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tlbstr•a^.^t

'I'ho current Delta and propc^sc^cl ITpratrd Dc^1ta, arcs
dcascrbed for potential users, Performance, flight; en-
vironment, spacecraft intc^gr•ation requirements, launch
availability and costs aro provided. Delta is corrrpasl^d of
a long 'Tank Thor• first stage, Walla seuond stage (evalvQd
fro.n tlic Vanguard and Able-Star programs), and rr solid
propellant t4tir^d stage motor that is an adaptation of tare
Sllrr+ilyat' sl°aaCCeraft rNtra-Motor. Llprated Delta is (tAln-
posed aC th, present first arrd third strtgc^s and fair°irli;,
intel;• rat,ed rvitli a now liydrot;•c^n/u^ygon seec^nct stage tlia^t
utilizc;s shortened Thor• tonics, Saturn ,CVIi hydrogen tonic
inteanal insulation, a singlci Centaur IZ:C,-10 c^nginc^, and
I?elka second stage control electronics and peripheral
traricing, data, rani;© saFc^ty, and power systems. iJprated
Delta increases the syrrchronotis transfer capability from
7S^i to 2395 pounds. A Delta launch cost t►l ^^1.0 rnillian
is detailed, The projected Uprated Delta launch cost of
;^5.5 million anti its X30 million estimated dovclopnaent
cost aro discussed, 'I'he Uprated Delta Is being' proposed
to I+IASA i'or consider;ztion in Its launch vehicle dovelop-
ment programs. It is not at this time an officially
approved program.

I. Intr. eduction

13c^Fore lire lievs^lopment program, was earnl^lota the
number of rnissianr^ planrresd for Delta outstripped the
interim buy of twg 1^.►^A, vehicles, sa an ardor was pltzce^l
Foa,• fourtean p.^oshlcaian vehicles, This follorv^-an buy of
Deltas (Modals A and A) incorporated lengthened sccon*l
stage propellant tonics, sl lrlh^lrar enargy sccand stage axi-
diror, transistarlrc^cl l;lridancc electronics, and assiduous
application of hif;h-reliability semiconductors in flight
critical circuits. 7.'lris model of Doha carried NASA's
first active cornmlrrlicaliont; satellite, Relay I (December
1i)Ci2), the second. AT&7' `1'ulstar (May 1 cJ63), alyd the first
lyric+l,ranous satcultos, Synooir^ I and IT (T'cl^ruary and
July 19(113).

Thr.^ nrpxt pr'adltetl.ou order of ^Ueltas (rizodels C acrd I^)
in 19(313 broug^ltt the adoption of the i:1SAT^' developed irn-
lrroved 'Thor I>ouster rvitir thrust augrrrcntatlon provided
by throe strap-on solid I;rupellant irrators and the adap-
tion of the Scout devc:lopc^d X258 to relalacc the ?^-2J:S
tirir^d stage nzator, The first thrust augmented Delta (`L'AD)
carded Syncom III (Alrgust 1^(i^l), the lust equatorial
synchronous conununieations satellite. Tho second TAD
vr^hicle orhitc^el llu^ first commercial comnxttiicalions
satcliitc^, C;c ► msat C"orl^.^arataon's Larly 13irci Satellite
(April 19Ci5).

The evolution of file Taelta launrl ► vc^ltirlc.^ resachc^s I:,acic
iii%rtecati years when, in 1955, tilt United States partici-
paled in tl:c Inlcrnational flet^nhysical Ycar (IGY) and
ctnderteolc the development 1^:, cite Vanguard. three-stai;'e
lacrnch v^hic:lu; in floe sam.cs yea^^ thc^ Air 1^'orce iniliateci
the tlevcaopny.ent of the' 'Cho^^ 1RI3M. Wit1i ^nodificalions,
the Thor became the First: stage of Dc^1ta; the Vanguard
sc^^ond st.^g'e l^ropuls-loo system., evalve;d through the Able
programs, l^eca^uc tilt Dc.^lta second stage propulsion sys-
tc^m; and the' Varlg'l.lard X-2^ 8 third stage solid propellant
reelect motor was aclal7teci as the third stage for Delta.
Thc.^ development and integraiaion of these systems and flit
production of twelve (7.2) vehicles was started in early
1959 under prime contract to i;he 'Douglas Aircraft Com-
l^any. The initial objective of flu: Della l^ro •̂ram was to
I^ravic1e an ntc;^im Space launch vchiel.e raprtibility for
the medium-clans payloads until inorc^ saph^Isti^^atc^d ve-
liic14i5 ati Scout: ?rid Agena, tlu}ti antler cicavelopinent, could
be laroughl to apc:ratianal status. Tlu^ development: pro-
6^ram spanned l.8 months. In a little over two years, i'ol-
l.owinl the development period, elc;vc^n of the twelve ve-
iricics wore latmchecl suceessCully carrying• , among others,
the first; passive commltnicati.ons satellite, 7Jc:ho I (August
19G0) and the first private indl^slry satellite, A''I't^rx's
Telstar I (July 19G2). The total development cost, in^
eluding the twelve vehicles (Model DM-19) and launch
support, was approximately $43,000,000, compared to
the $^1;0,O g0,000 estimateu at the outset of the program.

,. r
z r	 ,

Another order of Deltas in 7.9E1=i brought t?re dc;velol^-
merit aF the Improved Delta (Nadel I^,). Thu Improved
Delta modal adapted and extended the lrrge di.ametc^r
propellant tonics frarll the Able-Star stage, and thc^rcaby
nearly doubled the propellant capacity of the previ.our^
Delta second sta^;c^. Tho larger diameter tonics in adcii-
Lion permitted aclapi;ion of the Five L'ooC clianleter Nimbus
Fa3riug devclopeci for the Agena stai;c^. Improved Delta
also adapted the USAF developed I^'Vl'-^: solid l^ropellttnt
rnotar to relalace the X-258 third stage motor. The .first
Improved Delta was launched November 1 y ii5 and has
performed thus far without failure. Missions have
ranged From in;ject:ing the 1000 pound I3iological Satellite
into a 175 nautical mile (n.m..) orbit and llie 175 pound
Anchored. Interplanetary Monitoring probe (A-IMP) iota
orbit around the moon to ir:jecting the Intelsat II scr^ies of
satellites to sy►ichronous altitude.

II. Tlie Delta Launch Vehicle

Tlie thread of the evolution of eommw^ications Rate1-
tiles crosses Delta's at a ley milestone again. when a
new Delta (Model M) will launch. the First Intelsat III
or British Skynet series of cemmimications satellites,
Delta . is shown in Figure 1 ar"^U incorporates the USAF
newly developed Long Tank Thor first stage, the Improved

1
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sl,nl;•o motinr nit adahtatiian of 6hc rc^tro-ntr^tiitt^ front the 	 ^	 , ^	 ^^ ^'
;;urve or s acec;raJ'ti, "El ►is current evc^luttran of l^t^lta is	 BLAST SAND (41	 GUI pANCF	 ,^ c ^ ^
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'1'Ite tht'c^t3 - stirtge l^eitr► vc'blc^lc^ (1^'it;urc^ 1) strntd^; 1(iti	 f^^.'°,.^^	 PRGPULSIGN SYSTEM	 SPACECRAFT
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^rn 'Gent ltrtttg• c^ (T^s'l'ft) and	 SEPARATIGN LAUNCH RAIIAS (31
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l^^ij t ►^)l^^^f^ Slut ► '^/fJ^^h^^^.f^^ ti ^^1^S^4F4

wh ►ci hroflX^+, lift-nff in •l^ p knot g• rnund winds attr^l ltnld nn	 h^il;•ttrs^ 2, I)t^lta Srl^^ut= ,7tion Srlt ►:^,atttti^:
the prtd i'ol^ itourl5 itt launelt t^e;auil ► tc+^,^ tct meG^l. r^ lsuu^ch
winclaw at► ly seconds wi.dc+.	 ^Ghe iJ<^lta secnn^l stag^^^ is 19 Cecat lungf , ahhroxintately

S feet in clianu^i.c^t^ and ^^ r t^ig• 1ts 1.~,1;1)0 1;otuirl5 ati ignition.
^'1 ► c I'i^t^sti stihg^^ i.s tltc^ rc^lialth^ Thar systett^ t(facd rl.lnt^c^ 	 Thr press ►t)^e I'cd Ac^) • ojet c^ng`ine delivers ?x011 Itouricis

