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A NEW ERA IN SPACE 

On U~~cl1'.h~ r 17. 1903. Orlillc ,lIlti \\ llhllr ",lI ghl 
'lh.:(cs ... tull) a~hl(~vcd ~ u~l~illlcd I1lghl III a poy, c l·dnvcn 
:mrrafl. rh l' t11 ~ t !llghl tli al (by la ~ , cd on ly t .! ~c(,.'o nd !t 

llVC I a th ~ l alH:c of .'7 Il1c tcr~ (1 20 fcc l) , whli.:h 1\ ,lh\)U I 

the le ngth \If the Spa~e ShUll Ie Orhlt er. Th ..: foullh and 
Iinal Iligh t tlf the day tr ave led .!flO me ters ( K"~ lee t) In 
St l ,c~oIHh . The illlllal IItHtfk:ll ion l)f thi ... even t 10 til<.' 
wofld \~:.J \ a I.elegram to The Wn gh,,' faille!. 

5, \ 1) -\1\ yc;m lalcr. a man fir ... ' \lcppcd 1lI1 !he \unJr 
'tllf:U':C and :.ill es ti ma ted SUO Illl lhnil rcoplc th roughou t 
!he world \.IW the eve nt on Ich:vj'lOll 0 1 hll l cllcd 1011 011 

1'.II.ho as I' happened . 

111\ lm 1C even lS AIU 'pcl. l:J l.:u ILII The 'paLe proglJIll . 
ho\l.(' \ cr. lIa ... alwJ)\ heen much 1ll00e thall a 1I: lc\I\IOIi 

'PCI" :Il'U Ia r. Tod.IY. \pa~c transpultat lOn \\ V.\H~II1t! In 
IlIJny Yi01) \ for u, :&11. ano .. ...c have I.:omc I\J C\ped thl ' 

A 'Whole ne v. l"rJ tif tIJIlSPOrl:J II O\1 v.tll (l lI1'l' l11t il 

hClIlg lh 'h~' Jl1>-.0\ Ioidlh the Jdvcnt 01 Ihl '-I pJ(I' ~hull tc 

ano 11\ hill !} hi 111(' \PCIl\IHI) tran ".i p(111 .i Vi.lnCI~ II I 

r:l)I":.H~)o to OTt-H I 111\ OC\ll!llcd to rCO IIl"e Ihe (II" .tIll! 
Illlrc.I\C thc C-IICC I I\('nC)\ of U\lIlg \pJ\.(' lor ( UmnH'l d JI 

\~ICll ldic .• lIl d i.!clcf1\(' ncrds . 
"'lI h 11\ \'('r':lIIIII) Jnd ICU\Jhlltl) lht.' ~P:& I.: (, ShUllit.' 

""I truly 01'1'1 Ihc dUllI to rhc l'lOnUll1h. Ji Jnd roullnc 



u of l"Jl:C .. trlilhlltUI ,' hltl \Ielll III I IUlh orhlt 
il \\ III ul fe, Ihe \\l)rlho~\C l:JrJhllilIC of \u"h 
CJrlhboUlld I,;.J!rIcr Ii' Ir'u.: l " hll" . JIIlI Jullne\ lilld \\111 
he J vlIJI 10 the IIJUllI l " lunll e III 'pJt.:e J Ihc 1II00C 
cOllvcnllon.il colmer II I wdJ ;.IIC tu the cuu""y ' 
econOllllC life and \\ellbe ltlg 

So often have the I1lJn·rnJl..hlne relJlIOII Illps In pJ!"e 
been proven II, be hl~hly effecllve IhJI Ihe SpJce ~hullie 
I belllg d "lIned Jnd bUill III la~e .dv.nIJ~ III Ih Ill" I 
eUhl- lent dlJrJUCfI II\.: uf hoth hUIIlJIl lifUJ cOlllplex 
1!IJdune 1111 l:OmbltlUllolI , I..:ou pled \\ Ith the lle\lh1e 
characlcnsth': of ShulIle. will 11Iu'tlde In etlklcflt 
)' lem for our futllre national pJl:e pwg'JIII JUlvIlIC) 

The hurtle will trul y plovlde our nJllon \\llh rullllilc 
!,Jce o l>crJllOlUt III !'cal ·1 Jllh o rbit Ihal CJ lI l..:tl nlllhut c 
ubstu rHlJII) tn IIl1pl(wing the \\u)' 01 hf. lor JII the 

people II f IIU, .. mid 

The Space. hUll Ie ... will bCgln apP'''' 'IIlJl Iy _0 
yetlr~ aftcl' Ihe first U.S. venture intu space , till! 
l.unchin8 ,.f I pl J ,e, I lln Janu., 11. 19 5M. Since IhJI 
date . unmanned ~ t eil it e have probed Ihe ncar and 
dl lan l reache of <pace . Manned \)'51 rn have been u)Cd 

W 1.' \1'101 '" Ihe h'.lt" uflJI..~ • .tlld l' pJmJ th p,e III 
~11" .. I.d~< "f Ihe I Jllh . Ih \un Jnd Ih .dJpUIl,11I (I' 
I'dn hi e\tcnlieu 'pad! fll~ht In ne." I Jnh orhU I u 
,ef\e the lutu!c nced 01 PJ\..e \\.1 n",,~ IUHJ Jpp!t"JIIUn 
the tedlfloluWLJI Jno 1I1>CHIl IOnJI e\l1Cn fI und rI)'ffl 

these Il\..llltlph hmelll I hem& appll d 10 the 
dc,.I"plI,enl uf Ih SpJce ShulIl I h" .. '"d , Ih 
ha')ll. clelllen t In J )PJ \.: trJmp4.H taliol )' I III IhJ I Will 

opcn ot flew rJ of wulIn "pelJtHIII 111 pilLe 
Th 1'"111"') de ' ~n Jnd ope'J llon gnJI fill Ih Sp>. 

~hlllli l'ruK' JIII I 10 pluvlde 10", ·,0:.1 Han porta lion tn 
Jnd II"", I allh orhll . SpJ,clah w,lI he .. " le.j .Iull b) 
Ihe Shuttle III Ul}POI t of IIIJlIllCd orhl1Jl " lw'Jllon 
I ,ee·n Ylllg "' JU""IJled J leli lle ",II be deplu d and 
fCutvc ,ed hUll! rnJIl)' type 01 orhlh ulUIl1Jled 
Jlelhle wllh pHlpul Ive Ia~c, JIlJehed ",II be 

dcpl"ycd f",,,, Ihe SpJle Shullic ."d plJlcd In 
hlgh-cIICIg) I'JJcl:tune . I hi JppruJdl lu ' p'h:e 
UpCrJIHtll\ will provide IIIJny J\-cnue It" umdud1ll1 
lII\e)lIttJII()II~ III ~ 1'J\..c . MJn) parln,lpafll , rcplc\{'nllnp 
lli\ cr\e bJlkgHlund Jnd I,;.JpJhlillle) . \\111 "'till r(~utrn I) 
III Ihe ,pJi:C OpelJIIOn\ HI Ih fUlure . 
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SPACE SHUTTLE SYSTEM AND MISSION PROFILE 

The Spa,. Shuttle night system is ,umpOled uf th. 
Orbiter, an extern"1 tank (En that ,untains the ""Cllt 
propellant to be used by the Orbiter m.in engines, and 
twu .ulid ru,ket bOUlten (SRII'.,. The Orbiter and 
SRII's are reusable; the external tank is expellded un 
cad. l"uI\I:h. 

The Spa,. Shuttle mi"lun begins with the ill.tallatiun 
uf the mlsslun payluad Illtu the Orblte. payluad bay. 
The paylu~d will be d.ccked "",I serviced be("ure 
Ill,tallatiun anll will b,' a.:llvatell ull urblt. Flight .at"ty 
lIem. ("<" sulllC payluads will be mUllltored by II cautiull 
and warnillg system. 

The SRB', and the Orbller Illalll engin,' will nrc III 
parallel .t lift-uff. The twu SRB's arc jettl,uned after 
burnunt alld are re,uvered by mean' uf a paradlllte 
system, The large external tank \5 jetti>uned belure the 

Space Shulli. Olblter gues Intu urblt. The orbital 
maneuvering sy;tem (OMS) uf th~ Orbiter Is used tu 
att,'ln tilL' desired urblt and tu make any subsequent 
Illaneuvers that lIlay be reqnlred during the ml"lulI. 
When thc I,ayluad bay doors In the tup uf the Urblter 
fuselage ul"'1I lu e.xl'usc th~ payluad, the <fCWlllcn .rc 
rcady tu begin payluad "pelilliun,. 

After the orbital upctatiun" de<"hltillg maneuvers alc 
initiated. Reenhy is l1Iade illiu the b.th atll.usphere at 
a high allgle ur alla'k. At luw "IIIIUd", the Ulblte. gu", 
Intu hUlilunt,,1 I1Ight lu. all al"latH,p" ,,!'pluad. alld 
hUHJillg. A ~.w('\."k gruund ttlttlUruUTli.l Is the g.ual 14-'1 
reu'e ur the SpaLL' Shuttle Orbiter. 

lhe ''')fIlillal design duratlun ,,(" the Illilla' 11I1>,IUII.I. 
7 days. Thc mi.slull duration call be cxtenMd tu as lung 
as JU da» il the lIe,·"s>.ry ,'ullsumabl., arc added. 

GROUND TURNAROUND 

(~ 
~,7\ 

/J,'/L n- , 
SllUTnE AssEMBLY 
• AsSEMBlt: SOLID ROCKET BOOSTER ':SA8'1 
• EXf(RNAL 1111'110:; MATI"lC fO SRO 
• ORBITER MAllNG 
• I~TEArACE VERlr1CATIO". 
• ORDNANC.E IN,STALl"'T1(l~ (Ohlloj( (t ION 
• ClOSEOl,Il 

3 

LMiDING 
• 'jAil n INSP((; TlON: 
• Ctf'~N'I:CT GROUNO-$UPlJorr ... 

lUlllPMENr rOOLINe. 
• CONNtC't TOW EQIJIPM[NT 
• tR:t\\' EXCHANGE 



PROFilE OF SHUTTlE MISSION 

S[PARATION or [ T(RNAl TA 

SEPARA TlON OF 
SOLID aOCK£T BOOSTERS 

H[IGHT 
50 ,m -2 7 N. MI .I 

VELOCITY 
5170 ,m HR (3213 MPH ) 

SHUTTLE l AUNCH 

ORBH INS RTiON AND 
CIR CULA RIZATION 

HEIGHT 
ZI S km liS N. ~ I . - TY. ICAlI 

V LCICHY 
28300 ,m l1R () 7 bon MPH 

SHunLf CH~RACrfR ISrI CS 

(VAl J(S AR( APPRO IMAT [ 

l[NGTH 

SYSTEM S6 m \ 84 rT l 
ORBIT[R 37 m 122 rp 

H[IGHT 

SYST 23 m 7b rTi 
ClRBIHR 17 m (51 r Tl 

WIN GSPAN 

ORB'HR 24 m 78 r1 1 

WEIGHT 

GROSS L1rT-orr 
2 000 000 '9 4 400 000 La ) 

ORBI T R LA DI NG 
B5 000 '" () B 7 000 LB) 

THRU~T 

SOLID ROCK 1 BOOS T RS 2 
I I BOO 000 N 2650000 LBI 
OF THRUST EACH 

ORBITER MAIN rNGIN S 31 
2 100000 N (4 70000 LS I 
or THRUST EACH 

CARGO BAY 

DIM NSIONS 
l ~m(60FT LONG . 5m 15FT I 
IN D I~M(T ER 

ACCO MMODA TlON S 
lINMANNE D SPACE "RArT TO 
FULLY EQUIPPED SCI[ TlrlC 
LABORATORIES 

4 

OR ITAL OPER A TID S 

H[IGHT 
185 TO 1100 ,m 
noD TO 61'0 N. 11 . 

DURA TlON 
UP TO 30 DAYS 

ATMOSPH[RIC TRY 

IIEIGHT 
140 , m <7b N. Mil 

VELOCITY 
28 100 m'l1R 17 500 MPH I 

LANDIN G 

CROSS~ANGE 
.2000'm · I OB5 N. MI 

VELOCITY 
34b ,. l1R 2 I MPH 
tl' ROM TRY PA 'H 



SPACE SHUTTL VEH ICL 

I Ill' OIl' lll" ' \ dl'\'fIlCll III ( JII\ IIlh. tllhll .1 lIl'\\ 111 

'"'\l'n Ilhl' 10. Ulll'lI I hJ\l'hl1l' ",til, 1111 Illull IIIdu~11I1~' 

"I~1I111i1. Jill! h .'l,. hllh .. JII)CI\UlIlIl'l. .1111..1 thl' p.l) hlJlh 1 he 
n',! II I till' '-; hUIII\' ",ICII) t"'{H ..... 1I111l'\ll· IIIJlllIl'IIJn~ 1 

1\ Il'\IUIIl'd III hpo,! the OIlH! l' l 11I1t! 'PJll' I hl' '!I\Jlll'l 

0'1111"'1 h"'~l·t l·n~lIh.·, phl\IJe ItlJlIl.'UHlIllf JIIJ ullll/pl 

JIIIIII~ 'pJI,.l' l'l~hl . JUIIII~ Jll1h"l'hl'rll.. tll}!11I I h~' 

(lihuci I' ,,',l lltrtllkJ h) Ihe .ll'u1lhn.lIl\h.- 'UIIJu" Iltl till' 

"1I1~\ JlhJ 11) tlu.' \Cllh.JI \tJhlli/l'l 

On J \I,If1U,IIJ 1111'\11111. the Olhlh." (Jil Il' !I\Jl1l 11\ 

Ilfhll !til ., oJ'\, h.'turn hi 1 .lIlh \\lIh p\'""nll\'l JnJ 
1'.I\llIJd . 1.lI1d M~l' JIl .lIlpIJIlC .• IIlJ h(' :CJJu:d Itll 

JlhlthCI fll~11 111 1.l..tJ\\ I he ..,hu It Il' ,,:JI1 Ix' II',l\.h~J hll 

J It:'.,:lIr 1111,\llUl IJUlh.h Ill1l11 ",IIlJh\ \1.IIU\ "'llhln =J 
Ihmr\ ,llIel IIlHIIi,JlhUl I III 1'I1IU~"'lIq 1t.·'I.:ue Il,,,, I.Jhl1l 

t.:Jn l"'l'lllllllllltlJh' .1\ IIIJII\ J' I (I PC"'lIh Ilnl' , JII 

1~I.Up.IIII' tl~ .1 1I1\,thll'd O lh ll,,'1 I. IlulJ I" , II." I h, 
Jlltlthcl,IIlIIII,' 

I hl' ,HoW" ",11It..i1 hUll' III pJl,dld "'1111 1 !II.' (hhll"1 
nlJlII P1tlI'U"IUII ",ll'lI1. ,Ill' 'l'pJIJtl' d 1"'1 thl' 

O,hlll'l ,,' \1"111.11 IJII~ JI JIl Jltlllhk 01 ,IPP' O"'I Jh:h ~(1 
~,Itl llwtn ... t ,., IlJutll.JI w il,") , J,"d.'IlJ ull I'JIJl.hlltn . 

.llId 1.111\1 III Ih,' ' .... l·.tll JrrJII\lIllJlel\ ~"I-. 0("1 IIIl'h" 

(I ~O IIJU"~JI IIllll" ) 111'111 ,h,,' 1.1.IIl~h 'Ill' I hl'\ JU' 

Il'l.Il\l.'leJ h\ ,hiP', Il'It1111l'.1 to IJnJ Il'Wlhl,lu,' J .lflll 

111,'11 ll'lI'eu 
\ lIe, \KB \l'pJI,I IHIIl . lin,' 011'111' 1 IIlJIII ('hlP ."IPII 

'\\11.'111 1.\1111111I1l" III hllll' until tIll' Orhltl'r 1\ "IJ"~Il'\J 

111111 th,' Il' Y"III,'J ,'\It,'lIt IIJI"dIH\ I hl' e\,ull,.1 IJnk 

tla'll '"'p.IIJll" JnJ 1,111, hJIII'II".III~ 11110 J 1\'111111\' Jll'J lit 

'h,' I IIJIJII 0, 11ll' \ ou th I'Jdl"l1. (h.l' JI1 , J"pt'IhllllV ,"I I ill' 
IJUnt..il ',h' .1II1I 1I\1\\111n I h,' O \t '\ 1.00tlpll' IC' Hhl'rtllill til 

Ihl' Orhill'! ll1ltl ,ill' ,ll"'H'J ,I,h'l 



CR W I\ND PASS N 

I h~~ 1,.1\'\\ .A1t,11'.1 '"'II~\'I~ 0 ... ,,1"" I", h:h'I ... tftlll II 

,h\' h " \It.,lId l'lId 1-1 tl.\' ()dlll,," I lIr .. ,,'''' \.0111, I: til.' 

1. 11 111 .. 11 1011\1 1.11 rll"II"·"\\..II,I~ ,II 1II0\I'I!,'1 h. ~1I11\ IIIJ 

I h h lll! piLl ... • I III!..' It II II IIIHIl 1111.: l)'I't',I\:\ Illfhl 

lilt,, !.. I h"'\.h'\\ j"III'~'II'!I!l i \:, ... ,!II.III,lhll~ 

f' 

R 1\ COMMOOI\ liONS 

' ... ·!l1II hit pa II ~I Ilhl.1 \11l 111.:'.IU: P ,\11, J 
III III 1.t\HI ,IH ~ li n.: to. Iu' YdllllJH J I 1\" 

11\ I h IIlk\11 hi) I II H J .\11 J 111111 

\ I \,11 !,"'In ,IIhl "H1ft ' ,J 111 III ~ I lit 
I pI,; !It: hi Ill.'.j Ii; 11111.,'11 I\d\ 11.llth:d 1'1 \ I ,,11\ 
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perfed astrllnuUh but will nuw ~<cununud~hl 
experienced .dentilts ond tedmkIDn •. 

Crewmembers and (lIuen&C1S will experlen,e u 
dcsl,"ed maximum cravlty load uf unly 3& during luundl 
and lell than 1.5& durIng a typkal reentry. These 
aeeeler.tiuns are about ,me·lhlrd Ihe levels experienced 
on p'revluul Il1Anned nlghtl. Muny other features ul the 
Spac. Shullle, sudl .! a standanlsea·level .tmulph,·rc. 
will weh:ume the nonastronaut sp.ce wurl<er uf Ihe 
future. 

.,,2 

3 

o 5 10 
LAUNCH LOAD FACTOR, MIN 

2 

~ 122 !XX) m 1400 !XX) FTl 
~ INTERFAC7 c:i I DEORBIT ~ 
el BURN 
~ 

0 10 20 30 40 ~ 60 70 
ENTRY LOAD fACTOR. MIN 

WIDE VARIETY OF MISSIONS 

TIle SpKe Shuttle hal the capability to cunduct space 
missions In response to currently prujected national and 
worldwide needs and the nexibllity to respond to polley. 
dls<:overy. and Innovation. TIle primary million for Ihe 
Space Shuttle is the delivery of payloads to Earth orbit. 
TIle Shullie system can place payloads of 19500 
kilograms (65000 pounds) Into orbit. Payloads with 
propulsion staiCS can place IItellltes intu high Earth 
orbit or into lunar or planelary trajectories. 

The Space Shuttle is more than a transporl vehide. 
TIle Orbiter hD! Ihe capability to carry out missions 
unique to the s(lIce program; to retrieve payloads from 
orbit for reuse; to service or refurbish .. tellites in space; 
and to operale space I.boratories In orbit. These 
capabilities result in a net livings in the cost of space 
operations while greatly enhaneln, the nexibility and 
productivity of the missions. 

Among Ihe multifaceted uses of Space Shuttle during 
its operallonal life, which will extend beyond Ihe 
I 'NO' •• will be a wide range of applications of the 
'"vironment of space and of space platforms. The 
applications can be achieved through uperation of 
salelllle., ,oleilite. with propUlsion slages. ~pace 
laboratories. Or comblnatiuns as appropriate to Ihe 
specltk objectives .nd reqUirements. The Shu We also 
provides a labors lor)' capabilily 10 do research and tll 
develop lechniques and eqUipment that may evolve inlo 
new operational ,satellites. 

TIle Space Shuttle will not be limited to uses that 'an 
be foreent today. The reduction in the coct of 
Earth·orbital operations and the new operational 
techniques will enable new and unforeseen solutions of 
problems. 

