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The design, ﬁeveiopment ‘and flight test results of
the Biosatellite attitude control system shall be dis-
cussed, Preliminary remarks describing the several
rBiosatellite missions shall show how mission con-
straints were interpreted by the controls engineer and
how the "zero - g and vecovery requirements were
ultimately translated into attitude control performance;
eriteria. Results of analyses of payload perturbing
effects shall answer questions of the nature: What are
the forces and moments to which the payload is sensi-
tive ? Prom what sources are these disturbances A
derived? How can payload accelerations of the order
of 10~ - g be sensed and controlled in a practical and

-
L
e

i
H
[
]
i
f
1)
i
3
i
l
]
¥
]
p
f
H
4
i
3
5
i
:

t is contained in the opening re~ ;
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eal society which today finds
explosion, The sig-
ayed by Biogsatellite in this

te Il experiments. In it he stufes

grams, NASA Headquariers al the sympor

. His curiosity and zeal have led fo the develop~-
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these were incorporated in the simulation program to |
enhance its validity, Control system configuration !
shall be definec and features, such as the versatility of

5

recovery time and location, will be discussed. :
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radiation, the absence of the Earth's
Z4~hour periodicity, and cosmic racdia-
tion with energies and particle sizes un-
matched by anything produced artificially
on Farth,"?

: The Biosatellite Prégram was eslablished to pro-
‘vide the biologist the orbiting laboratory he required fo
achieve these otherwise unachievable set of conditions.
Orbital conditions for this program call for a nominal
inclination of 33.59 and altitudes ranging {from 170 to :
200 nautical miles depending on mission duration,

. "Xs evolved, Biosatellite is a multimission pro-
gram consisting of {wo three day Radiation and General
Biology Missions and fwo Primate Missions lasting up
to thirly days. The purpose of the three day mission
(whlch has been completed) was to determine: (A) the
“effecls of weightlessness at the cellular, organ, and z
organism level, and on the physiologic and behavmral'
responses of the organism; (B) the biological effects i
of radiation in cognbination with weighiiessness. The!
purpose of the primate mission will be to determine
the proionn'eé{ effécts of weightlessness on a higher
form of life.

Mission Requiremgnts_

[ With the emphasis on weightleasness clearly es—-
’cabhshed a more precise definition of what was reT
qu1red by the experimenter was needed to determine
what it would take to provide such capability. The |

i reqmrement thus established, stressed that a degree

" of welghtlessness of less than 1/100, 000-g for 95% of

the time i in orbit be mamtamod ]

Ancther requirement: defined as essential by ﬁﬁé
j : experimenter was that payload recovery must be
' acInevedf to obtain the scientific results on all experi-
, ' ments. 2 Tt was upon these basic constraints that z ! I
| rather intricate automatic system has been deeI{oped|
"ce provide the near zero gravity environment and to
: assist in the recovery of the experiment paylond, !
: This: sysi:em is the Biosatellite atiitude control sub—

l system: (ACS}; :
i L3

,Af:‘ci,-tude Control Studies ,
: Translation of the above requirements into a defi-
nite system configuration was not a readily cbvious:
glamcedtwe particulariy, in the mechanization of the
| controls to asswre the degree of weightlessness gpeei~
* fnefﬂi Barly consideration of the problem indicated |
ﬁhaﬁi the approach to fellow should be one in which {he
i sensing as well as the: eontrol of payload accelerations
i would be accomplished economically and relishly. The
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; st atiractive solutiom preposed and latex fplemented



was-to provide the spacecraft with the capability of rate

.damping. With this approach, it was possible 1o employ
rafe gyros as the primary sensors and {o relyona §
simple pneumatic system to provide conirol torque.
However, before such a scheme could be accepted, it

.was necessary to show by analysis that mission require~
ments would not be sacrificed. This activity led to the
development of an analogue computer simulaiion pro- '
gram to permit solution of the equations of motion., In
the rudimentary stage, the simulation resulis provided
only.limited information insofar as payload acceleralions
were concerned, but were quite adequate in delining
conirol gas requirements for the mission and verifying
the adegquacy of active rate control once per orbil, The
next stage in the evolution of the Biosatellite simulation
was its expansion into a hybrid sefup. This increased
capability permitted continuous calculation of total ac-
celeration levels at any desired point in the capsule,
More on the hybrid simulation will be discussed later,

