Configure e Ithe r PSI ' or PSI 2 • channel for measu rement of the 
"bias measu.ren.ent" sta r: 

Sta r sensor T hreshold and Bandpass Select (PSI ' ~ PS12' Selected, A'~ TI1S 
~. Thn'hWd_r--~ Threshold setting and bandpass selected {or acceptable probability of 

Id"'''"OO '" '~M m •• w'~~t" ",,,,, 
A 'I BPS PSI" Bandpass stale settings, 

according to 

A'2THS .star channel 
PSJ2' Threshold SeW selected - , 

A'2 BPS PSI2' Bandpass State 

I 
I 
I 
I 
I 

I 

I 

I , 
I , 
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TABLE 4. 3. 3 · .. . ontinu .. dl 

CO~IMA~O 

MNElIIONIC CO ;\ll\lA:\O on ACTION 
OR ST EP • 

CD • Locat e Gat e 13 over the "b ias measu r ement " st a r: 
f------= -
AT~5 ADP Conf igu re - ACS Angle Oe l n~ ~I agnltude 
(for ADP 1 

Onl\ l Calculate Q = SEPSLl'STA R - BI ,' SSl1KSTAIl - 0. 3520 
- 5 . IJ2So , 

wher e: 
IACSAKG) • S EPSl ll'ST AR " Az imutha l sepa r ation angl e measur ed In the 

plane no r mal to the S I C s pln ax is fro m the s u." I. 0 . s . to the 
"b Ias measurement " s t a r (n,casuredTr!the di r ection o f S i C 
spin!; a Dd : 

.. BlASs'l' KSTAR = va lue obLalned from tab le In "R EI\IARKS " 
column. ) 

• If II Is positive , commaDd(.'d magnitud e lI . 

.. If II Is nepUve , commanded magnitude = 3 600 9 . 

RF.M ARKS g, \ ' ERITIC " T'CK 
ELEIIIETn 

~ ElIIAnKS g, TlII DATA 
I\f);EI\IONIC 

AACSAO ACS Angle Delay Magnitude · Val ue 
Commanded . 

.. This nction he r e, plus Star Gate B 
s e lec tion In the ne xt step. will 
position the 'bias measurement " star 
Lo be In the center of Gate B. 

.. Actua l del'-l' Is 0. 352° large r lh.an 
the commanded va.lue. 

Gate B Corresponding valuE' (from 
Star Tables 3.3.2.4-2 and 

Channe l : 3.3.2.4-3) for BI ASSl"NST A]\: 

PSI " -(1)-(2)-(3)+(A)+(B)+/C) . 

PSI2· -(1)- (2) - (3)+(A)+(C). 

'-.--- -
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TABLE -t . 3. 3- d ) 

I .. \ 
.• , ;.:·J.,IC 

\111"Tr:P • 

Onh'l 

Ily l 
(M EA l 
SRR . 
.... EA l 
MI P) 

CD 

EQ!) 

(For DCE! 
Only) 

n In Slc~ : 

.. 

Imuthal pOs ition commMd via 

DCE ConfIgurc'- A!.Imutb Pos IU(\n (Approx lmatel 
1.410 less than SRR to lI1H' angle calculated from TM) . 

, 

IT LE~l 
REMARKS" TM DATA 

: . cco r :; nr. :.;> star 
f------i---------Il - hannel s elect ed . 

ATT1I1 1Z 
OR 

TTM2" 

A 'IT1I1 1 
OR 

ATTM2Z 

I.ould .lave stabi 
liz ed t o a valu I 
recognjzable aa t hat! 
o f the "bia s meas -

Attitude Measurements; 

• Record (SRR to SRR) and 
(SRR to 1I1IP). 

• Translate this. vUl knowl e dge of last 
az.lmuthal commJUlds to DCE. to the 
equivalent azimuthal 3III1e Deeded for 
DCE conflgure - AzJmutb poel.t1011 
command. 

• Commanded ~e should be approxi
mately 1. 4.10 (pre-lallDCb value for 
flxcd set of envlromnental COIIdlt101111 }~ 
less than ,,'fiR to ~O P ~e calc~ 
lated from TM.(Re l. T able 3.3.Z.~ Z·1 

Attitude lIIeasurements: 

SRR to MIP sboald stay CQII,stJUlt and . 
ground rE:'.:ctved signal streDgth should I 
stay con,~t. 1f DOt. recalculate nec:es~ 
sa". command angle to return PLL Ref to 
lIIlP rlllCle as meuured In step(g. Reco 
new 1 between commanded and TM a.acJ.es 
for pmrt-transfer use. Tben repeat this 
!ltep with ncw /I • 

• • • 
~ 

i 
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.. . 0 
OHO~ 

aI ! . 
" I ': o. • 
• 

00 
"":0 
~i5 
8 2 
:o~ 
0" c> 
l!~ 
~iii 

w 



• • 
toOl 
I .. 

o 
VI 

TABU:: 4. 3 . 3 ·· 

O~I :'I.~~n 

... · D!O~! ( · 

l I'. ",rLP .. 

(2) • Configure for and reconl p res 
uremenl" s tar: 

..-. 
I 

by to "bias meas -

I'l :selec t (SR!"l to S Il Il) aod 

Onl,· \ 
!Hr.A Ph.u .. 

DA) 

Phase Il I Di sabl pl 

--- -- - - -----_ .. 

ll E MARKS " VERIFICATIOS 

~1:-'"E:'IO~1C 

A1IM I Z 
OR 

"11M2 " 

" DSPI'S 

RE:\tARKS l: T:\I DATA 

Attitude 7.ieasurements 

• Calculate spin angle del~ to "btas 
measurement" star. Call It 
" PRE-MEAS" 

• To prevent anUDIlJl polnt1n« tran
sients durtng SRR transfer (Refer 

3. 3.2. 4). 

Oespln Pba 

• HGA Azimuthal on- board c losed loop 
control via the DC E bas nO 

OespIn c ontr o l 1l! ~'n-

Inf!'O b y u3.n g th l!' 2 1Z FS pulsf!'S 
f r om the A C P . the 27 FZ pulses 
fr o m the BAPTA. oind therefo re . 
e ffecuve l y . th e last re membered 

Imu t nal loca tion of the F 5 pulse. 

III • ~ 
Si ... 
o 
~ 

r~gr 
~ ... "n ...,10 • ,. .. ... 
.... 0 
0"'011 II _ • 

• 1, I 0.. . 
• 
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TABLE 4. S. J-

- --
I (r,-,.· \', 
. ;- !.::. :\/C 

IdlSfI p . 

A 

u 

@ 

upper ~ lo .. -e r selected. ali ott .. r 

• Calculat e required new azimuth angle for HGA aZimuth pas lUoo : 
" AZ" = (L:lst wmuth command I-:Uue {r om .,.~ ''CHA KGE 00 ..... t'\::A . " 
.. llere: 

"~IIA"GE" ., ('PIlOl EAS" (from Step(1))) - (' POST
MEA S" (from S~)J. 

Asn;ss 

OIl 
ATT~12Z 

~ Sensor Select = 01 (Extended Range 
Lowe r) or = 1(1 (EXtended Range t:pper') . 
as commanded. 

• Calculate spln angle delay to ''b~s 

mea.5urement" st4 r. Cali It "POST
!\lEAS. " 

AU Other TM as befor e. 

: .. ... 
/I 

~ 
II 

.~c;,w 
: .... 8 ! 
.... \Q, ;+ 
/I. .... 

Z'Mra 
:J I' • I : o ~ • , 
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RIP) 

• FJ'\) 

n t lnu .,d) 

COl\lMA!\O OR ACTIO~' 

nl for" 

IS RR to MIl') 

REMAnxS" VER1FlCATiON 
·~ LEMETR\, 

)IKE )'O~'C 

AlTM l 
OR 

AlTM2 

ARlPAO 

A DSPNS 

ATTMI 
O R 

REMARKS" TM DATA -, 
Attitude Measu:remenu: 

• Record present readiJIp. Coavert 
to spln anr;le delays v1a uae 01 last 
known spln pe n od. 

Roll Index ~ Bolapttude: 

• Record present value (1'hls Is the last 
commanded \'1l1uc) fo r bter uae. 

e Cannot vertfj' unUl DCE Phase Reset 

Is enabled. 

Oespln Pba 

• Ground rccel ved sl«Dal st rencth vta ROA 
does not cbi.Jlle, Indicattnc HGA Is not 
movt~. 

SRR to \\lIP - Step chance to be equal 

nile ," as dehned In S tep@ 

• .. • &i .. 
o 
D 

r~Br 
• .. t'ln .. -0. ,. .. .. 
... 0 
0"'0. 
II •• •• o • • 
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T A B LE 4. 3. 3-6. (Cont i nued) 

l O:::' !.\ );O I 
:\ I SL :,IO~, I C 

C 0 ;\DLA:,\0 OR ,\ ':: '1'10:-': 
~lR " l· c rJ · 

I @ Headjus t RIP delay w. r.t. new SRR: 

I A TQD6 A DP c onflgu n ' - Roll Index Delay ;\Iagnltude (1I1agn l nlde 
(For A DPI = (A Rl l'AO value from Step@)+ "CIIAKG E" ( "I'Om Slep@>. 

Only) 

Rl nANG 

i 

H El\lA RKS &; \ 'F.R IFICA TIO); 

rE L E :'IET ln 
RD1ARKS &: '1'111 DAT.'I 

:'If~E II10~IC 

A RI PAO Roll Index Delay l\ lagnltude = Com manded 
Value 

ATTJlIl Z SRR to RIP - Step func tion change by 
OR a magnItude = "CIIA NG E . .. 

ATTII1 2Z 

• RIP . RAM VPD, & NAUIR VPD should 
now be occurJ'tng sp ati ally as prIor to 
the SRR transfer. 

---

I 

I 
I 

I 
I 

• II • ~ 
til .... 
o 
&:I 

"0'='(,4 
~ ... O~ 
• ~C) " .... 14. ,.. 
to • .... 
.. -8 010040 
&:I I •• .a 0 o CD • . ~ r .. bl8Z 
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Command I 
Mnemonic 
Or Step /I 

• 

TABLE 4.3.3-7. 
SUN TO STAR TRANSFER OF SRR 

Command or Actlon Telt:metry 
Mnemonic 

Initial conditions are as shown In Table 4.3.3-2. (Essentially: 
A OPl ON; DCE ION; IIGA Despun. pointed to earth 1. o. s •• and 
In use for upUnk and downlink; and PSI Is the SRR). 

~ 

Remarks &. Verification 

Remarks " TM Data 

• This sequence will be used nonnaliy 
on-orbit. prior U> entering a reg100 of 
eclipse of the sun by VCUU3. 

The 8RR candidate star that wfil nor-
mally be used c1urlng thl.a point In the mls-
slon Is RlgU KentauM18. 

The actual traJlbf-er will occur via 
execution of commands In the comruand 
memory. Since the command memory Is 
llmlted In size. science commands and 
required commands for SRR transfer must 
be budgeted. There may not be sufficient 
space In the command memory to accom-
modate all the commands listed In thLs 
sun-to-star transfer sequence Table 
4.3.3-7. 

Some of the commands In this sequenc 
should be executed In real-time ~ 
entering the eclIpse region In order to sav~ 
command memory space. These are 
Identified by "(RT)". 

In order to updat~ bLas values. per-
fonn the enUre f1equence. preferably dur-
Lng apo8psls. 

Exclude" (RT)" commands and 
exclude" (BIAS)" commands from the 
stored command sequence. 

I 

• , 
.-1, -... o 
tI 

rR~1 
~~. ~ 
~ ..... 
.... -0 
OMOD 
., III • •• O. 
• 

• o 
• 

w 
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Table 4. 3 . 3-7. (Conti nued ) 

Command 
Mnemonic Command or Action Telemetry 
Or Sten 1/ M.nemonlc 

(~S) • The sic attitude s hould be well known on a contlnuous basis. 
Howeve r , an updatln8 of the s tar IJUIp may be reqw red pertodlcall ; 
:uxI , If needed , should be performed prior to transfer to a star 
SRR - prefe rably during &pOOpsls. 

• Pe rfo rm a compl ete or Hmlted s tar map per the s equence In 
Figure 3. 3. 3.3-2 , as reqwred. As a mlnlmum, map tile immed-
Iate azlmuthal vtclnlty (100, In 20 s egmental of the star that Is thE 
SRR l:andlciate. 

• As n mln1mum , record (SRR to SRR) and concurreJ1tly. the(1SRR 
to Gated Star B) ATTM values , 

(1 ) using PST' channel for Star Gate B with the SRR cll.Dd;date 
s ta r . 

and 

(2) using PST2' channel for Star Gat£: B with the SRR candldate 
s tar. 

• T r ans late ;obove to spln angle delays, uslng (SRR to SRR) 
m easu rement(s}. 

( B~) • Configurp PSI' (or PSI2·) c l..mn.el for use as the SRR channel tor 
the SRR candldnte s tar : 

eRn 
ST RQI St !.-'" 5eMf>r Th reshold and Bandpu. Select (pSI· (or PSI2·) selected, A-1THS 

OR Threshold Seti.1.ng and Bandpaas Selected for ~eptable probabOlty of 
;.:iT RQ A IX!tect101l of SRR \.. " ndtdate Star). A-1BPS 

A*2THS 

A*2BPS 

~ 

Remariul .. VerifleaUon 
• .o~cn .,. S:1 K 4 .... "-\Q • ,.. 

Remarb. TM Data • 01 , ... ... ... -8 0 o ~ 0 
~ : S,' r o. • 

J 
, 

I 
I 

PSI " 1b""",rl ...... 1.' ............. 
sett1Dgs. acco~ 

PSI- Bandpass State Ing to Star Chan-
PSI2"'1bresbold SettIDg oel Selected. 

PSI2·BaDdpuastate 
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TABLE 4, ~ , 3 - 7 . (Continued) 

COMMAND 
MWElIONlC 
OR STEP f 

COMMAND OR ACTION 

® I. I.ocate Gate B over the SRR candidate star: 

ATQi65 
(For ADP 1 
Obi,) 

(ACSANG) 

ADP Configure - ACS Angle Delay Magnitude 

Calculate 8 = SEPSUNSTAR - BIASsUNST AR - 0.3520 
- 5.6250 , 

where : 
• 1! EPSUNSTAR = Azimuthal separation angle measured 1'1 the 

plane normal to the sic spin axis from the SUD I. o. s. to the 
''blall mell8.u'ement" lltar (mea.sured ill the dlrecUon of s7c 
.pln); and : 

• ntASsUNSTAR = value obtained from table In ''REMARKS'' 
column. ) 

• If 8 Is positive, commanded magnitude = 8. 

• If e Is negative, commanded magnitude = 3600 8. 

IrELEMETR 
MNEMONIC 

AACSAD 

Gate 

REMARKS t... VERIFICATIr.N 

REMARKS t... TM DATA 

ACS Angle Delay Magnitude - Valole 
Commanded. 

• This action here, plus Star Gate B 
selection in the ne,,-t step, will 
positiO.l the ' 'bias measurement" star 
to be In the center of Gate B. 

• Actual deity 15 0.3520 larger tbaJl 
the commanded value. 

Gate B 
Star 

Channel: 

PSI· 

PSI2· 

Corresponding value (from 
Tables 3.3.2.4-2 and 
3.3.2.4-3) for BIASSUNSTAR' 

-(1)-(2)-(3)+(A)+(B)+(C). 

-(l)-(2)-(3)+(A)+(C) 

lID 
CD 
4 

t: .... 
g 

r~fi'~ 
~ .... nn 
.... \Q • ,. 
DI ..... 
.... -0 
O~OD 
D •• 

• 11 I O. , 
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TA BLE 4. 3. 3- 7. (Continued ) 

Command 
Mnemonic Comma.nd or Action 
Or St ep ~ 

G) • Select Star Gates A and B {or the deslred SRR star channel 
(RT) (.elected In SteI@) : 

ATQ63 (For A DP Configw-e - A DP Mode Select (b'tar Gates A and B 
ADP l Only) both channel 1 (for P Sl ' cha nnel us age) or both channel 2 (fa r P SI2' 

channel us~e)) . 

® If the prevailIng HGA azimuthal position commanded &. TM -,alues are 
(BI AS) known &: r ocorded. note them as SteJ@recorded values &. proceed 

dLr ectly to Step@ 

Otherwise. perform Stept(!)~ 

(ContlnUl~d) 

Telemetry 
Mnemonic 

A-GASS 

A'GBSS 

Remarks &: Verification 

" r~~C4 : ..... ~ 
t: .... IQ • 

CD • .... 
Re marks &.. TM Data ~ ~~!,8 

D II ••• 

• al 0 o • • • i 
Star Gate A = 1 (PSI· ) OR = 0 (PSI2-). a s 

,. 
~ 

commanded _orr 
Star Gate B = 1 or = 0 - Same choice as w 

made for A-GASS. --

All othe !" ADP Mode states should be 
unchanged. 



TABLE 4. 3. 3- 7 (C ont inued ) 

Com mand 
MnemonIc Command or Action Telemetry 
Or Step * Mnemonic 

CD 0 Configure for and r ecord present A TTM measurements for HGA 

I {Continued} 
Azimuthal pos ition: 

ATQIn (For AOP Configure - Measurement s elect ATTMIZ 
AOPI Only (SRR to SRR) and (SRR to Mlp). OR 

(MEA l = ATTM2Z 

SRR , 
MEAl = 
MI P ) 

0 • ve rify cor rectness of equivalent azLmuthal pos ition command: 

(BIAS) 

OCEQ5 • OCE Configure - AZIJIlUlh Position ATTMIZ 

, ' o r OCEl (ApprOX ima tely 1. 41 less than Sf.R to MIP angl e calculated OR 

Only ) from T1\!.) ATTM2Z 

CD • Configure for and record all prese nt remaining pe rtinent ATTM 

Remarks" Verification 

Rrmarb " TM Data 

-
A tUtude Mea.suremeDla: 

• Record (SRR to SUR) amI{SRR to lOP) 

• Traas1ate this via lmowledKe of last 
azimuthal commands to DCE. to tile 
equivalent azimuthal angle needed 
for DCE Ccoftgure - Azimutbal 
Position CommaDd • 

• Commande dangle should be appl'Oldm.ate 

ly 1. 410 (pre-launch value for ftxed 
set of envtronmeotal CODdltLOIl8) less 
than M ... t to MIl' angle calculated 
from TM. 

Attitude Measurements: 

SRR to MIP should stay COIlstant and 
g round received signal s trength should 
elJlY constanL If not, recalculate neces-
sary command angle to retu.r!l S RR 
to MIP angle as measured Ln Step<2}. 
Record new /:; between commanded and 
TM angles for post-traJl8fer use. 

• T hen repeat this step with new to • 

rij!1W • .. nn 
.... "1. ,. 
r. ..... 
.. • 0 
O..,.OCl 
CI •• 

(RT ) and associ a ted measurements for post- transfe r use; then confi gu r e 
finally for measurement du r ing transfer: 

I 
a .1 1 ' O. • 

• 
• 1M 
I 
~ 

~ 

1M ~ 
CI • t; 
.... o 
&:t 

I 
w 



• T ABLE 4.3 . 3-7. (Cont,nu ed ) 
• 
W 
I 
~ 

~ • 

Command 
Mnemonic 
Or Step ~ 

(C~Ued) 
( .'II{EA I 
I3 r .R. 
IMEA 2 = 
RIP; the n 
MEAl = 
SRR, 
M EA2 = 
GSB) 

® 

Command or Action 

ADP Con11gure - Measurement Select (r.;nn to SRR) and 
(SRR to RIP). te rminating with (SRR to Gated Sta r B) and (SRn to SRJ1 

o Disable F S Refe r ence to DCE: 

Telemetry 
Mnemonic 

ATTMIZ 
OR 

)ATTM2Z 

A'lBR~T 

A'2BRM 

ARI;>A 0 

AA CSAD 

ASIMSZ 

AVPDRD 

AVPDND 

AELEVD 

Remarks & Verification 

~ llfO~C4 $ =:l ~ • . - .... IQ ..... 

Rema rks & TM Dab 
I 

A ttl tude Measu rem ent: 

• Record, when sA: Is conllgured , the 
following for pos t- transfe r use: 

CD 01 • .... 
S" ~iU 1:1 D • ,. 

• I 0 o <t • 

(SRR to SRR). and (SRR to RIP) 

• SRH to Gated Star Bt\ should 
stabilize to less than 0.3 variati ons. 

PSI' Blightness According to Star 
Channel selected -

PSl2' Brightness should have stabll\z·ed 
to value recognizable 
as that of the SRR 
candIdate star. 

\ 
RIP M ... .,,,d. J R<"C.ro ""',," 

ACS Angle Delay for post-transfer Use. I 
Magnitude 

PLL Spin Period 
Magnitude 

Record values 
RAM VPD for post-transfer 

use. 
NADm VPD 

HGA Elevation 

• To prevent antenna positioning trans-
Ients durlng SRR transfer (Refer to 
Para. 3.3.2.4.4). 

I 
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Table 4. 3. 3-7. (Continued ) 

Command I 
Mnemonic Command or Action 
Or~i I 

@fCODt'd) DeE Configure - Mode Command (Phase Reset DIsable) 
OCEQ6 
(For DeEl 

OlIlYI 
(BGA PHASE 

s DAI 

- - ---

-

Telemetry 
Mnemonic 

ADSPNS 

Remarlta .. Verlflcatlon 

Reman. .. TM Data 

Despln Phase Reset = 0 (Disabled) 

• BOA AZimuthal oaboe.rd clolled loop 
control via the OCE haB DOW been 
dtSCODDeCted from ualDc the ADP F S 
pulse as a spin reference pulse. 
Deapln CODtrol Is malDtalDed by uslDg 
the 212 F S pulses from the ADP, the 
27 FZ pulses from the BAPTA; a.ad 
therefore, effectively, tbto laet 
remembered azlmuthallocatioD of the 
FS pulse. I 

r~8r 
~""tl" .... 10. ,.. .f .. 
.. • 0 
O~OE' 
ts OJ • 

• 1 
o • 
• 
~ • .. • 
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TABL.E 4.3.3-7. (Continued) 

CO;\Ir.L·HIO 
1<III:E;\IONIC 
OnSTEP' 

COM:\1A:\D OR ACTION 

® • Transfe r tbe SRR to the c andidate s tar: 

ATQ63 (For ADP Configure - ADP Mode Select 
ADPl 
Only) 

(PLL Loss of Lock Inhibited : Star Selected: SRH Advance Selected). 

( PLO; 
REFSTR: 
SRAADV) 

REMARKS & VERIFICATION 

rn::LE METRY 
MNEMONIC 

REMARKS & TM DATA 

ASRRMS S1n/ Star Sel ' c t = 0 (Star) 

A LOLES PLL Loss of Lock = 0 (Inhibited) 

ADVANS SRR Advance = 1 (Advanced) 

• Phase Reference of PLL will transfer 
to Star located In Gate B. I 

• Star will leave Gate B, but s tay In 
Gate A. 

A LOCKS PLL Loss of Lock = 1 (In- Lock) - This Is 
not a true Indicator of Lock status when 

. PLL Loss of Lock bas been lnblblted. 

A'lBRM P SI' Brtgbbless According to channel 

selected, brlgbbless 
A*2BRM PSI2+ Brightness will drop to zero, 

lndicatlng star has 
left Gate B. 

ATTMIZ Attitude Measurements: 
OR • If S RR to Ga ted Star ' B i s one o f t he 

ATTM2Z s e lected measurement channels (e. g. , 
during bias measurement effort Dear 
apoapsls), as sooo as th.e star leaves Gate 
B, thts measurement can no longer be 
made, and ATTM measurements A and B 
will no longer cycle. The last valld meas-
Qrement from the alternate selected value 
(in this case. SR R to SR R will be 
continuousl y telem'!.te red for bot.h 
A and B meaii u rement slota. 
R efer to Para. 3.3. II. Z. 

-

• : ... 
14 

S" 
tt 

:~7l'" ..... ili3 
~oQ ... 
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S" ... !'8 
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abl e 4.3. 3-7. IC _ .. _- .. _--. 
Cummand 
Mnemonic Command or Action 
OrsteD , 

@ ~ Calculate r equired azImuth angle (or HGA Azl.muth poslUon: 

• • 
W , .. .. ..., 

(BlA S) 

.~"'"~i1 

• 

• 
• 

D = (Last azimuth command value used In stcp @ t "Lilt 
t TMSEP , 
where ".A " & TMSEP are 
obtained from Table i n the "Remarks " co lumn. 

If D<3600 , th~n "AZ" = D. 

If D;' 3600 then "A Z" = D- 360 0
. 

Remarks II VenflcaUon 
Telemetry 

Rema rb II TIl Data 
Mnemonic 

• 'la' may be obtained (rom prelaUDCb 
tests or updated durlng the mission 
using amine statistical prOcessing of 
appropriate dowDllnk laformaUon. 

Star Channel Correspondi ng 
!chosen in value for TMSEP: 
step ®: 

PSl* Valu e obtained in (1) 

of step (!) . 

PSI2* Value obtained in (2) 
of step CD . 

• II 
4 

" ... 
g 

r~~r ... nn 
.... \Q. ,. .. ... 
... _0 
0 .... 0:1 ... , 
.11 ~ o. • 
t 
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CD 

TA BLE 4. 3. 3- 7. (Continued ) 

CO~t:\I.-\ ND RE)'1ARKS g. VE HI F ICATIO=" 

:lIXEMOXIC TELEMETm "'" ' '' TA 
ORST EPIi CO"ntA ~D ORACTlO:-: :lI KEMO~lC RE.1ARKS&T. 1 L' . . ' 

(il) • Coofigure for and record pres ent ATTl\I measureme nts for HCA 
OrrA Sl Azimuth pos ltloo and IlIP Delay : 

ATQfl (Fo r ADP Configure - Measuremen\ Select ATTM I Z Attitude r. leasure me nts : 
ADPI Only) (S RR • -_.. ' OR to •• n p) <VAl (SRR To RI P) • Record present readings Convert 

(M EAl = ATTM2Z · 
M IF to spin angle delays v b use of l ast 

• known s pin pe riod. 
MEA l = 
RIP, ARIPAD 1<.011 lnd .. x De la) Magru t ud4: - Re c ord 

f>reeenl va lue (th is IS t h e lastcomrnandec 
value ) Cor lale r u se - Shoulr:l be the ! a me 
va lue as rec orde d In ste tlS) . 

@ • Insert new II GA Azimuth Angl e Into OC E: 

OCEQ5 (For 'OCE Configu re - Azimuth Posi tion (l 'se "AZ" c alculated • Cannot ve rliy until De E Phase Reset 
DeEl Only) In SteI>@ l. Is Enabled. 

@ • Enable FS Reference to DCE : 

De~ (For DeE Co,nfigu re - Mode Command (Phase Reset Enable) i\~PNS J)espln Phase Reset = 1 (Enabled) 

DeEIOnly) i 
(HGA PHASE • Ground r eceived s lgnal stre~ vta I 

• EN') HCA does not change. lDdlcaUng RCA 
15 not moving. I 

A TTMIZ SRR to Ml P - Step cbange to be equal 

OR to "CHANGE" as deflned in ~p@ 
ATTM2A 

• U HCA does move sllgbU.y. It wt11 hal 
to be repalDted to earth L o . s. 

Repeat Step@,uslng thls new data to 
I _ :;::t the utmutb posttton com- I 

• :~rw • • .... ~ .... .... IQ. t: .. III • 

~ ~~ri 
I:t I:t ! ~ 

• I : o ct . 
• 
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TABLE 4.3.3-7. (Co ntinued) 

! CC':\Dl \ ;\,O 
:II :\E.)IO:-;IC 

COM1\1Al\O OR ACTION 
On STE P I 

@ ReadJust RIP Delay w.r.t. new SRR: 

ATQf6 (For AOP Conflgure - RoU LDdex Delay Magnlblde 
ADPlOaly) ( • F = (ARIPAO value (rom St ep <!) )t ''ii. ' .. TMSEP 

(From Step @ .) 

• If F (') 60° , then Magnitude = F. 

• If F ) 360 0
, then Magnitude = F - 3600 • 

® • EstabUlb normal post-t:r1lnsfer mode (or A DP: 

ATQII3 ADP Coaflgure - ADP Mode Select 
(ForADPl (PLL Loa. of Lock Enabled; SRR Advance Resetl. 

Only) 
(PU; 
SRANRM) 

® • Cooflgure ATIM for eclipoe (or lack of sun 3vallabUlty): 

ATQfl (For ADP Conflgure - Measurement Select 
ADPl Only) "( SRR to SRR ) and ( SRR to Gated St.a.r BU ~ (to any otber 

comblnaUOIl that excludes ( SRR to PSI2)) 
-

llEMARKS &: VERIFICATIO!\ 
fIr: LE ~1ETRY 

REMARKS" TM O .. \TA 
MNEMONIC 

ARIPAO Roll Index Delay Magnl blde = Comm.aDded 
Value. 

ATIMIZ SRR to RIP - Step funCUOIl c~e 
OR by a magnI blde = "IS: t T MSEP • 

ATIM2Z 

• IUP. RAM VPD and NADIR VPD'sbwl( 
DOW be occurrtng spaUally a8 pr10r to 
the SRR transfer. 

ADVANS SRR Advance = 0 (Not AdvaDCed) . . 
ALOLES PLL Loss ~ Lock = 1 (Enabled) I 

I 

A LOCKS PLL Loss ~ Lock - Now Il tnae 1ndl.cator. ! 
I , 

All Other TM as Be(ore. ! , 

I 
I 

ATTMIZ Attttude Measurements: As aclected. : 
OR 

, 
ATTM2Z I ---------- ---- - --

r~Jlr 
• .... () C'l .. \Q. ,. .. .. .... -g 
O~O • •• .1 1 I o. . 
• 
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T ABLE 4 . 3.3-8 

.• L\\A I'D OR ACTION 

• Initial condillons aN' ." s ilo..,., In T~II' 4. 3 . 3-2.. (Esscnl.I:ill ), : 
\ DPl ON; DeE I ON; Il GA Oespun, flOlnted to ea rU! l. o. s ., and 

(o r uplink and do ... nllnk ; and PSI Is th e SRH\. 

• 

• 

• 

e I . 

/3 \ The ACl' Angl e d('l:iy m agnltuck> us ed to loc3tc Sta r Go'l t I' n 
andlda.le Sla r . (F rom StcPIV I 

Il \ The \1llu(' o ( ",\ Z" (From Stc~l 
lei The Roll Index Deb)' i\lagnftudc IFrom Ste?@l 

e I . 

® • 
m emot1 es : 

,!' 

r :~rl • • .... n .... =-10 ... • . .... 
REMARKS l: TM DATA ;- S' ... ra 

II 
II S' • I : o. • 

M KE MOKIC 

• 

w 
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N .. 

T All! CCuntl ..... ed) 

P I; CH 5 seconds for C'PZ) 

1'2). 

gure - t .z lmuth T'o~on 
.. recorcled In Slepe , abon,). 

RDl-'!U,S I. "'ERlnCAno~ 
L£:\IE.m 

~lt-.T.MOl"IC 
REMARKS t- nt o."Tf. 

• TIm 
the t\C!.'lt t na.na ltlon at the T P 40 

second clock bit t..Jd te rminate two 
m mute.. afte r the SRR candida te II t:a r 
III p~cted to become \;Iible foUow~ 
IJIC II period of obGcuraUon. 

• The 5 seconds dllference In the Ume 
del~s loaded lAW !be lwo C Ps II to 
prevenl the two SCU from address
I~ the sarne C OM at the sa~ Um 
Ie. g .•• !he ADP -:.oaI1pre comma.nds) 

" 

• 

• 

• 

• 

- Refer to Pa r •• 3. 6. 3. 2-. 5. 

arth 1. 0. 5. ~ umul"lv w . r. \ . I~" 
s tar SRR , but arl ~r OCt.. phase 
r ese t 15 " nA bler br io .. . 

• : .s: 
.... 
o • 

00 
""~ .,,5 
0-
0 2 
:o1! 
0" c:> 
l:~ 
~ii 

r~gr 
....... "n 
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"'" 



• , 
w 
t .. 
'" '" TABLE 4. 3. 3-8. (C o nti nued ) 

I (( i\::\ l.l.:'\1J 
~:~ :.~!0 :-;!(" 

\)[l -;T ~. r> • 
CO\\L\!A:\D on ACTIO=-: 

I .~ .q Time Delay Code (Ii Seconds for C 1'1; I sec ond fOl' C P2) . le.c; Store: 

~-'~~, DeE COllflgur ·' - r. lode Commnnd 

= 6 (Phase Hes et I:. nabl e ) 
(For UCl:: l 

"nly) 

---
~~ 5101'e : A OJ' Co nfigure - Re ll Index Delay M®lUdC 
A ~ (l 'se the magnitude rccol-ded In Ste p 'SI , aboYe) . 
(For ADPl I 

Only ) 

8 • Be fore trans fe rring to til e s imulated SRH, conI!gure the siC for 

~ 
the la tc r a'Jtomatic trans fer to ~~r SRH: 

Confi!,'Ure PSI ' (or [>512 ' ) channe l for use as the srm channel fOl' • 
the SRR candida te s t.'!r: 

ST RQl Star Sens o r Threshold and Bandpass Select (PSI' (or PSI2·) scl L'Cted , 
OR ',h rcshe ld Setllng lUld Banripo!<s Rel ected for ncceptnble probahi ll ty of 

ST RQA det.cctton o f SRH cllndldate s ta r) . 