7 



PLACEMENT AND RECOVERY OF SATELLITES 

Olle illlPUflU1l1 SpJI.C ~hulllc 111I\\'on \11'111 he Ille 
1>IJcelllen t uf \Jlclil l e III I Jill! mhll. 1\ ~J I"'III1C 
launl.hcJ nn II I'H:\'iulI '\. IIlh\lUIl \:04 11 he le i rlt'vcd Jlttl 

returned In I Jill! lUI rclurhbhmclIl JIIlI,ClI \" 
A> lIIan "' nyC indlyiduJI 'J lelill e, lIuy be dcl,ycled 

on ;J :.mgJe Inis$lulI . I he sa,dlile arc se rviced. I.hcl.: kcd 
l)Ul . and loaded IIIIU Ihe O,hllcl. Ihe crew will cum.lst 
uf Shullic I'd"" ""d lIIi"illll alld I"yluad ,ped.h't> 
Upon IcachhlS Ihe deSired .Hhit . Ihe 1I1I))iun ~nu 

payluad 'petlOh" will colld"" p,edcpluYlllell1 dle,~ 
and opcr:lllons. After dclerllllllln~ thai the ttJu.· lIitc b 
,cady. Ihe crew will upcrale 'he payll)ad depl"Ylllen l 
yS ICltl, which lifts the \.llcllitc Ir oll1 the c tll~o · hil,'~ 
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rC ICll l hll1 \ 11l1I .. lurc , C\IClhJ - it alAJ) "UIIl Ihe Olblle" 
;J Ill..! rck.JM!\ h . I he IIlIal .u .. flv .. ttun uf Ihe t. ~H e llile Will be 
h) I.dlu "I)III111.lId . 1 he O, hlle , ,,,II IJ"d by !lll II I Ihe 
\Jlc ll ile 1\ tlCr",nlllll i ~.lI l\far.:ltlrlly befUic PHK.C +.ling 
""llh tile f{~IIIJlllljC' ul Ih.: 11I1)\hUI 

I I) I C~O\-Cf .. \d ICllll e. Ihe (lfhu e , YoIII ,cnul'I\ oll\ 
wllh It. IIlJt1eU'rCf dt~e. and 1t1'.lh II 'Nllh Ihe 'l.'IlIUle 

lIIan llHlldlOl' JIIII Aller tile 'OI.H.· IIII~ 1\ tlCJr.:II\JICIJ h) 
IJ IoIl" I,:Ollllll,.lni.l , " Will ~ lo""c,,~d Inlu Ih e I:J I ~O b .. y 
Jntl h"-ked 11l1t) plJl.c I he O, h.ICI Will petflllllllleHrbl1 
IIIJIIl'lI"CI\, Cli l er the dll11t1\plh:r~ . Jlld l.snd . H.'llIII'''', 

Ihe ~\rcn""'c \J lclhll! fill' rcu\c 
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MARINER JUPITER ORBITER SPACECRAFT CONCEPT 
IN . flIGHT CONfiGURATION 
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1 h. ASA Gudda.d Space Flight ('en ter is Sludy ing a 
fa",i ly of ",udular pacecrafl sa lellite. lu be placed in 
",bilS uf varioul inclinalions and altitude •. This low,coSI 
landard hardware Is expec ted to comprise much of each 

satellitc . Among other fcatures, the design of this 
hardware will provldt' fur on·mbit servicing hy 
changcout of supporting subsystem asscmhlies and 
appll catiuns SC Il SorS . These system fea tures. in 

ON·ORBIT SER VICING OF SATELLITES 

aS~v..· l a ll on wl lh the Shlltt l c · ha~ed equipment and 
Shu llic operational techniques. will permit lm'lifhll 

",a"l1.n.nce and upd.ling of Ihis family of •• Iell.l e •. 
Comhined whh the large weight and vulume ca pacl1 )' of 
the Shuttle. this capablht y provides the payload deSigner 
new freedom 111 develuping and upcrutlflK sat ellite that 
can reduce payload ':O!lts a weli as IIn phlve 

performance . 

EOS ORBITAL SERVICING 
AND CONTINGENCY RETRIEVAL 

CD 
~~U N-SYN C HRONOUS ORBIT 

--«f ~ blCING ORBI!I~T ..... ,,?C __ _ 

EO S ATTA CHEO TO POSITIONING PLATFORM 

LAU NCH , RENOEZVOUS , 

AN D STATIONKEEP IN G 

CAPT URE EOS WITH 

REMOTE MANI PULATOR 

MODULE 

® MAGAZINE 

DEPLOY~ 
~ ? 

TENTlO~ 
CRADLE 

:-1--_ 

~ MODULE 
EXCHANGE 

MECHANISM 

® 
EOS SERVICING 

~ 
L _~TOSU N­
~ SYNCHRONOUS 

ORBIT 

~:..-___ ~.......:::::!!",,--,,--,,:::---::> DE OR BIT AN D LA N 01 NG 

CONTINGENCY RETR IEVAL STA TI ONK EEPING 

i 1 

1 



BY THE SPACE SHUTTLE 

It l'rn,llI vc IC\. hfllllUC 101 UII -OItUI ""f"lllIIg 0 1 

\..11 1.' 111"", arC IIIH.lcl , Hlliy. I he .lppmJl h IlIu\ "oIh:lI ,\ 
hJ\Cd till \.' .II,cnl \ II11I1IJllo n , of 1'101111),1><' ha l\h~JIC 

\'.1,11 l<'pl.",.cJhlc Iliodule, I nw,o", lciullmhJhlc 
pJyIIlJu" " .,h J' .h< I •• 'h Oh,,'rv.III.1I S.ldiIiC II OS) 
III tile pll\lln~ IJI'I I .• m ' \. Jllir d hy .1 Il.'l eli liOIi '>" Il'1II 

IWhkh rCJ Io:" ;til homl . 11.'('1111) . ami 1.llIdlll¥ 1 1I ~1I.h. I he 
rell,' lIlHH1 ,»)ICI11 1''1\'0'' J d U\' ~IIl }!. 1111 1 10 Jlluw l o l ullUn 

uf the \u lcllllC In .Hld oll lni rhe -..::ngo hay . Ikploymcllt 
;1 .... 3)' fmm the Orhllci III luplUI C unu hcl l tUlIg o f a 

\ I-I hlli /ell t 0\ ..Ire Jl..lolllph,hct.i hy thl! IHJl1 lPltlJIOI 
.11111\ ull J\.hcll hi Ihe O,hl lcl. 1 II IcplJlc the PJ) IOJd J 

101 • .11 )' lIIag.llilic ~.III )'llIg the rl pl.u:i.'rncil I lIloduli..'\ 
prc\cllh lhelll .1 1 rite plilfX'1 ' "IU.' 111 ..Iii C\dIJllrC 

IIlC\. IIJIII\nL I hc l"I,: hJnr~ 1I1('l.. hJIII}1II ICI1I1)\l'\ Ihl' Illd 
IIhHJII I~ !rOil I Ille \J lclhl C .lII l l \ 10"' II ICllllWIJnl • 

removc\ Ih l. !lew IlIlH.lulc 11 0111 th r lIIap!.1/ 11IC ~IIfJ 11l \ I J II , 

II III Ihe \Jlclhl e. Jilli Ihen ~ II'\\ \ the olll lIIullull! In the 
rolJ r I1lJ~J/lnc . 

I ,I 



SPACElAB AND ORBITER 

" lilt.' ~hulllc dc\clupllICIiI I~ lllll' ll! the ~leJt ICi..hn (jh~I'-Jl undcttJ~III~ 01 Ihl' 
dCI.:Ji..lc , II I1Iccd 01 11m lC IIIUI) • . 1111\ h J d'J ll cn~c 10 he , I •. lled h) '\ !\ \ JtuJ p"VJIC 
Indmtry . I h l~ JI1I11I .. hallcngc h 10 dClllllmllJIC JIH.! u\c the Shullic .1111..1 p.IlIIt.;uIJd) Ihe 
SJ1J ~c lah III the ' '- ' NO' 10 plI ,JlI~C Y.lluJhle new proou"", , .ltllI Icdllllllllc . ," I), 

Jamcs C. I ICh.:hc r. SA dlllllll\IIJIOI . (klUhcr I . 1974. 

Sp:l\!clah is till inH.' rnalional plOgr~1 1I1 hCIII~ developed 
b 'he l ' UrIll"'JI1 Space I{cse.llch Or gan" ",,,,n ( I SI{O). 
TIle l ar~c pl'C ~lIn/ cd pa f.:clah llIodule Wl lh an c\l ernal 
cqllipII1CIl I pJ llct ",II he u bequelll p:lylo;td ca lliel 
durill' the SpJCC 5111111 1c cra. Sp:u.:clah will pruvlde all 
cx u~ n s lon of the c»,pcnmcflI cr's gHlIInd · ha ~cd 

labor:Jhlllcs wi lh the udJcd quali ties wllli.:h ulIl)' pace 
fli g.hl c:.I n provide . stich u u IUlI g· tCl"IlI ~ravit)' ·frcc 

envlronmc nt. a l uc~lI ion frolll which Farlh ca n he vlewcd 
and examlncd a.s a~1 cntH . and a pl:lcc ",hell' he 
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c(' l c~ II :l 1 phere can he ) llIlhcu free 01 allll0\I)hcll\: 
111 1('1 ;"clellcc. 

Sc\ cr .. 1 Spaccl.lh ),SI (,III ..:unliguIJ llolI\ '-'III he ntmll 

The cUllllgurJl!on IlIu) IIJlcd Include, a Plc),urt/ed 
mouu lc whell' C\PCII IIlCIl I CI ) l 'an " '11 10. 111 :1 slllrl ·,lec \c 
cnVlronment. wllllel glve~ accc~~ 10 the cJtn n alca uf 
thc Orhi lcr. Imlrul11cll l can he moulllcd on a pJllcl aft 
of thc prc !!lln/cll llIodu lc If Ihcy rCt.luh c exposulC lu 
the )IJ:JCC V;IClI lI llI or ~Irc 100 hulky I u place Ithldc t il fOl 



INTERNATIONAL COOPERATION IN SPACE 

convenience in v, wing. 1 he Orbiter may he flown It! an 
invcrted alllludc 10 IIdellllhe hUlntlllCnl~ IUw;II'd hllth 

fol' urvcy of hHth rCltUlHCCS and fUI IIwcslIga rlon Ijf 
geophy~ka l and C"VHOlllllc lllal parameter . 

Olher Sp.<cla» cunOgur.I I,, ·, Include Ihusc which . In 
pla« of • prc.sun/ed m dule. have • I .. ge p.ilel un 
wh :ch numerous ins trument s ure installed and contrulled 
from Ihe p.yluad ,ped.lisl· IOllun wllhin Ihe O,.biler. 
Pressure· uil opera lions In Ihe p.yload bay are praclical 
when In (rU mCII I se rvice Is required. 

Tell member nations of Ihe l:.urupcan space 
cOllulluni ty have agreed to commit almmt 400 mi llioll 
10 de. lgn and deliver one nighl uml 10 Ihe nlled SI. le •. 
Agreemenls provide for purch.se of addi liunal unil. by 

Ihe nlled Siaies. ('ooperallng n.llon are li e I 
ermany. it aly . h . nce . niled Klngdum. IJelgjullI . 

Sra in. the Ic1hcrland. Ilcnlllar~ . SWlllcriand. and 
Aust ria. M. ,.y Iype " s<ienIIOc. le"'1I10Iu19<.I . medl<.1. 
ami appiac:Jllull Invc liga tion ca n be IIlcolnph hed with 
Ihls n'gh l h.rdw .. . bdl Sp.ccl.h may be no"n • 
many. 0 limes uver a IO·year period . 1 hi ystel1l ",II 
provIde :m cnlirely new cllpabllll Y fUf Ill~nned 

parlici l,a lion. which Wi ll IIlCfca.)C Ihe ffcc tlvcn4! of 
sp3ce research as well as reduce Ihe cost of ,I IC 
appllc. lion of p:rcc lechnology. 

C!'ewlllelliber .nd payluads for pa<e lab will . 1>0 be 
intcrnational in origin . 

!!:!III~~---._U2. ______ -----~-" 
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Water re\uur..-,,'\. c\~u .. lI)' In ma..-... c\\lhlc .. ,Cit'.I,;l1I 

he munltured tWill \PI':':. hu cx:unple, ;I \tutly lit lhl' 

phuhtf:lilph ut \'HlW alunl'. Ihe MUlI"II"" MUll III An/OIl .. 
..-.&11 It ..... h, iI..- ... urale plcd,,,,ulI" ut h,,\o\' Inu..-n \o\ .. I~J ""Ill 
be aVJaI .. hle Jiler Ilw thJW hi IUllfillC till..' "'l'\CII 
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(,,·oln)lh.JI ,IUJu." l.ut Iw IIIJd", IltlllI l'hllhl»'I,II'II, 

'Ih,1I .. , tllI\ In ,"ppotl 1I1111l'IJI l·\plor •• 11111I IltllIUlo'huli1 

Ih", .. "d\1 " ... ·tI"I~' h •• 11 IJul" .111 .. '11 ,1.llId 11111 III 1'.I~l' 
1I11J)!""\ 11t~ 1'IIIIIo~I •• ph 1\1 ( ,l ltlllllll .• 11I\llIilllll III I II, 

t\1I.'~·I ... ·, lkJtI~ d.,.'li lll·' "h"' ll' IllIn' 1.lId" 111,,"'1 "' .1 

popul .. h ,· d J"'J II 111.11110..11111 l.1I1 1,,',1111 III !H •• tHIIII Ih~' l' 

I.HII" troUI \pJIo.'" 1I1I1I~"1I h,,· ... 1111 Il' p'Mlhh.' III ,1\.\.111 .1 11..'" 

l'fI!J, ... 1 Ih~ 11111 ..... 11'10..111."1. .!lIJ IIlh'Il,t() til \',llIhq\lJ~'-'" 

1Ii\ d.lI~ I"h,'.h 1\1 ~ li n:, l'lv.n 11111,1 .. 1 It.\ ,lh'!(~'Jplll 
I !II.' '.111 \IIJ,\: .• \ t .Iul , \'1 ·It"., IIlIII 111\' 1 ...... (1 11'111 

t,.IIIII\'1 .. lid p.HIIJII) ""lIku h\ "llIud J\ IlIl' ' III (. "I'lid 

1.11111 Ih\· ( •• III,~J... f ,11111, til\,' .1.1'10.. .II~.I~' I 11.1111 ;" up 
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\tJII) h.' 01 III":, III III", 1~t.:.111 \.0111 Ill.' ,luJI,'iJ "'HII '1'01\,.'" 
ilion: "'",11) Ili00n 0111) tllhel \\.1) 11".' h.1/) . h~hl OI'C", II, 

the rfhu'~'.1I'h ,u'" ,"'J' ot nulJI ... nh 'tldl .I' J1tt"'· .1U11 
1,101""-1011111 Ihe ""'J tt", "'''''IIlJllnlll\ ot ImpurtJn\.1: In 

\.0111111'1,,'1011 Ihh ... llncn ~\.JU'loC Ihh 01'''' hll.L'I) 10 he 
l.:un-:,,·,IIr..t,·d 111 th,'\C J, ..... , 

+ 

r 

'lI.h.,,' IIII"}:"') ".111 .11 ,11 1.11.111 III~' II hl\\"llIrlll ,II 
1,,\.'ht.:I~' In IIh,hl..1h~ I)H'JII \.11" ... ' 111 ' Jlld III JHJ It)UIIII~ HI 

,hll'" III \..I1l'1 .11 ... ·.1' !\ "'01111'"1,'1 Ihlll~' IJJIJII"~' 11.1101 

I'IHII J IIlullhl""-IIJI '"JllfI~" .1hllJ,J '~~IJh " lid,lnl 

\\.1 1"" 11':1)111\ 1111, 11),,'11111,1 \\ollh' '"l1phl~ UlhlJflll~ .1IIJ 

\.tlll","'I"fI 01 t.)JIII~I"plll'" dl.1,h 

+ 

Communicltions 

Hc,,' .1u)C i" ,," )lI1lllllllfl.'JIIIJIl' '.1ldItIC\ , Icic\'",ulI 

VIC"",,,,,, all o\'l.~' Ille ""'tI.IlJ t,,~'" ttlr )!,IJnled lh.1l Ihq ".111 

wah.:h 'PI )"" JIIIJ 114.'\\\ ~\,~lIh .1\ Ih(') IlJppen 1 he 
\'IUIIIllUIW.'::llIon, 'Jtelhh." m ,IJllonal) nrhll flall,"ul a 

VJllely lit oiliel cdUl.:.1llonJI. )!.o\ l! fllmCnlal. 'IIH.I 

I:OI11I11CTI.' I , oa'.1 a, well 
A new h~h' h{,JIIl vOice clulll1lunkJIIOn, tle\'u.~,,·, 

1..:.11:·d a yt'!rolllt'lu !la, h(,(,11 li(,Hh'p('J h) '\,,\ 

' ... 'CIlII," h"'GllI't.' III ' I'.1U'~ ',)fIcnlcd '''' qUlll' llI' ,h 

("11111111111111.:,111011' h\ Ihe 11'1rllllll'1 1.' 1 .In.' 1111 11 11 ' t, 10 

IIlIt.'I>.:l'IH'"11 .III~I 1.1Il1l11l1l ~ .llIlI an' I,O l lll'lcld~ 1'"\alC 
tk' I.:JII'{' 1111.' rcmnll' IIlh, lOphunc 'l'lIlllrC' 110 1'0\1,1.'1. Ihe 

'~'lelll nite., llI i lll~ po,,,hll.' JPI'!t>':JlI1Hl\ III l1uJu'lr~ . .11 

'\Ca , JIIJ III Jtr/"C'.J r('\i"ue illlCfJlltm\ 



tu"I~\'" III Jd \1 ~lIlIlll 

1."'11 ,"thl '" \'Pll\ll' III \rlld ... ,I!1 \IIIHlllllll\l) Q"I:;'U 1I111'tI 

1.'lndulil1 I' \4 ;i1l1' ...... 11llld ./111 unlll'I"I IIUIlII);' 11'1111;',1 

I' {II tllllli l"II:iIJ' III nl'p ,'Ill I Illlt"'UI'1I pur "'lll,11:rt! til 

... " 'lII'HI "" IU"'I 1'1I'p 1":1IIil'P'I""qti In "'1,1UIH'Ij" P'I,H;h 

1.1"1\"' IIr' '11l1'I!Olj,r "llod" 1111 P,l\11 '.llh' ;')1,1111 /I'IUII" 

"'"I.""''' ~UIJIlIlUOIIl"'lljl'(tIOlnl' 'O~lj'll'lIlhllll "1"'111 
IItlljl'II'ltilUlPI' ~IIIP PUI' 

I:IlIlrll"'l ... 1\,.lI \IOII'IItI\,'1 'Ulllj1'lIlhr 'I'tnll 'IU,11l1,'11Il,I:,101 

,1.111\\.'ld pOIIIQ U!IIII'III.I!!'I,l!, 'UIIII'-II"'IIIIIII111-

LI,l~'\1l Ilq p.,ullln";"! " ... ,1' ... 1 Ililn ;'Iljl \JPIII.11;\1 'll 
1II'I1i'~,qd " 01 j1Jp"lllU Jq 1I1~_' I'P'P I1I1'Jiilllpll'_'IlIl,"'P 

'''lllj'' '1111'111' " I'llI' lII":'lllHI:'l,11 "'11 lIJ,H\I,llj P,)IIII'IIIII'1i1 

lJ: 

"ll 11r.,' 11111j1"IUIllIIl:ln, ,1""1,\ ''''''11\\ I '1l'lId'tltl 

,liP "I ,111\11111.1 THII' '1U,1~J;,!III,' II\"!p.1UI ,)111 10 JII.l=" .1111 

II: IjIOlj 7iUIIt'III11HII Pili: IlPllllr:.'lJI IIII:,\lIl1:'l IIII ... ,"Ip!/\I)HI 

InUl ;'1111 ''1''1'111' lIll 1,111/: '''111111111 ""I I'~II Jill 1111111" 

''0\ hi 1'."1\1" JI! 'I!I •• ','''1 ."1'011'\\ "IIIJII,'d :'l";PW;,,\ 01 

1lIl'l.ltldllll (uri "'I""" 1 "lIun ')I\~'tll '111\\ ,;,::,,,"'/\ ;)111';1.1 \l\:" 
p,1ddlllh,., 'I'll ""\;"1 'uol'I1411l 10\11:1 Jill ·',1I11IIIHIIIII(I;'I 

,""111\ \q 1',"11 11111"I! 'j11~'''1j1' 'I 111'1'11' 'lid I' III \111'1 '1tIlP"1 

1"·"IIj1Jlll \.111.1:1.1;'1111,' P,)tlIl~JI ''11111 PUI' ;'I."lll'IIllIWr. 

til' HHII 'ItllI'ljlllIlIl ,'jlljlllll P ,11 ,H,nd· \.1,,, II I'q Iqiil,H'I'I"'1 

I: · ... ldIUl~\;) lill '!jIIl'1 01 "Pl~q 1'11:1' P","'" P'"; ;) wi.! , 
III '11lr.IIIIJI": H1111l1111I ill P,)U;iI"')P '111;III;iUtl 'J:'JI\:'Ip 

Ultlll pJIII1,.lJ .Hrq .'11',' Ijljl~,)lj til ,"""1',\1)1' (lIq, 

Ill:> "III'H 



1\ cuff device perreeled fur S~yl.b c,ew, .nd """ "' 
cUllullcrclal u ' meaSures hln.ttI pre~~ur~ aUlOlIlatkally 
and di,plays a numerical reading. as shown III Ihe 
ph"lugr.ph . Thl. deYlce can .peed .nd ,hnplrfy 
screening 1)( large grtlul)~ of l)Cuplc hy P3ltHIlCdk rL Iligh 
hlood prC!i~urc . a COIlUllnn ami "flCII 1I1l\lIlrillCt.:ICd 
medical ,')luhlclII. can conlrihulc 10 mOle COotlS 
prublems such a~ hcal! all :u.:~ alld !itltl~C . Ihclclmc. 
carly d,,'tccllUIl hal'l the 1)l)lel1l1al to lt ~Vl! lIlallY lives . 

