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FORWARD 

Ti i is lland!iooi< lprovides a teclinical dati. sLtnmary for t l ~  Dot\glas-produccd S s t t ~ r ~ i  5-I'd 
atid 5 - IVB slages of tile NASA Apollo Progrn,:~. Material conta~ncd In tile 5-IVB stage 

of this lia,idhool< includes tlie S-IB atid S-V velliclcs. Th is  book w i l l  LC iipdated as 

ciiaiigcs and additional i~l fonnal ion Secoriie available. Tile Appendix contains Aero- 

space F lu id  Cilaracteristics, LOX alid LH2 Vzpor Pressure Curves, and a L is t  of . 
Nun-Standard Abbreviations. 

Tlie lariii ly of Salurr~ I~LIIICII v ~ l i i ~ l c s  and a visiial sizc c o ~ i i ~ a r i s o i i  to tlie Wasl i in~jtoi i  

Natioilal Mon~,ment are shown i l l  tiie frotitispiece. The Seturti l B  launcii veliicie, f i rst  

J to ;ise tile 5 - IVB stage, 113s a total lenytll of approxr~nately 2 2 5  feet, a total dry 

weiglit of approximately 1 5 0 , 0 0 0  pounds, and a total LO weight of approxiinatel'/ 

1 , 2 7 5 , 0 0 0  pounds. The S-iB stage is  poiwered oy eiglit H-1 engines that develo:, 

a total tlirust of approxiiiiately 1.6 mil l ion pounrls. Tlle S-IVB stage is  powered by 

olie J-2 crirjine t l ia i  dcvelops approxi$natcly 2 0 0 , 0 0 0  pounds of tlirust. 

) Tile Saturn V lau~ ich  vehicle bar a total lenqt i  of app;oximateJy 364  feet, and a 

total dry weight of approximately 5 1 0 , 0 0 0  pounds. The S-iC stage is  powered by 

f ive F - l  elqi l les Lhat develop a total tfirust of approximately 7 . 5  mi l l ion pounds. 

Tlie S- l i  stage i s  powcred by five J-2 engines that develop a total tiirnst of approxi- 

~nateiy 1 mii l ion pounds. Tiie S-IVB stage of the Satiirn V launch veliicie i s  si lni l iar 
to the S-IVB stage of the Satiirn IB  launcli veiiicle. Major differences between the 

two S-IVB stage configurations are tile S-IVB/S-V engine restart capability and tlie 

flared art interstage for mating to tiie 5-11 stage. 
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S-IV VEHICLE DESIGNATIONS I 
Static Dcsiqi iat ion R c r i i ~ ~ r c d  a t  U- I 

Batt lesl i ip T c s t  Vei i ic le 

A l l  Systeiiis Test Vcliicli. 

Hydrosiat~c/Dynaini~cs Tes t  Vel i ic le 

Dy i ia~ i i i cs /Fac i l i t i cs  

F l i r l l i t  Vellicle S- IV-5  

F l ig l i t  Vcl i ic le S- IV-6  

F l i r j l i t  Vcl i ic lc S- IV-7  

F l i g h t  Vcl i ic le S- IV-8  

F l ig l i t  Vel i ic lc S-IV-9 

F l i g l i t  Velniclc S- IV- I0  

SACTO 

SACTO 

SM--MSFC 

MSFC--I<SC 

IKSC 

IKSC 

I<SC 

KSC 

IKSC 

KSC 

Tes t  

T c s t  

Tes: 

I 
! 

Test 

F l ig l i t  

F l i ~ ~ i i t  

F l iq l i t  

F l i g h t  ( 
Fl ig l i t  

F l ig l i t  

Batt lcsl i ip Tcs t  Vel i ic le was constriictcd of  steel  arid was instal led in  a test  stand a t  

SACTO. Tlie,veliicle was used for develoi>~n~eiht test ing of R L l O A - 3  engiiies, PU and 

liydraulic systcms, GSE, and f a c i l ~ t i e s  cquipnieiit. 

A l l  S y s t c ~ ~ i s  Tcs t  Velnicle was a productioi; c o ~ i f ~ y i i r a t i o n  vel i ic le used for qi ia l i f icat ion 

test ing of a l l  ,,.djor systeiiis aiid subsystems. 

I iydrostat ic/Oynai i~ ics Tes t  Vel i ic lc i s  a production conf ig~irat ion vel i ic le used a t  

Santa Monica for s t ruc t i~ ra l  testing b y  water pressiire. Coriiiiion bul l~ l iead i s  cryogenic- 

a l l y  tested wiiln LN2 Vel i ic le was sent to M S F C  wliere 11 was joirled wir l i  S- l  stage, 

and v i !~ rs tcd ,  to  dy~ ia r~ i i c i i l l y  test  oil-hoard systeliis. 

Tl ie Dy~ ia in ics /Fac i l i t i es  Tes: V e l i ~ c l e  i s  a prodi~ct io i i  configiiration vel i ic le used a t  

I<SC where i t  was ii iatcd wi t l i  S - l  stage. VJet tests of LOX and L H 2  loading from 

fac i l i t i es  storage ta~iI(s deiiioiistrate safety and e f f ~ c i e n c y  of propellant loading. 

lntcqraied ~irel i ln i l iary coi intdovi i  and cIoecl(0ut of coi i i l~ lcre 5-1 vel i ic le wcre tniadc. 
I 

SA-5 v e l ~ i c l e  'was launclicd succcss f i~ l l y  OII Jaiiuary 2 9 ,  1 9 6 4  froin I<SC i n  a 

1 4 1 . 6 - 4 1 6 . 5  nai i t ical  mi le,  9 4 . 3  ii i inutc orbit. Vel i ic le i s  s t i l l  i n  orbit. 

SA-6  vehicle was la i lncl~ed s~ iccess fu l l y  on May  2 8 ,  1 9 6 4  from KSC in  a 

9 9 - 1 2 9  ioautical ~niile, 8 8 . 6  niitiute orbit. Vel i ic le re-entry occurred May 3 1 ,  1 9 6 4 .  

SA-7  vcl i ic le was lau~ict ied s i i cccss f i~ i l y  oil Sej~temher 1 8 ,  1 9 6 4  from IKSC i n  a 

1 0 0 - 1 2 9  naut ical  ~ i i i l e  or!iit. Vehic le re-entry occurred Septeinber 2 2 ,  1 9 6 4 .  

S A - 9  vcl i ic le was l a i ~ ~ i c l i e d  s i iccessfv l ly on February 1 6 ,  1 9 6 5  from KSC in  a 

2 7 1 - 4 0 5  n a i ~ i ~ c a l  lnile orbit. Vehic lc i s  s t i l l  i n  orbit. 

SA-8  ve l l~c le  was launched successful ly on May 2 5 ,  1 9 6 5  froin I<SC in  a 

2 7 6 - 4 0 7  n a ~ i t ~ c a l  i i i i le orbit. Vel i ic le i s  s t i l l  i n  orbit. 

S A - 1 0  vcl i ic le was larinclicd successful ly on J i i l y  3 0 ,  1 9 6 5  fro111 KSC in  a 

2 8 3 - 2 9 0  nai i t lcal  l i i i le, 9 5 . 3  niii i i itc o:!,~t. Vel i ic lc i s  s t i l l  i n  or!lit. 

S-IV STRUCTURES 

.cy T i c  S-IV stage structure conslsts of  a forward ~nterstage, propellant tanks, af t  s k ~ r t ,  

d d 2 ' t i i r i i s t  structure aiid af t  lilterstage. 

Aft  llnterstar{c Assembly: Mates S-IV stage wit l i  S-I stage. A f t  ~ntcrstagc asscmbly 

consists of c ig l i t  panel asse~ i ib l~cs  of a l i i i i i~~iui i i  l i oncyco~ i~ l~  saiidwicti coi is l rucl~oi i .  

Each i~ane l  has triangular vetit port covered wit11 a fabric pailel. Vent lporls allow 

venting of GOX and GN2 before separat~on. A f t  ~ritcrstage asscmbly i s  attached to 

S-IV stage by four bolts wi th fraing~ble nuts. A t  separation, a f t  interstage assceibly 

remains wi t l i  spent S-l stage. 

Aft  Slcir: Assembly: Conscsts of four alirn~inum lioneycomb paticls wnlded toyetlier; 

t l~en  welded to af t  dorile assembly. Af t  skirt i s  attaclied by four bol ls wi t l i  f rang~blc 

nuts a t  f l ight  seilaratioli plane betweeii s k ~ r t  and interstage. Four ullage rockets arc 

mounted on af t  skirt assembly. 

Heat Shield: Construct4 of fiberglas lhoncycon~h and cloth, and al~iminuin doublers. 

Mounted on thrust structure to protect forward propiilsion area from hcat of engine flanie. 

Thrust Striicturc: Aliim~num skit;; stringer-rc~nforccd trui~catcd cone. Large d~anic icr  i s  

attached to af t  dome of tank asseinbly by w e l d ~ ~ i g .  Has attach points for eiiglncs, actua- 

tors, heat shield, and heljum heater. 

Tank Assembly: Consists of the forward donie, cylindrical LH2 tank, and aft tank as- 

sembly. Forward domc i s  constructed of  six p~e-shaped segnients, formcd, c l iem-~n~l led,  

and welded. An entrance nianhole i s  provided for access to LH2 tank. Cyljndrical tank 

wall i s  fabr~cated of :lire? alum~iium panels incchanically mi l lcd in  a waffle pattcrn, 

\ fomied, and wielded into an 18-foot, 4- inch diamctcr cylinder; tlien welded to iom.,rd 
I 

domc and aft tank assembly. A f t  tank assembly ca i l s~s ts  of tile aft doliic assembly ( s i n # -  

lar to ti le fowiard dome1 and colnmon biilkliead (w l i~c l l  forins aft coil of (l ie L t l ~  tank and 

tlie forward dome of the LOX tarikl. Coirinion bolk l~cad 18 cor istr i~ctr i l  of t w o  alci,n~nirt~;. , - 
heiii~spheres bonded Lo a fibcrslas 1honeyco1:;l~ carc. Cnct~ llcli irrpl,cr~~ r ,  In 6s wr ld r i l  01 

6 "orange lpccl" scgincnts. Skins .are welded to aiialif:iii.a r t n i :  err il,i.cr $7, rl;.l,rri., . l o s !  

sealed together by ivcld~rirj. Prior to ioa<lvt;ri i~ri,~,t.l i.,~~.r. 11,~; r . ! i e ' r  r.: .,,,i i 1- :, : :.. t 

ai;d scaled. The LH2 l.ln;, ion,;lrd d r r . , ~ r ~  . I ,  ,! c ,; :i.. .' I . . I ( .  ,i . invi ( h., ) ) I  

i,oly,,, I ,  3 l ! s - i ,  ! .  ! . . " - , , "  , . ' ,  .. . - *  . 
l,,s,;l,,l,~,~ . , , C ~ ,  8 ,  c.>,,,ra. I :.,:,I> > +,, . ,' , ,. r , , b 

. .. 

, . 
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S-IV STqUCTURE LOCATIONS 
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S-IV COMMON BULKHEAD 

COMMON BULYHEAD 

Figure 4 

The 17.75 i t  diameter cotllmon bulkhead i s  formed by two separate 2014-T6 A 1  

hemisplleres welded of 6  ora any^ peel" segments. Hemisplieres are bonded togetller 

w i th  tet~iperatilre-resislani stiffeiiing fiberglas honeycotnb. A i r  i s  vacu1111i-puiiiped from 

) lloneyc~b,  forming vacuum between iiemisplleres for excel lent t i ier~nal barrier, thus 

preventtng LOX from heating LH2, or LH2 from freezing LOX. 
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S-IV MANUFACTURING PLAN 

Figure 5 
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R L l O A - 3  ROCKET ENGINE 

Major  C o ~ ~ ~ p o i i c i ~ t s  - Tl l r i is l  Cl~arnhcr, Fue l  and O x ~ d i i c r  Turbopuml~ Asscnihly, LOX 

F l o w  Coiltrol Vaivc, Spark Ig i i i t io i i  Subsystcin, T l i rust  Co i~ t ro l  

Asscrnij ly, /V l#sccl la~leot~s Colitrol Vaivcs.  

Tlirust Clia.tnbcr - Tubular-walled w l l h  ciian~her s l i f l c ~ ~ c r s ;  expar is io~i  area ra110, 

4 0  l o  1; clianiher pressure, 3 0 0  psla; LOX to  L H 2  niass 

bllri l  rall0, 5 : l .  

Tt i rhopi t t i~ j~ Assc~nbly - Locatcd o o t s ~ d e  Ll~rost  c l l a i i ~ l~e r  a1 i i o l l l e  tliroal; t u r l l i ~ i c  drlves 

file1 a ~ ~ d  oxtd l rcr  i j i i ~ ~ ~ l i s ;  l i t r l i~ t ie  I J O W C ~  SII~IPIIC~ / ro i t~ ~ ~ i ~ a i i d i i l ~ j  

, 
fucl; turbine it;lct temperature, - 1 6 9 '  F to - 1 1 3 ' ~ ;  oxidizer 

puiiip i n l c t  teinpcrature, - 2 6 9 '  F; fuel puinp 111iet temperature, 

- 4 2 1 "  F; t i ~ r l ~ ~ n c  i n l c t  pressure, 5 9 9  to 6 2 2  psla; oxidizer 

pi~irip i111ct pressure, 4 8 . 5  paia; ft iel pilnip ~ r i l c t  pressure, 3 3  

ps~a;  t u rb~ne  power od i i~u t ,  6 4 3  to 6 8 8  lhp; fuel pump two-stage 

cc~;tr,fugal ty l~e;  ox id izer  p:mp orie-stage ic i l t rbfugal  type. 

T l l rus l  Coii lrol - Moitwlcd on t ~ r h o ~ 7 i ~ o l ] ~  assc~~ ib l y ;  ~ o i l t r o l s  t l i l i ls t  cliaiiiber 
Ahseinbiy 

;pressure by rcgirlating L~irbine sjjced; servo supply pressurc, 

6 7 2  PSI.  

Ox~d ize r  F low  - Mounted on torboptinip ),car ~ i o z r l c  t l ~ roa t  of thrust chamber; 
Co;itrol Valvc 

controls oxidizer-to-li iel ~i;ass rat io for proper Ignl l ion,  and 

coiisumptloil of o x ~ d i z e r  to n i in l in i ie  propeliantrcsid;;aiaiburnoul; 

mecl ia i i~cal  stops l i ~ n i t  variaiice of burn rat io Lo 1 1 2  per cent. 

Sparl; ly11111or1 - Consists of ox id l re r  supply valvc and t q n ~ t i o ~ i  system; systenl 
Subsystein 

itscs GH irorn cooldowti t i ihcs for fucl; ox id lzer  valve reql l la les 
2 

GOX sul1;11y Lo cornbustiail cha;l,l~cr, iyn i ier  o p c r a t ~ ~ i g  voltage, 

2 8  vdc; ig i i i lc r  i ~ i p u l  curreill, 2 . 5  ai;:ps; ~ g i i i t e r  spark ratc, 2 0  

sparks per see, 0 . 5  joule per spar i .  

GENERAL DESCRIPTION 

Tiic : , r u i~ i~ l s io~ ;  sys tc~ l i  of ~112 S-IV starje uses s ix  Prart 6 W l ~ < L ~ l c y  R L l O A - 3  rockct  

u~i i j~ i i . -s  a i d  as,oLtatcd coil,,>onci!ls. Eac!; r o i i c l  c l l~ i r i lc  1s 'I 1 5 , 0 0 0  ;~oii; lds t l ~ rus l ,  

,,l.::i,el-t~ioui;tcd c ~ ~ g t l i c  c.l,,.?'~lc of ~ni,ii:,i:i~ i 18s l i t i ~~ le  starts a i ier  lotig coast pe r~ods  ~n - ~- - - . ~, i -c .  L H 2  ;i1:d LOX arc U S ~ ?  as l~ro j ic i i . , i i ts .  Eicctr ica!  signals controi pressiirizea 

R L l O A - 3  ROCKET ENGINE ( C o n t i i ~ ~ ~ e d )  

GHe w l i l c l ~  i s  used l o  actuate valves lo< s iar l l t lg  and stoppii lg I l ie  e i ig l i ies.  I q n i l i o ~ i  o f  

L i~e p ropc l l a i~ i s  IS a c c o i ~ i p i ~ s l ~ e d  by ail e l ec l r i ca l  ig l i i i ion syslc111. Eacl i  e l i i ~ i nc  15 

ec l i ~~ppcd  w l t ~ i  a i i i rust  coiitroi a s ~ c l l l b l y  tlrai I S  a servo-operated, v a r ~ a h l e  l p o s ~ t ~ o t l  va lvc 

w i i l c l ~  coiltrols e ~ ~ q ~ ~ i e  Llirllbl b y  reijri lattng tl ic a i i iou~i t  of fuel  by \ JaS~ i l l g  1I1e t ~ r r l ~ i i i c ,  

Ll,ereby c o ~ ~ t r o l l ~ i ~ ~  t ~ i r b i i ~ c  spced and fuel pui~ ip inq.  Enqii le serv lce I 1 f c 1 s 2 , 8 2 0  scc.  

~ 

Tiir itst ci~a~!iIpcr LilbiOar col ls t ruct io~l  perrails (use o f  a rerjcilcralive opc ra t~nq  cycle.  LH2 ,  

uscd l o  cool  t l ~ e  ciiqlne during operatio~r, i s  turned i l l to  a gaseous state atid rc-used l o  

clrlvc tl ie fuc l  a i l l l ox id~ze r  l i ir l jop~~nl;3. 

OPERATION (Scc i iq i i rc  7 . )  

Proyellat11 Flow: Lli2 f lows froli i stage f t ~ e l  tat i t  t l i rour~l i  va lvc (11, turbopu11l;l ( 2 ) ,  

va lvc (3 ) ,  ~JU I I I~  (4) ,  va lvc (5 ) ,  o r ~ l j c e  (6) ,  c l ~ a n ~ l i c r  (7), vc i l tur1(8) ,  tur1111ic ( 9 ) ,  va lvc 

( l o ) ,  i l l lector  p late ( l l ) ,  and into e l i g i~ ie  l l l r i ls t  chamber. 

L O X  f lows 1roi;l stage L O X  lank tl irougli va lvc ( l 2 ) ,  ~I~IIIIII (131,  LOX col l l ro l  va lve (141,  

a i d  i l l lo  ciir j inc t l l r i ts l  cl~olnlpcr. LOX co~ i t ro l  v i l v c  ( 1 4 )  coiitrols LOX f low rat io l l ~ r o ~ ~ ~ ~ l i  

poatrloclcr (151. L H 2  ratso I S  1101 c o ~ ~ l r o i l c d .  T l ~ r i i s t  co l l l ro l  va lve ( 2 7 )  r~ri111aJcs ell i~111c 

tl ir i ist. Valve senses ti lrust ciiainbcr pressure and req~ l l a t cs  1urh111e speed by  hypasslnq 

GH2 around t u r h ~ ~ l e  (9 ) .  Tu rh~ne  speed dcternli~;es q i i a ~ i t ~ t y  o f  L H 2  SLIPIIIIC~ 10 t l i r ~ s t  

clia~nher, as  pressure I S  p r o l ~ a r l ~ o i ~ a l  t o  t i i rus l  prodi~ced.  

Prcstnrt: Prevcrlls da81,agc f ra i~ i  t l l e r ~ ~ ~ a l  sliock. A t  4 1 .  6 sccoiids before i g i i i t ~ o ~ i ,  va lvc - 
( 1 6 )  ei lerg i res.  Swl tc l l  ( 1 7 )  su,31iI1es tall(back. kle at 4 5 5  psig l loininal opclls vaive 

(1 ) .  L H 2  a i  3 0  to 3 8  11sla f l ows  froin 1~rrI!op11111p ( 2 )  LO va lve (31, rdIicrc s0111elS Over- 

boarded. Reinaiilder passes l l ~ r o i ~ r j l ~  o r ~ f i c c  (6 ) ,  cllainber (7) ,  ve l l lur j  (81, l u rb~ i re  (9). 

and valve ( 1 0 ) .  A controlled b leed f lows t l l ro i~gi i  L O X  i l l jec lor  ( 2 8 ) .  

L O X  Prcstart: Va l ve  ( 1 8 )  opens ap l~ rox i i i ~a te l y  1 0  seconds liefore c i i : ;~ i~e start. Svrtlcli 

( 1 9 )  SIIIIPIICS talkback. He opclls valvc ( 1 2 ,  p e n i i ~ t t ~ ~ l g  L O X  at  4 5  Lo 4 8  1)Sla to  f l ow  

tl irougii ~ p ~ ! n i l ~  ( l 3 ) ,  va lve (141, valve (201,  alld it110 eiiqll le titrust c h a ~ ~ l l ~ c i . .  

EIIC~IIIE Siart: Va l ve  ( 2 1 )  OIIC~IS 4 1 . 6  SCCOII(~S ~ f t e r  prestart s ignal .  Swi tc l l  ( 2 2 )  

supplies talkback. Thrust cliambcr spark pltig i r j i l ~ l e r  ( 2 9 )  l l r cs .  Vaive ( 1 0 )  opells, 

l ~ a r t ~ a l i y  c ios l i lg  valves ( 3 )  and ( 5 )  to s t s h ~ l i z c  ( low t r a i i s ~ e i ~ t s .  Piisip discllnrrje 

pressure l i icrcases, c los ing va l ve  (5) .  L H 2  vaporizes JII c l iao~ber 17), arid f l0ws 

- - t h r o a q l l i r a n t o r r 4 @ ) - a ~ ~ ~ ~ i ~ - i 9 ) - c a ~ i s i ~ i r j - t u r h p ~ ~ n l a 1 ~ n i ~ G H  f lows l l~ro i tg l l  

11 



R L l O A - 3  ROCKET ENGINE (Coi i t~ i iucd)  I 
valve (101, l l i jcctor  p la lc  i l l ) ,  and into tl irust c l i a i~~ber .  I g i i i l ~ o n  occurs, eiiqinc 

accelcratcs to i t~ai t ls tagc opcraiioii. 

lvlsoislnqc Opcratio~i: L H 2  enters valve ( 1 ) .  PIIIIII) ( 4 )  IiIcreilscs pressure. Reqe~iera-  

t fve c o o l i ~ l g  i s  p rov~dcd  a i  clla;l;l,cr (7 ) .  GH2 )passes tl irooqli v ~ i i t l ~ r i  (8). Tl i rus l  coiitroi 

va lve ( 2 7 )  var jch ;II~IOL~!I~ o f  GH2 i ) ) i~~i !ssed a r ~ t t l l d  t\irl,~lie ( 9 ) ,  imail l:ai~i~!ig co i i s~a r i t  

c1,anihcr pressure atid eiigtl ic t l irost. GH f l ows  t l l ro i ig l~ valvc ( 1 0 )  atid i i i jcctor  p late 2 

' ( l l ) ,  a11d 11116 t l ~ r ~ i s t  ciia~?>Iier to b i ~ r ~ i .  Va l ve  ( 2 5 )  iprCssur~zes S-IV stage f ~ ~ e l  

tariL w ~ t i i  GH2 and l i ibr icates t i i r bo l~ i~o ip  gearcase. Valve ( 2 6 )  vetits gearcase. LOX 

I 
ci i tcrs valve ( 1 2 )  atid p i l n l p  ( 1 3 )  aiid prcssurc if icreascs. LOX colitrol va lve ( 1 4 )  

rcpolatcs LOX f low. LOX f lows Lo tl irust cliaiiiber. Pos i t i o~ ie r  ( 1 5 )  co~ i t ro l s  valve ( 1 4 )  

at  5 : l  L O X  to L H 2  rat io l o  m i n ~ ~ ~ ~ i ~ c  res idual  pro;jeliaiit at bur~ioul .  

Enqine Cutoff: P U  Systeii i ariils A l l  Eiigine Culoff rc lay wt t l i  2 per cent of LOX Inass 

re ! ! i a (~ i~ i i g  i n  Lank. W l ie~ i  olie cngirlc c ~ i l s  off, reinailihlig cligii les s l ~ u t  down. Swi tc i ies 

( 2 3 )  and ( 2 4 )  iprovide tile engil ic cutof f  s ~ g ~ i a l .  i f  prcssurc drops below 2 6 2  + 1 0  psia.  

S w ~ t c l i e s  ( 2 3 )  atid ( 2 4 )  a lso c o ~ i l r o l  va lves (131,  ( i b ) ,  aiid ( 2 1 ) .  Valves ( 1 )  a ~ i d  (2 )  

closc.  Valves ( 3 )  and ( 5 )  opcli. Valve ( 1 0 )  closes, cut l i l ig  off fuel. Turbopui i i j~  

stops, e i iy lncs cut  of f .  

R L l O A - 3  F U N C T I O N A L  SCHEMATIC  

F igu re  7 



OXIDIZER SYSTEM 

GENERAL DESCRIPTION i 

T l ~ e  S-IV staqe oxtdizcr syste~i i  is  col~11jrise0 of tlirce LOX SLIIIS~SLCIIIS (LOX SL,~I,II~, 

LOX lailk j lressurliatlon, slid LOX tatil( v c r l l ~ ~ i q )  slid two cold He systenis. LOX IS 

stored in a 1 , 2 6 3  cuhlc iuot  Lallli a t  a1111roxli:~ateIy -297 .F .  A screeti i s  i l is ta l icd at 

Llic taiik oittlct Lo prcvctit vwtexinri a i d  12 provtdc f i l i ra t~o i i .  LOX t a ~ i k  pressure IS  

provided by a cold He syslcin. Tlirce He sl~hcres ivioiinted i t1 tile LH2 taiiL supply a 

lielium lieatcr that expatids tile gas and iprcssurizcs tlie LOX l a l i i  to 4 0  psla duriiig 

f l i g l ~ t .  Tank t~rcssure-sensiriq sw~tc l ies  )protect tile LOX taiik f ron~ e x ~ e s s i v c  I ~ i g l ~  or 

low presstires, protect tlie tatik durifig i j repress~ir izal io~i  atid i l i yh l ,  atid provide 

iiid,catIons of adequate pressure ior l t f to i f .  A vcl i l  systc l~i  provides for re l ief  of jprcs- 

sure dilrjng f i l l  a17d ~iiaitistage o,~cral io i i .  Tlie LOX laok vel i l  systelii I S  a cotli l~li iatton 

vent a81d r c l i e i  s y s t ~ i n .  Two valves overhoard a l l  p:od;icts of v a ~ ~ o r ~ z a t i o i i  resulting 

froni yrouiid f ~ l l i f i g ,  and auton~atically rel ieve exccssive pressure lbiiildup i l l  the taiik 

by oi1cn111g at 5 0  ~psia,  atid rcseatil ig a t  4 7  psia. Tile two valves act independently of 

tlic lailk )lrcssiire-sc1is8i1 SWILCIICS. O~ir i i ig ~naijistarje opcrat~on, tllc SIX R L l O A - 3  

rocket c~ iy i i i es  burn 8 , 7 5 0  qalloirs of stored ox id~zcr  at a11 a ~ ~ l ~ r o x o i ~ a t c  rate of 

1 , 1 0 0  gpln. Eacli eligllie is supplied by low Ipressure feed ducts, t l i rouyl~ a niar i~iold 

located beiieatli tile LOX tank su11l11. 