~ ~.~ • Loca te Gatc B oycr the SRR ~andldate stnr: 

I 

:!If .Ogut 
" ,,~ ~ • ..... .... "'1oQ , ~ 
(II '" , .... .... -8 - 0 01-40 

HE:'.lAHKS &, VERIFICATIO=-: 
IC: L EMI::T m 

HE r-lARKS &: TM DATA 
r.1:\E:\IOI\ IC -

~ ~ I' . , ., 
0" • • Wdld ooC "",, ,lfe,,', CPC. • 

e 6 seconds delay In CPt a llow 
• , in C 1'2 to take eflect before 
.. l in CPl Is execut ed. 

• ';:;r;;' en,lbles .he F S r eference to the 
w 

DCE. 

• The DCE control of IlGA polntlng Is 
now r e s tored. 

• Thl s readjusts the ru P delay w. r. t . 
the ne w SHIl. I 

I 
I 
I 

I 
I 

J 
A' )THS 

,,,. Th,,,h,1d "ocr ,=m=dod i 
p ' Band Sta settings , according A'I BPS 51' . pass te to 5'tar channe l I 

A '2THS 
• selected. i 

PSI 2 , Th res llold Sett. : 
I 

A '2BPS P 512' Bnndpass State 
I 
I 

I 
• 

i 

i -
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TABLE 4,3,3-8, (Co nt inued) 

iCC; I :, :.:.'.:-; 0 I 
I~! , L\.O:-;rc 

I 

- F.P A 

2 (Cont 
5 (For 

1\ 0 PIOnly) 

) 
ATQI1 
AD 

3( FOr 
I Only) 

re 

COM:\\A :-;o OR ACT ION 

DUed) 
A OP C,.,nflgure - ACS Angle Delay Magnitude 

(l\Iagnltude = (From !>'tcP~above) : (a) - (b) - 4. 62°, 

• Selec t s tar Gates ~ Il fo r the deSired tiRR star channel 
(Sel ected In Step SS4.t)) ~ 

'--"" 
A:JP ('ooflgure - AoP MoUe selec t (Stll r Ga tes A a nd B 
bcth Channe l t (for PSI' c hannel usage) o r both Cha nnel 2 (for P~1 2' 

usage' ). 

\Vhen it Is required to trnnsff' r SRn from the Sun to the s imulated • 
SHR, pe rform Steps<!)olrOUg~f Table 4. 3. 3-9 , (Sun or Sta r :.0 
Simulated SRR Trnns fe r of S . ). 

• Automatic execution of the sto~ s equence, that was loadf'd tnto 
the command me mory In Step S3 ,will occur l a ter In time . 

itE :\\ARKS l · VER IF ICATIOI' 

trE LBIETIlY 
REMARKS &; TM DATA 

MKEMOl' IC 

AACSAo AC:; Angle Delav Magnitude ~ value com-
lnanded . 

• This action here , plu ~ Star Gate B 
selection In the next s tep, will 
pos ition the leading <:!dge of Gate B 
to be 5,625°ci the width of Gate B) 
In advance of tl:I e SM candidate s tar 
azimuthal location, 

A ' GAS:; Sta r Gate A = J (PSI') ~ = 0 (PSI2' , :lS 

commanded) 

A'r;BSS Star Gate B = 1 or 0 - :!...3.!!!£ choice as 
made for A · GASS. 

,\11 other A DP Mode states s hould be 
unChanged . 

I 

! 
I 
I 
i 

1 

I 
I 

! 
I 

I 

I 
I 

1 

I 
I 
I 
i 

.. 
: 
Si ... 
g 
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!II • ~ 
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'OIl STEPN 

0 
ATQIJ'I (For 
ADPIOnly ) 

(MEAI = 
S RR . 
MEA l c 

M I P ) 

0) 

® 

I 

T A B L E 4 . 3. 3 - 9 
SUN O R STAR TO SI MU LA T ED SRR T RANSFER OF SRR ---

I RE I\!ARKS & VERIFICATION 

COMl\!AI'D OR ACTI ON 
tmLEM ETRY REl\tA r . 8: TM DATA 

MNEMOI'I C -
• InItial condition!; n r c a s shown In Table 4. 3. 3-2. (F:ssentla lly: 

A DPI ON; DCEl ON; HGA Des pl:.D , pointed to earth 1. o. s ., and 
In usc for uplink a nt.! downlInk; and PST £!: PSI' or PSIZ+ Is the 
SRR. ) 

• This s eqaence will be used normally only If the SUD and aU r elia-
bly de tectable s tars will Dot be a vailable Immine ntly a s a n SRR. 

• This Is a ge ne ral purpose s eqllCnce , and not the s pecIfic s eque nce , 
to be used as the first step In a two-step trans fer from !. UD to 
s tar SRR during on-omit eclipse entry (refe r to P'dra. 3.3. 3.7 . 5 
and to Table 4.3.3 - 8 (9.m-to-Slmulated SRR- to-Star TraD!:ifer of 
SRn (Semi-automatic) for further description . ) 

• Configure for and record present A TTM m :::a s urcments for HGA 
Azimuthal positlon,the s pin pe riod, and s imulated s pin period. 

A DP Configure - Me a s ure ment Sel ect. ATTM I Z Attitude Measurements : I 

(ISRR w SRRl and (SRR to MIP)). OR 
Record (SRR to SRR) and (SRR to MIP).1 ATT MZZ • 

Record this sLmu-1 ASIMSZ PLL Spin P,dod J 
Magnitude (16 51ts) late<! s pLn pertod 

magnitude. 

• The siC spin rate Is expected to Lncrease as the SiC passes thru 
an ecIlpse :md contracts. 

• Estimate the mean of the present spin period and the expected 
spLn perlod at eclipse e.'(It. 

• Change the sLmulated spln pe riod magnitude to be the mean value 
calculated Ln stepQ). 
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Table 4.3.3-9. (ContInued) 

Command I 
Mnemontc Co:nmand or Action 

or step' 

~CODtld 
A 7 (FOr 

If the 8 MSBB have te be cb8Ilt(cd: 

ADP! Oo1y) A DP Conftgur e - PL L Spin r e ried Magnitude (II1SBs) 

ATClf8 (Fo l" If the 8 LSBs have to be clu..nged: 
ADPI Only) 

ADP Configure - PLL Spin Pe riod Magnitude (LSBs) 

G T ransf£.r te the Simulated SRR: 

ATQlI3 (For ADP Conftgure - ADP Mode Select 
ADPIOnly) (PLL loss of lock Inhibited; s imulated SRR s e lected). 
fFLO; 

ru:FSJM) 

I 

L 

Telemetry 
Mnemonic 

ASIMS7. 

ASIMSZ 

ALOl .ES 

A LOCKS 

ASRRMS 
(Word 4. 

Bit 6) 

ATTMIZ 
OR 

ATfM2Z 

-

Remarks" Verification 

Rema rk.e " TM Data 

PLL Spin period 5 Same as that 
Magnitude (8 MSB Comm.anded. 
of 16 Bits) 

PLL Spin Period ) Same as that 
Magnitude (8 LSB Commanded. 
of 1& Bits) 

PLL LoBS of Lock '" 0 (~lblted) 

PLL Loss of Lock '" 1 (In-Lock) - This !s 
not a true Indlcater of lock status when 
FLL I D SS of Lock has beP.ll inhibited. 

SRR/Slmulated SRR = 0 (Simulated SRR) 

Attitude Measurements -

(SRR to SRR) now indicates last 
commanded simulated SRR 8p1n pertod.. 

• Ground received IIigDal strength via 
lfGA w1l1 not ch8l7lge. lndt.cating RCA 
Is mov1ng azlmutlilally. ThIs til due 
to the difference between th.e com-
m anded spin rate and the actual spin 
rate. 

I 

I 
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CC·~. I:.j.\ :\0 
:\1:-:!:::\IO:-: IC 
()R~l!::PIr 

CD 
Through 

0 

® 
ATQjf3 (For 
ADPIOnly) 

( PLO: SSR."< ; 
REFSllN; 
SllGO: 
:'llAADV) 

'IABLk.4.3.3-IO 
STAR TO SU N TRANSFER OF SRR .-

RE MARKS &0 VERIFICATIOl' 

tn;:LEMETRY! 
CO!\!1\L\ ~[J OR ACTION REMARKS;' T M DATA 

MNE MONIC 

• Initial conditi ons a r e ::ts s hown In Tabl e 4.3. 3-2 (Essentially: 
ADPl ON; DeE l ON; HGA Despun , pointed to earth I. o. s ., and 
In use for uplink and downlink: and e ithe r PSI' channel £!. PS12* 
channel Is I.n use for the SRR). 

• Pe rform Sler !(Dtbrough(!)of Table 4. 3 . 3-6 (SUn to SI1l (Dlfferent 
Senso r Input) Tran s !e r of SRR) . with £!!!:. exception: 

In S~,conflgu.re the s tar c hannel (PST" o r PSI2 *) that Is ~! 
bfolng used a t. th e pre-transfe r SRR Star Channel. 

Transfe r tbe SRH to anyone of the thr ee sun sensors of choice : 

ADP Configur,· - ADP Mode Select ASU NSS 9.uI Sensor Select = 0 0 (Mid-lUnge) £!: 
(I'LL Loss oC leek Inhlb lt<'d; sun se ns or m idrange £!. extended range =0 I (Extended Range Lowe r ) £!. = 10 (£x-
upper ..! extendt: t1 range IOw.?r; sun selected; ~ Gate DI s abled ; tended Range Upper) . as commanded. 
SR R Advance selected) . 

ASRRMS Sun/Star Sel ect = 1 (9.uI) 
(Word 4 . 
Bi t 5) 

A LOLES PLL Loss of Lock = 0 (Inhibited) 

A LOCKS PLL Loss of Lock = 1 (In- Lock). Tb18 Is 
not a true I.ndlcator of Lock status when 
PLL Los s of Lock ha.s been lnhlblted. 

A DVA NS SRR Advance = 1 (Advanced) 

ATTMIZ A tttlude Measurementll-
OR 

Calculate spill angle delay to ' 'bias 
ATTM2Z • 

measurement" star. CaD It " POST-
MEAS" 

• All other TM as before • 

- -, ,. 
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T ABLE 4. 3 . 3-10. (Continue d) 

CO:\I:I I."- ="O 
j\r~DrO~IC 

CO:MHAr:D O!l. ACTION 
On ST EP. 

@ • Perform Steps@llroug",'!3)or Table 4.3. 3- 6 • 
T hrOugh 

Q 

@ • Establis h oonnal pos t-tranBfer mode ror A DP: 

A TQJ!I3 (For A DP Conflgu r e - A DP Mode Sel ect 
ADPI Only) (Pt.L 10s8 of lock enabled; Sun Gate enabl ed; SRR Advance InhIbi ted) . 

(PLE ; S(JGE; 
SRANRM) , 

I 

1""--" 

. " 

RE MARKS & VER rr rCATIOl\ 

trE LEMETm 
REMARKS" TM DATA 

MNE MONIC 

-
ASUNGS Sun Gate = 1 (Enabled) 

"-
A LOLES PLL Loss or Lock = 1 (Ena!>led) 

A LOCKS P LL Loss or Lock - Now a t rue Indicator . 

ADVANS SRR Advance = 0 (Not Advanced) 

All Othe r T M as DeCore. 
• I 

I 
I 
1 
I 

I 
I 
I 
I 

I 
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oCJ S TAR TO STAR TRANSFER OF SRR 
T A BLE 4.3.3-11 

~ I c ,nt; lA K O ! - I RE:\1AHKS lit VE nIFICATIOl'> 

f:\ 1 :-' ~ ~ IO:\lC 

jOR ST E P i 

• 
co:\n.-:.'\ !>:D OR ACTIO.N 

lD1t1al C.0od1t10IUl aN lUi Hbown in Table 4,.3.3-2. (ES8CQt:lally: 
A oPt ON; DCEl O N; IlGA deSpuD. pointed to Earth 1. 0. 3. and In 
WJC for uplink and downlink; and either PSI" chamlel or PSJ2' 
chanDcl 18 In use for the SRR). 

trnLE MET m 
MNI::MONTC 

REMARKS & TM OAT A 

~----~----------------------.------------------------;--------+--------------------------~ 

C0 
Th~ 

0) 

0) 

• This sequence ILIfSumes the 8U.l1 Is DOt available t!itber as an SRR 
o-r tor A1 -' M measurements to the PSJ2 cbannel. 

• The S/c Attitude should be well Imown on a cootinuOUB bo.slB. 
Howeve r, an upcjilttng of the Star Map may be required pertodlcall!; 
and, If needLod, sbould be performed prior to t.rantl(er to a dlffer
eot eta r as tIM, SRR.. 

• Perform ~~oi Table 4. 3. 3-7, (SUn to Star Trans
fer of SRR), with ~ excepUon: 

For the star channel that Is the present SRR cb.Jumel, It Is unde
a lmble to clumge the threabold sclect10n and the bandpass selec
Uon. Thill ts to prevent l08s of the present SRR star and sub
sequence 1088 of DC E control. 

• Select star Gate E (or the deslred SRR Star cbannel (selected In 
~J,but retain Star Gate A selection for the present SRR: 

I -, 
I 

I 
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Tabl e 4. 3.3-11. (C ont inued) 

C0:\DlAND 
;\I~EMO:"IC 

C OMMAND OR ACTION 
QllSTEP" 
~t~m".l Qj)3 ( Fo r ADP 1 ConfIgure - ADP Mode Select 

ADPIOnly (Star Gate A - Retaln present channel selection. Star Gate B -
Channell (U Pst - WllS selected In St.e~)or Channel 2 (l! PS12- was 
selected 10 steJ0). 

0 • Perform St.eps(Dhrougt00f Table 4. :J . 3-7 . with the following 

T~b exceptloo: 

In SteP®. Include Star Gate A channel selection to Ix the s ame 
a s the prevaUIng Star Gate B channel s election. (I f It Is not 
already the same) . 

@ • Perform Steps @ through @ of Table 4. 3. 3-7 . 

T~ 16 

I 

REMARKS &I VERIFICATTOl" 

[rELEMETR'l: 
REMARKS &. TM DftTA 

MNEMOl'\IC 

A-GA SS Star Gate A - No change In TM !-eailing. 

A ·GBS~ Star Gate B = 1 (PSI") or = 0 (PSI2·). as 
comn.l anded. 

I 

I 
A "GASS Star Gate A = 1 or = 0 - Same as for 

A · G3SS (Star Gate B). 

I 
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( \1..;.\:-' 0 

\ 1 :\1:::\10:-- Ie 
OTt '>TED • 

l 
CD 

Thro~ 

0 
® 

ATQlJ3 (For 
ADP I Only) 

(PLO; SSRX; 

I REFSt'N; 
St GD; 
SR AAOV) . 

I-

TABLE 4. 3 . 3-ll 

~ -- -- - -- -- - - - - - - - - - -_ .. --- - - . - - - -. -. 
RE:\1A RKS &; VER I rICATIO~ 

COMl\1Al"D OR ACTION 
TELEMETRY 
Ml"E MOI'IC 

REMARKS &: TM DATA 

• Initial condldons a re as s ho'Wll In Table -t . 3 . 3-2 (Essentially : 
AOPI ON: OCEI ON; II GA Despun , pointed to ea rth 1. o. s ., and 
10 use for upUnk and downlink : and slmulatL-d SHR Is tl>e SM). 

• Without s peculaUng about the probabUity of occu r r ence of thIs 
s equence, the s eqllence Is p r esented he r e fo r comple t ene s s . 

• Pe rform Stcpt:(Dthrough(])of Table 4. 3 . 3- 0 (SUn to SUn (Dlffere.nt 
Sensor Input) Trnns fe r of SRIl) 

r .-ansfer the SRR to anyone of three s un ser.s o l"S of chO ice: 

A OP Configure - ADP Mode Select ASt:NSS SUn Sensor Select = 00 (1\lId- Range) o r 

(PLL los ... of lock Inhibited; s un sensor midrange ~ extended range = 01 (Extended Range Lowe r ) ~ = 10 

upper.2.!: extended range lowe 1"; s un selecte<l; Sun Gate di s abled ; (Extended Range Upper) , as commanded. 

SRR Advance s e lected). 
ASRRl\IS Sun/Star Select = 1 (SUn) 

(Word 4 
Bit 5) 

ALOLES P L L Loss of ! " k = 0 (Inhibited) 

A LOCKS PLL Loss of Lock = 1 (In- Lock). T bls Is 
~ a true Indicator of lock s tatus whe n 
PLL Loss of Lock bas bee n inhibited. 

ADVANS SRR Advance = 1 (Advanced) 

ATTM I Z AttItude Poleasureme nts: 
OR 

Calculate s p In angle delay to " blas 
ATTM2Z • 

measurement" s tar. CaD it " POST-
MEAS". 

An other TM as before. 

I 

I 

I 
I 
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Table 4.3 . 3-12. (Continue d ) 

CO;.;;jA :-: o 
:. \ :-\DIOz\I C 

COl\DlA:"o OR ACTION 
O:l~Trp • 
, 
T~ Perl orm Steps@througt@of Table 4. 3. 3- 6. • 

@ 
@ 

f--
• Establis h normal pos l-trnnsfe r mode for A DP: 

ATQjJ3 (For AoP Configu re - ADP Mode Select 
ADP I Only) ( PL L Loss of Lock Enabled : sun ga te enab~('dl . 
(Pl.F. : 

St 'GE) 

-

I 

RE~lARKS &1 VEIlIFICATION 

tn:LEM ETR'l: 
REMARKS &: TM DATA 

MNE MOXIC 

I 
I 

ASl' NGS Sun Gate = 1 (Enabled) I 
I 

A LOLES Pl.L Loss of Lock = 1 (Enabled) I 
I 

AU)cKS PLL Loss of Lock - Now a true lndlcato~ 

• All Othe r TM as Befo re • 

I 
I 
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T A B L E 4 . 3 . 3-13 
S IMULAT E SR R TO STAR TRANS FER OF SRR 

C Ol\DIA ND OR ACT ION 

• Initial condJtlons are as s hown In Table 4 . 3. 3-2. (Essentially; 
ADPI ON: OCEl ON; HGA despun , polnle<i to ea rth 1. o. s ., and 
In us e for uplink and downlink ; and s lmulatt'd SRR Is the SRR) . 

• This Is a gene ral purpose s equence and DO~ the s peclfic seque nc 
to be used as the 2nd s tep In a two-s tep transfer from s un to s tar 
SRR du rlng on-orbit ecltpse entf1' (Refe r to Para. 3.3 . 3 . 7.5 and 
LO Table 4.3.3- 8 (&1n-to-Slmulated SRR-to-Star Trans fer of SRR
(Semi-Automatic» for furth e r desc rlptton). 

• Pe rform Steps(!)tbrougtt@or Table 4.3.3-7, Sun to Star Trans
{e r of SRR. except do only the Umlted star mapplng In St~t 
the most. The true spin period of the si c can easUy deviate 
~bll (0 . 325 mtlllseconds ) due to various causes , so that thi s 
transfer f rom the s lmulated srut s hould be done expediently , as 
the SRR Candidate s tar can drlft out of s tar Gate B In a matter of 
tens of mtnutes (Refer to Para. :' .3,3.7. 5 for furthe r dlscusslOl1 
of drlft Rate). 

It Is al so necessary to lnclude SRR Select In Stei9) • 
'--' 

REMARKS &, VERIFICATION 

~LEl\'lETm 
MJI;EMOl\iC 

ASRRMS 
(Word 4 , 
Bit 6) 

REMARKS & TM DATA 

SRR/Slmulated SRR = 1 ,~R RI 

" =O~r s .. :1 n .... ~ • .Q. ,. • . .. 
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sectioa 10. ',3.4 
Doc. 10. _rLlCK.-4~O ... 2 ____ _ 
ori,. l •• ae Dat. a/2'17. keyi,aioa 10. __ • ____ _ 

Bigb Glia bt,., Po1ptiU. The", a1"8 two 
4;6tinct operational .ode. utilized in poiDtin9 
tbe orbitftr bigb gain anteDna (9_A) during tb. 
Pioneer 'enus .18sion. ~e first .04. in.o1y •• 
fixed i~8rti.l pointing. An aaiautb position 1. 
establisbed by adjuating tbe de.pun platfora 
phase anqle .eaBored fro. an inertial reference 
(sun or ~tar) to the desired azi.uth orientatioa. 
lD ele'atlo~ positioD is separauly established 
by co •• aoa of tbe H~l eleYation poH1tioner. The 
second aode iayolY68 upeD loop inertial trackiD, 
usiDg co •• anded rates. Slewing rates are 
coaaaDded separately tor aai.uth and eleYatioD, 
and tbe antenna soves at tbese rate. in botb 
directions siaultaneously. The .0tiOl is a 
series of saall st~ps: the aziauth step size is 
0.086 d8g (1 part ~ 2IZ); the elevation step 
size is 0.Oij1 deg (bea. traYel). Se~r.l rate 
Ol'''dndS are issued in a ti.ad series to provide 
a piece-wise lined r approxiaation to a desired 
~Dlinear trackiDg profile. 

rhe t~ed poiDting a04e is utilized during the 
vntire aissioD to keep the HGl pointed at tbe 
earth for co •• unicat40ns. Tbe pointiDg direction 
is periodicall! updated to acco\mt tor chaDge iD 
.rtb direction. The tracking aode is utilized 
during tbe first 80 days OD orbit n.~r ~riapsia 
as the spacecraft is occult8\! fnla '!artb Yin. 
Tbe apparent earth dir~ction varies durin9 
occultation due to refraction of the RP sigDal as 
1t pa~eB through the Venus 4taosphere. The 
Yirtual earth track is approxisated by a series 
of aziauth and el~Yat1un rata co ••• nds stored iL 
the ~pacecratt co •• and ... ory_ Changes in tb. 
UG' ~uinting are also co •• anded during initial 
checkout ADd later dariDg .P calibration. 1 
calibration profile is estab11saed fro. a seri98 
ot fixed pointing positions. The dDtenDa dwells 
at each positioD 10n9 enuugh to Ayerage-oot 
s1gn~1 fluctuations. 

The following Section. ij.J.~.l. describes tbe 
operatioD~l sQquen~~s l~quired to despin or spin 
tne HGI And to switcb tbe co •• unication. link 
Detw~~n the cani aoteDnas and tbe Hul. Piaad 
~oiDting 01 the HGA 48 discussed in section 

... i.ioll 

46.3-133 



.. 
r 

Section 10. ~,l,4,' 
Doc. 110. PC='~_ 
Orig. 18BY. Date _2/28/18 
lewision 10. _____ _ 

Bey1&ioll 

'.1.~.2, al.will9 ia 41.caa-.d 1. Sectio~ '.3.'.), 
II cIlib .. tioa i. di.c .... d ia S.ctioa •• 3.'.'. 
and Failare 104es ar. dlKYDecl i.1l Section 
4.1.4.5 • 

&fa,rtl op.rl\10111 CAo,lct.rl.,1,.. Before the 
bi9b gaia aat.a.1 can b. ased for co •• uaicatioD', 
tor Yirtyal .arth tracking dYriag occQltatioD, or 
for i' calibration a. d.scribed in SectioDS 
4.3.4.2 throQgh 4.3.4.4, tb. ant.anl plattor. 
'Qat be d.apaD an~ cO"Qnicatioa •• at be roat.d 
to the BG1. Ike despinnin9 and co •• unications 
switchiag fynctioo. are discussed ia SectioD' 
4.3.4.1.1 and 4.3.4.1.2. Tb. reciprocal 
oper4t~oDS of allowing tke high gain ant.nDa to 
spin up Ind of switching co,.uDicatioD' back to 
the o.ni aDt.nDae are di.cQssed in Section. 
4.3.4.1.3 Ind _.3.4.1.4. 

~.3.~.1.1 D"R~nRipg th. High itiD lpteDII. Tbe bigh gain 
antenna v~ll b. despun followin9 spacecraft 
separation fro. tbe launch Yehicle, spin-up. and ~t . 
• aqD.~o.~~er boo. ~.ploy.ent as discussed in . 
Sections ".2.1 and ".2.~. The BGI will also be ". !If 
d~spun folloviag orbit insertioD as discu •• ed ia 
Section 4.l.3. The KG1 •• y be spun up &Dd desp~a 
at other tiAe& dYring cruise or on orbit» 

The seqyeDC8 of co •• and. required to deapin the 
antenna is giY.D in Table _.3.4.1.1-1. The 
despin contr~l electronics 1~ tarned on, 4 phase 
angle i. s~lecte~, aDd tbe aotor driY. is 
initiated. The attitude data processor, lDP, 
anst be locked onto the roll reterenoe betore the 
.otor drive is turned Oil. 

4.3.".1.J, Svitcbiul) CO"upisrl1ioQ' tv lb, Ii.. on. coa.and 
(lH~~l or lMTB1) switches th~ upliDk and dOMnliDk 
coa.unicdtions path tro. tbe forward oani autanna 
(or backup anteDna) to tb. HG1. Telea.try 
cbannel Il.r25 iDdic4t~s the state of the 
asso~iat~Q ~.itch~ the KGl aQat be d.sPQ~ as 
described io SectiOD ~.).'.1.1 aDd pointe4 It tb. 
~rth b.fore I coaaunicatioDS link 1s 
es ta blished. 
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7A3i..= 4 .1.4.1. 1- 1 

DESPli':Nl:-:G T HE i-iG A 

COY_V-"'.:-:O T ITL2 OR EVE~ . 

------------------------, ---- - - ------
configu ra tion : ncE "fr . ( St ar t l n 

SAPTA 
SR • 

otor Drive off . PLL loc ked onto 

-----------
Turn on e l th e r "C E I ~ 2: 

--·----~C==-:'\.'"!~T?i!v~~!:~~~.~!t:::---
-T-L-,--"·-·~ -O-~c-3----:-·-7;-;-:::-~ --- -· _2 - M=-=~ .,f. )\:= _ __ _ ~.!:-..::: ~:..-.....:-~ _. 

-+---- ---- - - - - ---
IA 

." 

neE \ 
OCE 

~ 

OCE29 or 
oct \>9 -

spin Con trol Electronics ' 1 ONI 
17 OFF 

OCE will Init i ali ze I n a rando. . anner. 
This cOlllllland should be folloyed bY OC E 
configure qu ant !tat lve coamand b e f~re 

sending MOTOR DRlVL I ON 
command. 

j\DCEIV 

ADCE 2V 

Pover Sup;>1 
Voltage - rise. fro. 
zero volta t o • no.l o.1 

5 V01t8. 

,~E '2 pover supp l ' 
volta&e - re.ds zero 
vot t •. 

AOCElT I OCE I Tnoperat ure • 
~ 1 •••• nd •• rrl ••• t 

or. 

PFUSLl I sic load curr.nt In-

----. -- ----4-------
O.!.~ 

ntrol El.ctronl c. '2 ON I IAPCE I V 

OCE viii Inltt.iiz. I ~ • r.ndo. .. nner. 
Thh c.-and .hou ld be (ollovN hy DCE IADCE2\1 
conflgu r. qu.nllt . t l ~ . c-..nd b. fore 
.endln~ MO rOK Drtl\' t:: L ON 
cOnlm.1nd . 

c r ••••• 275 aillla.pa 

zero 

------ +- - --- --- ._-------

• 
= I: ... a 

00 
""::0 
~C5 
0-
0 2 
::oF! 
O~ c,. 
~~ 
~ii 

r~i: 
."""" .... -0 • fit .. ... 
~~:a ••• • 11 r o. • 
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TABLE 4.3.4.1.1-1 (Contihued) ---------------------------,------------------------
STEP NUKBER CMD M:.~EY.O!'HC COMMAND TITLE OR EVENT 
- -- -_.=>=-...,.--- -- - ...",..,...-~-,:,,- -

18 (Continued) 

I nitialize Azimuth Pointing 
i n.tructions to the HGA: 

2A DCEQI Azi.uth Pointing Sle~ -
(For DCE 11 ON) Zero degrees/minute. 

(CHD 10) 
OR : (Quantitative Ca.mand) 

2B DCEQA 
( For DCE #2 ON) 

3A DCEQ5 Azimuth P08ition 
(For DCE '1 O~) ( Sei"!ct Desired SRR to MlP 

angle) - In 2's complement 
OR : ootatlon . • --

(CHD '4) 
JB DCEQE (Quantitative Command) 

( For DCE '2 ON) -

I 

r i~rr • 
'-----TELEl~~TRY\i=:R-~-=~S;..-! :iC :: -
r-Tb~CM~~2~~~:::=-:J~~~~~~=:..~::: 

ADCE2T °DCE 2 Temperature -
Risel 8nd settles at 
___ F. 

r: t;"1Q e ,. . .... 
~ b" ... 18 
II 

II I' • • I 0 o. • , 
PLUSU sIc load current in-

crea.es 275 milll.mp~ 

ATTHI Z The t j.me interval mea-
ATTM2Z sur_nt of P1.._ to I'fTP 

(mas t er index pulee) 
provides th~ despun 
antenna po.i tion pro-
file versu. (MT time 
after Motor Drive is 
tu rned ON ahead. 

ATTMI Z The ti.e interval .ea-
ATTH2Z surement of PLL to KIP 

(maater index pulse) 
provide. the despun 
antenna position pro-
file versus rHT ti",e 
after Motor Drive i. 
turned ON ahead. 

- . 

. 
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TABLE 4 . 3 . d . I . I - I (C o ntinued) 
---- ---------------------- ------------------------ ------7~C5ZZT~YV~~~~~~~~1c~--

STEP NU MBER I C l\ID ~'~~~'O'\' TC COY.M,\ND 'r I'T'L '=' OR ""VEZ':T - -----.- .,--=--;- -----..,..-- -:- :- ;:: :-~ ----
:~------~=-t~~-~~~:~~~~~ ~~~::~~--~-~-~---~~-~-~ ~~~~~~~~9~~~ ~--~-~~~~~~~:--

4A DCEQ6 Mode C omn,a nd ADSPNS es pin phas e r eset 
(F o r !)CE No . ION ) l Phase Res e t e nab led ; HGA Position e nable/disa ble = 1 . 

OFF) 
OR : 

---------+-----------1j(CMD No . 5 ) 

4B 

5 

SA 

DCEQF 
(Fo r DC E No . 2 ON ) 

MT R l 'J o r 
MTRA 9 -
(For DC E No . l o r. ) 

(Quantitative C omma nd) 

Tu rn on e ither moto r d ri ve : 

Mo to r Drive No . 1 ON r An te~na wi.1l des p: n ~nd assume a 
po sitio n in azimuth 
bas ed upon wha t had bee n commanded 
10 th e DCE configu r e commands. 

APOSIS 

APOS2S 

AMTRIS 

AMTRlS 

PBUSLI 

r 
ARATEQ 

APOSTQ 

AMOTRI 

IHGA Pos itione r 
Electronic 5 1 O N /OFF 
= 0 (OFF) 

HGA Positione r 
Electronics 2 ON/OFF 
= 0 (OFF) 

Despin motor drive 1 
ON / OFF= 1 - identifies 
DCE No.1 ON. 

Despin molor Drive 2 
ON /OFF =0 - identifies 
DCE No • .:! OFF. 

SIC load current in
creases 150 milliamps if 

----- -
Rate Torque' - Assumes a 
nominal 2.75V (precal
ibrated) witi'l no torque 
commands present. 

Pos ition Torque -
Assumes a ·nominal 2. SV 
(precalibrated) with no 
torque commands 

! present. 

Despin Motor Drive 
Current - Assumes a 
nominal zero a{l"lps with 
no to)"que cmds present. 

• • • Si .. 
I 

r~8'r 
..... n t1 ..\Q. ,.. .. .. 
.. =-0 
OMOII 
II •• . =, r O. . 
• 
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tI TABL . 3 .4. I. 1 -1 (Continued) 

T EP ~UMB ER ~. ::) :.C'S:,~C:;:C 

~--- - - - - -=-====- -~------ 4=4====== 

OR: 

5B M 

~ EVE X T 

o . 2 ON 

- ------:~C=::v.2T?yV~~::=:c;.~·::lc::--· 

_ 1>1. :vi:":!:.../.. -' - L _ L~. -- :.. -~ __ _ T-----~·~ -O':=C-l----'T- -;-;:::-::: -----

AMTR15 Des pin motor dri ve I 
ON /OFF= O, Identifies 

nit No _ 1 OFF. 

MTR£'1 o r 
MTRB9 -
(For DC L I. 0 :-.1 ) I. A ntenna will despin and a.5 8um 

posit ion in azimuth 
a 
bu5nA~----------------~---------------------

upon wha. t had been comma nd 
DeE confi2ur e commands . 