Spaccsuils and portable lifc·suppurt sy~tcllllri have 
inspired IHher II1cdkJI advan..:cs. For c~alllpic . the 
mohile biolugkal i,.ol:lIlon lloystCIII in the phologlaph h 
being developed for ptilienl \ with immune deficiency. 
those undcrgning chemotherapy. or Iho~ whmc natural 
Imlllunity ha!\ been dehberately lowered fOf lltgall 
.ranllplant. 1\ suit lJ,uch a~ this . which 1)lOvldc~ both 
Illobilily and pmlcelion. could al~u be u\Cd to IlrolCCI 
dl'lclors rrolll cOllullunicahlc di~a!rIC ami 10 prot ect 
rcscarchc :.. working with dallgcroul'I viruses III 
lat}CInllurics . 

Anulhc!' apphc~tlon h a punable volulllc ,u)l1lrullcd 
fe ~plftilOi lhJI I hght\\clght and lequire no c\ternal 
,oulce or PU"Cf Uf o,)'~cn . 1 hc ICl'IPIfJtUf wClgh \ 75 
pc":cnt le~~ Ihan CUllliliun IClIpirJhtl ami I Inth.h 1Il00e 
precl.~ . It has partlculal' utlhty III dlsa lei area field 
t" .. pil.1 . 

('omputer temllnaill and soflware I.h.·vclupcd rUI 11 e 
~pacc plHgulm can ~illlllhry many health 'lehuc« tas~ , 

and plovlde capablllllc!I never hefmc av::ulahlc . 
IndIVidual medical ,ecord can be updaled cu",I."lly . 1\ 
laboratory Icchnicum Of I,aramedlc call cnun vallow. tc~t 
thlla flOm a remole ICIIIIIIIIII and If'.:elvt IIllerplClallolill. 
I)OClur S "J" gel clanncd X.ray. do"e by CI"npulc, 
II.clhud. developed 10 clarify phu"'g,aph, I,an,milled 
rrulll IIpacc\.rart. 
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Meterie .. end Mllrtufecturinv 

I n IndU~l') . Ill'" mUlcJIJh and dlJng\!d 
lIIanufacluril'g. IlIO":C SH'f\ have !'('\ulted tlOm 
:'PUi.'c-orlcntcu I(',rald!. III I!PIlHlf 1Il:,Icllah. 1111 
e'\alllple. arc i,.' Olllilotfltl) tlClTlg 1II1pru\cd 10 prO\u.k 
helll.'T pmlCl: IHIIl (lildudlllg fallal l.:()vcn Jl ~ 1 lur 

firrfightcl\ . 
SIIII 111 the {'\I>Cflmen1:t1 'I tagc I'" thl' glO"lng til 

cl'y,tals in Sp;Jf.:c . 'Ihe germaniulll "elcllu..!c 0)\1:.1\ ,h(l\~n 
W:.J \ /,'\)\\n :thoard Sk)iJh :lI1d 1\ :thou! the \ 111.' and \h.Jpc 
IIreded for prodUl1l011 of (' Ic\,. II IlIlH': JC\'IlC\ I hI.' 
(,'I)clllllen! II1dh.'J ICd IhJI 1111 \ I) p<.' of phHJullton III 

l'lp;.u.:c j, h~a"'lhlc JIllI PItI\I(.lC\ daHl un the londillon, 

UIU.!c, "hkh pr'llducl '\ of Ihh kind Gin he IIl.1dc 

1 hc"C arc Just a fc" c\Jl11ph~' of the \\oJ)' ,pJ\,C 
rc'\c.m.:h '''I affecting our d.lIl) h\C\ ITI unl."Il4!\,.ICd \\oJ) \ 

Alld the II" Icnglh('n~ anel ('\'1.'1') 'P~H.:c \{'"Iur(' 



ENI/IRONMENT 

AGRICUl TURE 

MINERAL RESOURCES 

PETROLEUM RESOURCES 

COMMUNICA liONS 

TIMBER 

SCIENTIFIC 
STUDIES 

EARTHL Y PAYOFF TOMORROW 

Man goes into space 10 explore the unknnwTl 10 

increase our understanding of the past. prc"~ IIt. ttlHJ 
future of the universe and humanity's place i 1 il. When 
the Space Shutllc bC":OTIICS operational in IC)\' O. il will 
be an important 1001 to provide mankind wilh 
information to help In managing and prescrvlng our 
crowded tarth . Users of the versatile Shuttle system will 
include c011lmunicatiun lIetwurks. !('search foundations. 

UllIvcrMlic:" (I1l! .. crvat uric ~. federal dcparllll('nb allli 
agendes. 81:11C agencies. coullty and cit)' pl:inncrs. pu~! ;c 

lIlilitics. farlll cU\)I>cralivc,\. the II1cdH:al profc~sioll . the 
fhhing II1du ",ilry . fhe tranllporlalh.)11 mdustry . and puwcr 
generation and w;ltcr con~crv:ttion pl:lIwen, . 

I'aylo"ds launched by the Space Shuttle "ill provide 
:-,aclkal data th"t will anect hoth the daily hvcs of 
people and Ihe 1\)lJg.lenn future of m:lIlkllld . 



Agriculture 

Sca~ur systems in space C~n help Ihe world solve II 

food problclllS. The scn""" can idenlify cro.,. in each 
field . lell Ihe vigor and probable Yield of Ih"'" crops. 
and dele",,,"" planl d,scaset or insecl In~ 'alloo. 1111 
informalion Will help agricultural peelah. predicl 'nlal 
fo.xl ay.ilable on a worldwide ba is . 

Petroleum Resources 

I'hotugraphs of the rarth ' a ~cn from spal'c have 
already supported C,,"pIOfJtlUnS uf 011 :Ind natural gas 
umund the world . The unproved salcllllcs of the SP:ICC 
Shuule era will be able to locatc new SOUf L:CS l)f fOSSil 

fllcl, . 

30 

Environment 

In environmental IIWdIC). satellites can send weather 
Infoflllation lu ahe ground. survey land use patterns. 
Inu,:k air polluttun and Idelltify Ih source. monitur air 
'illalily . and locale ",I slicks. A pollulion'mopprng 
~lelll1c L3n cover the entire nilcd States III abou t 500 
photographs; ..:amcras ca rried In lugh·altltude all planes 
would usc abuul SOO 000 frames to cuver ftU.' same arca. 
What would lake year '0 momff lr by air I,;an he 
l11uniturcd rrom space in :I rew dav~ . 

Miner" Resources 

Polenli.lly large mineral deposits have been Idenllfled 
in many parIS of Ihe world a. a result of S~ylab 
phnlogc.ph . Th" adv.nced salelliles emplaced by Ihe 
Space Shuttle arc expected to 1Il3~e many lIlore valuable 
mineral discoveries. 



Communiclitlons 

Communlcutions satellites hive made intcl'cuntltlcnlal 
tele.ision possible and are reducing the cu,!> "r 
trans.,,,eanic telephone calls. The co t will decrease 
again when the reusable Shull Ie takes new :.UH.I impmvcd 
satclliles into barth orbit. 

Scientific Studies 

Shuttle is capable or laking ;',10 brth orhl l 
complelely equipped !r.C!cnlific laburat ories manned hy 
scientists and Icdmiciulis. In Ihe weightless environment 
of space . researchen. can perform many t a~ks thai 
cannot be accomplished a~ain!oll the gravi tatiunal pull uf 
Earth . . 

OcelRogrephy 

By mappmg th ~k:can Ullal;C tempera tur e. I ~lIth 
Icsuun:cs $;,I lclhlCS Will help th.:canogrJphcr\ unLlcl)IJ lld 
cuncn t patterns. Ttlls. lfllUrn . Will enahle fhlllng c'I)clh 
lu p.ethel the IIlO'lCmCllh 01 4..huob of fj h Icc 
IlIOVClllcnlS "' Ihe ()(':call C.m J lso be IIJ I,;i. .. cd horn pace 

Timber 

Shuttle-bunched sa tellites ca n help conserve our 
forest le so urces. c~pcclally 10 remote area. hy 
di cover in g tires. by dctecting trec dlscases and 
infestalions of pests. and by providing accurate 
Inventories ur uur timberlands. 

J I 



SPACE SHUTTLE VEHICLE 

SPACE SHUTTLE ORBITER 

PAYLOAD BAY.......__ 
18", IbO FTl 

RUDDER SP[[D BRAK[ 

ORBITAL 
MANEUVER ING 
PROPULSION ---- -~"'" 

PAYLOAD VIEWING 
WINDOWS 

'-_--AFT REACTION 
CONTROL [NGIN[ S 

,1--- MAIN ENGIN[S (3) 

~_o:<;-IfI:=---- BODY FLAP 
FORWARD 

REA CTION CONTROL 
ENGINE DOORS 

LAUNCH UMBILICAL 
DOOR 

~~'i-~~-~::~E:-ATC~:~~~--~ 
LSTAR TRACKER DOOR 

NOSE LANDING GEAR PAYLOAD UMBILICAL DOOR 

The Orbiter spacecraft I..'untains the crew and payload 
fnr thc Space Shuttle syslclIl. The Orbiter can deliver 10 

urhil p.ylo.ds of 2~ 500 kilograllls (65 000 pounds) 
wilh ienSlhs lu 18 IIIelers (60 feel) and dialllete rs of 5 
IIlc icrs (15 fcc I). The Orbilcr is compamble in ,i lc and 
weight 10 modern transport aircraft: it has a dry weight 
of apI" (lxilllately 6M 000 kilograms (150000 pounds). a 
Icnglh of 37 IIIclcrs (I n fcet) , and. wingsp.n uf c4 
IIIelcrs (78 reel). 

The crew compartment can accummudate seven 
crcwllIcmbcrs and passengers for sOll1e lI1is~ion<i; (fl'llr ic; 
the h~sclinc) but will hold as llIany as 10 persons in 
emergency uperatiulls, 

The three main propulsion rocket engines used during 
laum:h arc contained in the afl fuselage. The roc ket 
engine propellanl is cuntaincd in Ihc eXlern.1 lank (I:T). 
which i~ jettisoned before initial orbit inse rtion. The 

orhi tal maneuveri ng suh!lY!llcllJ (OMS) is con t;uncd 10 

two ext ernal pmh 01\ the afl fuselage . 1 hesc units 
prov id e Ihlu),1 fl)f (lrhi l insert ion. orbit (hangc . 
rellde/you),. :J1ll1 rclUl'II 10 1· ~lrt l l, 1 he reaction c,1 1111'01 

)ub!lY!l tclll (K(,S) is conl .Hned ill the two OMS pod .. and 
III a module in the nU!lc secllon uf the fo rward fuselage . 
These units provide a11iwde I.:Of1 I rol in l'Ipacc and 
prccblon vclocily challge, for Ihe final ph.ses of 
fendc lvouS and docking or urbit Illodif1calion .. In 
addi l"'n . Ihe ReS. III conjunction wilh Ihe O.b"el 
acwdynamic contwl surfaces. proYldc l ll itude cunl lOl 
during reentry . The aerodynamic elm lrol surfaces 
provide w lillol o r Ihe Orhile •• ' speeds less th.n M.ch 
5. The Orbiler is dcs:glled 10 lalld al. speed of95 III/'CC 

(I H5 knots). silil ilar 10 current high·perrormance 
airl'rafl. 



EXTERNAL TANK 

ORBITER fORWARD 
ATTACHM(NT 

PROP LLANT 
f[[ O AND 

PRE SSURllA TlON 
LINE S 

ANTIVORT£X 

SLOSH BAFFLES 

'\. L0
2 ~TANK 

The external lank f.:ontains the prol>ellallls for the 
Orbiler main engines: liquid hydrogen (UI,) fuel and 
liquid oxygen (LOl ) oxidilcr. All Ouid conl,ols and 
valves (except the vent valws) for uperation uf the maill 
pmpuhllion system afC located in the O,blter to minimi/c 
throwaway costs , Anlivurtcx and slosh baffles afC 

mourned in the oxidller lank 10 ll1inimi/e liquid 
residuals and 10 damp fluid motion . Five lines (three for 
fuel and two fur oxidilcr) inlcrfacc betwC'en the external 
lank and Ihe Orbiler. All are insulaled excepl Ihe 
oxidilcr prCs.~uri1alion line , An antigcyser line on the 
external tank provides LO, geyser suppression . 
Liquld·leve! poinl sensors are u;"d in bUlh lanks for 
loading conlrol. 

AI lifl·off. Ihe cXlcrnal lank cunl.ins 703000 
kilogram (I 550000 pounds) of usable proptllan!. The 
Ul l lank volum. is 1523 ml (53800 fll) and Ihe LOl 
lank volume is 55~ rn l (19500 fll). The .. volume 
Include a 3·ptrcenl ullage provision . The hydrogen lank 
is pre,suri7ed 10 a range of 220600 10 ~34 400 N/ rnl 

L 
SKIN S TR INGER 

AND FRAM[ 

LEN':.TH · 48 OIl Cl57FT I 
DIAMETER · 8 ,n (28 FT I 
CONTROL W(IGHT 35 000 ~ 9 (7b 300 LS I 
PROPELLANT , 703 000 ~9 1l 550000 LB I 

(3~ 10 .14 psia) and Ihe u,ygcn lank (0 I J7 'I()O III 

151 700 N/ m l (~O lu ~~ psia). 
80th tank.s arc ~ons lru cled of aluillIIluITl alloy St-.IIlS 

with slippon or stability frames (j~ required . rhe 
sidewalls and end bulkheads use Ihe large I aVa,lJble 
width uf plale lock . The kill ' arC hult·fu~lon ·1Aclded 

together 10 IHo\'lde reliable scaled Joinh 1 hc ~on 

alul1unull1 structure uses skm/stringer with stabl!!lIng 
frallles . The primary structural a1l3chmcnt 10 the 
Orbiter cansi IS of une forward and twO le;1I 

connections. 
Spray·on foam insula"o" (SOH) IS applred 10 Ihe 

complete outer surface of the c~lernal lank . including 
Ihe sidewall and Ihe forward bulkheads . LA·561 
spray·on ablalor is applied to all protuberance'io . slich as 
a I t a chnlent structures. because hock ImPIngement 
causes increased healing to these arealrl . 1 he thermal 
proleclion syslem (TPS) overage IS rninlml/ed by uSIng 
Ih. he.l ·sink approach prov,ded by Ihe sid.".II; and 
propell.nlS. 
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SOLID ROCKET BOOSTERS 