OPERATION (Scc f~gure  8 )  

LOX F ~ l l  Seq~~encc :  Valves (1 )  arid (21 close. Valves 13) and (41 open. Valve (5 )  

O~I~IIS, LOX /or SYS~CIII /)re-cool flows t l i ro~ly l i  groutld SLIIIBIY d~sco i i~ iec t  (61. Pre-cool 

c o t i l ~ ~ i u c s  for 1 0  nlttiutes. Ma i i i f f l l  starts, coiltrolled by sensor (7). Loadoig rate i s  1 
al1proxi~itateIy 1 , 0 0 0  ~IIIII. At 7 0  per ceiit fu l l ,  spllcrcs (a ) ,  (9 ) ,  and ( 1 0 )  f i l l  wt th 

cold He fro111 yrouiid source. At 9 8  ipcr ccilt full, itrie f i l l  starts: loadi~ig rate L S  

reduced to 1 0 0  g111n. A t  9 9 .  75 iper cent f ; i l l ,  a t t i - l ~ o ~ l o f f  replct i~sh cycltny starts. 

I 
Valves (3 )  atid (41  close. Siv i lc l i  (111  mointaiiis pressure during loadmy. S w i t c h ( l 2 )  

llia1tita8ris tail/( presstire at 4 1  to 4 5  ,jsia. Valves (3 )  a ~ i d  (4)  open for b o ~ l o f f .  ! 

OXIDIZER SYSTEM (Coiit11111ed1 

Preprcssurizalion Seq~lence: Valves (3 )  a ~ i d  ( 4 )  close. He flows tlirougli d~sco~ i l i ec t  

(13 ) ,  valvc (14), f i l ter  (151, valve (161, plenum 1171, He heater (181, l i ~ i i o ~ i  (191, 

a t ~ d  :lressurcres LOX tank. S w ~ l c l i  ( 1 1 )  coritrols valve ( 1 6 ) .  Swi lc l i  (121  inonrtors 

pressure a i  4 6  to  4 8  psia. Switch (20)  controls overpressurc at 5 1  lo  5 3  psia. 

Cold tlc B ~ l b l i i n ~ i  Syslcm: Cools LOX to satisfy tcrnllcrati~re rcqlllrcnlciits a l  LOX PIIIIIP 

~ n l e t  before eiigine start. Ourfnq counldown, cold He flows tlirougli valve (211, 

fclter (221, restrictor (231, or i f ice (24),  and into LOX dttcts hefore LO. Swl lch (25)  

monitors He at 3 1 0  to 3 3 0  psia. Switch (27) ,  restriclor (281, arid clieck va lves (29)  

prevent LOX entry ~ n t o  ta~ ik  pressure sense l ine.  

l ~ i f l i q l ~ t  Pressurization Systcin F i l l :  A t  countdown, He flows t l i rouyl~ d~sco t i~ iec t  (131, 

and valves ( 1 4 )  and (30) .  Swi lc l i  ( 3 1 )  indtcates ~pressurc in splicres (81, (9),  atid 

(101. Valve ( 3 2 )  prevents overpressure. Valve (331  i s  dump. 

lnf l iy l i t  Operation 

Press i~ r i za t~on  Scq!mce: 1. 7 seco~ids hciorc separation, valves (11, (34) ,  (351, aiid 

136) opc~ i .  Cold He floivs froni splicres (81, (91, acid ( 1 0 )  tl iroogi~ f i l ter  (371, 

regiilator ( 3 8 ) .  valve ( 1 6 ) .  plenuni (171, to He lieater ( 1 8 ) .  Heated Hc then flows 

through union (191  ~ n t o  LOX tank. S w ~ t c l i  ( 1 1 )  activates at 4 5  (+1, - 0 )  psla, carlsinr 

valve ( 3 9 )  to s i lp l~ly more lieated He LI~rough orifice ( 4 0 ) .  Valve (391  closes a l  

4 6  to 4 8  psia. Ullage pressure of 4 5  to 4 8  psta is n~amiained In LOX tank. I U  

s i g ~ i a l  opens valve (2).  LOX f lows to  engine. Deplet io~i  of LOX at 4 1 7  lb i s  siqnalcd 

by sensor i71.  

LOX Tank Venting Valves (3) and ( 4 )  overboard GOX. Non-propuls~ve vent system 

opens vent valve on sfynal from englne oul  pressure swttches (two per eliglne). 

LOX Draiii Sequence: Valves (11 a;?d (2) close. Valves (31 aiid ( 4 )  close. Taiik 

jircssure i s  at 4 5  to 4 8  psia. Valve (5 )  opens, LOX i lows out disconnect 161. Sw,rcli 

( 1 2 )  tmo~iitors tallk Ilressure. 



S- IV  OXIDIZER S Y S T E M  FUNCTIONAL SCHEMATIC 

Figure 8 

F U E L  S Y S T E M  

GENERAL DESCRIPTION 

Tire S - IV  starjc f i ic l  systcln IS col l~pr ised of l l ~ ree  L H  subsyslrins: L l i 2  supl>iy, Lli2 2 
tarik pressi i r i ra l~ol i ,  aitd L H  tanl< voiti,icj. LH2  i s  stored ~ i i  air i~ i ter t ia l iy- i~ is i , Ia ie~I ,  2 

4 , 1 9 7  c i i b ~ c  foot t a ~ ~ k  at - 4 2 3 '  F. Tank o i ~ t i c l s ,  a l  t i le lhase/sidc o l  l l ie  tattk have 

ant(-vor lcx f i l ters to iircvcrit cavi ta l lo l l  aiid vol.lexrttri. Prcssur i?al !o~i  o l  l l ic L l l  Lali i 2 

18 provided hy a GH2 lhlced from tile s ix rocket e n g ~ ~ i c s .  Ta i i i  pressiire-sensiiic~ 

s w ~ l c h e s  arc provided for lprotectiori frotn accidental over or i~nderpresslircs. Tiicsc 

swi tc l lcs a lso provide all i ~ i d ~ c a t i o n  of adeo~iate pressure di!rtr~g LO arid 111911t, a i d  

colltroi presslire dur~t ig niainstage opcrai io~i .  Tlic fi ie! tank pressure I S  t irali~taitied 

b e t w c e ~ ~  3 1  atid 3 7  psia to pro;irle a s ta~ id~ i t r i  col i~>nt l  of LH2  at  eacii f i ic l  piiiirp i l l le t .  

Our i~ iq oiaitrstaqe operal~on, tile six R L1OA-3  rocket eligli ies biirrr 2 8 , 0 0 0  galloris of 

stored f i e i  at ail a(iprox~iiiale ra le of 3 , 6 0 0  qpr~i. Eaclr eiigine I S  s i ~ p l ~ l i e d  Li~rougir 

low-pressure feed diicts co~i t iected to tile l ue i  taiik. 

OPERATION (See f ~ g ~ r r e  9.1 

Groi l l~d 011eralio11 

LH2 Fill Ser l~~ence: LH2  f i l l  fo l lows LOX f ~ l l .  Valves (11 arid ( 2 )  ciose, valvcs ( 3 )  

and (41 open. Valve (51 opens admittit ig LH2  at  3 0  11sia/500 r j i i~n l l ~ ro i~ r i l i  d~sco i i ncc t  

(61 to Lank. Setisor ( 7 )   monitors f i l l .  A t  1 5  iper c e i i t l u l l ,  i n i a ~ i i l ~ l l  starts; i ~ i c l  Ir 

loaded a! 2 , 0 0 0  glinr. A t  9 5  pcr cenl  fo l i ,  l r~ re  lili starts; i o i r i ~ ~ i i j  ra le I S  i c i i ~ ~ c c d  

to 5 0 0  gpm. A1 9 9 . 8  ,per cei i l  I I~ I I ,  r e i ~ l c r i ~ s i ~  cycl inq starts l o  rcsit;~i)ly l ~ c i  Ins1 

Lhroiiqli b o ~ l o f f .  Tallk i s  p r e s s ~ i r ~ z c d  hy rjroilt~d Hc. S w i t c l ~  ( 2 5 )  iprcvellls overpressitre 

a t  3 6  to 3 8  ~psia hy actitatl l ig valve (41. 

L H 2  D~.a l~ i  Sequelice: Tiiree He s ~ ~ l i e r c s  i r i  LH2  t a ~ i k  are dii~ii i icd. L O X  Loilk i s  

p rcss~ l r i zcd  to prevent Laill( damarjc. LOX and He i~ca tc r  valves c l o s e . . , P r e s ~ i ~ i ~ ~ l t l r j  . - 
He  fiows iron1 adajiler (81, valve (91, ~ i r a ~ l i f o i d  (ll), aird LH2  Iatik. S w i t c l ~  ( 2 5 )  

c loses ground He source a t  3 6  l o  3 8  psja during drain. Switc l i  ( 1 0 )  provides GSE 

talkback. 



prellrcssl,riza~,on ~ ~ ~ ~ ~ ~ ~ i ~ e :  v o l t  valves ( 3 )  a i ~ d  14) aic closcd. Cold He f lows t ~ l r o i ~ 9 ~ ~  

(81, valve (9), ~i la i l i fo ld (111  i i i to LH2  tank. Switc l l  ( 2 5 )  clrls o i f  f lo ' t~ 

36 Lo 33  ljsla. ~ ~ , l ~ ; ~  (10) lilcks u p  at 3 4  L O  3 6  psia atid provides GSE Lalkbsck. 

He remains co~lnccted ur11!1 LO. 

Infli<ll,t O i ) c ra i~o~ I  

Prcssl,riratlon ~fg,,e,lcc: G H ~  tapl,~d ~ ! f  ciigli ie flows ~ k o i i g l i  valve ( 1 2 ) ,  or l f icc ( 2 6 ) t  

a,ld inanlfold (11) tank. Switc i l  ( 1 3 )  opens I! Ijressure i s  low ( 2 0  vsla). GH2 

from bleed I,assej o r i f i ce  (151,  malitfold ( 1 1 )  iil!o tank. Switch ( 1 6 )  

valve ( 1 7 )  for backup GH2 i f  pressure dro17s below 2 0  iPsla. 

steil prcsst,riia~ioli Scquci~ce:  Spliere ( 1 8 )  f i i i cd  before LO wl t i l  GHc (ainbieilt) 

L I , ~ ~ ~ , ~ ~ ~  disr , i lcct  (191,  a ~ i d  valves ( 2 0 )  and ( 2 7 i ,  supplies LH2  tall[( Pressure a t  

3 0  to 3 2  Psia duriii9 cnyl f ie ipri'star'i Prcssurc i s  coi i t io l led by valves ( 2 2 )  ( 2 3 ) ,  

iestrlctor ( 2 1 ) .  ' jw,tch (24 ;  provides electr ical  pressiire i i ld icat~on. S ~ S l e l l l  i s  

re~idcrcd iooperativc 3 seconds aftcr cngitlc l g l l i l ~o l l .  

oiffcre,,,ia prcsslirc Scq,iencc: sw i t c l i  ( 1 4 1  sc11scs LOX-LH2 pressure dlfrcrei?tial 

and o ~ c l i s  vaive (3 )  i f  ~ ieeded. 

LH 2 ~ ~ , ~ l ~  veiltlllg ~crjilellce: Valves (31 and (41  overboard GH2, i f  tan[< IPressure 

cxcceds 4 4  i)sla. ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ , l ~ i ~ ~  ~ ~ i i t  systel i~ opens veilt valve on s lq l la l  froill ellri i l le- 

out ijressure SWI~CIICS ( iwo lier cllgil ic). 

S-IV F U E L  S Y S T E M  FUNCTIONAL SCHEMATIC 



CONTROL PRESSURE SYSTEM 

Major Compoiteiits - HC~II~III COIIL~OI S ~ ~ l i e r e  ( l ) ,  Hel~i l tn Coiitrol Press~lre Regirlator 

(1 ) .  Hcltii111 Coi~trol  Re i t i f  Valve ( l ) ,  P l e n ~ i n ~  Cliarnl)cr (1 ) .  

Hc l iu l ,~  Co~itrol  Splierc- Slores a i ~ i i ~ > e t i l  GHe a1 3 , 0 0 0  pslg for olJcrat~oli 01 valves, 

storage capacity, 3 5 CI~IIIC feet, localed 011 i l i r~ i s t  structwc 

incar tllrust axjs.  

t1eli1$111 Colitrol - RCC~IICCS a ~ i d  regi~latcs coiitrol spliere pressure to 4 5 5  
Pressure Regulator 

i t 4 5 ,  -251 lpsig lo  operate valves; aiaxjnluin i i i l e i  prESSUre, 

3 , 1 0 0  lpsig; ~iaxi~i l i l>: l  o i i t le l  pressure, 55.5 psig; respoilse 

tllne, 0 . 0 5 0  sec; located oii i l lrust structure. 

Plef t t i i l~ Clta~t~ber - Prcveiils excessive ril l l id cotitrol pressure var~al io i ls ;  oilerati~tg 

pressure, 5 0 0  IlSiy; localed 011 tiirusi siraclure. 

GENERAL DESCRIPTION 

Tlie co~t!roI prcssure sys lc~ i i  (a lso refeiucd to as :l!e a i l i l ~ ie t~ t  l ie l~i l i t t  systeiiil coiltail is 

c o i i i ~ i o ~ ~ e ~ i t s  (or storlilg, v c i ~ ~ ~ i g ,  rcr j i~ lat~i i r ] ,  f i l i ~ r i ~ l r j ,  a ~ i d  roistlliij Glie, i i ~ ~ d c r  pressure, 

l o  tlie l l i ie i i l l la t ica~~y-operated valves on tllc S-IV stage. I l l  addiiioil l o  ojleratil lq valvcs 

011 tile stage, tltc co~ i t ro l  lpressljre syste~l i  s u p j ~ i e s  l t e l ~ i ~ ~ l i  /or ~ ~ ~ l r q i i i g  of tlie t~irhoi~unip 

gearcase, tlic control 1posiIto1icr, aitd tile file1 ii i jector. Before LO, a y r o ~ i t ~ d  source 

s t i l ~ j ~ l ~ e s  GHc for piirijc reqiiireri~erlls. A t  LO, file1 injeclor porge i s  ter~niiiated. Tile 

GHc purge sysiei~i  iprevcnis poss~b le  ti laifi i i ict~oo of tihe pllrqed coliij1onenis by elhniilat- 

i i ig tlic co l lec t io~ i  of a t ~ ~ ~ o s j ~ l i e r l c  moisture, and hy p reve~ t t i~ lg  LOX eittry lttto Llie LOX 

Ian1 sense Iil le. 

Di i rng c o i ~ i i t d o w ~ ~ ,  GHc frolit r l rot~~id soiircc, f ~ l l s  sllllerc (11 tl~rougli discoltncct (21; 

valves (31, (4),  and (5).  Gt le suf l l~ ly also i lows tlirouglt f i l ter  (71, valve (121, 8s 

regulated a1 4 4 5  Ipsla, aiid I~~CSSIIIILL'S j ~ ~ ~ e i , , r ~ a l ~ c  cootroi systeiu. Swi lc l i  (6 )  

i irovides GSE tall(back wllcll sllliere IJreSSiire exceeds 2 , 8 4 0  psig. Valve ( 7 )  l l rov~des 

Ihiglr-l?ressilrc protcct lo~i ,  w i l l  re l ieve i f  ~prcssitrc exceeds 3 , 3 0 0  ( t 1 5 0 1  psig. Valve 

(8 )  iriay be tnariuaIly oileraled to dcpre is~ i r i r c  s;~llere ( I ) .  Diiririg systei~i  operation, 

switc1ti.s ( 1 0 )  aiid ( 1 1 )  will relieve ~ l l g l i - , l r c s s l t r ~ - ~ ~ 1 l ~ ~ ~ ! y  Lo valve (71, aiid ~ v i l i  close 

, valvc (121, i f  reg~tlaterl jiressure excccds 5 5 0  (28) lpsia W l ~ c ~ l  rcr,,ilaled ;lrcssiire 

CONTROL PRESSURE SYSTEM (Co~ i t~nued)  

drops lo  5 1 0  (1101 psla, sw~tcl ies ( 1 0 )  and ( 1 1 1  w i l l  cut out. P le t i~ i~n  ( 1 5 1  datltlJs 

pressiire cliattges in reqolated supply lines. C o ~ ~ l r o l  pressure syste~tt operates followiiig 

valves. 

a. L t l Z  tank vcrtt aiid relief valves I 1 6  arid 1 7 )  

b. LH2 vcn l  open aitd close actuator s o l e ~ i o ~ d  valvcs ( 1 8 ,  1 9 ,  and 2 0 )  

c. LOX tank vetit and rel jcf  valves ( 2 1  atid 2 2 )  

d LOX vent open and close actuator solei io~d valves ( 2 3 ,  2 4 ,  atid 4 6 )  

e. GHc lheater propellant valves ( 2 5  atid 261  

f. GHe heater propellant ojleti and close actuator sole~iocd valvcs ( 2 7  and 2 8 )  

y. L H 2  f i l l  l ~ i t e  valve (29) ,  L H 2  f i l l  opeti and close aclitator so lcno~d  valves 

(30 and 3 1 )  

h. LOX f t l l  l l i ie valve (321, LOX f t l l  opeti aiid close acluator solenoid valves 

( 3 3  atid 3 4 1  

J .  L H 2  prc-start so le r~o~o  valve (36) ,  L H 2  pre-start pressure swtlcli ( 3 7 )  

k .  LOX d e t  shuioff valve ( 3 8 )  

I. LOX pre-start soletioid valve (391, LOX pre-start pressure s w ~ t c l i  ( 4 0 )  

rn. L H 2  main shutoff valve ( 4 1 )  

11. Start solenold valve ( 4 2 )  a l ~ d  s1arl pressure swttcli ( 4 3 )  

After LO, GHe flows tiirouqli reslrlctor ( 4 5 )  to tiirbopuntp gearcase, control, and LOX 

sense llne purge posltconer (44) .  



S- IV  F L I G H T  CONTROL 

YAW 

ROLL 

ROLL ROLL 

YAW 

VIEW LOOKING FORWARD 

S- IV  slaqe ci'gine girnSaling action provides vel i ic le s l e e r i ~ ~ g  and stahi l izat io i r  after 

S - l  stage atid S-IV stage separation. Each engine 18 (iimi,aled by two liydraitl ic 

"P;lctl~ators, Following conimands issued by the i l i g l l t  c o l ~ t r o l  computer in  tl ie IU .  Each 

4.1,i.e Cants 6. ~ t ~ t b o a r d ,  and i s  capable of b r ing  d e i l e c k d t P  iii a star prt ter i i  rrom 
tile engine zero h a l l )  posi t ion.  Peak engine lposition rate i s  15'/sec, a steady 

posi t ion rate of 5'/sec. S - I V  stagc engine Nos. 1, 2 ,  3, and 4 correct errors around 

the vehic le p ~ t c h ,  r o i l  and yaw axis; englnes 5 arid 6 correct p l t ch  atid yaw otlly. 

1.. 

CONTROL PRESSURE FUNCTIONAL SCHEIMATIC 



HYDRAULIC S Y S T E M  (Continued) I 
OPERATION (Scc f l i iurc 1 2  ) 1 

I 
', H y c l r a ~ i l i ~  F i l l  aiid B l c c d  Scqiicnce: D u r ~ n g  countdoail, system accumulalor i s  charged 
i ', 

wi th  GN tl,rourlli disconnec! 123) .  Hydrai i i ic  f l u id  i s  supplied io l l ow~r rg  purge, tl irougll 
2 

coup l~ngs  1 2 4 )  and ( 2 5 )  and lhled Lliroiigh valvcs (261 ,  (27) ,  ( 2 8 ) ,  ( 2 9 ) ,  aild ( 3 0 ) .  

F l u i d  frorii groiind s u p ~ l y  f iows t i ~ r o ~ i g i ~  valve ( 3 1 ) ,  f i l t e r  ( 6 ) ,  accumulator-reservoir 

(71, reservoir (a) ,  i na i i~ fo id  (321, f i l t c r  ( 3 3 ) ,  ri iaii ifoid (51, ciigirre-driver? Iiirlnp (3 ) ,  

valves (4 )  arid inarii iold ( 5 )  to accumulator-rcscrvoir (7 ) .  F l i i i d  returns to ground 

source through coupl i i ig ( 2 4 ) .  

! 
Co~inidown Scqi~ence: GSE signal  c loses solenoid ( 3 4 )  of sequence valve ( l o ) ,  ac t l -  i 
vat lng a u x ~ l i a r y  pump ( 3 5 ) .  F i u i d  f lows to valve ( 9 ) ,  f i l t c r  ( 3 6 ) ,  inanifold (32) ,  

f i l t c r  (61, of valve ( 1 0 ) .  and pressurizes h~yh-~>ress i i r c  side to 3 , 0 0 0  psig. 

Sin;uitancousiy, f i u id  f lows t l~ rouy l i  va lve  (11),  f i l t c r  ( 1 6 )  to in le t  of servovalve (21. . 

GSE signal c loses solerioid ( I ) ,  trapping 2 2  c u  in .  of f l u ld  in  accumulator. Auxi l iary 

pumv 15 tilcn deactivated. R e s ~ d i i a l  pressure i s  bled to 7 0  psig t l~ rough  scrvovalves, 

accumi~lator-rcservorr, and auxi l iary pump return l i ~ l c .  Coujhling ( 2 4 )  iicrrnlts bleedoff 

i o  ijrourid source. Pot (15), posi l io i icd :iy p istoi l  (351, indicates status of accuinuletor- 

reservoir pressure. Gagc-switch ( 3 9 )  provides GSE talkback. Switch ( 4 0 )  prevents 

system f iu id  from overheating. 

l i ~ f l i g l i t  S c q i r c ~ ~ c c :  1. 7 secoi;ds before igni t ion,  solcnoid (1) cnerqi ies,  and accuiiiu- 

lator prcssure 5s alil,licd to scrvovalvc ( 2 ) ,  ce i~ lc r ing  e i l r j i i i cs  After iqll it iori, enyine- 

driven iiump ( 3 )  sui11;lies f i r ~ d  f low. F i u i d  I S  directed tlrroirgh valves (4 )  and manifold 

$ (5 ) ,  f t l t c r  (b ) ,  accumulator-reservoir ( 7 ) ,  and reservoir ( 8 ) .  Valve ( 9 )  prevents f l u id  

cntry into auxi l iary pu111p s i~hsys te i~ i .  F lu id  f lows to sequence valve (2 )  through f i l t e r  

( 6 ) .  Valve ( 1 2 )  w i l l  bypass f la id ,  whcii prcssurc exceeds 3 , 1 0 0  psiy.  Valves ( 1 3  

arid 1 4 )  w i l l  overboard f l i t fd w l i e i ~  return pressure exceeds 4 5  p s ~ g .  Pot ( 4 1 )  provides 

c lcc t r i ca i  fccdbacl< for piston posi t ion control  loop. Servovalves operate upon conimaiid 

; f ron~  IU. E lec t r i ca l  s tec r i i~q  s~gr ia l s  appl ied to torque motor ( 2 1 )  posi t ion control  

flalipcr ( 2 0 )  to restr fct  f low Lhro i~g i~  nozzles ( i s )  or (19 ) ,  dependent lipon signal  

polar i ty.  Prcssure hui loup in  lhne of rcstr ictcd nozzle s i i ~ i t s  control  spool ( 1 7 )  and 

opens l i ~ g h  pressure path to actuator. DPF network ( 2 2 )  dampens transients b y  reposi- 

t~o t i l nq  co~ l t ro l  flapper ( 2 0 ) .  

HYDRAULIC S Y S T E M  

Major Co:n~)onents - Ei;qiiic-Driven Hydraulic Piiiiii? (11, Motor-D~IVCII A i i ~ i I ~ a r y  
pcr Eiiginc 

Hydrai j l ic  Pu~np ( I ) ,  Hydraiil ic Actilator Assenibl1cs(2).  

EII~IIIIC-Driven - Vicl<ers, !l ine-pisloii, cor istar i t -displace~~ici~t ,  woh l~ lc - l ypc  
Hydraulic Puinp 

pulnp; del ivcrs 0 . 9 7 5  Cjllili a! 3 , 4 5 0  ipsig (ironiiiiai); i r i l c t  

~ I~CSSI I~C ,  6 5  to 1 0 0  p ~ i q ;  Ipuinll oilcratli>q sipccrl, 1 1 , 4 0 0  rllrri; 

~ i ioui i ted to turho~iiiri ip qcarcasc accessory dr ivc- l lnd flaiiqc wit11 .f 
tl icrinal isolator. "e 

Motor-Drivcn - Vickers, riinc- pistol^, variable-dclrvcry puriip; dci ivcrs 0 . 5  gpin 
Auxi l iary Hydrauiic 
Pu~np a t  2 , 5 5 0  ;isig (noi i i i i~al) ;  i i l ic t  prcssiire, 0 Lo 1 0 0  psig; 

opcratlnij si~cccl, 1 1 , 3 0 0  rl)lii; riiotor oocrates oil 1 1 5  vac, 

4 0 0 - c y c l e ,  3 - ~ ~ I i a s c ,  wyc-coi i~ icclcd power; Ihorscpowcr, 1 . 4 .  

Hydraulic Actiiator - Two actuators rnoiiiitcd 9 0 '  apart, attaclicd ihctwccii t l i rusl  
Asscmihl~cs 

slri lcti irc and criqiiie; OIIC ( - 5 0 3 )  aclrmtor i s  cqi:ip;icd w i h i  

sys tc~ i i  acci t~: i t~ lator;  acciii i i i i lator l i rccl~argc 1;ressiirc. 2 , 1 4 0  

pslq (GN2); acc~ i i l i ~ i i a to r  capaci ty,  2 2  c u  in.; iholli actiinlors 

arc i i i ~ c a r ,  d o u l ~ l c - i c t t ~ i q ,  w i t l i  cqilal ip isto~i  i l i s ~ i l a c c ~ i i c i ~ l ;  

total  stroke, 2 . 7 5  ~ i i c l i ;  fecdbeck pot used for pis lo i i  p o s ~ l i o i i  

co~ i t ro l  loop; cacli actiiator cql ,~l iped w ~ t i i  1lov1-coiitrol tylie 

scrvovalvc.  Scrvovalves iisc D P F  (dyi iani~c pressure fced!~ack) 

for dat1111iiiq. 

G E N E R A L  DESCRIPTION 

Hydrau l~c  systetii provides tlirust vector stecrii lg for p i lc l i ,  ro l l ,  and yaw diiri i ig ~niaiii- 

stage oiheration Each erlgll le lias all indepelideiit, closed- loo^ I iydrai i l ic  sys lcn~ .  

A u x ~ l i a r y  l i yd ra i i l~c  punips are uscd Lo giil i l ial eilgines ditritirj clicckoi,L. Pr ior  to  LO, 

a u x ~ l ~ a r y  punips are started. Pumps cliarye accui i~ i i lator-rescrvo~r a s s c m l ~ l ~ c s  oil - 5 0 3  

actuator assemblies, tlien are s i ~ u t  down. Storcd fluad, nirider pressure, providcs 

~ n i l i a l  pressure for enyine cetiteririg before S- IV  stage cnyl i ic  i g~ i i l i o i i .  Fol lowt i ig 

cr lg~i ie ignition, I i yd rau l~c  sys te i i~  pressure 1s supihlied iby er ig ine-dr~vci i  l i yd ra i~ l i c  

piri'i?s. Servovalves use torque niotor to convert IU  stccrirlg s~r j l i a i s  lo  ~ ) ro i~or t io i i s I  

f low rates at actuators. D P F  iietwork in scrvovalvc d a ~ i ~ p s  pressiirc s i ~ r ~ l c s  III S~SICIII 

by act l i ly  ri i oj)jlosi:ion to c o ~ i l r o l  f l ~ l i d  f law. 