As already stated, sensing and controlling {o neax
zero gravity was found to be within the capability of a
rate damping system. Itwas found thatthe acceler-
ation due to body motion of any point in the payload
capsule could be expressed by the following equation:.
H {

3 2
Ai - [Axi * ‘ﬁ‘yi

where i défines the point in the capsule

N Azi:tl/*"* (1) -

J

i‘ accelerations and provided a degree of conservatism
; to subsequent analyses and established a minimum
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{  Barly analysis showed that vehicle rates helow
0.286 deg/sec were required to satisfy the 1 x 105 -
Limit, and a torque to inertia characteristic of 0, 045
deg/sec? was necessary to prevent exceeding the 1 x
10~% ~ g limit, Tigures 1 and 2 show the ACS in the
rate control mode and define rate switching limifs
respectively. o
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- During these early studies, it was realized that
the spacecraft would be subjected to disturbances that

could effect payload aceceleration, Sources of such }

disturbances were investigated and evaluated to de~
termine their magnitudes. It was found thal aero-
dyhamic drag would also be significant and as a first
approximation a value of 0.5 x 1072 - g was estab~
lished. This effect was combined with the body rate

P
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. 'c-ﬂ
:orbital altitude of 140 nautical miles to maintain the
1 % 1075 - g requirement, With the advent of the
hybrid simulation effort, wore precise studies s}{owec?
‘that the minimum altitude could be reduced fo 115
i . L]
u
 Disturbance Torques

! T

i As a frée body, the motion of the orbiting Bio-

| satellite spacecraft is affected by external and internal
%torques and angular momentum changes. Torques
;included in the externally applied category are;

{

Aerodynamic

|
!
E Gravity Gradient

§ ' Magnelic

Solar Radiation

'I‘héwse 'torques considered as infernally applied include:

:
i
{
{
{
l Gas and Fluid Transmission and Dumping
% " Rate Gyro

i . N

§ Recorder and Cther Motor Driven Devices
. Primate Activity "

i

| Results of detailed analysis of each source of distur—
| bance clearly éstablished the majox torque contributors
- as aerodynamic, gravity gradient, and fluid dumping.

Predominant among these is the {luid dumping
" effect which is exclusive to the Primate Mission. This
i torque is generated everytime the waler boiler exhausts
. overboard (Figure 3). However, the alignment of this
i port is eritioal and is tightly controlled by speciflication.
) It is required that final adjustment be made affer the
' spacecraft center of gravily is determined in the field,
s This procedure is necessary to assure that the maxi-
! mum impulse developed does not exceed 15-inch pound
| seconds per orbit. Since boiler operation is not a pro-
' grammed function, the ACS to be used in the Primate
! Alight will have the added capability of automatic rate
‘“control; a feature not used in the three day flights, The
5 control system, in the aufomatic rate control mode,
! now has the ability to sense high rates, turn itself on,
. and turn itself off, Tor the 3-day flight a ground com-
; mand was required to activate the rate control function.
|
|
} Insofar as the aerodynamic and gravity gradient
 torques are concerned, their values are dependent upon~
| spacecrall attitude and the maximum values calculated
fare 3.4 x 1073 £, Ib, and 2,7 x 10™% ft, 1b., respec-
é tiveiy.4 These torques are 90° out of phase so that
. their maximum values cannot occur simultaneously.
¢ Flight fest results of both three day missions show that
 these effects on vehicle motion were well within antici=
: pated levels and that the once per orbit rate control

i philosophy to limit power consumption was well
i founded.

Unfortunately, results of both three day flights
showed that initial outgassing after orbit injection was
greatly underestimated. In this instance, the problem
: was found to be caused by a thin mylar.overlay covering

i
f

i the foam insulation surrounding the payload capsule, _



Thkis overlay was sufficiently air tight to greatly retard
depressurization of the foam during powered flight. As
a result, high rates were developed between ground %
station contacts during the first day of both flights.