DIMENSIONS 
LENGTH ' 4547 em (1790 IN ,I 
DIAM(TE~ : 371 em <l4o IN ,I 

THRUST EACH 

4 $ PARATION MOTORS 
88 %4 N 20 000 LS I 

fllR US T EACfl 

Ar T SKIR T AND 
LAUNCH SUPPORT 

THRUST 

VE CTOR CONTROL 

NOSE 
FA IRING 

~~--:.:;J-"-- SR 6 E T T HRU S T 
;iii ATTACHMENT 

~~~~~---- rORwARD 
__ SKIRT 

ELECTRONICS AND 
RECOVERVSUSSVSTEM 

CEAR 

Two solid H~kcl b'-W'ICI~ lSKU\ ) bUill III pJrallcl 
wllh the lI,ain plUpulslOn !loy tem of the Orh,tci 10 

provide IIll lwl 1i!)l:Cnl Ihru,1, P run,IIY CICIIICIlI~ 01 l h~ 

blH)stC I ;.Ife the tl1U l llr . including ~ J"tC . propellant. ignll c r. 
~nd nUl/ Ie : rorward anti :,fl !i.lnu.:llnC) . ,c"~,,allull ullll 
recovery aVIUIlICS ; ~nd t lllll I VCl:tor CU Illl tJ l subsY!i. (c'l1s. 

beh SKI! .. clgh appm' "',"lcl 5S4 <>00 ~lIl)grJIII> 
( I 2SX 800 pounds, and produce, II ~()(J 000 newl"", 
(2650000 pounds) l)f lhru~t al sea level . lile pr opcllJlI1 
grain is :,hapcd 10 reduce thrus t apPI'O,(lJllatcly une-lIunJ 
5S seculld) afler lift -off h} preyellt IlVCI!loIlC"ing Ihe 
vehicle during the peri\)d of l11a'<llIlUrn d) nalllH.' prc"isurc . 
The 1:!.I.1I1l 1\ ld \:n IlVl!1I1101l~1 dC~lgn . wllh .1 

sI3r·cl)nn~IHcd pcrfmall on 111 thc forward -..:a!t llng 
segment Jlld J lIuncJlcd ~unc pcdOIJlltHI 111 cadi 01 the 
~cgl11enh ilnd the "tI do!'!urc . I he \:OI1I QU leu n011le 
expan~ioll rallu (arca lit .:,,1 t l.) JICJ l, llhn>.II) IS 7. lb I . 
lhc 1 1"1I~1 \'cl: lm I:o ll t rol ~lIh\y. tCIII 11 :1) a llIa\(IIIlUm 

OIIlI1I;)X I:.1 g,lIl1bal Cilp;thl lity ul ~"ghlly u\'c r 7° wille" . In 

,--------------------------, 
APPROXIMAT WEIGHTS AND THR US T (ACH I 

GROSS WEIGHT 584 000 ~9 1 1 288800 LS 
INERT W( IGHT 81 900 ~91180 500 LS I 
THRUST (SEA LEV(LI : 11 800 000 N ( ~ 650000 LS I 

":0IlJlIlII.1I011 \1.1111 the O dli l CI 111.1111 cn)!lIlc\ . plt)\llh~, 

I1lght 1.'\1111101 dUling Ihe ~hul1lc hoo~t pha 
Ma)'llllu lIl llc\th,hly III fabrlca llol) allli CI1M' uf 

IItllI spUl la l lOI\ ami handling arc made pO~\ lblc by a 
\cglllcilicu l'a'\C dCMgn . I wu 1.ltCH,1 'lo way hral.:c allJ II 

o;; lId(' :Ht achl11cIII ~.t Ihe .. ft flal11e PU)\Iu.Je thc \(luI.' lUral 

al1JdllnCll1 hetwecn the SKU Jnd Ihc tJnk I he SKU 1 
allJ",heo w the t .ln ~ .11 the IlIr'o'a ro end or the forwJrd 
!I ~HI by It !\IJlgle tlllll ~ 1 .. :I .. dIlI1Clll. Thc fnll" , drogue. 
imd IlIJIIl parJchutc n\el, 01 Ihe re~()very lIh,y~lell1 arc 
allllLilcli to the Mille thlll) 1 trU l.: llIlc . 

'I lie SKU 's ure relc",cd oy PYlUICclll1ll' SC p.rallOll 

dC\'II.:e~ at the forwJld Ihllist ulladllllellt and tile aft 
,way hra~cs . I' iglll M!paraliOIl ro.:kets on cadl SKU HouT 
af1und four fur'Aard) M: palJtc .he SK B 110m the Olblter 
rind cxtclnal t3nk . 

The rurw~ud SCL.\ml1 proVide!! IUl'I tallJtlun 'pat:c fur 
the SR B cl .... l.tIO"1 and IClo\,cry gea r and lor the 
forward sc parallnn mc~c , s . 



ORBITER MAIN PROPULSION 

.....------_.-
TOTAL USABLe PROP[llA~T 
70) 000 kg tl SSO 000 lBI 

OISCON~tCT COV[R ODOR 

IN AFT BODY O~lY --.... 'f-==~~ 

l02 r([Oll~[ ---::J+o"~-

PR[SSURIZA 

lIQUID OXYC(~ Il0
2

1 
rill ORAI~ 

OISCO~~ECT 

(lH21 

PR(SSURIZATION ..... C)RBIT[R 't T 
L0

2 
OISCO~~(CT 

ORBIT R 'l T 
lH Z O I SCON~[C T 

LH2 FEEOll~E 

HL2 TA~K 

lH2 VENT 

l02 TANK 

EXTERNAL TANK 

The Orbiter l1Ialli propuhiull cnglllc ~ bUln fUI 
appro-.:imulcly H minutes. Thc~c two ~ys ICI1" plI)V1Je the 
veludty in ~ rclllcni nct.:cSSU IY to almost adllcve the il1lllal 
IlIis!'liun urhl!' The linal hoost into the dc)lr cd ,,,hi! h 
provitl C' d by Ihe urbita l manellvering sY' ICIll . 

ladl of the IllIce lIIain Cllif lllCS I ~ "pprn'lIlHHcly 4 ,] 
meters (14 fecl) long with a nullie almolil :! .4 IIICI(~r$ (X 
fcct) III diameter , and C!H.'h !'(()dOl':c) a 11 01l11 nal sea-level 
IIIf"" uf 1 1>6H 100 newlun, (375000 I"lllnd, ) and" 
VaClI1I1Il thrust uf:! 100 000 newt Oil) (-1 70 000 pound!!). 
The engines arc Ihrotllc!lhlc over a 1IIIIIst lange of 50 to 
109 percent of the lIomillal thrust level. ... 0 Shllllic 
al:~c lcratjon \,' 311 he !l nuted 10 Jg. I he englllc" afl,' 
capahle of hcing gilllbalcd for Oiglll \,'01111'01 dunn g the 
Orhllcr boost phase . 

The 60.1 300 kll,,~rJII" (I .130000 puund,) "I' Iilllild 
l)"(ygen and 99 XOO kilograllls t:!~O 000 puumb) of 
liquid hydrogen lIscd during ascent arc siored III the 
C"( lernal tank . The propellant 11\ expended he fore 
a..:hievil'g orbll and the lank fall s It) Ih(.' ot.:eal1 artci 
sep;trating frolll the Orhit er. The flUid hnes Inlcrfa!.:c 

10-

20-

3 MAIN (NCI~[S 
2 100 000 ~ 1470000 lB I VACUU M 

THRU ST (ACH 

ORBltlA: 
MAiN 

lNGi~ t S 

4).(11' 171N . r[[o 

ORBIT.E...!!...:P\\(R SIIRrAc c. __ j-
~ -

00---10-, " 'N 
lH 2 riLL 

AND OR.AI ~ 

~_~ UI 2 

ex teRNA L f.ANK 

\'+llh the C\t crII .11 I Jn~ Ihlt .ugh dl'~\.onncl,:l\ IUI..JleL! JI 
the hll ll ulll of the OlhllCf JII Illsclagf t he h)dH~Cn 
d'\COIHll' l,: t\ arc moun ted on a I,: .. Url CI plJIC on the le lt 
Mdc 01 the Olhllcl and the o\y~cn dl~{)nned\ on the 
rt ~ 1 1I (Idc . These dl\conncl,. l upcll lIlg} arC louver ed h 
large door, Ili llueiJ liJtdy " fl el lanlo.. ~PJrn1l0n II \)1I1 Ihe 
Orbiter . (,wund SC I'VU.:lIlg I ~ dune th ruugh UlIlhllll:ah on 
hoth ~I(.k s of Ihe afl fu\Clugc . 
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I he ICJLllun ":HII I",1 ubsy'telll (K(,!-.) hJ lX 
hjptupcllJIH primary tlUUIiOtCrs !.lOll h VCIOICI thru .., tcr hJ 
provilic atlHulic ~\"lIrullind Ihrce·a~1 tIJU,I.IIHJfllluiln 

Ihe urblt iliscrti(Wl. on-orbil . and fCCII1fY :)11:. 'HI nl~ht. 
1 he K(,S ,,:onsist uf three propul~ IHfl lII1I1\ . nllc If! the 
f()rw;H\I IIhtdulc amI one in cilch of the itft pnll)ul\IOII 
p'Kb. All lIludult~ are used tor t"tcrn .. II"II~ IiCpJI!.I1IIIn . 
",hll "'",,,iu,, , .,," mh,I.I""",e".er , O"'y Ihe .flIKS 
IlhKlulcs urC usell h}r teclllrY atlitude I,;Oll lrttl. 

ORBITER REACTION CON "ROL AN[ 

I he 1« ~ l''''pell.''1 .re ""'''~C'' lei' ''''" 1'2°41. 
Ih (I"dlle, .11" ""'"""", ,hylhY" ' J'"" ('''till. ' he 
luel Ihe lh!\lttJl 1ll1\'Ul C IJII O of 1 h 1 (O\lllIlCI "el~hl 

10 lucl "CI II' ~.J~ ~t 10 llellillt the 1I~ 01 IOClIlIlJI 

1""pell'''1 I.IIb til h"lh tuel .,," ""dlle, 1 h 
l"OIlCIiJIH LJI)Jl.Iy uf the IJIIM III cold. lIludulc I (t()ll 

~,'o~r."'s (1 141 pH""d,' III '2 04 and 1~ 1 ~""f'.II" 
1 1140 I"K,"d I lit MMII , 

ORBITER REACTION CONTROL SUBSYSTEM 

D[PLOVA L[ COVERS 

roX[D 
TIIR US TERS 

FORWARD RCS MODULE 

1 rORVARO RCS MODUl( 2 Arl RCS SUUSVS Trr.l S I ~' PODS 
}O MAIN H,RUS T[RS 14 rOR VARD , 12 PLR ArT POD' 

THRUS T l[V[ L )! 70 N 870 LO' VACUUM 
SP[ClrtC IMPULS[ 28~ S[C 
wu 89 N-S(C 20 LII-Sf C 

I, V[RN,[R TlIR US HRS 2 rOR \IARD AND 1 peR ArT POD 
TI,RUSTLlV[L lllN 25L 
SPLCIFIC IMPULSE 12E SEC 
"IB }} N-HC 0,75 L I-S[C 

PROPLllANT S N20 4 OXIDIZ[R ~''''" n [l 
PROP[LLA~ LA NTIT V l'J:'O ~II 3M, lli ArT 

990'" 21 P) L rORI"ARD 
"" LS[ BIT 

V[RNIER 
THRUST[RS 

2 PER Art 
POD 

Ar T PROPULSION SU SYSTEM 
OMS RCS POD 



ORBITAL MANEUVERING SUBSYSTEMS 

lhe 0.0".1 1I1.'lC"vc"nll suo y lelll (()\IS, p,uvrde, 
the thrust to perfurm orbit 11I5CHltlli . orhlt 
cill:Ui:Hi/titiurl. mil" IHUlSfcl . (CIHJUYl)u!~. "11(1 ueurhl" 
1 he IIIIeg,.1 OMS I.nk.~c;' 1/.e1l 10 pmvlde 1""1",11,"1 
e' l>ad ly 10 • • eh.llge III vclu" IY OIf lOS 1Il/..:, (1000 
fll ec) whell Ihe vehkle c.rrle. " payh,.d "f ~'I SilO 
~lI u~'""L\ (li S non Pllund ). A p.)IIlolI of Ihl , vclucilY 
eh. 1I11C C"pacily is used during ''lCenl. 1 he 10 XJO 
krlllll"I1IS (~J '100 pII"nd.) of " .. ble pmpellanl , Ill", 
4~O ~ihll!'JIIIS (') "~ pounds) IIf ,c"d".ls and 1'''SC5, " 
contained In two "~Ids . onc on each side of the uri 
fuse lage . I'aell 1)00 cun tains a high -pres: ure hehum 
~Iora~c boule. lank prc~Mlfi/alion rI'[tula lor\ lind 

I.UII I,o" . a lucllolnk . an U\llIi/C' Illnk. . and J pIC' ulf:-l ed 
legellcl'Ilvely c""led I",~e l ell!'Jnc " "h clIlI'n. 
prmluccs :I Yll:UUIIl ,h,usl of 26700 ,lC *hms (6000 
puuru.h) at ~ L.h~llIbel prC)MIrC uf Xi, ' ~ ;O 1/111 2 (1 25 
p;1.) .nd • \pe~lfk Il11p"l .... "I 111 sccond . 

The O MS and I«('S p,.IIpe ll .1I 1 lines ale 
In le lcunnecled (Ij III s"pply I""pcllanl f,,,m Ihe OMS 
IJII~ III Iile I«'S IIlIl"Iel on orbll Jlld (2) 10 p"wid 
clO>sfeed bel",""" Ihe left and d~11I I«'S 'Y,IeIlIS In 
addllll'n , plope llall l line. f"'llI Ihe .u"ha,y O\lS lall~' 
in the Orblt ('1 ~~lIgo hay (Ir l'ardcd a :.t 1111\ Ion ~II) 

"lIelCllllllo<I w, lh Ihe OMS plopellant hnes in cach IX)d 

ORBITAL MANEUVERING SUBSYSTEM 
PIf"1 AND vA\', 

LEe TPD • CIIA~ICAL 
C I~'O~L 

PAYLOAD 
AY OMS KIfS 

OMS 

Res 
'!(LIUM 

PROP I LLANr 
rANK ~ -.,.,~ 

Res 
PROPELLAN 

TANKS - ..... ~ 

AC rUMOR 

OM~ (NGINE CIII,RACTERI S fles 

fI!RUS r 26 700 N 
VAr.UUM 

1>000 LO 

SP(C IrIC IMPULs e 313 sec 
CHAM (RPRESSUR( n" l 050 N ,2 125 PSIA 

MIX rURe RA TID' 1.b5 1 

)
' 4 PITCH 

GIMBAL CAPABILI ry . n YAW 

LErT Ar I POD 

OMS I ANKAGE CAPACIfY rOR 305" SLC 
1000 rr sec vrLOCITY CHANC[, 

rU(L MMII WEIGHT 40 A ? ~', 9010 LB ' USABL E 
OXIOI7ER IN

2
0 4 ' \~elc"r 6743 \'1 14 rob LBI 



ORBITER STRUCTUR E SUBSYSTEM 

I he Orhilci lru\.lUrC I \.OIhllu\,.led pllIllJlrly \tl 
UIUIIIIIIU III proH'l,.tell hy I CU .. hie Url.h.t Ifl "IJIIUII I he 
prhmll \ lllh. l lI IJI \llbJ"t'l1Ihlu." ure the lIew IIICldule 
tlml IOI"JII.I lu,cIJ Ve. II1lutu\CI.ll' lUlL! ,)J hlJd h.1 
duur" aft tu~IJ~(, .1Il~l l·lI~jne llinl '!!! , lrudufC, "'11111. allcJ 
\CIIII. .. IIJII 

I he 1../l!W mudu ll! I IIlJ\.hlncd a lulI: llhllll .dl u), plJIC 
\\1111 IIltclotIJllIlIll'nin~ , tlll l'er ,uHJ IIIICIII.JIIIJlIlIl1tt JIII.I 
I ",clded 10 lfCJ IC' J prC,'U ' C'"ghl \-c\\C1 I lu.' IIhtdulc 
!la\;J H.le hJld, hll 11(11111\,1 III ~"!' .lIld q:1 \\ . J hdll..h 
Int I, the u!llnd . 111l1l1 the t: ICV. IivlII~ dc\,; ~ . • l lld i.I h .. teh 
Inllll the •• itlu\.k IIIIlI the PJ In.uJ h.IY. I he IOI'W,IIY 

fu)cl.rp:l' tr1llllliC i'll JllIl11l1ll1ll1 Jllo)' ,~III/ 'I rinvcl rJllel • 

f,.lIltc'. ,HId hul"lu'.lll, I I \I.illliow !'Jllte' ,lie 
IIHII..' liincli pMB JII,AI.heli 10 the \ 11I1I; l u l ,1I 1'1,1111.'1\ JIHI 

1I .IIHe" 
I he IIlHl!md,lfc ,., all IIItClllJI n~Jdllllet.l !,Jlll'l 

, IIUUUI .1Ild 1\ I h(' p " "IJ I ) I.:"">"'}i '1ItH .. lUn! hCI\h:CIl 

Ill e h\I\\JH,I .IIH_I .!It Imel" ,\.: , II .,hl) 1Ii\ .. lu Jc~ Ihe W'"~ 

t.: JtlythlOu~1 \ t lll l: tUI ~ , Ihe IIJllIe, lIrc l.:oll,tnl":lcd J .1 

• CONVrNTIONAL ALUMINUM STRUCTUR 
• MAXIM M T MP RAT UR~ 450 K 1350' r l 
• PROT CT 0 BY REUSIIBLL SURr AC Ifl SULA TlON 

I PAYLOAD BAY DOORS I 
• TWO DOOR S SPLIT AT V~RTI C AL 
• ONE-P I C( DOOR 
• GRAPHI TE EP XY HONEY CO MB 

CREW MODU LE AND 
rORWARO rUSELAGE 

"()lIIh ll1Jlhlll ~ )I .alull1lnum I'Jnel.. I4llh "Hied ur 
IUJdlln ,lln l e~r .. 1 \ lIt h:ncn and tI Ifu , Irll\ .. HIIC .. en l I 

\C .. l! lIll I he upper h .. 11 Ilf Ihe 'llIdlt l\tIJ l,:on\l~h 0 1 

\lnlt,; !lIlal PJ 10,11,1 hJY dt~)f\. 11111 t.I "loUI Ih~ "lid no 
'pli l .. I the top ~\,lIledlll' 

'11 111.11' c"III". ,II," ,1"Jd 'n ,h. mld lu I. a"d 
\!\Ii!IIIJI IJIl"-. .HC \"Jrrl d hy Ihe i lt tU\oelJpe "'tHH .. II,H 

I hi, \ltu\,.:tlJrc I .III ' '''unum In t , .JI IIlJ IlIllcd Iljtlel 
Jilt.! lIh..tude a !r',' , )'f'C int fIlOlI IIIJIlIUIII IluliUrt 

rcinl oh.ell ~llh hurun epo\ y A hunt I..omhh 
;tlIIIIUIlUIIl IU.' JI , hlc l\! 'WI th III ulJtlon .. I tl h' ICOII proU~;1.. 1 

th~ IIlJIII ClltllllC ) QCIl1\ 

I he ",1Il)r I l,:omllUF.. lctJ ,, " 11 1..0rlU)!JICt.! 'pJ I 14 ch , 
IIU,,-I) IX' "h\ , JruJ Ilvetcd "-.lnb.lrIlI~U I,.:O \ CI\ 01 

.dUlIIllIlI lil IlIo~ I he clc\-oll\ d i e L:OII\ I,U ... h:J Ilt 

JhlllllllUllI hUll ' ) 1,.:IIIIIh 

l ite \-Crlll ..... 1 IJII I' 41 '''' 0, .)>.11. mui llflh . \llfh.'llcd·,l..1I1 
hu\ J"'~l1lhl 01 IU lIllIHlIll allo) I he 1,111 I hulled Itl 

the .jl, III ' IJve JI thc t owo 111.1111 'pJ" I he IIHhh~ l /)p(~d 

hl.lke ""clllhly " 1I1\,ld'd UUH "PIX'I and 10"'(.'1 ",,\,: 11 011 

I V~RTlCAL TAIL I 
• SK IN STR INGeR rlN COV~R S 
• HON YCOMB RUDDER COV R 
• MACIIINED SPAR S 
• SIIELT M TAL RIBS 

I ArT FUSELAG 

• SK IN STR ING[R SHELL 
• TITANIUM BORON POXV 

THRUST STRU CTURE 
• AL UMINUM ItONEYCO MB BA ~ 

IIEAT SIII(LD WITII TH ~MAL 
INSUL A TlON 

• So( lN STRIN GER COV RS 
• WEB AND TRUSS SPAR S 

I MlDrUSE LAGE I 
• LEVON - HON YCOM 

COVERS 

• SK IN STRINGER 
• HONEYCO MB PANEL S 



ORBITER THERMAL PROTECTION SYSTEM 

Th 110:.",.1 I'"" dlon ubi I on II I") lU" I I "I 
1""trl.1 Iprh d .. It.".liy 10 Ihe P'""" I""IU,.I 
I II ul Ihe O.h,I •• 'chid hI "wnl ,n Ihe 1010."", 

within • · .. pl.bl IlIlpe •• lur honll Ih. II" , 
'0I1Ip< d III 1"'0 Iype <If .e",.bl. u,f.,( III ul.IOoon 
(RSI). • hi h·:e",pe •• lUle IlUllure ,oup! d ""h 
l",ern.1 In ulatlon . Ih ",,"1 wtndllw pall •. and Ihellll.1 
... 1 10 prul.ll 80ln I •• rod),,,,,,,,, h .11" 

Ih. O,blltr I pr doonino"lly ",..,ed hy K\I nwl 
of ,,,,,.d 1I1e. III. fhe I"'" Iype 01 R!.I dlf~ , unly 
Ilhy.".lIy 100 pm.ld p.", ,1'00" II)' d,ffro'''1 
lem~rlliur rt me 1 h 10" ·tClllpt'J IUl t r u\Jhle 

UPPER UR ACt 

ud •• 11,,,,1.,,",, II K\I) , '11 till'" lco j '01.11) 

"'-1"Jr \llu •• III :amllo:t)~t:r Ih h'r nf Iht vcH I 'A-h~l~ 
I.onl 1.llor .e Ie, Ihan 'I' ~ ... (I 'IX) I I II., 
luglH "'I •• IUI leu ble uol ." ulJllo" jIlK") , 
I ~'''"II''I leo (I. in<h) \qU.,. Ih .. III Old , " , 110 

h Illoon nd """ I., dl" ed 001 Iii Olbll, "h., 
le"'pe .. IUI ••• e below l~j~1 ... I 'IIX) I) 
tlllh ICIl1I"lCUIUre trulIOI nl, Inlnn.ed +..unun .Uhl"1 

(KI n, U d wllh ,nl.,nal In,ul'"'1I1 III' Ih '"'" ,.p 
.md y..UI ICJdjn ed e ~here 11:1l1pt'fatull: rt "r"te, 
Ih.,n I ~()() ... I! iOO I I 

MAXIMUM 
INSULA nON AR£A ot SIGN 