. E L E C T R I C A L  SYSTEMS 

Co~ill ioncnts - 2 8 V D C  1 5 A H  Batteries (2), 2 8  VDC 5 A H  Battery (21, Scqi~encer 

(I), Power Supply (11, Controllers (2), Power D~s t r i bu t ion  Box 

(I), l i ivcrter-Converter ( I ) ,  F l i q l ~ t  Coiitrol S w ~ t c l ~  (1); a l l  located 

on t l~ rus t  structure excell: f l i y i l t  control swi tc l i .  

Battcrles - Posi t ive s i lver  oxide; negative ;l latc, ziiic; electrolyte, 

p o t a s n l ~ m  hydroxide; scaled, prcssiirized u~ l i t ;  thermostat 

conirolled at 8 0 ° F  i i c f o ~ c  LO. 

Set;l iei~cer - Metal  enclosed, relay operated staging apparatus, receives 

s ty~ ia l s  from S-l stage, IU, P U  systeili, l~rovides sequenced 

conl~ilaiids to ~ n t t i a t e  ,,rcdcter~nined t~n~e/scquei lcc func t~ons .  

Power Supply - Input jlower, 2 8  vdc; output power, reyulaied 2 8 ,  1 8  vdc, 6 
(GFE) 

vdc, and -regijlatcd 1 8  vdc; uni t  supplies voltages to operate 

range safety receivers. 

Co~i:rolier - 2 8  vdc input aiid oi~tput; coiltains c~ rcu i t r y  and c ~ r c u i t  elements 
(CFE) 

to f ~ r e  oilc set of dcst f i ic t  equ~pinei l t .  

Power O l s t r i b ~ ~ t ~ o ~ ~  - 2 8  vdc input and out,~ut; d s s t r ~ b u t ~ o ~ l  polnt for power to propel- 
Box 

l e ~ i t  dispersion system, friel systcin pressure switches and 

valves, and P U  control unl t .  

Izivertcr-Converter - Input, 2 8  vdc, out;~rit 1 1 5  vac; s o i d  state device supglies 

;,ouJer to P U  electronics.  

F ~ ~ g l l t  Coiitroi - Ogeratiilg voltage, 2 0  to 3 2  vdc at  2 A  at  2 8  vdc; motor-driven 
SVii ic l l  

96 pole rotary swl tcli traiisfers I U  s ig~ ia l s  from S-l stage to S-IV 

staye at  separation. 

OPERATION (See fiyul'c 1 3 . )  

Provides ac  atid i lc  Dower to S-IV stage only during checkout and f l ~ y l i t .  Battery No. 1 

Ipowcrs PU system, inverter-converter, range safety recelver No. 1 and EBW systeiil 

No. 1. Battery No. 2 powers range safety receiver No. 2 ,  EBW system No. 2, 

o r d i ~ a ~ ~ c f  systems, rocket engliies e lec t r~ca l  systems, aiid hydromechanical apparatus. 

HYDRAULIC S Y S T E M  FUNCTIONAL SCHEMATIC 

Battery No. 3, cons~s t ing  of two 5 A H  batteries, ;powers F M  transm~tters,  mul t~coders,  

and osc~ l la to rs .  Battery No. 1 and No. 2, both 1 5  AH, are ~so la ted  to protect P U  

system from transienls. 



S-IV PROPELLANT UTIL IZATION 

Optii:iiini i o ~ i i i ~ i : , ~ ~ : ~ ~ ~ ~  of ~ p r ~ ~ ~ e l l a ~ i t s  1s )necessary ~f the S-IV stage I S  to operaic a t  

~TI~XI I I IO I I~  C ~ ~ I C I C I I C Y .  A P U  systeni i s  used to ~ o l l t ~ n ~ o u s I y  nloliitor tl lc alilOullt of LOX 

' and L i i 2  rcii la,ti l i ig ill t l ~ e  tanks tliroughout Fil l atid f l ~ y l ~ t  duration, atid regulate tlie 

LH2/LOX in;jxt;>re rat lo to i i isure near -s~mu l taneo~~s  deplet iot~ of prol~el laols.  A burn 

ratto 0: 5.1 LOX to LHZ 1s c losely maintafned, whde sustaining a mass rat io i n  ti le 

tar i is  of 5 : 1  also. 

E L E C T R I C A L  SYSTEM BLOCK DIAGRAM 



*PROPELLANT U T I L I Z A T I O N  S Y S T E M  ( C o ~ ~ t ~ i i ~ ~ c d l  P R O P E L L A N T  UTIL IZAT ION S Y S T E M  

\ 
~ ~ i e c l ~ a n ~ c a l  I ~ ~ i l a g e ,  n ~ a i ~ i t a ~ ~ l j ~ i g  propcrrr;ixtrrre rat ioai ld  i ~ s i n g ~ ~ r o p c l l a ~ ~ i  inpropermass Cor i~~~o i i e l l t s  - Fue l  Mass S c ~ ~ s o r  (1 ) .  LOX linass Sc~ iso r  (1 ) .  P U  E icc l ro~ l i cs  

balance. T /M pols, drivco by  b r ~ d g e  scrvo Inotors, a l low inf l i r j l i t  dctcrnlinatioli of Asse~i ib ly .  

~, , 

I iimss; locntcd i l l  L H 2  t a l ~ k  

of a S C ~ I ~ C I I C ~  SWIICII dr ivc i l  hy  the LOX hridgc Scrvo. 

I~ro(bcllant mass. Loadrirg pols, a l so  drbve~r lby servo ntolors, providc ~ n d ~ c a t i o i i  of 

t a ~ i t ' s  ? lass  d i i r ~ ~ l y  l ~ r o l ~ e I 1 a ~ ~ I  loadii ig a ~ i d  t> i l loadi l iy .  Gain cllallge, nccd fd  to conipcnsalc 

LOX Mass Scosor - Capac~ l i ve  t y l p ;  2 5 0 p f  i n  atr; 1 , 0 0 0  K at  5 0 0  vdc; 

te~nlberaiure ratigc, 1 2 0 '  F to  - 2 9 7 * F ;  ~ ~ i d i c a t e s  LOX load 

niass; located in LOX ta~ ih .  

L H 2  Mass Sensor - Capaci t ive tyjic; 4 0 0  pf  iri air; 1 , 0 0 0  K at 5 0 0  vdc; 

Lcii~pcrature ra~igc,  l 0 0 ' F  to - 4 2 3 '  F; i~ id i ca tes  fuc l  load 

P U  Elcctro i i ics - i l lp l l t  power, 1 1 5  vac, i pilasc, 4 0 0  cyclcs/scc; 2 8  vtic irorll 
Asse~ i~ lb l y  

englnc a ~ ~ d  coi i t ro l  oattcry; co~ l l a l l i s  c l cc t ro~ i i cs  t o  i l r ov~de  

l ~ r o p c l l a ~ i t  t a ~ i L  c o ~ i t r o l  signals; located 011 Li i r~ is t  s t ruct~!re.  

1 G E N E R A L  DESCRIPTION ' 

for coiirt i i i icd oro~,cllsnt, i s  var ied as  a f t ~ n c t ~ o ~ r  of LOX il iass and l l ~ y i ~ t  tin:c lby means 

Proiicllant stipply and c o ~ ~ s ~ i m p t i o ~ l  1s coi l l ro l ied t l ~ r o i ~ g l l  PU  syslcnl  by  dctcr i i i i~ l i l ly  

LOX/LH2  ~ n a s s  rat lo.  Systc,n corztrols ground Ioa r l i ~ i y  colirpiitcr; d c l c r ~ i i ~ i i c s  ~ l ropc i l a l l t  

1 [ l iass to 2 per cent accuracy at LO a ~ l d  igii i t lon; gcticralcs rniass rat io T /M and 

I proj i f l lant  dep le t i o~ i  s i g~ ia l s ;  l imi ts  tlhused propci la l l l  to apllrox 5 0 0  Ib a t  ellglne c i l t o f f .  

Acl i leved by  vary l l ig  LOX to L H 2  ra t i o  w ~ t h i n  f 1 0  per cent of s tat~dard 5 : l  vali le. 

I 
1 Two t i ie lcr i~ ig a;ass selisors ( 1  i n  each iatii<) p rov~de  capaci t lvc otitpiit w i i ~ c l i  i sd i rec t l y  
I 
/ p i ~ ~ ~ o r t i o i i a l  to p rope l l a i~ t  mass. Higher d i e l c c t r ~ c  coristatlt of I I I I~~I~S over gas C ~ I I S C S  

' 
capac8taiice cllange as ipropel la~l ls  are tiscd. Mass sensor outpuls, ibolli of wi l tc i i  are 

servo- I~alanced,  arc fed i l l lo  L H 2  and LOX Ibridgcs. E~np ty  a i d  l i d i  adi i ls l  lbols are 

' used to  ca i l l ~ ra te  sys te~n  to cxtrenlc accu racy  Qiiadratlrre r c ~ c c l i o i l  nc t v~o~ .ks  cal lcc i  

out-of-pliasc, lno~i-capacitive co r i s t i t i r co t~  of (lr0bC s l o ~ l a l  by sa~lrplirig ~ r ~ - p l ~ a s c  o i i t j i i ~ t  

at  i i i lc rvals wiicn oll i-of-pilase s lg l la l  4s !~lit l i i I:al. Col l l l l lo l l - to- i~ol~ l  t r l l gc r  Yatcs 

s a i ~ i p l ! ~ ~  i l l t e r ~ a l .  Rate fecdback dajnpens bot l i  servo ~l io tors.  Servo Inlotors i ~ i d e l ~ c n d -  

e i i l ly  d r ~ v e  coarse and f i i ie  lnlass pots, a ~ i d  st1111 110th. Si1111 pots co111r01 enqli le 

inl~xtirre rat lo by  i ~ i d ~ c ~ t ~ n g  p o s ~ t i o i i  l eed l~ack  i ~ i f o r ~ i ~ a l i o n ,  i f  propei la i l t  rat io  lhecollles 

i i n i~a la i~ced .  Error s ~ g ~ i a l ,  t i le sui;i o l  lholll pots, I S  appl led to RC slla11111y ~ ie twork ,  

in~odii leted, a ~ l i p i ~ f ~ c d ,  d c ~ ~ ~ o d u i a t c d ,  a i ~ d  fed to ~nl ix t i f re ra t l o  servo a i l i p i i f ~e r .  A1111111fier 

! feeds coi i t ro l  pos i t~onc r  nlolor, wl i ic l i  c o ~ l t r o l s  LOX f low contro l  valvc l l irougll 



T E L E M E T R Y  SYSTEMS 

Mcasurcs, qatlicrs, and transmits f i i q l ~ t  ~ t i s t ru i~ ien ta t io i~  data (acceleratioll, force, 

nlotion, Ilressbrc, strain, teniperature, vibration, time-event fullctlons, etc.)  to 

i jroiuid stations. 

Two ~ ~ i o d i i l a t i o ~ ~  tcclli11qi8cs are used: 

C o j ~ s t ~ ~ i :  aiiiiplil~ide', varyinq frcqucncy signal inodiilatcs constant amplitude, 
varyii lg frcqilctlcy F M  tratismiticr s iy i ia l .  

b .  PDM/FM/FM (Pulse du ra i~on  ~,ioduIatcd FM/F!A) 

Tlliie siiarcd, consta111 amplitude, varyiriq width lpulse train modulates 
F M / F M  Lrailsin~ttcr. 

A l l  itsc IRlG slalidard cotiipoilents 

Systcins No 1 and No. 2 (PDM/FM/FM) F i i n c l ~ o ~ i a i  DCSC~I~I~IOII (See f!qilrc 1 6 . )  

Trai~sduccrs ineasure f i i g l i l  data, fcea ti iyli (0 -5  vdc) aiid low ( 0 - 1 5  inlvdc) level in;Iuts 

to i~~o l t i p l cxe r .  Sii j l laIs are c o ~ ~ t ~ i i i ~ t a t c d  I81 l i i i ~ c  sl~ari):g i i ~ i i i t i co~ le rs  slid coi~vertcd l o  

PDM ootl,ut. F l l t e rs  sliiJpress Ilojse. SCO or VCO coilvcrl varyii lq diiratioi? PDM 

s~cj l ia ls to varyli i i j  lreqliciicy PDM/FM siqiials. M ~ x c r  a~np l i f i c r  feeds PDM/FM sigilal 

to F M  transm~t ier .  PDM/FM/FM output signal feeds antenna irlplexer, coinbinii lg 

oilt;jut signals iron1 o t l~e r  T/M s y s t c ~ ~ ~ s .  Co~l>posl te signal fceds power d i v ~ d e r  to drive 

alltctlna syslcin. 

Systein No. 3 (PDM/FM/FM) F t i l l c t i o~ la l  D e s c r ~ p t ~ o ~ i  (Scc lti jurc 1 7 . )  

System operates substar~t ia l ly  ti le satlie as S y s t e ~ i s  No. 1 aild No. 2 .  Slow speed 

m~ i l t i p lexc r  reil laces I i ~ g l i  lei,cl multicodcr. 

F igu re  15 
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S-IV T/M S Y S T E M  NO. 1 AND NO. 2 BLOCK DIAGRAM S-IV T E L E M E T R Y  DATA C A P A B I L I T Y  

Systcli l Sytic Chai i~ ic Is Data Cl~onncls - 

Hlrjli Lcvc l  PDM ( 0  to 5 vdc) 
9 0 0  S a ~ i i l ~ l c s  blcr Sccoiid ( 9 0  x 1 0 )  

Low Level  PDM ( 0  t o  1 5  lnlvdc F i r l l  

Scale) 1 1 2 . 5  Saiiillles per Second 

( 4 5  x 2 1 /2 )  

l a ,  Co i i t~n t~o i i s  F M - F M  Cllalinels 

(IRIG Bands, 1 tllrougii 1 8 )  

No. 2 

Hlqh Lcvc l  PDM ( 0  to 5 vdc) 

900 Satiiples ipcr Seco~rd ( 9 0  x 1 0 )  

Low Lcvc l  PDM ( 0  t o  1 5  ~i ivr lc  F u l l  

Scalc) 1 1 2 . 5  Sal i i~ l les [per Sccond 

( 4 5  x 2 1 /21  

1 8 ,  Continuous F M - F M  Channels 

/ (IRIG Baiids, 1 tlirougll 1 8 )  

No. 3 

Low Level  PDbI ( 0  t o  1 5  nivdc F u l l  

Scale) 1 1 2 . 5  Saiii l~les per Second 

( 4 5  x 2 1 /2 )  

C o ~ i t t r i ~ ~ o u s  FM-FPJ Clianiiels ( 1 8 )  
I (IRIG Bands, 1 tlirougll 1 8 )  

1 6  - 
Total 1 4 7  

1 6  - 
Total 1 4 7  

Total 6 0  

3 5 4  



S-IV ORDNANCE 

a. S-I/S-IV separatloil system, used to sellarate the two stages. 

il. S-IV dlspcrsion system, m e d  to s l ~ u t  down SIX rocket engllles, 
and rupture liropciiant Lalii(8. 

c S-IV irllagc rocket systeln, used to pos~ i ion  prollellants at putlip irl lets prlor 
to cnijl l ie start 

lnfligh: T/M ~mon~tor ing provided (for detern~ning SAFE or ARMED status) 

S-IV T/hl SYSTEM NO. 3 BLOCI( DIAGRAM 

on a l l  systLmS 

Figure 1 7  



- S-IV SEPARATION S Y S T E M  FUNCTIONAL'SCHEMATIC SEPARATION SYSTEM.  

I Coi~~pot ients -F rang ib le  Nuts (4) ,  CDF Explosive Hartless Asseml,llcs (2 ) ,  . 
Detonator Biock ( l ) ,  EBW Delolialors (2 ) ,  F i r ing Units (2 ) .  

Fral ig ib ic Nut - P E T N - f ~ l l e d  l ~ ~ i t ;  frac111rcs lii Iha ive~  WIICII dctoi~aled; bol ts l o  

four attacli poiti is botwecri S-I/S-IV s c l ~ a r a t ~ o ~ i  p l a ~ l c .  

CDF Explosive - Plast ic  a ~ l d  fabric slleall l coiltaltls PETN corc; a l ~ j ~ r o x i ~ ~ ~ n l e i y  2 I Harness A s s e ~ i ~ h l ~  qrali is iler foot; ~ p r o ~ ~ a r ~ a t ~ o ~ i  rate of 2 3 , 0 0 0  feet Ipcr secotid; 

two ihariless a s s e n ~ b l ~ e s  used for optic~,oi~i re l i ab i l i t y .  

Deto~ialor  Block - Mates CDF liarlies8 a s s e ~ i ~ h l ~ c s  aiid EBW detonators, block 

contali is 1 . 4  g r a l ~ i  ihooster cllarrles ( 2 )  

EBW Deto~ialor  - Tlireaded colltlector cor l la i i r~ i ig 1 . 4  qrail i PETN booster c l~arge 

a ~ i d  3 0  t i~g  PETN tnai~i  charge; i i r i dgcw~re  c o n t a ~ ~ i c d  III hoostcr 

charqe; I i ~ i i i i  voltage/li igli currelit required for initiation; 111ica 

stlark gap ii icorporaled ior safety. 

I 

j F a i r i ~ i g  U n ~ t  - l o j ~ i l t  voltage, 28 vdc,.oiitpi~L voltage, 2 , 3 0 0  vdc a t 1 . 5 0 0  A; 

l i ous i~ ig  conlaitis electronacs for int t iat i l ig  EBW detonators; 

operatioti requ+res cliarge and trigyer signals. 

OPERATION (See figure 19.)  

A t  scparatlon, foclr i r a ~ i y i b l c  n ~ i t s  wl i ic l i  retail1 stages ere dctonalcd ihy s ~ q n a l  supl,lietl 

throuyli S-l sequencer. Nuts fracture, re ieasi i ig two stages. A r ~ ~ i t ~ i y  slrj l ial (aecedi t~g 

separation cliarges two f ~ r i i ~ g  unfts. Cilarging (ARM) s ignai  i s  applied l o  iarge stoiagc 

capacitor ( 2 , 3 0 0  vdc). T r~gger  s~yna i ,  applied approximately S I X  scco~ids later, 

produces5,OOCVpulse to trigger yap tilhe. Tube lonlzes, causing storage capacitor 

to d~scharye tlirougii respective EBW detonator. Propayatioii wave froln EBW dctotialor 

liooster cliarye in i t iates primary charge. Wave icii l iales booster cliarges 111 detonator 

!>lock, i s  transr:~itier to M D F  liarness assetnblics. Propagat~on of Ilartiess asseniblles 

spl i ts  frangible nuts. 



PROPELLANT DISPERSION S Y S T E M  (Coi i t~ i iued) 

OPERATiON (See f ~ r i ~ i r e  2 0 . 1  

P r ~ o r  to LO, rccclvcrs aiid firtrig ~1111s switclied Lo i~ i te r l i a l  ;Iowcr by coillrolicrs. A t  

LO, iccelvers act tvalcd aiid Safety slid A r $ ~ i ~ i i g  L'cviccs arriled. li f l ig l l t  tcrt711iiatioll i s  

:cyuircd, codcd trlggcr s i g ~ i a l  I S  t ra i is~i i i l ted OII appro:~r~ate iRlG sul,-carr~cr. RS 

receivers decode sjrj i ial and coiiiniand s i x  R L ? O - A  eilrj i i ics Lo cut of f  t l ~ r o u y l ~  R S  

cor i t ro lcrs.  Coded trigger s ~ g n a l  a lso i s  set11 to f ~ r i ~ i g  units to in! t iate EBW detoiiators. 

Ek1;loslon i s  propagated thrortgli Safety arid Artn i~ lg device to CDF liariicsses, tiler1 l o  

Ilricar-shaped cliarges attached to LH2  and LOX ta~ iks .  Charges sever tanl(s, causing 

propellant d~spersion.  

! PROPELLANT DISPERSION S Y S T E M  

Comoonents - Ai i te i i~ iae (4) ,  Range Safety Receivers (2 ) ,  Rajige Safety 

SysLeni Controller A s s e n ~ h l ~ c s  (21, EBW F ~ r ~ n g  Utiits (2 ) ,  EBW 

Detona:ors (21, Safety aiid P rm~t ig  Device I?), CDF Hariiess 

Assenihl~es (21, F l e x ~ b l e  L~near-Sl iaped Cliarqcs (3) 

Anteiinae - Quarter wave, s io l  1y11c; 5 2  olini ~nipedancc; UHF ( 4 5 0  inc); 

two anteiirlae per receiver. 

Rarige Safety - GFE; X T A L  coiitrolled Lraris;storized, FM,  svperlielrody~ie; 
Receiver 

lei1 c i ia~incls,  carrier freqocncy raiige, 4 0 6 / 4 5 0  n~c; silh- 

carrier c i i a i~ i i c i s  arc Lei1 stalidard IRiG f req~ !e~ ic~es ;  two sectioiis 

(receiver aiid decoder). 

Controllers - GFE;  provides relay coi i l ro l  for system ac t~va te ,  arili, trigger, 

aiid monitor; 2 8  vdc ou~p i i t .  

F i r ~ n g  Uni t  - Il lput voltage, 2 8  vdc; output voltage 2 , 3 0 0  vdc at  1 , 5 0 0  A; 

l ious~r iy cotitail is c lcctrot i ics,  for ~ ~ i l l i i l l l ~ i ~ j  EBW~dctoi~ators;  

I operation reqtlires arm and trigijer s ~ g ~ i a l s .  

E B W  Detoiiator - Threaded connector con ta i~ i i ny  1 .4  grain PETN ihooster charge 
l 

and 3 0  mg PETN prlmary cliarrje; ihridge wlre coiitained in  

booster charge; high vol tagc/ l r~gl i  current required lor initlation; 

niica spark gap ~ncorporated for safety. 

Safely and Arm~ng  - Provides posi t ive ~so ia t i on  (SAFE condition) hetweeli EBW 
O e v ~ c e  

detonators and CDF harness assei i ib i~es,  or cxpiosive 

coi i t inui ty (ARM1 for same; electrically-actuated, rnecl~anical ly-  

operated, rotor-employed; rotor coiitains PETN, 1 . 4  g r a i ~ i  

booster charges (2) .  

COF Harness - Fiexib le,  fabric and plast ic  sheat11 coiitains PETN core, 2 
Assembly 

grains/ft; propagation rate OF 2 3 , 0 0 0  ft/sec; dual fuses used 

for optimum r e l ~ a b i l i t y  

F l e x ~ h l e  Linear- - Tr~anyular-sliaped a l u m ~ n u ~ n  slieatit con ta~ns  ROX core, 1 0 0  
S l i a ~ c d  Charge 

! grains/ft, two attaclied to LH2  tank, orle to LOX taiik. 



~ - 
U L L A G E  ROCKETS ( IGNITION SYSTEM)  

Cornponeills - Ul lage Rockets (4), F ~ r i n g  Ulitts (8 ) .  E E W  Motor In i l1ators(8) .  

Ul lagc Rockets - Ti i jokol  TX-280 ;  so l i d  p ropc l l a~ i t  rockets; l l irost, 3 . 4 6 0  

pourids )no!~i t~ la l  a t  + 7 0 °  F; bur11 L i~ i ic ,  3 . 9 4  sec a1 7 0 "  F; 

5 8 .  8 poiindr of propelianl, a~nii ioniuii i percli ioratc a ~ i d  poiy-  

s i ~ i f ~ d c ;  c x i l  i no r i l cs  canled 3 5 '  froiii s lagu c c ~ i l e r l ~ n e ;  ~ n o ~ ~ i i l c d  

oil a f t  s lur t .  

EBW I n ~ t i a t o r s  - GFE; cLil>rlc oxide and niagncsiuln charge; 2 mounted In boss on 

dome of rockel  motor. 

F l r t ng  Uni ts  - Inpot voltage, 2 8  vdc; ootpil l voltage, 2 , 3 0 0  at  1 , 5 0 0  A; 

lhous~ng contains e lectronics for E E W  inil iators; operalion 

reqii ircs arm atid trigger s ~ g n a l s .  

OPERATION (Sce f lc l~ l re 2 1 . )  

P r ~ o r  to selxiratton, u l lagc rockets are f i red hy s ~ g n a l  fro111 S-I  slarjc scqirencer. 

Cliargil lg (arri,) slqilal, slapl~lied before scllnratioll, i s  stcpjlccl 1>11 and npj> l icd to large 

storage capacttor ( 2 , 3 0 0  vdc) .  Trigger slgiial y ro i l i ~ccs  5 , 0 0 0  V puise to  trigger 

gap tiibe. Gap tube ~on izes ,  causlng slorage capacitor to discharge through EBW 

in i t la tors.  Detonation wave from in i t la tors i s  transmitted to propellant ~gn i te r  con ta~ned  

in l icrforated tube. 

S - IV  P R O P E L L A N T  DISPERSION FUNCTIONAL SCHEMATIC  

Ho l  p a r l ~ c l e s  and gases from ig l l ~ te r  pc i l c t s  cause ig i l i l ion of  so l i d  propcl la l i t  grall i 

Ullage rockets lmpart forward acceleratioil on S-IV stage to provide optimum ul lage 

positionitig and a ld  lri separation. 

F igure 20 



Components - Frang8hle Nuts (8), F ~ r i l i g  Uni ts  (41, C D F  Fuse  Assembi ies 

(41, Detonator Bloci( (1 ) .  I 
I 

3 

U L L A G E  ROCKETS (JETT ISON S Y S T E M )  

Frangib le Nuts - Retain ing p f ~ i  holds 2 C D F  fuse ree fit ltngs; at tach b o l l  

insta l led perpcndicil lar to tec f i t t ings in l l ~ readed  casil ig, nu t  

fractures along lcnyt l i  of casing.  

S- IV U L L A G E  ROCI<ET IGNITION F U N C T I O N A L  SCHEMATIC  

C D F  Fuse - Two grains/ft P E T N  charge covered w ~ t h  p l a s t ~ c  and i a h r ~ c  
AssemI) l~es 

slleatli, dual fuses arc swaged at  eacli end into s ~ r i g l e  end 

f i t t ~ n g s  conta in ing 1 . 5  grain P E T N  cl~arge; tee f i t t i ngs  

incorlioratcd for attachment t o  fratigible nuts. 

Detonator B lock  - 2 i t i p ~ ~ t  bosses; 4 o ~ ~ l p u t  bosses; ma i i~ fo lds  2 EBW dctoiiators 

w i th  4 C D F  fuse assernbl~cs.  

! 

F ~ r ~ n q  Uni ts  - Input voltage, 28 vdc; output voltage, 2 , 3 0 0  vdc at  1 , 5 0 0 A ;  ; 

l i ous~ny  coritattis e lec t ron~cs  for i n i t i a t i ~ i g  E B W  detonators; 

opc ra t~on  r cq~ i i r es  arm and trigqcr s i r ,~ la ls .  1 
I 

EBW Detonator - T i~ readcd  coiineclor conlali i8lig 1.4 grain P E T N  booster cliarge 1 
and 3 0  my P E T N  pr i~nary cliarge; lbr~dge wire contained i n  i 
lbooster clwrge; h igh vol tage/h>gl i  current required for ~n i t i a l i o i i ;  : 
mica spark gap ~ncorporated for safety. I 

OPERATION (See f ~ g u r e  2 2  ) I 
I 

F l r i r ig  uni ts  charged prior to separation of S- IV stage and S - I  stage. Cl~arging (ARM)  1 
s ~ g n a l  i s  applied to large storage capacitor ( 2 , 3 0 0  vdc). 