tiltt^ !'it'St I^^^^^Ita, '17tor rc^s^e^ltly c^c^lcal,t^atc^^l its 101itlt r<>n., 	 thtfust and oltc^rates fc^r attoul •iU0 sc^c^attd:: on storable
sec:ut.lvc^ su^^ec^ssfu'1 Itc>rtsti oC sprtc^c^ t<<^ltic,lc+s, 'i'lt^^ l,«ni;' 	 l^^^opc^llant4. A CI%g •1ti crc>ntro! sybtc^ttt .^tialailizrs tltc vc^-
'1'anl^ Thc^) • , with e^tc,ttd ► +d it^uid c7xyt;c^a: anik r►nd llt^-t	 hi.c;lo a ►tc1 initirttes flight C►^u^xtions that huide the vehicle
lltel trtnlc co ►tvc^t^tccl to a constant S Cool: cliaanc^i.c^t^, r^tattds	 through a precic^^tie^.^minc^d I^owercd trajectory and coast
110 1'c^et anti ca^^rlc^s 1.•17,000 hounds cif hrol^c^l.lants, or	 fllg•ht. "1'he hrol;• rrttsuner in the flight controller lttis tihc^
ah^7ut X17 ltc>rcc ► y t ^ttorc^ l^roltcllflnts than previou,5 tnvdel5.	 cal^.tsthility of suhltlying 1`Ivc a discrete+ s1.et^rinl;' c:otttntands
'i'hru5ti aug• mentir► tlon is provided l^,y three "1'h'ioicol C;rLStor 	 and Six l'IiI;• hL-sectuencc^ sigtialss engine st:ar.ti, Cairin);•
Il solid tttotiors ('I'1±.'-;3i9:^•0) I:hat ignite at li1'1•-ralf, htu^naut	 ;jettison, rnahic^ ^;ni;• int^ cut-ral'1' cirt:uiG^:Y, i:^h ^.^d t^tag • t, sl^in-
in ^0 seeo ►xis rand are ;jettisoned at GO srconds. Jettison	 ul^ and start of it, Ityrotcu^lt^tc ti)ttc^ delay ig • niil.Un scittlh,
is effec>tc^d by Cit.^inl;• att explosive itolt holding ri. c^lamltc^d 	 and third stage sc^ltrtration. '1'he nta.^inutnt le ►rg't:h ctC i.ltc
hall-sc► ciccti joint. '.Che ^f elativc^ accelct^ation ^C tihe vc+h^icle 	 p ►^ol;• ramtne7.^ ti.titc+ is =t00G st^c;^>ttcls 1'^t • otn. y c5c^anti sl^.a{;•c^
pl. ► is ac^t•odynamic drag• on I.he shunt motets ejects tihe casc^t; stir ►rti sig•nal., or ecluiv^^lt ►tt to rtlaout two tltlrcla of once
away fa^ont the hao4l.er, The tiurholxtmh I'cil ^lZocl:cstdyn<^ 	 revaluti.Qn it ► a 1U0 nautical ntilc^ circular ltarlcinl; o^^^l.^it
main engine develal^s 170,U40 po ►mds tht f usti rtt lil'ti-^ti'1.' and	 l^eforc^ i:hii •d stake shin-ult, and ;cltl ►x^atiort must Ite com-
t:hc t:hrc^c: Castor T.I solids d^;vololt 02,OQ0 hout^cls tiltrtt^;t 	 tnandcacl. During• laowc^rcad Clil;h^ stieet^ing • con► tnands to^om.
ea^.h. A1• Eui altitude 1>catwectt GO anal 711 n,ati. tl ►o main ^eu-	 thct lit^ol;• ra^ltnt4r tl^ •̂ c^ avrrtti<lott by the g• rotutcl racli.o i;uicl--
gi.nt^ Ixir ►ts to hrUl^ellaut cicl^lct^ion alxtuti 2^0 sc^:onds	 once sy^5tient. iC the vcthicle cie:virttc^s Crate the tton^i.nal.
a.Cter lift-r^l'f, ^ hrc^h u^ ►u^hc^d filet 1:ahr. in tihe hroly^t^amrner	 tra;jcotory. Sincr^ seconc! stage engine cut.-ofl' occ^► ors ovrt^r
intlat^^t 5eyuent.ial 1'ur ► ctc^ns anc.l l`orqucs tihe autoltiloi. to 	 the radin hnri^un I' ► f otn trhe ground. guidance tracicinl; • 5ta-
guide the Cir;t stal;• c tihrougt tt ltt^c^dc^te+t^minr.^cl tr.ajc:ctory, 	 t:Ion a,t thc^ launc{7 site, radio gudanc:e is active only
l^itelt and yaw stieering commands do the rtutoltllot are 	 through about Halt or the Second stiai;•c powered lliblit.
over.L'iden lay the W^Stern 7lectr.^ic Co, (Weco) i;• t,°owed	 I?x^ior to ^.^eaching• the llori7,011 tiliC rad10 ^TilCl aitc:e l;•rouncl
radio-guidance sysf:em. This s,ystezn tiri.tns out the sn^a].I	 station sends a command signal to start an onboard intic^-
deviation of tote vehicle i'r4'i^ the nominal i.rajectory lay 	 {;rating• accelet^otneter systiczn that will: cut-ot1' the engine
sending•. corrective steering commands whenever 1,he 	 when. aline-sett velocity to be l; • aineci is reached. '.Chic

II 	l;•round guidance lracicing station senses nff-^ourso flight. 	 start command signal -is sent at Tile time when the re-
yuired second sta^;•c velocity to be i;ained as detcrtn,ined

Turing howere^d fliCitti hitc:li rind yaw stc;erinl; • is ex-	 Icy the radio-guidance g'*_^ound tiracking • , euuals the; h>•e-
c;rtecl by ntnbaling• thca main c^ngne. Ttoll control is	 set value in the integrating accr;lcro ►ttetc;r systorn. Also
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just itrior to the time lhu intc^^t`atln^ ac^cctI+^ro^nctts^r^ 3s
atfirted lire grotmd ^^ ► idance sta4it►n sends a Ernst scat of
diacrota staQrin^ commands to adjust rho second sta^ct
attitildct dlu'in^ lira rr^^mainin^^ powered ill^ht so that aflar
cut-off and coast the third sta^;o will bo pointed I ►, lira
co>^'ract d[racltan to co ►npenaate Tor accumulitic'ci fleet
and seconc! slaw attitude oi` veloelty errors.

During pow^^reci flti;ht pitch and yaw steering is pro-
vided ley l;imlaalling tiro second stake an6ine and roll Ia
controlled by Gold nitrogen ^f,a Jots, Cold nitra^en i;as
Data control tite vahicie inaliaxas during coast, '1'ltc
cot,trol system eicatrical {touter and t,it^'ogan ^ ►ts suitply
fa cApable o^T maintaining second stags attitude fc^r^ a iittie
over two ho ►̂ rs, ^'or long scc^ttnd stage roast pet`toda laG^-
fora third stage spin^up and acltart►tiort. tltti^ second stAt;e
may its reoriented will, resal^ec^t tea thf^ sun gar the vc^hicica
lalaccd i ►1 a slow ya.u^tng ot^ ltitelting tunrhl<^ to allcwiatc^
assytnett^Ic solar heatitri, o!'' tltc> spacecraft.

hertpheral second ata^•e systems include a 'C' hand
tr`acicin^• beacon, a 'l^l)It^I/T^')VIOT^ lti'[ ^lC ^ 20 tc^Ic^mett'y syh-
tent, dual conttnand deatract 1`ec`c;ivc^rtl and associated
power suppli©s. The entnttland d^„^struct t'e^^eivcr syst ezm
is cAltable of both cu4ting-otf rho second sta^; •e amino or
destroying the errant vc^itic^lc^, Iii slteYf'e,.l tttstrtncc^s witesre`
non-cAtastrophic Flight taiturea aT the first or sc`ca ►gal
stages could still permit the spacecraft to AGlticV4 Att or-
bit tvtth a nominftl third stA^'a ol:^ration, ltange^ Sfrfely is
plrovided displays on rite; trfic;lclug blot hoards that ltc^rntit
fire Ran^•e Safety afiieer to cietel'mUtes that an orbit can he
achiev©d without hftzard of land impact ft`om anti of the
stages. In this instanea qtly second stat;^c; onl;•Gte cut-off
would be commanded so ponsibly all. or port of rho mis-
sion Wray be salvaged,

The third stage assembly consists of sepia-table, the
Thloltol T1,'-3C^1<-^^ solid proltella.ut tnotar, space+craf4 A4-
tach fttttnl;• , spflceCraft allcl tltL' slt aCe:c 1`aft fairini;', 7'Ite
spin-rotate consists of a hearing• support structure and a
contest third stage ^ntotor pcadrstal truss that is divided
tat4o Lour petals hingeet at the ha.>e^ and clamped to fhc^
c^quft+^or of tlt^^ motor lay a ' V' ltAttd. Thc^ ' V ` hand is hr'ld
to tension by Ctvo ^xplost.ve bolts that arcs fia^c.^d two sc^c--
ends after the motor and. spacecraf4 arE^ spun-up and the
1G second time delay squib that tgntt;es Oho `TL-3G^1-3
ntotur is started, Tito t^eleast+d t^^;tals fly outwfl yd under
ec^ntrifugal forcej, t^elt;asing 4hG tllird stftge front the Spin
table (I^'igurc> 2). At 4hc^ sanu^ instant 41u second stftt;•e is
hacicecl awa^^^ from rho Crect spiraling third stage by vt^nC-
inl;' pr^opttllant rc^,5iduat pressul`ftnt (helium) overlaoard
through two rt^tro-jots. Approximately thirteen secnttcls
later 41te Chtrd b4agc^ tttotor is ignited lay thc^ time delay
scluila, '6'lte T1r•-^lti^t-,i i'>ttrus t'or approximatclsT 'i7. seconds
and deve`totts fin ave;rag'ca thrust of i),Q00 pounds,

'Torque to the spin rotate is .imparted by combinations
of small solid tarupellant t'oelce^t tt^otors, which .provide
spirt rates from 30 to L00 rptn (^7,0 percent) for space-
craft roll tttotncnt of inertia rang'Ing from. 20 to 7.70 slugr

-feet squared, A lower limit of aplaroximatety 30 rpm is
dictated by minimum dynatnie stalatltty of the third stage/
spaeccrfd't assembly clueing• tltirci stages motor burning.
Tl less than 3 p rpm is desired the et'fect upon orbit in-
Jc;ctian errors mustbe;carefutlyassessed. The anticipated

trraxitnwt^ alit ►r rate ►► ^ss^ra not ► id c1^^aire^ was ltl(i rirm, ^`rttr-
seriuently lire lirird slue motor was qualified only up to
title; spin rate.

Tl► ^^ spaceer^aCt is clamped to the attach. fitlini; >^y a
circular V-c^Ia ►np-band aase ►ubly ti ► at releases icy firit,g
two explosive Lott cutic^ra sitbsceiu^:nt to third ata^ct motor
ltur►r-out. Salt ►u'^tio ►, Trom the' et► l^nded third stA^c+ is
than c^ffttrtecl by a aciraration spt`ittbp, or spri ►rya, wl,icl,
provides rite spacecraft whit A rotative separation ^rel4^ily
of G to ^ fps with rc,^apeettst the e^;pc^nded third atat;e ►notot*.
Alll,ttligh iac ►^t► list' apaceeraft t'c^^iuiranreants !nay dictaCa
thct dc^sigtr 4i a special St)act!craft attach fitting, A numlyet`
of atanelserd Delta rittin^s Ares avuilaltltt^ ^'ltese are spc^ci^-
fit^d i ►t i`Alale Ir These fttttngs aae^ citlter a atrial! reelect
or ,yo wt•^ight ayrCem to to ►nhio tltu e^xpe^ndc^d third s4Age
air©tor ai44^1^ ^ts:ecree^^t`ftft sc`lturaticttr to prc^ciude itossihh^
t11Qt^r 4)ut^aabi►t^ frUttt aCCei4aratitlg it h,4C? tlt^ spACC^aralt,
Also available Is a yo•-yo wc^it rht de'apitr ;^ysten, whlab coil
deapin the Cltird ^tage •^ a ►td sltacc#eruct ^<otnitittatiott prior
to spacecraft sz^paration. AttACh fittinl;s in^^luck^ timer as-
se^mhli^^s, hattf.^ry, anf! d^^Ifly aciuil^a s^^^tc^h^;s» ^'ha 4i ►nc+rs
are initiated by tltc` set;ond sta6;ca pt'oi;^`tttrrtrrct^` Acrd t.`ut, on
ntcaltanical c ►tc^l`gy until reacitlnl; a pre^deke^rn,inc`cl time
to firs the spacs^craft t^e^harat^ton clattlp^»Ltancl bolt c^uttcars,
'1'iVp St;cAnfif^ IAtC'1' 411E' selutla BSVitCh4'^ ittitiat^'. A an,tlll
reelect or y ►2 weit;^ht to teunhle the c^xlaettde^d third stage
tttote r ^

'i'altic^ 1
Aeltft Standard. Attucil T^'itting•s

"pacecl`Al't
Interface flQight Weti;•ht* T^^lt. t^uAllflc^d

rest
Thausf► ltd

l^iattteter, Tr►ches Founds Dn DollarsInches

1.8 9.8 2•l crl^:c^5 Se`rte^s 2t;

20 30 ^^ lntetsat II Series ^8

2u 12 26.6 Ttticalbat IIl Sericas^•1

37 31 ^61. a 'i'IRO5 11'I Sc^rlc^s 30

^^Includes electrical systeuts t'or^ separation fl ►t^l 4umhlea

The spaccerflL•t fatrittg• is ftbesrg'lft5s, and construc;trcl
in two half-slteJls that are brought up at^oltnd thr a sl^ace-
c^rflft laterally and cslamitrd togc.^tltcr by tltrec^ strap ab-
scmblies that arcs rclt,;ast^d itt fli^'lt4 ley e^plosivt^ bolts.
Spring cartridges thrust the half-shells laterally and
pivots at the base of the fairing cause: the shells to ro4ate
rearwards and ^cic^at' of the velticle:^ (rigurc 2). Normally
the fairing is jettisoned wii•hitt a La 20 seconds at'Ler
second stage start. t'airittg• jettison time is dictated by
the free molecular heating rate that can tae: toleraCe:d by
the sI>anacraft. Normally th4 ltoatin^ t`atr: is hrtld below
0.1 BTi?/ft^-sec, or ahotttequivairnt to the solar treating
rate 4o the spacecraft. Aerodynamic heating of the fair-
ing• is controlled. lay application oi' ablative, materials to
hold the fairing internal s -mpera.ture to !screw %600°F,
This plecludes any possibility of spacecraft contaminfl-
lion. front oui^;assing of tire: ftbet.`glass lihenolic.