Position HGA in elevation , if 
desired: 

d~ ~ AMTR2S De sp in moto r drive 2 
O N /OFF=I , Identif ies 

--------fl Unit No . 2 ON . 

PBUSLI 

ARATEQ 

SIC L oad current in
creases 150 milliamps . 

Rate to rque - A.sUJTles 
a nominal 2.75V (pre
calibrated) with no 
torque commands 

.. I· ... p_r_e_._e_n_t..;.. _______ __ 

APOSTQ 

AMOTI\I 

Rate torqul! - A.surnes 
a nominal 2.5V (pre
calibrated) with !lO 

torque corrunands 
present. 

Despin motor drive 
current - a'.um"es a 
nominal zero amps with 
no torque comm.and. 
preser.t. 

.. 
= =S-
IS 

rOil 
.:L~f't 
.... to. ,. .. .... 
5' ... 18 
-I' • I 'I o. • , 

N 
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T A B L E 4 . 3 . 4. 1. 1- 1 (Continued ) 

STE P NUMBER 
-=.- . - ------::..=.= 

A 

OR: 

6B 

7A 

OR: 

78 

8A 

OR: 

8B 

C l .... :D )AX D I. O:-; rC TITL E. EVEX-
---------=--~--- _=~=-----------_:_:o..-- . -..,..~ 

.2. ON ) 

DCEQ 
(Fo r DCE N 

DCEQF 
(Fo r DCE No . Z. ON ) 

DCEQ4 
(Fo r DCE No . ION) 

DCEOD 
(For DCE No . Z. ON ) 

s itione r S l ew 

M od e Command . 
(Pha s e R e s e t e nithl e d: HGA Position 
O N.) 
(CMD No .5) 
(Quantitative C o mmand) 

Wh e n desired e l e vation positio n is 
r e a c hed: 

HGA Ele vation Positione r Slew = 
Z e ro d e gre es/minute . 
(CMD No . 3) 
(Quantitative C o mmand) 

------~CC~Z~f?~V~3-~~~;~~:C~---
-TV-'l.v=~r~~c-------~17~~~~-~-· T _.v •• _ . .. =- .. _ ...., .,~ I ! __ _ , _ ____ ::.. ------------+----------_._----
AE L E VD 

APOSIS 

APOS2.S 

AELEVD 

HGA e l e vat ion P081tlOll -0 c h a nge un til n ext 
ste p. 

HGA Pos itioner 
El ectro nic I O N /OFF= I 
(ON) if DCE No . J is 
O N ; =0 (OFF) if DCE 
No . J is OFF. 

HGA Positione r 
EJ e ctronics Z. O N /OFF 

=1 (ON if DCE No. 2. 
is ON:=O (OFF) if 
DCE No. Z. is OFF. 

HGA elevation position 
changes at slew rate 
sel ected in Step 6. 

00 
""::0 
-05 
0 -
0 2 
::u1!! 
0." 
C> 
~~ 
~iii 

r~~r ...... nn 
.... IA' .. .. ... 
..,. • J 0 ... 0 
&:I •• .=1 r 011 • 
• 



-• o TABLE 4.3.4. I. I -I (Cont Inued) 

- ~S7E;-N~~~-;il~ ~:!.:'_~~:~~~c 1 CO~~~!7~~~~=~~~i--
A DCEQ 

OR: 

B 

(Fo r DCE No . I ON) 

HGA is now posit io ne d fo r transfer o f 
communica tion s lin,s to it , if desi r e d . 

• CD 
~ .. • 

------T=C~~~T~YV~~:?~~~:C~--- g 
ILy~g;;:22~:':~[C=--= --::b:2:::~~::::= 

APOSIS 

AP05Z S 

HGA P o sitioner 
Elec t ronics ION /OFF 

(OFF) 

HGA P os itione r 
Electro nics lOK/OFF 
= 0 (OFF) 

Note : T u rning Pos itioner 
Elec t Tonics OF F i nlro
uce l step p~ir.\i ng 
ncerta inly U P ()D re 
pplication of P Ol i t ioner 

er. 

.Oif CII 

: :15' .,..10, ~ ., ... 
l»~r8 -a' • I : o. • , 
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4.3.4.1.3 

1& .3.4.1.4 

SectiOD 10. ',3,4.1.3 
Doc. 10. PC-'Oa 
ori9. Issue DatA anon! 
lewis ion 10. 

lt a.y ~ desirable to a90id anJ possibility of 
signal interruption wben .witcbing froa th~ 
forward oaDi antenna to tbe SGA. Uplink 
int~rruptioD results in • downlink trw~qu.ncJ 
sbitt when the auxil~.rJ oscillator r.~lac.s the 
coberent reference. Downlillk inteI"ruption 
results in a te.porary loss of teleaetry. 1n 
addi~ion, tbe antenna gain is increased bJ 25 dB. 
~heD eIercisin9 tbe torward oani to HGI switch, 
uplink and downlink interruption is aYoided if 
the aft o.n~ antenn4 is utilized for both links. 
Tbis requires selection of the appropriate uplink 
frequency and appropriate internal switching of 
the downlink signal F~th. A brief signal 
interruption adJ still occur when tbe nplink 
and/or downliDk is switched troa the aft oan! 
~tenna to the HGA. rhe downlink frequencJ shift 
a~tendent to an uplink interruption Cln be 
ainialzed by first tuning the uplink frequency to 
produce the expected downlink tregueDCy yia the 
auxiliary oscillator. ldditional details of 
co.aunicatioD subsystea operation are giYen in . 
Section 3.7.3. 

~piaQiug Up tb~ Higi Gpip Allton. 'rhe high gain 
antenna is spun up to the spacecraft spin rate by 
turn~ng off the aotor drive (!'l'Bl~ or 1I'l'~A". 
The despin control electronics aa} also be turne4 
otf (DCE1~ or DCEl91, if desired, to reduce power 
consuaplion. HoweYer, subsequent despin of the 
HGA then requ~res initialization of Aziauth and 
~eYation rate before the autor driY8 is turned 
on. Is a ainiaua, the HGA will be spun up prior 
to orhit insertion 4~ described in Section ~.2_l. 

~wi~chipg coa!upicj!1ons froa the HGA. Before 
spinning up the M.A, as described ~n Section 
4.3.4.1.3, or whenever coaaunications through the 
forward oani (or nackup) antenna is desired the 
link ausl be svitcaed fra. the MGA. One coaaand 
(lHT22 or llrB2) accoaplishes this. Selection 
betv~en the torvard oani and backup antenna is 
accoaplished by couand lilfT32 or '.te2. Is 
described in Section 4.3.ij.l.2, BF signal 
in~erruption vill be aYrddod if tbe att oaoi is 
sel~cted for uplink dnd downlink betore the 
switchinlj co.aelDd i::5 SElnt. 

a •• 

... 1a101 

4&.3-141 



r .. -::'I-=----------~--.·-·-·--·-... ··~""'w--.~----~~_~~ __ ..... ~------,..-,~. a.uo 

• 
l 

,. 

section 10. !.~.4A2 
Doc. .0. rC-'t02 • 
Orig. Issue Date 2llB/78 
Beyision 10. 

lewision 

•• 3 .... 2 

" .3-1'12 

~~,4 PgiAtiag. Tbe HGA aziautb pointing 
direction i. cbanged by NY ising the pbast] angle 
to t.b~ inertial 1.-011 reterence (aun or star) 
which is aceo.pli.hed by •• Ading a quntltatiwe 
coDand to the d.spin control electroai.ca. DCBQl 
or DCEOA ~roGuce a d1screte aziautb rate; DelOS 
or Dceo£ produce a discrete aziaath position. 
The KGl eleyation pointing direction is c;IlADged 
by co.aaDdinq a diacr~te rate using the 
quantitative rat .. co.aanc!. DCBQ_ or DCIQD .. 
.follo"ed by a z.·~'O rat .. coa.aDd after a 
controlled tiae ~nterwal. ~he ti.e interYal 
~tween initial rate co ••• nd and tbe zero rate 
ce'a.and is selected to acllie •• the desired 
posit10n change. (.OTI: 1/6 sec ti.e betw.en 
~ds fro. ae.ory aust be accounted for). The 
elevation positiuDer electronics within the DCI 
.ust be turned on (DCJ06 or DeBor) before an 
elevation rata can be i.ple.ented. Details of 
utilizat~on of these coa.ands are discuss~d in 
Sect~ons J.3.2 and 3.3.~. 

The HGl p~iDtinq direction is periodicall, 
updated throQghou~ thQ entire ais8ion fro. launch 
by realtia. coaaand. Dur~n9 the occultatioD 
SQason, the poiD tin9 function is achi •• ea by 
appro?riate biasing of the tracking co.aaDds as 
expla~ned in Sect40n 4.J.4.3.2.3. 

Becau~ tbe $-band HGA baaawidth is broad (~3.a 
d~g~eas at -3dB) relative to pointing 
uncertainties and Yariat10n 1n the earth pointing 
direction, daily co.aand updates are not 
nect!ssary. The frt!qaency of position update is a 
function of required link aarq'in and available 
operations ti3e. Open loop control. baaed on 
ground calCUlations of tbe change in earth 
pointing direct1on, provides acceptable 
pexfol~ance. However. lhe receiYed I' signal 
str~Dgth CAn also b~ used as a refereace to 
achieve optiau. antennA positioning. Ie either 
case, the antennll position should be ad:iusted to 
~ the value optiaized tor aidway bet.een 
adjustaents. 

l ,-
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lbe desired cbange in BGI pointing clirectioD 1s 
the vector sua ot coaponeats due to orbital 
.otioD of the earth with respect to the 
spacecraft and due to attitude precession of tbe 
spacecraft. B~latiye earth aotioD ia 
pr@doainantly an ali.utb .otion; howeyer, there 
is an eleyation coaponent during cruise because 
the spacdCratt trajectory is not in the ~cliptic 
plane and a siail4r eleyat~on coaponent on-orbit 
because of the inclination of the 1eDUS orbital 
plan~. Tbe ~levation an~ aziautb bistory of tbe 
earth pointin9 direction, vith respect to 
iD.artial coordinates centered at tbe spacecraft, 
is shown in ligures 4.1.ij.2-1 through 4.j.~.2-~. 
!be azi.uth direction Yoriea fro. 25 to 10 
degrees (w.r.t. lries,. The aaxi.u. aZ1autb rat. 
~ abuut 1.0 degree/day. Co •• anded asiautb 
angles are aeasurea fro. the roll reference's 
pulse. rhe relatioDsbip to inertial coordinates 
depends un the reference beiug utilized as 
explain~ in Section 3.3.2.4. IgDoring tbe 
5eyeral-4ay transient i •• ediately aftor launch, 
the great~st be.a elevation offset froa zero is 
ahout -18 degrees a11d tbe aaxiaa. rate o( change 
iA elevation is O.~5 degrees/day. 1 positive 
elevation aDgle indicates rotation toward the -Z 
axis. 

These aaxiaua elevation 4nd 4ziautb rates result 
in an accuaulated pointing error of 1.6 and 3.S 
degrees, respectively, for position update once 
eyery veek (assuaing position is optialzed for 
the subsequent periou betore next updat~). This 
corresponds to about a 2.6 d8 drop in link 
pertor.ance fro. the peak. 

Sp4c~cr4ft attitude precession priaarily affects 
eleY4tion pointing. rh~ shift dur~nq cruise is 
du. to solar iorces acting OD tbe asyaaetric 
spacecraft. 'ddit~oDal perturbations occur vbile 
on-orbit due to adrodynaaic torces as tbe 
spacecraft paSlittS th rough U~ upper ataospbere. 
rbe •• gnitude 01 4tt~tude precession fiE the 
entire aissioD is given in Section 4.1.2. There 
a~y also be attitu~e shitts due to jet 
~s4l~gn.ent v~cb CoD ue es~iaated by attitude 

... 1.10a 
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Bttyiaion 

deteraiaation followinq .aneuyera. Subsequent Ir 
calibration aar be desired. 

~.wip9' Slewing the HGl in aziauth or el.Yation 
is achi.yed by us. of tb. quantitative ~o ... nds 
id.ntified in Section ~.3.~.2. 1 &ero rat. 
ooa.an4 terainatea • al... It i. operationallr 
cunv8nient to acco.pllab a trackin9 profile br 
~e of a series of eo •• ands stored ia tb. co •• and 
••• ory. lppropriate stored tia, delar codes 
result in known positions at the start .nd finish 
of eacb rate. The d.ep1n control electronics 
aust ~ 01 (DC~19. DECA9, DCtl9, or DCIB9) to 
iapleaent dziauth or el~yation rat~ co •• ands. In 
addition, lA. d.sp1n sotor driY, •• at be O. 
("~B19, ftTBA9, ftTi29, or IT889, for a&iauth 
sl~wing and th. al.Yation position.r .l.ctronics 
aust be 01 (DBCg6 or DCBgY) for eleyation 
sl.wing. Details of co •• and utilization are 
Giscussed in Sectioos 3.3.~ and 3.3.~. 

HGl slewing is utilized during initial ant.nna 
checkout aud durin~ the occultation season. 
Details of tbis uS4ge are 9i90n in Sections 
~.3.~.3.1 and _.3.ij.3.2, r.spectiyelr. 
Additio~a! HGl positionin9 during calibration is 
d~cuss~4 in s~,~ion ~.J.~.~. 

ij.J.~.3.1 Initi41 CQfCkout 9'-DssvYA lRteln •• lf~er 
L~.pletion of t~~ post-launch spiDup, 
.agoeto.eter boos deployaent and antennA platfora 
despiuDin9 a~uenc~, d.scrib~d in Sections 
Q.2.1, ~.2.2 and ij.j.~.l, ~b~ antenna vill be 
sleved In el'9~tion tro. its IAuncb po_itioD, 
~a. angle • +11.3 degrees, ~o tbe .xpected eartb 
pointing oirectioD, bed. angle z -20 degrees. In 
this .aDner, .le94tion slevlnq will be 
qualitatiyely 9.ritied. Ouantitati9' perforaanc • 
• ~y be deterain.d at this ti •• by seAdiDg 
posItion and rdte coaaanas and Qsing position 
tel~a~~rJ and/or receiged si~nal strengtb for 
Y.rilieation. Tel .. ,lry of atiaath posilion is 
tbrou~h cbanDel5 lTT~lZ and IfT"2' which indicate 
the ll.e delar bet.~.n tbe selected roll 
reference ano th. SIP wheD 1811DS or l!2iDS 
Indicdtes bits 11~ (o~~ of seyen different 
selectable teleae~rJ a~aaure.en~). The 
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al ... Uoa rHc!iJl9 ia t.l ... t.-red u ct..aDel 
ABU,» fro. a c.1Uratecl poteatio •• Utr COAtaiD.4 
w~tk1n t~. el.wa'tion poaitioa.r. 

'.l.'.3.2 9Ccalyti2a. OCcultation of th. e.~-ap.cec:r.ft 
liDe of aiqht bJ VQU occura D_r peri.pai. 
daring tbe 1irat 80 da18 aft.r ~blt i .. ertloa. 
~ •• t before &D4 just aft.r the spacecratt 
diaappear. b.biDd YellQa ... i •• ed fra. ~b. eartb, 
tb. sigDa! atreD.qth cU..ildsh •• or iDcr .... " in a 
aaDDer c:ll.nct.eriaUc of til. 'enQs ataoap.ere 
t.hroagb. wll1cb it. 1s pa .. :iAq. IDt.rr1lpti~ of the 
co •• UaicatiOD 1ia& caD be delaJeG bJ bi •• ~D9 the 
orieDtatioD of tAe traDaailte4 81gDal to account 
for·r~raction, 1 •••• bf tracking the yirtual 
eart.h. 

~. lODger t.~ Yirtual earth is tr.ckea, the 
d .. per the p ... tratioD of the refr.cted .igDa! 
aDd the larger tbe altita4e raage of ••••• red 
ataoapbere. Trackiag pertonaac» is .pecif1" to 
a total refracted angl. of 17 degree. (l-baDd) 
Whicb i. rftdled i.D all early orbi t.. u4 .t a 
allglaUJ l.ter t.ae for coll8ecutiYe periapaia 
passes accordiag t.o tb. relati •• gaoaetrJ of the 
spacecraft, Barth, aad ' •• us. ..ar the •• 4 of 
the 80-claJ occultation 8M80n. the 17 4egree 
augle is aot readle4 a tall aad t.he wirtaal earth 
caD be tracked coauauoaslf dariAg U. eDt.in 
per4.paia pa_. 

1 plot of aziaath aAd elewatioD p08ition of tbe 
wirtual earth for the a~-4aJ occultation .e.SOD 
i.II giw •• in Pigares ... 3 ..... 3.2-1 aDd -2, 
resp.ctiwely. th. a811. is plotted .. a fUDction 
of t1.e fro. periapau aad para .. tricallJ "ita 
nu.bar of 4"JII oa-orbit. 'file plota t.rainat.e 
"bo the refracted angle reach •• 17 4.gra ••• 

ODlik. operating duiA9 craise aDd aft.er U. 
QCCaltatioD season wb.re oDly S-DaDd i8 reqaired, 
occultation ... aurea.ata .re •• b.Deed bf tr.na
nttiDCJ .t botb 1- aDd S-o&nQ. B.c .... t.1t. 
antenna patt.ra is auch sharper at l-baDd tbaa at 
S-baad, pointing is reterenced t.o tbe peak of the 
I-band patte£n. the 4iY8rgence 10... the 
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wlatiye poiat.11l9 off Nt bet .... tb. l-ballA &Acl 
S-baacl bea... 1.& ~"'refon a.1Ala1ze4. 

n. occaltatioa .... OD c •• :Lsta of tlaree 4iat.iact 
pau... ~ ... fir.t p ...... pr1JlaEi1l tJa. fir.t cla, 
after orbit la •• rtloa, off.n lialte4 p.rtonaDc:e 
aiac •• aa.uy.rs to •• tabll ••• precta •• ttitad. 
&ad orbit Ar. beiD9 .s8Cat.cl ~Acl po1atiAg 1. 
tA.r.for. \aIlC.rtai.. 'lb •• ecoae pb... beq1~. 
after th .. c ••••• y.rs .r. oy.r an4 .&4. wbea tbe 
firat p.ri.p.ia alt1tad. corr.ctioA 18 p.rfota.ct • 
•• rlora.ace 18 beat 4aria9 tbi. p...... Daria, 
th~ tbiEd aa4 fia.l pba •• the altitacl. corfectioa 
aaaea •• ra, iacr.aae4 a.r041Daaic tor~ •• , .acl 
!Acr ••• ed Do.liDearitJ of t~e YirtQal ~rtb track 
~4ace ,.~toraaace. 

•• l.4.3 .2.1 h, .. 1. Occultatioa d.u 4Yrin'l the t1rat 
lMriapaia pa_ aft.r orbit in_1:.:.108 .ill be 

less accarat. tA&A cl.ta tro. t~~ follo.iag 
pass... Tbi. r •• alt. free tb. ~bit aael attlt.4 • 
•••• a .. ra perforMd .t UlU ti.e a3 ia4icate4 ill 
•• 3.1.2.2. r".re .ill be ao I' c.librat1oa prior 
to U. first periapaia p ... for a •• 1a aaUiA, 
ta.e poiAtiag ~rror.. Ir calibratioa au.t ••• it 
apacltC%aft. attit.acle &tahUizatioo. IA ad4itioA. 
there will aot be •• ffici.at attitude 
dater.iaatioa data for a .. a. aD alternate 
calibration aollrca. 'arfor .. DC. ear .till be 
cla.. t.o 1.0 4eqrea t.otal .iAertial po.itioA 
trackiDq .rror baaed 011 calc'll&te4 pouting. 

~.l.4.J~.2 'k'If ~. ?b. secoDd ph&~. of th~ occQltatioD 
.. a.'D follows the orDit and &ttitQd. corr.c· 

tio •• eliae ... ecl .bo ••• Dd taraiut •• WYD U. 
first p.riap.is altitude co~ct1oa .. D •••• r ia 
p.rtoraecl. lccur4 te poiutinq 1.. prea1ae4 OD 

well-~Aova iDitial spacecraft at.titud. aDd w81l
~O.D 4iat.arbAac •• to tlli. &tt.itacle. lJait1al Ir 
caUbr4tioD fQr~_r eDb.acea poi.DUag acelraer. 

DYriDq occultatioA, t.h. spacecraft. ~oa.a.4 a"o~r 
l.S proqra •• eci t.o ale" til. ant.nlil aloaq u. 
"irtul Mrt.b track. 1 tracliACJ error rea.1ta 
fro. se •• ral soure_. priDcipal errors iaclacl • 
..,&e:ecraft. dyn.solca, • .cbuas &A4 pIa tfora 
4raasica, att.i~ade deter.in.tioa, orbit 

.... 
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d.teraiaatioD, tberaal 41atortioe, cae.aad 
execution ti.ing, •• cbanical align •• at, aDd Ir 
Align •• nt. OD •••• Da ot calioratiD9 •••• r.l of 
tb ... ~rrora i. to p~fora an initial iD-fligh~ 
IP calibration (grouDd receiv.d I' .ignal 
stIenqth v~r.u. co .. aDded step poai~ioD) •• 
described in SectiOG __ l.~.~. litb .ucb a 
calibIation, tbre ••• tbod. ot operating tb. 
spacecraft and reduciDg error bDildup ~Dclu4e 
~lrin9 OD additioaal Mi calibratioaa, 
buokkeepiDq coaaaD4 .agnitude aDd ti ... , a.d 
~lr~nq on position tel ••• try. If I' calibratiOD 
is n.tYlIlr perfor.eeI, theD two ad4itioul ca ... 
witb 4 co •• on reliance on att~tude deteraiDatioD 
include the bookk.epiD9 4pproacb (wbicb requir •• 
dri.inq the utenna agaiut a .top for initial 
cal~brati~n) aD~ utili~atioD of po.itio. 
teleaetrr. 'lbNt! fi •• options "bich apa •• rang
u1 achievable perLor.ance and a rang_ of 
op~rat~onal reqDir •• ~Ats ar. presented iA 
~dter6nce: F4r4graph 1.S.2.b. 

1 coaparison of lbe five operational optiOD. i. 
sU •• 4r~~6d in the tol~owing t&bl~ aDd 4eacribe4 
0010 ... 

.. .. 1.10. 

r . 

I 

I 

1 
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ieyi,aioD 

OCCOLT1TIOI OPIII!IOllL OPTIOIS 

Clli~[1&10A r.ebais •• 

1) 10it iAl i' 
C41ilK'at ion: IP 
Cal1 bl'atloll Update 
OPee .Y~Q t.hEVft 
daya 

2) Init 141 ., 
Cali iEatioA: 
Boo~ ~epiAg Updat.e 

3, lnit ia1 8F 
Caliaat10D: 
Position le~e.etrJ 
Upela t.t 

4) 10 i iU ti41 .r 
Cali ~atioD: 
Book~~piDg Opdat.. 

~) .~ i ni ti.l .F 
Calib£atioA: 
Posi tioD TeleHtry 
OpdalAt 

'4'lp"", 
.1Ae.t •• a.itiYI 

t.o .t.t.1tQ4~ 
4 i. tu DUQt 
aodel. 

.Goo4 perfor •• »el. 
pOiatiluJ 
.rror & 0.12 0 

.... t. perforaaDc. 
poiatiA9 
.rror & 0.920 

.pointing 
error & O.9~0 

-1I04erat. 
OperatioDS 
14tg uin •• nts 

-liitUDe 
operation. 
lequir ••• llts 

.Ue.1gn goal P01Dtiag error • 1.0 4eqr.e. 

".J-l~ts 

piM4,a't.aq,' 

.Great •• t 
operationa 
reCJuir ••• Dt.I 

.SiCJll if ie.At 
operatioD. 
hCJU1re •• au 

-S ... it!y, to 
attit04. 4i.
tubuce ao4el 

-Se;:aitiYt tu 
attlta4. 4ia
urbane. a04.1 

-PoiJalin9 
error • 1.Q3 •• 

.point1D9 
.rror • 1.0S •• 

. \ '-. 

.. ~ ._ .. ________ ~_~~~ __ """',~' _-'-'-.....:..........4.. ________________ _ 
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T~~ indicated pertoraance values are based OD the 
~perating sequence presented in Section 
4.3.~.3.2.b for the 40th day of the occultatioD 
saason. This bounds tbe pertor.ance for the 
f1rsl 40 daJs assnming tbere is no altitude 
corr~ction during tbis ti.e. lny altitude 
~orrection .uat be followed by a new .r 
calibration (Opt10ns 1. 2 and 3) to aa1ntain this 
perfoDance. 

A design goal bas been establisbed to track the 
v1rtual eartb to less tban 1.0 degree. ?be 
corresponding range in l-band signal strengtb is 
2.4 d~. (0.2 dB at S-aand). As indicated in the 
previoos table. an initial calibration is 
required to achieve this design goal pointing 
error. BF calibration is preferred as a direct 
aeasure of initial pointing error. 

The coaaand aeaory is updated periodicallJ to 
reflect chaDges in orbital geo.etry and 
spacecraft attitude. It is desirable to baYe a 
direc~ aeasure of tbese changes when updating the 
coaaand sequenc~ rather than r~lyin9 on 
calculations. Operating Opt10n 1 provides thia 
update based on additional BY calibrations. rhe 
~rror buildup due to attitude disturbance 
uncertainty is tbereby dete~.in~. An altitude 
disturbance aodeling uncertainty of ±10S results 
in a .axiaoa error of 0.04 degree OYer a tbree
ddy period. The operations required for periodic 
BY calibration are discussed in Section 
4.3.4.4.2. 

Tbe 0.925 degree pointiGg error pertor.anee 
presented aboYe tor Option 1 is based on update 
every three days. (Basis for tbis pointing error 
is described in iete~uce: Paraqraph 1.5.2b). 
lucreasing tbe tiae results in a saal1 
perfor.ance 108s. S~i1arly. decreasinq the tiae 
proYides only a saal1 iaproveaent. 

It periodic RF calibration is not dODe. then 
predicted pr&ee5&ion due to attitude disturbaace 
aust be included when calculating pointing 
updat~s. (The predict~d iniol-.ation is con tai.ad 
in aeference: P414grapb 1.5.34). Options 2 and 3 

lew1a1oD 
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illustrate two techniques of deteraiDi99 the 
re.ainin9 pointing position errors prior to 
.e.orJ update. Option 2 relies on bookkeepiDg of 
all th~ pre,ious eoaaand rat~s aDd tiaes. Pro. 
this iDtor.ation. the pres.nt positioD is 
.cc~r~tely defined co.pared to the initial 
position. Option l ~tiliz~s the positioD 
tele.etry. Tkis introduces the teleaetry 
quantization error wbich cannot be calibrated. 
How~Y~r, it reduce~ the data reductioo and ground 
operatioDs task. Becau.~ leaperature .ariation 
during tbe occullation season at periapsia ia not 
great, teleaetry uncertainty due tu te.perature 
dependence is not si9n~ticant. 

Tbe apparent paradox that bookkeeping. option 2. 
r~sults in better perlor.anC8 tban p.riodic 
ca11bration. Option 1, is doe to the asao.ed tiae 
constraiDts fur tbe calibration (see Ref~reace: 
Paragraph 1.5.21). It aore data pointa are taken 
dur1n~ each periodiC calibration. tbe perforaan08 
can b~ i_proyed for OptioB 1 to a liaitiB~ ,alue 
(periodic Sf calibration to sa.e accaracJ .a 
iuitial &r caliD~ation) of 0.910 degrees. 

Predicl8d parloraance without initial kl 
calib~.tiun, Options 4 and S, does not aeet the 
1.0 d89~" tracking erro~ goal. Hov.,er. because 
Options ~ aDd ~ do Dot utilize IP calibration 
tbey do depead OD accurate ao4811ing of 
precession d •• to attitQd~ disturbaBce. Attitude 
deteraination is the basis ot these cases; 
preeession 1s continually .onitored. Tbe 
disturbances still auat be predicted during the 
tia. to elapse until tbe aext co.aand ae.ory 
update. 

~.3.4.3.l.l Pb,sj~. Once a periapsis altitude reduction 
a8DeUYer is perforaed, \Ae initial RP calibra

tion is n~ longer ,alid. !itb~r another 
calibration is required or operating OptioDs ~ or 
~ aust be iaple.ented. Later iD the a1s.10B, the 
,irtual earth track is .ore Donlinear. Bore 
~oa.dQds &Dd aur~ linear approxi.atiag sega.nts 
are requ1red to proyide tbe saae pecforaaDce or 
~se degraded perforaa~ce results. IA addition. 
aerodynaaic torques Decoae 5ubstaatial aa the 
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periapsis altitude is lowered to regioas of 
greater at.ospheric density (near 150 k. 
altitude,. Tbe magnitude of tbe additional 
attitude pr~c.ssion is discass~d in SectioD 
4.1.2. Additional attitude uncertaiDties u~ to 
1.0 degree aaJ ~e expected. 

~.l.4.l.2.4 ~e£oDd s~a,pa. A secoDd occultatiOD period 
occurs near apoapsis fro. day 156 to 166. ~b. 

BGI .ay be slewed as desired duriDg these paases. 
HoweYer, tbe great altitude of the spacecraft 
above tenus precludes anJ significant advantage 
ot antenDa SleMing • 

... 3 .... 3.2.5 ~illt.t.ioD Ollef1tiaa Sa9oeDS;~. The occulta-
tion operating sequence consists of a series of 

aziauth and elevation rate ooa ... 4s contained in 
the spacecraft coa.and a~aory to provide a 
piecewise linear approxiaation to the virtaal 
earth track shown in ligures 4.3.4.3.2-1 aDd 
•• 3.4.3,2-2. ~he sequence is progra •• ed to 
account for variations during the subsequent 
interi. period until the next prograa update. 

•• Yis1on 

The t~in9 is select~ to correspond to the 
average require.en ts of this period. 1 t tile end 
of each daily sequence. a bias de~erained yi. 
offline ground sof~vare can be incorpora~ed which 
accounts tor daily earth aotion and predicted 
daiiJ precession due to QDviron.ental forces. 
Tne tiDal aziaQ~~ and eleva~ion poiDtiD9 
directioD after coapletion of a periapais passage 
is th~efore difterent than the positioD at the 
start of periapsis passa~ but corresponds to tbe 
value desired fo£ the star~ of the next pAssage. 

A de~ailed occul~ation sequence is giyen iD Table 
4.3_4.3.l.~-1 for the ~Oth day of the occultation 
season. This sequence is representative of that 
for any day of Phase 2 u~cribed in Section 
4.3.4.3.2.2 and bounds ~he nuaber of co •• ands 
required to achieve 1.0 degree iner~ial tracking 
error for any occultation profile of Phase 2 up 
to tbe first 40 days. 
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TABLE 4.3.4.3.2.5-1 

OCCULTAT IO N SEQUEN CE (4 0TH PERIAPSIS PASS) , - --------------------------------------------------------------------------1 
I I : I I I Rp. latlvc T ime I CMD Mnemonic I Command Title or Event I Telemetry Verlflcatlon/R emarks i 
I I I I 
~------------t-------------+---------------------l---------------------------1 
I P = Periapsi s I 1C 0mments I The following channels indicate antenna pOlitionJ 

II I 1. 1) A ' th b tl (There il no slewing rate tel e met ry). II J\ Zlmu earn ra e = I 
I I Azimuth M e chanical Ratel Azimuth: Attitude measurement - ATTM1~ 

I K ' , I A TTM2Z, and AMIADS (or 
t 2 ) E,leva t lC~ n beam ra ~e 18 AM2ADS). 

I I g ive n with mechamcal I ( 
I It ' th I Select SRR - MIP measurement to deter-I ra e 1.n par e n eaes . " th 't ' ) I I. I mme aZlmu POSI Ion. 
I 1~3) Azimuth rate q uantiza- I El t ' HGA El " AELEVD I t ' eva Ion: e vatlon -
I I 100 
I I 
I I 
I I 

I 
I 
I 

= 0.05 d eg /min 

Eleva tion Rate qua otiza
tion 

= TBD d eg /min I I I 
I I I ( 
I I I M e ch. Rate Quant. = 
I I I O. O~ Deg/min.) 
I-------------r-------------r -------------------r--------------------------------, 

Befo r e DCEQ6 (o r ~GA Pos ition e r ON I HGA Positioner Elect. ON /OFF -
P 9 2 ' DC EQF) I I APOS1S or APOS2S -. min . I 

TDC r-ime D e lay as Requireu 

I 
I 
I 

P - 9 . 2 Min. DCEQ4 {o r DCEQD)!Elevation Rate =+ 5.88 d e fl. / 
Imin . (M ec h. Ra te = TBD) 
I 

DCEQI (o r DCEQA) I A zimuth Rate = -0.50 deg/ 
I min . 
I 
I 

T DC I Time D e lay = 0. 8 min. 
I 
I 
I 
I 

I I I I 
I I I I L _ __ _ _ ______ _ __ .L ____________ L _________________ L __________________________ _ 
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TABLE 4. 3 . 4 . 3 . 2 . 5-1 (Conl1nued) 

r----------------------------------------------------------------------------, 
I I I , - , 

; Rcl:nivc Tirr.c : C:\ID ~Lr (:monic I Command T1tle or Event : Telemetry Verification/Remarks I 
J ' , , 
r -------------L.--------------t--------------------+----------------------
I P -8 . 4 Min . DCEQ4 I, E l e va~ion Rate = + 5 . 2 3 deg / i 
I -, 

, min. I 
I I (M e ch. Rale = TBD ) I 
! TDC I Time Delay = 0 . 8 min . I 
I , 
, I 

I I 
I P - 8 . 2 Min . DCEQ 1 A zimu th = - 0.80 deg) 
, - I 
I m in. I 
I TDC Time De la y 1. 0 min. I , , 
I I 
I I 
I P - 7 . 2 Min. DCEQI Azi:nuth Rate = -1.36 d eg / 'I 
, mm. 