Aerodinamic Drag

Aerodynamic drag is an important consideration
in determining the orbital lifetime of a near earth
satellite, Mission analysis studies have determined

-that the nominal injection allifude for the thivty day
primate flight is 200 nautical miles, while the nominal
3 day target altitude was 170 n.m. After injeciion,
orbital altitude will decay because of aervodynamic
drag, whose effect is {o reduce the speed of the space—.
crafi. Hence, the payload will also feel the effect of
this braking action, Caleculation of the total acceleration
experienced by the experiments must, therefore, in- :

clude drag effects. This was accomplished by de;.xmnb'
total payload acceleration in the following mannexr:

f

z = % + ‘§' (2)
yvhere :

f

z % s total acceleration vector in g's

; B is drag force in Ibs.

! W is spacecralt weig;ht ‘glb;.

i A is payload accelemtmn due to body motion .

\ ft/sea

" where

‘ ‘. Cd - is the aerodynamic drag coefﬁcie'nt
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-Control Torques
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The drag force (D) can be expressedas: ™ __ . .. |

§ ) : _1_. 2 . .,ﬂ‘ ! ‘ |
; D = Cd 5 P-.V AL.T.'Qf

+
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p - is the atmospheric denszty in slugs,fft3
Vo ik the orbital veloclty in ft/sec,

2
' Aref is the reference area m £t

:! . .;‘ . [
; ‘ T
tmospheric data (Figures 4 and 5%, ‘'show that density ,
varies by an order of magnitude in the nominal altitude -

" ‘range for the Primate Mission., A correapondmg change

in drag acceleration . would De experienced by the space~
craft as its orbital altitude 'decays, As shown in Figure
5, the maximum acceleration at a mimmum altitude of
130 nautical miles would be'less: than 5 ¥ 10™9 g 6
Consequently,. when this factor is taken mto cansa.der-
ation, higher ratés can be ’telemted at }nﬁher altziudes j
as"shown by the 1'e&u1ts of snnulatxon stuéhes ploﬁ:ed in.

Figure 6, ‘ - R RV
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In order to comply with aeceleratmn reqmrements, |

- careful consideration was g1ven to the selection of the

conirol forque level o be tzsea. As-seen by examihation:

. of equations 1.1 to 1, 8, ‘the angnlar acceleration is .

used directly in these equations while only the cenw
trifugal elfects of angular rates contribute to the pay
load dcceleration, Thus, wiién dpplying rates and
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"3
| noceleration values designed into the system, it is i
seen that the control torque {0.045% sec?) effects ave
2 to 3 orders of magnitude greater than those cqn-

) tributed by the centrifugal effects where the rates are
limited to 0.2869/sec.

|
!
1

The philosophy followed here was that since the
1 disturbgneg torques were very small, the time re~- . |
{ quired to build up spacecraft rates to the threshold :
| value would be quite long. Consequently, actuation of
ii:he control thrusters would be inlrequent and would
i not develop an accumulated time greater than 5% of
a'&he orbital period (4.5 minutes), The decision was
i made fo provide ihe maximum allowable conirol
| torque without violating the maximum 1 x 107% - g
i limit, .Figure 7 shows the resulls of the analysis
performed to establish this level, Point 4, 1nchcated|
{ on the graph is illustrative of the control system's
| ability to m'untam the low gravity required. Inter-
;estmgly enough, the 1 x 1074 - g limit is maintained
i even during the deorbit phase of the mission when the
SACS is called upon fo orient and stabilize the space~
seraft for refro-fire.

|

"5 of the atltitude control programiner (ACP), include

- ,pon ACS perfermanee.