Access ports through rho fairing are provided at tllc^
loco*tons that meet theneecls of the vehicle !leer. The

• ,.
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7^'Igttrc^ ^.t. ^fJeltTl T^"l[l;'ht Srtiuc^nt^c^ (Tf ^Isvt^ntti I'tTl^ Tt

5ytlt^hroll^us "1'r gnsfer Mla^sit>n

^tTtunr•hcd ProllT ]^;:C.lt^ tai? an u2i111uth of T^^ tk^^f;rt+t a s^ Tlu^
I^Itc^h hro^raTn c:+^tlsir^l;:; cif five (iiscrete i'irst ,^t•^^agt^ iTitt^lT
rates, twn secarttl stz7^« alter; (Inrl It ctlllst .ITh;tse^ rate
'1.'hc^ first ttrttl se^e;rand ^f.agc^s hltvc^ Ltsufl'ie;icmt ITCI^I'orinali^:c
ttl eTtt^^^y thc^ third ^TC^t;'e^ nssaTnl>ly^ rota tarhit, so at`t(^r
serontl stage clnl;'lne c:ut-ofl' thc^ stltf;'c^ ct^TtbtS In (^, T^uh^-
orllitltl tallillt-ic;ltl tt'Tr^(Ic;tCtiT'^ to 1T hTAlnt: ^Tlst rlhorG c^I the

eciuTttar ^t^lTer(a third stake spin^tlp, tlehTtl^TttitTlt aTld ihni-^
lion oclt:ut^, Thc^ thi.T'd stage htt^rns gut ellrectly wt^t^ flit:
eyttat^T^ at un al^:itude of 1.30 tl.m., all iTTC^r•^ial llt^itt taath
altgl€^ of rtlro clra;'rt^r^s, aid with sufifiei^^nt vt,locity ttl
coast the sl3acceral't to tTli altitude oil' ;1.9,100 II.IIT, oil 1•ht:

oi^^hosite Side+ al' tlt^ earth sc) that fITC, line of ltpsltles lit^ls
Ill tl^e equata^°Ial 1^11tnc! to f^e^^^Init Cite ^ flltcrcr(.tft ahr^gec
motor to ^^otate; the transfer orhltal hlT^ne Into this critta,-
tarfal plane as pa><^t ^L the: r^ircularization rT ► linotiver, It'
^it Wt^rTr noL i't^^^ the 1.2an^i ;'aaietyconstraiut of lceeiailtl;•

frkt^; tzl^llucL of lh^{ r^rc^^ntl rGiLr^^c+ nfF ^t AF^^I^^i^t thc^ ^^^hl^^lc

t^^ttld hitt^^e^ itl^(attt; iIQ ^>,o^^^ l^ountlu o^ ullueee^^u[t llit^ t^^^hik.
^^►'lutd^ •̂i>wttT lhis^ t^^ohu6^•alttt TkR 1^u earl 111,^CTCL TRu ll^uttclu ^^

^uyloni^ into this uync^lt^°^^n^tt^ l^•^ ►t^^^^r ^^^1^1^ cic.^urrib^^l,

0^^/*t -=	 t	 _^ ^	 e	 _^
26	 34	 3A	 38	 42

INEF^TIAL VCLOCI'tY, TIIt^t^SANh FEi^t PER Slt^`UNp

I^ lluT^c^ 5. ^'h.ut^ltctc^Tl^l(^t1c Vclloeity [ar 1)c+lt(t {Aic^drl it't)

I >ttyl(tu(1 wt^llr;^ht vr^ t^h(Irl ► t^fc^t^fstlt^ int^rtial vt^ltlri^^^ fl^r
1)e•lttt l l^(±T11 1:'f'lt ttlTtl ti"1'It ^ts Hhot4^11 ill I^'ii,ur(^ h. lau^^lTfTld
wri^'ht Illt'•htt^l'ki tltt^ :^llact^t^rul^t at4E ►^;. ClCtllTi;- end :^IlTlt^t^.^
t^rt ► ft^ 'fltta I^t^t^l'Ul^nttult^t^ ahown do(^a ItTSt llles.^.ltlt' eultt;i(lc^r
TtticlTtb Ic^t' itTtlt^;'CI 5(Tf'(^Gy^,

Tltc^ IIIJt^t^ti(ITl uceura+ay of ^)PltTl tki stT^tTlll;ly dt^fu^n(f(^Ilt

xytl tht Y tT^n^erfory I)r(^Cilt^R '^'hct sinR,^lr^ 1t^rl;'est InSe^ett^n <:^,^
roll sonr,^e^ is Cltt^ Eml;tllded, sh[n-stathlllzt^(a tltfrd ^^ru^;^e.

N^^ut^l^^ twtT tlTtt^cLS t^f^ tlT^^ t^t^rok^s 1^1 ilt^t^clattn vula^^ity luT(l
(tttittldt' TIrT' i'(tUkiCtl I)^' (^Ih 1 1('rtii^Tl^ ill thC' Il1C1fUr tGta^, lltt'^

InTlse all(I lute^t^Ttl t^ fl1^^I'f lrlllault;t^n Ttl7ltliet^i during;• 5e^11(tr(t-^
t1 ►^1T I`,ron1 the seeoTtd stal;t^ ttttd ut In(aGor Ii;'nitiun. 'J'^y^Ita.c+t411,y
thcr hJ llcsr^:rnt Irrs^lT^►iTility ^1[slu^r^lalls i.'t^r a Tuarninul 13t)
iT.Til^ by Z.^,^t)^ IT.IiI^ :i^i1e,lTi't]ilt3kl€i t^ai^^;ftz T' tT'Tt^E.'.e'ti)T'S" 1^

fiITON'q 1.11 "J'tlhlt^ ^^,

'i'ttl^lt^ lI
Synrhl^trrttxts 'Ct^tutsfe^r ^)t^llit f)itll^(^ ► 'sions

hl^rtullett^l^ No.rttfll(tf
I)S) 1%	 I^^^IthT^hlt+

i)Ispc^rsT^lt

^AI'(A^'ee? Alti.tWd(^, It,ltt^ iJ,^ii)0 t;)00

I ^eril;'t^c^	 AJtitttde, It,ll'1, t,30 t30

C,)1'l^tt L^erfod, :minutes (i,i^3 t ^3I.

(^rhft 1^4ca^ltfrir„it;y 0.'7i3 10.01,

Urhit	 nclintttfon, taegrtles ^3^3 10,70

f^LSpitca that these ciisi^c^:rsi^1^IM Ttl^lptlar large iC sll^nll(1
lae re^nerabei^ed that since n synchr,ont^u3 catnTllunicsttions

sltt:el^liCe must c(trry u p^rot^ulsion ^;,ysten^ 1'^T' siatioTl lta^lp^
ug• the penaLCy p(iid ill ndtti.tionttl p^.^crl yeZlallt to tt^ia;t out

injection error. s :Is s ►nall,

C,:, 1 '̂lIl;'ht ^nvil^gnmc^nt

7.'hc; T^11ace:craFt t;nvironmenC is t;sttn>zte^d 1'r^tn previous
flight mettsurt:mE^ntl^, 7'he nelta et.^itical environmental
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i nputs to thQ epaoecraft ig oxpaot®d to be stseentially

id+^nttanl to pt•aviaus modcrle, with the ^x^^ptia>1 a^ th©
last thil'ty eecande aC the lorr{f tank Tiior beast fl{g^rt. At
this time and ltit-aff the epaaecraft i^r eubteatcrd to the
most sevtrrt'e lateral and langttudirral einusaidal vibrattan
tit►t may ap{arsrcinbly lead fire spnacraraft structure
dyns►nricully. At the time Ure vohtele leaves fire l^uucir
pins and urnUtlicale etmultaneously retract at etar;iana
atang the ic^ngtkr of the velriclo^ the epaeeoraft aan ax^
parte.nce a maximum of :r 2.0 ^, xera- ta -peals ((^^1^j err
the vebicte^ lati•^."al xnadr+l fa^'aquancies (2 to 1G twl^^}.
Superinlpaeed at this time ie a .^3.0 g (4)-Pj longitudinal
13 rpe asciiialian. Tti^^^^•^ carnbineti lift-oi'f oecillsrtt^rns
typically last for two to fivQ seconds wtt}r the pea^lc rre-
ceicration lastin{; errs to twa cycles. '1'irK^ last tlrir^;^
secandr3 of fkr'et surge flight the! Thor cxhtk^its n 20 cps
' ►gaga" longitudinal ascillatian thatbuiids-rri) to ^^ b^ (t^^t'j
mt the time: tier steady state langitudirrzl ncrs;4lt?watian has
reached abc^rrt 0.^ ^. The trrnximum ftrst rn:,^{;e steady
stage a4ceiesration oi` S g's is the Iri{;hc^st tnrposed oz1
spacecrafts wc^tr;hing 1000 pounds ar gr^c+rrtar, It'ar iillitc^^'
spaaee^"aft tlr^s nitrxirn^un steady stage a^caluaratian is dta-
tated key the `1't;^3t;^i-3 lhtrd stage an41 r'^:rtcires 1r; {;, 'H for'
rr ; t)0 i)c>t;ncl sirncecr.•miL.