I TDC Time Delay = 1.0 min. ! 
, I 

P - 6 . 2 Min. DCEQI 

TDC 

P - 6 . 1 Min . DCEQ4 

TDC 

, 
Elevation Rate =-1. 68 d eg/ I 

m in. 
(Mech . Rate = TBD) 

Time D e la y = 0 .1 min . 

, , 
I , , , , 

Azimuth Ra te = - O. 38 deg / I 
I min. 

Time Delay = 0.8 min. 
I , 
I 
I 

I 
I 
I , , 

, I I , 

Timing of rate conunanda at P -6.2 min. and 
P -6.1 min. selected to null out error due to 
rate quantization (See Ref. par. 1.5.27). 

I , I I L ____________ .1 __________ _ -' _ ________________ , ________ _ 
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T AB LE 4 . 3. 4 . 3. 2 . 5_ J (C ontinued) f- ------------f--------------:-------------------T------------------------___ , 
I Rela tive T ime I C2\lD l\ lnemonic I Comm and Title or Event I Telemetry Verlflcat1on/Remarks II I I , I 

~ - -------------r------------1-------------------_1-----_____________________________ 1 
I I I 
I P +6 . 9 Min . I DCEQ I I A z imuth Rate = 2 . 77 d eg / 
I I I Min. 

P +7 . 2 M in . 

P +8 . () Min . 

P +8.2 Min . 

I TDC I Time De lay = 0.3 min. 
I I 
I I 
I I 
I I 

: DCEQ4 I Ele vation Rate =+1.25 deg/, 
I I min. I 

: : (Mech . Rate = TBD ) I 
I TDC I Time Delay = 0.8 min. I 
I I I 

I I 

DCEQ4 

TDC 

DCEQI 

I , 

Elevation Rate =+1.88 deg/' 
m .in . 

(M e ch. Rate lB!)) 

Time Delay = 0.2 min. 

I 
I 
I 
I 

I 
I 
I 

I 
I 

TDC 

Azimuth Rate = 2.20 deg/ 
min . 

Time Delay = 0.6 min. I 

P +8 . 8 M in . DCEQ4 

TDC 

El e vation Rate =+2.50 deg/ 
min. 

(Me ch. Rate = TBD) 

Time Delay = As Required . 

I 

I , 
J 

I 
I 

I 
I , I 

I ; I I I 
I I : I I 
I I I I I L----_ _ ________ J.. ___________________________________________________________ __ 
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TABLE 4 . 3 . 4 . 3. 2 . S-l (C ontinued) r----------------, -----------1---------------- ,- ---------- --------------._ ._-, 
I I I I . , ' 
I Relative Time I CMD Mnemonic I Command Title or Event ' Telemetry VerulcaUon/Remarks I 
, I ' I r----------t------------f---------- -- - -----t -------------------------1 
1 I I I • I 
'I P +9 . 4 Min . I DCEQ4 I E l evation Rate =+ 2 . 88 deg., I 

I I (Mech . Rate = TBD) " I 
I , I I I TDC , Time De lay = 0 . 8 min . I Timing selected so final position is bhsed fo r : 
I I I best pointing at start of next periapliS pass . I 

I ' I I 
I I I I 
I' I I 

I I I I 

I P + I 0 . 2 Min. : DCEQ4 Elevation Rate = 0 . 0 I I 
I I (Mech . Rate = TBD) I 
I I ' , , ' 
I I I 
I , I 
I I I I P + I O. Z Min. I DCEQI Azimuth Rate = 0 . 0 I 

I 

I 
I , 
I , 
I 
I 
I 
I 
L 

I DCEQ6 HGA Positione r OFF I , 
Time Delay = As Required I TDC 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I , 

I I I 
I I I 
I I , 

. _____ ' ______ -- -- - -----'----------- --------------
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The qi.en seqllence only indicat. co •• aDlls 
directly 4~ociated with anteoDa poiDtinq. lb. 
total Vdriapsis sequence include. otber 
~ngin~ring and sci.ntitic instru.ent coa.aDda. 
To proYid~ .aziaua flezibilit,~ an indi"ida.al 
tiae delay i. aSSigned t.o •• er, rate cO" .llnd. In 
the event tbat the~ tiae. can De aodified to 
corr~spond to existing tiae slots or it eleyatioD 
and a~iautb rates OIn be initiated 
siaaltaneously, then the nuaDer of c~jaand 
executions is reduced without degradi.ng 
perforaance. 

1 s4itcood exaaple fur aD opera tiog B,~ueoce to 
slell tAe HGl in both aziallth and eleva tiOD is 
sholln in Figures 4.3.4.3.2.5-1 ano 4.3.4.3.~.S-2 
~spectiyely, as it would apply for a no.ioal 
orbit day 50. Tbis is an exaapl. of the second 
operational aode defin4itd at the start of Section 
... J.": Open loop inertial. tracking using 
cuaa.tnded rat.es. 

Tbe lzi~utb control begiDs with tbe lziauth Delay 
being co.aaDded to 285.910 before Occultation 
start, i.e., before (PkBI.PSlS ainus 8.88 
BIMutXS). 1hrougboot tbe occultation, tbe 
lziauth rate vill be changed at tbe start of each 
of fivQ tia. segaents, aDd finally at the end of 
the fifth tiae ae9aent~ as shown in the Lollo.ing 
table: 

st:Glliir- ~TAhr -------r COiltlID-ZO AZlioTS'l 
~l"B II BI'UTES, I Rl~B 

T R ~'~Pal~G,~~~~~~ 

-8.701j 
-b.1~ 
+0.32ti 
+3.5l0 
+6.511 
+6.136 

-1.932 
-3.300 

+" .06' J +4 .~a7 ' 

I 
+2.012 
0.000 _____ L ________ _ 

Tn. l~near seqaentation of Aziautbal position of 
the H~A is cOlp.tred to tbe ideal diah a%iauth iD 
Figure 4.3.4.3.2.~-1. and the re.a.ltiDg laS error 



'rIb ~ 
S!GB !1fT 

1 
2 
3 
£6 
5 

sectioa 10 •• '.l.9.4 
Doc. 10. IC-.02 
Ori9' X .... D. te 212808 
•• y18ioll 10. 

betV8e1l co •• ande4 aad ideal poaitiolls is also 
illQst.rateci • 

fAe !leY.tioD Cont~l is analogous to the Azi.uth 
control. rhroaghout tbe occultation, tbe 
ele.ation rate will be cbanged at tbe start of 
each of L~ye ~~.e segaenla (tbat begin at. 
giff"'Dl ti ... than taose tor aziautb cootrol), 
and finally at the eDd of the fifth tia •• ega.nt, 
as shown in the following table: 

SEGIIBlt stAl! 
!'IIB 11 80Ut!oS. 

-9.019 
-6.224 
-41.331 
.J.54b 
.5.03U 
+6.788 

COBRAIDED ILBY1!IOI 
WIllA" 

CpIGIYS/ll,ptl 

+1.622 
+0.9n 
-0.810 
-0.059 
.0.551 

0.000 

Dish eleYation angle at the start of occultation 
(Periapsis -0.88 !lMOTBS) is assn.ed to be -
1.£690 • 

lbe linear segaentation ~ eleYation poaition 
of the RGl is coapared to thQ ideal dish 
ele.ation iD Pigare 4.3.4.3.2.5-2, a.d tbe 
resulting als error between co •• anded aDd ideal 
BB1" (Dot DISH) eley.tion positions is also 
illustrated. 

If CalibotiQll. ls described in section 
£6.3.4.3.2.2, aD initial.' calibration is 
desirable to establish a vell-kaown initial 
pointing poaitioD froa w~ch subsequeDt pointiD9 
co •• ands can be based. 1 repreBeDtati.e initial 
BP calibr~tion s8gueace is presented 1D ~abl. 
4.3._.4-1. Anotber 18 contained in .. fereDce: 
Paragrapb 1.S.28. 18 alao described iD section 
'.3.4.2.2.2, a periodic ., calibratiOD is 
desirable to re-eetabli.sJa a kDOWD pointinCj 
position vitboat relying on predictioDs, in 
particular, without relriDg OD accurate 

• •• iaioa 
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p~edictioD of eDyiroD •• Dtal forces aad r ••• ltaAt 
attit.gde precesslon. 1 repre •• ntatift periodic 
11' calibration seguence 18 presente4 1a ra~le 
4.3.'.11-2. 

All iF calibrations are aoainall, perforaed a~ 1-
bcand. Beeil •• e tJae antellna pa ttera ia a.ca 
sharper a~ '-band ta.a a~ S-band, the losse. d •• 
to pointing error are aore ~y.~ at I-band. 
Cctlibration at I-baad rellO.es ta.e erEOr 4 ... to 
di.erg.nce of the s- aa4 I-band pattern. 
(apprOKiaate!1 0.1 degne). Punaenore. 1_ 
calibration data are reqRired to achie.e & 
desi~ed pointing aacuracI tor the sharper X-band 
patteCD_ (3 dB aalf beaa.idt~ a 1.1 degree 1-
~nd and 3.8 degr ... S-ban4). 

4.3.4.4.1 Initial CaliRt,$ioD. If an antenDa po8itioniDg 
strategy is selec~ed based on an initial I' 
calibration, thi8 calibration is best perlora.d 
as early as poaaible after orbit and attitude 
.aDeuvers are co.pleted during the firat 4ay on 
orbit. Operations constraiDts auat be considered 
~n selecting the exact tiaing of an iaitial 
callbr.tioa. 'liae aut be allo •• d betw ... the 
calibration aAU the sub&ecjueDt periapais passage 
to allow for data analysis aDd subsequent 
realtiae antenna positioning to the calc.la~e4 
zearo point. 

Prior to calibration, tae antenna is pointed 
directl, at the calculated positioD of ta. eartb 
b4sed on attitude deteraination. groand alignaent 
... sureaent., and position tele.etry_ rbe 
initial positio. n~4 oal, be accurate to aboat 
1.0 degrees siDce the pa~tern calibration error 
awar froa the baresight (ap to -3 dB' i8 
negligibl¥. Th. calibration sequence tbea begills 
with the anteD.a sleved 18 az1autb wail. h.ld at 
con~tant el •• atioe. the .ateDDa i8 stopped at 
.any points e.tending b.,oad tbe -3 dB polats on 
botb sides of tae peal. 1 siailar el •• atioD 
calibration follow8. 1 sufficient ... bar of 
points and a sufficient dwell tt.e at eaca point 
establishes tile aateDaa pa~terD' to the desired 
6ccuracr. S .. leiereDce: Paragra~b 1.5.27. The 
pointiaq perforaaDce pre .. at~4 iD Section 
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~.l.~.l.2.2 is baaed on an ., cal1bratioD 
accuracy of 0.1 degree aziauth and 0.1 4egree 
.uevation (beaa). Tili. correapooda to <0.1 
Qb/d~9r •• (S-band) and =2 dB/degr.e ,1-ba.4) iD 
the v~cinitJ of the peaA of tb. gain pattern. 

Additional aziauth and/or elevation plot. caD be 
perf~r.ed to statisti~allJ reduce anJ error and 
assure tbe 0.1 deqree pointing error i. &cai.v.d 
in aziauth and e!evatioD. After calibration ia 
coapleled, tbe an~enna is repositioned in 
~le9ation aDd azi.uth to tbe new calculated zero 
position bJ real tiae coa.and ua1aq recorded step 
historJ ratber than poSition telea.try a. a 
reierence. 

1 d~t4il~ r.p~sentativ. initial •• callAr_tion 
oo.aand sequence is givea in Table '.3.'.'.1-1. 
Aziautb and eleYation pOSition tele.etry proYide. 
verificatioD as indicated. The received downlink 
w~ll also qualitatively verifJ antenaa aotion. 
The calibration seqaence aay be perlor.ed by 
stored or real ti •• co.aands. Although slow ale. 
rate~ are indicated in the table to provide 
sufficient d.ell at each calibratioa point. 
individually progra •• ed steps a8J also be 
eaployed. The dwell ti.e .uat be long eooa,h (at 
least 12 secoads) to pi.09l~e aver89iDg of 
periodic V.UiatioD dl],id to spacecraf~ wobble 
aecA4Disa backlash, _no aziauth jitter and to 
average statistical fluctuations in trans.itter 
aud r~ce~ver pertoraance. 

It is assuaed that variatioD in earth ataoapbere 
loss .a a functioD of qround elevation angle and 
local ti.e verling phenoaena is known. ~ check 
ot ~bis .ay be aade by perforaiDg consecutige 
calibtations in opposite directions and co.paring 
the tiDal data point vith tbe initial one. 

q.J.4._~ f!riodic ka11b,.tiQi. 1 representative periodic 
kF c41ibration sequence is given in Table 
~.3.~.4.~-1. The procedure ia qreatly 
abbr~viated co.parttd tu that diacuaaect in Section 
4.3.4.4.1 for initial 8. calibration. The local 
gain slo~ ia deter.ined at a point OG e.ch side 
o! the peal And co.pared to the gain profile 

'I 
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TABLE 4.3.4.4.1-1 

JNITIAL RF CALIBRATION (REPRESENTATIVE) 

,..---------------,.-------------_. -------- , 
I I I I I I RelaUw Time I' CND J.IHDlOlllc I COIDJIlaDd Title or EveDt I Telemetry VertflcatlOQ/Remub I 
I I I 

i;-;:-;:~;-'-----1I~=ent:: • • - --, ~e f0110~:h::meh ~:::-a:n_ ':i~-I 
I Azimuth I (1) Prior to initiation of I lion. (There is no .lewinl rate telemetrr). , 

C~~~I t ' I Se I calibration sequence. ant en A&lmuth: Attitude Measurument - ATTMIZ. 
I quence I 

I na must be pointed t.,wards I ATTN~Z. aDd ANIADS (or ANUDS) 
I S earth (DCE aDd motor drivel ( • T1· tart of I t be ONt Select SO - MlP Measurement to 

I Elevation' mu... determine azimuth position) 
Calibration 'I I (1) Calibration is per- t El tio· HGA El ti AELEVD 

, 
SequeDCe I I formed at X-BaDd. J eva n. eva on· • 

(3) Azimuth Beam Rate· I 

i I f Azimuth Mf!chanlco.' Rate., 
I J (4) Elevation Beam Rate 

I I I is liven with mechanical 
J rate in parentheaes. I I (5) Aaimuth Rate quantlzaJ 

I I I lion. 0.0 S" dei/nUn. I 

I Elevation Rate quantiaatioD I 
II ,I · TBD. t 

(Necho 
del/ml: 

-----
BepJ . 

T 1 • 0 DCEQI (or DCEQAl Aaimuth Rate:: -5.0 del' I Arbitrary rate (U commaDCIa are real time. a 1,-

min. I .lower rate may be de.ired to al1c:rw more time 
before Dest commaDd). I 

I I Beam motion stopped after .3odB point is I 
Tl +0 6 Nin DCEQI Azimuth Rate:: 0.0 de,l I pa .. ed (dol de, X.Band). Command only , . . I min neces.ary if additional ,rouDd preparation I I' tbne ........ r .... Oth ........ omit. ! 

I J I ! l _________ 1___ 1 __ ~_~ __ 1 ___ ~_ ___ ~ 

--'" 

--------------

• : 
! 
1:1 

r 
~_i 

~..".I .. J, ... ~ .... 
...f:~ ___ '::~12* bot ri:& i-OW h' •. 
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TABLE 4.1.4.4.1-1 (Continued) r-----------:----,------------I------------- I· --- -~ I 
I Rl<latlve Time : CMD lfnCmOlllc I Con.maDd Title or Event I T~ Veriftoa~ I 
~;~~~~~:-. ----~I' ~-;;~;------l::=~~-;=-;~~el/1 ~:::~8 .e.r_.) per .... perW I 
I (Plu1 time delay I min. I (12 .ecoed.) aUow. a .. ra .... of SIC ........ 

for any additio~l I I Alternate: I 68 calibration poiDt. CSt .... ,. 
'I ,round preparatlont 

1 I Anterlna di.cretely com~ 

I I manded to any .et of caUbral-
, I tion paiDt. u.in. approxi- 't i I I mately timed rate command • 

, , I 

Tl +20.118 Min. i D:E01 I Admuth Rate. -5.0 de" ',Arbitrary Rat •• I I min. 

I Tl +20.718 Min. I OCEOI I' Admuth Rate J< 0.0 de" I AntenM repoeltioeed to orielDa) poiatbll dlrec· I I min. tion before calibration. 

I I I End Azimuth Calibration i Tbere rna, be a pao •• b.r. to awalt aaaly.l. of 

I l
caUbratloD data ..... "'.eq1Mnt r.,.,.l ...... of 

I anteDBa before proc.ediq (alt ..... tely. re,.,.i-
tloDlDa can be do ... at a lat.r time witlloat 1-------------L----------1------------ ~ .. r:". ... ~~'_.:~:~_~~;,-:-"-I 

I I I Be ... £1"0'''. Collb ...... I ==--i 
I Tl -TBO Sec. 'I DCE06 (or DCEQF,' HeA Podtioner ON , HGA Po.itloa.r £l.e. ON/OFF - APOSIS or I , I APOSZS. 

I IiI . I Tl • 0 II DCEQ4 (or DCEOD) I Elevation Rate It -5.0 de,/ Arbitrary rat. (if COInllv. ..... r. real time, ~ 
I I min. I low.r rat. may bs d •• ired to aUow more time 
I . I I (Mech. Rate = TBD) I before n_t ~omma ... ). . 

I
I Tl +0.6 Min. I DCEQ4 , Elev.tion Rate = 0.0 de" I Beam 51':'ed. , ...... , A polDt ,*1.1 d.. I 

I I min. lX ....... toriunaad only aec .... ry if addidollal I 
I I I (M.!ch. Rate = TBO, Around pr .... ratloD time i. required. OtIa.rwt.-t L ____________ .L-______ L _ mit. 

!I 
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TABL . 3 . .. . 4 . 1-1(Cont i nu ecll 
-----------,-------------- -----. 

: : I 

,--._-
• I 

• I 
RI live Time 

, -----------
I TZ +0 . b M in. 

I ( P lul time dela )' 
( 0 r any add itiorull I ground presa r aUon 

I 
I 
I 

I 
I 
I 
I 
,I 
I 

I 
I TZ +53 . 5 10 M in . 
I 

I 
I · 

TZ +54 . 110 Min . 

L ________ --L. 

CMD :'Iinemonlc I Command Title or Event: Telemetry VerLflcaUoniR.nna.rU I 
--------t--. ----.---~------ -- ---I 

OCEO.f I Elevation Rate = 0 .1 89 deg/ • .::. One .tep (0.040 De.ree.) per .pin period. 

DCEO-4 

OCEQ-4 

OCEO 

min . ! (12. .econd.) 

1 
I 
I 
I 
I 

(Mech. Rate = TBO) 

Alternate : Antenna dis
cretely command e d to any 
let o f calibration points 
usinl appropriate l y timed 
rate commands. 

Elevation Rate = -5.0 dell 
min. 

(M e ch. Rate = TBO) 

Ele valion Rate = 0 . 0 degl 
min. 

(Mech. Rate = TBO) 

HGA P ositione r OFF 

End Elevation C a libration 

..L ___ _ 

Allow. avenl ' '''~ of SIC wobble 150 callbJ'~
lion point .• (Step.). 

A rbitra ry Rate. 

Antenna repo.itioned to ori8iDa1 polatUe 
direction before calibratioD. 

HGA Podtioner Elect. ON/OFF - APOSI.S or 
APOSZS. 

There may be a peaae b.re to a_JI .-lye" 01. 
calibration data aDd aabeeq.e_ ....... -h·'. 01. 
antellDA before proceed", , ........ tely. rew-el-
lionin. Ca.D be dODe at a later U- wid .. 
delradiDl a.ddlUoaal ca1lbrat:Ja. _tiYidea'. 

til" .O~cn 
CD :~gK • .... ;-~ . ~ M 
~ ~ -0 
0 0"'0_ 
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TABLE 4.3.4.4. 1-1 (Continued) r--------------------------______________________________ -_________ , 
I I I I , 
I I' I 

Relative Time I CMD Ml'emomc I Command Title or Event, Telem~try Verification/Remarks I 
I I I 

I;-:-;;;----t-;~~l· a~----1-;:;:s~tio:~=:-;,aa~; oJ :::~:.:;~::;:-:~~:,~:_ may b:---I 

I I DCEQ4 I analysis of calibration data~ repeated prior to final poSitioning. This veri- jl 
I fies assumed insensitivity to small offset 

'I I I I of original pointing direction and allows calibra 1 I 1 tion of unknown time dependent system biases. 1 I I , I Final position includes allowance for average I 
I 1 I, I bias during period preceeding next calibration. , 
I I , 
! I • i I 

I 
I 
I 
I 
I 
I , 
I I - _ 
I I I I 
I I I I' 

I I I I L _______ .l. ____ ~ __ L ____________________________ , 
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establisbed by initial calibration to deter.ine 
the location ot the pattern peak. ~~e sequence 
can be executed by coaaand aeaory with lster 
cealtiae co.aands to pOSition tbe anteDaa to the 
indicated pointing direction. . 

Slope dete~ination 4ccu~acy and hence accuracy 
of the calibration updat~ depends on the no.bar 
of data points ta~eD to indicate tae slope. 
Meference: Paragraph 1.5.27 descr1bes the 
perforaance achie~ed as a function of tbe a.oant 
of data taken. Por the representatiye sequence 
of T4ble 4.3.Q.'.2-1, based on 15 data points on 
each side of tbe peak, an accuracy of 0.1 de<jree 
is achieved. 'lhe total operations t.i.e 
coaait.ent is 1.0 .inutes. 

Tbe periodic Bt calibration spquence is pre~eDted 
in Table 4.3.4.Q.2-1, for elavation only. A 
si.iIar sequence can be perfor.eel in a%iautb. 
However, tbe on~y appreciable uncertainty, 
attitude disturbance aodelling error, ~nly 
affects elevat10n pointing. 

Tbe tiwe elapsed between periodic KP calibrations 
d~ter.ines the pOinting perforaance achieved. 1 
total inertial pcsition error of O.92S degree is 
indicated in Section 4.3.~.3.2.1 for update every 
three days. Por t.he sa.e periodic cal ibration 
sequences, without i.proving perfor.ance by 
ta~ing .ore data points, this value is only 0.939 
degree if periodic update is every 40 days. 
Uovewer. it aust be eaphasized that the priaary 
aotivation for periodic HI calibratioo is not 
~nbanced perfor.ancQ but rather assurance that 
expected perforaance is achieved. F~equent 
calibration is t.herefore desirable. 

Atter periapsis altitude reduction is perforwed 
dt about day 52, the usetulness of periodic RF 
calibration is increasgd. lerodyna.ic forces 
becowe i.portant and attitude offset occurs due 
to the a4neuver itself. Is a ainiaua. after each 
W4Deuver (one is planned at day S2 aDd anotber at 
~ay 69) a calibr4tioD is desirable. In addition, 
the 9re~ter uncertainty encoapassiDg the 
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TABLE 4.3.4.4.2-1 

PERIODIC RF CALIBRATION (REPRESENTATIVE) 

r-----------------------------------------------------------------------------------------, 
I 'I I I ' I Relative Time 1 c~m Mnemonic I Command Title or Event! Telemetry VerIfication/Remarks I 1 I 1 1 r--------------t---s-----------,---------------------i-------------------------------------1 
IT .. Start of' I Comments: I The following channel indicates antenna eleva- I 
I Calibration I I (1) Periodic RF Calibra- I tion (There is no slewir,g rate telemetry) I' 

Sequence I I'" I AELEVD I tion required 1.1l elevatlOn I • I 
I I I only. I , 

I I ' (2) Initial pointing based , I 
I I I on previous RF calibration·1 : 

I I ' (3) Calibration is per- I \ 
I 1 I formed at X-Band. I I 

I I II (4) Elevation beam rate is " I I \' given with mechanical rate I 
I I in parentheses. I I 
I I I (5) Elevation rate quanti- I . I 
1\ I I zation" TBD (Mech. Rate I I 

I Quant. = 0.02. deg/min.) I I 
1-----------+----------1B;;i~c:li;;;a~~~s;;u:~;e+---------------- -----------------, 

I T _ TBD Sec. I DCEQ6 I HGA Positioner ON I HGA Positioner Ele<'tronics ON/OFF - APOSIS\ 

I I ! 'lor APOS2.S. I 

I I I I I I T = 0 I DCEQ4 (or DCEQDh Elevation Rate .. -5.0 deg/ , Arbitrary rate (slower rate may ~e desired for I 

I 

I min. I real time commands to provide more time I 
I I 1 (Mech. Rate = TDD) I before next command). . I 

I I I I ! I T +0.2.2.0 min. 1\ DCE04 I Elevation Rate .. 0.0 degl I Beam slewed to -3.0 dB point (±l. 1 deg X-band~ 
I I min. (,ornmand only necessary if addi\.\onal ground , 
I I I (Mech. Rate II: TBD) I preparation time iI required. Oth 'rwile, omit~ 

I I I I I 
I I I I' I 
I I I I ' • 1\ 
I I I I L ______________ ~ ______________ ~ _____________________________________________ --------------
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TABLE 4.3.4.4.2-1 (Continued) 

~-----------------------------------------------------------------------------------------1 
I I I I I I Relative Time I CMD Mremonic I Command Title or Event I Telemetry Verification/Remarks 1 
r--------------t--------------1---------------------1-------------------------------------1 
I T +0.220 Min. I DCEQ4 Elevation Rate = O. 189 deg/I ~ One Step (0.040 degrees) per- spin period ! 
I (Plus time delay min. I (l2 seconds). 15 calibration points. I 
I for any additional I (Mech. Rate = TBD) I ' 
I ground preparatio, I I 
I I I I T +3.395 Min. I DCEQ4 Ele~ation Rate = +5.0 deg/ I Arbitrary Rate. 
I 1 mm. I II 
I (Mech. Rate = TBD) I 
I I I I 
I I I 

T +3.595 Min. I DCEQ4 Elevation Rate = 0.189 deg/I 15 Calibration points. I 

T +6.770 Min. 

T +6.990 Min. 

T +7.0 Min. 

I 
IT + TBD 

. I . I nun. 1 I (Mech. Rate = TBD) I 
I I 

DCEQ4 Elevation Rate = -5.0 dcg/ I Arbitrary Rate. I 

DCEQ4 

DC":EQ6 

DC~Q4 

min. I I (Mech. Rate = TBD) 

I I 
Elevation Rate = 0.0 deV'! 

min. 
(Mech. Hate = TBD) 

HGA Positioner OFF 

II Antenna repositioned to original pointing direc-I 
tion before calibration. I 

I 
I 

- I 
HGA Positioner Electronics ON /OFF - APOSlS I 
or APOS2S. 'I 

End Calibration Sequence I I 

Reposition antenna based onl Include calculated average bias duriJJg period I 
analYbis of calibration data.! preceeding next calibration. I 

! I I I I 
I I I I' I 

I 
I 

I I I 1 I L ___ . __________ .1. ________________ -______________________________ --------------
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aerodynaa1c forces warrants additional 
calibrations. 

4.l •••• ~ If cali~r.tiop's) p»ri09_,-ruise. Additional ,B~ 
calibration aay be desirable during cruise. ~he 
advantages inclade early Y.ritication of 
ca!calateG perfora~~ce, faailiarity witb tbe 
operations, gen.r~tion of a reference for latter 
calibrations, and optiaaa pointing for earth 
coaaanieations. This latter factor 88ggests a 
calibration folloving all aaneayers. rbe first 
sequence for aD jF calibration durinq cruise 
would be si.iIar to tbat presented in Section 
~.3.~.~.1 for initial iF calibration. subsequent 
calibrations could be reduced in scope 
curr~sponQing to tbe periodic calibration 
sequence of section ij.3.4.4.~. 

4.3.4.5 [ailuie log-i. Single puint failures wbicb 
degradp operation of the bigb gain antenna 
incl~de aeebanical or electrical failare of tbe 
ele~~~on positioner. failure of tbe eleyation 
position potentioaeter, and failure of tbe despin 
bearing. 

4.3.4.5.1 JleYllion Posit~on~-l'ilyrl. 8ecbanical failure 
~f tbe IGA eleyation positioner aechanis. or 
electrical failure of the positioDar control 
electronics will result in iuability to step the 
antQnD4 in Qleyation. ~h. sQyerity of tbis 
fail~re depends OD ~be resting elevation of tbe 
antenna horesight. It ~bis ele.atio~ is Dear 
1ero, then co.auDications perforaance is Dot 
significantly degraded. If tbe beaa is otfset 
less than 5 degrees, the spacecr.~t attitude can 
be biased to 4cbieye noainal co.aunic~tions 
witbout any sigDific4nt sacrifice in scientific 
instraae~t, theraal. ur pow~r perforaance. If 
the bea. ~ftset is ~r~.~er, tb@D c~.aunic.tions 
r~rfora4nce viII be degraded aDd tbe backup 
~leeye-4ipole antenDA a.J be required. r~e 
corres?onding worst perforaanee loss is 11 db • 

•• Yiaion 

.. • 3." -S.2 Ill!AtioP EOlitiol.19tlDtioleter 1ililll,.-
'ail~re ot tbe HGI elevation positiun 
potentioaeter or a8Socia~.d teleaetr, electronics 
vill ~reclude a direct indication of antenaa 

4.3-161 
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4.3.~ 

~.3.5.1 

4.3-108 

elevation. Bookkeeping of all alewatioD stepping 
00 •• a048 -ill be reguired to det~r.iDe elewation 
positioD. Otherwise positioDiDg and 
co •• unications perforaaDce are not affected by 
this faiiare. 

Despia Bearipq 'tAla". 'ailure of the despin 
hQarin9 viII preclade azi.utb anteDna pointing. 
Co •• uDications .oat be througb tbe b~ckgp sleeYe
uipole anteDna. 'lJae corresponding 17 dB 
reductioD iD gaiD requires a factor of 50 
reduction iD data rate or utilization of a 64 • 
ground station and a factor of 8 redaction in 
data rate. 

Orbiter Power ,,4 %~erl', Oper,tiop.. this 
section describes tbe pover load and beater 
configurations, solar panel pertoraaDce, aDd 
bdtterl aaDageaent for all of the various Orbiter 
critical .is.ion events. 

~rpi\er Loa~ §Ana9111DS. the Orbiter load 
confi~urations are shown in Table 4.3.5.1-1 iD 
c4roDological order. tbe st4rt tia. for each 
aiasioD pbase is indicated at tbe top; launch (L) 
is the zero tin referenoe. Tbe sun angles with 
reference to the spin axis and the solar 
distances are also listed. ~he latter deteraines 
the effectiwe solar intensity, which waries froa 
J.8S0 De~ Barth to 1.93) near 'enus. 

All loads are grouped Df SUbsJst.as. ~he 
electrical nature ot the load is d.fiaed bf a 
l~tter: P fur constant pow.r t I for constant 
current and B tor constant resistance. The 
operational .ode ot each load for each aission 
phase is also indicated: on, standby, or off. 

The total spacecraft load, listed Dear the bottoa 
of the page, represents the power requ~r.d by all 
~pacecratt loads, including sci.noe. This a.ount 
ot power aust be supplied bJ either tbe batterl, 
th~ solar panel. or in a shared battery solar 
panel .ode. 

the aiDiaua 4w~lable sol~r pan«l cnrrent at 28 
wolts and tbe .argin, or co~tingency. are shovn 
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at tAe botto. ot the page. Batterr carrent, 
aap.re-~ours consuaed and ba~tery depth ot 
di~cbar9~ tDOD, are also listed for ~hoae aissioa 
pta •• s where the battery i. acti" •• 

,,,ailable solar pan.l power is a function of 
solar constant, sun angle and radiatioD loss. 
The solar panel pow.r listed in the tables 
assuaes tbat a aesaiye solar flare ~&S occurred. 
It also includes a 2 dagree soler engl. 
uncertainty. If solar flare actiYit, duriDq the 
.ission is not se,ere, additional solar panel 
pow~r will b. a"ailable. 

r~ loads shown in tbe tables are baaed OD actaal 
aeasure ... ts but the, still bay' a s.all .aount 
of cons.ryatisa to allow for .easareaent error, 
aging eff.cts, etc. 'lso, tbe budget allowance 
for cruise and orbital science is yery g.nero ••• 
lctual science loads (exc.pt for apoapais 
eclipse) are cODsiderabl, less than the yalues 
shown in the tabl~s. 