T[ P[RATURE 

b03 .. 2 
LR I 

6488 rr2 

434", 2 
IIRSI 

670 F r2 
HOD K 2300 rJ 

38,.. 2 
RCC 

409 rr2 
1800 K 2800 I 

1075 2 
rOTAL 

Il 567 rr2 

UNO R SURrACr '-LRSI 

.19 

COA HO 
SILICA TILt 

STRAIN 
ISOLA TOR 

PAO --...IJ 



PAYLOAD ACCOMMODATIONS 

The O,biter y ,.'" .r. beln, de 'aned '0 hand I 
Vanoy payload and 10 upp"" a va,l 'y of payload 
fune,lon Thc payload and onl 100 pedall' .. a'ion 00 
'he 0'1110, d.ek prov.de command and cootrol fadll,., 
for payload op<"IIon required by 'he eotlnl/an' 
,den,1 , (,he use,). Remo,e..,ootrol 'echnlqu. can be 
emploY'.d fro," ,h. ground when de Irable . The Spacelab 
payload provide .dditional conunand and da'a 
1I •• nall •• ".n, capabih,y plu a work arca In 'he payload 
bay for 'he p.ylc'ad I"'d.Ii, . n •• crew will be ahl. '0 

u)C: a n,anipulalm lu handle complete p~)'IHad 01' 

",I.",.d p.c~agt . 

The II1l1ll1pulaltU Irm , cOll1plcn~nlecJ by the 
,el.v.sloll dl play y '.m. allow. Ihe p.ylo.d IJI"',a"~ I .. 
Iran fer experiment Ilackllgc and car~o in allcJ oul uf the 
O,bile, hay. to place IIIIU orbit pJCCCrafl c.rrled up by 
Ihe ShulIl • • alld 10 Insp<c, retriev. d o,bit.1 pace".ft. 
The system l'an :.Iso :lId in inspcrllor of 1..1111\:411 :"us on 
Ihe .duel ..... '10'. uch a 'hc heat hl.ld 

CRYOGEljlC 
PAYLOAD 

FUEL PAljELS 

CRYOGENIC PAYLOAD 
OXIDIZER PANELS 

PA YlOAD/ORBlTER INTERFACES 

r OMS / STORABLE PROPULSIVE 
, PAYLOAD OxiDIZER PANEL 

OMSISTORABLE PROPULSIVE 
PAYLOAD FUEL PANEL 

REMOTE MANIPULA T(I~ 
SYSTEM 

PAYLOAD POWER PANEL 

ELECTR'CAL FEED THROUGH 
INTERFACE PANELS, GROUND 

SUPPORT EQUIPMENT, 
FLIGHT KIT 
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PAYLOAD 
UTILITY 
PANELS 

t.Jr"/.-Q ..... _ AIRLOCK HATCH 

AIR 
REVITALIZATION 

UTILITIES 



\ 
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. -• 
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PAYLOAD HANDLING 

! h~ dcplu~ l l1""Tl I .1IIt! Il' 1 I h.' \ ,II "' ".I\IO,HI, .111.' 
.h.:(Olll ,lI ... hl'd hI. 1 1''1 111 ~ Ih l' ~"" ll l' I.ll · pllq""l· I ,,'!I III !!.' 

111.11111'111.11 01 '~\tl·TlI. I' .I ~ 1II,Id Il' llh.' V,tl 11I\llh .. '\ t ill' 

,,- Ulllhllll'd 111' .... '.1111111 \ \11 I l' lhil' 1\ 1111\, ' 1 .llh lll~l·\.·PIII!!. ,111 ,,1 

111,1111 1'111.11 111 .11 111 ,: nl1 ll lll. 011 .... 111,11111'111.11111 .11 11\ 1'., 

, 1.lllli .lld l'ljlllpl1l·: nl 1111 'h .... Oll'l il'! ,11 11.1111,'\ hI.' 111011 111,,'" 

011 .... lll1 l·1 Ihl' 11..' 11 111 11~llIltlll !!1'101l \ '"', lid .11 111.:.1 11 h,,' 

I ~ 

11I ... I.dh.'d ,lTlli lllllllolk'd '\.'p. II .l ld ~ 1111 1',1\ 1,1,1\" Il'qlllllll~ 
h.lIldhll~ \llth 1\\ \\ 111. 1111 1'111.11111' 1 .... 11 ,11111 h", ILlIltlh: h 

llllll'lllk'd h.'k' \I 'hlll .lIId h:.!hh In 1" I\ltk Ilk \1\.'\\111 

.lIld IIl'plli 1'"'h,l'l'lHIII I ll'll" 1111 i111Hr .... lIld 'Ill\: 
hlll1..II"'.I\" prp\ Ilk .11'1'1111' " .11\: 11111111111,111"" k\d .. hll 

.1 11~ 1.1"" Ih.1I IIlIh l h,,· p,,'1 !til I! ,,'1111 Illl' p.l~ 11I.1l1 11.1\ 



PA YlOAD DEPLOYMENT / RETRIEVAL MECHANISM 

[~ O [I rcc lOR ~09 b -f'\11 
2 4 I ~ .I eX fUlSION 

",MIST PITCH, 'tAW, 
AND ROll ACTI"iA'QRS-

- M.ANII)VLA TOR J[ , t ISON 
SUeSYST(M 

LOWI,.R ARM Q[PLOVM[N r 
MCCUANISM 

CLOOW PITCH Ac ruAtOR 
MANIPULA TOR II[t(NTION LATCH) PLAC[S 

"'AHIPUlAT OR Jr, TISON SU8Sl'S 1 eM 
UPPeR ARM DI.PlOYM(NI ML eHAN! SM 

~;~~~e~;~~~~SI10UlO[R pnCti - 5HQUl O(A: y AW AC T UA r OR 
MANIPUlA , OR J [ 1 TI SO N 5UB5V$ I eM 

MANIPU~ r OR O(PlOYMrN T MCCHANI SM 
)( 0 17 2SIJ .11t'1'I (b7IJ ,5 1N , 1 
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CREW CABIN AND CREW ACCOMMODATIONS 

The O,hiler cablll is designed a a cu,ublnallUl' 
working and livin g arca . The prcssuri/cd crew 
comparlmenl has a lar~e v,~ume . 71.5 IIll (1515 fll) . 
and cunl."" Ihree levels. The upper ",,<llun . or nighl 
deck. e,nll.im Ihe display and e .. nlruls u",d 10 pilol . 
",onllm •• nd conlrol Ihe O,bil.r. Ihe inleglJled ShuWe 
vehicle. and Ihe mi ion p.yload . Se.ling fm fuur 
crewrnemhc,s is provided . The lIIidsection conlltins 
pa~s.engcr ltCating! thc living area, an airlock. and avionics 
equlpl~lrnt compartments. An art halch in the airlock 
pmvlde acee 10 Ihe cargo bay . The lower ""clion 
contains the envlronmcntal control equiPlllcnt and i, 
,e.dily accessible from .buYe Ihrough relllovable floor 
p~ncl . 

I'Ii@hl deck displays and coni 101, arc org"llIcd ,,110 
fe ur funclional .re.s: (I) Iwo forward·faclng p ... lllary 
n ,ghl stations for vchicle operations, (~) two aft -faCing 
s.ation~ . une for payload handlrng and thc olher for 
docking. (3) a payload sllCclalist ~'atHm for management 
and checkoul of act,vc payloads. and (4) a 1I11 SS ion 

peel.IiSi Slallon lor Orh"er ,ub,y"elll/ pa) lo.d 
interfa '.:e. power. and comrnu nicatlulI!oo conlrol ill the 
remaining flighl deck arc • . 

The forward·fadng primary nigh I Slalluns arc 
org.ni,ed In Ihe usual pilol 'eopilo, rel.linn.h,p. ",lIh 
duplie.led conlrol. lI,al perlllil ,he vehlde 10 be plluled 
frolll clther scal or returned tu "arth by one 
crcwmcmber in an cmergcncy. Manual night con lrols 
include rolallon .nd Iransl.,lon h.nd conlrollers . ruddcr 
pedals. and speed brake conlrollers al c.ch .1'li"n . 

PILOT STATION 
r:MISSION 

SPECIALIST 
STATION 

lhc p .. )'loall hallllllll ~ \1 .. 11011 . I h~ .. 11 · t 'h. llI ~ , 1 .. IHIIl 

IIC .lIl" 1 10 thc pJ),lo.IIJ ' IX'UJ h\ 1 \lJIliHl . ,,0111,,"1'1 Iho\C 
01 plJ)' alill \:0111",1\ IC'-IUII CU 10 IIIJ llipuIJIC. dcplo . 
relcase . and l JpHHe pa y lOJlh 1 he i'C"on .II 1111\ ' 1.llItU! 

can IlllCn tlnd do~' PJ)luJd hJY dool\ . dl'plo), Ihc 
cnolalll Y~ ICIII IJ lhJhlr\ . deploy. o l)t.!IJlc. Jnd 'IHW thc 
1II;1111pul3101 tllm\ . Jlld opCIJl e Ihc h~hl ~ Jlld I clc\'I''I1iJlI 
lalllelas moulltcd III Ihc 1"I.lyloJd hJ )'. I 'AO diN;'d-\:l h. UII 

IclcVI~ 1 1)1I "'omlor, d"pIJY Yldeo 110111 III ' PJ) 10.10 hJ) 
IclcYlllOI1 l.IIIICIJ ' 101 Illill1lhlllll}Z. PJ) load malllpulJllull 

lire lhl\. ~lIlg , I .. tlon . the Jfl · f"lln~ \ 1.1 11011 IIcalc,t Itl 

Ilt l: 1111 \1011 ' Ix:da lr l l ~ 1 :Hlon. \,;o lll all l) the UI )pIJ) \ Jlld 
~onlrol ~ rcqullcu In C\c\,;ule Orollc , alllltHlc / lrJII , IJI,on 
III .. ncuvcrs for IClllllnal ·ph .. ~ rcndc/vuu Jnu Oi~~III(l . 

II ~a lcu .II 1111\ \1.111011 ale rendc / vuu\ , .. dJr 1.'011110" allli 
dl\play!lo lindulluig a l lOll l'kJlllt~1' 101 dl\p la)'lIlg pltdl 

and roll allglcl and ratc) ). !Olallon Jlld IIJn\IJllon hJno 
cuntrolici . nlght l.'olltrol llllKic 'Alh.hc\. JIll!"1l JIIIIUI.j(· 

dlrC l.: lOr indlcalor. 

The: payloatJ PC\:IJIr\l \1 .. lIun. JU" aft and lu 'hc lell 
uf the COll ll1la'HJc, \ ')taIiOIi . ,"duJc ~ a :! ·'411J IC·1II1'ICI 
(20 .quare f .... ) , urface .rc. for "lSlalhng dr>pl.) . and 
cun trols uniquc III a ~pcc lfic pa)load . A t:a thoLle ray 
h,l>e ICRT) dlSllily .nd keyhuard ""y be .dded fo, 
communical lon Willi l)ayll) ~Hh Ihrough Ihe Orhilci dat .. 
pruccsslIl(; §Uh)YSI(,Il1 . SI~lIldardllcd elcc trlcal Inlclfa~e 
are pruvided fur payload po\\cr. lIlolHtorrng. cOlllmand . 
ant! con lrol. "tllccd ·air cuohng can be provld('d for 
equiplnclI l requlnng heal rcmoval. 

FOUR SEATS 

STOWAGE 

AVIONICS 
AVIONICS -

'_ ....... -AIRLOCK 2.~~!!--:~DOCKING AND 
PAYLOAD HANDLING 

STATIONS 

FLIGHT SECTION 

PAYLOAD 
SPECIALIST 

STATlOfj 
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MIDSECTION 



I Ill' 11'''''"11 'p~'~I.,11 I 1.,11'111 JII 1,111.11111111 II Il' lI~hl 
.,t III .. ' pil, ' I \ I.,!I"II "'1I1.t1l1 .11 ... • 1111'1.,\, 111.1 "'1111111 

Il'qUlh:d lit 11.I11."l {hhlh:1 1'1\1, .1,1 lilll'll.h .. ·,. Old 
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11111\ II.'" 111.11 
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GALLEY DEl AILS 
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PAYLOAD ATTACHMENTS 

' UIII\'IO\I\ ,llIJl..htllCll 1 plllll" . i1oli ~ IhL' \hlC\ JlhJ 

hOIIt)f1l \1 1 the I ·1111.'1(', ~ hO Inlll) I'J)h'Jd h.1 IJlI,I\IJ~ 

pl,lu'" lill Ih,,' 111.111 p.I)ItIJ~b hi he ,HI..OlllllhhjJh.' ll 

I hllll'l'l\ plll1l,lI\ .1I1.I ~ hllll'lI l PPIII I :l ... Ion~ Ihl.' 'Ilic, 

.h,'",cpt IlllIgIHHIiIl,11 :lIId \l·III~.11 "',Id, I ht'le .IIl' I" .. .' h~ 

Ih"III'III~ Jlnn~ 1 Ill' Lcd IhJI IJlt.' IJh:,,,1 IU,Hl . I he 

PHlpo'l'J dl"I~n lit the IJIH.lJIIJ .,tllJdllll~1I1 011111' 
1"",-lih.I\.', JJJ"\I!lH.'UI ~.IPJhlhl) I I J~I.qll I u 'I lith. 

I'J~li'Jd ~l'l~hl J', l llhUlhHl 1II111l' h .. ) 

MIDFUSElAGE 
GENERAL ARR l\NGEMENT 

(!) G) 

, G) I ~ 
tl\~ 00 

G) '" 0 0 @ 
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114Q 
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<D 1090 

(0 15 fiN 104<1 I 
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G) 
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LA NDI NG GI AlII 
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POWER SYSTEMS 

r Ull C[L ~ POW[R P~ANT r c P) - 3 
?- kW MIN . , 7- kW CO NTINUOUS 

1 2-kW pe AK FCP 
I ~ -M I N OURATION ONce [ V eR Y 3 11R 

UM 1 ~ICA l $[RVIC 

Il YOROG[N oeWAR TAN KS -
3 3 2,0.67- .. 23.5 FT 

CAPACITV , 23 10- ' N ., 2 

1335 P$IA MAX . PRES SU Re 

rh~ O,blh." 11 ;1'\ II II C ~y!rl I CI Il I I) loupply dC~ I'H:J I PO\~':' 

alld :lIIo lhcl' ) ) SICIIl 1\) '"pply hydrJulic pO\~ C I. 

Il c~ l ll l' :11 puwer II. gCllc lalcd hy Ill ree fu cl ..:c lh 111:11 U~ 
c lyogcllkally s l ~"cd hydmgclI and Dxygcn ,'C:lc tanh. 
hH:h ft ld ce ll h l'oll ncdcJ tv OIlC 01 three Il1d':I'<.' II<.1 'n l 
cICdl ,,: ;!1 bu\c:., DUring I)eak nnd :Wl'rJgc power IU:-Hh . all 
11 ' lc(' lucl cell) Jnt..! hll S('~ aI'\! lISCU . dUring lIuni ll1 UIIl 

pO .... l'f Illad!t. l1 nl y ' wo luel •. .'e ll l!! :11'(, lI~d hu t Ihe a l e 

in lc r":tlllf1cctC\! 10 Ihe thrt'C hlh('S, The th ll d fue l ,,'ell I ~ 

s h u l litmll ~ lI l l'all he ICCUlIlll' Cl cO "'1 11 1111 15 II l1l1l1 t C~ 10 

'tlPPOII IlIghc l lu:nh. '"'\cc,s hC~11 IhllIl Ihe Iud l'c ll , " 
Intll -s fcll cd In rhe h con l.:o\)lIng loop Ihrough hc.11 
l.' 'C changrrs. lIydrJu lk power IS de rived il l)l1l IIII CC 
indcpen dcnl hydrowhc pumps, e:Kh d llvcn hy Ih (l'M l 

hyd ra/ Hlc -fu cled auxi lia ry powcr UIlII (APtl) and cl~ul l!d 

hy II own waleI' holler. Thc I ll rer lillie pc nJe 11 I 
hyd rau lic nu id ~ys t cl11s pI' Vi de Ihe powcr 10 (lc l ua l C Ihe 
clCVOIl 'ii. rudder!. peed h r a kc~. lh)dy nap . I1IJ II I englnc 
gil1lba l and control systems. la n ~hng gea r br~l k e~ . and 
stccnng. While 011 orhlt . Ihe hydraulic nuld IS kepr " 'arm 
by hC3 t f rUlll l hc Freon ItKl p_ 

• \\ [R R[AC TAN I S lORACE DIS T Rll.U TIO N 

SUUSYS TlM 

• PO\\[R GlNlRAT IO N SU SYSHM 

OXYGe N Of\\ AR TAN KS 1 0 )~_ 3 
1 I ?) rr )' CAPACITY 11 O-' N 

1050 PSIA MAX PRe SSUR l 

CP SULSYS H M 

. 14- ,W CON TINUOUS 24 - ,,\ PE A 

. 27 5 TO 32.5 V DC 

R[ACT ANT S TORAG[ 

. 15)O-\Wh MISSION [ NlRGY 

• 2M - ,Wh ABO RT SU RVIVA ~ [ NERGY 

. 51k9 11 2 lBI OXYG N r OR 

[NV IRONMlNTAl CONTRO~ AN O 

LI rE SU PPO RT SYSTeM 

. 42'q 91LBI 

IIYDROGl N TANK 

. )54 q 1/81 lB 

OX YGlN TAN K 

T O T A~ ~OAO[D 

UAN TI1V 

1 Il l' ... ·lclt.: l l ll.iI PO",CI n: ljllll l'IIICllh ul J IlJ),lo,H.I " III 
VJl y IhlUlIghoUI J 1111,"011 . 1> 1I 1 11'~ Ihl! IO-I1lIlIU IC 
Ia UIl Ch · I I.Hlrh ll ph,J' C J lllj I Il l' ~O-lIl l nll I C 

~kO l h l1 - lo ·lall d lll ~ pha,c whell 1I1I )\( " I Ihe l"I'CllIllCll l 
h .llliw;1I 1.' I' 11I :t ~ IJI J(J h ) IIht\le 01 UlIl1plc tcl) tlllllcd nil, 
1000 "Jth ~tve IJ !!1' It l 1 S(X) WJII , 1l\'J ~ arC .lv.II IJhlc 
t rtllll t ile Od' il cr. DUlin g p,lyloJtI eqUtplllCrl l IIpC rJ t lu lI 
till t.uhl! . the \: Jpatllht y C\I\ I\ t n plU\l dc ao, Illlll.h J \ 

7(x)() \\. .11" :HCl.lgC 10 I ~ 000 'WJI1 \ r)CJ k Inl "1<IJIII 
c ll e rgy,olls lI llllllg pa) III,u,l . l or the '-d.l) ·1111"lon 

pJyload . SO ~llm,".I I1 -~lours \)1 cle\. III I..JI cnc.'r~) ,Il l' 
a\ .III .lhle. M!s,iull klt \ \:o lll allll llg U II1)II I1Ulhlc, lor h40 
kll ()w.ll1 · hou ~ eat'h .lI e .lvJIIJhlc III q UJntltle rC4u lfcd 

~I CCO I t.hll g 10 the I1lgtll pl.lIl . 

Thr ll pc ra tIl Ul.!1 1I \C o f l u I le tts It" rnJ ll ll cd 'pJle 
fl ight e\'tlIYl'd dunng the GI.!I11 I1I1 and Apoll o PHlgrJ Ill~ 

I he SpJle Shuille fuel ce ll ' ",II he "" vKed 11e 1"CCn 
iltg,hl , .lIld rc11 0\Ul Ulltli cat..h tJnf hJ..!l JI,.t,,;umlilatcd "iO(X) 
Itnu r'i 0 1 unlinc \C IYIl:C . 



AUXILIARY POWER IJNIT SUBSYSTEM 

eXHAUST OOCTS 

APU 'S -~~l 

;.Ca:~_~~:--HYOIIAULIC PUMP .-----------, 
. 1 I_O(P(NO(NI SYS I[MS 

rUCl 
ll_[S -"'t~rY 

Oil Cool lN C 
lOOP lI_es 

Access 
DOOR 

, 
"-

~ 
Xo "198 mm ' ... 

())07IN .) 

.100 IW Cl15 HP APU 

. ON( 0 , 2"' ~' ',..,n (63 

911/ ",'n), 20 700· 

IN m2 1000 PSI! 

HYDRAULIC PUMP 

. MO_OPROPELlANI 

OHYORAZIfI( (N
2

H. 

lU8RICA liON PUMP 

ORBITER SUBSYSTEM SUMMARY 
PROPULSION AND POWER 

. , HVO .... ZIN[' APU 'S (100 kW cll5 HP) [ACH} 

20700-10" rfl2 IlOOO PS t) HVDUUlIC pu.,PS 

e J 1"~ ~un CElLS {HVDROCEN , oleVeu 
15)0 kWh (NUey 
21 .510 12 .5VOC 
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OIil BIUL ""N[W[ltiNG $V$fUI 

. 2 [fiGIIIt" 5 Ih 700 H 1.,000 Lal VACUUM 
TH' US' eACH l 

H20. MMH PttOPCLLAliIf 10 U(H , 
21900 LBI CAPACITv 

MAIN PItOPULSIOIiII 

.1 £lIClllltS t2 100 000 fII (4 70000 lB) 
VACUUM THRUST LACH) 

HVa-OGEN . OlYC(1II pttQP(LLAIII T 



PAVLOAD POWER INTERFACE CHARACTERISTICS 

\1I,~k;1I 

ph.,lK1 ... ' ~ 'I .h. " 

, .round 1)""''''"ln t"d ...... lfd I\WI 
'puu fld PU'tloul l.eU l(H1nt:lllH 

\1 .. 111 ~u' \umh:~ I Vf 

\fl Hll.h HI 

fUll bu\() 

"u~n I /JI.'\U' 1I1 I~dl~"h'd lu('1 
l dl \0111\\' \ l u , 

\1 .1111 hm Lunll\,1. II" 