^1k^ove 30 ck^s no al)preciablo (less than 0.2 g) sinosoidai
vibrr^tian is {n^esonl. 12€urclorra vibration rneasur. •ed al th^^
third stage attach fitting and spa^;ecx R ail, hcrwc^var.• , slrot^^
po^var spectrum densities between 0.001 nn^^ O.00u g''t^21
^;ps fr."c)n^ 20 oi^s to ^OOU ck^s in hatli lato^•tll and long^ituc^:-
nal,nxes, The pr.•irreipal source oC randanr tx^"c^^lc^ration is
boundary Iaycr turbulence aver t!re Cairtng anti the reverse
slo{x of the second stagQ guidanuo eonrpurtrnent that ex-
ciles Uhc^ structures and feeds up thr"ougir llrer third stage
assembly to thcr hasty of the spacecraft. Acoustical exc^i-
fallen oleo contributNS to the randan^ it + ^•ols tr';^pc"ri,^noc^d.

At lift-off mod transonic the avcralt ac;otrstical level
inside the fmirinl;^ is uk)praxirnatr^ty 1^l () dl) (reCereuoed to
0,00(12 dyne;/em 2) .from 37.11 to i)u00 cps. ^"hLSG lE:vcris
are i)rc^sc:nt for about ] 0 stwrartds at liftoff ttnd trgain for
about 15 seconds at transonic.

D. Siaacus^^r^r^tt Inte^;^r^rlion,lX.aunch Uperations

Dc:firritiou oC )^eztol'mmnce capal)ilities, flit;^ht events,
orbital ac;ettrrr^:it:s, vc:bicle inttarfaces, and launch. opor-
aliens Cor patcntial vehicle users starts as soo;^ as lire
concept of the mission is outlined. This i.n ,some in-
stances has been two and three years in advance of .actual
mission corrrrnilment. '.Chic advanced and continued ao-
ordinaton while developing mission specifications pro-
^^idss visiF^ikil^, to Loth the Spacecraft and Delta Protect

drat nar'rTrally ruvranl$ cam{aatiiaklity pralaidrrr ar•Qas bcrfarra
final clefinittan of thin epaeeer^aft rrnri valric•le tnte,rfacee,
In g^n^r^l, hawav +ar, veiriala planntng for n+^w rnieetane
fallaw the pattern nutlinecl trr Tni)le III arrd stir°t^ niraut n
yQar prtar to la^unetx (^-52 weeks) wharf thcr Spaaecraft
l?raJeat pravtdee a detirritian at this preliminary epaca-
craft canfYgurstian, mace pro{)arttee and trrrtactary and.
arbitai rec{utrements Car preltmina^^y vuhtcle partar»tense+
evaluatian analysis. A preliminary traJcretUry with at^-
tendant intccttan crrror sktrdies and. tharrrrai studicr3 is
cam{yletad wltlrirr eight week. ^'^tth brie vteability the
Delta. I'ratc^ct and tare Sgaeaeraft Protect faintly develop
a ,tletail Mieeian i7elinittan spo^ifieatiarr (1^-130j that In-
c;luttes euclr constraints ms r3l^acacr'art arbttal ltfc•tinic:,
agagec: and p^ex"tf;eo altitude. ar,d gsraee ►•rtrta locattQn, par-
rnisstk)ie^ tnte^ettan erraxs, intecttan attttudo orit3ntttti4n,
taun^^h ^vindaw erttt3rkrr, tracking and data r•c'triaval r,^-
ctuirementa, si)aeeeraft mass i)rogc:rties, mrtu all ^tirer•
data n^^cr^ssary Coy' tire: greharatic^n oC a r•efererrca tratee-
tat^y €rod detailed ewer nrralysis^

Table lII

I•'lile^stonir hravided Ley
tVc^c;lts I}r'tc)^•

to ^auncir
(lea- ^'^reelCa)

l^r^c# limnn^.•y,Mission Spacecraft 62
I)efi.nttian Prot^et

Pr^r^lirnincrr."y Tra}cct4x'y, Volta ^l^
ir^ror and `1'hc:rrnal
scudiNs

1)cicil Mission Spacecraft .39
Definition. ProtQCt

I^'ata^inh', S/C to I3loc.lc- Sgacccrafl 35
house VV'irng, and Project
S^:paration At:grrenci~
Requirements

Spacecraft Thermal Spaccc:raft 30
Input Constraints Protect

ivTission Itt;ferc^nce Tra- Delta 35
tcrc:tory and F ►•eiimin-
ary Arbital lrrror
Analysis

S/(^ Rl^ Charactorist;ir•s Spacecraft 2d
and. Shin Rata Re- Prefect
quirenrents

1' Intrl Mission I:;rror llelta 23
analysis

Vehicle/Spacecraft Delta 20
Gornl)atibilily Drawing

Compatibility I'it Chec:l^ Delta 1G
of S/C and Vehicle In-
t^:rfmce

T'inal Thermal and I^^air -^ Delta 143
ing Drop TiiYae Analysis

Spacecraft handling flan Delta & S/C; 8
and Countdown 7.'as{cs project

Sl7acics occurs at main engine start, thrust augmenta-
lon solid motors i;riition noel jettison., strrg'ing, fa.ix^ink
tcltison, arrd sl)acecraft senaxuLion from the eKpr~ndod
tltircf stai;c. Igor three stage; Della, cutt^lnb^ the bolts to
sGlrar'ate the spacr;ir.^afl Crone the exi)ondod thiY^d slagt^

•	 irupo:^e.^ the roost scwc^re ^l^ock sgecli'um on the. sl)acc-^
cr"^rl'l. 'i"ho third slai,^c^ naotcr and. sl^r)n trrhlo asscanbly act
to ab5ori) thc^ hi^,!r Crt?quent^y csxt^itation Erato o1:ht:r sourt:es.
Gutting th^^ stsl)at'ation bolls resells in F yn eslimatc^d slrocl^
spoc^irurn t:quivalc^nL to 4t one-hall' mill!sc^ccrnd, iG00 ^; teY^-
rr^inal, peals saw tooth input.
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^`nlalt: iii. (Cantinuoclj

Wcrtka ^ztar
Miiastont^ T^ravldod icy to Launch

S/ta 1)olivnry at ^unclz 9pnpdcroCt li
Tito l^rajoot

S/C Mated to Vtliitalo Acltn 1 -2

^^'inal w^i^ht,^ Lelta i

Taaunoli l?olta 0

'1'lia liefarent;a `i'xuJoataz•,v ie pz^ovldecl to tltc^ Slyaoe-
cz^aft i'ra^ar.i- eight wecics latt3z' (i.-3 ^) and int^ludea all
the tt;chnical data daftnin^ t}i^^ C1It;}zt ttza^ia, ao^t^c^ ►^u^ aC
flight Avents, vehicle w^:ig}its and prapulstan ey+^tt^nx
charaotezistice. Tabulatlrant^ of CrajGCtary ^ara^nett.^rs,
^valgbt liistary, z•AClar leak anglos, and nstaatnnc^nus im-
pact laei az•r3 p^.^ovidecl togethc^z,; wttlt a p^^eliztzinaz^y analy-
sis of the exneetec! dispcyzeians in o rbital ,aaz•atnc^tt^rs.
Find}. dc^,initian at the• mr^imu^na grid minitzztzitz alla^^xablc^
spin ratE^, spac^earal't 12I^' r^ystc'ms, and }aertiiiselbic^ in-
flig}tt thez• inAl U^puts az•c px•avtded lay '[,-'^^ weeks. A [ual
scald c:amiaatibility dr^twin^; laascjd an the Spaceaz^aft
1ara^eat's Cinal configuration drawings is pz•c:paz•c^ci t^or-
rnally at r^-20 ^vnolis. 'I'hie drawini r is l^z^ii^zarily to si^aw
all cic^az•ancc iootwean tbc; spacecraft and fairinb, Attat;}t

fitting„ and tl►ird etaf;a motor.• and locAtcx the arientatian
of gutlt Cetttures ns trail}ai.liaAl cannet7tors, sac^c^ss ports
thrdt^glt the faiz.^ing, attd any special interfact^ ^vi^ri^^g b^c^
twecn tlza attach Iittini; and. epaac^cz^aft. ^# liarciw^trt3 cam-
patiblity fit check is conducted, when retluired, shout
fc^ttr weeks lattar (L.,1G) with third eta^'e flll;ht hardtivarc;
and the lazatatypo ar flight sraCeci^aft. A Spaac^ar.Aft
Iiattdlinl; flan is Jointly dt^velaltt:d and fiaalltir^r} A}^t^u'►
1,•^b weck:^ and. desGrihcgs all hazardous systc;i7is, space-
s^raft ±eNt lzz^aaedur4 a , :ind dntAilo pt•e-^lsttrc;}z wax•'n
sahc^r}ulGr;. `i`ypically tlrc^ sla^ ►ccc^.•aft tt^ra.°fv^^s at tl^t; launch
site thret^ Svc;ulcs befox •c^ launch #tad is built^uia 4n tlto tl^i^•ci
stage ^y^ot:o^ • ttbscnnlaly the fallo^arittl; rvc^t,k ant} nzatt^d to
the vebialo on the pad one to to+a wc^elcs ia^fare launt;li far
RZ^'l testing with thc^ vt^hialc atld 11ang'e Iih' syFtt,lt^s,
1^ final waighls arcs titlxtteci to Brim the iYnal trA.)c^ctaa,v anti
radio-i;'uidancr. band-set pA^^Ametcrs tht^ week iac^ft?rc^
launait.

Thy spacecraft must lac! staticly and dynata^ically bal-^
ancad prior to reaoilat at the launch slat. The allowalalc^
spacc^t:raft center-oi'-gravity offset and p^.•inciz^al tu,;is
msali^,tttnr,nt is O.OI a inclacs a ►td 0,0(12 ^.•adians, rasl)c^c^
t vely. 1^'o^j• ^zlssions whc^rc^ injt yation attitude is txtrc^mely
az.^iticral for mission success s thi^.^d atai;o Assexuhly cot^t^-
positc^ s}yin balttnc^ is conduat^d at the launch situ.

The Delta rival launch countd gwn is spaced over t}u•c;e
days. Spacecraft And vehicle checkout ax •t' interspersed
throughout this period anti aro srheduleci to cac:ommodate
sl^aac^araft shoe}taut x^equirc^ments. If nc^cc;5sary complate
ac;cc:ss to the slaat+aarai.'i: tau facj provdded up to tour hours
prig to lift-off, though noz^mally the fairin6r is installed.
z3bout 12 to 1Fi hours tjrior to launch. Provisions to aon-
tinttously pawGr anal monitor thc^ slaac^caraft from. the
blockhouse is }provided through tho ^+ehicle wiring,

i,auntrhee aCt the eamQ load ^t 1^'Pii cwt ^ provido^ an
throo week o^ontore. A cailo^-u^ 1NUnch can.. bo mado on
ilU clays ►zatieo at no tnaxo^uo in lutnah costs prov^dad It
ie ayt idonticai miuetan, mioetan poctall^is hardwaro (^t-
taco fitting, otc.) hnvo loon l^ravlatod rind thu launch ^laoa
not imlaact anathor echodul^d. mieeian. Crtll-up ttmc^ may
btu racluc^ed to t30 clays at a tact aC about $100,t1t14 far Cao^
tQty a^trl launch checkout avoz•timo ar to Otl cSaye, pziavldcd
thc^ rc^lSicic^ I^AS btzon praviaualy eonflgtu^Q^l Car thr^ miseian
^tnd completed f^actoly checkout in anticipitttan a[ t^Kli-un.
Tho 30 day option, ltawevar^ z'eciutros aom,nitntont aC about
$176,000 of non-rnct^vcrable Lunde iC call »ul^ ie not cxtaz•-
cieod. D^tsr^d an pAet oxpc^rioncc Ott E'Cit flit pziobsbility
af. launching Its n ^vindaw 16 coaa^ida wido on ^ ► ^tven cloy
to t;i; laeracnt. 'l'ltti pz'blal^ility ftaz• a thirty minutt^ launt;h
wlndaev, typical toz^ a ayt^ulsi}onaua t^^nnaCaz^ miaaton ► is
^2 pe^^'cent.