T r~g i j c r  sig,:al i s  appl ied through S-IV stage sequencer af ter  Uliage rocket  huriioul. 

Signal  lproduccs 5,COO V pnise to trigger gap titbe. Tuhe lo l i lzes,  causing large 

storage capacitor to d~scl iarge tl7rougi1 EBW detonator. Detonator propagates C D F  

fuses coiinccted to detonator b lock.  Oetonat~on wave i s  transmitted to  tee f i t t i ngs  at  

frallgi1,le nuts.  Tee j i t t l ~ i g  cl,arqes (lead ar ide,  4 1 ~nig aild PETN,  2 6 0  mg) are 

i i i i t iz led,  fracturing fra~igabie nuts.  Nut  fracture releases preloaded sprinu; motor aiid 

f a i r i i ~ g  niodulcs are jettisoiied. 



S-IVB STAGE OF SATURN I 6  S-IV ULLAGE ROCKET JETTISON FUNCTIONAL SCHEMATIC 



SATURN 17 C O N F I G ~ R A T I O N  

15-7/+ NASA STATIONS 

t 2699.730 

i W 

Fiyure 24 
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S-IVB/IB PROFILE VIEW 

Figure 25 



(Countdown) 

t2+0  Engine cu!off--Propellatit nearly depleted; engine i s  stopped 011 fizel depletion or IU commii~id. 

t2+0.5*+2.1 Auxi l iary pl1n111, range safety receiver, i i ive~ter-coi~verter,  atid PU sysleiii off--Systems, lhaving functioned, are t,ilncd off to conscrvi. 
remaining battery power. 

t 2 i 2 9 . 1  T / M  off. 

Coast Per~od - Up to 4 - 1 / 2  IIOLI~S, fO1/oi.~~~(l sequence repeats up to nine times ouer g r o ~ i ~ d  T/bl  statiorrs, del~enden! on l ~ i ~ a i i o n  o i  or'11L. 

In RallgE of Gro ~ n d  Statlon -1 .0  - l / M  Reco~dcr Transi i~l t ter on. Prrpares vehicle data recorder for l i~gl i -speed playback of data lost  i '> l ie out of 
I 

lane-of-s~glit. 

In  Ranqe of Ground Staliori - Recorder Pla)bacl. Coiniliand. Plays back stcred data o v e ~  groi i~id station. 

Otit of Range GroLlnd Statloll -9 .9  - Record Cornwand on, Plalback Co~lln'and oci, turiis off recorder playiiack, starts recorder recording data f o ~  r e x t  pass 
over groutid station. 

Separatrori of S-IVB/Payload - May occur at ai l l t ( , i ie dilrlng 4 - 1 / 2  hour i tay~- ium o r b ~ t a l  coast per~od. 
I 
i 
t 

- 

S-IVB/S-IB LIISSION PROFILE 

V e h ~ c l e  ~ntended t o  launch t l~ ree  nlan Apol lo spacecraft ~ i l t o  E a ~ t l i  or51t for i ~ a i ~ ~ e d  and uniiiznned tes t~ t ig  pro,ram, ~ n c l u d ~ n g  reridervoiis reiierrsal. Stage tl+nist, 
2 0 0 , 0 0 0  pounds, payload c a p i + i I ~ t y ,  3 5 , 0 0 0  pounds, t y p ~ c a l  apogee, 1 2 0  m ~ l e s ,  t y p ~ c a l  pcrlyee, 1 1 0  r i l les,  typical  p i r ~ o d ,  9 0  mznutes, s ta jc  buln t~n ie ,  

4 7 0  seconds. Restart capa51llty, not used. Total  star,e we~giht, 2 3 , 5 5 1  poiitids dry. 

STAGING 

NOTE- S~gn i f i can t  tlme-event func t~ons  l ~ s t e d  beloi'i, reflect current misslot1 req~lrelnents.  These tlmes are s i ib~ec t  to c h a i i ~ i  arid s110'1ld not be considered f ~ n a l .  

Purge engiiie thnist chainber--Clears J - 2  engine of f lak r iah lc  gases. 

Auxi l iary hydra l~ l i c  pump on--System pressrlre normal-engine centered. 

LOX cl i i l ldoi~in--Cools LOX plum'3iny fo, t l ler~:~al  sliock preconditioning. 

LH2 chilldown--Cools LH2 pl11n5ing for tllermal siiock preconditioiling. 

Pressurize LH and LOX tanks--Cold He prepresstrizes tanks to ensure NPStI  at engine ignition. 2 
OC power to internal--GSE power switched off; vehicle battery power svdiicl~ed on. 

Range Safety Receivers on--Proiiellant d ispers io~ i  sy8te.n activated. 

Charge S-IB retrorocl(et ignition--Retrorocket EB1.V system primed to fire retrorockets at  sepdration. 

T/bl  calibrate on--CaliSratior~ reference signals sent to ensure acci~rate T I M  g r o ~ ~ n d  readback. 

Charge ullage ignition--Ullage EB1V system prirled to fire ullarje rockets at  separation. 

F i re  ul lage rockets--Ullage rockets inctease axial  acceleration, settling propellants in tariks. 

F i re  S-IB retrorockets--Retrorockfts fire, braking scent S-IB stat;e and S-IVE aft  interstage. 

Start J - 2  engine--Sufficierit cleararice between S-IB and S-IVB alloivs eilgine to 52 started. 

Activate PU-:PU sy8tei.i in operation as proix i la i ' t  slosiiing from separation has sribsided. 

Charge ullhge jettison--Uilage rocket jet t ison E B W  system pr i l~ ied to lhlo,~i off ullage asse~:iL:lies spier separation. 

Jettison .ullage rockets--Spent mirorockets are jet t isored to decreasc vieiqiit. 



S-iVB/S-IB VEHICLE DESlGNATiONS (Continued) S-iVB/S-iB VEHICLE DESiGNATiONS 

Tlie'Dynainics Vehicle tests w i l l  be ~perforii~ed at MSFC with a procluctioi~ configurated 

vehicle with only the engine y i ~ ~ i b a l i i ~ g  systenl installed. Deletcd systems w i l l  be 

replaced w i t i ~  siinulated mass so that stage wcight, center of gravity, and mon~ent of 

inert ia duplicate tile l ive S-IVB stage. Laterial and torsional vibration cl~aracter ist ics 

w i l l  be determined io r  tlie S-IVB stage, as wel l  as for the asseinbled S-IB atid S-V 

veilicies. 

The Fac i l i t ies  Vehtcle tests w i l l  be perforined at AMR using a production-confirjurated 

vehicle to conduct cold flow tests o i  propeilant loading systems and faci l i t ies, GSE, 

and T/M. Tlie S-IVB vehicle w i l l  be assenlbled with S-iB stage and IU for inteyrated 

system tests. 

NOTE. A l l  o i  tlie test vetlicles except tile Structure Vehicle w i l l  be converted to  

S-iVB/S-V configuration to  further testing. 

Battlesliip Test Veliicle 

Stnicture Test (Hydrostatic) Vehicle 

D y n ~ i i ~ i c s  Test Veliicle 

F d c i l i t ~ e s  Test Ve l~ ic le  

F i i g l ~ t  Veliicle No. 2 0 0 1  

F l ig l i t  Ve l~ ic le  No. 2 0 0 2  

F l iy l i t  Ve l~ ic le  No. 2 0 0 3  

F l igh t  Veliicle No. 2 0 0 4  

F l i y l i t  Vehicle No. 2 0 0 5  

F l iy i i t  Veliicle No. 2 0 0 6  

F i ig l i t  Vehicle No. 2 0 0 7  

F l iy l i t  Ve l~ ic le  No. 2 0 0 8  

F l igh t  Vellicle No. 2 0 0 9  

F l igh t  Ve l~ ic le  No. 2 0 1 0  

F l igh t  Vcliiclc No. 2 0 1 1  

F l i g l ~ t  Veliicle No. 2 0 1 2  

SACTO 

H.B. 

MSFC 

KSC 

IKSC 

IKSC 

IKSC 

iKSC 

iKSC 

iusc 

IKSC 

KSC 

IKSC 

IKSC 

iKSC 

KSC 

Test 

Test 

Test 

Test 

F l ig l i t  

F l i g l ~ t  

F l ig l i t  

F l iq l i t  

F l ig l i t  

F l iq l i t  

Fl i r jht  

F l igh t  

F l i g l ~ t  

F i ig l i t  

F l i g l ~ t  

F i i y l ~ t  

The Battleship Vehicle tests w i l l  be cotiducted at Sacramento. Tlie vehicle i s  con- 

stnicted of steel and used to  test the propiiision systenl installation. Stat ic f i r ing tests 

w i l l  be conducted to verify subsysten~s and systems for both deve lop~ l rn t  aiid prodiiction 

design. A Battleship Veliicle i s  also furriished NASA at MSFC. NASA w i l l  conduct 

their own test program. 

Tlie Structure (Hydrostat~c) tests w i l l  be coilducted at Huntington Beach. Tlie velltcie 

w i l l  be extensively ~nstruniented, preseiitiny over 3 0 0  c l ~ a i i i ~ e l s  of data. Tests w t l i  

determine dyilamic pressures, stresses, aiid deflectiais. After conipletion of liydro- 

stat ic testing, the vehicle w i l l  be used for structural testilly of the t h n ~ s t  structure. 



S-IVB STRUCTURE LOCATIONS 
S-IVB STRUCTURES 

Figure 26 

S- IV3 strtrctlire of tlie S - I 3  vcl i ic le consists 01 tile fotward skir t  asse t~ t l~ iy ,  prol~el lant 

tank assembly, af t  skir t  assembly, t l~ rus t  s tn~c t l l re  asseitil~iy, and a f t  i i iterstaqc assc~itbly.  

A f t  l i itcrstage Asset~ibly:  A cyl indr ical  stnictilrc fa l~ r i ca tcd  froin c is l t l  panels of 

alur~iii iurn sicin, s i i f fcned wit11 striltqers and circ i i i i t lcre~i t ia l  a l tocl i  attglcs fa l~ r i cn tcd  

fro111 ex ln~s ions .  A frangible tcnsion t ie atteclies i t  to tlie art skirt. Tlte af t  i l i lcrstagc 

i s  asseiiibled a t  Huntington Bcacli and s l i i j ~ j n d  to AMR for a s s c ~ i ~ b l y  Lo t l ~ c  S-IVB stage. 

l i i f l i~ ; I i t ,  tlic aft interstage rcniains wit11 tlic s p c ~ i t  S-IB stage al ter separation of tl lc 

S-IVB and S-IB stages. 

A f t  Skir t  Assenl i~ly:  A cyl i t idr ical  structure ~n~ade of a l i ~ i ~ i i i i ~ t t i ~  skirt panels s t i l f c ~ i e d  

w i th  s t r i~ iyers  and c i rcu~r~ fc ren t ia l  aitaclt a ~ i g l c s  at botlt ends. Tile af t  skirt i s  attaclied 

to the tank assembly w i th  bolts. Two auxi l iary propulsion ttiod~rles are attaclied to the 

aft  sl(irt. 

Tllritst S t r ~ i c t l ~ r e  Asscnibly: A truncalcd colte, fabricated of a l i ~ t t ~ i n l l ~ i ~  sl(ins, fortncd, 

c l i c t~ ; - t i~~ I l cd ,  r ivelcd to stringers and fratites a ~ i d  atlacll angles at tl ic Iarrje elld, and 

fastened to tlic cask-al i~i t~inuni engine niot~tit at tlie stnailer end. Tile t l i n l s t  structure 

i s  bolted t o  the a f t  dome and provides tlie attacli point  for J-2 enyine and d is t r ih i~ les  

tlie J-2 eliginc t l i r i is l  over tlie e n t i p  tank circu~nfere~tce. 

Prowl la t i t  Ta~i l (  Asse~l ihly:  Consists of tlie forward do~ne, cycl indr ical  tank wal l ,  and 

tile LOX tank assc~~ ib ly .  LOX tank asseritl~ly consisls 01 LIie aft do111c a ~ ~ d  coltlliion 

I~~~ l l ( l i ead ,  wl i ic l i  isolates LH2 tali4 attd .LOX tank. Tiic fotward donie and a l l  doille arc 

sini i lar ly constructed of ti i i ic p i c - s l i a ~ r d  s e ( j ~ ~ ~ e i i t s  of slieet alt~iiti i it it i i s l r l lct~lre,  w l l i c l ~  i s  

fortlied, etcli-i;iilIed, and welded togctlier. Botli donics iiave attacii flanges in tlie 

center for (1) an access door i n  tile forward domc, and ( 2 )  tile LOX tank sittnp it1 tile 

af t  dotile. Tile cyl indr ical  tank cetiter section i s  fabricated l ro i~ t  sever1 a l l ~ t n i ~ i i ~ ~ n  sl(ins 

wit11 a waffle paitern meclianically inillled on tlie interior sutfacc skin, wl i ic l i  i s  lor!l~cd, 

seeiii-welded toqctltcr, tileti wcldcd to atlac11 rings at lhotli e~ ids .  Tlic cotlllliort I ~ i i l k l ~ e a d  

is  constriicted of a 1-3/4 inclt i ~ l ~ e r g l a s  Ihoneycomb core, Ihoiided betwccn tr io l s n ~ i -  

spherical domes. Tlie donies are fabricated by weldiny a contoured center piaie wit11 

nine fusion-welded aliintinum skin segnients to circumferential rings. Dotties are t l ~ c n  

bonded to tlic Iioneycomb, and welded. 

Forward Skir t  Asscnibly: A cy l i~ id r tca l  structiire fabricated of aiuili i i i ittt~ skins, rlveted 

to extruded stiffeners a ~ ~ d  intercostals, arid to attacli ritigs oil tlie forward and aft  

circumferences. Tile forward skir t  i s  bolted to the forward end of tlie t a t ~ k  assesibly 

and to tile IU. 



Tile 21.75 f t  d~ameter common bulkhead I S  fornied by two separate 2 0 1 4 - T 6  A 1  
Iiem~splieres welded o i  9 "orange peel" segments, jo~ned crrcunlferent~ally w ~ t l i  two 

per~pl icral  "Tee" bands. Tlie hetn~spheres are bonded together wit l i  temperature 

res~stant s t~ f fen inq  f~berq las  honeycomb. At cryoqenlc ternwratures, alr  entra1)lrd 

In honeycomb freezes, form~nq near vacuum between hem~splieres for excellent thermal 

barr~er,  thus preventing LOX from Iieatlnq LH2 or LH2 from freezlnq LOX. 
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Malor C o o ~ ~ ~ o n c ~ ~ t s  - T i i i i ~ s t  cil,i~~iIicr, LH2 IIIVIIII, LOX PUIIIP, ~ ~ r o j ~ c l l a ~ ~ t  t i i i l ~ i a t i o i l  

valve, s;,ari< i r j i i ~ t ~ o ~ ~  systei:~, c l e c t r ~ c a l  coiitrol packagc, 

i i i ~ t r i i ~ l i c i ~ i a t i o ~ i  systc111, 111iei:i:iatic syslen~, t ~ i r b ~ ~ i c  start SIII~E~C, 

[;as ye~icrator, Ilcat cxcllanger, e:iscclid~lcous cutltrol valvcs. 

Tiirl ist C1iai:lbcr - Tu!~i l iar-wal lcd w ~ t l i  c l~a i l~her  stiffeners, cxpniisioil ratio, 

27.5:1,  rcgcncratively cooled. 

LH2 Pur;111 

LOX P11i:ip 

Propel iant 
Ut l l izat ,on Valvc 

Electrical Colltrol 
Package 

- Tiirbiiic l i r i vc i~ ,  7 st;:gc, axial  flow, sel l - l i l l i r icalc(~ liti i l~p; 

i i i ccascs  L H  ~ ~ r c s s ~ i r c  Lo clia~tlber dtictirlg. 2 

- T~ i rb i i i c - r l r i vc i~  si l ig lc stagc, sclf-li i l iricated cc i~ t r l fu (~ .? l  11nIlljI; 

i i lcreascs LOX ~ ~ r e s s t ~ r c  to cha i i~ l~er  diicts. Accessory d r ~ v c  pad 

mi back of puiiip . 
- PU systci:l-controlled scrvol1io:or; i iyllasscs a portioll of LOX 

aroiiliri LOX j1111i1p to n l a i t i t ~ ~ i t l  tank i~ iass  ratlo. 

- Four spark exciters, four spark pllrgs (2 ill AS1 ~ I ~ a ~ i i b c r ,  2 i n  

gas geiierator), s11ari( moiiitor. 

- Coiltrols staging of a l l  J-2 c l~g i i l c  functiolls. Solid-state logic 

c irc~i i t ry,  liowcred by 2 3  vdc fro111 stagc 1111ss. 

I~~s t rumc i i ta t ion  - Prov~dcs  iransduccrs and c::c~tation for l i l o~ l i to r ; l~g  ellgiile 
Package 

Iiaril ineicrs. O i i t i ~ i ~ t  sigiials scilt to stage T/M. TWO ~iacki?!/cj, 

p r i ~ ~ i a r y  a1111 al ,x, l~ary.  

P i~eun ia t~c  Systeni - 1 , 0 0 0  cti i n .  spllcrc locateci inside GH2 siillerc, cliarycd w ~ l l !  

GHc to 3 , 1 0 0 t l O O  Ipsta a t  -250 '  F. Controis a l l  CI~IJII;~ 

i~ l ieunlat ics.  Rcgtilatcd to 4 0 0  psia III i i i lcli i i latlc ~ r a c k ~ g c .  

GH2 S i~ i l c rc  - Spitis L H 2  a ~ ~ d  LOX t l ~ r b ~ t l c s  ( i u r i ~ ~ g  CII~IIIC start ilil(i rcstart; 

cllarged to 8 0 0  psia at  - 2 5 0 '  F. 7 , 3 0 0  cu  In. splicre 

rc r lu~rcs  7 seconds to rccilargc i n  ~l ia i i istagc qicrat lo l l .  

Gas Gci ientor - Pruv~dcs  durned LOX/LH2 gases to sustain LOX aird LH2 

J-2 ENGlEvE COMPONENT LOCATIONS 

I , '  

tlcat E x c l i a i i ~ c r  - Hcdts aiid expalids cryoi je i~ic HE froni stage SI~JPIY for 

pressttrization of LOX tank. Utilizes I icat fro111 turbi i~c cx l~aus t .  



J-2 ENGINE OPERATION ( S i M P L I F I E D l  
J-2 ENGINE (Co~l i i i l i icdl  

GENERAL OESCRIPTION 

Ti le l ~ r o p ~ ~ l s i o i l  s y s l c l ~ i  of tl ie S-IVE slnrjc ~ ~ s c s  011c Ro~I(ctr1y11c J-2 (, i l r l i l~ , .  .TI,! ,~.i,lf I -  

aled c o i l l p o ~ ~ c i ~ t s ,  The J-2 ellgii ie i s  ca;~;li,lc o l  2 0 0 , 0 0 0  l p o ~ i ~ ~ ~ l s  i ;~n~ : , i  .)I ;ii~il\r"e.. ll 

i s  g11111~ai ~no i~n lc r l ,  a ~ i d  capable o i  i i laki i~r l  ~ i i i ~ l l i l ~ l c  rcslarts a l l c r  l o i~ i ,  cij.i,,l 1r~11riri;. 

LOX a ~ i d  LH2 arc i iscd as i p r o ~ e l l a i ~ l s ,  wi t l l  a ~ l o i i ~ i i i a l  i l i i x t i~ rc  rat io of 5 : l .  1Iii. i lrir a1 

s i r j~ la i s  coiitrol jpressi~rizetl GHe to  act ivate valves for star l inq a l ~ d  slni!ilili,! I l ~ c  ~11ciiiW. 

I g i i ~ t i b n  of tile ellgil le i s  a c c o l i ~ ~ ~ l i s l i e d  hy  aii e l cc t r l ca l  sp,irl( ipl11i1 i g ~ ~ i l i o i l  sys lc l '~ .  A 

scrvo-i~iotou c l r i vc~ l  p rope l la~ l i  l i t i l i i a l ~ o ~ ~  valve iiiouilterl 011 i l lc  LOX LII~~O~>IIIII/I C Q I I ~ ~ O ~ S  

cnqine LOX c o ~ l s i ~ n ~ l ~ t i o n ,  maintaili i l lq prol,cllant ialiI( tilass ratio. TII~IISL CIIJII~I)CT (11- 

bi i lar  co l l s l ruc t io l~  l rn ! ! i l s  irsc o i  a reuciicrative Li12 cycle,  w l~c rnby  ll le I ip l l i r i  i s  I ISCII  
I 

t o  cool Lllc ciiginc d~i i . i~ l ( i  o l~crat ion,  and tlle fuel  i s  tl lrl lcd i l l t o  a gascolis slate lor  f i lc l  

i r l ject ion,  ~ ~ r c s s ~ ~ r i z a t ~ o l i ,  ctc.  

OPERATIOPl (Scc l i q ~ i r c  30 . )  

UIJOI~ an enr~ir ie s ta r l  coil;mand, tl lc electrical coritrol l;acl(ase c l l e r f ~ i r c s  ll le l ic l i i i l l i  coll- 

t ro l  solenoid and ~ g i ~ i t i o n  ;iIiasc co i~ t ro l  solelloid i l l  tlic p i l e i ~ ~ i ~ a t i c  c o ~ l l r o l  i iackar~c, 

c losi l ig tlic qas i1cncrator lilted valvcs a i d  o j ~ c i i i ~ l g  l l ~ e  AS1 valvc a l l o u i ~ l r ~  L O X  Lo f low 

to  tile AS1 c i ~ a ~ i i l ~ e r .  Ti ic ig l l i t ion pilase solc i io id s i m ~ ~ l ~ a n c o i ~ s l y  o l l c ~ ~ s  tile 111ai1i f 1 1 ~ l  

, valve, r o i ~ t i ~ l q  L H 2  l a  l l ic ' i~ ia in coi i~ lp i~st ion c l la in l~cr l o  act ivate l l ic  file1 in lector lell l- 

, perdt i~rc y ~ i c k ~ ~ .  Tile c l cc t r i ca l  c0111roI ~,ack,i?e also setids a s i i ~ i l a l  to  Lllc spark i l l l lg 

exci ters for s i i f i i c ien t  f i r ing eliergy i o  sparl( 11111rls 111 ~ l l e  AS1 c l i a n ~ l ~ e r  atid t l ~ e  ws 
! i gelierator. 

! \Milell i l l s  reqi~iucd tc i l i (~erat t~re i s  dcleclcd by  l l ie f i lc l  i r l jector LeIilpcraLrlrc pici(1111, ll le 1 start tank d i s ~ i i a r ( ~ c  ii i l lcr, w l i c l l  i s  e i c rg ized  a l  C I ~ ~ I I I C  stal l ,  sellds a sirl l lal 10 0l:CIl 

Fiyure 3 0  

 lie s ia r i  t a ~ i k  ~l iscl inrr jc valvc,  allowinil l l ic  start bot t le l o  biaw ~OWII,  11111s s ~ i ~ r l ~ l y i l l o  

energy to  t i le ~~ropc ! la i i t  t~~rbol , i~ l~ips.  A t  th i s  tiilie, a s i g ~ ~ a l  i s  sent to acl ivale tlie irl i l i- 

t i o i l  phase tinier w l l i c l~ ,  upon exp i ra l io~ l ,  de-e~lerqizcs Llle s lar t  tank solenoid, closi l lg 

ti le start ti l i i lt d iscl~arge valve. S i l ~ l i ~ l t a ~ l e o t ~ s i y ,  a sirj i lal i s  receivcd by  ti le iliai11stage 

solc~ioicl, wl l ic l l  act ivates tile LOX valvc 1 s t  starle and c ~ i e r r j i r c s  tllc 11.78 r~cl lcrator 

co i~ t ro l  valve. Upon acl ivat ion o i  tlie LOX valve 1 s t  staclc, l i ieil i c l i a ~ ~ i i ~ c r  i r j l l i l ion 

occurs. When tlle gas generator l ~ e r ~ i i l s  o~crakioi l ,  tl ie pressllrc a c t i v a t c ~ l  sequence 

valve opens and act ivates Llic LOX valve 211d staqe, a ~ l d  c loses tlie LOX t l i r l l i ~ le  l ly-  
I 

pass valve cn l i s i i q  tl ic LOX l i ~ r b o p i ~ i l ~ ~  to at ta i i l  stcady stalc s;iccd. T ra l~s i t i o r l  to  

mainstage occurs wlierl both lirol1eIla11~ LII~/JOIJIIIII~)S liave a l i a i ~ ~ e d  steady S ~ ~ C I C  S I ~ C C ~ .  

M'l~en an eng:ne cutol f  s iqnal  i s  rcceivcd Iby tl ic e l cc l r i ca l  corltrol pacl(agc, i t  de-cncr- 

g izes ti le ~l la instar jc and i g n i t ~ o ~ l  pilase solenoid valves, and cncrsizes t l ~ c  I ~ c l i i ~ n l  C O l l -  

t ro l  soierioid de-ewrg i re r  tinier. Tl i is ,  i n  ti lri i, p e r ~ i ~ i t s  c los i~ i r l  iiressi8re to  tllc i i l c l  

valve, o x i d ~ z e r  valve, atid the AS1 oxir l izrr  valvc. Ti le gas ilcncrator co~ i t ro l  valve, 
oxidizer t t~rbine bypass valve, and lpropellatlt b leed valves ciose to  coniplete ti le engine 

cutof f  scqircnce. 

During stcady state i ~ r s t  bur11 of ti le S-IVE/S-V, tl ic star l  t d ~ ~ k ,  w l l i c l ~  ~~rov ic led  ti le 

encrgy lo r  starl, i s  ref i l led.  Up011 conl~iiand fro111 tile seqllcnce c o ~ ~ t r a l l c r ,  L H 2  and 

L O X  are roulcd again to  the t l i n ~ s t  c l ia i~iber wliere t l ~ e  AS1 systc111 i l ~ i l i a l c s  (lie ellqii le 

operation. Tl ie pneuniatic supyiiy system i s  designed t o  (provide s ~ ~ f f ~ c i c ~ l l  lhelirrlil for 

tl iree stants. 