i\lIlhl.!~ II) 

Afl 0 '\1\( I 

On .. " , h lt Pol) 10.1 \1 I )(OJh.ilteJ I ud 

ul"-"" l lOn~ l!.'l l IOnrK'l IOf 
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ENVIRONMENTAL CONTROL 

Coolin, "","'e lie plU\'lded to po~hud hy II", 
Spo< Shull I . ~;,oulIlI upporl e~ulr""'"1 "",,'IIe •• 
.eltct.bIe ItfUpcr4lhne ranle durin, prtl.aulll.h altlvilit 

Afl.. Ih. Orhller landt. ,,,"mll upporl e~u'p'".nl 
"nllar I., ~irhne "'pport hard"are ., COllncf..led hi III 

cahln .nd payload hay III wlllroilelllpeWure le.el . 
The payload hay. pur, II "'"h c,"'III1i<~l II air II Ihe 

laundl pad unlll JO ""nul befo.e Ihe I." III 
p.opell.nl loadlna . lben dry nilroaen II' i upplied 
un III lifl ·ofr. The paylOold hay I venl d lIunna Ihe 
laundl and entry phases altl.l IS unprc UIII'cd durlllK the 
u.hll.1 ph. uf Ihe 1111> iUII . 1 h p.e>Sllle ",lIe.enee 
hel\\- en the payload bOly IIn\l uutside uir I IIl1nil111/CO 10 

"lIow a hlill weigh t Iru,ture Ind thus an ccunol1l~ \.a l 

de .&" for Ihe payload hay . 
The cohin 011110 pher. (Iernper.'ure , pre , u,c , 

hUlllldlly . carbull dioxide ievel . anll ollor) I con I lOlled 
hy Ihe cabin heat ucl,.nler and a",,,,I.,ell equipmen!. 
The ,elllpe .. 'u,. I ",alnl.llled bel we II 2K'} .nd JO~ K 
(61 · alld 1)0· I' ). An oxyaen p.rllal p,e. ure of 

ATMOSPHEtlC tEVITALIZATION SUISYSIEM 
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a"d "lIrug n I, addeJ '" a,hie'e • 101.1 pre ure 01 
101 JSS N/11l2 (14 .7 psI). lhc ,,,yen,, upploed f.IIIII 
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AVIONICS 
COOLINC 

.I 
Il~~_' __ 

I~ 
WASTE WATER TAIIK 

---~'nTABLE WATER TANK 

AVIONICS BAY 
COOLING PAC~ACE 

ATMOSPHEk L 
REVITALIZATION SYSTEM 

WATER SEPARATORS 

AVIONIC S 
BAY 

COOLING 
PACKAGE 

'-CAell~ FAN AND 
CHECK VALVE 



lhe SII"'. cryogen!. I.II~ Ih.I .u"ply Ihe lucl cell , 
Nllrosen It .. I".nllal upefatlon uno clllcrgclU..Y (J ' Y~CII i~ 
supplied fmm 20 70(HN/m1 ( 'OuO I"'" P'C""'. ve,,,," 
IHt}Un1cd ill Ihe mhJlu)Clagc . 1 he cahill allllO!rlphcn.l ami 
l)illl or Ih avionic c'tuipmcnl coulinl( is con. wiled Ily 

.ir Ih.I i. dll"I.d Ihru"~h Ihl' cab", he.I c,d,anser, 
The r.di.lnr y le,lI 1"".Ied lin Ihe in,ide "f Ihe 

payl".d bay dn.". I Ihe prl" .. ry u''''lIbl! heal reJe,,"un 
·Y'ICIIl . A walc,loop Iran jJOrf the c ce,~ hellt frolll !he 
cahin heal exchanger and Icruaining avionic equiplIlent 
(Ih'''"Sh cilid plalc ') III Ihe F,eon coulinS 1",,1' by way 
uf Ihe cahi ll he.I Inle,changer. The heon cooling 11101' 
delive, Ih hc.I , Illselhe, will, heal f",'" Ihe fuel cell" 
payluad ' , and cold plales of Ihe aft avlnnic cquipmelll , 

10 the III · 'IU."-C·IIU,' ,c l (Il(. ~ MlIJJle IIHln t CtlCI>II\<C 

:u ca ) ha)Clinc r.uJj ... hH~ . where lh ' heJI " liJdlJ ICcJ 1111" 
~(la ;~ . The Woller flJ~h CVaptllJ l of I u~J 10 \uPlllcmcnt 
the IJd,JI UI cooling t.: .. pillily . 1>"1, ..1 rUUIJhll pomel ~JII 

be added I" .""""""d.le p,yl",d wllh 1"11' h 'J ' 
l'o:Jd., 

1>tJling the lIMo'em ~lId de~ent (down tu iI,l :Altitude of 
30 500 onel." (100 000 lecI), .. hen 110 ,argo b.y d,.or 
ale clused and thc ladiatOl :,II C in flecllve). I". .,olillg I~ 
plOvloetJ hy 'he cahill heat ~ublllHa ltlr . t HUll the 
~lIiludc 01 30 ~OO ",ele, (100000 feCI' II, land"'~J"d 
conneclioll ""'111 .he ~mund uppwt clIu1pIIlcni. Ihe 
;lIlIlI1ul1l;1 hoil\!r rrllvlt..l('~ the rcqulfcl.I I..oohng. 

ORBITER PURGE AND Vc;NT SYSTEM 
PURGE DUCT SYSTEM 

• CONSISTS OF 4 SEPARATE/ DEDICATEO SYSTEMS 

• FORWARD FUSELAGE, FORWARD RCS. OMS PODS. 
WING, VERTICAL STABILIZER 

• MIDFUSELAGE (PAYLOAD AND LOWER EQUIPMENT BAYS) 
• AFT FUSELAGE (DEDICATED) 
• ET/ ORBITER LH 2 • L0 2 DISCONNECTS 

•• EACH PROVIDES 

• THERMAL CONDITIONING 
• MOISTURE CONTROL 
• HAZARDOUS-GAS DILUTION 

LINER 

VENT SYSTEM 

FRAME 

LOWER MIOr-USELAGE 
VENT 



DEPLOYED 
RADIATOR 
SECTlDN7 

ORBITER ENVIRONMENTAL CONTROL 

OAS LINE RADIATOR S 

CABIN It AT 
SUBLIMA TORS 

(j ACH StDE ) ::~,J~~~~~~~:~~~. 

PAYLOAD AND 
rUEl CE LL 

HEAT 
EXCltANG RS 

HIGH· PRESSURE 
GA S TANK S 

(4 NITROGEN AND J OXYGEN) 

~--;'F-~!:.!.:~ ....... AIR AND CO lO·PLAT 
COOLED AVI ONICS 

• COLD·PLATE COOLED AVI ONI CS • AMMONIA BOILER AND TANK S (2) 
.WATER FLASH EVAPORATOR • GROUND SU PP ORT EQUIPMENT HEAT EXCHANG R 

FLIGHT PHASE PAYLOAD COOLING SUPPORT 
PRELAUNCH SELECTABLE RANGE USING 

GROUND SUPPORT EQUIPMENT 

lAUNCH J .5 kW THERMAL 

ON ORBIT b.3 kW THERMAL 
8. 5 kW THERMAL WITH MISSION KIT 

ENTRY I .5 kW THERMAL 

POSTLANDING COOLING SUPPLIED F,OM GROUND 
SUPPORT EQUIPMENT 

5.1 



ORBITER SUbSYSTEM SUMMARY 

SGLS - SPACE-GROUND LINK SUBSVSTEM 
STDN - SPACE TRACKING AND DATA NETWORK 
TORS - TRACKING AND DATA RELAV SATELLITE 

Gi.'!!'ANCE, NAVIGATION, AND CONTROL 

• STAR SENSORS 
• INERTIAL MEASUREMENT UNITS 
• RATE GVROS 
• ACCELEROMETERS 
• AIR DATA SENSORS 

OPERA TlONAL FLIGHT 
iNS TRUMENTA TlON 

• Pt.M DATA ACQUISITION AND 
DISTRIBUTION 

• RECORDERS 
• MASTER TIMING UNIT 

DISPLAVS AND CONTROLS 

• TWO PRIMARV FLIGHT STATIONS 
• PAVLOAD HANDLING STATIO'" 
• MISSION SPECIALIST STATION 
• PAVLOAD SPi!CIALIST STATION 
• S'IBSYSTEM MANAGEMENT AND 

POWER DISTRIBUT' PANELS 

COMMUNICATION AND TRACKING 

• SGL S-COMPATIBLE IS-BAND) TRAN SCEIVER 
• S TDNITDRS-COMPATIBLE IS-BAND) TRANSCEIVER 
• PAVLOAD S-BAND INTERROGATOR 
• TACAN INTERROGATOR 
• RADAR AL TlMETER AND MAIN LANDING SVSTEM 
• RENCEZVOUS RADAR/I<u-BAND CDMMUNICA TlON S 
• BLACK-AND-WHITE AND COLOR TELEVISION 
• AUDIO CEN Tr.R 
• SIGNAL PPCCESSORS 
• DOPPLER EXTRACTOR 
• EXTRAVEHICULAR ACT VITV UHF TRAN SCEIVER 

OATA PROCESSING 

• 5 OIGITAL COMPUTERS 
3 DEDICATED TO G&N 
1 RECONFIGURABLE IG&N OR PAYLOAD 

AND PERFORMANCE MONITORING) 
1 DEDICATED TO PAYLOAD AND 

PERFORMANCE MONITORING 
• MASS MEMORY 
• KEYBOARDS AND CRT OISPLAVS 

AViONICS 

The ShuWe avionics subl/stem provides cummlnds; 
auidlnce Ind nlvlptlon (GdN) and control: 
communications; computations; dI,pllYs and control ; 
InstNmentatlon; and electrical power distribution and 
control for the Orbiter. the externaltlnk. Ind the SRB. 
The lvionlcs equlpme .. • II Imnaed to racllltite 
checkout, accell. and replacement with minimal 
disturbance to other IUbaystema. AJmoo\ III electrical 
and electronic equipnt"nt II installed in three lreu of 
the Orbiter : the ffiaht deck. tloe forward avionic 
equipment bays. and the aft avionic equipment blYs. 

The Orbiter ffiaht deck II the center of both in·nlsht 
and pound activitiel except durina hazudoos se,.lcln •. 
AUlomatic vehicle rupl conlrol II provided for all 
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mission phases excepl docklng; rnanu.1 conlrol opllun. 
are available al all tlrnc . Side· tick rolalio" co"l ruliers. 
Ndder pedals. and lrim conlrol allow manual conlrol . 
and a compuler provides commands ro r aUl umal,c n,glll 
control to the aerosurfilce or propul~iye clc lIlcn1S :» 
required. Allilud. inrom.alion Is obl.ined frurn Ihe 
inerlial ",,, .. uring unil. Air d.la arc provided by 
r"dundanl probes deployed al lo,," cr ahilUde •. Gi mb.led 
iner~i .. 1 measuring L;nit provide the navigatlun referencr 
Nith star sensors for autonomo us alinemcnl llnd slalC 
vector update. During ac tive rcndcfYou , a rcndc/vous 
radar Is ultd 10 oblaln range and bearing il1fo ll"allo l1 . 
Orbil"r·lo·groond co",munic.lion is by radiofrcquency 
Iranlmlssion In bolh frequen cy modul.llon and pulse 
code moduloUon (POI) mode . 



COMMUNICATIONS, TRACKING, AND DATA MANAGEMENT 

The payload communlc.llon. Ir..:kln,. and dal. 
,nan ... m"nl b.seH... conn..,rallon hu urodenl 
OexibiHlY 10 ac<OII1mO<lol. mOIl p"yloads 10 Ihal 
belween · nlKhl chan.., will Iy: required only 
Infrequerlly lor pedal mlillon •. Vole •• lelovl.lon . alld 
d.lo·hondhng c.p.bllllk' supporl onboard cOlllrol or 
rell .Jle <ollirol f",,,, Ihe ground whell desirable . The 
oll·orbil .nd grnund f.cilily halldling sy Ie", ",usl be 
very efOcienl 10 supporl Ihe m"ny payloads ,,, he nown . 

The communlc.Ii"". and Iracking subsyslem ill Ihe 
Orbiler support Orblter·lo-payload commullicallo" a 
well as Ihe tran fer of payload lele",etry , uplink dala 

TRACKI~G A~D 

t. DATA RELAY SATELLITE 
!T ORS I 

(J. SPACe SHUTTLE 

commalld . and voice '&nll 10 "nd from Ihe p.co 
lIelworks . 

The d.l. proce '" and ",flw.r. ubsy lem furni he. 
the onboard 4Iltptlil cOlUl'ub" :vi: rrqulred tu upport 
payload "1a"",,"1<11 .nd halldlina. FUllcl"., ill Ihe 
compuler ar. coni rolled by Ihe crew Ihrough ,""i" 
",emory In.ds from lhe lape ",emory. FII&lII deck 
SI.lioll for payload Ilan.,.""'"1 alld handll,,& are 
equipped wilh dala display, CRT' . and keybl)a,d for 
mu"llorilll by Ihe crew and for controlling paylo.d 
operalloll II a m&lll ·by·mghl b. I u ina equlp,,"'"1 
supplied as pari of Ihe p:tyl, ... d. 

COMMUNICA TlONS AND 
DATA MANAGEMENT ';{' , \ ORBITER 

'" r FREE-FLYI • 
• '\ .. " ~ATELLITE 

. -'. ~ ~ 
~~ . 

/ 
~ 

GROUND STATION 

FUNCTION 

VOICE 

TELEVISION 

Et~GINEERING 
DATA 

SCIENTIFIC 
DATA 

COMMANDS 

GN&C 

TIMING 

CAUTION AND 
WARNING 

GROUND ORBITER 
TO TO 

ORBITER GROUND 

X X 

X 

X X 

X 

1 

x x 

~ X 

X 

GROUND ORBITER ORBITrR SAT(LLIH 
TO ORBITER TO GROUNC TO SATELLITE TO GROUND 

VIA TORS VIA TORS (PRIME OR RELAY ) VIA ORBIT(R 

X X X X 

X 

X ~ X 

X X X , 

I X 

x x X 

X X X 

X X 
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ORIIT Al COMMUNICATIONS AND TRACKING LINKS 

rrACK',-c ,1,,.0 0.' A 
R[LAY ~",'(LlIT( 
ro~ s TEl[Mt. rR..,. lflM ). • TRANS ... ,T CO ...... NOS 011 OICITAL VOIC[ 

AND CO" .... NOS T L'" 

TLM AND DIGITAL VOICE 

S-BANO 
• POLS[ MOOULAflOfiI (PM) UPLlNI( 

C72 KBPSI VOICE 12 • )2 KIPS!, 
'O ....... NOS 6 ,. KBPS 12 KBPS INfOR, 
.... TlON ENCODED), AND 1.6 KBPS 
SVNCHRONIZEO INTULEAVEO 

• P", OD'hNLINK 1192 KBPS! VOICE 
12 M )2 KBPS ) AN~ 118 KBPS OIIBIT[R 
pcu flu WITH IN' t:IIILEAVCO 
FUQUENCV PAVLOAO DATA lb. KIPS! 

..... -o~IE -\.AV DOPPLER 
EM TRACTlON 

S-BANO 
• PM UPLINK el2 K8PS ) 
• PM DOVYNLlNK % K8PS I 

KI,.. BAND 
• PM UPLINK (72 KBPS • 1 MBPS) 
• PM DOWNLINK "' 2 MBP S • *' SO MBPS 
• FM DOWNLINK " 2 MBPS • <" 4 .2 ~, 

, 192 KBPS , 
• FREQUtNCV ...aOULATION IF ... ) DOw!'­

LINK rlK S .. REO, WIN-BAND 
PAYLOAD OATA IANALOC OR OICITALl, 
TELEVISION, OU"'P RECORNO DATA , 
ro .,0 "'H, OR ~ , O t,lBPS 

:'_~~~:.!!2!-===~t~ TORS CRDUfiIIQ STATION 

SPACE r UCKINC ANO OA TA NETWORK 
ISTON) CROUNO STATION 

GUIDANCE, NAVIGATION, AND CONTROL SUISYSTEM 

FLICHT DeCK FORWARD CABIN AU. 
• STAR TRACKUS 

• MANUAL CONTROLS 
.,NDICArORS 
• DISPLAVS • INtATIAl MEASUREMENT UN'T 

• BACKUP OPTICAL UNiT 

NOSE 
A'R DATA 
CO,,",UTER 

NOSE BOO ... 
(OA8IT(R 101 ONLY ) 

FORWARO AVIONICS 8Al'S 

• TACANS 
• RADAR AL TlM(TERS 
• MICROWAVE SCAN BEAM 

LANOINC SVSTE ... I"'SBLS ) 
REC[IVERS 

• AIR DATA TRANSDUCER 
ASSEMBLl' 

• RCS JET DRIVER (fORWARD) 
• CENERAL- PURPOSE CO",PUTERS 

• MASS MEMORIES 
• MUL TlPLE)([R I()[MUL TlPL[)C[R 
• UHr REC[IVER 
• RENDEZVOUS SENSOR 

(L[CTRONICS 
• ACCELEROKTERS 
• DN£·WAl' DOPPLER 

EMTUCTOR 

56 

ArT .VIOlues BAVS 
• "A T( CYROS 
• A[A'J5UIII".C[ S[IiIVOAUPLlrtCR 
• Rr:ACTlON J(T !JUS ORIV[R WT 
• MUl TIPL[)C[R tOCMUl TlPL[ )([R UN! T S 



PAYLOAD POINTING AND STABILIZATION SUpt>,,)RT 

ORBITER 
POINTING 

BIAS 

-ORBITER TOTAL 
POINTING CAPABILITV 

' O.S OEG 

ORBITER POINTING 
STABILITV CAPABILITV 

10.1 DEG/ A.IS 

PAYLOAO SENSOR 
POINTING ACCURACV 

APPROACHING 
'0. 1 DEG A.IS 

t) ARC-SECOND STABILlTV 

'\..---- ORBITER 
LINE-OF -SIGHT VECTOR 

PAYLOAD SENSOR SLAVED 
LINE-OF - SIGHT VECTOR 

CLOSEO-LOOP 
PAVLOAD SENSOR 

ORBITER CN&C 
DATA INTERFACE TVPICAL CONCEPT r OR 

I HREE-A.IS E.PERIMENT 
POINT INC BASE 

ORBITER PROVIDED 

TIle Orbiler is capable of achieving any desired 
vehicle attilude and inilialing a poinling veclor defined 
in it sensor-fixed axi sy tern to any ground or cc lcsllal 
object within an accuracy of 0 .50

. Pointing vector 
accuracies wilh respeci 10 an open loop payluad 
~nsor·fixed axis system arc not as exact :IS the vehicle 
pointing accuracies because large misalinemcnt and 
liruetural deformation error sources exist between Ihe 
sensors. ~Ioweyer. when the Orhitcr guidance. 
navigation . and control system and a morc accurate 

PAYLOAD PROVIDED 

payload·mounled sensor arc operaled in a closed loop. 
payload pomlmg accura";'s .pproaching 0 .1 dcg/a~tS 
arc po SIble . In eilher case. Ih. Orb. I., can be I.b,ll/ed 
al a rale a low as om deg/sec. Payloads requ.nng 
Illore silingcni PUlIllll1g Jnd stablhf) accunli: IC~ must 
prOVide their own stabili/3110n and con llol system tor 
that parfi..:ular expcrhnent. Orbiter guidance. navigation . 
and control syslclll data interfaces are also pruvided 10 
accol11l11odate thesc types of payload requirement . 
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1960'S 

DEVElOPMENT 
PHASE 

15 000 , 

HOUR S 10 000 t 
5 000 · 

PROGRAM MER CURY 

PROGRAM 

~ MAN HO URS 5 4 
IN SP A CE 

I NUMBER OF 
6 'AANNED 

fL~GHTS 

CREW SIZE 

- • G EM INI AP OLLO 

19 4 0 ! 50 

10 " 
1 3 

CUMUL AT I VE MAN HOURS IN SPACE 

11851 H OU RS 14 MINUTES 41 SECONDS 

I • 
SKYl AB 

... 

11 J 51 

J 

) 



REUSABLE SPACE HARDWARE 

The Space Shulilo era will elllph",I/ O oper. llun ,,1 
reuse of fllghl hardware . which will resull In low cosl pcr 
flight h ) Ihe u~crS. Luw I.'OS! waS and contlnuc~ to be Ihe 
ba'\k ~nll ccpl lIli wilich the Ivlal ~P"cc 1 .. lnspoliation 
sy 'Iell' b hclng dcvcluped, In addition . Ihe Silace ShuWe 

upcHI lIulI.11 ph. '«.' Wi ll 1:1)1 much longer IIHIII the 
devclnplHcn lal phase , as ilIu)1ralcd In the fullowlIlg 