^. CUSt

',C}ze t~ost aC a 1')t^Ita launch. Crarrt 1:^`I'ti toddy avoz•ag^+s
a}gout $4.0 million, Thls Inaludoc► hardware, tr^t^uc^toz°Y
sQftwaxe, slaac^eeraCt integration, launch and z•Ang'o support
^ei^viccs, and I^IASA administrtitivo charges. A bz•eakdawn
is pravidud in 'i'Ablc* iV, and is based ^an ^,c^tual ar ssti^»
mated cxpenseA billed to autsida ngc,n^cy uac^re such as
>rsS,A, Lamest, .u^^ l^a^it^ far reinzlau'^•eement to Iti^ASA.

Table 1V
1)eltA Launch Casts (:19ti81

Initial
Lauriah

Foilaw-on
1"^aunah

(Thuttsand nallars)
.^.^..^..,...vy, ^..,^..rw.....^,..4.^..,,.^,.^..«.,^.

itax•clwttrc^
]rust Stag'o $1,^CiU $1,200
S4?c,^rnd utA^'c3 & J^'nix"ln^' 1,Oa^ 1,Oa0

n'ht^•d st^^e i)o ^o
Attai;lt fltttt^; l3C a0

l.auncli St;rvic,c^h
Saftwaz^c^

iJottgias to ^0 400
WC'^4 ^Q $()

Vehielo Chc^cicaut
Production Araa 170 1G0
l,auitah ^Sita (fpU 520

I.cunali Subpart
i7an^^e* 200 200
^trrca fi0 60

'1't^ctnfipot^tatfnr^, 10 1,0
Prapellsuttr^ 30 30

NASIi tldniinist^^ativc G}iarg'as 100 1.00

$4,270 $x,870

*Iati^matc^d minimum cost. itange txacking ctnd data ac^
quisitian da}^enclent on spaat;crat data ragttixements.

Since t}fie laebinnin6^ of firs nelta program launch costs
havo increased (rota shout $2.b million to tlie,$4.0 mil-
lion fig'ttre, yet laayload into synchrottaus transttax; has in-^
ax^r^ased from shout ll;?l pounds to 'l8^ pounds as `shown.

•. ,_	 . ,, ,.
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I^^t^ll^"t° ti, I^1'ltl^ ^'G1At I:IF't^t'ttV^.` Ftt^3Cul'y

In ^'il;u^^ta rl, Thc^ nc^t t`ust tat^^k l»a^^nd to synciu^onetlr^ tran^^
tt±^° tax.htt tht^n hu$ dt^oa^c^as^^fi.t fx°^^^^ ^^R,t^tIC t p ^C3,1tlfl^ '1't^trt
l^t^tu^*y vl' c^u^C c^l'f^ctivcs ^^°uwth ^^^^;a^^tl^r^ntc^^l by ^ rtc^morr^
r^t^^^t=^d flight rult^at,iltt^° ^l' f)i; p^^^^^'^nt t^tG^:et^ tQ tlac^ lan^► nd^
nt^ss of TJcFtta's nRF^^^^seti to ta^'o^luc^t Itntarovement^

Ttac^ Inc y°ense in cost of T)t+Ita tats brren larintataalltir in
tha first alttl Chlrtl stAi;t^ i^tt>•ctwart°, ^^°c^ond sttti;c^ hay►°d^
ware Bests whitai inelud^^s sFalntnFalt^, anti fstt^lnl;;° lar^vr^
aettlallti° dt;eronsed sllRhtly rteslaite inCiatian and utat^atin^s
of tine v^+hiel^ ^^w^t^m^ nn^l F^e^^f^>r^lna^^cc^ ^aF^ai^itity, I^^^Ilis;l^
sc^°viet^s cods havt^ c!seal^ttc^d r^lowl,^. t^G y^t^n thix l")t^lta
ta4t^aeta c^aiat^taility nt V4^'i`lt ^^^as ivaul;uratc^tC In 9 F1Gi; the ia^^e-
pnd v^^htete t;l^c^ekout tantt ^^rlssiolti I^t-'tzuliar. niotlifi^ratlra^a
work wus ^htft^t?tt .fxuraa tltc^ laur^4+1^ siic° bstcte to tht^ tarodue-
tla^a iala^tt^ 'Phis ^^c^duc^t^d fac°6s»^44 ^^ilcl 1tt^sn^^h chr^^l;^^^^+.
casts eui'fic;fentl^^ tta nt^arty ^aittkt^•^uh the addad hosts of
t^ustai^ainl;^ a ln^tnch t^aht^lattlty sit 1^otlf h'i`;^ ttnct ^^'1"Ct, tl^
ucidtttou tlai^ s^hla^°^aul^ p^^x^^raila ^;r^^^^^Cr^x^ t'lc^xtbiiity u^^r1
L't^stt°r ra+st^onst^ tea call^^it^ nris^;tan: ► a^° List n^^Iuut^^ st^hc^^l-
ttic^ chanl;t^t;°

ha^^ luclnchcas c,u^^ductG^tt lsar tu^tt^lt.lr ^avt^rmnt^t^t t^^•t^ra^
ci^^t^ niad t7rl.vato lndusti°y, Idt^ntlfl^tF^tc° ls^urac^la st^^wi^^t^
ehart;e^ ara se^'rc^i;•ntc^d anal chl^r^;tt^t dircrc^i.ly .tt; •nlust th^^
^t^isstoal ° lndl.rcc^t ^^^^ t^a^;C twat ids°^^ttitYahit^ to a p^^c^w^liaa^

rni^^slota arty proratett na^t^iaaall^ avcal^ tltc^ ditrntian of a
Inu^t^;b ^^^ ►^^°vtt^c^s c^r^ntrnc^t ur ^ nuntht^r of ^^^ = Ittt la^ua^^cl^t„s

^^ntl aUacatt^^t at:eorr^lnl;•1^.

lli. °i'Itca lJlat^t^t^.^d Delta T,^cunt^h Vat^Fcic^

lelta is l^^cu^c±ht^ik• nc^a^^ly Fifty t^^^tir^t^c^lat of NASA's rt^a^
munnc^d st^ucc^crat:t c^at•li ,year and is l:ht^ tanly vehirita pri-

vr^tc ii,dustrY has ^h^i g far selcetcd as t^ronanatt;ally suit-
ahlta t't^r t:omniG^x^taal u^+c^ ° ^'hc^ ^^rsllF^hltlty ^md enst
^'l^f(^^tiY4^ t1iF^tOry ai • l3t^ita ls, t)i tt1^^ 13^r,^t;•c° ianxt, attriiiut€^lalo
to the tt^c°l^nic,sal at^hz •taat;h Cnlc^n ai Chtia outset; of thc^ Rr^►^xa^n
^uul sail"L a^lhec^ed to taday« '.C'his Etlala^^ta^^cit i^ to use c^uxrc^l^l
tach^aolo^•y turd Clil;• Iat har;°a^^t^n c^a^^iaF^anc^^aCh ti^hrs^xevcar laosr
sibic^. 7'I^e rt^suttr^nt vc+hiett^ is ntar ►nally hc^av;^ lout ehr^an,
and has a high iarotaEftaility taf IaerF'or^x^;tnF; • ^^c^lac^rttuf^l^r .and
rc^liabry fa^orn the. uut^rt^t^ °l'hce t^c^olaasc^tl ncaxl, cwaiutionary
tiiarutini;• aC l.T^^lta i t^tanslsttant wJttt this tatast iaattern of
chnnl;•e.

tit+VCrnl l>< ^`>^Itf^ t)f utax^ttttt^yt tti4^ cat^^tt^t.itt^ c►i llt^ltN ut^rc°
inv^^^tigstect. 'i'ttt+ t>rilt^nr y tl{°a► t^rTe ^etc^t°tien +^t°itc°rta^. KITH
tt7 meet the inerc .^a;^c t! energy rtict^trc^lnc^l3t^ c^nrrl^tonc^^l tay
NASA €^t the Iowel^t t^o€iisttale ec^^t anti rit^tt ^^=tthout ^°^^.,^^
}aren^^t+^ et' ik^tti^ ► '^ r^liabtitty rc+corgi. Thc# r+^^ult^ oaf tisc^
rat^^^y, wtatcla wa>^ c^liducte4l t^^^ the ^eltsa^ ^fll^+^ ^^ tits+ ^^-
T^nl^ell»Ikaugl^► ^ ^"orp4^•ntta^n t^ncit^tt NASA: l^^ndin^, ^ho^^^
tttllt; 1t t^^[1r^l^t'n^^1X^'^'l'i1 H^'4^'tallt^t l^td^t;4' rt't)itl^'t^ ►11N1^1F ^^?^' tht;
cut^t^c°rti ^t^^^i►t^l^^ t^r^r^t^^^lr^^at ^^^^.^^r^^l r^tny^^# tai°^t ^xTr°^;tK th,.
^^^itc°rt^^ I't^^l^^<^ ^i ^t^^^^^^ tt^^^ c°^^^t ^°tt^°c°ttv^ k tl^.^^,^c;^^tt^r
thc° ^t^i^ntc°tt lk^itlt^ `l'i^i^ t;rot^u^t°tl ^tc.'^t t•k°4^luttui^ of 1)^^it^.
tt^ etc°sc°^^tta^sl toi;t a thc^r watt ttt^ t^t^t°1^r^^°r^tsirlc°^ F ^att^i t^r^^C.