'.3.5.1.1 'r.laypch. LlipcA ADd Spip=p~. The lauDcb loads 
&bown in the table aE@ powered froa the 
blockaouae until 30 ainut,s Defore liftoff, at 
ybich tiae power is ~aDsferr,d to spacecraft 
batteries. 

rh. orbiter science bus aust b. turned on foe 
launcb to allow tb. Infrared .adioaet.r (OI~' ~o 
aain~ain its sensor te.p.ratur. at a safe l.y,l 
1D vithstand launch yibration loads. The total 
batt.r, DOD .. pected tor pre-launch, launch ana 
initial spin-up is 29.11. 'lb. battery cbarginCJ 
circuit.ry is co .... nde4 into the low ra t.e charg. 
atat. prior to launcA so tbat tb. batteries will 
be redaargecl soon aft.er lbe ~un is acquired. 

to preyent trip-off of the svitclled loads aDd 
r.t. tra ••• itter pover buses during launch due to 
vibration induced relay contact chatter, t~e 
oy.rride or epover s,st •• not prot.cted- relaJ ia 
turD~d on QQr1A9 pre-launch Yia PSP1, or PS.,,: 
-Pov.r Syat •• Prot.actioD off-. Thia a.itc~ .. 1D 
• redua4aat patk tor these power bu •• a. 

'.3-111 
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ActuatioD of the spacecraft separatio •• witc~ •• 
iDitiatea a oo .. and .. queDc. stored 1. tb~ 
co •• aDd ••• ories. r~e.e aato.atic co.aands turn 
OD both Attitude Data Proc ... ora (AD.), tara o~ 
spin-up jeta for 4pproxiaatel, 30 seconds, and 
then turn otf one of tb. redundant lD. anits. 

" .3.5. 1 .J. Crgis,. Dar ug tbe tiae period of J. .2 boars 
through L +13 boars, the followiag e'enta occur: 

(a) Tbe OYIOL switea is co.aaDded to ·power 
s,st •• protectioD on-. 

(b, Botb co •• and .eaories are tarned off. 
(c) rbe four .agnetoaeter booa pin pullers 

Are Actuated by tbe battery p,ro bua. 
(d) rbe atar aenaor is turned 00. 
(e) rhe Despin Control Il~ctro.ica and the 

B1PTA aotor are turned on aDd tbe high 
gain antenna is despun vitb reference 
to Earth. 

(t) cruise science is turned on (0810, OPA, 
O!PD, OOBI). 

Forty watts of solar paDel power are allocated to 
science during crui~~ tor continuous operation 
and checkout of instru •• nts. Tbe batteries vill 
be iD contiDQOUS low ra~e charge (appro.i.ately 
150 .a per batter,). 

There will be excess solar panel capac it, duriDg 
the entire cruise period at tbe nora&! cruise 
attitude of tb. spacecraft. fhe .argin vill be 
at it~ lowest yal~e at approxi.atel, L +~u da,s 
wben the spacecraft is tbe farto.st froa tbe aaD. 
During the latter part of cruise near .enas, the 
solar panel •• rgin will exceed 5 a.peres. This 
excess panel capacit, vill aaintain tbe bus 
li.iters in .n acti.e atate aDd •• intain the bus 
voltag8 at a constant 29.5 volts throughout 
crU1.se. 

4.3.5.1.3 'fhrUft C2rJ~ectioD 3.1&'»1'1,. III thrust 
correction .aD.u~ers (rCa) are planDed to be 
perfo~e4 vith the spin axis p_rpendicalar to the 
sun liDe. The oal, additioDal .ajor load, beyond 
toe cruise loads, 1.8 a jet thruster solenoid. 
rl1er~fore, tbe b&tteries will Dot be needed 

riO 
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during the TCa8, assuain9 the planned attitude 
for thase aaneQyers. The solar panel viII 

" continue to support. all loads 4nd .aintain the 
bus voltage at 2~.~ volts. 

~.J.5.1.4 ~rbit_lpsertiop. Prior to orbit insertioD, the 
DCI aDd the 8AfTA aotor are turned otf and ~h. 
high gain antenna is allowed t.o spin ap to tbe 
rotor rate. 1 second 10 watt S-band a.plifier 
aodule is turn~d on to increasw the downlink data 
rllt.e. 

1 failure of the DV/OL unit that would result. in 
4 trip it the Don-essential pover buses during 
ora insertion woula result in loss of critical 
DSD data and VQuld Decesaitate up-link and dovn
lin reacquisition in the blind. Therefore, it 
WOUld be prudent to coa.aad "power subsyst. •• 
prot~ction ot£- (oYerride) just prior to 
reorientation to the insertion attitude. ~Pover 
subsyste. protectioD on- should then be co.aanded 
on agdin after orbit insertion. 

1'''0 squibs are actuated by the pyro bus to ignite 
the orbit insertion aotor. lpproxiaatly J6 hours 
after orbit insertion, tbr@e pairs of squibs are 
actuatea vith one co ••• nd: the ORAD antenna pin 
pullers are released, the Oi~S coyer is ejected, 
and tbe OETP radial sensor is deployed. 

4 .. J.5.1.5 Orbitsl Q2ir.tiop,-= lllu.inaliOQ phHe§. During 
orbital op~rations, spacecratt loads increase 
sharplJ because tvo S-ban<i a.plitiers are used 
continuously and the scieoce load increases to 
approzi •• telJ 10 vatts. !bis load configuration 
is described in tne -Sunlight- section of Table 
~.3.~.1-1. ~he solar panel still bas SUfficient 
.arqin to force the bus liaiters into conduction 
at. this ti.e. 

Durinq tb~ periapsis OCCUltation periods, tbe 1-
haDd teaDs.itter aDd th~ higb gain eleYation 
~ri,e are ~lao turned on. Tuis configuration i& 
described in th~ -Peridpsis vccultatioo- coluan. 
It represents the bigb~st sp.l.cecratt load 
ilIu.ination conditions. 

.eYiai~ 
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Duriag peri ... t. p...... pl.a.tar, alb.do v111 
iDcr .... t'. 111 .. 1 •• tioD i.t.aait, aad t~. 
te.pe~at.r. of tu .olar .... 1. fb. pl ••• tar, 
&l))eelo v11l coatiD_ to !.acr ••••• itla e.c~ 
orbital pea. aa4 r .. cIa a peak .alu. 4.rlD9 t.b. 
apoapsi. eclip ..... .oD. Vbea th. plaa.t.r, 
albedo i. Dear i~ .azt.ua .ala.. the te.p.r.tare 
o! t.'. paDel vUl iDcr .... to tile poi. t .... 1'. tb. 
spacecraft load. operate v.ll abo.e ~. Itae. of 
the panel .olt.g./carr.nt car •• , aad tb. 
batteri •••• , ha •• to co .. OD liD. for • f.M 
.iaute. to abare tbe load. tbi. coaditioa 1-
4eacrib.4 10 7abl. 4.l.~.1-1 uDeler tbe ·Periapai. 
B.at· .... 4iDCJ. 

fa .3.~.1.6 ",it"" IeliN'. Perlap.i_ eclip_ .tart 
appro.iaa't.l, 25 daJ. after orbit. ,\oHrt10D &Ad 
cuDtiDue lor approsi.atelJ 95 4.,.. ~~e eclip ... 
build up to a a.ziaa. of 2' .iDut.a. aazi •• a 
battery load. occur Wb.D the occultatioD &ad 
periap.is .... oa. o.erl.p. at tbi. ti.e. the 1-
band traas.itter a.d bigb g.in .atenDa 4r1.e ar. 
both OD. Ba tt..rr DOD ia ezpectH to r.ach a 
.a~i.u. value of lO.O percent 4ur1Dg tAe 10Dgest 
~riapsis e~lipse. 

4.J.~.1.1 '~oaR§i* £eliD'I' DariD9 tb. b-da, apoap$1a 
tlClipse _a.on, the eclip •• tl.e r •• ches a 
.. zia.a vala. of approli.atel, 3.8 hoar.. In 
order to li.it b.tterr ~D to a .afe 1 ••• 1 duriaCJ 
tbe long eclips •• , 1t vl11 be D808.aary to tarD 
off a large laabar of load.. ~k1. laclad •• t ... 
S-~Dd •• plifiers aad ezeiters which tarD off the 
downliDk carri.r. It also iDclad •• tlae DCI aad 
aaPll .o~or wbic .. allow the aigh gaiD aDt.a~a to 
spia DP to tbe rotor r.te. rh. aci.Dce 10&4 .Qat 
a180 be liaite4 as ahova ia rabl. '.l.S.I.l-1. 

lb. aaziau. availabl. sci •• ce carr_Dt dariD9 
4poapai. eclip .. 1a a tUDction of tb. eclipse 
ti •• 484 tbe a •• iaaa .llow.ble deptb ot discharge 
(DOD). It i_ de.ir.ble to .aiDtaia • 
cOD.err.ti.e .aziaa. DOD of 601. Since the two 
batteries are rate4 at 15.0 •• pere-hoar. (18,. 
tbis .. aa. th.t 9.0 a8 of .nergy i. a.ail.ble. 
rb ••• xia.a anticipated eclipse t1 •• 1. l.~1 
boara of aabra ADd 0.49 hoars of peDWlbra. ~ae 
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spac.craft •• at be pow~red 40WD betoce tb. 
peaaabr~ 1a r.ached. T'ia vill allow the aolar 
paD.l to support tb. spacecraft 10dd_ 4.r1a9 aoat 
tb. p.Daabr. aDd reduc. ta. effecti ••• clip .. 
~i •• to the aabra tia. pluM O~O~ boar or 3.36 
huura. 

PB10iltl).;S &1101 .. SCl.IIC£ IJIISl'BU"DTS rOi 
9r&llla O. DIllla ~HI .'OI'SlS ICL1PSI SIlSOI 

,Listed 1n D.cr ... iA9 PrioritJ) 

............. -------............. ~ ... ---..... -- ..,,-.-....... --.. -----... ~ .. --.. ---
(-
(2) 
Cl) 

OIl&G 
OPA. 
OErD 

C &t) OGBD 
C!It 0 .. &0 
(ot OU'S 
(1) Oi'& 
( tit 011!1S 

,lor!: GIrD b •• 122 prioritJ for 
_taY1Aq 01 for aDJ tia. p.ri04 
witain one orbital period con
taiDiJuJ an .poap~ia eclipse). 

(~ OETP j (,,, (11115 
(1_ 01B 
(1 ~ OCpp 

-... ---~ .... ~ ... --~ ... -..-....---....... -----_ ........ --.. --_._ ........ _ .. 

Ta- a.aiaua a •• ilable curreat fur sp.c.craft aDd 
:.iCieDce ... 1&: 

I • - .1.Rt'·=-~Q'''' "tillbl._ (amperes) 
T boara ot .ff.ctil •• ~lip .. ti •• 

ror ~h ..... pl. cited .bo •• , the curr.Dt ia 
9/3.1b • 2.619 .apere.. Pro. table ~.1.~.1-1. it 
l.S deleraiDH that tIM requir.d spacecr.ft 
cur~ent (e.cl.ding science) i. 2.~2~ .ap.r ••• 
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Taerefore. t .... sia ••• ci.ac. allocation i • . 
2.679-2.528 • 0.151 •• p.~a. 

Vb.D tbe eclip •• tia .. are -aortar, or lf ~be 
allo.able DOD 1. gr.at.r, tb. aciaDce allocatioD 
ca. be i.c:r.aae4 accorc11D91y. ~r i .. taac., .be. 
tb. effec~iY. ecli~. ti.. re.ai.. tbe aa •• , •• 
iD the .bOy ••••• pl. (3.36 boar.). aD4 tb. 
allo.able batt.ry DOD is i.c' .... a to 6SI. the 
_11..a •• yal1able carr •• t for .pacec:nft and 
.ci.DC. use iDer ..... to 2.905 a.p.r... 'l1a1.8 
re •• lta iD a .a.iDa. a~ience alloc.tioD of 2.905 
- 2.528 • 0.l77 •• pere.. 'flu. COIIpautloD alao •• 
that a ... 11 i.c' .... i. allo.abl. DOD Cor a 
nall 4.cr .... ia the .cli,.. ti •• ) zoe •• lt. 1D • 
M1qDificaat iDcr .... iD tbe acieac. a11ocatioD. 
IDcraa.iag tbe .asiaua allo.abl. 000 fro. 60 to 
051 is •• 11 .1thin tbe capabilitiea of the 
bAtte,i.a • 

•• 3.5.1.B ~ •• { ,alll SP(RI,. lOI.r. 111 sol.r p.D.1 
coDtiag.acy yal ••••• bO.D 1D table '.3.5.1-1. 
specify tb .. aurpl •• curreftt at 28.0 yolta. 'lb. 
tact that a aarplua .siat. torc •• t." •• olar paael 
9Olt.ge up.ara aboy. 26 yolts. If tbe .b.1f 
tha,aoatatic •• itc~ea are oft. tbe yoltag. 
liaitera ~ill claap tbe po.er baa ••• t 29.5 
yolts. If t~ solar p.Del i. relatiy.17 cold •• d 
Op8.r:.UDg o •• r tbe COD.tot carnat portioD of 
th. aolar p.a.l '11 curY., tb. Yolta9. 11.ite, 
carr.Llt at 29.5 yclts vil1 be! equal to •• rplu. 
curr.nt .yailabl. at 28 yolt.. 80v ••• r. if t •• 
PlD.l 1. relatiYel, ~ar. (i •••• D.ar '.nu.), tb. 
operatia9 P01D~ .ill be OD t~e kD •• of lob. c~ry. 
( ... section _.3.~.3). Tbis ••• n8 that .~.D tb. 
yoltag. is 4ri •• n QP.araa. d.a to ayai)~bl. 
aurpl .. corr.at. t_ .ola, paa.l carrel;:: will 
4.er •••• aDa t~e yoltaq. li.it.r corr.at will be 
so ••• bat 1 ... t.han iadic.ted ia Tabl. ".3.5.1-1. 
If t~ •• arplas at 28 yolta is •• a11, ~b.r •• ay 
DOt be eDougb carreut ayailable to 4rl •• t •• 
paaa1 Yol~.9. a. higb as 29.~ yolts. The 
qui.scent atable y01t&~. will ta-a be 80 ••• ala. 
bet.-.o l8.0 and 29.~ .olta aad ~'er •• il1 be DO 
~~lta9. lia1~.c cvrrent. 
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How.yer, siDee t.e solar paDel power/curreat 
yaluas SkOVD in tAble ij.l.S.1-1 are cooseryatiya 
aiDia .. yal0... lt is aaticipate4 t~.t there .ill 
be sufficieDt current ayailable at 29.S yolls to 
force the yoltage 11aiters into conduction duriDg 
411 illuainatecS phases, witb the po •• ible 
exce~tioD of short t~e periods dariDg periapsi. 
passes wilen tlla solar panel teaperature 
4pp~oaches 13U·C. 

lL~,.2LU22}l~lioQ InQ sb~l' Helters. $ectiOD 3.l 
pr.lid~. it ISetailed descriptioD of tbe tberaal 
design. includin9 tbe propulsion beaters. 

'fbe propusioa tank beater qroup is OIl 
CODtinuousl,. 1t launch tbe priaary group is 
s~leeted by ground co.aand. Failure of aBY 08. 
of 12 heaters iD this group C4n be deter.iDed bl 
teaperature seDsors and/or special bigh 

•• wlaioa 

resolution current s~nsors (described in section 
3.a.l.b). If a failure occurs, the r.duD4aat 
secondarl group caD be selected by grouna 
~~aaand. Either t .. priaary or reduDeSaat taak 
9rouP beaters are oa at all tiaes. ~eJ ca.Do~ 
be co •• anded off. The latch yalye ,fLYPSS) aaa 
fill and draiD ,"D,aS) heater curreat seDsors 
aoDitor only the prisary beaters. 1f tk. 
secondary group of baaters is selected. ~he .. ~.o 
!! sigDals will read zero. 

rbe radial tbrasters and liDe beaters axe OD 
continuously also - thel canDot be co.aaDd off. 

The axial tbruster and line heaters are 
eo.aandable. and should be 01 at launch. 

tne three Orbit IDsertion Rotor tOIl) case. 
throat, and safe aDd arB (5&1) beaters are 
connected iD parallel. Heater 1 group is tamed 
on at Iaoncb; heater 2 group consis~ of 
identical backup heaters. 

operation ot tile .~.ip .. nt sbelt beater. 18 alao 
d~scribe4 in sections 3.2.2.1.2 and 3.8.2.3. T~. 
orbiter battery 8hel.~s wl11 cool dOWD af~er 
launch aDd the batter! sbelf heaters vill b. 
actuated. Excess solar paDel ca~acitJ vill be 

,-.. __ ' ~"""-,-__ '....:;o".-,;,, ..... ,,:-. --,--•• , j~'....2'''' .. -' ," -: 
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dissipated in the battery shelf heaters during 
the first 1ew .ontbs of cruise. Both battery ani 
IF sbelyes will cool down during the long 
apoapsis eclipse periods and viII actuate all of 
the shelf tber.ostatic switcbes. '0110win9 a 
10D9 eclipse, the shelf heaters will absorb all 
excess ~olar panel capacity for seweral hours 
until the shel.es reacb 55 t5 0 P. 

the shelf heaters vill also co.e on auto.aticallJ 
ii the sbelf teaperatures reach e.cess!yel, low 
walues due to an under.oltage/oyerload switch 
trip. 

Sol., faDel rerfo~aiDce PJ fliss!oa 'hay. ~h. 
Orbiter solar panel perfor.ance is sWlaarized bJ 
the .oltage/current curYes shown in rigure 
~.3.5.3-1 and '.3.5.3-2. Panel sizing is 
d~ter.ined by near 'eDUS loads and also by erat •• 
loads vhen the solar intensity is ainiaa. at L + 
4d daJs. The solar panel has a sufficient nuaber 
ot parallel strings to pro9ide the required 
current under .iniaoa illuaination cooditions at 
L + 48 days and also bas a sufficient nu.ber of 
series cells to pro. ide the required yoltage 
under Venus orbit teaperatures wbeD operating 
Dear the knee of the woltage/current car ••• 

The curves shovn ~n rigure 4.3.~.3-1 represeAt 
ainiaua predicted output and assuae worst case 
solar flare degradation. the curves shown in 
ligure 4.J.5.j-2 represent aaIiaua power output 
with no rddiation degradation. Tbe actaal flight 
perforaance will probably be soaewhere between 
these extraaes. ~ith a aodest or ayerage a.ount 
of solar flar~ activity, panel pertor.ance ahou14 
be Dear the a.aiaua c~ryes. 

Mear lartb, the open circuit voltage of the panel 
is relatiY~ly bigh and. o.er tbe noraal operating 
raDge of 2&.0 to 29.5 Yolts, the panel is 
operating under constant current conditions. As 
the spacecraft aoyes closer to tbe SUD and the 
illuaination intensity increases, the current at 
the lover woltages also increases. Howeyer, tbe 
increasing taaperature results in a decrease in 
the open circuit voltage aDd the operating range 

_ ...... -.:.."""'""'"~_,"-~_~ . ....,,"' ...... '# __ ___ -)os 'D ......... ' h ... ,~ rd' ... ...:em bt· W5 ' < .,'.' art t;,: # 
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DoV alides QOVA to tb. kD •• of U. carw.. In 
order to gaaraatee tbat ita operatiD9 poiDt 40e. 
aot slide beJoad ta. kaee dowa to tbe ataep 
port10n of tb. cgrw., the paDel is dea19aed vith 
• s.tficieDt au.bar of .erie. cella to prowid. 
aaeqaate oat put ewea if the solar paael 
teaperature is 90 p abo.e the predicted .ala •• 

Duriag ,eaua orbital operatioDs, the pa.8l viII 
~ subjected to traDaieDt tberaal coDditioa8 at 
warious t1a.a. Ih.D th. spacecraft 18 diataat 
troa the plaDet, ia the spacecraft-. elliptical 
orbit, aDd i. Dot raceiYiag an! Significant 
aeouDt 01 albedo illuaiDatioD fro. 'eaas, the 
PlD&l te.pera~ure will be Dear 1580 , .t 1.93 
eff&ctiYe aartll .UDS. 1a the apacecraft nears 
VeDu., albedo illaainatioa laitlallr iacreases 
the power available. lfter the effective 
illuaiAatioD leyel becoae. greater tkaa 3.0 
~ffecti •• Kertb ~aaa, tbe panel te.perature ris •• 
to w.laes exceeding 1~dOp aad tbe OpeD circuit 
voltage of tbe paDel decreases to tbe point where 
tb~ spacecraft loa4. operate cODaiderablJ beyoad 
the kDee of tbe paaol voltage/carreat carw •• 
DuriDg the apoepsis eclips. &.ason, the 
illuaiaation iDteDaity is e1pected to reach 3.' 
Bart.1l SOD. tor a tew eillate. wb8n the .pacecraft 
is at it. periapsis poiAt and the p.Del a.J reacb 
teeperatares as higb as 26,0,. At this 
te.peratur~, the paD.l will no long.r be able to 
support the spacecraft loads by it •• lf aDd the 
batteries vill coa. on liae for a few .iDa~es to 
sbar. the load. 

The paDel will also be subjected to transieDt 
thereal conditions daring the eclipses. Vben the 
solar paDel teaperatgre rises to appro.i.atelr 
+500, atter an ecliptie, its output oyer tbe 
spacecraft operat1D9 woltage rang- reacb •• a peak 
of approaieatel, 16-17 ~ap~res. During periapais 
eclipses, t~is pOSeB DO probleas because the 
spacecraft loads are appro.ieately 10 aaperea and 
tAe bus Yoltage li.iters can easily dissipat. the 
•• ca~a panel curreat. Hovewer, vben tb. 
spacecraft pasaes tbrough tbis operating r~9ion 
atter an apoapsis eclip.~, tbe loads .re onl, 3.5 
to 4.0 .aperea and tae voltage liaiters will haw. 

... 1.108 
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to dissipate ·,pprozl.atelJ 13 .aper.s. 70 . 
aiAi.iz. the barden on ta, Iiaitera (especiallr 
if oae of tb •• has failed). it is iaporta.t tbat 
battery charging is coaa.nded to the high cbarqe 
rate before enteriDg apoapsis eclipse. 

illt'II '.,1ge.,a1. Battery ch.rging vill be 
co ••• Dded to low rate ch.rge state at 1.aD~ and 
reaain in tbis CODflgur.tion approxie.tely 1 
80ntbs .aatil tile periapsis eclipse season. 1s 
shown by the CUIYes in Section 3.8.3.4, the 
~ickle charge rat. that vil1 exist in the lov 
rat. charge atate vill decrease soee"at a. 
illuaiDatioD inteDsity Ind panel teeperatare 
increase. rh. trickle cb~rge rate will varr froa 
approxiaatelr 90 to 200 .a CC/38 to C/85). 
AltbOQ9~ charging &ffici.DCY .t theae low rate. 
is very poor (.pproxiltately 501). thia is Dot 
iaportant because duriDg the cODtiDQOUS 
1.11uaiD&t10D periods. it is only nec ... ary to 
repllce the .. If discharge stand loss. 

In order to ata, in energy ballDc. when the 
peri apsis eclipses exceed 10 aiautes. it viII be 
DeceSSAIY to go to the high rat. charging .tate 
(0.65 .aps or C/12) for I fev hoars ewery orbit. 
to prevent oyerheating. the aaount of high rate 
charge aust be ti.e liei~ed. !axiaue battery 
depta of discbaEge (DOD) during the periapsis 
eclipse seaSOD .411 be approxieatelr 301 (2.2518 
per batterr) .hen the eclipse tiae reaches a 
•• xieoa of 24 aiautes. Charging efticiency at 
C/12 is in the riDge of 80 to 901. Ose ~abl. 
~.3.~.~-1 to estiaate the approxiea~e a.oaDt of 
high rate e •• rg, Deeded. 

u 
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During the 10D9 apoapaia .eaSOD •• slaua battery 
(nOD) .ill be approxiaatell 601 wben tbe total 
~lipse ti.e reaches a .~iau. of 3.8 hours. lt 
this discbarge leyel it will require 
approxi.ately 10 bOUES to recAarge at hJ.g_ rate. 
If tbe battery te.perature does Dot exceed 85°' 
under contiAuoDs nigb rate charge duriDg the 
apoapsis ~clipse season, tbe cbarge controller 
can be left in hiqb rate charge during the entire 
short seaso •• 

~able ~.3.5.ij-1 su .. ariz .. OrDiter aisaioD 
b4ttery charging .aDage.eD~: 

levision 
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SectioD 10. '.3.5.4 
Doc. 10. _pc~-...;It~O~2111-~ ___ _ 
Or1g. I •• ue Date ~ll1I 
ie.iaioD .0. 

- •• isioD 
I 

DESPUN DISH AZIMUTH CONTROL FOR OCCULTATION POINTING 
EXAMPLE USING FIVE LINEAR SEGMENTS ON ORBIT DAY 50 

I 

: ~ o 0.2 M--'--~-----7~~~~~~~~~==~~=r~----'-T 
I ~ 
!! 00 .. 1 

« 
ffi 0 00 ~-+--+-4-~---+--------------!-+----,"-"rir---'''r-~~ 
x 
i -0.1 I-I---\-+-J----f-.... 
~ 

-0.2 

284 

o 282 

278 -

I 
-_ .®--- ---- . ----f--L-

0""""" __ --.",- IQEAL. DISH AZJ/.'!!JTH 
- r- - - LJtlEAR SEGMENT FIT o SEGMENT NUMBER 

- -- ________ 0- __ _ 
, 

r--REFRACTION EXCEEDS 17·-·~ . 
274 -------- -/---- -

. 
~ 

S 270 
IU 
o 
x 

i 
;:: 266 ...: 
x 
VI .... 
o 
z: 
::> 
~ 262 
IU 
o 

258 

1\ 
, \ 

\ 
\ 

® \ 
\ 

DATA FOR: I 0\ 
ORBIT DAY 50 \ / 
PERIAPSIS FOR 16 MAY 78 LAUNCH 0 I / 

I PERIAPSIS ALTITUDE • 200 KH \ / 
ORBIT PERIOD • 24 HR . _ ----. -~ I -/ -------

I rv 
-9 -8 -6 -4 -2 

TIME FROM PERIAPSIS. MIN 

11.3-205 



SectiOD 10. _.3,5.4 
Doc. 10. _. _-LPC.x--!~O .. ':--__ _ 
Orig. lsaue Date "'Rl78 
BeyisioD 110. 

Heyisioll 

Figure 4.3.4.3.2. 5-2. 

DESPUN DISH ELEVATIorl CONTROL FOR OCCULTATION POINTING 

EXAMPLE USING FIVE LHIEAR SEGMENTS ON ORBIT DAY 50 
CI 
L'-' 
0 . 
a: 
0 a: a: 
L'-' 

> 
L'-' 
-I 
L'-' 

2: e 
L'-' 
CD 

0.2 _____ STANDARD RMS ERROR 
OF EACH SEGMENT---

0.1 

0 

-0.1 

-0.2 CD C?:I @ 

6 ELEVATION POSITIVE TOWARDS 
SIC NEGATIVE Z-AXIS 

__ -- IDEAL DISH ELEVATION 

- - - - LINEAR SEGMENT FIT 

o SEGMEfIT NUMBER 

" " " DATA FOR: 
4 

" ORBIT DAY 50 

2 

" " , 
" 

PERIAPSIS FOR 16 MAY 78 LAUNCH 
PERIAPSIS ALTITUDE· 200 KM 
ORBIT PERIOD • 24 HR 

. 
z 
o 
le 
> ..., 
-I 
L'-' 

::c 
VI .... 
C 

z 
=:> 
CL 
VI 
L'-' 
C 

o 

-2 

II .3-20b 

" , 
" " 

" 
" " , 
'~-

~REFRACTION EXCEEDS 17- - --4 

-2 o 2 4 6 7 

TIME FROM PERIAPSIS. MIN 
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O rbite r Main SoLar Array Output (Minimum) 

ttl 

L~end 
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1611111 .. Normal 
Working 
Range 

1- +Z Min 
2-L+48 Min 
3-L+130 Min 
4-L+174 Min 
5-L+194 + Min 
6-L+l94+ Max 

14 

12 

LO 

8 
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4 
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7-L+194, Periapds, Min 
8-L+374, Periapeie. Min 

• 4' 

III 
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20 22 24 26 28 30 32 34 

Main A rray Voltage 

Figure 4. 3. 5. 3-1. Main Array Output During Various Miss i on Times ~Minimum uutGu~ 
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I~ t .c __ It !=!}t::J:tt:l:lItllifllBi 

4 

3 

T 
m 

2 

Legend 
l-L+Z 
2-L+48 
3-L+130 
4-L+174 
5-L+194+ 
6-L +194 Post Eclipse 
7-L+194 Periapsi ll 
8-L+374 Periapsis 

.~ 

Ii! 

F 
'2"0' 22 -.I!J::I1Hl:ifI 24 mtt!1fIfI. £ 

Main Ar ray Voltage 

~ 
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Hf 

~ 
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Figure 4.3.5. 3-2. Mai.~ Array Output During Variou!! Miss ion Times (Ma x imum Output). 
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APPENDIX 1 

T!LE~ETBY REFERENCE D~Tl 

S~ ion 10. IpRtpail 1 
nc • 110. ___ PC~-_' ... O~2 ___ _ 
Ot II- 16sae Date 2/2808 
B6/i8ion 10. 

Be'fisioD 

(BY SP1CECR1P"l' SUBSYSTEft GROUPIIG) 

1-1 



.. 
I ..... SUBSYSTEM 

TM 
7ELEMETRY 

TM 
MHE- TYPE" 
MOI'''C 

TITLE 
{tJN1TS) 

Tet~etry Overhead 
Fonn .. t SclecHon Word IS-

DtKttal 
. (4 oaS) 
(NoDe) 

Bft Rate Overbead 
SelecUon Word'3 -

Dfgttal 
14 bt~) 
(bps) 

Spacec raft fO Overhead 
Word U-
OIgital 
(2 bttJI) 
(None) 

DSCIOC Minor Frame Overbea.d 
Count Word," -

Dlcttal 
'(6 bIte) 
(Decimal) 

Spacee raft fD Overhead 
Word lS-
Dtg1taJ 
(1 bit) 
(None) 

D6U Rollo?er Overhead 
StatuI! Word'8 -

Dlcttal 
(1 bit) 
(Nor;e) 

- -.-~ 

APPENUX AI TELEMETRY REFERENCE DATA (By sic Sub.,ltem OrouptnlO 

-
POWER SOURCE DERIVATION TELEMETERED RANCE 
SOURCE AND REMARKS 

16 Dtac r ele levels - From 0000 to 1111 - Sw. loads bu8 to LocaUon 2 of RAM (8cratcb pad 
repreaentlng any one of 1ft selected formata ECU In TP that la memory). 

ON to +5V line. 

16 Dfscrete leve13 - From 0000 to 1111 - S •• loads bu.s to Location 2 of RAM (scratch pad 
~reeent\nK any one of 12 self!Cted bIt EC U I.n TP that la memory), 
rates. 0000 == 8 bps; 1100 or 1101 or 1111 ON to +5V line. 
.~!l bps. 

00 == Bull Sw.loada bull to Location 14 of RAM (BCrlltcb pad l 
10 == Orbiter ECU I~ TP tlvtt 1.8 memory). Pia programm1nc III . 

ON to +5V line. aampled and stored In BAM. 

I 

I 
000000 == Frame '0 Sw. loads bus to Location 14 of RAM (IICraf.eu pad I 

· · EC U In TP that la memory). 

· · ON to +5V line. 

· · J11111 == Frame .63 

o =' Bual S".loada bus to Location 0 In RAM (scratch pad 
1 == Orlliter. ECU In TP th.d Is memory). Pin pr~rammlDc Is 

ON to +!iV line. sampled and lltored In the BAM. 