Simulation Program

%
{
% . Before proceeding with ACS deorbit mode perfor=
mance, it might be well to digress slightly at this I
, point to describe the simulation program developed in'’
s support of subsystem design and evaluation activity. '
' Barly plans that touched on simulation studies were i
. divected at genevating substantiating data for sizing-
icold gas storage requirements and furfiér verifying
‘ihe adequacy of the subsyslem control concept. Thesa _

_igoals were easily met with a convenlional analog set- 3

iup. However, as the domand for more ‘data;, and the ;

- ineed for design trade««oﬁf 1nformat10n mounted, the

idig;tal computer wis added to ‘expand the cdpability i .
Lof the simulation effort. Aside from calcttlating ae-
. celerations mentioned p&.’evmusiy, it was also now .|
- possible to accurately simulate é:glhi 1ogxc funciians iy

!
|L—*,li)’b.a:mcal harmonic, model of the Earth's magnetic :
ifield via the emedlency of punched cards, locate the |

sp'mecmﬁ. over any'point on Earth, and proyide suil l
'and cloud geonﬂeﬁry icondﬂ:nms. 'Every facet of the, |

'sxmulatzon proglam was emrmsed during the very i
a,c‘mr@ period between the iwsi: and second {lights. In'
laddmon to ev'n.luahng the eﬂects of pr oposed design

, ch*mges for the Bmswtelhie I sp'wecmﬂ; some

sxmulatlon work was also perfm med to verify later

. prnnate mission capabﬂlty which featured sutomatic

‘rate controli 'l‘he hybrid simulation also proved in-
‘valnable in explazmng problem encountered during
the flight of Biogatellite I. A hlock diagrdin ofthe
compleie Biosatellile mmulatmn is shown in Figure

’ '8. 4 vital to deorbit mode 'opemhon is the posmon

m.formauon prqv*xded oy two IR scanners and the,
,control loglc contamed‘ 1h the Atti ude conbrol progfém—-
me:sz, “Broadboard models of the IR sehsots and . |
conﬁr{ﬁ logic were buill and actudlly tied into the

»
sTmﬁ&tion to determiite the effesﬁs of suh and’clouds -

]
i



threshold, valuds.axe ) '1}3 c}gg‘wy to, g5tahlish, Has, :]plt qgi

logicd It dg rer[(luxp;c?d hat the, magnq tage, of ﬂpq]em By
pulsesbe g;,-aator th-w ey qults and ws dux;atmn nmstt”
| be. betwe;en 18 “nd 80{; qf a, nom, nal(t}uty gycl,a.i IC ot
earth‘prescnce is not estabhshed when the deorbit .mode
is init] a‘sed thén a rqﬂl seqréh funcﬁon is generm‘:ed
which' pctuates 1he neg’ttwe roll solqzncnd and causcs

{ the spacectalt {o start rollwg. Thlb mﬂ.r}euver will |,
eventually f'ause one 501' both sc(.nncrs to acquire the "
- Barth,, onde egu’th preseice; is establis hed, roll
earch is iérmnmte&l and vamner e sztmﬂ data is pm
oessep mu.fmg;the vélucle to stabilize in pitch and,
roll, ’A{*Lez' tlul-, has bersn achieved, m:;d body rates.are
below!0., 28¢%/sec. , yaw switch is then closed thus -,
mtroduamgithetmagnr-tometer sa.g‘nal into, the’ yaw loop.

i ) :

at o frcqufmg;sr PE30.6ns . (e ‘,ﬁgvm@,}@? x,$pﬁp4¥w”|

Deothit Mode Operation
{ ; :
f It is the function of the dcorblt mode o position
the spaceerall ih the prescrmeﬂ deorhit attitude so
that, after retr{) rocket burnout, the re-entry capsuie i
will follow a prédeiermme& trajeclory fo the mcavery '
point, I‘wure 9 shows the vehicle in the prO}per de-
orbit a“tﬁuc}e. This figure allso she%ws the 'three pOsr- !
tion Sensars used; they mcludc] twoIR scmmel"s for t
pitch and }*011 and a magnetonietex % for yaw. e block
diagram (}3 igure 10) shows where 141 the syétén& rale
gyro and position sensor data gre combined to b&‘*o’"lde
the desired control logic. Switching lings Héfined'in'!!
Tigure 1 show the exact rate And posxtmn concflmoﬂé I
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under whwh ai,;,ltude control &aelenoid valve's Would Be . qung;thu" defn}ed the pux'p 0S 0£ earth presence

energmec} uo con wol space draft M Omﬁ. e ;m '%z vyl ' logie in the; sequence of deorbit attitude acquisition,

o } : T L e RO i some nddmomll explanation of how 111 is determined is
I . ; P g g wmrran‘ced ;&t Lns time, pﬁrhcmaﬂy‘, since earth pres-|