^^ "^'^'"'	 a ^iRtFST
"^+	 AtJtaMENTATIflN

t)XI(71ZER	 Tt1lt^ttQl flASTt^R
^ GU1DANt'E TANK INTFR,FAt3F	 ^

5G'Lit^ M^TCaR
SLwTiON	 iLt1 ?I ^ SEt'TIC)N	 ^^ PI At;E^} ENGINE

SPACECRAFT FUEL TANK ^ ^ FIi3^T ^',TAQLATTACH	 OFF 2t	 / GUIpANCE ^LQYIQN ^ ^' jQTIQN
FIITIN^̂G 	! 	 f

i	 INTERNAL ^	 ` CENTER
SPAClzCRAFT^INSULATIUN pRATT AND	 SObY	 RCICKF 17YNE

FAIRING TFilf^t) STAGE	 WHITNEY SECTION	 MAIN

,THIOKOL	 ^	 RL1QA 3 .3 FUEL	 OXIDIZER	 ENGINE
TANK

TE 36^5•A MOTOR ,p	 ENGINE TANK
iRJ•it	 t(^Q 2t

tiYQl?(TGENlOXYGLN FIRST STAGE
SECOND STAGE CHOSSt

i^'iRu^°^ 7, L^^ ^ rtted i)t^lttt {l^i^t>Faa^+^°tl)

A. 'Vt^lti^at^ lat^serliatlu ►a

'i'Itt^ ttYrc°^° stt^l;;^^ T11^^°ntc^tt l?t,^ittc ,^t^owli ire i°'FF,u^°^^ 7 i^
c^o^^tl^osed of tic' hr^4^^ac°n^ l^^atu t'i^^^t and 1Fli a^^1 ^L€^F;c°t^ ^^ud
falrilii;° wltla anticitatttcct i^nt^rave^a^c^nts, Intt^^t^titt^d 1^'itla ^^
tIL^1V ltf,'llltt FC4 •tt.l°UL r̂(^I^lf^Jt^ r̂!'IL 4t^t+CljZ^ ^I;!^^^ ^tlr^+^i?^^ `i^tlt^
tcatstl vt3ltitaFc,^ atan^is 1^1, feet, ^tieii;lis ::7^i,Ut)t) Ilan ° t1t lli•t-
aff mitt Fs a e^^nhtlant el^;ht 1'c;^^C in cliunts^t^°a^ l^sa llt^° ter}^ c^i'
tlac^ lFC7^S wtu^a°e it ttc^r?rc^ttscas to tr. ftvc 1~t^et diaaaat^tt^r tra ^oi^^
tht^ t^tlra • t^►at l)t^ltil shkaec°crul^t CaiY^i^^i;^, slain^t^ttal^^ t^.ntt thit°tt
sta^^.^ nuatar nssc^mbly ° °i'he ^'t^hielc+ ttirC^.^simc^ is sc^IC- sul^•^
t^^artinF; tp stla7Falllw 1;'raund Ia^uadllnF;' ttnd dr^;ii; •nc^^l to ^ •̂ith-

sCctnd .aG Perc^cnt f'l'it nntl ^4"^'f.^ ^11^15c^r tiE^itant^C^^^^^ic^ t^°in^l
t.rat.'ilt^s with npnt,^c^^t^nt^r: wt^t^tats ^^1^ to ;^UU11 I^^t^unds .^s a
twta^st;a^^e vt^htt^lt^ anti 3fl0A l^uunds ns ^^. thrc°c^^^tnF;e vc^l^it*,lc^.

'1'tre f^tan^ T^^^ak 'i'I^tar i'i^.^st stai;e etantral, olectricu^l, and
p^Tui^nilsitan systems z^caaaai ya u ►taht^^^^etl ex+CeF^t naw th^^°a In
an tatattuat to use elthey C"s ► ^°et3, t^tx tar nina t;ustcai^ staled
^ntatars nx^ altt;rnr^tely t[rree Aral TIi3 salirls i^^ltts six
('itsttaa.^ salict anuturs 1'a^^ thrust ^tu^;n^cntittic,ia, 'I'1^4 ^'',Il;'at
Iii3 is paresently employed tZS tliU first stat;•e faz• the kraut
vr;hiele. The nine C'ttstar salad a^notor bou^tar conti^ua.°a.-^
t,iun is slrt>wn in I^'i^ua'e 7. Ita this art^rua^ci^a^:^at tha,•et^
naators are i^,ite^t itt' lira-aCC, three ni^Gors ltiroe socoiads
later, rind finally the last set aC t;lirce are i^nl.ted about
;311 seaands inter when the initial six atart to tail-daw ►i in
tiir^ist ° '1'ite multiple solid *Phor is no^v under clGVelt^lnnent
Cur the i)elta I^T(^S sexle^ aC raYlaslans. ^11i aii^ac expended
motors ztre ,̂ ^sttisuned at about `7O sect^nds aCtar litt^oCf.

The 'r^aatorlai thicicnoss of tlae '.t'hr>r engine section,
cente^.^t3ady socttan, anu prraF^eila.nt: t;inks ct^^t: increlsod to
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etaar^^ tlxo lnoroa^^tl loaa^tle t>{ran^ tht^ nino solid mot,al►'s, tho
itonvic^r llt}S^np^z. atn^t^ .end to aoota^t n ton foot dil!>,rnotor
r^laao^vrttft t►tiiring that is to lx^ nclat?tod from tha•?Citnr► IlI
Yt^hlolt^. In aadd#t#onr tho $'til fl1l11oQ at?Qtl4[1 r;atructu^o is rQ1^

de^f^rtod to pravido a o ►arratant ^#ght foot dta><nator Intor-
tattoo ;for tlto I14	 `t'ho^o at><•uoturrtl ahangoa ^ici I.;^IJa
poutxcla to tho tirrlpt atn^a,

l^+raxmt^tr►ontly attaoht^d to tiao top of the Thar gltidatr►ot^
aoatto►* #a a ntno foot long 1ntc^ratnjlr^: that ^ooummoslataa
tho u^tona#un of tlto 1lt^Sd fan,^in^ throat clta ►nbor below
tl^c^ first to scoonl s^tttgo aoiaaratio ►x iaiano. Th#a nc^w
atructurct, l#krr thc^ Thor cc' ►xtexbody} and gukdnn^e ^r?c^t#rJ ►x,
la built on c+aiat#ng tao^tng. Thc^ ^tior unei I[^^SS nz^,^
joined ay tlxrecs c^ac)sl^:'>slvr^ bolt n ►xd nut aaaaex^lbllea cla-
voiopc>d for ilia I,u ►xnz• l.a:curaion Module {#{t^,lYl}, ^'^ ►1 flx,^,.
ink tho ttasenxialica ► tht^ atai;c^a arcs rc^lr^r► uc^rl rrnd pualxc^rl
spurt by six scaring rleturttax^ra. In tlxrera aec^oncls tlxc un-
dine norxlc cit^nr$ tl ► c^ tntc,lutn^s^ ac^s:t#on n ►xcl ^,cy vc.^n ^► c^c,,^

rands I>ttcr tlxt,^ r' ► xjaine #s atttrtc>^l.

"Chta 11t)^^ tyl^li'ir^a3 the "heavy, but t^hr^ ►► i)" 1)c^ltn. du^i^ ►x
ap))rRanch ► Nox,^ ►xxrrily 1C !>c.+x^Cot^ ►nruter_^ to Ixc^nal#xod lay aya-
tom. sitxxplic#ty, rc^lirxbillty, or coat aaatvi ►r^s that rzttouela
tho adopt#n ►t Qf tli^l ► t )xzovc^n hrtrdwrtrr^ o>? tt^c.^lxn#g ►rc+n, lh^^
pondlty is uecc►l;tGCl, Indec+d, I1()SS is zc^ally }Uaa tl ► ri ►x rx
now st^►1;c^, It #^ n nyatr^rn oI the I)e^+t 1'x.'on^ tht^ o#tl ► flil;ht
prove ►i dt^sil;^ns ► tochnirit ►cis ► etnd hardware lro ►» ratlxcr xr^...

hicic^a - n► wly i ►xtr:,^rntc^rl. hrol^cllant tanks fx•o ►)^'1'hor,
hy^z°agotz t€ ►nlc tntc^r^xal inatrlattcxtt 1`ronx tho ^atut + ►x TV, thr^^
l:'rutt a ► xr# 44^x#tr^c►y Itl.=»l0A-^3^5 ran^iixc^ fz^^x ►ix C'^arxtt^ur, «trui
Chc^ ^rrid^uxco, control and 1)ctiril)heral ralectron#cs syatenxs
fi'onx ur<jltn Elm all ;'o ► nk)lned to fornx the riinxl)lc^, xvork-
horse r^ta[;e rilxoxvn 1 ►x 1^ lh^r► re ;^t.
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l:''Ii;'u'rr R. tTpx^rxtc^tl llc^lttz Ilydro^en C)xyj;r^n
br^r^and ^ta^c; {floss)

fiC)^fi !s 3^ Cent lone, c^arrles 20,OG0 i^)uunds oi: iaro^-
pellante, xvith a dry wc^l^ht oi' 3G00 i^)QUnds, can 1)e rc^^
^tax'Cc^sl i ►x sl)rtc'r^, rxnrl is insulated foz• ;x 320t! rr^ac^ond
r;orzst f#i6^ht,

^Ixartexxerl `^lx[^r arol)ul ►.ant tanlc:^ and a 'Thor cr^nlc^r-
I)pfly scr.tir)n 1'r)r ►YI ti1C', fIUS;S C.i(;lxt i'UOi; dia lxlr ! tc^r' ai.x'1'rTrrntc'.
'1`o a^xec:t thry un^'llxc' !)t'Qjlc^llant: inlet prc^ssurc: reriuire-

nxc)xts without use of bc,ost lumps ► us exnj;loyc^d with

Centaur ► the trink^ rsperutrr at u ^vorlting l)ressiure of al)-
l^rra,clxxxately ^it3 i)sia: No teratin.^^ othcx^ tlxan nA )^ ►taszl
jarnclucstiOn ttect►lattxnce^ is necessary Lor the tankr^ rrncl

ct^ntorlaody attet#on. A t^orrtma^n i ►trliclxt^t^d lx twc^t^n thc+
iaiaisullant ttutk^ c;ottld aavc^ about FtD iacru ►l+► a, but #^ not
adafatod bctt::rzu ►^o of coat for nrtw tooling and hf^hor ^o^
purring vohicltt tttt^^ Iaunolt ralact^•ationa osata^, I^or lar^tar
trtiring onvolopo rtstYuix^^tnonta, tlxts r#^idi^y of tho astir
tratx^o p^orinita tutaptlon of tats to►x foot d^ttmotor Titctt'► III
tttiring without t^orxand i^tltgm atruaaturrtl lxc^rirf-up.

Tlxo ttn)aerc^d ^#cln ►act+ and third ata^^ a ►t,3j)Qttt ^truetaiita
toz^wr^a^d of tht3 ltc#utd hyt#rogon tank #a zlc^al^n^^ri to l^c^^m#t
flit;+ curront Tkrlta aeconci rataga gu idaraF. ,, ac► cttran {T'#hurts I} ►
eontnin ln^r nll guitlttnct^, s:ontroi, lao^-cr, ruta.}Ic+ atxfr • ty and
Tti^` nyatcizTa, to alfijx clown. #na#cis #t, `#'h#a apj^ruach x^stn;ina
tl ►r^ #clouticttl aiaintalai^a And fair#ng atz^ttc^tui{tt# #ntc^rl"nct^4a,
laut >^enalixca atngc ► wc^#kl► t nt)ortC tlt? potuxda. '^'lx#a nc^^v
titructurr^ #n to lacy atat#ctdly load tt.•^tc^d.