1\1 ways Zero (0). S •• loMa bua 10 HI-to- Lo traJIIIlUon of MSB of . . ECU In either DStl address counter In eltb.er DSU pro-.. 
to +5V Une. duces a "1" Itcnal. for a few micro- I 

seconda, that Is sampled" placed In I 

RAM locaHon O. I 

- -,-""'--- __ 0..-_ .. _ 

~ 
to • 
~ .... 
o 
D 
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APPENDOC AI TELEMETRY REFERENCE DATA (By sic Sub.,lItem Grouplllg) 

SUBSYSTEM, (A . 1) Spacecraft Level 
-

Tt.f 
TELEMETRY TN POWER SOURCE DERIVATION 

MNE- TYPE. TEL.!:METERED RAN(.E. 
MONIC TITLE 

_{UNITS} 
SOURCE AND REMARKS 

DD5lJ2S OOU 2 statull Overhead 0 == DSU 2 OFF S •• loadll buB to ECU Output of differential amp Into .blcb 
Word.8 - 1 == OSU 2 ON In 06U l! W +15V &r +l5V and +5V Unell of DSU 2 are fed. 
Dlrttal +5V Hnell. Thill output III lIampled a nd pl aced In 
(1 bit' RAM location O. 
(None) 

I -DD5lJIG OSU 1 statu", Overhead 0 == OSU 1 OFF S •• lolldll bull to ECU Outplt of differential amp Into wblcb • 
Word.8 - 1 == DSU 1 ON In DSU 1 to +15V &r +15V and +5V IInell of OSU 1 are fed. 
DlgttaJ +5V Unell. ThIll output III lIampled and placed In i 

(t bit) ;tAM location O. I 

(None) I 

DOSUCS IJ8U Control Overhead 8 [)l",crete levela - from 000 to 111 - rep- S •• loads bull to ECU l.tJcaUon 0 of RAM (llcralr::b pad 
I 

Word.8 - rellentlng a ny one of four (.) IJ8U lltatell for In TP that'll ON to memory). 
Dlgttal eAcb of the two DSUII. +5V llne. 
(3 biLl) 

000 
(None) 

~ 

001 • STBY • StanclJy 

or ) 
111 

010 • READ OSU 1 
011 • R EAD OSU 2 
too - STORE DSU 1 
101 • STORE IJ8U 2 
110 • STANDBY - RESET I 

-- ---- I 
r 
~ .... 
• .... 
o 
C:t 

III 0 tnll 

: t1~ ~ 
.... IQ. ,. · . ..,. .... -0 
OMO~ 
~ II • • • • ell 0 o CD • 
• 
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APPEIIDIX Ar TELEMETRY REFERENCE DATA (By sIc Subeystem Orouplnl) 

SUBSYSTEMr (A . 2) Stl"OOlUre/ Hamellll 

TM 
TELEMETRY TM 

POWER SOURCE DERIVATION 
MNE- TYPE . TELEMETERED RANC'- E 
MONTC TITLE 

(UNITS) 
soun CE AND REMARKS 

SRI"JT Sbelf Tt:mpera- AC (on fl4 Count.!! • -76°.- St:I. loads bus to DrM ThermIstor, 008631-32. 
lUre 1 263 Count.!! - +266° .. 1 &t preciSion 1.0 

m 1111 amp output. 

SlIIA2T Shelf Tempera- AC ~n 64 Counts m -67° .. Sw.loads bUll to DIM Thermltltor, 908631-32. 
!ure 2 263 Counbl - +275° .. 1 " precll!!on 1.0 

mUll amp output. 

' RTfl":;" Shelf T empe rn- .!Kfn 64 Counts. _90o r Sw,loadtl butl to DrM Therm is tor, 908631-32, 
lUre 3 263 Counts = +2 51°.- J "precll!lon 1.0 

milliamp output. 

mf t;4T lIIelf TemperR- AC (on 64 COtlTIts ., - 87°F Sw,loads butl to DIM Thermistor, 908631-32. 
ture 4 ~63 Count.l! - +2560 r 3 " precis ion 1.0 

milliamp output. 

SHLfsT !:!belt Tempera- AC fn 64 Counts .. -7fio .. Sw.loadtl bUll to IJI:M Tbermll!tor, 908631-32. 
ture 5 263 Counts .. +268° .. 3 " precll!lon 1.0 

milliamp output. 

SRUfGT Shelf Tempers- AC fF) 64 Counts - -SOOT S".loads blU! to DrM Thermltltor, 908631-32. 
ture6 283 Counts .. +261::1 .. 3 " precltllon 1,0 

milliamp output. 

SHU7T Sh .. lf Tempera- AC fn ~ COlD'Ita .. -71° .. S".loadll bUll to DrM Tbermilltor. 908631 - 32. 
ture 7 263 Counts· +271° .. 5 .. preclllion 1.0 

ml1Uamp output. 

SHi."8T Shelf Tempena- AC (on 6. COIDIta = -75° .. S".loRdll bUll to DOf 11IermlBtor, 908631-32. 
ture 8 263 Counts '" +287

0 y 5 .. preclllion 1.0 
mlUlamp output. 

SRLftT 31e1l Tempera- AC fF) 64 Counta .. -750 r Sw.loadll butl to DIM The nnl.lltor, 908631-32. 

ture ' 263 Counl8 .. +2670r 5 " preclllion 1.0 
m 1111 amp output. 

----- -------- - --- - - - --

:It 
tP • 
t;' 
~. 

C 
;:I 

~ct:'cn 

~ ~. 8 ~ 
... • .Q • ,. 
III • .... 
~ , ·z 0 
o~o=
;:I en , 

VI 1& 
Z e:: I 0 
0$· 
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~ ~ 



• I 
V' 

APPEN1J[X AI TELEMETRY REFERENCE DATA CBr S/c Sub.yetem Orouplftc) 

SUBSYSTEM I CA. 2) Struc tu re/Ha men 

TM 
TELEMETRY 

TM 
POWER SOURCE DERIVATION 

MNE- TYPE " T E LEM ET E RED RANGE 
MONJC 

TIT LE (UNJTS) 
SOURCE AND REMARKS 

SH U fT Shell Te mpera- AC ~F) 64 Counbl - -6~F Sw.loads bus to DIM The rmllltor, 908631-32. 
ture 10 263 Counta E +27 50 F 7 &: precIs Ion 1.0 

milliamp output. 

SfILIl T Shell Tempe ra- AC (o F) 64 Counts .. -l030r Sw.load ll bUll to DIM Thermistor, 908631-32. 
ture 11 263 Counts - +2380 F 7 " precIsIon 1.0 

mlUlamp output. 

SRU2T Shell Te mpe ra - AC (oF) 64 Counts = -73° F Sw.loads bus to DIM The rmIstor, 908631-32. 
tu re 263 Counta - +269

0
F 7 " precisIon 1.0 

mlUlamp output. 

SORPAT Retardlnl Poten AC fF) Sw.loads Bus to DIM ThermIstor, 908631-32. 
tllll Analy:.er 5 .. precIsIon 1.0 
(ORPA) Temp. millIamp output. 

~IMST Ion Mass Spco- AC(°F) Sw.loads bus to DIM ThermIstor, 908631-32. 
trometer (OIMS) 6 " precIsIon 1.0 
Temperature milliamp output. 

SoETPT Electron Temp- AC (o F) 64 Counts '" -78°F Sw. loads bus to DIM Therml.stor, 908631-32. 
e ratu re Probe 263 Counts = +2640 r 1 .. precIsIon 1.0 
(OET I') Temp. millIamp output. 

SoN'MST Neutral Mass AC(° F) 64 Counta = -96°F S •• loads bUll to DIM ThermIstor, 908631-32. 
Spectrome te r 263 CountB = +246o r 1 .. precIsion 1.0 
(ON'MS) Temp. millIamp output. 

BOPArT Plum. AnalJ~e AC con 64 Counts .. -81° F S •• loads bus to DIM ThermIs tor, 908631-32. 
(OPA) Temp. 263 Counta ., +261o F 3 " preclslon 1.0 

millIamp output. 

SORAIYf Rada r Ml!pper AC ~F) 64 Counts - -78°F S • • loads bu8 to DIll Thermlstor, 9118631-32. 
(ORA D! Temp. 263 Counta = +264o F 1 " precision 1.0 

millIamp output. 

-- - - --

-. 

I 

I 

I ., 
• ~ .... 
DI .... 
o 
D 

~o~cn 
1».,0. 
c .... nn 
.... \Q ... ...... 
.... -0 
O .... OD 
1:7 rn • 

1/1 • • CI 0 O. . 
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C7' SUBSYSTEM, (A.3) Control 

TM 
TELEMETRY 

TM 
MNE- TYPE. 
MO!'.'lC 

TITLE 
(UNTTS) 

AADPt S AW!nde Data BL 
P rocessor 1 (None) 

Or-/ OFF 

AADP2S AttHude Ozta BL 
ProcHsor 2 (Neue) 
ON/ OFF 

AJCE t S J e t Control BL 
Electronics 1 (None) 
Buller Output 
a a tu.s 

AJC E2S Jet Control BL 
Electronics 2 (None) 
Buffer Output 
aatus 

A POSt S HOA PoeltJoner BL 
Electronics 1 (Nolie) 

ON/OFF 

APOS2S n OA Poeltloner BL 
Electronics 2 (None) 

Or-/ OfF 

AMTRL'>. Despl n Mowr BL 
Dr1 ve 1 O"l/O FJ (None ) 

AMTR.25 Despln Moto r BL 
Drive 20N/ OFF (None) 

---

i\PPENDIX lu TELEMETRY REFERENCE DATA (Bf SIc am-,.1inD OI"OllplDc) 
~ "'COCA 
CP .,,.,O~ 
c c .... n 

POWER SOURCE D~RrVATlON TELEMETERED RANOE 
SOURCE AND REMARKS 

... ti~· ~ In .... 
~. .... -0 
0 0 ... 0= 
~ ~ ~ . 

0 = OFF; SW.lolids bua to Output CJL 5. 1 K ohm rHI.tor 
1 = ON. (ADP 1 powu conv. COllDeCt.ed lD eerie. to +5V line lD 

(18 • 
• iC I 0 
OCD • 

to +5V line). ADP 1. {llJOlat1on Ree1tltor ; • 

o = OF F ; SW.loads bua to Output CJL 5. 1 K ohm resistor 
1 =: ON. (ADP 2 power conv. cOllDeCt.ed lD eeriu to +SV line ID 

to +5V llne). . ADP 2. 

o = DIsabled; SW.loads bus to Resistor divider output from Q2A ill 
1 = Enabled. (ADP 1 conv. to mlcroclroutt ueembly DP2C III 

+l5V lIne) ADP 1. 

0 == DIsabled; Sw. loads bua to Resistor clvtder output from Q2A 
1 == Enabled. (ADP 2 cony. to In microcircuit _eembly DP2C ID 

+15V Hne). ADP 2. 

o =: OFF, Sw. loads bus to 28V Switched bus vta buffer (III DOA 
1 = ON. (Fused 28V bu s to Positioner Electronics 1). 

DOA 1 powt'r l arob 
to switched bus). 

o E OF F, Sw.losds bus to 28V Swttched bus via ho.dfer (lD HOA 
1 '= ON. (Fused 28V bus to Poeltloner Electronics 2). 

HOA 2 power latch 
to switched OIls). 

0 := OFF; Sw. toads bus to Motor Drive 1 Latch. 
I == ON. (Fused 28V bus In 

OCt: 1) to Motor 
Drive 1 Latch}. 

o =: O F F; S •• loads bus to Motor Drive 2 Latch. 
1 = ON. (Fused 28Vln OCE 2) 

to Motor Dr1ve 2 
Latch. 
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SUBSYSTEM, (A.3) Control 

n, 
TELEMETRY 

TM 
MNE- TYPE . 
MO~'lC 

TITLE 
(UNITS) 

AOCEIT Deepln Contr~1 AC fY) 
ElectronlclI 1 
Tl'mperature 

AOCE2T Ol'apln Control AC COY) 
El ectronIc!! 2 
Temperature 

iADCEIV Desplll Control AN 
Elect ronlclI 1 (VoIlI) 
Po_r SUpply 
Volt~ 

ADCE2\! DesplD Cont.rol AN 
ElectronIC!! 2 (Volll) 
~r~1 
Vol~ 

AMOTR Detlplll Motor AN 
Dt1ve Currt'nt (Amp.) 

ARATEC; Rete Torque AN 
(Ft-Lbe) 

~POSTQ Polll tJon TorquE AN 
(RPM) 

- --

APPENIJO( AI TELEMETRY REFERENCE DATA (By SIc Sub8yatrm G~ -, 
POWER SOURCE DERlVAnON TELEMETERED RANGE 

SOURCE AND REMARKS 

81.0 Counll - +20o F Bw.load!! bull to Thennlator. 908631-31. 
126. 0 Counll - +120o F DIM 6 .. precllllon 

1. 0 rna outpJt~ 

81. 5 Counll - -+ 17
o

F Sw. loadll bl18 to Thermtator. 908831-31. 
145. 5 CountJJ ~ -+150o F DIM 7 " precllllon 

1.0 ma outpJt. 

o Countll - 0 VDC Sw.loadll bus to +5V llDe ID OCE 1 to Butler. 
255 Counll • 5.1 VOC (FUllell. niter IUId 

DCE 1 power COllY. 
to +5V line). 

o Counll .. 0 VDC Sw.loadll bull to +5V Une III DCE 2 to Butler. 
255 COIlnll • 5.1 VOC (Fueell. ruter IUId 

DC E 2 power COllY. 
to +5V Ilne). 

o Counll .. 0 AmplI S •• loedll bull to Sloe Motor Dr1~ IUId COlI Motor 
145 COIlnll - 1.09 Ampll DCE thet III ON to DrtYt' to Dllt. Amp. (lD DCE thet I.e I 

ItII COftYt'rt. to +UV ON). (allier OCBE). 
IUId -12V UDell. 

to Counts - 7.0 rpm { For sic rate 0 .( Sw.loadll bull to ReJatht' rate error rt'lf_r to 0/ A 
210 Caunll .. 3.0 rpm 4.88 rpm. DCE that LII ON to converter to BuJrer (lD DeE that III 

77. 5 COUIItII .. 25 rpm { For sic IIpln 
+15V ~ -15VUnell ON). {MIcrocIrcuIt Aall~bly 

257.5 COUIItII - 7.0 rpm ratt' of 15 rpm. DCUq. 
I 

100 COIlOte - 0. 36 ft-lb { For sic IIpln Sw.loadll bull to PoeIUon Relllltt'r to poeltloa D/A 
145 Counll .. 0.0 fHb ra te of 4. 88 l1'1II DCE that la ON to convertu to limiter to Butler. (lD 

100 Counts .. 0.32 ft-lb { For sic spill 
ItII COftvt'rte. to DCE that III ON). (Mloroclrealt 

140 Counll .. 0.0 ft-Ib r ate of 15 rpm 
+15V and -15VIlnea. AUt'lDbly DCIJ). 

100 Counte .. O. 22 ft-Ib { For SIC spill 
127. 5 CountII - 0.0 ft-lb rllte of 30 rpm. 

i 

I' ... .... 
'" .... 
o 
t' 

~ot:Jcn 

~ ~8 ~ ....\0. ,. .. , ~. 
~. .. 0 
OMO. 
t' 112 • 

112 • 
• CSI 0 
o. • • 



I 
c:c SUBSYSTEM. (A.3) Cootrol 

TM 
TELEMETRY 

TM 
MNt:- TYPE. 
.'ONtC 

TITLE 
(UNITS) 

AELEVI ROA Elevatioo AN 
~ltloo (AncWu 

OecTeetI) 

"P03'Ml n OA PoIrtUon AC (oF) 
Motor Temp. 

~"IBRM PSI· Brtptnell AN 
(Volt.) 

A"IT1IS PST " Threwhold AN 
SettIng (Slar 

~apJtude) 

A' 2BRM PS/2" Brtgfltnell! AN 
(VbllJl) 

APPENaX A. TELEMETRY REF!!RENCE DATA (By SIc ~1ImI Oraupbtt) 

POWER SOURCE D£RlVAnON TELEMETERED RANCE 
SOURCE A ND RENA IUCS 

, 

IH.5 CC1W1t8 - -15 •• 1
0 

{X-Band Beam Sw.lo8da bu8 to DCE W1pe r 01 UK obm pot. tbJIt I. drift!! 
28.5 COUDtIJ .. "15.33° PM Itt oa. that Ie ON. to It'. mechllllcallJ "'a IO~W actuator. 

CODverter to +15V. (tD ROA ~IUooer mechlllllllD). 
lH.5 Counts - -15.1.,0 {8-BaDd Beam 
28.5 Counta - +15. ottO PoelUoa. 

-15V llDee and to 
~Itloo pot. 
Ref (- ..... 8V ~). 

- ' 
38 COUIIta - -298°," Sw.loade bue to 1bennhrtor 1108883-5. 
215 COUDta '" +212o F DBI 5 aDd precl.loo 

1. 0 ma output. 

o Count. - 0 Volta { Sw.load.oo. to PSI· PSI· DeWctor to peak detector. 
255 Counta - +5. IOVolta Unur po_r cOIIftrter to 

The equivalent IllIcoo macnltude Ie related 
+15V. -15V and +'IV 

DOO-llnear1y to TM mt.. "la pa.rameten of 
lInee. 

el!ftlOr tempenlll~. bandpue .tate. sic 
spiD rate. and .tar elevation bo~trlpt ute. 
Eltllct reJattonahlp II delO~ tD Refl Para. 
t. 5. 21. 

o Counbl - 0 Volt. 
{ Unellr 

PSI" Bandpe .. and Threllbold 
255 Counts - 5. 1 Volta Ret!.ter. 

(Ref: 1.5.21) 
ThrMhold aem.1 TM Mmlvolta I 

8 258 
1 330 
8 403 
5 495 
4 813 
l 1312 
2 2101 
1 3334 

Same all for A"tBRM. Sw.loadsbull to PS12· PSl2" Detector to nrbble Th.retIh-
Po_rcClllv.1D "15V. hold Detector. 
-15V and +'V Ilnell. 

, 

I 

I 

, 

c;c 
~ 
C 

~ 
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SUBSYSTEMr (A. 3) Conlrol 

T M TEL.EMETRY T N 
MNE- TYPf: .. 
MONIC TITLE 

{UNITS) 

~ ·2nIS f'SIZ ' AN 
Thr~lIhotd Set - (Star Mq 

Un« nltude) 

A"IONS PSI " ON/OFF BL 
(None) 

A "20NS PSlZ" ON/OFF BL 
(None) 

AST,ART Star Senllor Acfn 
T em~ nN r e 

~DAPfT BA PTA f_ r AC fn 
Race Be.,ri ... 
Tempt'ratu~ 

ADA f'\J'1 RAPTA Outer AC fn 
n..ce Be. riD« 
Temperature 

IA "I DPS PSI " Bandpaat! BL 
Sta Il' SI;a tull (None) 

APPEN[J)t AI TE LEMETRY REF ERENC E DAT A (Oy S/r= 9ubeyet.rm Grouplltl) 

POWE R SOURCE DERIVATION T ELEMET ERED RA NGE 
SOURCE AND REMARKS 

o Counlll - 0 \'011:8 
{ LInea r 

S •• loade bull 10 PS1 Z" ~"II and Tbreehold 
255 COUll" - 5. 1 Volta PS12" powe r cony. ~lIter. 

(Ref: 1. 5 . 21) 10 ol 5V, - 15V and 
Tbreehotd Sett1nl: TM MlUl voltar 

. t V l inell . 
I! 296 
7 3711 
6 403 
5 567 
4 930 
3 1500 
2 %397 
I 3807 

Or OF F; S".lolKle BwI 10 
I ;;; ON. PST " Powe r Cony. 

0 == O r F, 8".1081111 bu8 10 
1 :: ON. PSIZ" Power Cony. 

S".lolldl bu8 10 DIM 'Therml.l tor, 108631-32. 
7 UMf preclllion 1.0 
mUlIamp output. 

42 Counta :: H200r Sw.loadll bu8 10 DrM Tberml. tor. 108632-2. 
23.4 Countll == +39. ZO r 5 ac::1 ~rec l .lon 1.0 

mUlI amp oulplt. 

2&4 Coon .. == Oa F Sw.tolKle bwi to DIM Tbe rmletor. 108832-2-
ZO Counta == +Isoo r 3 UMf precll lOD 1. 0 

m1l11amp output. 

0 ;;; HI (111 H~): S".tolKle bu8 10 PST PSI " BandpI .. MId Tb~.bold 

1 == LO (2 liz) . Powe r conY.to +15V Re«is ter. 
and - t 5 V II.nea. 

I 

, 

I 

I 

I 
I 
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SUBSYSTEM, (A. 3) Control 

TM 
TELEMETRY 'I'M 

Mf'JE- TYPE. 
~IO?>'C 

TITLE 
(uSTTSl 

A·2DPS PSI:· Bandpu.t DL 
~te Statui (Wane) 

~BOOMS .,., q1WtJOmete r BL 
Doom Dl!plaJM (NoDe) 

!status 

-. 
A 'MTTU DE SD (8 
MEASUREMENT LSBe 01 

"1710412 AtUmde 
16 bit 

Mel.llU reII'I'C!IIt wom!. 
(Seeoodl) 

"17M2/, AttItude ~D (8MSDI 
MellU~l!'IIt ~Ublt 

1-'01'&). 

I' 

~MtADS Me..urement A SD (3blta) 
AddM!1llI! (None) 

~M2A DS Neltturemenl D SD 

-

~PPENIXX AI TElZMETRY REFERENCE DATA (By SIc 8at.y.1iml OJ"OUptllll 

POWER SOURCE DERJVAnON TELEMETERED RANGE 
SOURCE AND REMARKS 

o == rn (III nZ)1 5 •• 10" bull to PSJ2· ~ ... met Th.reebold 
1 !!!! 1..0 (2 liz). PSt2· power cony. RqUtu. 

to -+15V and -15V 
li nea. 

o !!!! ~.IOJedl Sw. loadl bull to Mlcro •• ncb, located .t btap IIIIp-

1 ;0 Stowt"d. DIM 2· :uxl preclJllon port of "'-" boom, ... IICtaated by 
1.0 millIamp output • lodd .. detent pin wbeII boom I 

•• Iemllb' rotates to full, drpIOJ'ed 
pCNIltton. swttICb I. lborted to "1- I 

nal p'OImd for "~ed" ... ~ 
open clrcatt for " Itowed" Ilsle. 

o TM CClWlta ~ 0 Secondll S • • Ioed. bwI to Outplt 0118 btt COUIIle.r lr; mlc ro-
6533!\ TM COIaIts = 16.311 Second •.• ADP tluItll ON to circuit ... emb1:y DptM In ADP thlt 
(J\eeoluttoo 3: O. 25 m~ec) . Ita con..-emr and I. ON. Count .tlrt and .top con-

to +5V Ilne. trolled In tum by eelectt_ 01 uJ-
muth tlmf' mellUrement. (melJllU~ 
menta A and 8). 

7 DltICrete lev'!l !! - f rom 000 to 101 - SW. load!! bu.1 to A OJ Slora«e rewtlterl! ut5 and ut8 P 
r eprelent1ng ,my OM 01 7 u l.muthal Hme that liON to Ita bltll total, In microcircuIt UHmbI,. 
me..urementa from 5RR. oonve rte r and to DPt D In ADP th.t II ow. 

+5V line. 

7 DllICrete Ie",," - from 000 to 101 - Sw.loadll ~ to A DI Stora«e reet ll.e!" UHI (3 blta total, 
r'I!prelentllll My ODe of 7 u lmuthal Hm e thllt III 01" to Ita In mIcrocIrcuit ueemlll1 DPlD III 
m .... l!Uremenll from SRIl. COft "" rte r and to ADP th.t I. ON. 

+5\1 line. 
I 

----- I I 

It 
< ... 
~ ... 
o 
::s 



GUBSYSTEM, (A.~) Control 

TM I ™ MNE- TELEMETRY TYPE" 

MONIC TITLE (UNITS) 

/\TTMSS 06ta Measure- SO 
ment (1 BIt) 

(None) 

AOP STA"HJS 

"' ,rMAGC JCE Countdown eo 
I (12 Bits) 

(DecImal 
pulse 
counts, If 
AMAGCS 
- 01 

Secondalf 
AMAG<':S 
- 0.) 

~PULLS })Illee WIdth SD (1 Bit) 
Select. (1.11111-

laecondaof 
Pulee 
Width). 

"'MAGC Pulse/TIme SD (1 Bit) 
Count Select (None) 

"JETMi ConUnuous/ S[I (1 Bit) 
(Word 2, Pulse FIr!.' (N.lne) 
Bit 6) Select 

APPErmoc AI TELEi,iETRY REFERENCE DATA (By sic Subll)'ate.m Oroup~) 
' . 

POWER SOURCE DERIVATION TELEMETERED RANGE 
SOURCE AND REMARKS 

o =' Attitude Measurement applies Cor Sw.loads bus 10 Slorage regiater U14 In mlcro-
Meaaurement B: ADP that Is ON to circuIt all8embly OP18 In AOP that 

1 == Attitude Me llllUrement awllell for Its converter and 10 'S ON. 
Measurement A. ~5V Hoe. 

Sw.loads bua 10 Jet aequence converter In mIcro-
ADP that la ON to cIrcuIt .. aembly OMB In ADP that 

o 10 4095 :Ulse Counts. 
Its converter and 'a ON. 
10 +5V line. 

o Counts == 0 Seconda; 
4095 Counts == 2096.64 lIecondll. 

o == 128 mlUllleconda pulle width selected; Sw. loadll bua 10 Storage register U23 In mlcro-
I == 512 mlUlseconda pulse width lIelected. ADP that III ON to circuit aaaembly DPIE In ADP that 

Its converter and La ON. 
to +5V Une. 

o == TIme Count selected for AJMAGC; Sw.loads bus to Storage r.,g1ster U23 In mlcro-
1 ... Puls", Count selected for AJMAGC. ADP that la ON to circuit allllembly DPIE In ADP that 

Its converter and to Is ON. 
+5V line. 

o :::: Pulle FI re lIelected; Sw.loada bUll to storage reglllter U23 In mlcro-
1 == Contfnuoull FIres selected. ADP that III ON to circuit assembly OPlE In ADP that 

Ita converter and IliON. 
to +5V Hne. 

.,OOVI 
ftlP10ftl .... · n n ...\Q. ,. 
~ ... 
.... Z 0 
O~O~ 
:;, (II • 
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SUBSYSTEM. fA.3) C.ontrol 

TM 
TELEMETRY 

TM 
MNE- TYPE .. 
MONIC TITLE 

{UNITS} 

AO P STATUS 
(Contlm'ed) 

ASOF..'TS Spin Rate ~D (1 Bit) 
Detector ~ne) 

!l.JE1MS No rm al/ Alter- ~O (1 Bit) 
Word 3. nare 1'1 re Mode Nor.e) 
Bit 0) 

~JETlS J e t Seleot Bnll SD(7 Blla) 
(None) 

~JET2S 

MEnS 

~J ET4S 

~JET5S 

I 

APPENIXX At TELEMETRY REFERENCE DATA (By 8/c 8ubeJ.tem Oroupt.Dc) 

POWER SOURCE DERIVATION TELEMETEREO RAN4lJ: 
SOURCE ANDREMARK8 -

o == Inhibited; SW.loads bue toADP Storage reg!eter U23 In m.loroolr-
1 == Enabled .• that III ON to (lacon oult usembly DPlE III ADP that 1I 

ve rte r aDd to +5 V ON. 
lille. 

o -= Alternate fire selected; Sw.loadll btUI toAOP Storage reg!lIter U22 In mloroctr-
1 ~ Normal nre selected. that III ON to lia cutt ullembly DPlE In ADP that 1I 

conv~rter aDd to ON. 
+5V line. 

Bit 11 Sw.loadtl bue to Storage rectster U2l In mloroclr-

o :: Radial Jet 1 DI.abled; 
A OP that ~ II ON to 0'U1t ullembiy DPlE In AOP that III 

1 ii .Radtal Jet 1 Enabled. 
ItII convertt'r aDd to ON. 
+C,V line. 

-
Bit 21 Bw.loadll bull t;.') Storage restlter U21 In mlcroclr·· 

o == Radl.al Jet 2 DIsabled; 
AOP that III ON to cutt ulI~bly OPl E In ADP that 1I 

1 :: Radial Jet 2 En.tJled. Itll converter ano' to ON. 
+5V line. 

Bit 31 Sw.lo~ bull to ADJ.' storll8e reat.ter U21 In mfcroolr-

o ;: RadIal Jet 3 Dlllabled; 
that Is ON to ItII COll cult ullembly OPlE In ADP that 1I 

1 :: Radtal Jet 3 Enabled. 
verter and to +5V line ON. 

Bit 4t ~w.loadll bus to AOP Storage reg18ter U21 In mlcroclr-

o == Radial Jet. " otaabled, 
that Is ON to ItII con- outt 18sembly OPIE In AOP that Is 

1 ;: Radial Jet" Enabled .• 
verter and to +5V llne ON. 

Bit 5 : Sw.loads bue to AOP Storage reat8ter U22 tn mlcroclr-

I 0 == Axial Jet 5 ll8abled; that Is ON to ItII 0011- cul t 888emb:y OPlE In AOP that 1I i 

11 = Ax ial ~e t S Enabled. 
~erter andto+SVltne. 

ON. _ I 

~ 
41 
< .... 
en ... . 
o 
t: 
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SUl~SY8TEM1 (A. 3) Control 

'rM 
TELEMETRY 

Tlof 
M~E- TYPE. 
MOJl,lC 

TITLE (UNITS) 

A OP S1" ATua 
(ConUnued) 

"JET6S Jet ~lect Bits SO(7 Bits) 
(Cont.lnued) (None) 

iA.JET7S 

AJCEFS J C E FIre ~O (1 BIt) 
Eoable Status (None) 

A'Gi\SS St.a r Gate A I SD(1 Bit) 
Cban.neJ 1/2 (None) 

Select 

A"OnSS Star Gate B: SD(1 BIt} 
Chlmllel 1/2 (None \ 
Select 

iASUNSS ~ Sensor SD(2 Blta) 
Select (Nolle) 

f.t. 8RRMS SUn/Star 3elect; SO (2 etta) 
stmulated SR P. (None) 

Select 

L 

APPENU,X AI TELEW.ETRY REFERENce DATA (BJ SIc am.,atnt Orouplnc) ...., 

POWER SOURce DERIVATION 
TELEM ETEREO RANOE 

SOUkCE ANn REMARKS 

Bit 61 Sw. loads bus to ft.DP Storage restster l'Z2 [n mJcroclr-

o :.' A.-:tal Jet 6 Dtsabledl 
that Is ON to Its cult QII.3embly OPl ;;: in A CP !tIat is 
conve rte r and to ON. 

1 ;: Axial Jet 6 Enabled. 
~5V llrie. 

- -
Bit 71 8.'.100011 bus to Storage reglster U22 In m.lc rocfr-

o =< AxIal Jet 7 DIsabled: 
AOP that liON to cuJt assembly DPlE In ADP that Is 

1 =: Adal Jet 7 ED.abled. 
Its converter and to ON. 
+5V Hne. 

o :: DIsabled; a..loada bus to AOP MaIn gate U130 In microcircuit 
1 =: Enabled. that Is ONto Its con- Q8sembly OOPB In AOP that is ON. 

ve rter II to +5V llne. 

0 ;: Chan:nel 2 (oV·2) Sel~ted: , S",. loadsbuatoAOP storage reglat.er U21 in mlcrocPr-
1 ;: CbaMeI ] (oj, .) Selected. that liON to Its con- cult ulembly DPlF t.n ADP th.t~ Ie 

verter" to+5V llne. ON. 

o E Channel 2 (oV ° 2) Selected. S",:loodsbull to ADP storqe restlter U22 tn mt-.:roctr-
1 =: Channel 1 ( ~ O) Selected. that la ON to Its con- cult ul~ly DPlF In ADP that l'a 

verter" to +5V line. ON. 

3 Dlacrete Levell - from :>0 to 10 - repre- Sw. loade bua to A DP storage rEr-lter U22 (2 bits total) 
,.entlng any ODe 01. three sun tjeu80r ranges tbat Is ONto lbi con- In microcircuit ueembly OPlF In 
selected. verter "to +5V llne. ADP that liON. 

Bit 51 Sw.loa.dsbus to ADP Storage rectster U22 .. U23 (2 btts 

o =: star Selecte<1; 
that II ON to Its 000- total) In microcircuit ueembly DPlf 

1 ;;: Bun Selected. 
verter It to +5V line. In ADP that La ON. 

!ill...!; 
o == stmula:i~~n Selected: 
! = SRRSe ., 

CD 
c ... ., .... 
o 
D 

:ElCCr.ll 

~ p. R ~ 
~. \C. ,. 
In • ... 
..... Q 
OMOD 
D rR • 

lo1I • 
:IE c: I 0 
Q CD • 
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APPENlDt At TELEMETRY REFERENCE DATA (B1 sic Sub.,.tem C'-oupIns') 

SUBln'STEMt CA.3) ContT'OI 

TM 
TELEMETRY 

TM POWER SOURCE DERIVATION 
MNE- TYPE. TELEMETERED RANIJI : 

SOURCE AND REMARKS 
MONtC 

TITLE 1m-TIS) 

ADPITATU8 
(Coct\nued) 

AOACQ8 3ta r Acq-.Jl s ttfon/ iBn (1 BIt) o = Normal Selected; 8 •• lod bu.s to ADP Storace register U23 lD ml.crocll'\"Qlt 
Norm al (lionel 1 _= star Acqulsltlon Selected. that Ls ON to Ita cou- "Ilembly DP1F In ADP that La ON. 