S-IVB/S-ID OXIDIZER SYSTEibl ( C o i ~ t i i ~ i ~ c d )  ' 

i i  i s  I~eatcr l  slid cx i~a~ i r l cd .  Aitotlicr po , t i o~ i  f lows t l ~ r o i > r ~ l ~  ~~ i ; i I c rs i i e  o i i f i cc  ( 1  2) to  tile 

LOX ~ p r s s s ~ i r ~ z a l i o ~ l  l i i ic ,  vmcrc ;I i s  il i ixed iv i t l l  tlic o ~ i l l > i ~ t  frotli tile heat c x c l ~ a ~ i q c r .  Tile 

*, ca:u, I~i~icd iloiv is d i m c ~ c d  i i l to Llic LOX iaiiI(. F l o w  Lltrorigii two or i f ices i ~ i ~ ~ s i i i l i c i c i ~ t  
) to i , ta i~ t ra i~ t  t::;;l< iircssurc d!irlii<; c~ lg i t i c  f i r i i ig.  A s  LOX Laiilr 1,ressiire dccays to  

37.5 r 0 . 5  psia,  Ll:c f l i i i i i t  ;pressiirc s w i i c l ~  ( 5 )  droils out a l l o w i i ~ g  solc~ioic l  valvc (91 to  

:,o to i t s  i~o r~ i ia l l y -o j ie i i  irositictl. T i i s  ~per l i~ i ts addi t io i ia l  f low fr0111 the l icat  cxc l~a i lge r  

i l l )  to  itlcrcasc LOX tail/( I I ~ C S S I I W .  l nJ I~e~ i  LOX ta!ii( i~ressi i re rcacilcs 3 9 . 5  2 0 . 5  psia 

the f l i r ~ l ~ t  i>rcsi i l rc i w i t c l i  (5) ~piclrs tup, c l o s ~ i i g  sole~ioir l  valve (91. LOX tank ;ircssiire 

IIIII~ LYCICS I~C~I?ICCII 3 7  a11r1 4 0  ;psis. At c i i r ~ i ~ l c  ci~:off, ~IIC f l i i i / l t  ~ i ressi i re switc l i  (51 i s  
c l ia l~r jcd I J ~ c ! <  to col l t rs l  01 tlic ~1111oai.rl bli i ltoff valve (6), closiiiri tile valve as sooil as 1 
~prcssi~rc rcaclics 4 0  Itsla iii [lie L O X  tank. 

O x i d i i c r  T;III!( Vc i i t -Rc l i c i  S~S:~ I , I :  TIIC LOX t m k  vent-wl icf  systeiii co~ ts is ts  of a lee 

a s s c ~ ~ i l ~ l y  will1 a p n e ~ i ~ ~ ~ a t i c a l l y - o ~ ~ c r a t c d  vcrit-rclic: valvc ( I ) ,  aiid a re l j c f  valve (13) .  

Pneiii i iatic oilcration i s  iprovided By tile LOX vent a c t ~ ~ a t i o i i  ~ l iodulc usi i iq the lieli irni gas 

) frotit tile Ipiicii~iiatic co~ l t ro l  niodille. Tile vciit  lort ti on of tile v e i ~ t - l r l i e f  valve i s  capable 

of cxltausting a l l  LOX vapor rcs i i l t i t~g  fro111 taill( f i l l .  Tile rel ief  ;portio:i of tl ic vci i t - re l ief  

valve aiiLoiiiatically rc l i cvcs  pressure in  excess of 4 4  psia and reseats at 4 1  psia. Tile 

rc l i e f  valve i s  sct  f o r 4 5  iisia, rcseats at 4 2  psia, a r ~ d  operates III tlic cvcrit tiic v c i ~ t -  

re l i c f  valvc fa i ls .  Di l r ing f i l l  of tlie LOX tank, ti le v c i ~ t  portton of tlie vent-relief vent 

portion o f  tl ie vent-relief valve i s  ~ p n e ~ ~ ~ i ~ a t i c a i l y  o;>ciicd i n d  closed u l ~ o i i  actuation of tlie 

solct1oid iii tile LOX veiit actuation modiile. The valvc i s  o;icned at tile i i l i t iat ion of 

taiik f i l l  and closed p f io r  to  ~prc-prcss~~rizat ion.  COX froin ei ther ti le vent-relief valve 
or rel ief  valve i s  ported ovcrhoard tl irouyh a 5 i ~ i c l i  l i i ie. 

S-IVB/S-IB OXIDIZER S Y S T E M  

T a l k  P r c s ~ ~ ~ r i z a t i o i ~  - Prcssor izcs taiiI( wit11 1hcli11111 l o  in~a i i i t a i~ i  l irolicr I,>II~< r~ressttrc 
Systein to  elisitre rlet s i ic t io i i  lhcad prcssiire a t  LOX lli l i i l j l LO IIICVCII~ 

c a v i t s t ~ o i i  a i d  ~ o s s i b l c  d a i t ~ a c i ~  to  ;IIIIII~. Co i~ ia i t i s  LOX Lailk 
L 

prcssur i za t~o i l  co i~ t ro l  ~ i~o i l i t l e ,  cold llc l i i ~ i i ~  f i l l  i ~ ~ o d ~ i l e ,  J - 2  

lieat excliaiiger, and cold l i c l i i i ~ t i  sloraqc sijlicres. 

Vent-Rcl icf  Systeiii - Vei l t - re l ic f  systeitl ~ i rov idcs  re l i c f  o l  pressilre di t r i i~r l  ill1 a i ~ i l  

f l iq l i l .  Coittaii is p i~c~ in~a i i ca l l y -opcra lcd  vcilt rc l ief  valvc ail11 

a s i i r i i~q- loaded r c l ~ c f  valve. 

GENERAL DESCRIPTION 

Tlic S-IVB/S-IB l iscs LOX as Ll~e oxir i i rcr .  LOX i s  storcrl a l  - 2 9 7 "  F iii Ilic 

LOX taiiI< wl i ic i i  I ias a vo l i c~~ lc  of 2 , 8 2 8  ci! f l .  T l l i s  a l lows a i ~ s a l ~ l c  o x ~ d ~ z c r  r~c i r l l r t  

o f  1 9 1 ,  6 6 7  lpoitiids a t  1 0 0  jicr cent fu l l ,  w4lI1 ail ~bl laoc vol~i i t ic  of 7 3 . 5  cu 11. 

LOX tai~lr  pressi i r izat ion IS  providcd by I l e I i ~ l ~ ~ i  rlas froill c i c l l~ t  stori!(ie s1111crcs l o c ~ l c d  

III tlm fuel  t a t ~ i .  A veilt sys te~ i l  prov~r lcs rc l ic f  of prcssurc d ~ i r i i i i ~  f i l l  a ~ ~ d  i l ~ q l i t .  A 

scrceii i s  providcd a t  tlle taiiI< o i ~ t l c t  as  a i i l i c r  2nd to jirevclit vo r tcx i i~g .  Ta~llc 

~~rcssurc -scns i i l i l  s i v~ lc i i es  ~ i r o t c c t  t l ~ c  LOX tanlr f r o ~ i i  i ~ ~ l f o r c s c e ~ :  LOX f i l l  f l ow I . ~ L c s ,  

 provide iildicatio,, of adcqtiate pl.csbi!re lo r  L o ,  i l i a in ta~ i l  tall!< ~ l i css l l re  a t  ti lc Ilrollcr 

valire, and protect ti le tank froiit o v e r - ~ r c s s i ~ r i r a t i o n  diiri i lg f l i g l ~ t .  

OPERATION 

Oxidizer TAIIC P r c s s i i ~ i i a t i o i i  S y s t e ~ ~ ~ :  Oxidizer laill( ~ i r e s s ~ ~ r i z a l i o ~ l  i s  coirlrollcrl by 

LOX prcss i~ r i za t io i i  ~niodi~le (iigilrn 3 1 ) .  A t  tile her~iilri iriq of LOX Lailk f i l l ,  tile vc i l l -  

re l ief  valve (11  i s  ollcncd. 0ul.iilrl r a ~ i i d  f i l l ,  LOX I S  s ~ ~ p p l i e d  Lo tile ta~i l r  a t  a III~X~I~IIII~I 

rate of 1 , 0 0 0  gpnl, a ~ l d  i s  tl ieii rcrluced to  2 0 0  rl11iii diirinrl s low f i l l .  W l~e i l  slow f i l l  

i s  conlplete, tl lc vci l t - rc l ief  valvc ( 1 )  I s  c losed aild ~ i rc -~ l rcss l l r i 7 i i t i o r i  t l c l i l l s  l l l l i i l  

desired lpresstire lias Ihccil rcaclled. Tl ic LOX Lailk I S  11re- l~ress~~rizcd Lo 3 9 . 5  t 0 . 5  

psia by a cold l ie l iu i ;~ q r o ~ ~ i l d  sr i l i~ i ly  (21  alrli l icd ~ I ~ r o ~ i i ~ i l  so le r~o id  valve (3).  Cold 

l i e l i u i i~  for  i i ~ f l i g l ~ t  ~lresst i r izat ior l  i s  stored in  eic~i l t  spllcres (4 )  cllanied l o  

3 , 1 0 0  1 1 0 0  psi  a t  -360-  located i l l  t l ~ c  L I i 2  tank. T l ~ e  f l i r ~ l ~ t  l lrcsslire scrlsillr! 

C 
switc l i  (51 (sensing tall11 i i l iage ~>ress i l re l  controls l i re - l i~~css~~r izak io i i  by oi ic i l i l l r~ aiiri 

c losi i ig ti le onboard sli i itoff valvc (61  for cold l ic l i i i in ~ l r e s s i ~ r a n t  flow, aild i l l  t l l is  way 

acts as a req~tlator. Switct, (71 /picks 119 at 4 6 5  t 1 0  11siq a ~ i d  Closes oiil>oard s1111loff 

valve ( 6 )  aiid dr011s out at 3 5 0  i 1 0  l i s i r ~  and o11e11s sl l i i lof f  valve (6).  I n  case of 

regulator fa i lure durii ig f l ig l i t ,  pressilre switch (7) atid p lc i l i ~ in  c l~ai l iber ( 8 )  act as a 

backiip regulator. Durinrj boost, n o  prcssurc vent or r e l i c l  I s  ant ic i~iatcd.  
C 

Wlieii engiilc igni t io i i  i s  detected, f l i gh t  p l rssi i re switc i i  (5) i s  c l~angcd  over froin . 
coi i t ro l  of tile onboard s l~ir tof f  valve to c o i ~ t r o l  of solelloid v?Ive (9). 011 board sll i i loff 

valve ( 6 )  w i l l  go to i t s  open position, a l l o w i ~ ~ g  cold l i e l i i ~ n ~  to f low fro111 ll le cold Iieli11111 

supply tiiroucili t l ie re i j~ i l a to r  ( 1 0 )  reducing pressure to  4 5 0  '25  psia t l i ro i iq l~ the on- 

board shutoff valve (61, past tl ie plenum cliatnher (81 and prcssure switch (7), i l l to a 

manifold. A portion of the cold hel ium f lows to  the eilgii le heat excl~al lger (ll), wllerc 



OXIDIZER TAN!< PRCSSURIZATIDN S Y S T E M  SCHEMATIC 

Major C o ~ i i ~ i o i i e t ~ t s  - Ta i l (  pressur izat ior~ S ~ S ~ C I I I  a ~ i d  vetit-relief systei~i .  

Taiik Pressur izat ion - Pressur izes file1 tank to  ii iairitain proper net s t~c t io t l  i lead 

1 sysie" 
pressure for ti if i u c l  1pu111p andbrevent cav~ ta t io t i  arid possibie 

f i ic l  piii:ip daiiiage. Colitains f t ~ e l  tad( lprcssi i r izat io~i  c o ~ i i r o l  - - 
n~odule.  

2 
+ u 

Vent-Rel ief  SYS~EIII - Vet i ts fitel tank during f i l l  and i n  i l ig l i t .  C o ~ ~ t a i l ~ s  two $5 J=I 

p~ ie i l i~ ia t i ca l l y  co~ i t ro l led  valves and a spring-loaded rel ief  c. i u x 

valvc. 
7" 

G E N E R A L  DESCRlPT lO l i  

Ti le S-IVB/S-IB i ~ l i l i z c s  l ~ y d r o i j e ~ i  as fuel. L H 2  i s  stored in an insirlated cyl i t ldr ical  

tailk of 1 0 , 4 2 6  c ~ i  f t  vol l~ ine.  L H 2  a i  - 4 2 3 "  F i s  pressurized w i i l i  GHe fro111 ground 

solirce to 3 0 . 5  r .5  psia. Usable capaci ty i s  3 5 , 3 3 3  poiinds LH2 w i t l i  a res id i~a l  of 

ap1)roxiinately 3 0 0  po~ inds  at 1 0 0  ipcr cent load. During f i r i ng  in  f l lg l l t ,  tlie tank i s  3 pwssur ; ied  . .  v i ~ t l i  GH2 fro111 J - 2  etlqine bleedoff. 

OPERATION ( S r c  firl l ire 3 2 . )  

I 
F ~ i c l  Tarik P r c s s , ~ r i z a l i o ~ ~ :  Tile iue l  tank ullage ~r l i rst  he o~aintaincd at proper opcratii ig 

l i resst~res to assure a !let i iosi t ive suction Ihead a: tl ie L H 2  pl~nl ,  i n le t  to  prevent cavi ta-  

t io i l  and porsi i> le ji l~nip dcsiruct ion.  D u r i ~ i g  rapid f i l l  phase, L H 2  i s  sup l~ l i cd  at tile 
' 

I rate of 3 , 0 0 0  gpn~. V f n t  valve ( 1 )  i s  opened. The f inal  topping f i l l  rate i s  2 5 0  gpm. 

A l  tl ic start of i i i i a l  toppinil, vetit valve (1) i s  closed a ~ i d  press~iriza:io~i i s  in i t iated 

w i th  l i e  i r o n  ground source a t  6 0 0  psi, -360 '  F .  Tile flrel tanL i s  prc- j~ressi i r i red to  

3 0 . 5  t . 5  psia. M i n i i i i i ~ l l ~  LO pressure i s  2 3 . 5  2.5 psia. Dur ing boost arid prior to  I eiigitie start, tl ic fuel  tank does not require ventil ly as  no appreciable lpressure r ise i s  

anticipaied. Tanl( pressure w i i l  remain ~ i e a r l y  a t  LO valve, ensuring suff ic ient  jiressure 

for engine start. 

GH2 1s bled fro111 tlie J - 2  engine tapoff ( 2 )  at 7 5 0  psia, -260 '  F t o  ~na i t i t a in  pressure 

during e ~ l g i n e  firing. Pressure i s  controlled hy ti le fuel  tani( pressurization coiitrol b dl , o u e. GH2 f lows froni e n g i ~ i e  bleed t l i ro i ig l~ an undersize or i i ice (3; t o  the fuel  tank. 

Control vaive (41 and step valve (5 )  are held closed. F iow tlirougli tl ie lindetsize 

or i f ice ( 3 )  i s  not su f f i c ie i i i  t o  maintain taiilk pressure wiien engine f i res and file1 i s  

being p u ~ n i ~ e d  out. Pressure decay i s  sensed a ~ i d  control valve (4) opens a t  2 8  psia 

adinitting f low t l i rougl~ a larger or i f ice (61 un t i l  pressure bui lds to 31 psia atid c o ~ l t r o l  I 

> valve (41  c;oscs. Step pressure valve ( 5 )  i s  l ie ld closed for 3 0 1 . 6  seconds of engine 

j' brlrn, tl ieii opens ai lowing pressure to  bu i ld  1111 to  vent pressure at 43 psis, venting 

overboard a t  re l ief  valve (7). 

Vci i t -Rcl icf  Systelii: T i le fuel  tanl( ve~ i t - re i ie f  syste111 corisists of a conibination vent- 

re l ic f  vaive (11, a rel ief  valve (7 )  a ~ i d  an overboard vent. Tl ie co~;;binatio~i vent-rel ief  

valve ( 1 )  i s  controlled by ti le L H 2  vetit actilatioli ~ ~ i o d ~ i i e .  During fuel  tank f i l l i ~ i g ,  th i s  

valve i s  p ~ ~ c i i i i ~ a l i c a l l y  opeiicd a ~ i d  closed l ~ y  actuation of a soletioid iii tlie fuel  vent 

a c i i ~ a t i o ~ i  ~niodulc ventii;g t l~ rouqh  the LH2 u~~i! , i l ical  vent. Ti le solenoid i s  energized 

IIY an overlircssurc switch. Valve (1 )  i s  opeiied a t  f i l l  i n i t i a t ion  and i s  closed a t  start  Figure 3 1  



; F U E L  TANK PRESSURiZATlON SYSTEM SChEMATIC I S- iVB/S-iB F U E L  SYSTEM ( C o n ~ ~ n ~ ~ c d )  

of fuei tanlc i~ rc - l~ rcss i r r i ra t io~ l .  Vc i i t i~ l i l  d i~r i t lq lioost i s  11ot a1lticil1atc<l lbiil i s  ~~rov i r i cd  

for by rci ief  valve (7) wllicli i s  spring-loaded Lo v e ~ l t  at 4 3  lisia arid ciosc al 4 0  psia. 

Venting i s  overlioard in  f i ig l l t .  Vc~ l l - rc i i c f  valve (7) i s  co~itrol lcd to 011~11 at 4 3  11sia 

a ~ i d  close at 4 0  ipsia. A piioi-olperatcd directional valve directs vented gases LO Lilt 
stage umbilical ( 8 )  diiring ground operation, or to tile dual 4- inch overboard vcllt l i l ic 

in fiieht. 

Figure 3 2  



5-IVB/S-18 PNEUMATIC CONTROL S Y S T E b l  i lCoi i t i i i t~cd) 

GHe providcs prcssiirc to ollcratc a l l  S-IVB stage p;lcii~iiaticaIly-operated valves 

except tl ic c i ig i i le valves. GHc i s  su l~p l i cd  fro111 a s1111ere />re-cl~arged to  3 , 1 0 0  t l O O  ' psi, at 70" F f w n  groiitid f x i l i t i e s .  T h i s  s p l ~ r e  located OII l l ic  forward side of the 

thr i is t  siructure i s  l ~ r e - c o ~ i d i t i o n ~ d  to  a l~ove  7 0 "  F by ti le e n v i r o i i i l i e i i ~ l  control  systcii i 

wl i i le oil tl ie groiind. Tl ie pneui i~al ic coi i t ro i  module f i l t e rs  and rcgiilates t l i i s  prcssiire 
to  4 7 5  1 2 5  Ipsig to ti le otlier coiitrol modules. I: i s  protected from regulator fa i l t i re by 

a norinally-open so lc i~o id  valvc coi i t ro i lcd by a dovdiistrcaii~ pressiirc-sciisinq switcli. 

3 At  pressures greaicr  i l ian 5 3 5  i:O lpsiq, tlic prcsstirc switch picks i i i i  aiid closes the 

valve. A t  pressures Ibclow 4 5 0  t 1 0  psig, tl ie pressure switc l i  drops oiit and al lows tlie 
solenoid to open, thus acting as a ijacl(up regvlalor. Presstire rur i les are a i ~ s o r l ~ e d  by 

ti le p lcnu l~ i  cIiaiiil,cr. l i i  addi t io i i  t o  operatiiig valve, ti le GHc systeiii a lso i l rovidcs He 

for p~ i rg i l i g  tile L H 2  aiid LOX turbiiie seal cavi t ies,  and gas gcncrator fuel  inai~i fo ld.  

T l i i s  starts tc i i  i l i inutes before adiii itt ing propellants to  tl ie enyiile. GHe i s  supplied to  

011crate ti if fo i iowi i ig valves: 

a. Enginc start tanL vclit valve 

b. Pilot-operatcd direct ional  vent valve 

c. Fuc l  tail!( vci i l - re l ief  valvc 

d. Fuc l  f i l l  and drain vaive 

e. LOX f i l l  and drain valvc 

f . F u c i  pre-valve 

g. LOX prc-valve 

11. LOX vcnt-rc l ief  vaive 

i . L H 2  cl i i l ldown valve 

j .  LOX cl i i l ldowi l  valves 

S-IVB/S-IB PNEUMATIC CONTROL SYSTEM 

Malor Coml~onents - - Coiitrol t l c l i i i ~ i ;  Sloracic Spliem, P n c ~ i t ~ i a t i c  Power Co i l i ro~  

Modiilc, Cl i i l ldowi i  Piii i i l i Piirrjc Cotilrol Module, En~r i i i e  Puiiip 

Purge Co~ i t ro l  Riloclule, Plel i l l i r~ Cliaiilbcr, arid s ix Actuat io i i  

Coirtrol Modules. i 
Coittrol Hc1i~i:i i - Stores aiiibient GHc for 011eratioii of ~ ~ i i e ~ i ~ i i a l i c a l  ly-ol~cretccl 

S1'iiere 
valves. Capacity, 4 . 5  cil I t .  Prcssiire, 3 , 1 0 0  t l O O  lpsia 

a t  70" F. Located on tlinrst strilcii i ie. 

Pneili i iatic Power - F i l l e r s  aiirl rcdticcs GI!? froii i storarlr sl1iicre ill 3 , 1 0 0  ps ia  to  
Control 

4 7 5  k 2 5  ps i i i  for opcratioii of ~piicuiiiaLic valves. Coiilai11s a C 
f i i ter ,  rer~i i ia lor ,  pressure-sciisi~ir swi lc l i ,  and two solei io id 

operated va lvc i .  

C l ~ i l l d o w ~ i  P~IIII~I - R C ~ U C C S  GIIC S L  4 7 5  i 2 5  i)si(i LO 4 9 - 5 3  ~ps ig  arid i i i r i~ i s l i cs  
Purgc Coi i t ro l  Module 

i t  l o  111ir!lc tlie iiiotor-dr;vcn L O X  cl i i l ldowi i  II~IIII~. Coiitains a 
a iircssiirc rcdi ic inr~ or i f ice,  pressure-sensiiig switc l i ,  and 

solcnoid ollcralcd valve. 
C 

Enr~ i i i e  P u ~ i i , ~  Ptrrgc - Rcdiiccs GHc a l  4 7 5  1 2 5  ps iq  l o  1 0 5 - 1 3 0  lpsiri and f ~ ~ ~ i i i s l l c s  
cOiliro 

i t  to ptirqc tlic Ll12 aticl L O X  t i i r l~ i i i c  scal  cavi t ies.  Co i i~a i i i s  
a prcssiire rediicii ic~ or i f ice,  ~pmssurc-sensiiig switc l i ,  and 

s o l c ~ i o i d  o i~c ra tcd  valvc. 

Plenuili C l i a ~ i ~ l ~ c r  - Localcd dowi is l rcat~i  f ro~ i i  p i ic i tn~at ic power coi i l ro l  t i~oi l i l lc  to 
a l ~ s o r l ~  siirgcs o l  GHc iprcssutc wl i ic l i  cal l  p o s s i l ~ l y  r rac l i  

5 3 5  psicj. 

Act!iatioii Colitrol - Tliere arc s ix actuatioil co~ i t ro l  imodirlcs to  olicraic LOX f l l i  aiicl 
Modu lc 

drain valvc, L H 2  f i l l  aiicl draiii valve, LOX aiid i H 2  ~ ~ r c - v a l v e s ,  
LOX vci i t - rc l ic f  valve, L H 2  vci i l - rc i ic f  valvc, iliicl 111 lo t -  

o~ieratecl d i rccl io i ia l  vent valve. Eac i i  acttialloil coi i l ro l  niodulc 

coi i ta i i is  two  solenoid operated three-way co i~ t ro l  valves. ( 



S- IV6  F L I G H T  CONTROL 

F l i g l ~ t  control  acliieved b y  giinbalii ig J-2 e i ig i~ ie  d u r i n ~  ii iainslagc operation. Hyclra~i l ic  

systctn provides t l l r~ i s t  vector s i e ~ r i i i g  in  j i i tc l l  aiid yaw p l a i ~ c s  oilly. Rol l  cot l l ro l  i s  

accoi i ip l is l~ed by  a series of A P S  module firi i lgs. A P S  also provirles tl lri lst for at!ititde 

\ co i~ t ro l  i n  outer at l~~osj ihere wliere c o i ~ v e ~ ~ t i o t i a l  a c r o d y i ~ a ~ ~ i i c  controls are inc f fec t i ve ,  

I A P S  corrects attit lrde errors i t ?  l i i tcli, yaw, or ro!l axes by plilse f i r ~ i i q  A P S  n ~ o d ~ i l c s .  

A l l  steering and attitude coiitrol s ignals arc supplicd by Llie IU. t lydrai i l ic  sysiet,l i s  

capable of ginibaling enr~ine r7' i n  a square pattern. A P S  w i l l  correct a t t i t~ ide  errors 

of tl". 

PNCUMATIC CONTROL SYSTCM SCHEMATIC 

Figure 33 



HYDRAULIC SYSTEM (Continucdl 

DPF network in  scrvovalve d a ~ ~ i p s  prcssuie surges In system oy acting in opposition 

to coiitrol f l u ~ d  flow. 

OPERATIOV (See fig- 

Auui l ia\y Hydiaulic Punip C i c i i i t  - Coast Modc/Unpowercd F l ig i i i  F lu td  flows from 

p~inip (11 through valvc (21 and f i l ter  (31 to cavl ty in  accumu,ator 14), acts against 

p ~ s t o n  (5) to pressurirc rcscrvolr (61 to working (pressure. Pls lon (7) balances system 

prcssiirc at 3 , 6 5 0  psiq.  i l u ~ d  froln cavity (41 flows to rnlet of actuator assemblies 

(81 and (91, i s  d~rec ted  to scrvovaives (10)  and (iil and i s  returned to reservoir (61 

through valvcs (121  aiid (131. F low iiom reservoir (61 rs routeu :nrouyli pump (14)  

case d ra~ i ,  and rcturiied to pump (11 in let  ihrouyli l ine (151  Valve ( 1 6 )  prevents 

backflow to pun~p (141 and reiatns systenl pressirre for l~n i i ted  time. 

E11i)illc-Driven tiydratll lc Pllmp Circ i i i t  - Po~ucrcd F I i g l ~ t :  Fluid fiows from pllml) ( 1 4 )  

t l i ro i~g l~  valve (161  wheii o i~ t le t  prcssure exceeds residual systeni prcssure, and i s  

d~rcc ted  to actuators (81 and (93 through f i l ter  (31 and accuniulator (41. I f  IU  siyliai i s  

HYDRAULIC S Y S T E M  

I 1 Major  COIII~IOIICII~~ - E l l ~ i i ~ i c - D r ~ v c i i  ~ ~ y d r a t l ~ c  PIIIIIII (1). Idolor-Orivc!i Aii;<.li,~r; 

Hy i l ra i i l ~c  PIIIIIII (I),  Acci i i i~ i~lator-Rcscrvolr  A s ~ r ~ i i i f l l y  I l ) ,  

Hyrlraii i ic Ac i i~a to r  Assci i ib l tcs (2) 

Cllgirle-Drivel1 - V ickc r j ,  v a r i a l l l c - ~ I ~ s ~ ~ l a c c i ~ i c i i t ,  yokc-tyjic; i l c l i vc rs  t i  rl l i~lt a l  
Hydraul ic Puiiijl 

8 , 0 0 0  ~~IIII; l j r css~~ l -c  coi~ilieiisator r c g < ~ l a i c s  j l i i ~ i i j ~  j ~ r e s s i ~ r c  at 

3 , 6 5 0  lpsi~i; clrivcii l ro i !~  LOX l1irl1o~i11111~1 (by CIIIIII sliafl (sl1car5 

lhctwccn 1111iiil1 n1d t i i r l ~ o ~ i i i ~ i ~ p .  

F~lotor-01.ivcii - Variable-~I~sjilacei~ic~it, ~ l rcs i i , r c  conipciisaieii; r l r l i vc rs  1.5r l j i i11 
At ix i l iary t i y d r a l ~ l l c  
Pui ip a t  3 , 6 5 0  I I~I~J;  niotor t i ~ r i i s  1 3 , 0 0 0  r11ii1; nlotor o ~ ~ c r d i i i i q  vol t i l~ jc,  

5 6  vdc. 