figure . Muhlm,c nm,slun )U pPOfI equipment, h~c the 
SpJCC Shullie Orb" er. " hems read.ed and WIll .''0 be 
rrfll.wn III ~uppOri uf:. wldt.. vancty uf payloi.Hl . 

MANNED SPACE FLIGHT PROGRAMS 

II£IICURY 

GEII"I 

APOllO 

SKYlAB 

SPACE SHUTTLE 

~YlIWlS 

PROGRAM 
IANNED 

SPAN 
PERlOO 1111111.11 ... 

PROGRAM TIME SPAN 
OPERATIONAL LIFE .IIIIIIIIIN 

MISSION KITS 

A gruu p of IlU SSIOn kits to !>IOYllic special or 
eXlended services for payloads will be "ddcd when 
required and will be designed lu be quickly 'nSialied and 
easily removed . The major mission kits arc as fo llows , 

• Oxygen and hydrugen fur ruel ce ll usage and 10 
generate electrical energy 

• Life su pport fur extended missions 
• Added propellant lanks for spedal on·orbil mission 

nlaneuYcrs 

51) 

• l : xtr~ ur !lprdali/cd atladUllc rll lil tings 
• Transfe r tunnels and dl.cking modulc 
• A secund rCIIlOIC lIIarllpulatur :HIII and :1 11 C\lTa 

hi gh·gain anlenna 
• hll , yell I. drain . purge . and dump hncs 
• Additional radia tor pancb for inl' reased heat 

I cjc~lioll 

• Additional slorage tanks 
• Hcrl rkal harncs~cs 



KSC SHUTTLE SYSTEM GROUND flOW 

Ox BITER CYC LE 

r.~ 
EXTERNAL TANK DELIVER Y 

. -.,~ .--.... ,;.;; - -
SOLID ~OCK(T BODS TER 

(SRB) RETRIEVAL 

SPACE SHUTTLE LAUNCH SITES, OPERATIONAL DATES, AND INCLINATION LIMITS 

Space Shuille I1l gl lls Will he lau nlhed frolll I\l n 
"":alll'm , Ihe '1ASA J" hn I. Kennedy Sp,lLe ('<nlel 
(KS(,) In !-IundJ and Ihe Vandcnberr Air l orlc 11>", 
(VAl-B) III CahfoJlIliJ. Pre,cnt plO~ra ll1 l>lannlllg \:.JII tor 
a ~'JlIliJ I hUlldup uf 40 to hO IOlal nigh" I>C I Cal" mlo 
man) va'Ylllg orhlts and IOchnallon 

I u aOJItl o}X'ra1lonal ~ laluS by 19hO. SpJt.:c Shllttle 
",hllal le\l I1l glll s al e ..... heduled 10 beglll fronl KSl' 
dunng 1'17<). VAlli " planned III he aV_II.hle In Ihe 

hO 

r.1I 1 I \H\O\ I he "J n Oli whlt ... 1 IIld IlHttIOIl \ and Ihell 
rc l.ll l:'d l.wlIl.II JlIlIlUlhs are Illu !fJtcd Inr C3l h li e 
I \~c lhc l . l hf.'~ ~JPJhlhtl e, SJ II~f) JII I..no" 11 futufe 
Il'{IU lfCIIICIlI\ P..t\ lo.lds J I JI ~c J\ ~9 'iOO !.. lIn'ralll 

the; (K)O pOllllli\) ",..In he IJUlldwd due (' J I from ~~( 
111 111 ..Ill orhll 01 ~ C; Ind ll13 11un .\,yloJti.!t 0 1 14 <;00 
.,Iugl."" I I! (X)() p"und ) l"" he Idunl hed h Olll AlII 
111111 the hl),thc\1 lIl ,- hnJIiUIl orhll of l()..l° Pol3' orhUI II~ 
,.,p.hll" ,e up 10 I X 000 , ,1111". 111' (40 000 pou nd. ) lJn 

he Jdlll· ... cd Irorn VAt B. 
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ORBIT INCLINATIONS AND LAUNCH AZIMU .'rlS 
FROM V AFB AND KSC 
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ECONOMIC IMPACT OF SPACE SHUTTLE 

I hele 1\ " humt.1Il1 and wcll ·I..hl\:umcillcd CY1(JCflI.C 1)1 
the widespread hcnefil ~ l1 uwlllg 110m the 'pJI.C plUgr .. m 
hI the llalltHl allli. indeed . Iu the "-mid . 'I he fichh 01 

III CI.IU.' III(, . I.nllll11Ull rt.:at luns. naviga tion . mc tcoroli.g). 
hllll! rC\UUh:CS C.\ I)IOItallon. ulH.llIl:lny uthers ila \'c been 
cllrkllcd . Tile SlIulllc w,lI lIIerc,,,, ,hc", hCllcfi" "nd 
h llll g othc r~ in the futu re. IIO\H'\'cr. the 'p~h .. C proglJl1l 

abo ' pawll\ 111:111)' Ic~s apparellt ccununH\.' hc ndi, \ Ih JI 
:II C pllIcli lially as ~ Ign {kant 3\ the dllc!.:1 1.0nlllhull01l', 

1 he lle InUlfec t «.'conOl1l1e ellel' " Jrc 1101 wl(.lc ly 
I CCUg lll/ CU . lIur dll ,Iu:y l.on\ lltul C the pliIlMI)' 

Ju \ tllkJ llon lor the space progra m. ' ct )CvC IJI ICI.CI1I 
~ 1Udl c, have shown that they ~ lrclIglhcn Ihe IlJllOn\ 
CCUIIi I/IIY hy 11I ~1"lng IInpurtallt contnhutlOn In IIUI 
cffml s 1«' olvc ollr haslc CCOtlOllllC pwblclII), 

l'collollllSl.s have lung ~lIuwn that tCl.hllologH.:a l 
adv!tncc IS the pnillary source of hig her prmlu;,.llvll > ,lIld 
cconomic growth , and that research alld dcvclllplllc nt 
(R&O) IS the chief cuntrihulor to technology , '''hat IS 
1I('w 13 the plI:pont!erancc of ICCC IiI eVldclIll' thai 
IlIgh' lcl'Imolugy Cffull3 ~lIc h alj the Shutlle and othel 
,pacc programs havc a more IlO IC'" el fed IUl the 

cCllnumy than mllst ot her fl)ll11~ 01 R&D al.I IVI1> , 

1 he leasum flU the lugh IClhnoll)glcJllevc l3gc 01 Ihc 
'Sr.l!.:c plOgnll11 arc sil aigh tfurward , OIlC I Ihal Ihc 
~t)ve rll",cllt - illdu s lry ~ 1):Jce tcam ha) l.un~lUlI~ l) 

dc \'clllpcd :lOd Impleme llted hi ghly ('flCl. II VC IlICC hJI1I\IIIS 

tOl IJen tifYlllg and II :lIlslcrring ' pacc tcdmology 10 
othel \cdor"l uf the economy 1m )lIh\cq uell l nom,p~ l.c 

applicatIOns. Antllh e l I C;lsnn IS IliJI Inil1l 3111C\ 

1)C'lltllllllng. 1).llC IC\cJ rdl all' amung ti lt.' I1Im t 

Icchll lllogY- lUI CII) lve :lIld ·mnovallve III Ihc Ct,,:OrluI11V · 

Ihey gc nCrJIC thc all·"llporl.lIlt Icdlllulug \ lIllllllm the 

l ,S. cl.onoll1Y 111\1)1 have lor IInplmcd Ph)JlIf..tlVII> lolte 
ano e xpanJe d ti ll I pU I . 

I hc\(' ' ollI1e IIldll \ llIe) JI e !he om''t Ihe I IIIled \tol! e 
Ichc, 011 III 11\ c ll o rh to 111:lIn1JIII IJvIIIJhle IIJde 
hJIJIKC\. I \P.lulied C\POII \ ollllgh· ' Cl"lItJ l u~) pmJut,.h 

"III il lI~ t Ihe IIJilllllllloll 1It.'~JII\\.' hJlolPl.c\ III IIlllIl'loll, 

IJ" IIIJ l l' I!.,1 , I lie"' , ~lId I,," Ic",h noltlg> IHJIlU1Jt,.1UIt.'J 

~\~.(h III 1111\ n.:p..lld . Ihe " pJt,.C '-.hu lI lt.' P II))!r~rll ,",III 

l.Ol1 ll1hlllC I.IHIIJhly 10 Ihc l ,~ . IIJlit.' Pll\ t lllC In 1\\\1 

".1> ', II \'111 he lp \ I~ t.'d Ihc pJI,.C \11 ICl.h lllllojot> hl'f..JlI\c 
01 II, hq!lll~ \III1lUIJ IIV C dle ... l, 111\ th o,c 
I cdlllolu~>IIlI(.'lhIH mdu\lrlc\ IhJI .lI e JepcnucJ 011 lor 

J high JolIJr volumc of C\IXII I \ An d II wlll luntnhulC 
d lrCl. ll) h> lalilldlln ~ ,md \Crv ll.lII); rhc ).Jl cllrIC\ 01 olhel 
IIJtliUI \. 'I he .lhlll l Y of Ihe Shutlle to I>ruvlfJe IJUlidl 
\C rVh.'e~ at Ilme r H~h and 10 tlfh~1 OIhl l.ll IIIJ IIII CI1.II1t,.C 
~rv I I,.C\ I1C .... CI hclorc uv,ulJhlc shoulJ IIIJ r~cd l > IIlf..1 t.'Jo,c 
Itll ell-HI pJI I IC'I):lIIOI1 III I ,.S. PJ\.C C\pIOlJII UII Jnd 
C\pli UI J111m, 

1 hc I .S, al,;l.Olllpl!,llIl1enh In M. ICIH.C . ICdlllolug> 
e\ plorallon . JnJ I alt h Jpplh.::Jllom alt e I 10 our \Uf..f..('\\ 
III IIfcc llng the J.!oJh 01 the ' Jllul1JI ACI"n~ulIl.' .lUd 
SpJce 1",;1 dUring the PJ\ I 1 h )eJr I he ~lk"I~I' 

hellefih IIf Ihe 'pJlC plOglJII\ 11\ ah l"l) IU \tllnulJIC 

!he ClIUlOIIlY. II, Jpph":3 I1 tlll,\ 10 Ihe ~,} I u ll on 01 
CJllhh(IUnO pwhll'm\ 11\ !';olllllhllllons h) III Ie 111.11 '011.&1 

t,.nn llCIJlIun. ,md It OCJ tll)ll 01 ICIIS 01 Ihou3anu\ pi 

loh\ lor OUI lughly '~llIcd \4..ICnll'''. CII~!IIlCC" . Jud 

Il'dllllL:IJIl' J'rtt\uJc IUrlhCI Ploot \)f 11 11 'lh .. f..C \ 
1 hc\c J~f..tlIIIP"'hIl1CIlI' 3tHJ h('ncll r, \lhUrid \1,1,.'1 'h 
hCJ\II) III the dchhcl.lIIOlh 01 Ptlhqlll~"CI' .1\ 11 11,.' \ 

t.!ctcllIlIlle thc le\l'l 01 IC\OUtlC\ II) he JII (k.JlcJ 111 I ill' 
Sp.II.C Shu t lie .1Ilt! the PJ)'IH.ld, III 1111\ Jlld ~OIlHIIj.! 

Jef..Jdc, 
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SPACE SHUTTLE PARTICIPANTS 
Overall direCllon of Ih. Shul1l. I in Ihe Sp_ ce 

Shull Ie Progralll Orne. of Manned Space HI",I .1 

NASA It.adqu,,1< .. in WashlnSlOn . 1).('. Till uff",e , 
,.sponslble for Ih. delalled as Ign:n.III uf 
re pun ibllities . ba Ie performance rcqulrell\enn , control 
of mljo, lillie lone . and funding ,lIocallons '" Ii< 
'a,lou NASA neld cenlers. 

Th. Lyndon 8 . John",n pace Cenler (lSC) in 
Te... I Ihe ltad Cenler and as such has prugralll 
",anosel1lenl rtsponslbilily for prug'.111 COll1'Ol. OV<l.11 
,y Ie", engineering and ,y lel1l Inleg,.lion . • nd over.1I 
,e.ponsibilily .nd .ulhorlly for dellll"lon of Ihl)'" 
element of the IOlul YSICIII Ihat II1tcrucl \\fuh utll er 
eltrne," , such a total configunuion and combined 
.e,odyn,,,,lc load . JS( .1 0 ;1 responsible 101 
de .. lop",enl . rroducllon • • nd delivery of Ih ' ShUl1l. 
O,blle, and lI1anages Ih. conlracl wllh \~oc kwell 

Inlt",.lIonal Space Oivl$loII . 

I he Johll ~ Kennedy Space ('en Ie, (K~{) on 
I luroda '5 ,cop,., Ibl. fUl IIIe de Ign uf I.und, and 
,ecovery faclhlie and will "' '' " • Ihe launl h .nd 
I.ndong li e IIlr Ihe Spate Shul1le develop",enl mlllll .nd 
fOI operational mission requiring launche III In ca felly 
direellun. 

The Ge"rge C. MalSh.1I Space Highl Celllel (MSHI 
In Alab:Jllla is rcspof\!lible f l lf the dc\ cloplIle rli . 
PWdUCllolI . alld dehvery () f Ihe Orbile, ",a", . ngin . Ih. 
so lid rockel b l k) I., . .lId Ihe hydrogen/oxygen 
pIIJpell.nl I.n~ 

lh. COlllr.clor IC.1Il is II ill b, owlllg a Ihe inllial 
manufa c tured hardware lake forfll . All prllne 
C()lItraclOr and sllbcontra~ lors Involved 10 date life 
IiSied "" Ihe full owlllg pages. 

Itt. )''''u DIVI ) Iu-. C>t IfUl"'M ll 1 ~ltii~,t,fl~ L 1\ FiI .Mt 
Co..II:A!fOi!' 10 NA\ '" '0'1 lO' '' l INlfCU IION Of ~"U 
o;~"lI S'{SU MS 

(I 'I flll 
1_ l t. • fro 

.or ~ M:H · ... n ' 10,"" 

III S'AQ OJ iI' SI()tIl Of Itoc .. 'ttf u. 
INn.It .... II~l I S "l~ " 1M{ 
CONTIIA,CIOI 10 IilASA fCMI DI!.IGHI'tG 
Ot:Vf.L.O'U.:i , AtIIO 'tmoujji ' .... 
l 'AtI ~nu ""l lIlI 

Vlll llCAl IAll 
,r." ,'Ilo-" """'IC 

• • "". l "" 1'"'' ... , 

~--- , .. ,. LMDING ctAI .-.. ~ 
11".",. (1 \111 

it(USUU SUtfo\C( . lifWlATlON 
' LOU-ootl O _ UIIo. ' I ""'II ~-'('I 

.",1(_ 011" 10'"\ 1tC*, .. ns ,.., .. \IIact l1l'i' 
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runlwdut lu.~lIun S y, t C 111/.111 hI y. t C III 

Abcx C urpor.lloll. Acro.p •• e Uxnard. LillI. Varlable·Jelivery' Ioydlaulk 1'lImp 
()Ivillon 

Aerodyne Cuntrolll'orporatiun J.armln8dale. N.Y OXYlICn. hydlogell d,,·,~ v;llve nuti ,ell 
and cnvtrullIlIClltal (ullllolllli: 
'''PI,ur! .y,tclIIl 

l'le'''lte lellef " .. Ive (Waterl 

Aerujet GCller;ri. MruJct S.':tallielitu. CaliL UtbltalnM,euvering .y,telll ellgille; 
liqUid Ko,kct r ompany 

AerUip,,, Avionl.:, lIolwmia. NY AnnulI.:!atur ".;embl)'. ".lItion/wilrnin~ 
Allllulldatur <It.play geller.1 rC'luiremen" 
AllnulI,la t or. perl urlllilll.e IIll'nlturlllg 
Annunclalor. sped.1 

Aelnquip CIJrplml1ll1ll. Los AIlBr.!lcs. CoJ.Iif. C;Juphllgs fur C'n\'itulIltll!tital (unhut and 
Aerospu,c DivIsion. III" .upport 'yslelll 
Marman Divblon 

Ai~en Induslrlcs. Med'anh:ul J.,kson. Mkh. Thenn.1 dl<ull hreakers 
I'rudud Dlvi,iull 

AI L. ('uller Ilanuncr i'urmlngd.lc. N.Y. Mkruwave '<an beam landing syslem. 
navigatlun ~et 

MrI",uukce. WIs. I-h'llJutC:'(untruJ drl.:uillm.'aker 

AIRe,car", Munuladurlng Tuttan,e. CuliL Air Jata transdu«, a'lelllhly 
Company. Garr~tI CabIn .Ir pres,ure salely Valve 
Curpuratlun Air shu luI r sulenuld valve 

Alrllo Divlslun. Sargenl 1:1 SegunJu. ralil. lIelium r«olwr (spherical I. surge 
Induslries prc.surc main propulSiun ') .tem (MI'SI. 

relief uf ga;cuus hollum JUtlng MI'S 
a.:tuatlon of valves anJ cxtw,.1 tank 
(n) dis"HlIleds 

Arnelek Calmee I'ku Rivera. ["iii. MI'S liquId hydrugen .hutur! valve 
MI'S IiqulJ hydrUjl,<n discunlled. Urbiter· ii .' 

to·tank rcdrculatiun anJ replenishment 
system 

MI'S g.scuus hydrogen/gaseous uxygen 
Jis<onned.Orbil.Hu·tank 
"r."urllotlun syslem 



C"unlrador lu.allun S ysl ~!llf"u hi yll em 

AlIlelek Sirillft U cuJun. ('lIlif. Ml's liquid hyurugen lind lI'IUld uxtgen 
till.nd drilln me",bly 

MI'S li'I"ld hydllJgen redreul.llunllnd 
replcnbhllleni line asscmbly 

An,ex S,.lem ulwnJale. nlif. IIi¥h ·Ielllperiliure. Illgh 1'ln,1 rumen I allun 
waxlal ,,,ble 

Applied RClUUMl hlrOeld. N.J. Rulary,wlld, 

Arkwh, Inuullrles We.lbur>·. N.Y. lIydraulle reservulr. booblrap 
S,x·w.,.lwu·pu,lIlUn h>ur.ulk ,unlrul 

v.lve 
Three·way. twu·posiliun hydraull< 

mnltol valve 

Art\Jwheau PruJII"I •• lllvblun Lo. Alamltus. Cnili. Spa." Shutt"· lIIaln engUle hqUld oxygen 
uf Federal Mugul and liqUid hydrogen leeuline. 

Cuupllng sleeve and !lex/ble dUd/ng 
rur <'nvlrunlllental euntrul .",Ilile 
suppurt .y'lem 

Awu Wilminglun. Mil". I~u·banu untcnna. Jilkruwavc S':;1I1 beam 
landing ,plcm 

Aydin. Vectur Illl'!siun NCY';lulI. Pit. Wld<band Ire<ju"n,-y "Ivlslun 
multiplexing unl! 

lIalillrulher. Researd, Iluulder. Culu. Shlf lu)(j(,,'r 

Ileed, AI"raft " 'rpunUlon. lIuuldcr, Culo. Pow~'t f~ih.:tilnt stuliJgc assembly 
lIouluer DivISIon 

Il. F. Goodrkh C"",p.ny Truy. Ohio Main anu nusC' laJiuing ~(,ilr wlict'l and 
lIIaln land,ng gca. bra~c u,s~,"bly 

Akron. Ohio Main anu nosc gcar lires 

Ilelllndusiries Gardena. C"ltf. Mudul.r IWHln.1 buards 

Ilendix Corpor.lIun Syum'Y. N.Y. lIigh.densily (ullllcdor. data pru(c>slng 
suftware 
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C\Jntra~tllr ltJ.utlun SYitem/lublystem 

Iffndlx Curpuratlon Teterburu. N.J. Sllrfa.:e plliltiun. ulphM Mach. and 
'.:untlnued) illmudc/vertl':RI vclO\;lly Inul.:alu .. 

hanklln.lnu. Trluxhtl':lJ!1nedor ,'1)·ohml. elWrkal 
power ulStrlbution ,ystem 

lJilvenpurt.lowiI A.:.:elerumeter 

Bertea ('orporatlun Irvine. C.lif. Main "mulng gear hydranl": uplock 
a':luutur 

Main landing geur IItIIl adualor 
Nose lanulng geDr uplo,k adUillur 

Buelng liuudon. tel< Sneak dr.:ull un.lvlll 
Seallie. Wash. Carrier alr<rafl ttludiO.:ullun 

T uullng 

RomarlTll' N~wbury I'ark. C.IIL Variable Iran.funncr. dl.play. anu 
.onlruls 

RUllman lJlvIslon or M.:Graw SL LUllls. Mu. General I II Ie 

Seal for bulkhead window .:onditlunlng 
syslem 

Urun.wh:k linculn. Neb. FlI'l1ncnt wuund tank hi<v.lupmen"ll 
program I 

Carlelun Conlrol. !:asl AUlura. N.Y. Atll,uspherk pressure \;unltul system 

Cele,.:u Induslrles ("USIa Mesa. C.IiL Smuke dele.:tlun 
I'lre slIPPlmlun syslem 

I 
" I 

Chettl Trl.: R""·lI1ulll.lI!. Sd't'l!'t iull g.~lh.'mtur. t'tlvirunmenhal 
"ullirullll\' ,uppurl'lsl~1Il 

Clrde Seal o\naheim. Calif. Purge. venl. ano Jrain dle<~ valve 