'Ierter II to +5 V line. 

A5PlNS P LL Spt n Range ~0(2 Bits) 4 Dl IIC rt!te levels - from 00 to 11 - repre- Sw.loada bus to AOP Storage regillter U21 (2 blta total) In 
Select (RPM) senttng any one 01. four spin ranges l!Ielect.Pd. that Is ON to Ita COll- mtcroclrcult .. sembly DPIF In ADI' 

verter II to +5V line. that Is ON. 

~LOLES P LL 1,o1!I1l or SO(1 BIt) o --:: DIsabled; Sw. loade bus to ADP Storstte regl.llter U21 In microclrcult 
Lodl Enable/ ("'one) 1 5 Enabled. that Is ON to Its COll- .. sembly Dpt F In ADP that 'a ON. 
IKlbit verter II to +5V line. 

ASUNGS Eu abl '!/ Dl l!lable BO(l Bit) o - DIsabled; S •• loadebuato ADP Storqe rflbter U23 In mlcroclrcult 
&III GRte (None) 1 ~ Enabled. III at La ON to Ita COII- usembly Opt F In A DP tIlat La ON. 

verter II to +5VUne. 

~DVA NS ~RR Advance BD (l Blr, o ~ Not Advanced; S •• loads bus to ADP Storage reglster U23 In ml.croclrcult 
Rtarus (None) 11 == Advanced. that III ONto Its con- Il8sembly DP1 F In ADP th~t La ON. 

verter to +5 V line. 
---

~ RlPAO Roll lnd~ Dett,y SO (10 Ba~ o TM Counts == 0 Desrt!ell ; Sw.loada bul!l to ADP r>torage rflltllten U24. U25 II U2G (10 
Magnltu,le Ao~ar 1024 TM Counts E 359. 65 Degrees. that Ls ON to Ita con- ~It.s total) Ln mlcrocLrcult __ bly 

degreel!l In lleeolutlon == O. 3&1 Degrees. verter to +5V line. IoP1F In ADP that Is ON. 
Azimuth) 

" LOCKS fiLL Loss cl J.oc1 80(1 BIt) 0 == Loss of Lock; S • • loatfs bus to I .OP Storage reg1 !Jter U21LD mlcroclrcuH 
(NOlIe) 1 == No Los" of Lock. tha t Is ON to Ita cou- BBI!Iembly OPlF In AOP that 'e ON. 

verter " to +5V llne. 
-

r"'""c 
~ III sed SHR Count SD (4 Bits) !) DIsc rete leve ls from 0000 to 1000 - repre- 8 •• 10nds bus to AOP Storage register U21ln microcircuit 
(0-81 Cou.l)!.a (DecIm al sentlng DI.lmbe r of successive rut-ol- PLL- that Is ON to Ita con- u sembly DNK In ADP that I.s ON. 

Counts) Lock 8 RR pulses. verter to +5V line. r.ounter Is .. 4-btt counter, 3 blta art! 

[ 
und for the cuunt" tbe .. th bit Is III 
overflow bit. 

!r. 
~ • .... 
'" .... 
o 
t:: 

.., 0 t::H/) 

~ C·g ~ .....c . ~ en • ... 
.... fC 0 
0 .... 0::1 



:, 
~ 

VI 

SUBSYSTEM. (A.3) Control 

TM 
TELEMETRY TM 

MNE- TYPE .. 
TITLE (UNITS) MONtC 

AOP STATUS 
(Continued) 

~ACSAO ACS Angie Delay SO (10 Bits 
MagnItude Angular 

~egreell In 
f\%lmutb) 

ASlMSZ I>LI Rolli Pt-rlod 50 (HI Bt~ 
M .... lIude (Sl>oonda ) 

OCE STATUS 

~Vpm[] RAM VarIable SD(l2 BI~ 
Pbue De ay (Seconda) 

IA VPD21J iNADm Variable ~0(12 Bllll 
Phase Delay (Seconds) 

IA OSPNS Despln Phase SO (1 Bit) 
Rellet Enable/ (None) 
DIsable 

---

APPENIXX AI TELEMETRY REFERENCE DATA (By 8/c ~.tem OrouplJll) 

POWER I 80URCE DERIVATION TELEMETERED RANIlI : 
SOURCE AND REMARKS 

I 

I 
! 

o TM Counts ",. 0.352 Degrees; 5w.loadll bus to AOP ~torage regtllterll U24, U25 Cr U26 
1024 TM Counts 5 3110.00 Degrees. !that III ON to ItI! con- 10 bltl! total) In mIcrocircuit allsem-
ResoluUon == O. 352 Degreell. verter to +5V llne. bly OPIE In AOP thnt III ON. 

o TM Countl! s 0 Seconds; ~w.loadll bus to ADP ~rage reglllten U17, U18, U19 " 
65535 TM Counts "" 16.384 Seconds. !that III ON to Its con- ~20 (16 bits total) In microcircuit 
Resolution == 0.25 milliseconds. iverter to +5V line. ~ssembly DPlD In ADP that Is ON. 

o TM Counts 5 0 Secondll: isw.loads bull to OCE Storage registers U4, U5 , .. U6 (12 
409 5 TM Countl! == Ithat til ON to ttl! con- bttl! total) In mlcroclrcutt assembly 

verter to +5V Une. DC2D la DCE that III ON. 

o TM Cou.nts == 0 Seconds isw.loads but to OCE Storage reglllten U4, U5, .. U6 (12 
.04095 TM Cou:nt.s =: ithat tJ ON to Its con- bIts total) In microcircuit assembly 

verter to +5V Ilne. DC2E tn DCE that Is ON. 

o =- DIsabled; 5w.loads but to OCE JK nip-flop USB In microcircuit 
1 == Enabled. ilhat Is ON to ttl! con- assembly OC3D In OCE that liON. 

verter to +5V Une. 

-

, 

I 

:lID 
CEI 
4 .... 
171 .... 
o 
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SUBSYSTEM I (1<.4) Propuls1on 

TM 
TELEMETRY 

TIll 
MNE- TYPE .. 
~.'ON1C 

TITLE 
(UNITS) 

VALVlS Lal(lb Valve 1 BL (None) 
OPEN/CLOSF.D 

VALV2S Latch Vah' e 2 iBL (Nonel 
OPEN/ClOSED 

VCASEf OfM CaM AC (oF) 
Temperature 

VJETlT Radial Jet 1 AC (oF) 
Temperature 

V,JET2T JUdi al Jet 2 AC ~F) 
Temperatu re 

VJE'lilT Radtal Jet 5 AC fn 
Temperature 

VJET4T ~adI.l J et" AC ~F) 
Temperature 

VJETI;'l' forward Ndal AC f n 
Jet 5 Teopera-
ture 

APPENL1X AI TELEMETRY REFERENCE DATA (By 8/c aaMyotem GraupI.DI) 

POWER SOURCE DERIVATION TELEMETERED RANGE 
SOURCE AND REJ.IARKS 

0 ;: Cloeed; SW.loa..is bus to DIM State of SPIYT _witch oper;ded by 
1 ;: ~n. 2 .. pre<:lslon 1.0 Latch V.hlP 1 ;necbanlmn. Swttcb la 

mWlamp output. srounded f(n " valve cloeed" state; 
, 

open for " valve open" atate. 

0 ;: ctoeed; B •• loads bua to DIM State uf SPI7T I'Iwttcb operated by I 

1 = ~ 2 .. precision 1.0 Latch Valve 2 mecbanlll1ll. Swttcb la, 
mllllamp output. gnllnded for "valve clOtM!d" 8t&iet 

open for "valve open" atate. 

Switch load a boa to Thermlator, 108831-32. 
DIM 5 .. preclalon 
1.0 mWlamp outprt. 

38 Counbl = -298°F Sw.loada boa to DIM rtbermlator, 108883-4. 
216 COWlts - +212

o
F 1 .. preclalon 1.0 

mWlamp output. 

38 Counbl = -298°F Sw.loada bWI to DIM Tbermtlltor, 108663-t. 
21 f '::ounta - +212oF 1 .. preclalon 1.0 

mWtamp output. 

38 Counbl c - 298°F Sw.loads boa to DIM Tb.ermlator, 908683-4. 
I 

21 6 Counta - +212o F 6 .. preclalon 1.0 
mWlamp output. 

! 

38 Counta = - 298°F Sw. loads bus to aM Tbermlator, 908683-4. I 
21 5 COUDta - +212oF " It precision 1. 0 

mWI amp output. 

38 Counts = - 298o r Sw.loads boa to DlM The rmistor, 908683-4. 
216 Counts '" +212oF II It precision 1.0 

mWlamp output. 

-;:::;t] 
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SUB~STE'MI (A .• 4) Propulsion 

TJoI TELEMETRY 
TM 

MNE- TYPE. 
MONIC 

TITLE 
(UNITS) 

VJf.T6T Aft AxIal Jet 6 iAc fF) 
Tempe r ature 

VJET7T Aft AxIal Jet 7 ~C (OF) 
Temperatllre 

Vl .. NIT PropeUant Une ~C (OF) 
Tempe rature 1 

VUN2T Propellant Une iAc fF) 
TE'mperabJre 2 

jlrUl\"3l' Pror;eUant Une AC fF) 
Temperature 3 

~UN4T Propellant u __ AC fFl 
Temperature .. 

~rrANKP Tank Prell:mre lAC (PSIA) 

r-
rrhnlT Tank 1 AC (IF) 

Temperature 

VTNK2T Tank 2 AC COn 
Temperature 

APPENDIX AI TELEMETRY REFERENCE DATA (By SIC Bub.,..tem Grouplnt) 

POWER SOURCE DERIVATION TELEMF.TEREU RANGF. 
SOURCE AND REMARKS 

38 Count3 ., - 298°F Sw.loads bus to DIM Tbermllllor, 908683-4. 
216 COlJnta ., +212o F 1 " prectlllon 1.0 

mlUtamp output. 

38 Counts = -298°F S ... loadll bIls lo 0fM Thermllllor, 908683-4. 
216 Coun18 ,. +212°F' 7 "preclllion 1.0 

millIamp ou.tptll. 

IDS Counts = +18o F S".lol¥ll'! bull to OfM T1Icrmlator, 908631-32. 
230 Count.!! = +168o r 1 .. precllllan 1.0 

mUUamp output. 

92 Counts .. +180 y SW.loadll hue to DrM Therm'lIlor, B08IISI-32. 
2.06 Counta .. +168o F I II preollllan 1.0 

millIamp output. 

92 C'ount3 .. +18oF Sw.loads Lus to DIM Thermistor, 908631-32. 
206 COUJ'lta ,. +1680 y It II precllliOil 1.0 

DIUllamp output. 

88 Counta .. -f-18oF Sw.loads bu8 to DfM Thermllllor, 908631-:t2. 
197 Counts '" +IS8or 6 II precllllan 1.0 

mUllamp 0IItput. 

o Counts - 0 vglA SW.loadll bull to DIM Potentiometer tyre transducer. 
229.6 Counta ,. 363. 5 PSIA 8 II preollltOil 1.0 

milliamp output. 

87 Count. = +16o F B ... loadl'! bull to DIM Therml.slor. 8086.11-32. 
203 Counts .. +1 71°F (\ II precllllon 1.0 

mUlIamp output. 

87 Counta % +16o F Sw. loads bus to DJM Thennl.lltor, 908631-32. 
200 Counts = +171oF 1 II precllllon 1. 0 

mlUlamp outpu.t. 

-
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Sl' B~YSTEMI (A . 1) Propulsion 

TM 
TELEMETRY TM 

MNE- TYPE .. 
MONTC 

TITLE 
(UNITS) 

VTlfR01 OrM Throat AC fF) 
Temperature 

r.rSAFET OlM Sale IUId lAc fF) I 
Arm Tempe ra-
tu N' 

~Jt2HS nt IUId R2 l.I ne ~N (Ampe) 
/leater Status 

WJ3411S rt3 and R4 tine iAN (Ampe) 
Heater status 

~LVP1IS Lawh Valve ~N (Ampa) 
prtmary Heate r 
status 

~ 

~FDVlfS fm and Drain ~N (Amps) 
Valve Primary 
Heale r ~3tu" 

APPENDIX AI TELEMETRY REFERENCE DATA (By sic 9ulMyetem Orouplq) 

POWER SOURCE DEmVATION I TELEMETERED RANIlI: 
SOURCE AND REMARK.S , 

, 

Sw.loads bus to DrM Thermistor, 908631.-32. 
3 & precision 1. 0 
milliamp output. 

Sw.loads bua to DfM Therm18tor, 908631-32. 
3 a. precision 1.0 
milliamp output. 

o Count.!! = 0 Amps Essential bus down- ReelsUve divider, between negative 
50 Coun!8 = 0.294 Amps stream of fuses . terminal 01 R1 and R2 line bf!aten, 

and power ,round. 

o Counts a 0 Amps EeeenUal bus, down ~sleUve divider, between DeI:itlve I 

50 Counts '" O. 22C Ampe s tream 01 fuses. te rmlnale 01 rt3 and R4 line heaters : 
and po_r ground. I 

EseenUal bus, down I o Counts = 0 Amps ResIstive dlvlder, between negative i 

50 Counts = 0.061 Amps etream of prtmary/ term!.nals of Lawh Valve 1 heater, ' 
Secoodary PropulsIon Latch Valve 2 heater, FI<D II line 
Tank beater eelect heater, Fa.D 12 line beater - all 
rele:; tennlnal (prl- Ued ~ther - and po_r ground. I 

mary line) and I 
! 

power \ltround. I 

o Cou.nts '" 0 Amps t.seentlaJ bus, dowu- Res is tive divider, between negative 
50 Counts a 0.125 Ampe elream of Prlmary/ termlnale of FlrO Valve Ii heater, 

Secondary Propulelon FI<D Valve'2 heater, F&D Valve 13 
Tank beate r eelect heater, F&D'3 Gas line - nil tied 
relay termInal (prl- together - and pawl! r ground. 
",a ry line) and po_r 
ground. 
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APPENIO: AI TELEMETRY REFERE14CE DATA (By S/c Sub.,.tInn GroupIJIc) 

SUBST81 EM. (A. 5) Data HUJdlI,. 

TI.t 
T £ LEM ET J\Y 

TM 
POWER SOURCE DERIVATION MN'E- TYPE. TELEM ET E RED RANGE 

MONI C 
TlTL.E 

(UNITS) 
SOURCE Al'oID REMARKS 

~LOKt Spacec r aft SD o TM Counts = 0 Seconds. Sw.load ll bull to ECU Location 10, 11. " 12 of RAM 
Clock (8 MSB) (24 BIts ) 

(224 - 1) TM Counts = 2, 097,351 Seconds 
I.n TP that 18 ON to (lIcr-kwh pad memory ). Ortl1nof 

(Seconds) +5V Hne. RAM update ta mJDOr frame r a te 
OCL0K2 Spacecr aft 

(- 24.27 Dayll ). 
IIlgna! counted down from 1. 048 MHz 

Clock (8 MIddle 
Resolutton ;: O. 125 SecoOOIl . 

olock tn TP that Is ON. 
BI ts) 

DCLOKJ Spacecraft 
Cbck (8 LSB) 

DPCMlS PCM Encode r 1 B L Os Ol"F Sw.loads buB to Output 0( 1.0 Kohm r eatlltor 
ON/Off ( None) 1 ;;; ON Power- Supply In connected In ae rlea to +5V Ilne In 

PCME1 to +5V line. PC MEI. 

D?C M25 PCM Encoder 2 BL 0:: OFF Sw.loadll bull to Output 011.0 Kohm r esI s tor 
ON/OFF (None) 1 :: ON !>owe r Supply Ln COf1IIe()ted In !Ie rles to +5V line In 

PCME2 to +5V line. PCM E2. 

OPeMl\ PCM Encoder 1 AC o Counts ;; 0. 0 Volts Sw.loadll bUll to Preclll ion 1 milliampere current 
Calibrate (Volta) 255 COunt ll ;;; +5.100 Volu. Powe r SUppty I.n sou ree Lnto 4.87 Kohm ~. 2% 

PCME1 to-1 5V lIne. res illtor. 

OPCM2\ PCM Encode r 2 AC o COUJlu. 3£ 0.0 Votu. Sw.loadll b Ull to P recl ll ioo 1 mUUampere current 
Cal lb ra.te (Volta) ~55 Counts. +5. 100 Votu. Powe r SUpply In llOU ree Into 4.87 Kohm ~. 2% 

PCME2 to - 15V line. r ell illtor. 

D'TLMl~ Telemetry BL O!!! OFF Sw.loadll bull to ECU Output of 8.2 Kohm relltlltor 
Proceallor 1 (None) 1 == ON to +5V Ilne In TP 1. connec ted In aerlell to +5V Une In 
ON/OF F TP 1. 

UTLM2S Telemetry B L o =: OFF Sw.loadll bus to ECU Output of 8. 2 Kahn reellltor 
Pr~880 r (None) 1 = ON to +5V Ilne In TP 2. COf1IIe()ted In eerlee to +5V line 
2 ON/ OFF In TP 2-

-
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SUBSYSTEM, fA. 5) Data II1loo1 tng 

TM 
TELEMETRY 

not 
p.fto.'l:- TYPE. 
MONtC 

TITLE 
(UNITS) 

MflO Do t.a II andtl ng SD (65.536 
Mrmory IIcnd- II 8 Blta 
out maJllmum 

for the 
lIeleoted 
DSUI. 

I 

I 

APPENlXX AI TELEMETRY REFERENCE DATA (By Sic SUb.,lItem Orouplq) 

POWER SOURCE DERIVATION 
TELEMETER~D RANOI: 

SOURCE AND REMARKS 

S •• loadll bus to Memory of DSU that wall comm~ 

Power Rupply of to be r cnd out. 
comrna.nded DSt I to 
.1 5 V. -15 V. -+!'i V 
lines (Powcr ~ply 
I" l~nUc.J to that 
In T;>J. 

. 
" 

~" .... 

t:t' 

< .... 
CIl .... 
C 
::-



... 
I 

"'" -

SUBSY9T'~M t (A.6) Command 

TM 
TELEMETRY 

TM 
"'NF.- TYPE. 
MONtC 

TITLE 
. (UNlTSl 

tREJIS CPi Command 80(1 En) 
Re!ect (None) 

CCMDt< Command 8D(78It11) 
Processor 1 (DeclJnal 
Real TIme Count1 
Command 
Slatus 

(' IA>G IS C PI Sto ['('() SO (4 Blta) 
Command Logic (None) 
State 

r SC LlS CPt Stored SOn Bit) 
Commrtnd l.o«Ic (None) 
ON/ OFF Slate 

Or-lOt S CPI ~mod. SO n BU) 
Squelc h Status (None) 

~RF.vt C CPI MSB BltII SO (l Blta) 
of Receiver (fICA! ra) 
Reverlle TImer 

ISSEP1 S CPt SeparaUon se n BIll 
(Swt tch) Status (None) 

~. 

MEMI C Command SD (7 Blta) 
Memory 1 (D£ctmal) 
Address Pointer 

APPENDlX At TELEMETRY REFERENCE DATA (By sic 8ub8Jatrm Orouplq) 

POWER SOURCE DERIVATION TEL.EME7EREl' RANG! : 
SOURCE AND REPttA RK8 

o == Real time command Is acceptf'<!~ Essential bus to Parallel In-se rial out 8 bit shUt 
1 a Real time commliDd Is rejectf'<!. CPl EClI to tlSV C, r egister (UG) In Telemetry Logic 

+SV lI r:es. Module 01 CPl. 
o TM Counto : 0 Commands 
127 TM Coontll !! 127 Com mAnds. 
,No..nnber of red-Ume commands vert.ned 
.. eltecuted since IllSt l"esd of command 
counter). 

l6 DIscrete levels - from OOO\) to 111 I - Essential bus to CPI ParalJel In-aertal out 8 bit shift 
representln« anyone of 16 opera!!nR states. ECU to +15V II +5V re«later (U4) tn Telemetry Log1c 

lines. Module 01 CPl. 

0:: OFF; 
1 :: ON. 

o :: Squelched; . 
I :: Not Squelched. 
(I. e •• signal Is present). 

01 - 9.1 floura l Since LalIt 
to - 18.2 Jlours Automatlo 
11 - 27.3 Jlours Reversal. 

-
0:: Not Separated; Essential bus In 20./ Wiper a.rm of one pole of DPlYT 
J : Separa~d. f.ener diode In C1" . switch (splCe'Cnft/ettacb ntttnc 

separation swttch ttl). 

o TM "ountll == FIrat Command Memory Essential bus to CPl Pa.raUel In-llerlal out 8 bit s.hlft 
CeU Lac.Uon; EClJ to +5V II -12V register 1.11 SCL 1 (lncludes SSEPts). 

127 TM Counta ~ t28tb Command Memory lines. 
Cell Lac.Uon. 

I 
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SUBSYSTEMr (A.6) Command 

T" TELEMETRY 
TN 

Jd NE- TYPE' 
"O~'1C 

TITLE 
(t1NTTS) 

CMEMI Commmd SD (128 w 
Memory 1 U Bits 
Readout Mulmum 

In 8-b1t 
Sqmentll 

REV1 S Command BL 
Proee .. or J (NoM) 
Recelnr 
Revene State 

rpWRI S Com m alKl BL 
Proeeeaorl (None) 
Po-ft r SlII.tua 

rREJ2S CP2 Command SD(1 Bit) 
ReJect (None) 

rC'fOK:: Commllnd SO ('7 Bite) 
Proel!l80r 2 Decimal 
Rell! TIme COIIIIll 
Command Statu. 

~L002S CP2 Stored 50(4 Blla) 
Command Loctc (NoM) 
Shte 

~9CL2S CP2storedCom- SO(l Bit) 
mand IAlic ONI (None) 
OFF Sbbtl 

rOMD2S C P2 Dl!mod .• SO (1 BIt) 
Squelch Statu.1I (None) 

APPENIDt At TELEMETRY REFERENCE DATA (By sic ~.lInn 0......,..., 

POWER SOURCE DERlVAnON 
TELEJdETEREO RANOE 

SOURCE AND REMARKS 

Arrr Command!! and Time ~laYII. ElIIIenUal bul toCPl Command Memory In Cl't. 
ECU to "5V UId - 12\1 
Ilne9. 

o If Reverae Commanded; E!IIenHal bUll to Oltput 011 Kohm retlll10T C<IIIDeCted 
I S! Normal Commanded. CPJ ECU to +5V to ,ate In _riu that II pulled up hI 

line. 7. 5 KrAllI1 relll tor eoanected to +5V. 

I 

o =: OFF; E"entlal bul to Oltput ~ 10 Kobm I'ell.lbr COImeC-

1 If ON. Cpl ECU to ~5V ted In aerlel to +6V Hne III CPl. 
line. 

o =: Real Time Command III Aocepted; ElaenUal bul to CP2 Parallel IIt-lerlal out 8 bit Ihlft 
1 == Real Time Command III Relected. ECU to ~15V .. +SV rectltrr (US) In telemet~ locte 

IInel. modllle 01 CP2. . . o TM Countl ~ 0 CommaIKII; ' . 
121 TM Coants • 121 Commandll. 
(Number 01 real-time eominaDda vertfted .. 
l!lIeouted II.nee l .. t reaet 01 command 
'.!OWIte r). 

16 alcrete levell - from 0000 to 1111 - E 1_nt1 al bu.1 to C P2 Para1lu In-_rial out 8 bit .hllt 
repreaenllnc arrr one 0( 16 operattnc lutel. ECU to +lSV and "5' reJflter (U4) In telemetry lotte 

linell . mocklle 01 CP2. 

o =: OFF; 
i ~ ON. 

o :; Squelched: t :: Not Squelched. 
O. e •• IlIpal II present). 
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APPENIXX AI TELEMETRY REFERENCE DATA (BJ sic SubllJat.em OI"OUpl.llc) 

SUBSYST£M , (A. 6) Comm and 

TM 
TELEMETRY 

TM 
POWER SOURCE DERlVATION 

MNE- TYPE. TELEJ.:ETEREO MNOI : 
SOURCE AND REMARKS 

.fOHlC 
TfTL.E 

(UNlTS) 

J\R EV2C CP2 MSB 01 ~0(2 Blta) 01 - 9. 1 Hours } Stnce Lut EllllenUal buJi to CJ>:l Parallel 1n-lK!rlal out 8 bit "bUt 
R~elver (Hours) 10 - 18 .• 2 Ilours Autt.m1aUo ECU to +1SV " .SV r~ster (Ut; In telemetry 10110 

n e gerlle Tlmer 11 - 21.3 Roura Reverlla l 1l1M"1I. (nodule 01 C 1'2. 

~E~S C 1'2 ~arat1011 SD{t Bit) o • Not Sepa rated: ElleenUal bull to20V iwlpe r UBI of one pole 01 DPDT awitch 
SUtull (None) 1 :: Sepe rated. Zener diode In CP2. (spacecraft/attach nttllllllepanUOII 

llwitcb '2). 
-

~M ... M2( Cotnmllftd SD ('7 Dtts o TJot Counts _ Arat Com.mand Memory Ellsentlal buJI to Pa r allel In-aerial out II bit abUt 
Memory 2 (Ot>clmlll) I Cell LocaUon; CP2 ECU to .SV • re«fllter In SCL2 (tncludes SSEP2S). 

A dd ~ 118 rot nt.t' r '27 TM Counts !I 1211th Comm and Memory -12V Hnell. 
Cell Localion. 

~MEM2 Command SO (1211 11 Aff1 commande and lime del~a. [ .. entlal bua to Com.mand "emory In CP 2. 
Memory 2 24 Bits CM ECU to +SV " 
nea<bJt NutmllDl -12V UDetI. 

In 8-blt 
Sepnenta) . 

~ll.EV2S Command BL o !I Re~ree Commanded, EaeeDIia1 bull to Output of 1 Kohm reatator CCBlected 
Pl"OCetlaor 2 (None) 1 IE Normal Commanded. C P2 ECll to +5V to ,ate In aerie. tbat I. palled up bJ 

~ecel "er ~er_ lJM. 7.5 Kobm re.15tor that I. ~ted 
SUle to .SV. 

rpWR2S Com.mand BL o ~ OFF; EaaenUal bull to Outpit 0110 Kobm reeletor 
ProceHor 2 (None) 1 :: ON. CP2 EC lI to .SV COODeCted In eerie" to +5V Une 1ft 
~rStatu.ll llne. CP2. 

~---
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APPENIXX A! TELEMETRY REF~RENCr; DATA (By sic 8WNIJetem OrouplJlc) 

SUBSYSTEM ! (A.6) Command 

TM 
TELEMETRY 

TM 
POWER SOURCE DERIVATION 

MNE- TYPE. TE1..EJ.:ETERED RANIJI : 
80URCE AND REMARKS 

lfONTC TtTU: 
(UNITS) 

~REV2C CP2 MSB of 150(2 Bite) Ot • lI. t Houra } SInce La.t EIIAenthl bull to CM PuaUel In-lle rial out 8 bit IIbtft 
Reeeiver (lloura) to "' 18.2 Hourll Autr.JmaUe ECU to +tsv " +SV rq1ater (U4) In telemetry 1000e I 

n e verae l1Jner 1 t - 27.3 Houn Reverllal II_a. !nodule 01 C P2. 
I 

~E"S CP2Separathm ~D(l BIl) o • Not Seperat.ed: EllllenUal bull to 20V Iwlper arm clone polecl DPDT 1I.l tch 
StaI1lI1 (NoM) 1 :;: ~rated. Zener dIode tn CP2. (apaceerafVattach nUlncaeparaUon I 

II wi tc.b 1%). J 
~M r.M2( COInmllDd SD(7 Dlte o TM Counte _ Flrat Comm and Memory Ellllenttal bull to Par allel In-aerIal out 8 bit ahtl'l 

Memory 2 (DeelmU) I Cell LocaUon; CP2 ECU to +SV .. re«latu In SCL2 (Includes SSEP2S). 
Addreu f'otnter 127 TM Counte !! t2eth Command Memory -12V IInell. 

Cell Loc alton. 

rMEM2 Command 50(128 II AllY commands and time del., .. EaeenUal bull to Com.mand Mmlory I.n CP 2. 
Memory 2 24 Bite CP2 ECU to +SV " 

I ReadClllt Mutmum -UV Unell. 
In 8-blt I 

Sep!ente) I . 
rllEV2S Command 81.. O. Reftree Commanded; Ellaentlal bus to OUtput 011 K.ob:m res .. tor~ted I 

Pr1)Ce8l1or 2 (None) 1 JE Normal Commanded .• CP2 ECU to +SV to ,ate In aeries tII.t Ie pulled up by I 

~4!'Cel ve r Rn'e rlM I1ne. 7.5 Kobm resistor that Ie cOImeCted I 

State to +SV. I 

PW1US Command BL O!! OFF; EuenUal bus to outpit 0110 Kohm restator I 

Processor 2 (None) 1:;: ON. CP2 EClI to +SV connected In aeries to +5V line In 
Po __ r statu. I1ne. CP2. I 

-- - ., 
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APll'ENDIX AI TELEMETRY REFERENCE DATA (B1 8/c SlllNlynna ~ 

SUBSY8T£MI {A.7, CommunlcaUona 

TM "f£I.F.METRY TN POW£R SOURCE DERIVATION 
MNF.- TYPE. T£L£MET£RED RANtJI: I 

MOt.1C 
TITLE 

(UNITS! 
SOUPCE ANDR£MARK8 

~A(',nv R.r("~lvE'r 1 AN !IS CGum - -152.0 dBm; £eeerrttal hue to Reeletlft wI. dhtder at outpJt I 

Automatic GllIn (dBm) 198.8 Counts .. -70.0 dBm. (flUtee to po_r con oIactlft AGe loop ftlter In RCVR 1. 
Control. verb-r to +tV., -6V --J 11_ III RCVR 1). 

~AOC2V ReocE'lvf'r 2 AN 85 Coun .. -152.0 dBm; ElileeDUat buill to R8letlw- wlt.ce dlvtder at outpat 
Automattc GllIn (dAm) 1'2.45 Count. - -70.0 dBm. (fuees to power con 01 acUft AGe loop t1lter .. RCVR 2. 
Control. ftrter to +9V .-6V 

IIMS In RCVR 2). 
'. 

~MMT rowr AC fn 31 Count. .. -HSOF Sw.ICMlds buB to ~nnlator. pllf 101113-4. 
Ampllfter t 211 COUDta - +212o F DlM3 • prectslOll 
Tf'ftIpE'ratul"f' 1.0 mWlunp outplt. 

~AMrt1 I'o'M!r AC fn 38 Count. .. -21SOY SW .10MIe bull to 'I1Iennletor, pIN 108683-4. 
AmpilftE'r 2 215 Counts .. +ZlZ0y DlM3 • preetslon 
T f'ftIpE' ratu I? 1. 0 m 11IIIIIIIr output 

!tAMf'31 AC (oF) 38 Counta .. -2180 y 
. 

Po_r 1Jw.lo.ds bus to TlM!rmletor. pIN 1)08&83-4. " 

Ampllftu 3 215 COWIt. '" +ZUOy DIMS. preelslOll 
TE'mperatul"f' 1.0 mUilunp outplt 

~MN1 Pow.r AC fn 38 Counts '" _2180y RtF. loads bua to ~nntliltor. pIN 108683-4. 
AmpilftE'r 4 216 Counts .. +Z120Y DIMS. prf'Clelon . 
Tf'mpE'ratul? 1.0 mtlilamp output. 

~AMPlW RF l'o_r AN o CClUnl .. - 0.0 Watts; Transmitter RF bue RF ptckup probE', rectlftf'd by a 
Oulflut I (WatU) 187.5 CClUDt .. - 11.64 Watts. to (iUeelil to IN! rtE'e diode aDd ampUOf'd In ~r Amp 1 

rea. In power amp 1 tlll't. 
unit). . 

tAM~ RF Po."r AN o Count. r 0.0 Watts; Transmitter RF hue RF pickup probE'. reetlned by a 
Oulplt 2 (Watu) 1411. fi Coun'" '"' 11.7 Wattl!. to (fu 8f'e to IN! rtf' e diode and ampllfted In Power Amp Z 

reg. In po_r amp 2 Unit. 
1!JI1t). 
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APPENDIX AI TELEMETRY REFERENCE DATA (By S/c BubllJlltem O\'Ol1plDc) 

SUBSYSTEM. (A.7) Communlcat!ons 

TM TELEMETRY TM POWER SOURCE DERIVATION 
MNE- TYPE. TELEMETERED RANGE 

SOURCE AND REMARKS )tomc TITLE iUNlTSl 

~AM~ RF Power AN o Counts = 0.0 Watts; Transmitter RF bus RF pickup probe, rectified by II 
Output 3 (Watts) 15~ Counts .. 10. Ii Watts. to (fuses to series diode aDd amplified In Power Amp 3 

reg. In Power Amp Unit. 
3 Unit). 

I 

IRAMP,,", RF Power AN o Counts .. 0.0 Watts; Transmitter RF bus RF plokup probe, recun~ h~ 1\ 

Output 4 (Watta) 200 Counts· 12.1 Watts. to (fuses to series diode and ampllfied In Power Amp 4 i 
reg. In power amp Unit. 