IR Sevsors “‘ ¥

; A X i A o gt | - ence contmues bo pla?r & control function after the spaca~

Pt { f
. . i crafl is essentmlly stabilized. Because the IR scannexs
| Be cauge E'he s;::aceci aft is '1110\%?@& bb ‘mmbl , &are Vuinar"e?ﬂe fo sun and cloud effepts which induce

randomlytdunng’ the orbital phise of the nussmn errorp up t@ 100 the system logic {as originally

special control logic based on IR sonéor ouiplit! has'bogl desigmied tolinhibit Toll and piteh-po éﬁ.mn evror inputs
designed m‘ro ‘the systom to prevzée the oapabzhiy for i when\fver thiesell offocts wore encountored. The means .

v X M
awcqun ing.ihe deorbit allitude f% oMl Any orlentamon. | used for mahng this determination was earth prosence.|
The folloviing pavagraphs shall ehﬁozaﬁ:@ on thig Isgm .

function fmd ddscribe its mxp'lc{, on thc Biosatollite 'I'” * Basmaiiy, the ogic \i’sed was If an invalid pulse were

bangon

ML

flight Bk &7 éi R detected, tlxc earth presence signal would be removed
&tw 2‘*‘4: S ﬁ%‘l’ Ua}‘* A ecessayy :1’0 hzwg,,é{ 11%1 b 15?57" i (se¢ Figure; 13}£ Wztf; position datalinhibited, the
° z;n 11}!;.,tqi? Ao P 1 ,ﬁcpstox iHpud TEAR ’l'ﬁ:R C;e'x} T elncle wouid bn alloyed to drift unf:11 the disturbance
r;uczziqa; pnn:z UI:OQS;S C‘(‘l A ‘z“‘? Q}‘i ,1“}1:?,0} makes, !b]“ AL dzsapﬁearecn I{owevér flight test results {rom Bio-
“aclaom, QS‘: ADURS qa“& {101‘, 58 Y i ez, RFGS m}; i } satelhte I show'=d {hat this phllosophy worked io the

.s;.g,n'u..,(ﬂﬂ h pIESE W?’ is deﬁq—*rl,mnqﬁ on the '151'1]131,'“% detnment of the ACS! The problem experienced ,
how maqh ef {h“ E:a; h the, scanner, $005,28, 1t FOtHES. | ! involved a ti zarzpal blanket which was taped dﬁwn around
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the seanner aperiture at asaemblyl It 1J= conjoc{.‘drod
that the tape came loose during péwm cél ﬁlghi or, :
while in orbit and partially ohscmied the schuner! field:
of view as seen in Figure i4.. This condition gave
rise to what has since been dcscr[bed a;s the "Daylight
Effect." This effect was 50 called because everytime:
the saieihie emerged into sunhghi earih prcsence
was lost in the pitch channel and dlﬁmﬂely couged l
complete loss of attitude. : Once the spﬁgcecrmﬁ, 011terec"§
darkmess, deorbit. itttxtuc.e WS Tel chuu_ed and =mmn—- ’
i'unec}  The ;:-roblem was! dmgawsbd 48 iihe fresult of
heating of ‘ihe, thermal blankot by {he Fdrth’ S nibcéc%o
which caused an inyalid pulse andlloss of es Lrth pres=|.
ence,, In BlO%ltClh‘LG 11, the probiem Wi‘tS 1ecL1£Lcd

by changing the bianket eonli guraiwn and ti?e }Qg,w. ,
Earf.h presence as how designed mqu:ar:»d oily. thg ta
valid pulse be; cletectcd ,Any addltmnal pul eBy e -
gardiess of source will not effect the diqf(* of ’Lhe