Accu~i i i i latnr-  - Rcservo~ f  vol i~ i i ic ,  1 6 7  cii 111.; accu~i i i i iator vol i i i i i r ,  2 8 5  ci l  in.; 

Rc ic rvo i r  Assci l ib ly 
acr:iiniiilaioi~ j~rc-cli; iri jc l~r i .ss~irc,  2 , 3 5 0  11siij; G N .  ; ro i i fa i i i s  2 '  

I two ~ l l i c r -ac t i l l y  p i s lo i i s  

I 
applicd to servovalves ( 1 0 )  and ( i l l ,  control spools (173 and ( 1 8 )  are sh~ f ted  to ! Hydra i j l~c  Acl i iator - Mou~ i tc r l  90 '  a11nrt; ~C~I : .?~ I I IO  c y l i i ~ d c r  1s I ~ ~ i c a r ,  iioiiblc-acI1111j; 
operate act i iat~i iy cy l~ndcrs .  Rctbrn lhne fluid flows through valves (12)  and (131, Assci;~blies 

total strokc 1s 2 . 9  ~ i ~ c l i c s ;  i l c l~vc r ;  4 2 , 0 0 0  ~poiinrls iorce; 
reservoir (61 to pump (143 ~ n l e t .  Valve (19)  provides systcnl high pressure protection 

actitator l ias i i i c c l ~ a i i ~ c a i  ~: i~r lstrol<c lock; scrvovalve 15 f low- 
and i s  adlusted to crack a t  3 , 9 0 0  p s ~ y .  Valves (201  and (211  provide low-pressure 

coiitrol type wit11 d y n a i i ~ ~ c  pressrlrc i cc i l l~ac l i  (ditinliiiigj; i i ~cc l ia i i i -  
system protection and w ~ l l  vent fluid overboard when pressure exceeds 2 7 5  psrg. 

cs l  fcct l l~acl(  (actiintor-to-scrvo) iiscd lor  c i i i j i ~ l c  posit1011 

GENERAL DESCRIPTION 

Hyr l ra~i l ic  sybtciii ~ i r o v ~ i l c s  t l l r ~ ~ r t  VCLLOI. sLccr$~i(j ( p i t ~ l i  a11(1 y11v1 011ly) for sta((c ~/!I~III~I 

itiaii l c i i g ~ i i c  lht~rli. Ma in  c i ~ q ~ i i c  i s  q i i i i ba lc~ l  t7 - f i o i11  staijc c c i ~ l e r l ~ r i c  by  Lwo I iyr i ra i r l~c 

actuator a s s e i ~ ~ l ~ i ~ c s .  Stccr i i iq s i i jnals froili I U  arc Lranslateil i iy  scrvov,?lvcs Lo olier.ilc 

l i yd ra~ i l i c  actiiarors. E i lq~nc-d r i vc i i  OIIIIIIJ opcratcs o ~ i i y  ~ i i i r ~ i l r j  I ~ ~ ~ I I I I S ~ ~ T ~ J C  IJIIIIT. Motor-  

d r ~ v e l ~  11iii11~ acts 35  backiip to ~ I I ~ ~ ~ I I C - ~ ~ ~ I V C I I  11iiiii/1 d i i r i i i j  111.111is1ilgc ~IIIITI, I I I U V I ~ J ~ S  CCII- 

I iyc!ra~l l ic  f l i i i r l  ( IL I~ I I~ !~  coast, l ly ~ ~ ~ r ~ o i l i c a i l y  CYCIIIIIJ il i i id.  Acc~i~ii~tator-reservoir ASSCIII- 

b l y  i s a i l  ti itcgral l i o u s ~ ~ i q  w l i l c l ~  coiitaii is rcscrvoir  a i ~ i  acc i r~ i i i~ la to r  scclioiis. Rcscrvoir  

secttoil 1s prCSSIIr!rcd to w o r l ~ ~ l i c ~  1)rcsSilrc (aI jpro~i~~l . l ie ly 169 lJsi(1) i l y  C i t ~ l e r  IIIII~IIJ; 

valvc uses torclue inlotor to  coi ivcr l  I U  sigi ia ls to ~ i i o ~ ~ o r t ~ o i i a i  f low ratcs a1 actuator. 

73 
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AUXIL IARY PROPULSION S Y S T E M  

Majo r  C o i i ~ ~ ~ o n c n t s  - Aux i l i a ry  P r o l > ~ ~ l s i o ~ i  Moi lu lcs (2); cacl i  eiodulc co l i l a~ i l s  tl irce HYDRAULIC SYSTEM FUNCTIONAL SCHEMATIC 

attitt ide co~ i t ro l  engines and propollant coi i t ro l  system; a i i x ~ l l a r y  

propi i ls io i i  systein modulcs arc t i io i i~ l tcd 1 8 0 '  aparl, on 
m 0 
3 3 

rl r. 
af t  skir t .  3 rl 

A t t i l ~ i d e  Control - Tapco, 1 5 0  lb ihr l is t  per c i~gi i ie;  c l~at i ibcr presstire, 1 0 0  psi; 
E r i y~ i ies  

pi~lsc-ty lpc ciigil les cqiiipi,cti wit11 mo iy l~dcn i i i~ i  tl iroat ; i i ~ c r  arid 

rcfrasi l  cllainber l l i icr  for ablat ive cooling; cilaiilbcr o l ~ c r ~ t i i l g  

t c i~ i~ jc ra t i i r c ,  a l , l>rox~i~~aic ly 5 , 5 0 0 '  F. 

Pro;>cllant Control - l i~ tcg ra l ,  l~c l lows- type  ~ l ropc l lan t  t a ~ i k  incorjioraies He sl i l~crc,  
Syslcll ls 

f i ic l  taiil(, anti ox i r l i i e r  ta~ ik ;  cciitrally-locatccl Hc spilcrc 

lprov~dcs posi t ive cxp i i l s~o i i  prcss;irc for f ~ i c l  and oxidizcr tatiis; 

fuel  tanl( stores 2 3  lb of MMH; oxidizcr tank stores 

3 7  1b li ltroqell tctroxide; Ipropellaiits are Ihypcrgolic; closed 

looil systcll l. 

GENERAL DESCRIPTIOM (See f ~ g l i r c  3 6 . )  

At t~thide coritrol e i i g ~ i ~ e s  providc t l ~ r c c  axes cotitrol for S - I V B  stage d u r ~ i : ~  coast pliase. 

Rol l  cotitrol i s  a lso ~ i rov idc t l  by sys tc~ i i  d i~ r i i i g  n a i ~ l s t a ~ j c  011cratio11. Rcnct io~i- type 

coiltrol i s  prov~Oed by ptilsc f i r ~ i i q  ~ I ~ ( J I I I C S  (11  sl iort b i i rsts ( 6 5  11;s 1111il ( l i i rat io~l) .  A l l  

coiitrol s ignals sillpl>iied direct ly fro!!, IU. Coiitrol c t i r j~ i i cs  arc ~pi i lsc fircti 111 ,pairs to 

i i i ~ t i a t ~  arltl st of^ att$:li(Ie correction. 

i ! 
I 

OPERATION (Sce f ~ r j i ~ r c  3 7 . )  

j 
F i l c l  ~ i i i l  OXI ( I IZC~ Co l~ t ro l  PICSSII~E CI~CI I I~ :  F i ie l  ail(; O X I ( / I Z C ~  SYS~CIIIS i lre re-circ i i lated 

iron1 ground soilrce by o ~ j e i l ~ t i q  valvcs ( l j ,  (21, (3) ,  and (4), al lowinr j  f i ic l  and/or 

o x i d ~ z e r  i o  f low tI,ror~gli tanks n ~ i d  fccd I i i ~ c s .  Fuc l  aiirl oxidizcr rctiirncd fro111 ciiglnc 

vci i t  Iports 1 5  routed to r c s p c c t ~ v c  s i i j i ;~ ly solircc t l i ro~igl l  fuc l  aiid oxidizer verl: 

d ~ s c o ~ l ~ l c c t s .  Sys tcns  are pilrgcd by opcnllig valves (2 )  2nd (4) ~ j c r ~ n i t t i i l g  GN2 to f iow 

t l i ro i~q l i  c i ~ c c k v a l v c s ( 5 )  and ( 6 ) a n d  retorti to su l~p ly  soi~rcct l i ro i ig l i f t re l  and ox id i rc rve t l t  

disco~it;ects. P r ~ o r  to pro11clla~:t l o a ~ l i i ~ q ,  He sl~l iere i s  p r c s s ~ i r i r c d .  He froin groiind 

source f lows t l i rour j l~ valve (7) and p rcss i i r i l cs  tatil( to 3 , 0 0 0  ipsig. Va lve  ( 8 )  

r o v t l c s  i i - r c s s r c  ~ r o t e c t o ,  I r e e v e  a t  3 , 5 0 0  psig,  reseating a t  3 . 2 0 0  ,rig. 

Hc coiitrol prcssiire i s  rcg i~ la ted  to 2 0 0 1 5  ps iy  in  rciiundant regulator contailled i n  He 



AUXIL IARY PROPULSION S Y S T E M  ( C o ~ ~ t i ~ ~ o o r l )  

co~ i t ro l  lnod\ilc. Regirlator (9) i s  ~no t~ i ia i l y  olicii l o  i~ rov idc  sys lc~ i i  jp~cssiirc. I f  

i ior!i ially o l x t i  regillator fa i ls ,  (j ircssure too Ii i$ll) I i ig l r -pressi~lr  switc l i  i s  act ivalrd,  

sets relay IU4, arld 0 ~ 1 ~ 1 1 s  regulator (10) .  Low-prcssurc s w i t c l ~  w i l l  set r l a y  K4 aiid 4 
olioti reg i~ la to r  ( 1 0 )  i f  pressore i s  too low. Rerjulatod pmssure w i l !  bc dii~n;icd by 

valves (11) and ( 1 2 )  i f  pressure exceeds 325 psig. D u r i ~ l g  opcra!ion, systeni w i l l  

r ~ i a i i ~ l a i n  propel la i l is  at engine fuel /oxldizcr i i i l e t  valves at 2 0 0  l ls ig lircssirre. On 

grodiid Ihiyli-pressure Hc sysleni and ~ c g ~ ~ l a t e d  He p r e s u r c  [nay bc vcl l tcd t l i r o ~ i q i ~  

solenoid valves energized iron1 GSE power. 

E l e c t r ~ c a l  Control Circ i i i t .  U l ~ o i i  coi~i~nand, 2 8  vdc powcr fro811 IU coi i t ro l  ~ n ~ o r l i ~ l c  

ei iery jzes relays K5, lK6, K7, and 1K8 c l o s ~ i i g  contacts. Contacts of 1K5 and 1K6 open 

o x i d ~ z e r  valves A aiid B and open fi.el valves I and 2. Contacts of K 7  and IKS open 

o x ~ d ~ z e r  valves C and D and open fuel  valves 3 and 4. Systein i s  quad-redundant for 
s 

optmiurn r e l ~ a b i l i t y .  



AUXILIARY PROPULSIOK SYSTEM CC.ITROL SCHEMATIC 
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5- IVB ELECTRICAL SYSTCM 

20VOCFORWIWOPOWER 
SYSTEMI1 POWERS 

2BVOC FORWARD POWER 
SYSTEM42 P4WERS 
1. PROPELLAIT 

2. SGVMAl4O 
UTILIZATION SYSTEM 

oEsT>UCT 
RtCElvrR L1 

2. INVERTER/CONVERTL11 

3. SWITCH SEUCTW 
3. COMMAND DESlRUCT 

SYSTEM I2 

2OVOCAFT POWER 
SYSTEUa1 POWERS 
I .  2-2 EMCINE \ 
2. PRESSURIZATION 

SYSTEM 
3. &UXIUARY 

PROPULSlON SYSTEM 

----- 
SbVDC AFT POWER 
SYSTEM I2 POWERS 
1. AUXlLlAPV HYORAUUC 

PUMQ MOTOR 

2. CHILLOOWN FUEL AND WX 1HVERTEI)S 

4. SEQUENCER 

Prov~des  ciectr ical  powcr for operailon of ve l~ ic le  subsystcn~s. Consists of fo t~ r  

iiidepcndent sysicms: 

a .  Forward system No. 1 ( 2 8  vdc) powers T/M, range safety recelver No. 1, 
swi ic l i  selector. 

h. Forward syi tc ln No. 2 ( 2 8  vdc) powers PU system, inverter-converter, 

range safely receiver No. 2 .  

c. Af t  system No. 1 ( 2 8  vdc) powers J - 2  engine com~~onents,  pressur izat~on 

systellis, a i lx l l iary propulsion co~nponenls, stage sc<jllenccr. 

d. Af t  system No. 2 (56 vdc) powcrs a u x ~ i ~ a r y  Ihydrat~lic p~inlp niotor, LOX 

and LH2 c111ild0w11 inverters, w l ~ j c h  supply ac Lo ci i~ l ldorvn ~pumps. 

A l l  e l e c t r i c ~ l  systcnls use sclvcr oxide and zinc piatc ibattertes; operat~onal i ~ l e ,  72 hrs. 



Major C o ~ t ~ p o ~ i e i ~ t s  - 2 &  vdc, a p l ~ r o i  2 7 0  AH Eatic iy ( I ) ,  2;  voc, al~ljrox 55 AH 

Battery ( l ) ,  2 6  vdc, al)ltrox 3 AH Battery ( I ) ,  56 vdc, approx 

2 2  AH Battery ( I ) ,  Interiial-Exteriial B~ isses  (41, Talkbacl~ e 
Bus ! I ) ,  Intemal-External S w ~ t c l ~  (4), Power D~str ibi l t ton 

Boxes (31, Sw~!cl~ Selector (11, Seqiiencer (1). 

Bat te r~cs  - Posit ive plate, silver oxide; neyatlve plate, zinc; electrolyle, 

~~otass tu i i i  lhydr~xide, sealed, pressurized u i i ~ t ;  tcrnpeiature- 4 
coi~trolled, se iv~ce lire, 7 2  lirs, 

ln lc i i~al-CxlcmaI - Power d~s l r ib i t t to i~  ~ p o ~ i i t  for a l l  f l i r j l ~ t  ol:cialtoi~al cqill1)iirnt 111 
Biisscs No. 1 a i ~ d  
No. 2 r e s ~ r c t i v e  secttot?. 

Talltback Bus - Returns stage status iniorniation to GSE. Extemally lpowered 
e 

Ii iternal-External - GSE-coltrolled transier switch cliailyes over power froill GSE to 
Swltcl, 

staye batteries. 

Power Distribuiioii - Distr ibr i t io~i pollit for external or ii i leriial power to cquipillent 
Box 

located iii stage. 

Switch Selector - (GFE) Traiislates IU dir,ital coininands to S-IVB staye co~ i i -  

inlands. 8-bi t  mon~tored otttptit of 1 1 3  1poss~111e co111111ands. 

Sequeiicer - Rece~ves co~limands ffom switcli selector. Contains niag-latcli 

relays, cont ro l l~ny  a l l  stage fun~t tons .  - 
OPERATIOX 

Aft Systein: Aft  power systeni No. 1 ( 2 8  vdc a:)prox 5 5  AH) powers intcrnal J-2 

elirjitle syste~iis, pressiirrzatlon systems, aft battery Iieaters, stage seqislicer, APS 

modules, and ullaye rockets. 

Aft  power systei~l  No. 2 (56 vdc appvox 2 2  AH) powers aiixiliary liydraiilic pii~lip, LOX 

c l~ i l ldown and LH2 clii l ldowrl i~iverters. lr~verters require 3-phase ac 11ower. iieccs- 

sitatilly lhiglrer voltage batlery. Botli batteries located in  art skirt. A f t  liower distr i -  

butioii box (in ait skirt) i s  distribiitioii lpoiiil ior i i i tcmal atid e x l c r ~ ~ a l  ~ioivcr. l~ i l c r i ia l -  

exteriial svritcli, col~trol led by GSE, c o ~ i ~ i e c t s  rrto,ij r l  i lo\tcr for st,.iic c i iecko~~ l .  GFE 
----- -- -- 



t S-IVB ELECTRICAL SYSTEM (Cor i t~~ i~ tcd)  

sw~tc l i  selector translalcs seq~~ci icing co~i i~na~ids fro111 IU to starjc cot~inia~ids. Conta~ns 

error cliecl(tng c~rcuitry. Stage sequencer recelves s ~ g ~ i a l s  fro111 sw~tc l i  selector, sets 

or resets relays to actuate stage functions. 

Forward System: Forward power system No. 1 (28  vdc approx 270 AH) powers T/M, 

range safcty systctii No. 1, sw;tcii selector and forwaid battery Iicaters. Forward 

power system No. 2 (28 vdc approx 3 AH) powers PU systctii, inverter-converter, and 

) range safety No. 2 system. Both battcrles located in fonvard sk~ r t .  Forward powcr 
.- -- 

distr ibut~on box (In forward shut) is  d ~ s t r ~ l ~ u t i o n  point for intcrtiai (fligiit) and external 

(checkout) power. lntcrnaisxternal sw~tcli, controlled by GSE, connects ground powcr 

for stegc cltccl(o~tt. 



.i 
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FOR\rdARD ELECTRICAL SYSTEM F U N C T l O k A L  SCl'iPdATIC k 

;! 

A F T  E L E C T R I C A L  SYSTEM FbNCTlONAL SCl ICMATlC 

M I  r n w u  
D I S ~ I S U T I O N  nm ----- 

1 
I 
I 

INTERNAL - CXTERUAL RELAY 

I 
------- I 

I 
I 

AUXIUAQY 

HYDRAULIC PUMP 



P R O P E L L A N T  U T I L I Z A T I O N  S Y S T E M  FUNCTIONAL SCI/CMATIC 
S-IVR PROPELLANT U T I L I L A T I O N  S Y S T E M  

Majo r  C o i ~ ~ ~ ~ o i i c i i l s  - F ' i c l  Mass Setisor ( I ) ,  L O X  M ~ s s  Scnsor (11, P U  Elcclror i ics 

Assc i i i l ~ l y ,  Invcrtcr/Convcrtcr. 

F u c l  Mass  Sensor - Cnpact l ivc typc; 1 ,200  picofarads in air; 1 , 0 0 0  k at 5 0 0  vdc; 

tcii i l lcratlirc ranqe, 1 0 0 "  F to  -423" F; inclicnlcs f l ~ e l  load 

~nass; locatccl 811 L H 2  ts11L. 

LOX Mass  Sciisor - Ca l~ac i t i ve  ty l~e; 3 5 0  picofarads iii air; 1 , 0 0 0  I( at 5 0 0  vdc 

l c i~ i j~c ra tu rc  IJIIIJC, 1 2 0 '  F to  -297"  F; i i i r l icalcs LOX losd 

illass; locatcd 111 L O X  t a ~ i t .  

P U  E ~ C L ~ ~ O I I I C S  - IIIIIIIL IIOWC~, ac a1111 rlc lroii i i~ ivcr lc i . / ro i ivcrkr ;  20 vdc f ro i~ i  
Assci i i l j ly  

Forward No. 2 baticry; coiiL;liiis c leclroi i ics to  prov~clc (~ ropc l lnn l  

taiiL coiitvol s~gna is ;  iocaicd In fwd s l ( ~ r l .  
. 

liivcrlcr/Coiivcrtcr - Coiivcrls 28 vclc fro,n forwarcl No. 2 I ln i icry i ~ i l o  prcclsc nc and 

dc voltarjcs for P U  c lcc l ron ic  assc~ i ib l y .  

OPERATION (Scr  f i ~ j ~ ~ r c j k )  

Mctcr i i ig 11rol1cs ~provirlc c a ~ ~ a c ~ l a ~ i c c  oi t l j i i~!  r l i rccl ly j i ro j~or t io~ la l  l o  t.itik prol icI l , i i~ l  

niass. C l i a ~ i q i ~ ~ g  Icvcl  of  d i c l cc t r i c  (LOX or L I i 2 )  c l ia i i~ ies C~IIIICI~IVC V~IIIC of ljroljc, 

w l i ~ c l i  1 8  fed ~ i i t o  P U  c i c c t r o ~ ~ ~ c s  assc11111ly. Assc~ l ib i y  s iq i ia ls ~ ~ o s i t i o ~ i  scrvo ll iolor, 

wl i ic l i  co~ i t ro l s  LOX bypass valve oil J-2 rocl<eL c r i r j i ~ ~ c  wi l l i i i1 1 1 0  l icr  cctit of 5:l  

CII:I~IIC l i i ~x t t i r c  rat io,  I~CCIIIIIII ~CIII~IIIIII(I I iropcIlai~L I I I ~ S S  ~IICI CII~II~C ~OIISI I I :~ I~~IOI I  r a l l o  ili 

ha la~ icc .  N i a ~ ~ i t s i r i s  j r ro j~el lar i l  rcsidr ia l  to  1 5 7 5  11,s ( 0 . 2 5 2  total  irsable load). 

~ c i i s o r s  fcci l  it12 aiid LOX I~~.iclqc, w l i ~ c l i  src scrvo-hala~icecl. Qi t .~r l rat i i~~c i ic ts c l i ~ c c l  

probc errors, at trigrifrcd l i?tcrvals.  A~ i ip l i f i ed  s i g ~ i a l s  al11111crI Lo lpot slinfL ~ ~ o s t t ~ o ~ i i t i g  

Inotors. F c c d b a c l ~  dnni11s scrvoiiiolors. Pots coi i t ro i  P U  s y s l c ~ ~ i  o l ~ c r a t ~ o ~ i .  SIIIII of  

L l i 2  aiirl L O X  IIO:~ fcrl to s i in~i i i i i j  i ielworK. A ~ i i l ~ l i f i c r l ,  iiioi!ciIn!cd s1r111a1 i s  c i ~ ) p l ~ c i l  to  

ii i lxli irc r;itio sc,vo. Scrvo ~nlotol. coi i t ro ls l ~ o s i l l o ~ ~  of  P U  <aivc,  varyllirj ciirl l i ic i> i lx t i i rc 

rat io l o  c o ~ i i , ~ c ~ i s n t c  for ta~ i l (  itlass ~ i i i l ~ a l a ~ i c c .  P U  vaivc l~edb i l ck  1101 1111fIs a l i i t i l ~ l i c r  

otitput. Add;tioi,al 1101s su1111Iy T /M aiid i r~nss  l o a d ~ ~ i q  s ~ i i r i i ~ l s .  



T t  L E U t T R Y  SYSTEMS (Coot~r~,,cd) 1 

TELCCiCTi lY SYSTEMS 

bi- levcl ,  i t !  NRZ corlc. 111 f l : ~ l ~ L ,  outp~lt  i s  al,plicd dircct ly to F M  t ra~ is i i~ i t te r  No. 4 .  

PCM/FM systc~i l  aiso i s  ilscd for au to~ i~at ic  countdowii. Anaiog-to-digital cotivertcr 

3 oi;tpilt i s  i c d  tiirour~li VCO to GSE. 

A t a l x  recorder i s  ut i l ized to store a l~or t ion  of saiiiplcd data for lilayback coril~iiand by 

groi~nd site. 

1 Syste111 NO. 5 (SS/FM) Fur~ct ior ial  D e s c r i i t i o ~ i  (See figure 4 4 . )  

Mul l ip lexcd inpiits arc ioiixcd with CCO s i i l ~ l i a r ~ n o ~ ~ i c ,  aiilpliFicd, and single sidchai~rled 

with f i l ter ( f i l ler liasscs u:]pcr lhand). SSB/AM signal i s  at;i;ilified, and niixed wit l i  

i~icrci l icntal  s i~l i i iani lo~i ics OF CCO. Infor~~tat ioi i  i s  coiitaincd iii l ~ a s c  Ibiiiicl spcc l r~ t i~ i  of 

mod~i lator out(~ii:. Mod~i lator outpt~ts are applicd to s~rin~i i i i ig alilp. Coi~illosite output of 

enipl~asis sclicdula i s  ai~piicd; a l l  ciianncls are controlled by AGC iictwork to allow 

~niaxi l~~urn modi~lal ion of t r a ~ i s ~ i i ~ t t e r  at a l l  times. Out;>iit of AGC network i s  si1111mcd and 

applied to transmitter No. 4 .  Since 9 1 0  kc CCO provides a l l  translation and reference 

toiics, IIO cross-modnlation or data loss occurs i f  CCO drilts, as a l l  suiiseqiienct sl i i f ts 

ale proportionate. A p i lo t  io~ ie ,  wliicli i s  s i i I ~ - l i a r ~ ~ i o i ~ i c  of 9 1 0  kc CCO, i s  also a~>pl ied 

to s i l m ~ ~ i i ~ i i j  amp. Siiicc tll;s coiitiniious tonc i s  siippresscd or a ~ l i p l i f ~ e d  with cacli 

incremental service cliannel, i t  establislles input signal intensity during data retrieval. 

Mcas~~rcs ,  r~atlicrs, a~ir l  t r . i ~ ~ s i ~ ~ i t s  f l i r , i~t  i l i s t r u i ~ c n t a ~ ~ o ~ i  data (;lccclcrntio~>, forcc, 

; tilotion, liressi~re, strain, Letiipcratule, v i l ~ r a l i o ~ i ,  tiii1c-evc111 / ~ i t ~ c l i o i ~ ~ ,  cLc.) L O  CJ~OLIIIC~ 

I ~Lat iol is.  C 
Foiir i i iocl~~lat iot i  Lecl~niqlics used: 

a. F M / F M  - Consldiit a ~ i t ~ ~ l i l i i r i c ,  varyilig ireqilcticy s ig~ ia is  (FM) ~niod~ilate 

-- constant aiilplitiide, varyitiq lreqiieticy (FM) LraIisliliLtcr. 

li. PARd/FM/FM - Mi~ l t i i i l excr  coiiverts i i~ i i i i t s  to titlie-sliarcd, varyinri 

an i l i l i t~~de IJIIISC trail1 wliicll ti iorI~~l,itcs F M  silb-carrier cl ie~incl .  SIIII-carrier 

o i ~ t l i i ~ l  (Flvl) ~ i iod i~ la tcs  F M  L r a l ~ s ~ ~ ~ i l ( c r s .  

c. PCM/FM" - Multiplexer o i t t p ~ ~ t s  (PAM) arc coiivcrted froiit analorj to dirjital 

i for111at (bits) w l i i c l ~  inodulate F M  trat~sniitter. 

I 
d. SS/FM - M i ~ l t i ~ ~ l e x c d  it11~11ts are a ~ ~ d i o  t i~odi~lated (AM)  t l c n  s i~ ig le  side- I 

r Iiai~ded. AIM/SS cliannels r ~ ~ o d i ~ l a t e  F M  transti~illcr. 

I 1 S y s t e ~ i ~ s  No. 1, No. 2 ,  No, 3 (PAM/IzM/FM) F ~ ~ ~ i c t i o n a l  O c s c r i ~ ~ t i o ~ ~  (Scc F i<~ i t rc  42.) -- 

1 Tra i~sd~ icers  llic~isiire Fliglll daia, feed Ihiqll ( 0  to 5 vdc) Ievcl i ~ l l i i ~ l s  to in~i~l t i l i lcxcr (low 
, 
/ level--0 to 3 0  nivdc-- are ariil i l if icd first). Signals arc n ~ ~ ~ l t i ~ ~ l c x c d  elid o ~ ~ t i i i ~ t  i s  vary- 

I 
I 

il lg alligiitiicie, collstant wiriti i i~irlses, wliicil are a l~ j i l i cd  to 7 0  kc, t 3 0  pcr ccl l t  SCOs 

a i d  co~ivcrted Lo varying f req~~c i icy  (FM)  oiltp~bt. IRlG CII~I~IICIS 1 ~IIYOIIIII 15  ~ C C C P L  

iirimc data. A l l  1 6  c l l a ~ i ~ i e l s  are ~i l ixed to io r i~ i  co~l i l iosi lc F M  signal, wllicil i s  icrl to 

1 transniitter. Trans~nit tcrs No. 1 and No. 3 a c  d111iIexed into sinrjlc a~ite~lt ia.  Tra~ is -  

n ~ i l t c r  No. 2 i s  dl~plcxed wit l i  PCM syslelii L r a ~ i s ~ ~ i i l t e r  (No. 4 )  atid SS/FM, into sitiqlc 

antelilia. 

i Systeiii No. 4 (PCM/FM) Funcliotial Descriptioii (Scc f i p ~ ~ t r  43.) 