^^Ixe filaer r+^ # ►tforc^eci i)nlyurr^tl ► r^nc^^ lnau.lntion for tl ► c
^ntcrrrx IV hydrt^^c^n tram. xr^ar ► tirwt^ltapr^ ► [ 1)y 1^uu^lA+^ Atr-
crnft ^ornpany uain^ n'1°i^ox^ j)z^s^I)c.^llnnt tank. ^^innufaci:ur^
in6 nncl 1 ► roc^c^atil ►x^ i)rr^r4}rlur4^^ urc^ ttvttlltrl)Ic= fir) tliut t ► o
tc^sti ►xg #^ rxk..r_ansar,V other thr►n th^^r ►nal ^ur^•r^,^^r^ duz=l^x^;
tunlcing c►►xcl rxtf ► tic test fiz'iz►gs r)f thc^ total 1)z'o!)trlritr^rx ^y^.
tc^ ►n. I ►xtrix^r ► rti inaulc ► t#a ►t i€r hc^nvic^z^ rrnd lr a ^tts ►^ttir'i ► a nt tlxrr ►x
tl► t' c^^ectnl)lc^ :^actc^ rnal #nsulatian jrttnc+la unrv'rl c,n 'c^axtaut^,
h ►!t coat, uixixl)lic^lt+^^ and fi#^ht rralialalilty rliettxtr°ri itai u^rk.

Tl ► cx to ►;'l)rjl)uml) fed l^l^-Ltlt1^'3^;1 c+unlne ric^t^c^Ini)x li,t► iJla
po►r ►►ds of thrust and I<<^. 1'1!);lxt jarrsvt n r>n C`cntr ►ur and Saturn
IV. 'yK,^atfiiag is li ►>iltc^d G^. ^raxvev Ctrl ►cgs ovcz7* tlxr! si)c^t^tr^► xx►
csf t^ni;i,ui 1 ► )let strut c^r)nditlo ►as 1)s^^c^rtlirxri to I1G)^^. At riQnxr^
loss i.n Y ► ^, • xfoz^mrtnce, 11^5^ usr^s nn p l)r^ ►1 ltxo)) 1)rol)r^lla ►at
tt..ill^ntia^)x ^vt^tet^. '1'lxi^, i ► r^z'ntita iJ)c^ 111.^a10 xnitture t^atio
contfi'ol v:xiv^^ to Uc^ l ycicc^cl ►trxd the trseoclrtterl vrrhir,^lr^ 1)z'ct^
1)r^l1a ►xi. rr ► ►̂ n;agenxerat c^lc^ctr#c^rtl s^}stc^ ►xxs r^11)xxlnatc^l. `1'hc^
r^hill-drawn al' tlxe px'opc^Ilc+^xxt 17unxl)^ prra)aratr)ry Co r^ ►x^# ►xc^
start: 1^ to hc^ aecranxlalisl► cad fix-^L#il;^lrt clus#h► I; tlrc^ tc^z^)^lnui
portlan rf thr^ l'Irst stai;c► larac►^st rxnci ch ►x^lnl tlxe slxort c'r)ast
1)r^rlod r^ftc>r ^tri^^#ng. ^1i;ain this tap ►)rryach, u^^^cl c) ►x Sritzrrn
IV, 1xenrxllzc^a pez'fornxaurur i^ut drrixxxrrtically r^^rlttes^ri ^yr^•^
tenx cc^rlxr)Iexity, txtul lttunelx axnd veix#r^lr= cr)str^ 1)y c^li ►xxi ►xat^
ink the r)I)ecial CaI^^, I)r^acc^dures, and thc3r ►xxnl Ixrotalc^xxxs
rrxpc^ric .̂necci i^; ^'c^,xtrrrrr svltix a liquid irr'liut)t p ►^t''^c^hlll l^r-•
fore launc:,, 1 •;^za ►ra ^ • ► ,,,h en I^/ rtni ^'4^ntnur there trx'e al)_
!)rox#mHtctily ^,^ 'r^,, ^, ,^L x^l)lue^ Itl.^l^!tI ca r)^;in^^s thrtt r^lthe x^
raxist oz• cy an 1► ^% 'rauilt^l^i, ^.'^it oT laart^a. '.Phr±se e)x^lxxes Sv#11
ba usz^d for. non-erlticrul perl'orxxxrtxxct ► xxxissions, ab they
de^livc^r .i^^z racconris of ^j^)e^cil"le Inxp4rluc^ r^oxxxj)nx : r^rl to ^^l^l
^r^c^urxrl^ 1'^r^^ ►n thca ouri`r;nt 1tT.-^lOt^^^3-^i xuocic^l,

A g^^owtlx co ►xfl^xration o#' tlxe 1tT,^^1U oixl;rno cy an lap ltx-^
trocir ► cod as cost ofl'oc;tivsxly as do rxxldltion of do nxulti-
solids to tht^ hoostaz^. `Phis tq)ratod c^n(aino hus a tlxa,•ust of
20,400 1)ourxds vid a sl^ecttir^ ix^tipulsE) of ^G3 sQCands. '1't-^
tcin soconcl tnoreaae in sl>ocil'ir; ixnrsulse is aclx#evod lay
addltxg n, thirty itxch i^ldiutio ►x r; gole^i xo^rle oxtar xsio><Y.

T#xo a#aratod ^lt:^•-I(? oax^ino {2U ►A00 poiuxrl^ thrust •tvltlx
norrlra eatc3nsiou} #nczcxrxsa tixr3 usaful load into sam,chx,'o-
rxous orbif; abput x:00 Ixou)xrls whilr3 Clxo adaption rat` tlxe ten
coat dirziraotor 'I'itaax 1'a,ilthr(; retiucos Clxe usoCi►1 load rzlacut
300 I,ouuds.

lsitch and yaw cc>ntz^ol du rinS^ j)owored Cl#i;lxt is eCftsc^tesl
b^^ 1;•imballiu^ the on^^Ine rind call is co ►xt>'cllcd ^y cold taus

LIr^UI p HYDROGEN
TANK tT^lnr^)

LIQUI p OXYGEN
TANK crl^or^)

....,_	 ^ ,. s..^..:	 _	 ^.^_...^^	 .___..___



^ p tt► . At a wpigiit penalty of about 13 pounds, the Saturn. IV
gi ►^ ►bal actuatir►n systo►n is adapted di ►=ectly on ROSS.
Only systems integration and funetianal tests during v1-
bratlan a ►►cl ettttit; load toad ►►g of the pngino thrust strue-
turn are neopssary to qualify it.

Propella ►►t tank pressurization is provided by ambient
helium stared in Delta high prassurc titanium spheres.
Two (Han-restart) ar four (restart) spheres are employed.
lei► ring main engine operation, sold gaseous hydrag+^n is
bled from the engine, as an Saturn >GV, to proasurizp the
fuel ta^ntc.

¢ Valves for propc^tlunt fill, drain, and venting are ai-
► Host axrlusivaly Saturn IV parts as aro the prassux'!za-
tian relrulatlan a►►d propellant laval sensing canipanc ►► ts.
,gain Lhasa components if specifically dosignod to IIC)SS
requirements would save weight, but c^ ►st and reliability
override this conaidcration, guidance, control, power,
r,^sago safc► ty and 1tT^' systems are carried over dirc^citly
^f^d'a►^)t neltia with an identical layout and mounting arrk ►nga-
►nant, Other tlxan repasltianing umbilicals and. antennas
c►n t'hQ guidance and third stage support structure skin, the
c>nlar signtilcant electrical. system cht^nge is to double; ti ► e
Limn of the program ►ncx^to 81J2 seconds and i ►icrease the
i:^apacity Pram six variably sequence outputs to ^wolve
variable and eight fixed sequence3 outputs, .'his exlaanded

^	 eapahllity is required to handle long coasts, e^nl;^lne chih-
4	 dawn slid x'estart t'wxetf.ons. 'i'hc radio guidance and Inlc-

grating accelerometer cut-oft' syst^;m oparatu the sank:
^	 as ^on nc;lta. A growth version of BASS ir ►elude^^ t^^ oi^t^^t^-
^	 cio^vn inertial ► uicla►tce system to replace the aute^l^iaat ^t,fiei

radio g'uidanee on both first and second stages. A^.^^t ► racy
is p ►chanced and trajectox:y shaping r^ansta^alr ►tE3, unposed
bar radiu i;^uidance a^^o el ►nfnatcad.

Tits t+,ttitt►dc control subsyst4 ►n is patterned ai'te;r thc^
current nelta. Control thrust is sup^^lied by ^ ►rbient ni-
t ►^ogxan 1;^ ►►s stored i.n eight (8) hi8^h la ►^c54ux^c; titnniuin
T^elta sphcres^ `1'ho Delta pitch, roll, and ,yaw bets arc
mounted on the; inside pcaripl ►cry oC the; ai't skint, Again
eolcl i;'ns control i5 heavy, but simple, reliable, chcsal^x
a.nd does not re^yuire develop ►neant or qualification tct^tint;^.
A n^onoprol:ellant control systerr^, similar to ths^t used on
^C:entaux^ c;auld save about 1.6 pounds.

7'l ►e tltit'd stage spintaialu, spacecruft attach fitting and
fairing aro identical to tl ► at belni; ilo^^t today.. A pragx^am
for Volta And athc^r usors is cut^rently unde^rwvay to in-
crcasc the propellant waibiit al' the ^'r•3tf^-^ fro ►n 1440
to 233a paunch (designated TC-3ff r1-rl) by adding a cylindri-
cal section I^etwoen the two he ►nlsphoxical halves of thc^
case, `l'he increased. length of the motor encroaches nine
inches forward Into the fairing onv plap shown i►x I'igurc 3,

The maJar davplopment testing of Uprated Delta con-
tors on defining the aeradynamiea and modal ebaract pr-
lstios of tho vehiclo tl ►raugl► wind. tunnel and ]3ungec tests,
and. oondupting second stage propellant loading• and l;raund
statla firings. These latter teats are to deinonstrato sat-
iafaotary apert ►tton of the► second stage prol^ulsia ►t system,
verify proper funeti.oning of the CTS; and assaaiatc^d chocic^-
aut and aperatianal procedures, T'acilities to at ►►tic test
Ii©SS ure available together with surplus engl ►ies and pro-
pellant loading GSA from Saturn IV. Static test firings are
to be conducted an a produatian article tl ►at will by refur-
bished a nt'l flown.

The Limo from authority to proceed to tl ►e first Uh-^
rated T)ea lta launch is slil;^t ► tly aver two years. 7'he Cirst
laU ►1C:11 Wanld be f l'U►11 I^;TR; in Ice^epi.ng with ixast evolu-
tionary sponges to nelta ^thc fix •st ,la:^nch is to carry a
flight apaceeraft.