earth presence 19@19. + Flight test{data j r{}n; Bwqai eihte

IT verified that "Daylight Eifects"{were no Tonger; a :
problem.” Tt is to be ‘noted thak des}jm‘,el thc, dayhght [
problem of Blosaielhtc 1, spicecralf oty itude at Lhe .
deorbit pmn{: was s?hsfac%ory due to the pla z’med eari}’
morning recovery Whlch reqmradla mght-hpne g

orbit. . ! E i

|
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;, ;':Sﬁ;{;zétlsah F;.i‘\:‘l éloqd f}:'ecig a]rolqtﬂr oton’cial : i
BLLPT, ﬁql,ﬁ;}qehn uacx Qi’ sun gemnqt; v, oompgmn: pll‘({: »
grams ang g&mnce& xyag{}mr qatq, js mpde }n scle i,zng,
the. deorhit,, o e 111 c}qwn, Jocation, i’hglf:oncern fc-r }

| clopds,sie) le frqm The, 198popsg, of 1|q, IR sensor to ! i

~ithe bias can be Ice'pt reasonably small., There is a two-.'

the ﬁpntxph in '}p} .trent tempexq ux es % ﬁﬂnsor 1
i8 paré;cpla:ly suscepi.:ble to clqué§ oa e:at el thei ol
leading or Jrailing bige of the earth vas? A, clo d..
in the mlddlle of the, pulse prov1ded iliis notitoo cold l
will not create .an error, A typlcal scanner 1gnature*
when the sun 1s encountéred was obtmned dumng the |
iBzosqtelhte 11 ﬂzﬁht The sequence of IR sehsor %
pulses in I‘1gure 15I show how 4 sun pulse ne'}w the
horizon i increases in magmtude as' *‘1efspa0ct‘1‘m yaw
posztmn chmages
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Magnetoxhétér

e,

. A §
The role of the m gnetemeter is to provide yaw
control after the co‘ndltmns ‘of earth pz:esencé roﬁ
and pitch position, and {hree axis rates are mtmﬁed
Of pariicular interost tg this dlSCU.SSlQn is that yaw
attitude is a function of locai.ion in orb;t or mo:me:E ’ .
precisely, a funciicn of :the local mqu‘sehc fisld. ;Rg-
sponse to magnetic i‘xeld conditions at points other
than the specified g]eorbﬂ location gives mse{to w;de
excursions*in spaceeraflt yaw atiitude w:.th respeet to
the orbital-plane W} ich f:an VATY a3 nmch as 90{’ ‘In
order to agsure acourate yaw ahgnment at deorbit and
to provide i'lembxhtyc in the selection of this point, | the
magnetometer has "!:feen Leguipped wilh ;1 separaie ! gms
cireuit which is cmmelled by ground command, It is
posszble to apply a zero to & 250 m1111gauss bias uO
ithe magnetometer, ! i Analyses of magnetic field da.ta
and {light results indicate the adequacy of the biaé
values provided. Mechanical alignment of the magne-
tometer probe with respect to.the spacecraft is algo
given consideration/when planning a mission so that

fold reason for exercising such cautxeig}. The f;rst ]
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'reason ;s.i:he tendcncy of a sizeable bias field fo dadd z
creas‘fe the yaw ioop dead band which, in effect, reducesl
accuracy., The second effect is, in essence, dle hmﬂg
pf the ﬁrs%: where the bias field either equals or éx— .
ceeds the nonun\ql horizontal Larth's ﬁeid at 2 partl'%m
lar point {n the orbit. In guch;a 51ma’010n {het'd is' & '
ieml]lorar loss laf referende hecause 1% 18 1mposszme
to s::bi.amg: sultable magne’someiez il I‘ormnaualyf }
only one such pdint has beén encouftered and'iv i " [,
}ocatec." 11} the wclmty of SouthiAfn'c:a.l M -
b ; i < e { Lot ' fe

ACS Tesﬁs _‘ ‘ fn

} B
N
I N

1
Lo NUAESAIT
! Tesmng 61' the ACS was, and is, pC“forme in

tort Il
several phases. The first ful] scala euusystetm ‘Les{: *
was the tfxree a*-as air bearing test; winch pe_rnuti,ed
cncckom p£ eve“y aspect of su’b53 stem operatmn The