1 Syr te j i~  No. 1, No. 2, atid No. 3 inultii i lcxer out;ilts arc sa~ii;,led for t r a ~ ~ s ~ n i s s i o t i  on 

PCM/FM at discrete intervals. P A M  oulptit train i s  converted i ro~ i i  a~ialog to rliqital 

: forinat in  converter. Transi l~i t tcr i ~ l p u t  i s  1 0 - b i t  words con i~~r is i t ig  72 k i l o l ~ i t  fratiie, 
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T E L E M E T R Y  S Y S T E M  FUNCTIONAL S C H E V A T  C b.j 
P 6 

I-' 
Hiqli Leve l  P A M  ( 0  Lo 5 vrlc) 

3 , 6 0 0  S l i ~ ~ i i ~ l c s  ,per S r c o d  130  r 1 2 0 )  
W 

3 

1 5  C o ~ i l i n ~ t o i i s  F M i F M  C l~an i ie l s  

(IRIG Baiids 1 tltrougli 15) 

' N o . 2  

l l i r i l i  Lcvc l  P A M  ( 0  to 5 "tic) 

3 , 6 0 0  S C i ~ i i i ~ l c s  Ipcr Scco i i~ l  ( 3 0  x 1 2 0 )  3 

1 5  Cotiti l i iroiis F M / F M  C I ~ a ~ t n c l s  

(IRIG Baiids 1 Llirou~ili 15) 

No. 3 

Hi!lh L c v c l  P A M  ( 0  to 5 vdc) 

3 , 6 0 0  Sa~i ip lcs 11cr Seco~ ld  ( 3 0  x 1 2 0 )  3 

(IRIG Batids 1 Ltirougll 1 5 )  1 5  



I 

SINGLE SIDEUAND/FREQUENCY MODULATION FUNCTIONAL SCHEMATIC 

DIGITAL  DATA ACQUISITION S Y S T i h l  FUNCTIONAL SCIICMATIC 

INPUTS 
FROM CilANliEL FILTER - 

CRYSTAL ---------------------- OALANCCD 

OSCILUTDR 
MODULATOR 

IDENTICAL 
WITH TYPICAL 

CHANNEL 

I 
L-------------------------- SiihlMING 

AMPLIFIER 

LOW-PASS FILTER 

NEWDRK 

FROM F M r  1 

81-LEVEL {ON-OFFI 
DATA INPUTS 

I 

F R O M  PAM/FMIFM 
SYSTEM 'I INPUT CONVERTER NErWORK 

FRO,., PAM/FM/FM 
SYSTEM .2 INPUT 

SAMPLER 

FROM PAM/FM/FM 
SYSTEM r3 INPUT 

FORMAT 

SYNCHRO1llZATION 
LOGIC 

FROM FMq FROM F M 2  
TIIANSMtTTEII 7 r TilANSWlTTER i I 

TUNE0 CAVITY TRANSMITTER 



Major C o i i i ~ ~ o ~ i c ~ i t s  

3 MOF Cvplosivc 
Harrlcss Asscml~ ly  

3 Detonator B b c l i  

E B W  Detoliator 

SEPARATION S Y S T E M  

- M D F  E x p l o s ~ v c  l l a r ~ i c s a  ASSCIIIIIIY ( 2 ) ,  Dclonalor Block (I), 

E B W  Dctoiialor (2 ) ,  Fir i r iy  Unit ( 2 ) .  

- Tciisiori Tic co i i t~cc t iny  A f t  l~ i t c rs tagc  and A f t  Skirt; 7 0 7 5 - 5 6  

A L ,  approxi~;iatcly 0 . 0 5 0  111. t l i ick located dil.ectIy over 

c l i an~ ic l  con ta~n lnp  M D F .  

- Flexible,  i i ietal slicalli coi1ta111s P E T N  core, a ~ ~ l ~ r o x ~ ~ i u t c l y  

1 0  grains i ~ c r  foot; propncJ5iion rat? of 2 3 , 0 0 0  fcc l  per sccon 

two liarncss assc~nb l i cs  used for o p t i i ~ ~ i i i ; ~  r c l t a b ~ l i t y ;  bat11 

l i i i r ~ ~ c s s  a s s e ~ ~ ~ b l i e s  COIIIPIC~CI~ s i~ r ro i i~ id  s:a(j~. 

- Ma les  M D F  Iiarlicss assei i ib l~es a ~ i d  E B W  dcioiialors. 

- T l~ reaJcd  con~iectar containing 1.4 gralri P E T N  booster charge 1 4 
r u d  30 inis P L T N  m a n  cl im.c,  ! ~ r i d q c w ~ c  contaiiied r D o o s l r  

c l ia~ge; Ih~gl i  voItage/l,igli c i i r rcnt  requ~red  for in~ t ia t lon ;  l i irca 

spark gap ~ncorporated for safety. 
i 
I 1  

F i r i n g  Un i t  - l1111ut voltagc, 23 vdc; o t i t l~ i i t  voltage, 2 , 3 0 0  vdc a1 

1 , 5 0 0  aiii l~s; I i o~ is ing  coi i ta ins electronics to  i ~ i i t i a t e  E B W  

detonators; operatioil requires cliarge (ARM) and tr igger signals. 

3 F ~ r ~ n y  u r i ~ t s  cliaryed f o l l o w ~ n g  S - l B m n y ~ ? e  ci~toff. CI'ary111y (ARM) s q n d  15 s l e l q ~ d  

L I ~  a ~ i d  appltecI to  l ~ r g c  storage cajiacitor ( 2 , 3 0 0  vdc).  S i i~na l ,  allplied a l l l l i 0x ln la le I~  

s ix seconds later I S  stei,ped II;I 105.000 V ; ~ i ~ l s c , t o  triggcrrjnpLlil>c. Tubc ~o i l i zes ,  calls- 

ing storage capacitor to  discharrje lliroizglr respectlvc E B W  dctolia:or. Proj ia i iat io~? wave 

fro111 E B W  dctollator booster cli;irrjcs 1111tiates prll i lary cliarije. Wave ~ n i t i a l c s  booster 
""a 
J ciiarges 111 dc to~ ia to r  block a i ~ d  IS t r a ~ i ~ o i ~ l t e d  to M D F  l ia r~ icss  a s s c ~ i i b l ~ e s .  Pr011agiit1011 

a i  ha;.llfss asse~~!b l ies  c ~ i t s  tension t le  to ~ ~ c r n l ~ t  stage separa l~c l l .  A l l  sci lamtion 

signals supplied by  S- IB  stagc scqt le~iccr.  

S-IVU ORDNANCE 

ULLAGE ROCKET IL I l I 'Q~ns l tu  
IrIRlhG UNITS lNOr 3iu~I1tou:ro IN 
LICH OF THRCE R O C K L I  FAlRiNGSI 

I 
Rel ia i~ie,  siltall, i ~q i t l ,  l i ~q l r  cricrqy cxplosivc dcviccs uscd ill fol lowt~?g systems: 

a .  S-IU aiid S-IVB stagc scilaratlnn sys lcn~  used lo  scpamtc two stages. 

b. S - I6  and S-IVB stagc rctrorockct syslcln ~tsed to decelerate lowcr stag-. 

c .  S-IVB stagc ~ l r o i ~ c l l a n t  d ~ s p c r s ~ o n  systelli tlscd to  sli l i l dowtl J-2 ctlgliie and 
r ipt i i re ~ r o ~ ~ c l l a ~ t  Lanks. 

d. Ullage coiitrol sysleai l ~ s e d  Lo scl t le (~rooeila~nls iii la r~ks  for e,ir,,inc s1ai.l. 



PROPELLANT DISPERSION SYSTEM 

Major Components - Ai i tcn~ias (2), Range Safety Receivers ( 2 ) ,  Range Safety 

System Controllers (21, Fi r iny Units (2) ,  EBW Detonators (2),  ' 

S&A Device (11, Primacord tiarness Assembl~es (21, L ~ n c a r -  

Shaped Charges (2 ) .  

Alitennae - Qilarter wave, s lot  type; 5 2  ohm impedance, U H F ( 4 5 0  nicl, 

two antennae. 

Range Safely - GFE; crystal-conlrolled Lransistorized, FM,  superlietrodyne; 
Receivers 

teri channels; carrier frequency ralige, 4 0 6 / 4 5 0  me; sub-carrier 

c l i a i i ~ ~ c l s  arc tcii startdard lRlG frcql~cocies;  Lwo scctiolis 

(rcceivcr and decoder). 

Range Safety System - Prov~des  re lay control for system activate, arm, trigger, and 
Controllers 

monitor; 2 8  vdc output. 

F i r ing Unit - 1npl.t voltage, 2 5  vdc; output voltage, 2 , 3 0 0  vdc a t  

1 , 5 0 0  amps; housing contains electronics for i n i t ~ a t i i i g  EBW 

detonators; operaifon requires c l~argc (ARM) and t r~gger  signals. 1 
I 

EBW Detonator - Threaded connector containing P E T N  booster cilarge and 

primary cliarge; bridgewire contained in  boostcr charge; lhigh , 

voltage/high current required for initiation; mica spark gap 1 
incor;,orated for safety. 

S&A Device - Provides positive isolat ion (SAFE1 between EBW detonators 
' 

and primacord lharness assenlblies or explosive con t~nu i t y  

(ARfvlI; electr;cally-actuated, ~neclian~cally-operated, rotor . 

employed; rotor contains PETN, 1 . 4  grain booster charges (21. 

Pr in~acord Harness - Flexib le,  fabrlc and plast ic  sheath contains PETN core, 
Asse~~hbly 

6 0  grains per foot; propagation veloci ty of  2 3 , 0 0 0  feet per 

second; dual hartless assemblies used for optimum rel iabi l i ty .  

Linear Shaped - Triangular-shaped, alum~nurn sheath contains RDX core, 
Charge 

1 5 0  grains per foot; tvro attached to L H 2  tank, one to LOX 

SEPARATION S Y S T E M  COMPONENTS 

tank 



PROPELLANT D I S P E R S ~ O N  SYSTEM FUNCTIONAL SCHEMATIC . I PROPELLANT DISPERSION SYSTEM (Cotlt11111ed) 

I OPERATION (See i lq i i rc 47.1 

I Prior to LO, receivers and f i r ing ~1111s switch to inter power. A t  LO, rcceivcrs are 

activated atid S&A devices are i l l  A R M  position. I n  evelit f l ig l i t  ter~l l inat ion i s  rcqi~ircd, 

coded artn atid Viqgcr sigllals are tral ls~l l i l ted (s iql ia l  t rat is i i~ i t tcd on al~l l ropr ialc lRlG 

sob-carrier). R S  recelvcrs dccodc sirInais arid co~ni i~anrl  J -2  e ~ l q i ~ i e  c ~ l t o f f  t l~ ro l~<r l l  RS 

1 controllers. Coded Lriqrjcr sigiial i s  seiit to l i r i i l i l  t~ r l i t s  l o  ~ l i i l i a t c  ECW ilrlo1l.llnr5. 

I Explosion i s  propagalcd ~l i rouql l  S&A d c v ~ c c  to pri~iiacorrl linrtlcssr.5, t l~e l l  1'1 I t l l ' , ~ r -  
.- -- ~ 

sleped cliarrjcs attaclicd to i t 1 2  allri LOX taclks. Cllarricr rii l!!~irc l a t i ~  ir.ill.,ln'l 

p ropc l la~ i t  d is i~crsiol l .  



U L L A G E  ROCKETS (IGNITION SYSTEM)  

ULLAGE CONTROL SYSTEM FUNCTIONAL SCHEMATIC Major C o i i ~ l i o ~ ~ c t ~ l s  - Ul lar lc Roci<cls l3 ) ,  Firit111 U l i i l s  (6) ,  E B W  Motor I ~ i i t i a l o r s  (6 ) .  

Ul lage Rockets - T l i ~ o k o i  T X - 2 8 0 ,  s o l ~ d  ~ ~ r o p c l l a ~ ~ t  rockets; t l ~ n i s t ,  3 , 3 9 0  lii 

(lioii i inal) a t  +70' F; bllri i t l n~c ,  3 . 9 4  sec a t  70 '  F; 5 0 . 8  lb 

o l l i r ~ ~ i c l l a ~ i t ,  ~II~~~IOIIIII~II ~ e r c i ~ l o r a t e a ~ i d  ~ i o l y s ~ ~ i f i d c ;  c x i t  i iozzles 

c a ~ i t c d  3 5 '  froii i staqc c c ~ i l c r l i t ~ c ,  ~ l i o i i ~ ~ t e i i  oil af t  s lur t .  

E 6 W  Il11tinLors - GFE; cuprlc oxide a l ~ d  ~ i ~ a g i ~ e s i l t i i i  cliarge; 2 tilolllltcd i l l  boss 011 

.- -- doi~ic of rockct  i i iotor. 

F i r i l l y  Ul l i ts  - ltiplrt voliarle, 2 8  vdc; o ~ ~ t ~ ) x ~ t  voitnqc, 2 , 3 0 0  a t  1 , 5 0 0  a111l1s; 

l i o l ~ s i ~ , q  c o ~ ~ l a i i i s  c lcclroi i ics for < i e t o t ~ a l ~ ~ ~ i ~  EBW i l l i i ia lors;  

o l icr ;~t~oi i  rc[ji i ircs cllsrqc (ARM)  a1111 Lrifi(1cr s i r l i ln ls.  

OPERATION (Sce f~ r i i i r c  4 8 . )  

Ullaric rocLcts are i i r cd  lby s ig i ia l  fro111 S- IVB scqiiclicer. Cllnrqc (ARM)  sigt ia l  i s  

sicpiled tip aud applied to large storaqe capacilor ( 2 , 3 0 0  vdc). Triqricr s ~ g l i a i  i s  

s t e l ~ i ~ c d  ij11 ( 5 , 0 0 0  v )  to triqqcr qaji tu i~e .  Gall t i ~ b c  i o i i ~ z c s ,  c a ~ l s i ~ l r !  storar~c callacitor 

to d isc l~ar i j c  t l i ro i~r j l i  EBW ~t l i t i a to rs .  D c t o ~ i n t i o ~ ~  wavc l r o ~ t i  i i i i t iators 15 l ra l is l~ i i t tcr l  to 

iproi~cllaiit i g i l ~ t c r  c o ~ l t a i ~ i e d  i n  iperforatcli t ~ i l ~ c .  Hot ~ p a r l ~ c l c s  ;itid rlascs froiii iq l l l tcr  

pe l le i s  callscs igni t ion of sol id i ~ r o p c l l a ~ ~ t  qralli. Ullagc rockets ~ i ~ ~ i ~ a r t  forward acceler-  

at ion 011 S-IVB stage to provide O~I~I~IUIII i# l Iagc ~ p o s i t i o ~ i i l ~ g  atid a id  i n  scparatioll. 

- - - - - - 
Figure 4 8  

- - ---- -- 
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S-IVU/S-ii: i l E  i R O l ? G C K i T  SYSTEM 

Major C o i ~ i ~ i o ~ i c ~ i t s  - Rct ro r~c i<c ts  ( 4 ) .  F l r . ~ i q  Lil~fits (a),  t B W  iiiiti.itors (8,. 

Retrorocket - i I i ~ o i ( o i  TE-29-IS, sol id ~xopcl la i i t  (a t i i t i i o i~ t t~~~ i  ~ ~ e r c i ~ i o < a t c  ;ti~d 

ipoiysitlfide); l l irust, 3 5 , 6 0 0  111s ( i~o t~ i i i i a l )  at 7 0 '  F; bur11 time, 

1 . 5  scc a t  7 0 '  F; exi t  i ~ o z r l c s  canted 9' fro111 stage ce~~ter l i i ie;  

niountcd oil aft fliterstage. 

E2W lti i l iator - GFE, tiireadcd conncclor conlains ciiprlc oxide a ~ i d  tn iag~~csiui~i  

citarge; moi!itlcd i t 1  ~OIIIC of roci(ct ~n~otor. @ 
8 

Fir ing Uiiits - Inpti: voltage, 2 8  vdc; oirlplit voltaqe, 2 , 3 0 0  vdc at 

1 , 5 0 0  amps; i iousi i~g contaliis e l c c t r o i ~ ~ c s  for deto~iat i i ig E2W 

3 ~n i t ia to rs ,  operatioil; requires charge (ARM) arid trigger sigrials. 

OPERATION (See f~ r l f t r c  49.) Ei 
Fir t i ig utiits cliarucd orlor to S-iVB/S-IB scilaratloil. Firtrig urlit osci i lator provides ac 

for step-up transforlner ilrinlary. iransformcr outpill f ~ l t e r e d  a ~ ~ d  applied to storage 

capacitor ( 2 , 3 0 0  vdc). Trigger s lg~ ia l  app l~ed  following separatioil. Signal i s  con- 

verted to ac, f ~ i t c r c d  (puisating dc) and tra~~sfo~.aicr  c o ~ t l ~ l c d  to gap tirlic ( 5 , 0 0 0  v). 

Tirbe io i l i lcs,  caitsitiq storagc capacitor to disciiarqe Liirougli rcspectivc EBW ~ l i i t i a to r .  

Propagat~oii wave from ~ t i i t i a to r  18 transri~itted to ignitcr peiiets contained iii perforated 

t ihe.  Hot particles atid gases froi~i  i g n ~ t c r  pcl lcts causc ig i i~ t io i i  of sol id pro~pellant 

gram. Rctros ~rnpart dccclcration forcc OII S- IB to aid separation. A l l  retro sii jt iais 

suppiicd by S- iB sequencer. 

UL. iAGE ROCKETS ( J C i T i S O N  S Y S T L U )  

Major Co i i i~o~ ,c i i t s  - F r a i ~ c ~ i l ~ l c  N i ~ t  ( 6 ) ,  Firfor1 Utiit (2) ,  CGF Ftlse ( 6 ) .  Getotialor 

Block ( I ) ,  EBW Delotialor (2 ) .  
I 

Fraiigible Nuls - ihrcadcd IIII~ body provides bosses for two CDF litsc assembly 

T-fittings; altacli bol t  iristallcd pcri~cndicular to T-f i t t lngs in  

tllrcaded casing; ~ i u t  fractures alonq Icng t l~  o f  cast t~g. 

CDF Fiiscs - Two grains pcr foot PETN cliargc covered will1 plastic alid 

fabrtc shcatli; thrcc fuses are swarjcd a t  each erid into sitigle 

elid fitt it igs; etid i ~ t l t n r j s  cotltaii i 1 .  5 grn i~ i  lhoosler cliarrjcs; 

T - f~ t t i i i qs  incorporated itito fuse assenlblles for attachetetit to 

frangible nuts. 

Dctonator Block - Two input bosses, two oi~tput bosses; block used to tna~i l fo ld 

2 EBW detoi,ators Lo 6 CDF fuses. 

F i r ~ n g  Units - Iiiput voltage, 2 8  vdc; o t ~ t p ~ ~ t  voltage, 2 , 3 0 0  vdc at 

1 , 5 0 0  alnps; hoirs~ng contains e lec t ro~ i i cs  lor  i l l i l ia l ing EBW 

detonator; operation requires charge (ARM) atid !rigqcr signals. 

EBW Detoiiator - Tlireadcd cotiliector co~i ta i i l i l lg 1 .4  gram PETN booster charqe 

and 3 0  mg PETN priniary charge; br!dgew~re cotitaitied It1 

booster cliargc; lhiqli cu r re i i t / i i ~g l~  voltage required for initiation; 

lildca spark gap ~ncorporatcd for safcty. 

OPERATION 

Fir i t ig units cliarqcd przor to S-IVB a ~ i d  S-IGstarjc sejiaratloti. Ciiarqc (ARM) sigllal i s  

stellped ui i  ( 2 , 3 0 0  vdc) atid aopiied to larqe storacle capacitor. Trigger s~r j i ia l ,  ap~ i l i cd  

iiirough S-IVB scqilerlccr after rocket burnout, is  stcpiietl LIII ( 5 , 0 0 0  v )  to tri!iqer gap 

tube. Tube ionizes, causing storage capac~tor to d~scliarge L l ~ r o r ~ g i ~  EBW detonator. 

Gcto~lato; propaqates CDF fuscs cotiiiected to dctoi~ator block. Dctotiatioti wave i s  

trarismittcd to tee-fittings at l ra i~g ib le  nuts. T e e - f i t t i ~ ~ q  cilargcs (lead azide, 4 1  mg, 

atid PETN, 2 6 0  nig) are initiated, fracturii iq fratigii i le tiuts. Nut lractlrre releases 

prc-loaded spring; ullage rocket asseniblies (3) are jelltsoticd. 



S-IVD AUTOhlATlC GROUND CHECKOUT S Y S T E M  RETROROCKET SYSTEM FUNCTIONAL SCt lEMATlC  

Statjc i s  checked out by autornalic, high speed eqirlpment. System uses ~ l e c t r o l i i c  

d ig i ta l  coniputcr and a~ lc l l l a ry  cquiilnient to coi~tro l ,  and to scqueilce, l i iterface il l l i t, 

located bclwecrl co~nputer coniplex and opcrat~ot ia l  elid items, l iandlcs level  coiivcrsions, 
0 =-- 
Z 2s 

format clianges, etc. 

Major  eiid itenis i i lclude systeals s1,ilus d is i l iay iri l i t, usil lq projcc:ed displays on TV 

tube silowing sclreiilatic or d ~ a g r a ~ ~ i ~ n a t i c  representation OF systefn uilder teat; stiniuli and 

response cotiditioii i i ig unlts; o;)er.?tor coilsoles; telcinctry groutid stations; Lime sy~lc l i ro-  

n izat io l l  unit; patch panels; safety itein moliitors; etc. Test  Operator Station has overall 

coiltrol and override capabiltty a t  a l l  tin>es. 

Operalioiial Pl i i Ioso( i l~y 

a. Com~~it tcr--Stores test instructioils, co~ l l ro l s  Lest sequencing a ~ l d  iriay 

periorm d iagnos t~c  scarcli and mal funct~on ~sola+ion.  Program 1s stored on 

magiletic tape and co~il;)utcr fmagnetlc core. 

h. Stiinuli cotldit iotier--Sul,piics kcst ac t~va t io r l  signais to cquipi~icnt  in staye 

under test, such as a re lay or component. 

c. Test  poi i i t  and stiinirl i switcli iny--Routes a l l  input and outpiit sigrials to 

appropriate points. 

d.  Coinpuler coniparator--Compares returned test data aga~ns t  internally stored 

standards. C o n v c r s , ~ ~ ~  routine used Lo change test data i l l lo  a su~ tab lc  

forin, usual ly  as "go" or "no-go" slgnals. 

e. Visual  d~splays--Real  time i i i d i ca t~o i i s  of  signal, test value, test nunher, 

and 1u:iction. 

i. Readout devtces--Present coi ic i~rrent  and pcrniancnt records of test~i iy .  
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S-IVB/S-V MISSION PROFILE . I  , 
SATURX V LAUNCH VEHICLE CONr IGCIRAl lON 

k c l i i c l c  1111ciidcd to I a ~ i ~ i c I i  aild ii isert (!it0 luliar trajectory maiijietl A ~ o l l o  s1,acezraft and 

iinnia~liied il itcrplanetary f l i gh t  exilcrlmciils. S-IVB stage Llir!ist, 2 0 0 , 0 0 0  Ih; l layload 

j capability, 4 5  toiis. Total  stage vieislit, 2 7 , 5 0 0  111 dry. Restart  c; l l~al , i l~ ly-- in i t la i  

stage star1 for i loost  into Earl11 orillt; secoild start for lunar trajectory i l l S ~ r l i 0 l l .  

F i r s t  s ta r~e  1)ooslcr scili lrales a l  LO + 1 5 0  S C C O ~ I ~ S .  Sec06id slaqe sclj.irates a t  LO + 
5 4 0  sccoiirls. S - IVB J - 2  c i l i j i l le i q l i i t c i  at ,~ l t i ludc of 8 6  i i ~ i l c s  at 1 4 , 2 0 0  i11l111 

1 ( 2 0 , 8 0 0  ips).  Eiiginc 11ur11s aboiit 1 6 0  s c c o ~ ~ d s ,  es iab l i s ! i~ i i q  jparl(iiiri Eartli orbit of I 
1 1 0  mi les aiid c i i ts  off. V e i ~ i c l e  assembly orbits up l o  4 - 1 / 2  Itours, e i i a l i l i i ~ ~ ~  

a s t r o t l a ~ t s  to ilcrform navigat io i ia l  s ~ g l ~ t ~ n g s ,  establ ish t i i i ic  aild veloci ty coordinates for 

translunar trajectory. Ourillg o r b ~ t ,  vci i ic le s y s l e ~ i ~ s  are cllecked out v ia  PCM/FM. 

Launcli window i s  calculaled, J - 2  ci:gi!ic restarts,  u e l i ~ c l e  i s  s lecrcd oiit of i a r l h  orbit. ' Ei i i i nc  i l ~ r n s  3 1 0  seco~ ids  lo  r s t a ! i l i s i  r i c a p c  veloci ty of 2 5 . 0 0 0  .;.i1!i ( 3 6 . 6 0 0  ila). 

A i l c r  J - 2  ,ritoff, a~~ei111i Iy coasts for 2 - 1 / 2  liours. 5 - I V B  A P S  i s  lised to correct 

f i na l  vel~ic le/spacecraf t  a t t i t ~ ~ r l e .  

Sl jaccc'af t  [!clac!ics, reverses l t sc l f ,  a.111 ilerioniis d o c t ~ i i q  ~ i i i i i ~ e ~ i ~ c r ~  wit11 L E M  (s t i l l  

.~tli!clicrl to I U  a11r1 5 - I V E ) .  Mal lc i ivcr  I S  c o ~ ~ ~ ~ ~ l c t e t l ,  I U  nild S-IVC arc je t t~ io i , c r l .  

oiit L E M .  Gii to 4 8  h o ~ i r s  later, LEMI blasts of f  to r e j o ~ l i  O I I ~  riiaii III r l l ~ o l l o .  L E M  i s  v 
~cltiso i i c ( l .  A; lo l lo scrvlcc 111orI1ilc p r o l ~ l i l s ~ o i l  stccrs A,)oiIo o ~ i r  of i;~ooii or lxt  to Eart i ) .  