(ulUlllbus Alr.:raft lJiVlslun. Cuhllllbus. Ohlu Bl'oy nap slrudure 
Ru.:kwelllntcrn.tlun.1 
C urpor.llun 

Cunr.' Curpurallun Wesl ('ald",.II. N.J. MPS .'"!dne inlerface unil 

r 
! , 

Mtssiun IImer 
hcnllilller 



Contr •• tor Lu~ntlon S yal em/511 bay, I C m 

('ol1""lldaled Controls 101 Segundo. Cnlif. Fuel Isolation valve nuxilhlry power 
unit 

UnldlredlunDI/bldlredlunul ,hllioff 
valve fur fuel .ell puwer planl and 
cnvlrunmenlal.untrollife suppurt 
syslem 

Cunvalr AerOlpace DivisIon San Dlegu. Calif. Mldfuseluge (Indu" •• tIIldfuselage glove 
er General Dynamics faIrIng) 

Curning GlalS CornIng, N.Y. WIndshIeld nnd winduws 

Crane Cumpany·Hydro Aire Burbank. CallI'. Main landing gear brake anliskld 

Crlssalr IncorporateJ EI Segundo. Canf. llydraulh: check valve 
li),draulk now rcstridur 

Datum Incorporated An4helm. Canf. Multl';,."nel dOlCd·loop slructural 
lesl 

Deutsch Banning. Canf. General·purpose ele.:lrleul cunnedur 

Edison Electronic •• Di,blun Manchester. N.li. Digilal scle.t Ihumbwheel ,wit.h 
of McGraw Edison Tuggle switches 

Edcliff Instruments Monrovia. Canf. Posltiun transdu.er.landlng gear and 
rudder. Orbiter 101 approach and 
landing Oighl test 

Eldec Corporation Lynnwood. Wash. Dedio:ated signal conditioner (subsystel" 
pressure. temperature. etc .. to 
I ·ultiplexcr. demultiplexer 

Tape meter 
Proximity swit.h (landing gear 

uperation) 

Electronics Associated West Long Branch, I'.J. Analog .umputer system (Spa •• Division 
simulator) 

Electronic Resources Lo, Angeles. Calif. Cuaxlal .able (special external-
Incorporated temperature .able fur .ummunication 

tie. links) 

Ellneff Corona, N.Y. Hat.h latch actuator 
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C"nlra~lur w«,tlon Sysl~m/s u bsys t em 

En Jevl..'c San Juan Capistrano. Calif. Pie to cle~trl< u,.el.rometer (Ilight 
Instru l\Ien tation vibr a Hun-acou,tI. 
dutal 

Acuustic pkkup plelu c1ed ric 
(develupment Ilight Instrumenlatiun 
,,,ollslie data Orbiler lUll 

ExpiOllv. Technology Falrlield. Cali I. Pyrutechnh: .:rew .""ape Inlerseal 
energy. Itansfer and sClluenccr 

Falr~hlld RepuUk Farmingdale. NY. Vertkal tall 

Falr~hlld Stratos Manhattan \leadl. Culif. MI'S .hutuff prup"lIanl prevalvos 
MI'S Iiqllid oxygen uverboard bleed 

disl..'unnct..'t 
MI'S \ill and drain valv. propellanl 
Anllllunia builer subsyslem (rejects heal 

during reenlryl 
MPS helium and gaseuus nitrogen 

pncuntath: disl:unllcl.:t 
MPS liquid uxyge.i and liqUid hydrugen 

relief shutuff valve 
Furward and aft rea,tiun wntrul system 

(RCS I helium pressure regulatur 
Cryugenh: !luid and gas supply 

Jis..:unnCds tu I:unnc .... t Orbiter puwer 
rea~tant sturage and distributiun 
system \ill. drain. and vent lines to 
their rCspcl."tivc gruund support 
eqUipment 

General Electric Valley Furge. Pa. Waste ,ollectur subsystem 

Gullon Industries Cosl" Mesa. Calif. Lincar luw~rreqtlcnt,;y i.\1:~clcrol1lctcr 
(Ilight instrumentation vibratiun· 
i.\\,.'oustk datal 

I Differential pressure transducer. 
hydraulk actuaturs 

Gruml> .. " Corporalion Belhpage. N.Y. Wing (indudes Illain landing gear doors. 
cic'Yons. and wing bvx glove) 

Shu ttle training aircraft 
(prime wntradl 
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Contrador 

Hamilton Standard, Divlslun 
of United Aircraft 
Corpuratlun 

Ilarri. Curpuralion. 
Ele~troniCJ System. 
Division 

Ilaveg Industries In~orporatcu 

Huffman Ele~hon!:s 
('orpo,ation. Nav~om 
Syslems Divislun 

Honeywellln~ .. Acrospa~c 
Dlvi,iun 

HY'lrauli~ Researdt & 
Manufacturing 

IBM ('urporatiun. Federal 
Syslems Divisiun. 
Eleclroni~s Syslems 
Cenler 

ILC Tcdmulugy 

htlermetrks Incurpuraled 

ITT ('allnun 

J.L. Pruducts 

Lo~atlon S y. tem/ su I»y. t e m 

Winu;ur Luck., ('unn. Atmospheric ,evltali/.aUun subsystem 
Freun .:oulanlloup 

Wale, builer. hyuraulk lhermal «Jltlrol 
unit 

Gruunu suppurl "quipmcnl hyuraullc ca,l 

Melbuurne. Fla. Pulse cuue mudulaUun maste, unll 

Winuuski. VI. General·purpose wire 

EI Munlc. Calif. TACAN f la':lkal air navigatiun I 

SI. I'elersburg. Fla. Flighl ~unltul syslem displavs and 
,,'unttllh. 

Minneapulis. Minn. Radar altimeler; main engine ~unt,oller 

Valenda. Calif. Servuaduatot clCVUIH.!IcdfO l'Omm:mu 
hydraul". 

Fuur·way hydraulic syslem fluw 
,,:ulltrul pressure valve 

Oswegu. N.Y. Mass 1Ill'!I1ury!multifun..:tiun (athude ray 
lube fCRTI display subsyslem 

General-purpu« compuler and inpul-
uutput prul'essur 

Sunnyvale. Calif. Cabin inleriur lighling 

Cambridge. Mass. Advafh:c ,·olllputcr progfil1l1ing language, 
I·IAL/S (high-urder assembly 
language/Shultle I 

Sanla Ana. Calif. Puwer. high·ul!rlsity. I edangu!ar. 
ami ~OaXiilll.'unncl.:tur::. 

Ga,dena. Calif. Crew ,;ompartmcnt faihtrc wurning and 
~urredi\'e ~ulltrul 

Arming nrc swikh. pushbuttun 
PlIshblll1011 swikh 
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('olltructor Lo.:atloll SYltem/.ublystem 

"elly Buy.s Com pony llIke Urion. Mid\. lIyoraulk switching IIno Iwlullun valve 

,,·We.t Westminster. Calif. Wlocbund slgnol condltluner. 
.ccoleromet.:r lacoustt.: 

Strain gage slgnalcundltluner. stresICs 
Ullage prcillurc signal condltluner fur 

external tank tmonlton and mntrols 
external tank liqUid uxygen and 
liquid hydrugen ullage pressure, 

Differential pressure transducer and 
electronics MI'S prupellunt head 
pressure In main reeu and 1111 line. 

Labarge Santa Ana. Calil: General·purpose wire 

Leach Relay Los Angeles. Calif. General·purp0l;e latching rclay 

Lear Siegler Grand Rapids. Mich. Attitude olrediun inoicatur 
Elyrla.Ohiu Hydraulic uls<onne.:! supply 

Lo.:kheed Millites &. Space Sunnyvale. Calif. High· and low·temperature reusable 
('umpany. Inc. surface Insulatlun 

Lockhecd-C.llfornla Burbank. Clllf. Crew escape system cjr·"tiun seats 
Cumpany (Orbiters lUI ano 102) 

Orbiter structural statk anu fatigue 
tc.llng 

LTV Aerospace ('urporatiun. Dallas. Tex. Leaoing edge structural subsystem and 
Vought Systcms Dlvlsiun lose cap. RCr (relnr'-'r"~d carbun· 

carbon' 
Radiator and nuw control as.·mbly 

systemlstudy unly) 

M.rquardt C umpany. en Van Nuys. Calif. Readiun .. ·ontrul SYSIClil ti'tu::Jers 
Curpuratiun 

M.rtln Marietta Denver. Colu. Caution and warning cledrunics 
Pyru Initiator controller 
Reactlun cuntrol system tanks (furward 

and aft) 
S·banu quao. heml. ,md payluad antennas 

New Urlcans. La. External tank (prime conlract) 
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COlltrudur 

Md)unnell Ilouglus 
A,trunautk, ('ompany 

Meg.tek 

Menas.:u M.nufadurlng 
Cump.ny 

Metal Belluw, Company 

Mkro Measurements 

Mudular Cumputer Systems 

Moug. Incurporated. 
Cuntrols Divisiun 

Network. EI .. :lronk, Corpor· 
atlon. U.S. Bearings 
Division 

Northrop Corpuration. 
ElectroniCS Division 

OEA 

Parker Hannifin Corporation 

meu DeVices 

meu Draulics 

Pratt & Whitney. Division of 
United Aircraft 

Lo,aliull 

East SI. Lulli •. MlL 

Van Nuy •. Calif. 

Burbank. Calif. 

Chatsworth. Calif. 

Rumulus. Mk l " 

Furt Lau·!.rdale. Fla, 

East Aurura. N.Y, 

Chalsworth. Calif. 

Norwood. Mass_ 

Des Plaines. lit. 

Irvine. Calif. 

Goieta. Calif. 

Montdair. Calif. 

East Hartford. Conn. 
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Sy.t~m/.ub.y.tcl1l 

Orbltallll"neUv~rlng syst~m!re"dlun 
",mhul system alt prupulsiun pud 

MI'S ,ryug~nl, seals. line nange 

M.in/n~ landing ~ar ,hucK struts and 
bra,e as.embly 

I'utable and waste water t.nk, 

Strain ~age 

Data a<,\uilltlun 'YltC1l1 (Spa,e 
Division I"buralories) 

Main en~lne girnb.1 ,ervuadualur 

Ha~<1t i"kh links. main ingress/egress 
haklt 

Rate gyro assembly 

Pyrotechnic thruster assembl!'. nose ~ar 
opiu,k release 

MPS liqUid hydrogen Orblter·tu·tank reed 
system dis.:unnecl5 

MPS liquid hydrogen and liqUid oxygen 
Orbiter·tu·ground fill .lOd drain 
disconne..:ts 

t-Iydraulic accumulator 

Hydraulic shu tuff valve. emergency 
thermal contrul 

Electri notur·drlven hydrauih: 
.:trcutalion pump 

t-Iydraulic priurity valve reservoir 
primary 

Fuel cell power plant 



l'untraL'illt Lue.llun Sy.I~Ill/,,' bSY'I~1II 

I'urul.lur In.;urpuraled Newbury I'.rk. Calil_ Ilydr.ulh: nll~t ,"uJIII" .''''''Hllly 

((Ill' Curpul.llun llud,ulI. N.II. Tempel'atulc M:lisu../tlansJul.:C't (gene.ttl) 
Tc."lllpL'rahuc rcstshUh:c trallsuu":l!l 

Ip",b,,·tYP~1 

Cryogcnk (l'SlItH,'nltlllL' traflsulh':l;'f 

Ru.;ketdyne DM.iun. Ruckwcll ('unuga P",k. Cahl~ SpilLe Shullie main enghl~' Iprhue 
Internaliunal('urpur.liun I:onlra ,t) 

((OIlR (,hula Vist •• C .lif. Sulid ru.:k,'t buu>t~r ':asc 

Rusemuuntlncurpuraled Eden Prairie. Minn. Air data Sl;'flsul prubl! ~ystcm 
Air uata Sl;'llsul' night-bovill probe 
Sensor tempi:latulc pfuhL' 
sensut tl'lIlper,Jtul C sUI I a~c (g'!HCfOlI) 

R. V. W~atherf(Jrd Glendale. Calif. Shullt 

Simmunds I'rcd,iun Vergennes. VI. MPS Ii"Uiu uxygell and liquid hydrugcn 
Instruments point·lc',C'I M.'tlSllrS and elcl.:lronks 

Sillger Kearfull little !'ails. N.J. 111crtiallllcasUtelItC'nt unit 
Mulliple\~r interface aJaptel 
Data bus LOupler 
Data bus isulatiun 

Skipper .11" Cumpany Cerritus. (-alir. (hcmkal pruL,,»ing (\Juwne, hlLllit)'1 

Space Divisiun. ((uckwell Duwney. Calif. Sp • .;c Shull Ie Orbiter and inlegratiun 
Internatiunal Corpuratiun 

Space Ordnance Systems Saugus. Calif. Cartridge assembl' detunatu, !frangible 
nut. tall <one separatiun. Orbiler 
.:arricr ain.:raft .separation and 
Orbiter extelllait'lnk sepataliun) 

Sperry Rand Curpuratiun. Phuenix. Aril. Multip lexe t I demu tlip lexel 
Flight Systems !Jjvisiun Auturnali< landing 

Statham Instruments Oxnard. Calif. Pressure tran:du<er (Iuw.medlum. high, 
genetal systems I 
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('unlls,hlt locallun Sy.lem/subsy,I<1I1 

Sierer biglneerlng & l". AnllCle •. c.lil Nooe ge"r .Ieering 'Illd dalllping ,,>.1"111 
Manufacturing ScI"d", Ihr"e·w.y, sulenuid·up.Wed 

lallding ge.r upluck alld ,ullirul valve, 
Solenuld,uperaled, Spa,,' Shullie main 

engine hydraulk 'Illd hyd,"uh, land· 
ing gear ,Jillioll valve 

Slerllng 'I ,ar"lurmer /lruuklyn. NY. TransluII".:r Ipuwer display, and .ull-
C"rpurallun hul" 1151:0 "ult I 

L liSl'Products In,urpulaleu Burbank. Calil, Au.\ihary pu\l.et unit 1,.'\haUsl Ulh.:t 
a~~l'll1bly 

Sunuslrand Ru,klurd, III. Auxiliary puwer Ullil 
Rudd., ,peed brake adualiun unll 
Uud)' Ilap .dualiun 111111 
MPS hydrugen redr.ulallun pump a,sclubly 

SYlllclri<s Canuga Park, CaliL lIyd,aulk lJUkk discunned, 
Qulek di"untled' (waler builer nil 

wnO 
l'h,l.I dis':unned 

Sy,lron·Dunllcr Cun<urd, ( alii, Angulal" threl!+a:\ls ul.:(clcluntl'tcr 
(d,'ve!uplm'nl Ilighl ill,lrum,'lIlallulll 

Tech Syslem, Curpuratlun Thumaslun. Cunn KII·band Wave gllide a.sembly (pa. I ul 
Intcr<ururedlng link belween Inleto, 
Wave SC,itl beam landing system ant~nnii 
and lIavlgalluli ,el) 

Telcdynall1ks. DivIsIon or Fori Washinglun. Pa, S·b.nd Iransmiller IJe.elupmenllllghl 
Arnba< Induslries Instrumentatlun) Ircquenl.:Y tnoJuJ;,Uon 

Teledyne Kincli<, Solano Il<'a<1l. Cali r. Dhcd~l'urrent PUYol'l (untrudur 

Teledyne Thermalks PaSadena. Calit. Cu"xi.1 prulolype <.bk 
Gl'llctal,pUtplbe \-I.'irc 

Elm Cily. N.c Spcdal·prrrpuse Wife 

Teledyne M<t'ullml<k Ilol1islor. Calif. Crew l'~(apC' systellt pyrutc..·l.htlh.: tnltiator 
asse",bly 

Thiukul Chemical Cur pur- Brigham Clly. UI.h Solid h.h:kcl muturs 
"lion. Wasla,h Division 
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Cllnlta~lur Lu~Dliun Systel1l/.uboyllem 

Tll1Ies Wire ~nd Cable Waillngfu,d. ("unn. ("m,x181 ~ablc 

Tltenex IJivl.lon Sprlngneld. Mal,. l'Iex hu>e.luw·preliure. wlnd,hleld 
purge 

Hex line .:uulantluup (w;tlenoulunll 
lIigh/luw prelSure hydr~ulk system h",e 
SWivelamlllbly. hydraulk system hIM 

Tulsa IJivislon. Kll.:kwell Tul.a. Okla. Ca, gu·bay duors 
Inlernallunal Curpuraliun 

Vukur Engineering Kenilworth. N.J. lJydrugen and uxygen pressulU.lt null' 
Curpurallun .:unltul valve (cuntrul. null' f,um 

O,biter main engine. fur ,xternal 
tank p,es,mllallon" 1I\31n prupul.lun 
~y)tcI1l1 

W"lIhaml',ed.lun In,lrul11en" Waltham. Mas •. Elght.d,,) windup du.:k 

Watkins Juhnsun I'alu Altu. Calif. C·band radar altimeter anlenna 
lIt -:'" :.lit Ira!'!'h .. \.:untrul vuke antenna 
L·b.nd TAC AN antenna 

W"VC(UIll Nurthrldge. Calif. S·band multiplex", develupment night 
ins I runlcntatiull 

Westinghouse Eledri.: Baltimure. Md. Master til1llng unit 
('orpurotlo\l. Systems 
[)evclupn.ent Division 

Westinghuuse Eleclric Llma.Ohlu Kel110le pow"r cuntroller 
Curpuratiun. Aeruspa<e Elc.:trk.1 system inve,tclS (d~·a.:) 
Elcclrk.1 Dlvl.iun 

Westun Instruments Newark. N.J. Eventlndkatur 
Eledrl.:.llndkatur meter 

Whitlaker ('u'puratiun Nurth Hullywuud. Calif. DUl11p valve manually uperate·l. hydraulk 
• .:.ul1lulatu, (gruund I 

MI'S heliul11 p,essure ,egubtur 
MI'S helium regul.tur 
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Cunlra.:tur Lu"allon Sys\Cm/.lI b,y.I<'1ll 

Wlntek ~I Se~unu\J. Cahf. Auxiliary power 11111\ Illd line Iille, 
PUI~C'. ,"'l'IH ,lIhl UHiill illh.'t 

{wa,u,III,-IJ I 
• ('lwhJl1t IC'Hnll HilL"!" 

l"tYlJg('lIh,: nlt~r ass,,'mbly 

Wright Cumponents.ln," Clillun Springs. NS. MPS twu-way plIl'ulllJth: ~tJll'lIlllJ voAh'(' 
MPS Ihrl'l'~wt.i)' IIdlullt .'Sll!"lIuIJ \lat\'l~ 

Xebe" Curpuratiun "ansas City. Mu Autumatl'u d, .. uil 

Xe.cell·O Curporatlun. CO$la Mesa. Calli. Main jn~rl'~s..fl.'g,n:~) hah.l~ Jttclluat\..1' 
Divislun uf CaJilla, 
Cuntruls 

Xerux Curpuratlun 1,1 SegunJu. rahl. Dig.it .. l .. 'umpukl (_SpOl~"" lJlVbtulI 
sitnulutul) 
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