LN '||H

purpose of thfesé tests was to verify subsystomi ld-(f( 11;1;511
and pe'ri’og mance criteria and tn:echct ozlbzt'{l opeg'aggz}.
Figure 18 15 a picture of the aix be&mng tablel S ) .tm. .,
sential elemepﬁ of the ACS mbunted on'it 'adh’ a‘l
priately designaled. A schematlc ;\: 1)1'esehi.aholﬂ of
i:‘}e air baar'mg facxht:y is bhownan: Figure 17, |

FTS AT S T R A B L

ko s e

— — .
PR S S —

b,

"ACS; ¢t heckoutiafter J,nstallatxon intd the adapter; elec

'1ts ei}fect afLer mt:aistabmhzahon is achieved,

The alr bcaj:mg f'10111ty offercg a umque oppor i
fahity of ie&m an& evaluaimg subsystem pérformance
under 'ﬂmos’c 1(:1('"11 conditions.| i Use of Lﬁe aiy hezu‘mgJ

e i
‘allowed néax el ¥ "'uci,}oxﬂess mohom so that bontrol zas
.18‘1136 was .no» excessive. The simulated earth inside

the x?faue:: éoeled ”te}epee" ‘provided a good IR medel fox

LS SRS

presenoe lonw. I‘mially, results oif these tests were
analyzed "Lpd minor ?331@1 changes recommended and’
im‘alzemen{@d Subsaquent subsystem tests included

tmca.l mate tegts =~ where the enhre spacecrall is eleg="
tnc’ply hoo ked ups mec}nmcal mate tests - where the .
Spaceeraﬂqs gzssem’pied in its ﬂzght configuration; and
a semes ol enivironmental tests where the vehicle is
exposed to; va.bmtloni'md thermal vacuuin conditions.
Bacl ﬁzghi, Vc}ncﬂe 13 subjected to eo:mplete eycle of
acceptance! and confidence tests prior to shipment to
Kennedy Spacc Centor A]Ldaia generated ig closely
momtored Fo ";sgure proper performance in flight.

e N

% | E i fConclusmn f f

i . i t : I
he Biosdtellite! attitude control Subsystz.,m has .
succeusfuil‘y dpmans's,rateé its capability for providing
the ﬁero 0rav1l§,y environment dumngg Flights T and 11,
One signilicant oh'mge introgduced to cope with un~ . |
redlctable dig turbance torciues antmlpated {or the
fort hcmmnir }?mmaie; Mission is the automatic rate |
control zefurq—: Wlth this capablhty, it will be pos-
sﬂole-to also cpntrol vehmle rates ghould outgassing he
in evidenee; {as| it WﬂS; prc-:v:tously. Doorblt mode capp,-
bs.hty has npt been changed save fog the combining of
roll 'md pitch barth presence logic to further mlugate b
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RATE CONTROL SWITCHING LINES
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BIOSATELLITE SPACECRAFT IN ORBIT

FIGURE NO, 3
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DRAG ACCELERATION VS, ALTITUDE

FIGURE NO, 5
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TOTAL ACCELERATION VS, ALTITUDE
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CONTROCIL. TORQUE SELECTION

FIGURE NO, 7
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BIOSATELLITE SPACECRAFT IN DEORBIT ATTITUDE

PIGURE NO, 9
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FIGURE WO, 10
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PEORBIT MODE SWITCHING LINE COI\"E‘IGURATIQN

FIGURE NO. 11

I selinors O N

.
4 et Kbt v e Son P R AL

- KoL ENs R O™

2/



"IR SENSOR/EARTH INTERFACE

 FIGURE NO. 12
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SUN AND CLOUDS IN IR SENSOR FIELD OF VIEW

FIGURE NO, 13
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_ JB. SENSOR/THERMAL BLANKEL INTERFERENCE

FIGURE NO, 14
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IR SENSCR DATA FROM BIOSATELLIIE 11

FIGURE NO, 15
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THREE AXIS ATR BEARING SCHEMATIC

FIGURE NO, 16
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THREE AXIS ATIR BEARING SETUP

FIGURE NO. 17
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