I 4 Unit). 
,-----< 

!RsPEIV Receiver 1 AN 34. 86 Counts .. +200.0 kHz; Essential bus to Resistive voltage divider at output ! 

static Pbase (kHz) 209.6 Counts = -200. 0 kHZ. (fuses to power con of aotlve loop filter In RCVR 1. 
! Error verter to +9V "-6V 

lines In RCVR 1). 

IRSPE2V Receiver 2 AN 36.8 Counts .. +200.0 kHz; Essential bus to Reslatlve voltage divider at OUlpl!t I 

static Phase (kHz) 208. 75 C(;W1ts = -200 kHZ. (fusell to power con of active loop filter In RCVR 2. 
Error verter to +BV "-6V . I . 

Unell In RCVR 2). " 

IIWCOlT Receiver 1 VC( AC (OF) 93 Counts .. -22°F Sw.loads bus to DIM Resistor, p/H TI RTH - 42. 
Temperature 191 Counts" +168o F 3 It precision 1.0 

i mllllllJYlp output. 

IRVC02T Receiver 2 VCO AC(°F) 78 Counts .. -22°F Sw.loads bus to DIM Reshitor, PiN 11 RTJI- 42. 
Temperature 182 Counts .. +1760 F 5 " precision 1.0 

milliamp output. 

iROSCIT Transmitter AU][ AC fF) 84 Counts = -22°F Sw.loads bus to DIM Resistor, PiN TI RTH - 42. 
tlIary OIIclllator 176 Counta = +1760 F 3 " precision 1.0 
I.Temperature milliamp output. 

~OSC2T Transmitter AU][ AC (OF) 90 Counts .. -220F Sw.loads bus toDlM ReSistor, PiN TI RTH - 42. 
Illa ry 0IIc1ll ator 210 Counts .. +1760 F 5 " precision 1.0 
2 Temperature milliamp output. 

- ---- ----
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APPENDIX AI TELEMETRY R!VERENCE DATA (DJ SIc 8aMJ8tem GJ"CIUIIIDC) 

SUBSYSTEM, (A.7, Commwllcattonl 

S7 
t:. 
-" 

TM 
TELEMETRY TM 

Mt.'E- TYPE .. 
MONIC TTTLE ruNJT8\ 

rucMTRJ' X-Bud TranR- AC ff) 
mUt.er 
Temperature 

IucMTJM X-Dand Trantl- AN 
mltterRFOat- (WatU) 
pat 

~LOI(1S IWcelver 1 BL 
Pboe I.ock (NoDe) 
statu. 

~L0K28 Receiver 2 BI. 
Phue Lock (None, 

statu~ 

~ConlS Excfter 1 BL 
Inhlblt/Re8tore (None) 
Coherent Mode 
8tatu~ 

jRCOH2S Excfter 2 BL 
InhIbIt/Restore {None; 
Coherent Mode 
statue 

tocCTt8 Exciter BI. 
ON/OFF (None) 

- --

~~ 

TEt.EMETERED RANO': 

114 Counts ,.. +390 F 
182 CilUIIta m +1200 y 

---
o CountlJ - 6 Watt. 
143.15 COiIlDU - 1. ~ Watts f(ii210.045 MHz" 

+86°F). 
144.15 Count. "1.28 Watts ~ 211.015 MHz 

b = Not l..ocked; 

1 = Locked. 

o ii Not l..ocked; 
1 :: Locked. 

0:: Heetore; 
1 :: hIIIlbit. 

0:: Reltore; 
1 :: Inhibit. 

o :: OFF; 
1 == ON. 

---

~ ~. 
~ ..... ~. 

PGWER 
SOURCE 

S. .load8 bu8 to DIM 
5 " preclelon 1.0 
m UlIlllllp 011 1pIt. 

Trar.amltter bus to 
(fue to res. III X-
BaDd TranamUt~1'). 

EesenUal bue to 
cru.e to power C9i1-

verier to +1JV ,,-tv 
In nCVR 1). 

ElaeDtlal bu8 to 
(fuse to po.er con-
veNr to +tV .. -6V 
HeVR 2). 

Tr:uunnllter bu to 
~ to power con-
ver1l!r to +tV "-8V 
In Elrcfter 1). 

Tranamllter bus to 
(fuM to poIW'r con-
verter to +tv &r -6V 
10 Exciter 2). 

T J'1lI11rnl Ilte r bus to 
(fuse to power coo-
verterto+1tV In 
Exciter 1). 

MURCE DERlVAnON I 
AND REMARKS 

I 

ThermIstor. PIN 108631-32. 

RF picIwp pwbe. recUfted by. -j 
diode and _pUfted In X-bux! Tr 
mltter Unit. 

ReIIlsttve voltage divider drtYell by 
LM 108A trtau clrcuft III RCVR 1. 

RNt.ttve voltage divider drtvea by 
LM 10eA trlgt!r circuit InHeVR 2. 

. . 
'. 

State of SIR f1lp-fIGp III Excttu 
coatrol module In Traa8pCi8der 1. 

state of SiR )o"Up-Dop In EIr(:lter 
cootrol module In Truapoader 2. 

I 

Reelatlve volt.re divider In C~D ~ 
interfAce modale In Traa8p':mder 1. 

~ .... 
C-
o... 

I'*'~ 
,:~ 

~~ .............. ~ .. _L h" t1t·o*, .. eti.··'--·,*,~' 7'» tie d ....... ; 
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1 
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APPEHIU At TELElIE7RY REFERENCE DATA (BJ' SIc 8abeJ'WIft Ol"OllplJ:lc) ~ 
SUBSYSTEM. (1..1) COl\'lmll~cattODlJ 

TN 
TELEMETRY 

TIl 
MNE-

TITLE 
TYPE. TELEMI.TERED HAHIlI: 

lfONlC It'f.,1TS', 

~'-12~ Exctter 2 BL 0- OFF; 
ON/OFF (None) 1- ON, 

~RCVR.'I Receiver Normlll BL o :; ReverlM! (aft omnl to RCVR 1; a tlHpun 
Revene Swttcb fNoae) utenna to RCVR 2); 

PotIltlon 1 == Normal (aft omnl to RCVR 2); a dellpUn 
8lItenna to RCVR 1). 

~CTRS Exciter 1/2 BL I) == F..xcttu 2 Selected; 
!JYItch Poetttoa (None) 1 !!! Exciter 1 Seleeted. 

~ANP1S Amp 1/2 to HI/ BL o ;; Amp 2 to HI power output llne (.J dB 
Low Power (None) Hybrid); Amp 1 to Low Power 
Statu. output ltne). 

1 !! Amp t to HI power outpUt liner Amp 2 
to Lo power output tiDe. 

~Mp:JS Ampltfter 3/4 BL o II Amp 4 Selected; 
Swltcb (None) 1 :: Amp 3 SeleCted. 
PoIIlHan 

~NT3S Hlp Gain BL o 11 Omnl Selected; 
Beclnlpffonrard 

Iomnl SwItch 

(None) 1;; Hlp Gatn B8CtaIp Selected. 

PotIItlon 

- - --~ 

POWER "JURCE DERIVATION 
SOURCE ANDREMARKB 

T c u smlttA> r bus to Relllsttve voltage dtvlder In CMD 
(fuM to power con- Interface module In Tcaa.ponder 2-
ver1er to +tV In 
Exciter 2). 

Ellleenttai bus to state of SiR flip-Gop In IIWf feb 
itaIM! In awltcb driver. Intended t.u IDdtcate Ittate of ' 
driver,. DP[1f RF traMfer IIWftcb bet_ 

receiven and antennaI!I. (See Note ~ 

ElIIlM!aUal buill. to state of SiR Glp-Gop In switch 
(fuM In switch driver Intended to indicate .nate of ! 

driver) SP[1f RF Tr~'Aer IIwltcb between 
£XClten • Power ampe.(8ft Note 3). 

E IlIIeftltIll baa. to state of SiR flip-Gop In IIWftcb 
(FUH In IIIwltcb driver lDteDded to tDdIc.\te IIt.ate of 
driver). DPDJ' RF Tr"r.wttcb ~ 

Am .. ~ output llaN flo ___ I 

(See Note 3). 

Ellleenttai bus, to state ofS/R fUp-tlop III IIWItlab 
(Fu8e In IIWftcb driver InteDded to ladIeate I!Itate of 
drtver). 8PIYI' RF Tr~r IIWftdJ betweea 

Ampi • HI Power 13 dB JfJbrtdl 
outprt llae (See Note 3). 

ESlM!ntlal baa. to state of sIR Glp-tlop" IIWftch 
(Fue II! IIIwttch driver IJJteaded to ludlcate ... of 
driver). SPIYI' RF Traaefer 8wltdI betweeD 

Input/oatpat R F lllw 011 the de8paD 
pladorm .... tII~ two '10. pin" 
1UIteImu. (See Note 3). 

--- ------------

r 
~ 

i 
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APPENDIX A. TELEMETRY REFERENCE DATA (By SIc 8aMy.tem OroulJlDl) 

• SUBSYSTEM. (A.7) Communloations 

TM TM 
MNE- TELEMETRY TYPE. TEI.EMETERED RANGE POWER SOURCE DERIVATION 
MONIC TITLE IUNlTSt SOURCE AND REMARKS 

llANTlS Aft Omnl/ BL 0 • Lo Power output line to Ait Omnl; ES8enUal bull, to state or 8/R nlp-nop In ewltch 
Deapln AnWnna (None) HI Power output line to a Desplln (}'Ule In switch drtver Intend~ to IDdtcate state of I 

tt- HI/Low Antenna. driver). DPI7I' RF Transfer SWItch between I 

Power status 1. III Power output line to Aft ODIn" output lilies aDd aDtemuuJ (See Note31 
Lo Power output ltnl' to a deapun I 
Antenna. 

RANT28 Hlp Gain BL o!!! "Low Gain" antenna (lll Gain Backup or ESIeDtial bus. to state of 8/R nlp-nop III switch I 
Antenna/Low (None) Forward Onml) selected; (Fuse In awltch drtver liltended to Indicate .ute of 
Gain Antenna 11 • HGA Selected. driver). 8PDT RF TrllDllfer SWItch between 
swttch Position IlIplt/output RF line OIl clespaa plat

form and tile two categories of 
a.atenau (See Note 3). 

. 
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SUBSYSTEMt (A.8, Power 

T)t 
TELEMETRY TM 

1oIl-."F.- TYPE. 
)'fONlC TITLE (UNITS) 

PBIP1T Battery 1 Pack AC ,on 
1 Temperature 

PRl!'2T Battery 1 Pack AC ff1 
2 Temperature 

"R2P1T Battery 2 Peck AC (on 
1 Temperature 

PB2P2T Battery 2 Pack AC (On 
2 Temperature 

PBIRIS Battery t, BL 
Reby 1 !'!tatue (None) " 

PB2RlS B"Uery 2, BL 
ReIB11 St.lltua (None) 

PBATlV Battery 1 AN 
Terminal (Volts) 
Voltqe 

I 

APPENalC At TELEMETRY 'itEFERENCE DATA (By SIc 8ab.yatem OrouplDl) 

POWER SOURCE DERIVATION TELEMETERED RANm~ 
SOURCE AND REMARKS 

41 Counts '" +81JoF Sw.loadll bus to DIM 'I1Iermllltor. 908IJ35-4. 
142 Counts = +32OF 1 .. preclllion 1.0 

mlWamp output. 

41 Counts = +86oF Sw.loOOIl bus to DIM 'I1Iermllltor. 908635-4. 
142 Counts = "3~F 8 &. precision 1.0 

mUllamp output. 

41 Counts '" +86oF Sw.loadll bus to DIM Thennlstor. 908635-4. 
!l42 Counts .. +3~F 1 &. precisIon 1.0 

mllUamp output~ 

41 Counts .. +86o F Sw.loadB bus to DIM Thermistor. 908635-4. 
142 CouJrt8 '" +32oF 8 .. precision 1..0 

mWlamp output. 

o !! "< .. 0 Charge Selected; Hattery 1 or booet Resistive dlvtder. betweea HI ter-
1 ;: Itl Charge !!elected. charge arr"1IY 1 down- mlnal 01 one pole or DPDT la~ng 

stream or Kl .. K2 relay (1<2) In charge/~ecbarge -" 
wfper amlll In chg/ controller 1 lind signal ,round. 
disch, controller 1. 

o ;: Lo CharI'! !!elected, Battery 2 or booet Retllstive dlvtder. between HI ter-
1 !! HI Charge Selected.. charge array 2down- mlnal 01 one pole or DPDT latcblDg 

strean of Kl &. K2 relay (1(2) In cbaTll'!/c!!acbarge COlt-

wiper »nna In chg/ troller 2. aDd algDal ground. 
disch, controller 2. 

o Counts· 0 VDC Hattery 1 or booet Resistive divider, between poetttve 
258 Counts '" 40.0 VOC cha~(" Array 1 terminal of Battery 1 .. alll'a! 

do~llBtream of ground. 
swltchlng relaYII In 
chllrce/dlscba TIl'! 
OOI'trdler 1. 

~ 

I 

trOt;J1n 

~=-8'-..-"'. ,.. (II. ... 
to .0 
O ... C::t 
r~ flO • 

(I • 

• Cli 0 o. • 
• 

~ ~ ~ 
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SUBSYSTEM. (A. 8) PoM!r 

TM TELEMETRY TM 
MNE- TYPE. 
lfONJC 

TITLE 
(UNITS) 

PBAT2V Ba~ry 2 AN 
Tennlnal (Volts) 
Voltage 

PBIR2S Battery I, HL 
Relay 2 statuI! (None) 

PB2R2S BIl~ry 2, BI, 
Relay 2 Stalua (None) 

PHTTK8 PrImary/ BL 
Seoondary (None) 
PnIpuIelOD 
T .. HeMara 
I!IleIa8 

IPLDBt~s Switched ImIds BL 
Bus Reset (None) 
Rei., Statu. 

pr.IMIS Bus Umlter 1 BL 
Enable/DIsable (None) 

I 

""~~,"",-.,,,,- ~, .....-r ........... -

(' 

APPENDlX A. TELEMETRY REFERENCE DATA (DJ' SIc 8aNJetem OrouplDt) ~ IrO'='1Il 

" It.,C~ 
<II oC ... ·n 

POWER SOURCE DERIVATION TELEMETEREO RANm~ 
SOURCE AND REMARKS 

t· ti·~ • ~ .... .... .... SIr C 
0 0"'01:' 
=' =' rn • 

o Counts .. 0 VOC Ba~ry 2 or boost Resistive dhtder, betweeD poeIUft! 
256 COWIts .. 40.0 VDC cbafle array 2 down termtw <i Battery 2 • elpW 

III :& 
lZ; &: I C 
CII • 

stream 01 switching gromKf. 
I relay. In Cbg/dlecb. 
I Controller 2. 
I 

• 

o iE Lo Charge Selected, Ba~ry 1 or boost ae.IsUve dlYider. betweea m ter- I 
1 !! HI Cbarge Selected. chafle array I, mlna! 01 or );<lIe 01 DPI1I' llItcIabw I 

downstream 01 fl:l • rei., (KI) ID obal"le/chclbafle 
1 K2 wtper arma fn controUer I, and elpa! puaDd. 

obc/dt.,... 
Conk"u-:i L r 

O!! Lo Cbarp Selected, Ba~ry 2 or boo8t ReslaUft dlYider, bet.eD m ter-
1 = m Charp Selected. cbal"le arr., 2, mlna! 01 one pole 01 DPM' latctdaK 

cto.aatream 01 Kl • rei., (KI) In chll"le/d1acharp 
K2 wtper arma ID controller 2, and elpal ~ 

- ..... 1 ........ . 
OODtnller I. 

. 
'. 

o ~ Secondary beaten aelect.~; Es_DUa! bu. Rell8ttft .. vtder betwHa power 
1:: Prlm9.ry heaters selected. doWlletream 01 line tID primary heden (. apetream 

heate n aeleot 01 ruaea) I11III .. pal &1VIDl (ID JIIU). 
relit'. . 

o ~ Switched loade UV/OL Relay baa Switched loads bull ReslsUve dlYider betweeD termlDal 
tripped SuI> OFF. downstream 01 UV 1 01 one pole of DPST (Normally 

1 = SwItched loads UV IOL Rei., baa not . OL ewltch (1(2)< cloeed) lafeb'" relay (1(2) OOD-

trfpped (Baa ON). trolled by UV/OL trfp clreult, and I 

slpal &1'CIUDd. 
I 

o ;: DIsabled, Essential baa (Main Resistive dlvtder. betweu terminal 
1:: J:Dabl~ array output). 01 SPST latchlDc rei., .... slpaal 

&roand, In Baa Umlter 1. 

- I 

~~&o_~. _c._,.;:--- .•.... _ .. I .. t:. _ It'" C, IS • J 
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SUBSYSTEM. (A. 8) Power 

T1f 
TELEMET1tT 

TM 
MNE- TTn. 
)tomc TITLE 

(UNITS) 

l>LBf2!l Bus Umlter 2 BL 
F.nable/btsable (None) 

PUM3!l Bus Umltrr 3 BL 
Enable/IJllI8ble (None) 

PUM48 Bus Unlltt:!' 4 BL 
En able/DI a able (None) 

iPLIM5S Bus Umlter 5 BL 
Enable/DIsable (None) 

jPLIM6S Bus Umtter 8 BL 
ElUlble/Dlsable (NoDe) 

IPLlM7S Bus IJmlter 7 BL 
En.ble/~aable (None) 

IPUMTI Bus Voltage - AN 
Umlter Current (Amps) 

PPANlT Solar Panel ,\C fF) 
Temperature 1 

: 

rPAN2T Solar P8Dl!1 AC fF) 
Temperature 2 

i 
I 

-

• h' ~._~,~ .. _---" 

- - ---- p, & _ •• a - 4" ~ G 

APPENDIX A, TELEMETRY REFERENCE DATA (By 8/c 8ubeJatem Oraaplnc) 

POWER 80tmCE DERIVATION TELEMETERED RANGE 
SOURCE AND REMARKS .. 

o iE DlsabledJ Essential Bus (Main RealsUve divider. between termlnu 
1 !! Enahled. art'ay output) of SPST latcblng relay and slpal 

."" .... I. """ Uml .. , 2. ~ 
o ;; DIsabled; ES8entlai Bus (Maln Resistive divider. between terminal 
1 !r F..IIabled. array output) 0( SP.rr latchlng relay aud slpal 

ground. In Dus Umlter 3. 

0:: Luabled; EasenUal Bus (Maln Resistive divider. between terminal 
~ !! Enabled. array output) of SPST latching relay and signal 

ground. In Baa Umlte.: 4. -
o :: DIsabled; EasenUal Bus (Main neslathe divider. bet~ea termlDal 
1 == Enabled. arr;;)' OUtpll) of BY-iT latchfng relay and s\pal 

gl'C'and. In Bus Umlter 5. 

o ;: DIsabled; EssenUal Bull (Main Reslatlve divider. betweea terminal 
1:; Enabled. array output) of SPST latchlDc relay aDd af8na! 

ground. In Baa Umlter 6. -. 

o ;: Dl8abled, EssenUal Bus (Maln ReslsUve divider. betweft1 terminal 
1 !! Enabled. array output) 0( SPST latching relay and a\gDal 

ground. In Bull Umlter 7. 

o Counts '" 0.0 Amps; EssenUal Bull (Maln Dual 50 mV (lI!1n-at shant and a 
256 Counts '" +12.0 Amps. array output to aU hybrld dUferent\&l amplUler. 

Bus Umlters). 

38.165 Counts '" -298°F Sw.loads buB to DIM PiaUnum .-eslstor. 908683-4. 
215.475 Counts ~ +212o F 3 .. precision 1.0 

milliamp output. 

38.165 COI.8Its ,. -2980 F SW.loads bus to DIM Plattmnn realstor. 908683-4-
216.475 Counts .. +21~F 7 .. precision 1.0 

mUltamp output. 

--------~ ~---
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SUBSYSTEMs (A. 8) ~r 
TM TELEMETRY TM 

MNE- TYPE • 
}fO~'C 

TITLE 
(UNITS) 

PPANLI Solar P_I AN 
Current (Amps) 

PRE018 Prfmary! BL 
Rtodundant Dls- (None) 
charwe RetrUlatm 
1 status 

PRE02S Prln,ary/ BL 
Reclindant 0111- (None) 
charge Regulato 
28tatliis 

PRFBUS RFXMTR Bus BL 
RHet Relay (None) 
Staws 

~BUS Science Bus BL 
Rfoeet ~11lf (None) 
Status 

~ICI Science Current AN 
(Amps) 

PSPROS ~1'8yatem BL 
ProCecUOli 00/ (None) 
OFF 

. 

:.J 

-. 
APPENIIX AI TRLEMETP.Y REFERENCE DATA (BJ SIc ~tem 0,.,..,...., 

~ 
«l 
CC .... 

POWER TELEMETERED RANCU! 
SOURCE 

o COUDt8 = 0.0 Amps; EssenUaJ bus at 
256 COIlDt8 '" .18.0 Amps. output of maID 

arrl\Y. 

o == Redundant selected In COIltrol~er fl. EssenUaJ bus down-
1 == PrImary selected In Controller tl. stream 01. primary 

d1acbarge resu!ator 
In Charge/DlechallJt 
Coatroller fl. 

o : Redurldant selcoted III Controller f2. EsseDtlIll bus down-
1 !< PrImary selected In Controller f2. stream 01. primary 

dlllCbarp replator 
111 Cbarp/DIBcblll'lt 
Controller f2. 

o :: XMTR bus UV !OL Relay hu t~~ XMTR Bua. down-
Bus OFF, atream 01. tty /OL 

1 == XMTR baa UV /OL Relay haa not switch (K.3). 

tripped (B'D ON). 

0: Science Bus lTV /OL haa tripped Bus on Science Bus. dInm-
I!! Science But! UV /OL Relay ha" not atream f1 UV /0[, 

trlppM (Bus ON). swlfoh (KI). 

0 CountB • 0 Ampe Scleece Bus. dowD-
256 CoantII • 4.5 Ampa atream 01 UV /OL 

_"'fob. 

0:: OFF (tTViOL LoIIo bypassed; all buses Essential BuB. 00-
ON). stream 01. Relay K5 

1 = ON (tTV/OL LoIIo controls ON/OFF (In lIV /OL switch 
state for each 01 tflree bu.ses). unit). 

---~---~-

e~ 

SOUItCE DERIVAnON 
A!mUMARKS 

0laJ 50 mV current sbl:Dt and a 
I.ybrtd dllferellUlIl IIIIl .. Uter. 

Retllstlve divider. betwetm oat.-t f1 
PrImary llacballJe Replltor aad 
81pa1 Gl'CIIIDd lID Charp/Dlacb.arge 
Controller '1}~ 

RetllaUve dh .. der. betweeD ClPtpat 01. 
prima". dlaobarp regulator. slg-
nd &rouad (Ill charp/d11101aarp 
Controller f2). 

RHlaUve divider bet1n!eD termllllll 
01. ODe pole 01. DPST (DOrmaIl7 
cloaed) latlDblDC reb,y (10) oantraUecl 
bJ UV /OL trip ctrealt. ... atpal 
lrauad. 

RHlaUve dlYider bet1n!eD ter.n ..... 
01. ODe pole IJI. DPST (DOrmaII;y 
cloeed) lalllbllllf relay (Kl) oantroDeci 
bJ UV/OL trip clrGdt. IIDd atpaI 
11'OUDd. 

Daal50 mV ourreat sbaDt ad • 
hybrtd clUrerenUlll ampIUler. ! 

I 

For DlM2s ae.taUve d1Y1derbetw.!tll 
ON termlDlll 01 SP8T latcldll8 Relay 
(K5, • aIpalll'Olllld (la UV/OLaw. 
Uall). Fur DlM4. _ reelaUve 
~2~~ ____ s-• 

rn .... 
o 
~ 

o 
.... ~.~,--.....-.. M',,- r. H... _ 



SUBSYS'n:M, IA. 8) ~r 

TM TELEMETRY TM 
MNE- TYPE II 
MOt.1C 

TITLE 
roNlT~ 

rRCHGS Precharge ONI BL 
OFF Statu8 (None) 

"'BUSLr SpIlCe'C raft AN 
Loads Current (AIIIpII) 

!PeHGn Battery- 1 AN 
Charp Current (AIIIpII) 

rcHG21 Battery 2 AN 
Cba~ Current (Amps) 

rnrslI Battery 1 AN 
DI acha flI'! (AmpS) 

Current 

PDlS2t Battery 2 AN 
Dlecba~ (Ampe) 
Current 

;.. 

~ 
"'" 

- -.• iI~L:-.·, .. ~.~ .. ' ''''''r"' . 1 
·-'· ... 4-Yi. .~.' - .. •.. '. .- ....... ...,.-: .. "......, AI 

~ 

APtoENDIX AI TELEMETRY REFERENCE DATA (B)' 8/c SubeJalem OI'OUplnc) 

POWER TELEMETERED RANGJ: 
SOURCE 

0;: OFF; E88entlal bus Itown-
1- ON. 8tream of 1 amp 

current limited 
switch (1n tTV/OL 
Switch Unit). 

o Counts .. 0.0 Amps; E88entlal bu8. ju8t 
256 Counts .. +18.0 Awp8. upstream from fllft-

out to four bu8eR. 
I 

o Counts ~ 0 Amps; At output of booet 
256 Counts = 1.0 Amps. charp array 1 II 

downstream of chg. 
8witcblntJ relays In 
chg/dllJCh controller 
fl. 

o Counts - 0 Ampsl At output of boost 
256 Counta = 1.0 Amps. char'Re array 2. II 

downstream of cbg. 
8~tchlntJ relays In 
cbg/dl8Ch.eontrollel 
12. 

o Counts .. 0 AmpRl Battery 1 between 
256 Counts I: 12.0 Amps. Battery 1 II dlach. 

Replatora In chg/ 
. did controller '1 • 

o Counts .. 0 Amps Battery 2 between 
256 Counts .. 12.0 amps. battery 2 II did. 

Rep. In chg/clech. 
eontroDer '2-

._---

SOURCE DERIVATION 
AND REMARKS 

IleslsHve divider between output of 
1 amp current limited 8witch and 
81gnal «round (tJt UV/OL SWItch 
Unit). 

DIal 50 mV current shant and a 
hybrid «WlferenUal ampllfter. 

naaI 50 mV current shunt and a 
h~rld clllerenUal ampUfter (In 
Cha~/Dlacha~ Coatroller 1). 

Dial 50 m V current sbaDt and a 
hJbrld dllferenUal amplifier (18' 
cba~/dlacbarp CClDtroUer '2). 

Dial 50 mV current sbaDt Uid a 
hy:; .. rld dllferentlal ampliller (In 
cba~/dlacba~ COIIItroUer fl). 

Dual 50 mV current ebaDt and • 
hybrid dlftereaUal amplifier (In 

cbarge/dlecharp cantroDer '2). 

-' .. 

I 

r • .... 
It .... 
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1:11 
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.... -0 O ... OD 
::t •• • • • CS, 0 
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st.-uYBTEMI (A. 6) Power 

TN 
TELEMETRY TN 

Mt."J.:- TYPE. 
)IOt.1C 11TLE 

fUNmn 

r>F.BUSV Ea~al Bua AN 
Voltage (Votta) 

pnTlM!'l OIM Heater 1 BL 
ON/OFF (None) 

PltTlNS OIN Heater 2 BL 
ON/OFF (None) 

PHTJ1S RedIal Jete 1 £ ~ BL 
ON/OFF (Nonel 

M1TnS RMIal Jf"t8 3 • BL 
.. Hellten ON/ (None) 
OFF 

--

..... , -

""'::"''7''~ .~' 

APPENmx AI nUMETRY llEFERElfCE DATA (BJ' B/c .,..,., ... 0,.,....., 
POWER 800RCE DERiVATlGa; 

TELEME1'ERED RANOE 
SOURCE AND REMARKS 

o Counta - 1).0 votta; EalM!nUal bull (In For DOI3t ne.tethe d1~r 
25&.6 CountII - +30.8 Volbl. lTV /OL SwUcb UnI~ bet~ ell8ftlUai ball • aIp;aI 

,roaDd (III UV /OL 8wttah VIIIt). 
For DIMS. Separate rHI.8tIYe 
dlYider from Iiboft. Ued to .... 
pol .... for d1Y1c1er 1IIIoft. 

o. On", E_.nttal bull. Re8ll1the d1Y1der betweeD terml .... 
I!! ON. downlltream 01 two at ODe )!Ole 01 DI'ST I_Wac rei., 
1 DPST m.,a In aDd e1pall"JUDd (In PlU). 

1M!11ea (bftaller 
IM!lt.'ot relaya). 

0_ OFF; E_aenttal bu. aeelethe dlYider betweeD terminal 
1- 01 •• dowDatream 01 two 01 ODe)!Ole of DPST lldloblnc rei., 

DPST reI.,e In ad elpallJ"Gllad (In PlU). 
1M!11ea (lteater 
1M!1eot rela,.). . 

0, 

'. 

O. orr, Ee.nttal bu, Realetlft d1Y1drr bdwNa term .... 
1- ON. downetream 01 two 01 ODe pole 01 DPS'I' laliclllDc rei., 

DPBT maya" ad Blpal,t'OUDd (In PIU). 
aerlee (Maller 
.elect relaya,. 

O. OFF; Eaaenttal bue. RHleUft dlYider bet""" termlaal 
1- ON. dcn:IDlItretan of 01 ODe pole 01 DPST l8llcblnc rei., 

"..se DPST rei., aad ~pal croaDd (III AU). . (beater aeleot rei., 

-

I 

I 

I 

~r ~_ ..., 

., 
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ti" .... 
c ., 

liE' 0 t:nn 
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.... -0 
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"~i'~loal 
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IIOTES 

II • 1nalog • 8 Bit6 
BL • Bile~el r. 1 Bit 
SD • Sarial Digital (Yarioaa aa.bers of 

Bits, 

111 analog tele.~tered ranqes ar. 
o coaDts. Tbe data sbown are tbe 
•• ,i.a. and .iniaua points of actaal 
calibration data used in the Orbiter 
T! Con~eraion Randbook, BefereDc_: 
Para9rapb 1.5.16. 

rlip-flop resets for power soarce 
opr condition, whereas IP Ifer 
switcb re.ains latched to last 
co •• anded state. 
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APPE:\"DIX B: TELE\lETRY REFERE:\"CE DATA 
(\1,E:YI0:\"ICS I:\" ALPJIAlH':TlCAL ORDER) 

DATA I nATUS I I.V. ~~ Al'PL fONIAn 
_0 -III: , .. " TYPE r ' .. T· 'O'· .. T .j_LT. UNIT OIMJIITlI., 

T I r 
1.0 InT. Id(o..1) so OOO-Oo~ ii(Se1. "11 .. I: - - -

I lACS. QACS 10(0-2) '00-1 ... SIM'oo, fr.S_ - -
r 0'002-11 '(loll t ... ",I - - -
i I '110.)" '(Mo.t.l .... "'I - - -

00'_ r.(Got ... ·su, ') - - -
I ~ ·'O'·!10 SIS (Psi 1) - - -

T 'OI~IItJ.l~. S_ - - -
T 1 
Tao lin, h'(HI so ~siI(~l. eon __ - - -

utS ON:S IIOIl·S) lOO-I ... h(M\~ fr.~ - - -
r : ,01002-11 '(Ion i- "'I - - -
I ·Il00_!.(Molt.' .... "'I - - -

OOI .. oG •• (Go .... Sw, .) - - -
1 , T -i' :'OI·!IoSZS (,.1 1) - - -
1 I O"~I"'. fr. S_~ - -
! i I l !PlJl.S 1 •• 0 

I 
ws,oo\cs 'Il(S) so ~Tt_ - - - -

• a 
un ON:S 18/1-4} Tso - - - lCooonu I 0-. C-U 

0 lllli.SUII, ' S9.41 TNt - - - i .... .. O.G '0 l.l 
0 SUM. )(6) 'Il ,OM ,Off - - -
0 SUM ' l(7) Il JOM Off - : - - -

• a 
uts QllCS ,16(S) Il IiUI llliU - - - -

a SUM 44 K. I - - - ·C - ' -110.0 lAO .100.0 

a \IM,EIIIi 'SO.61 All - - - fLlS - l.a-lS to 0.0 
a SIlCA )(4) It. OM Off - - - -
0 IIU )(S) II. ... Off - - I -

I r ;-
TI,o IK.S,QllCS 13(4) 'so 'SI_ II~ - - - I -

0 (llii sou 60 4) All - - - IPM - 25.G to 1.0 

'.0 WS.ON:S '16(6)-11(1) so - - - 01' _lSI 0-»9.65 

• 0 
IK.S QllCS '1)(i1 'Il E_ ,'M - - - I -

.0 IAIA N/A "" - - - ., 
I a ~ A NJA CAlC - T - - SEC 

r I 
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