B. Performance

The Uprated nelta velocity capabiJ^ity Cram 1;'1'R is
shown [ ►i ]^ figure J, Tt ►e performance far throe vehtalc
configurations is s pawn. 'rhe configuration labeled
'T3asio' (Sea Ttzble V) is coilnposeci of tl►e Long T ►ux{t Thor
boaster, thrust aui;mentoc.t with Wino Castor solids, Lilo
IIOSS, tiio 'i'L -3G4-4 tlxird stage, and the current T)elta G5
inch diameter spacecraft fair, Ing. The performance clo-
gr ►t.datlor► that results from adapting• tlxo 120 inch clin.n^eter
'Titan .tklirilig t0 ills 'T3asic' eonfl6•uration is illustrated by
the perl'ormaama of configuration 'T^', Conflguratton Ii
il.lustratos tl ►a onhanrecl perfor ►Hance Cron substitutl. ►tg
tlxree Algal II13 saliels fax^ three of the nine Castors in
configuration 'L' and introducing the upratecl thrust 1iL-10
engine with a ra.diatian coaled no^,zle ext;ensian,

'fable V

Summary of LJprnteci 1)©lt,x Performance C.tpability far a Synchronous Mission.

LIpCS + 't'1•;-3G4-^ Useful I uad into a
IIOSS EngineC7o ►iClg^.tration 'Long Tank Thor

I^'airing Synchronous Transfer
llesiint^ti^ii Thrust Augmo7itation T)iu.motor

inches Urbit (].00 x 19 40 q n.m,).,
1. hrust•

y
Specitie Ianpulse

lbs.
lbs, seconds

T3ASiC 3 Costars T m G Castor TI 1:x,000 443 fie 2305

A 3 Castors I I 1700
I3 3 Castors I * 3 Castor II 2145
C ,'3 Algol IYB 23$0

OI',1,ICa^IS	 n
3 Alg^r1 IIB + G Castor 1:L 2G90

1) 3 Coster I + G Castor II 120 2105
.i^' 3 Algal IIB + Caster II 2400
G 3 Castor I + G Castor IT ^0,30f) 453 2505
IC 3 Algol IT:t3 •M G Castor II 20,300 453 2857
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'i'he slleoifia synolll.•onous tx'ansfer llex^ft^rmanoe cT1pa-
>)ilitios fog• the 13asio and other oonftgu;^^^ati,one of the Up^^

•̂atea I^olta are ^lummarixed in Table V, These pbrfbrm-
anoa oap^^ititiQe are the tllree aig>;lla >xTtnlnlunl tulck tnc^lTide
continRenay by way of seoond atago velooity >keaerve to
COVLl1' w°®ight^ prapu!^ion zxnd su)rolyn^tmLo ciQai^n une©rR
tailltie^ and velllola-to-vohiole produot[on tal©r.anoos, The
tra^eotory flight mode for a eynchro ►lous transf^or lnts^ian
oonsiats oC inf eating MUSS into a 14 p nautlonl mile (n,m,)
oixnular parking ai'bit^ oclasting t©r Cr^O w^OOQndI^ to llonr tlao
equator ^vheal'o II4S" is a;'ostartarii	 ^[bsequont to the 1lOSS
shutdo^^l tllo tklird stage s separated and ii^lltoci such that
th4 spacecraft is llljeetect lnto 1110 sfncllrAllCtitT transfer
orbit with a 1Q0 ll,ln, porlgoo over the equator. Si pco t1Tc
CiQSS orlaits, ra116e safety coustratnts tlo clot degrade
perfor111a11Ce.

To illustrate tk^e 1>o).'fnrYr^anco gap loft by the pilasQ Gaut
of the Atlttc^/Agenn. fox' NASA xtse the p©rforlxl^ulco cal' the
current Delta and. Atlas/Centaur is included in T'iguro 9.
`l'he 'Upt•ated i^elta broaches llot only ilia gap In l^rfornlaTlce
but also the ga.p i^l ltturiusll costs between tkly $^i.0 million
dollar• Delta and ilia l.a mil1io11 dollar Atlas /CoTltaur.

A logical extension of tklo 11OSS stage is its lntegrnti o><1
inti,o the ',Citan III family of boosters. 7'llo approximate per-
forinaticc of the MOSS with a'I`E -3Gr1-9 tlllrcl stage an the
Tit^ux ItC core vehiolo (Titan T1I[3) and the 'lYitan IlI care with
the 120 inch five sogmellt solids (TitaTl 1II17) is shotvll in
1^ i^;ure J.

40

log-^...>.-..
zc,	 zTi	 3n	 3^.'	 9A	 3(^	 aS	 na	 ^^	 44	 A6	 AtT	 ^,q

INEf2TIAl VFLQ(;ITY, Tfit;JSAND FE[T I'[[2 S[C()ND

Figure 9. Gllaracteristic Velocity for
Uprated Delta

C. t;ost

Tho Ui^rated Delta can be developed. ^tnrl readied fur
launch at both FTR aaxd WTII for 31. inilloi<i dollars as shown
in Table VI. This nou-recurri^Tg cost includes tlxe vehicle
haxdware for. the initial demonstration flight. It is assumed
that the 1niTlti-solid booster and ela:ugated TL -3G4_^ moto>'
that are currently under development are ineorl^^orated into
the llelta stable by the time Llprateci Delta is readied far
flight. Tlie optional 2Q,QQ0 pound thrust C2I.,-1 Q engine with
a thirty inch radiation cooled nozzle extension and the

't"al^lo V>'
1;1pr^xtod I)olte. N^^n--12ocui•^'in^ hosts

UP1:tA'i'^ll A^L'i'A
C:C^ST

(M[xlion
Dollars)

^ontraotor I^'urnished Services 26,G

Vekliole 2,.C;

k;ngineoriug^ X)o^tgn, Analysts ?,^
T^a^ttng 2,S
ACID (I^ netory, 1';`l'R ^ ^4'TT3) 7.0
MTxnT.^faci.urttli; I?ovalopinetlt Support 1,;3
Tooling, I^OSI T̂'tl & Ir'al)1,• Ication 2,2
l^ lrst 1^'l[ght C>'ohic^ln (Second Stage, 1.S

Intorstaga ^ I^'airint3)
Prog •̂am plans tend ^^aT1agClTlollt l,G

11OSS 1'algille 1,U

Lnginoerittg, Design, Analysis U.2
Survey T'Ir.lnb•s f),I^

Ocavcaa,•nl^^ent h'urnishod 1,ciulpnTOnt 2.;

1^'iret T'ligli<t Volttcle I3oostcr 1.1
l^opclltxnts .US
Surplus Saturn RL-10 i^angine .0

1:^'iLCilitles*L.Q

L'1'1.3 . J
WTIt l .1

'1'OTAI^ 31.0

*In Addition to 'Lang• '`i'anlc 'Tiler 1^'acility 1Vlodilications

TTlf^l yd ti^rr.
Uprated Delta I^auurwh Costs

(`Thousand C)o11cxT^s - .1971)

llarclware
1^'i^,^st: stal;^t3 $1,30Q
Sc.^crond Stage and 1^'airiral;• i,RpQ
7'hi;^d Ste €;c 10Q
Altaela ]^'i.ttinl;• i3Q

Lslunch Servie <^s
Soft^^^^rcr

Douglas 7 ^Q
Waco 1UO

Vc,hicic ci^.:,ci:out
Production Area 2UQ
Launch Sits 7a0

Iaawrch SuT^ra^rt
Ttanl;•c^ 2q0
Weco UO

'Transportation i.Q
la ropGllants 5Q

NASA AdTlxnistrative Charges 1Q0

'lbtal $5,500

^stim.atc^d minimum cost. Range traclsini;• aiul data ac-
qusitipll depLUdent on spacecraft data requirements.
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Tattle VIII
Delta and Uprated Delta Second Stage Hardware

Cost Comparison

Delta Uprated Delta

(Thousand Dollars)

STRUCTURE
Fairing $	 80 $	 70
Fairing support section 0 16
Spin table 70 70
Guidance compartment 22 0
Interstage 23 41,

PROPULSION
Tanks and engine support 71 1136
Engine 89 390
Valves, vents, and umbilicals 18 109
Insulation 125

G
ELECTRONICS F

Programmer (6 vs 21 seq.) 40 49
Velocity Cutoff system 29 29
clyro package 42 42
Sequence distribution box 17 19
Power distribution box 12 12
Weco paclaigo 44 9:1
C band beacon 11 11
Mange safety system 14 1.7
Instrumentation 70 70
Electronics package 22 30
Static inverter 18 18
Umbilicals 4 4

GIMBAL ACTUATOR SVSTFM 21, 41

ELECTRONICS INTEfIRATIUIN 36 40

FINAL ASSEMBLY 71 110

ENCINERGRING ANY) MANAGI?< 223 282
MENT

Total $1,051 $1,780

adaption of the tell 	 diameter Tital fairing would increase
the non-recurring coat approximately nine million dollars.

The recurring launch cost of Uprated Delta is projected
to be $5.5 million for the three solid motor thrust augmen-
tation configuration. Additional sets of three solid motors
Incrementally increase the first stage hardware costs by
approximately $200,000. The breakdown between hardware,
launch services, and NASA administrative charges is pro-
vided in Table VII. The major increase over the current
Delta costs is in the MOSS hardware. The engine, insula-
tion, and the propellant loading valves and umbilicals are
the principal cause of cost escalation as shown by the
cost comparison of Delta and Uprated Delta second stage
hardware in Table VIII, The first stage hardware and the
R1.-10A-3-3 engine costs In the 1971 time period have
the greatest degree of uncertainty, possibly as much as
ton percent on the first stage and fifty percent on the
RL-10. The other MOSS hardware costs are based on
experience from Delta, Thor, or Saturn IV and are quite
reliable, haunch services costs are also based on Delta
experience but increased to allow for the additional mis-
sion analysis and checkout attendant a cryogenics 5tagv.

In summary, the Uprated Delta exploits NASA's von-
siderablo. investment in the Centaur and Saturn IV liquid
hydrogen/oxygen technology and hardware. It affords a
significant Increase in Delta performance at relatively low
development cost and risk, It permits Delta to continua to
meet the bulls of government anti industry needs by main-
taining availability of a reliable, economical launch vehicle
to carry the scientific and operational satellites presently
too small. for Atlas/Centaur, but fast outgrowing- current
Delta. The use of Atlas/Centaur or Titan III-B/Agena
would substantially increase user costs above the projected
$5.5 million launch cost of Uprated Delta. The recurring
savings from Uprated Delta rapidly recovers the estimated
$31 million cost for development and deployment. The pro-
posed Uprated Delta is currently before NASA for consider-
ation in its launch vehicle development programs. It is not
at this time an officially approved program.
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