A ~ l o ~ i o  i c r v i c c  IIIOC!LI~C i s  ~ e t i i i o t ~ c d ,  Apol io c o ~ ~ i ~ ~ ~ a i i i !  ~ ;~od i i l c  re-elitera ;lti:iori~I,cre a t  ---'--I 
1 

2 5 , 0 0 0  1111111. A f te r  s l o w i i ~ ~  s i i f f ~ c ~ e ~ i t l y ,  A;)ollo p a r a c i ~ i ~ i c s  i i i to ocean, a,ir! 1s 
1 '  

) il icked tip. i '1 A 33' DM i /  i 
!I I 



S-IVB/S-V STAGING (Cor~t i i lucdl  

PU System ol f-PU imeasiireliicnts are unneeded, since propellalit i s  

no  lo~lr ler b c i ~ l o  coilsuiiied, and tile quantlty of rematnlng propellant 

IS l<l l0~11. 

t 2  +1.1 Ei lg i~ ic  Colitrol and instrumcntatioii l ieatcrs on--Extreinely cold t e i l l p r -  

n t i~ re  o i  siiacc dciliands e s u i i ~ ~ n c n t  be warlncd. 
I 
1 
I 

I ) t 2  7 2 . 1  R e  c t y  Recevers o f f - - P r o e l a n t  D s e r s i o i ~  systei i~ d s a l e  to 1 
~ r e v e i i t  inadvertent desttuction of stage. 

, 
t 2  t 1 . 5  SS Band F l igh t  T /M Translnitters off, Orbital T /M Transmitters off 

to 1 . 7  dcac t~va tcs  orbital data Iil ik. 

3 Coast period--Duri~ig 4 - 1 / 2  i o i i r  coast period, tile increased i v e  tanlr ullage ipnssvre 

caused by solar radiation i s  velitcd oi i l  of aft facing lnozzles to provide approxi~i iatc ly 

~ s - ~ G ' s  acceleration. Pro~luls ive vetiti i lg cominences api>uoxirnately 0 . 1  scc before 

f i r s t  burn engine cutoff. Approximately 8 minutes before engine restaft, tile 4 - i n c l ~  

dia~i leter non-propulsive vciit opens and pressure decays to 2 4 . 5  psia. B o t l ~  vents 

close and repressurization of fuel 1a11k begiris. 

D u r ~ n g  coast period, fo l low~ i ig  T/M opcratlng sequence repeats 6 to 9 times. 

In  range +1.0 Orbit transmitter group on--Sw~tcl ies on a ground statlon command. I 
(of qroi~nd 
stalion) I 

I 
I 

In range Data lost  out of IIIIC-of-s~glit replayed at htgh speed. 

1 Out of range Orbit t rai is~i i i t ter group turned off, recorder turned on. 
-10 .0  

i 
I 

t 3  -330 .2  A u x i l ~ a i y  l ~ y d r a u l ~ c  pu~i ip on--Operates to inove J - 2  prejlaratory to 

lunar insertion. 

$ t3 - 3 2 7  (2 )  7 0  b t l iwst ullage englnes f ~ r e  to settle propcllaiits. 

t3 -326 .0  Fuel vent valve opens. 

t3 - 3 2 5 . 2  LH2 iank repressurized--Insures L H 2  pump NPSH for J -2  restart. 

] tg - 3 2 4 . 8  LH2 cl~~l ldown--Prel ,rns LHI p l u ~ n h n g  for restart. 

S-IVB/S-V STAGING 

NOTE: S i p i f i c a l i t  cvei i t - t i~ne f i i i i c t i o ~ ~ s  l istcd lhcreili ref lcct  citrrent mission reqi~irc- 

I~ICII~S. Tliese ~IIIICS are siil l ject to cliat~qc, and s l io i~ ld  ~ i o t  be consirlcrcd f ~ n a l .  
cb 

t o  - 1 2 6 0  P ~ ~ r g c  e ~ ~ g i i l e  tlirust cI1a1110er--Clears J - 2  e~ iq i l i e  of l l a~~ in iab le  gases. 

to  - 9 6 0  T l ~ ~ ~ i s t  ciiaiii l ie~ ptirrjc off. 

i 
t o  - 6 1 0  Auxi l iary Ihydraiilic ~ii~~iili 011--Rccirc~~latcs f111itJ l o  iviai~itaili COIISI~III 

ipressiirc. 

t o  - 6 0 0  LOX cl i i i ldonn--Cools LOX ~ i I ~ $ i ~ ~ l i i ~ i r j  lor  Ll~crt~i,il siiock ~ i ~ ~ c o l l d i l i o l l i l i ~ ~  

to  - 5 9 7  Lti c l i i l l d o ~ ~ ~ ~ - - C o o l s  L i i 2  ~ I i i ~ ~ ~ l i i i ~ : ~  for t l l r ~ ~ : i a l  i l lock i r rccccir l i l io i~~i~i j .  2 

t o  - 9 0  --+ 5 0  Pressurize L l i 2  aiid LOX ia~~ks- -Co ic l  Hc ~prc~ i rcssur i i cs  t,111ks l o  

i ~ ~ s i l r e  NPSH at c~ iq inc  ign i t~o i l .  

(Li f tof f )  to  - 0  L a i ~ n c l ~  vel i icIe/~~ayload lcavcs pad. 

tl -4 0 3  T / M  calil iratioii--Calibration reference signal s c ~ i t  to i ~ ~ s ~ ~ r e  accurate 

'398'5 T /M grou~id readllaclr. 

tl -0 .1  Ullage rocket ig~ i i t i o i i - -Add i t io~ ia l  axial  accclcration i i i s i~ rcs  bo t to i i~ i~ iy  

of l i q i ~ i d s  i ~ i  tsiiks. 

t1 - 0  S-II/S-IV8 Separa t io~ l - -Te~ is io~ i  tie ruptwes, partii lg stages. 4 
t1 -1.6 J-2 e~ lg inc  start--Delayed separatioli s ignsi  fro111 S- l l  stage f i res J -2  

ig l l i t io l l  systc~l l ,  starli l lg cligille. 

~ - 
tl +6.0 Activate PU--PU sys le~ l i  i s  iilatle o i ~ c r s t i o ~ ~ e l  as iiroiiellant slosiii i iq 

fro111 separatioii l ias sulisidcd. 

t 2  +O Eiigiiic f i r s t  b ~ ~ r t i  c i i iof f --Wlic~l  Ear111 iiarkiiig o r l ~ i l  1s acl~ieved, J-2 

engilie i s  cut of f .  

t 2  +0.5 At ix i l iary liydraitlic piiinji to coast imorie--Di~rii~il coasl, J - 2  e lg i l i c  

l i yd ra i~ l i c  i s  lkcpt war~ri. 



I 
S-IVBIS-v VEHICLE DESIGNATIONS i S-IVB/S-V STAGING (Co~ittnt~ed) 

Stage Destination Requ~rcd at - i -  Used for Cot~~itdowii 

l?* %attlesh~p Test Vehlclc SACTO Test t3  -322.0 T/M on and cai~bration--T/M t11r11cd 011 and recaltbratcd for restart. - 29.9 ad h~ynaoi ics  ~ e l i l c l e  MSFC ~ e s t  
t3  -319.9 LOX cliilldowtl--Prepa~es LOX 1plt11nl1111g for reslnrt. 

F a c i l i t y  Checkout Vehicle IKSC Test 

F l ~ q l i t  Vchicle No. 5 0 1  KSC F l~g l i t  t3 -21.7 LOX tank reprcssi~rized--l~tsi~rcs NPSH LOX 11ii11lp for J -2  rcs ta~t .  

F l ly l i t  Vel i~cle No. 502 KSC Fi lyl t t  
t3  -0 S-IV13 restart--Enq~tie ~ e f ~ r e s  to ~ncrease ax~a l  scceleralio~l for llillar 3 F l~g l r t  Vehicle No. 5 0 3  KSC Fl ly l i t  

IIisertloli. 
Fl ight Vehicle No. 5 0 4  

Fl ight Veliicle No. 5 0 5  

I<SC F l ~ g l i t  

KSC Fl lgi i t  t3  13 .0  7 0  111 tlirust ullaqe engines off. 

Fi igl i t  Veliicle No. 5 0 6  IKSC F11qlit 
t3  +5.5 PU Act~vate- -Propc l l~~ i ts ,  once aqaln lpe111q consitlitcd, reqiilre tatlo 

and dei l let io~i ~nioti~tor~ng. 
)*TIlese test velricles are the satne reh~c les  co~istructed for S-IB, then modlied to I 

S-IVB/S-V conftguration for 1111s testiny program. See S-IVB/S-IB sectlon for I t3 i 6 4 . 5  Arm poitit level sellsors--Enr~inc cutoff enable. 

descr~pt~on of test purposes. I 

I t4  +O . Engine cutoff co~iitiiand--Prcdcter~liiiilicd IU or PU iiistigalcd siolial 

cuts off J-2 e~iqine. 

1 1 t4 '0.5 A u x ~ l ~ a i y  Iiydrnul~c pt~~iii,, PU Invcrler, licaters and T/M ssyslc~lis 
1 - 3 . 1  turned off. Conserves stage I,nttcr~es for T/M and APS ope~ntion. 
I 

1 Approxi~iiately 2 - l / 2  hours later n trat isl~nar t r a ~ c t o i y ,  S-IVB/AIIOIIO payioad 

/ separate. 



S-IVB/S-V CONFIGURATION (Continued) 

tile 1- incl i  liiie, out tlie a f l  faciiig orifices. Tl i is provides al~proxiiiiaicly G's 

acceleratiori to tlie statje to Ikccp tile propellant i i i  tlie back of the tank. The vent- > relief valve and r)arallcl rel tcf  valve w i l l  protect tlie tank froin over-pressure, sliould 

pressure r ise above 4 2  Ipsta. Ncar tlie end of tlie orbttal coast lphase, approxitiiately 

8 tninutes before engine restad, tile 4- inci i  non-propulsive vent line w i l l  be commanded 

opcn in additioti to tile 1- inch propulsive vent. Tank lprcssttre w i l l  decay to  24 .5  psia, 

Ibotli vents are closed, 2nd reJjrcssttitzation of tlic f ~ ~ e l  tank wtI I  begin. 

Rcpressurtza:ton i s  acconipltslied by opcning a solenoid valve In the rcpressurtratton 

control iiiodule. GHe froiii 7 of the aiiibient Hc storage splicres located on tile tlintst 

struct~ire w i l l  rcj~ressurize the tank to a step presstire of 3 5 . 5  to 37.5 psia for tlie 

duration of tile secotid burn period. Two 70- lb  tlirust aft facing rocket riiotors w i l l  burti > for approxitna:ely five minutes ,!or to J -2  engiiie restart for positive propellant settling. 

After J - 2  engine restart, pressurization of the firel tank i s  maintained at tile step 

pressure by GH2 blced froin tile J-2 engine exactly as duriny f i rs t  burn. 

(See S-IVB/S-IB description.) 

Pt ic~t i~iat ic Conlrol Sysleiii 

Tile S-IVB/S-V pneumatic control system adds one additional actuatioti control module, 

wliicli controls operation of the LH2 tank propulsive vent. Tlie module coiitains two 

solenoid-operated control valves wliich open atid close tlie GHe supply to the 

pneuinatically-operated propulsive vent valve. Also, the.~~tieuniatic systeiii prcvides 

GHe to  purge engine turi~opumtj seal cavit ies for 1 0  iniil l ites after f i rst  burn engine 

cutoff to rc'ilove containinants and prevent seal datilagc. 

Electr ical  Sysreni 

Tlic aft battery No. 1 l ias an apyroxir;iate rating of 170 AH to  fu l f i l l  lotiger tniissioti, 

higiie: power requ~reincnts of J - 2  entjiiic restart, repressiirizatton requirements, stage 

$ sequencer, and I P S  tmodule. 

Pro~)eIlant Ut i l izat ion Systet;~ 

The PU systeni adds a fuel boiloff bias c t~ to f f  re!ay. Approxitiiateiy 4 , 0 0 0  pounds of 

excess L H Z  are ioaded to account for an estimated orbi tal  boiloff of 2 , 5 0 0  to 3 , 6 0 0  

poui:ds. Tlie LH2 (?robe does not "see" this boi lof f  un t i l  eriyine restart wit l i  tl ie 

lliixture ratio set at 5 : l ;  :hen tlie fuel boiloff bias cutoff felay drops out and the LH2 

S-IVB/S-V CONFIGURATION 

Tlie S-IVB/S-V a i d  S-IVB/S-IB coiiiigiiratioiis are cssct i t ia l ly siii itlar. tlou~cver, S-V 

cotifiqicratioii traiislunar cxcitrsioti misstoil deiiiatids a lieavicr payload atirl rer l t~ircs c t i s i i i ~  

rcstart ca;,ability, wlilcli ncccssitates ccrtain stnictural slid syslcins cliatigcs. Tliesc 

cliaiitjes arc iioted in  tlic sectioiis that foilow. 

Aft  ltiterstaqc: A truncated coiic structure of alui i i~i i~i i i t  sklii l ~ a i ~ e l s  cxtcriially stringer- 

stiffened, riveter1 constructtoti bolted to tltc aft skir t  at tl;e srnallcr forwarrl ettd. Tliis 

jojirt foriiis tlie 5-11 and S-IVB stagcs scparat~on plane. Tiic aft eiid bolts to tile 5-11 

forward skir t .  
i 

Aft  - Sl<jrt: Cylitidrical scc t~o i i  structise of ai i~iai t i i t~n slun panels strintjcr-sttflcncri with 

extruded attacli atiglcs at eacli etid. Has :more stringers of licavier cross-scctioti tilati 

S-IVB/S-IB configitration. 

Forward SLirt: Satilc cotntilcnts as for aft skir t  above. 

Ox~d lzcr  Systcin 

Bccause of the ticcessity of ctigiric rcslart, tile LOX taiik 011 S-IVB/S-V itlust be 

rc l~ rcss~t r~zcr l  diirli iq tlic coast ~pliasc anri itriot to restart. T l i ~ s  I S  cor~trol lcd by thc 

o u i d t ~ e r  tatiL rcprcssurizat~oti imodi~lc HE for r ~ ~ i ~ e s s ~ i r ~ ~ a t ~ o t i  i s  SIIIJ;I~I~~ 11y 2 of 1 0  

splieres cotilatnrtiy GHc at 3,100 psta locatcrl oti tlic otttci stdc of tile il lrust slrttcture 

Durttig coast phase, the LOX tanl( 15 vented tlirottgh vent-rcl lc i  valvc rclcasiiig ovcr- 
I 

,pressure oil coiiima~id from IU. Prlor to enrlinc restart, tile LOX Lank i s  rellresst~rized to 

3 7  to 4 0  psia. DiZrlng second bum, tile LOX tank prcssurc I S  i l iat i i la~ned by tile cold 

He frotii storage s ~ l i e r e s  in  tlie LH2 tanl( a i d  tllc licat euclra~iger 111 Llie same mailtier as  

dtlrintj f i rst  biirn. (See descri l~t ion S-IVB/S-lE fuel tank pressur~zation.) 

Ft,cl Systct i~ 

S-IVB/S-V stage wt l l  use a conttmioiis propulstvc vent system during coast pliase. 

Also, a repressurization controi module and 7 ambwnt t ie storage soiicres are added 

to repressurize tile tank for enrjjne restart. Approx~tnately 0.1 second before f ~ r s t  

burn engtne cutoff, the fuel tank propulsive vent IS opened. Durlng 4-1/2 hour coast 

phase, the Increased ullage pressure, caused by solar radtatton, ts vented tlirouyh 



L S-IVE/S-V CONFIGURATION (Cont~nued) 

tank probe "sees" tlie actual rcniaininq fuel load and adjusts the J-2 eiigilie PU valve 

unti l  the tank mass ratio i s  returned to 5:l. 

Teki~ ic l ry  Systeni 

T/M system IS Llie same as S-IVB/S-10. In order to retain reliable reception of data 

out to 30 ,000  miles, tlic PCM/FM systc~n w i l l  ut i l ize narrow band transrnisslon dur~ng 

final two hours of S-IVB flight. 



'b-V INGOARD PROFILE 

i 
! 





S-IVB/S-V EXPLODED VIEW 



- S-IVBIS-v RLTROROCI(ET SYSTEM' 
I j S-IVB/S-V A F T  INTERSTAGE ASSEMBLY 

Rctroroci~cts (4), Fir ing Ui i i ts (2), EBW Detonators 
(21, Detonator blanifolo (2), CDF Fuse Assemblies I 
(2), Pyrogen Initiators (8). 

Retrorockct - Tl i iokol T E - 2 9 - 1 6  soiid propellant, 9 - ~ n c l i  dianietcr, 

110- i i i c l i  lengtli, 384-pound wciglit, 3 5 , 7 0 0  pounds 

(noininal) thtust per cnqine, burn tinie, 1 .5  sec (nom~nal). I 

3 CDF Fuse Assembly - Flexfblc, fabric and p l a s t ~ c  slicatli coiltailis PETN coie, 2 gralns 1 
per foot, piopegatio~i rate of 2 3 , 0 0 0  ft/sec, eight fuses required 

I 
for redundaiit roclcct initiators. i 

I 

Dctonator Manifold - One inliut port/four outp~it  Iports; provides explosive continuity ; 
betweeti EBW detonators aiid CDF fuses. 

3 EBW Detonator - Thrcadcd coniiector coiitains 1.4 grain PETN pri~i iary cliarge 2nd 

3 0  nig PETN booster c!iarye; Ibridyewirc contaiiicd in boostcr , 
charge; l i iy l i  voltage/iiigli current required for ii i it iation; mica 

spark yap incorporated for safety . 
F i r ing  Units - input voltage, 28 vdc; output voltaye, 2 , 3 0 0  vdc at 1 , 5 0 0  A; 

iiousiiig contains clcctronics for i i i i t iat ing E B W  detonator; 

operation rcquircs cliargc (ARM) and trigger signals. 

OPERATION 

Fir ing units clla~.ged prior to S-IVB/S-V separation. Cliarginq (ARM) s i y ~ i a l  i s  

stepl~ed up and applied to large storage capacitor (2 ,300 vdc). Trigger signal applied 

to initiate scparatioii. Siyiial i s  stepped iip (5 ,000V)  to trigger gap tube. Tube 

ionizes, causing storsrje capacitor to discliarge tiirougli respective E 6 W  detoiiator. 

3Propayatioii wave i r o n  detonator i s  maiiiiolded to COF fuses, traiismittrd to pyroge~i 

initiators and ignition of retrorockets effected. System i s  double-redundant, eiisuriny 

optimum re l iab i l~ ty .  A l l  separation signals suppled by S- l l  sequencer. 

I 

Figure 5 7  



AUXlLlniRY PROPULSION SYSTEM (Coiitiniicd) AUXILIARY PROPULSION SYSTEM 

soorcc flows llirburill valve (9) and prcssiirlzcs tank to 3 , 0 0 0  ps,g. Co i l t~o l  pressLirc 
Coinl,onenLs - A u x l i 1 ~ r y  propuIs~oi i  Modules (2). Modiiles ~iiountcd 011 aft  

,, I S  rce~i latcd to 2 0 0  p s ~ g  oy rcdunda~it reyiilator (10). Nornially-oi~cn rcgtilator controls s~(lr t  1 8 0 -  eacli i i~oditlc coi i tai~is tlirce attiludc control 
9 '  

J !pressure. I f  regulalor ra i l s  (prcssum too liigil), Ihiqii-liress~ire s w i t c i ~  is  actuatcd, sets 

rclay K4,  o j r n s  sccond rctjiilator. i f  prcssurc is  too iow, iow-lircssurc s w i t c i ~  sets 

ciigincs, oiie i~ l ia t je  cngine, a proi~el lai i t  control system, and 

two He llrcs;~lre-ol~eralcd propellaiit taiil<s. 

re ia~s  lil and l(4, oWnrng secord wrlolator. Rcynlatad pressclre ,nay dulnc%d by , ~ , ~ ~ ~ t ~ ~ d ~  ~ ~ ~ ~ t ~ ~ l  - Tallco, 1 5 0  11, l l l i ~ i s t  pcr cngilie; 1 0 0  1151 cllambcr l~ressure 
Engliies 

o)fll%i vaivf [ l l ) ,  oxidizer, or valve (12),  /IICI. Control iprcSS~irc wi l l  lllalntaln I,il~sc-tyl,c c ~ l g ~ ~ ~ ~ ~ ;  Molybdcni~in tliroat liner, rc f ias l l  cliallli)cr 

illlcl /or a l ~ l a t ~ v e  cool i~iq, clianlbcr opcraliiiri tclii~icratilrc 
l ~ r o ~ l c l l a n l s  under 2 0 0  lpsig IlrcssLirc at cnglne control valves. 

a~ iprox i~ ia tc ly  5,500' F. 

Electr icel  Coiltrol Circuit (See Figure 59.) 
ullage ~~~~i~~ - Rockeldyne, 70-!b tiirirst, 1 0 0  13si clianlller !~ressure 

Gellliili "OAMS" engine. 
A~t i t i ic le Control: Upon coniiiia~id, 2 8  vdc liower iroin IU energizes control r.eIays. 

Closed conlack -1 of faci l  relay opens ox id~zer  valvcs, and closed contact -2 of eacll prolJc[lant control  - P o s i t ~ v e  ex,~lusion iprcssurc is  s i i ~ l ~ l i e d  IJY Hc storatjc si~llcre, 
1 Systcr l  
1 olJens fuel valves 10 tilC s l ~ c c i f ~ c  1 5 0  lb tli iust engines as eqrrried for prtcll, roll, cliarged to 3 , 0 0 0  psig, rcgiilatcd down LO 2 0 0  IVsl'i, 

eicctricaIly-o,ierated valvcs control flow of propellailts, closed 
a i ~ d  yaw. 

loop system. 

Systeln i s  quad-redundant for optiniiiin rcl iabi i i ty.  
propellant Tanits - p o ! j i t i v ~  expiilsioil, b ladder - ty~c  taill(s; oxidizer tank Stores 

1 5 0  Ib of li itrogeii tetroxide (N20q); fuel tank stores 1 1 5  lb 
Uliacle Control: Siyliai s ~ l ~ i ~ l i s d  by IU t l i ro~igl i  switcl) ~ ~ / ~ ~ t ~ ~  rciays provirlillg of MMH; propellants are liypergolic. 
2 8  vdc intcmai/exlcrnal powcr. F i ie i  oiid oxidlzcr velvcs ere opened perniitl i i ig LWO 

ullage enrJines to burn for 3 3 0  sec. OPERATION 

Attitude Coiitrol: Attitude coiilrol eiigiiles lirovide tlirce axes co~? l ro l  for v r l l i c lc  dill.in1~ 

coast i ~ i ~ a ~ e .  Systeni also llrovides attitude control to assist  service iiiodiile during 

translrlnar docking iiiaiicuvers. Reaction-tyw co i~ t ro l  i s  grovidcd by p i ~ i s c  firinrl cnqincs 

i n  sliort ( 6 5  rns inininiuii~ duration) bursts. A l l  coiitrol siqiials s i i l~ i l l i cd  dircct ly fro111 

IU. Engines are puise-fired in opposing pairs: oiie pair in i t ia les correctioii, oiic (lair 
I 

stops correction. Ini t ia l  niomeiit (diact ioi i )  dellcnds on wliicli pair l i r cs  first. 

Ullage Control: Approximately 3 3 0  sec before J - 2  eng i~ ie  restart, two 70- ib  iil lasc 

rockets arc Fircd to settle propellants. Ullage engines burn co i i t i i i~ io i~s ly  for 3 3 0  sec. 

Fue l  and Oxidizer Control Pressure C i i c u ~ t  (Sce figlire 5 8 . )  

Fuel and oxidizer systeins are recirculated from g iou~ id  soiircc by olxninq i r l l  and vent 

valves (I), (2), (3), and (41, a l lowi~ iy  fuel and/or ox~d izcr  to flow tliroiiglr tanks. 

Sjstems ,nay be purrJed by opening valves (5 aiid 6 )  arid valves ( 3  and 4).  GN2 flows 

through clieck valves (7 and 81, tlirourili tanks ai~r l  i s  ret i in~cd to soilrce t l~ rour , l~  valvcs 

( 3  ei,d 4). P r ~ o r  to prolxl lai i t  loading, He tanl( i s  presst~rized. He froill groui~d 
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) AEROSPACE FLUID CHARACTERISTICS 

Liquid Hydrogen Liqiid Oxygen Liquid N~trogen Hydrazine 
Monomethyl 

Liquid Helium 
Nltroyen 

Tetrox~de 
Pounds per Gall011 .594 9.54 1.045 6.75 7.29 11.94 
Color Clear Pale Blue Clear Pale Yellow Clear Brown 

Molecular Welght 2.016 32.0 4.0 28.016 46.075 92.016 
BOILING POINT 

Falirenhe~t -422.9 -297.4 -452.09 -320.5 192.5 70.07 

Rankrw 36.8 162.29 7.6 139.19 
J 

652.19 529.76 
Celsius -252.7 -182.44 -268.93 -195.83 89.16 21.15 

Kelvt~i 20.4 90.72 4.23 77.33 362.32 294.31 
FREEZING POINT 

Fal~renbeit 4 3 5 . 0  -361.76 -453.46 -346.0 -62.5 11.84 
Ranklne 24.7 97.93 6.23 113.69 397.19 471.53 

Cels~us -259.4 -218.75 -269.7 -210.0 -52.5 -11.2 
Kelvtn 13.7 54.41 3.46 63.16 220.66 261.96 

C r ~ t ~ c a l  Ter tp. 'F -399.96 -181.04 -450.2 -232.8 593.6 316.8 

C, lgcal Press. Psla 188.16 736.47 32.0 491.7 1195.1 1469 

-. 
' : - o !  ' e  Zero - 459.69'F = O' Rank~ne = 273.16" Celsius = 0' Kelvin 
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LIST OF NOM-FTANDARD+SGREVIATlDNS 

AH Anipcre Hour 

APS Aux~liary Propulsio~l Systeln 

1 AS1 Aurj~nentcd Spark lgliiter 

CCO Crystal Controlled Osc~llator 

CDF Conf~ned Delonatiny Fuse 

DDAS ~ ~ g ~ t a l  Data Acqu~st t~on Syslem 

3 ""' D~y t t a l  Events Evaitiator 

D PF Dynatn~c Pressure Feedbacl( 

EBW Exploding Bridgewire 

ED Elect r~ca l  Display 

F M  Frequency Modulated 

3 GETS Ground Equtpn~e~it Test Set 

G FE Govcmiiicnt Fur~ i~s l ied Eqittpnent 

GIs  Ground Instrumentatton System 

GSE Ground Support Equtplnent 

H B H,inl~ngton Beack 

IRlG Inter-Raiiye Instrunicntation Group 

IU Instrunienl Unit 

KSC Kennedy Space Center 

LE M Lunar Excursion Module 

LO L l i t0 i i  

LSC Linear Sliapcd Cliarrje 

M ~ l d  Detotiat~ny Fuse 

3 z Mo~iometliyl Hydraztne 

MSFC Marsliall Space Fl lyl i t  Center 

NPSH Net Positive Suction Head 

NRZ Non-Return-to-Zero 

Orbital Attitude Maneuvering System 3 ;:es Pulse Amplitude Modulated 

PAM/FM/FM pulse Amplitude Modulated, Frequency Modulated, FM Carrier 

PCM Pulse Code Modulated 

PCM/FM Pulse Code Modulated F M  Carrier 

1 PD Propulsion D~splay 

PD M Pulse Durat~on Modulated 

129 



. -7 - 
LIST OF NON-STAND AT^ ABBFEWIONS (Cantitll~ed) 

SDU Signal D~st r~but ion Unlt 

SM Santa Mon~ca ' 

S S B  Sit~qle S~deband 

SS/FM Slnylc Sid~i,and Modulated F M  Carrlor 

T/M Te lemelry 

T/M D Telemetry Display 

VCO Voltage Controlled Oscillatol' 

XTA L Crystal 
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