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ABSTRACT 

This repor t ,  prepared i n  two volumes, presents  t h e  

evaluat ion r e s u l t s  of t he  preiaunch coi*7tdown, powered 

f l i g h t ,  and o r b i t a l  ~ h a s e  o' the  S-IVB-501 s t a g e  

which was launched on 9 November 1967 as the  t h i r d  

s t age  of the  Saturn AS-501 vehicle .  

Volume I contains  t h e  f i r s t  15 s ec t ions  of t h e  repor t ;  

Volume I1 contains the  remaining 10 sec t ions  and 6 

appendixes of the  report .  

A l l  f l i g h t  ob jec t ives  were satisfied and t h e  s t age  and 

ground support equipnent functioned as an t ic ipa ted .  

The repor t  is a cont rac tua l  document a s  ou t l ined  i n  NASA 

Report PISFC-DRL-021, Contract Data Requirements, Saturn 

S-IVB Stage and GSE, dated 1 February 1968, Revision A. 

I*L was prepared by the  Saturn S-IVR Test  Planning and 

Evaluation Committee and coordinated by the Saturn S-IVB 

Project  Off ice  of t he  Douglas A i r c r a f t  Company, Missile 

and Space Systems Division. 

DESCRIPTORS 

da ta  evaluat ion S-IVB-501 

f l i g h t  ces t  Saturn AS-501 vehic le  

Saturn 7 count down 



PREFACE 

The purpose of t h i s  r e p o r t  i s  t o  p resen t  t h e  e v a l u a t i o n  

r e s u l t s  of t h e  prelaunch countdown, powered f l i g h t ,  and 

o r b i t a l  phase of t h e  S-IVB-501 s t a g e  which w a s  launched 

on 9 November 1967 a s  t h e  t h i r d  s t a g e  of t h e  Saturn 

AS-501 veh ic le .  

Volume I con ta ins  t h e  f i r s t  15 s e c t i o n s  of t h e  r e p o r t ;  

Volume I1 conta ins  t h e  remaining 10 s e c t i o n s  and 

6 appendixes of t h e  r e p o r t .  

This r e p o r t  w a s  prepared i n  compliance wi th  t h e  Nat ional  

Aeronautics and Space Adminis t ra t ion Contract  NAS7-101, 

is publ ished i n  accordance v i t h  NASA Aeport MSFC-URL-021, 

Contract  Data Requirements, Saturn S-IVB Siage and GSE, 

da ted  1 F e b r u a q  1968, Revisiorl A, wtlich a e l i n e a t e s  t h e  

d a t a  required from the  Douglas A i r c r a f t  Company. 

This document w a s  prepared by t h e  Saturn S-IVB T e s t  

Planning and Evaluat ion Committee and coordinated by t h e  

Saturn S-IVB P r o j e c t  O f f i c e  oC t h e  Douglas A i r c r a f t  

Company, Missile and Space Systems Divis ion.  
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Sect ion 1 
In t roduc t ion  

1.1 Ger?:ral --- 
"his  repor t  p resen t s  1-he r e s u l t s  of anz lyses  t h a t  were performed by 

Douglas p e r s o ~ n e l  on the  :ountdown, laur:h, and f l igh :  of ti.e Saturn 

S-IVB-571 s tage .  

~ l s o  3escribed a?-. t e l t s  conducted a t  Kennedy Spat: Center (KSC), and 

; ,?t inen,  mo, i f ica t lons  nlade t o  t h e  S-LVR s t a g e  and r e l a t ~ d  ground 

s .pport equipmen c . 
This r e p o r t  is author ized by NASA Contrpct  NAS7-101 and is t h e  f i n a l  

r e p o r t  on t h e  S-IVB-501 s t a g e  by t h e  Doug.l.ae 5-IY3 Tes t  Planning and 

Evaluation Comniztee of t h e  Miss i l e  and Space S y s t e . ~  D i k ~ s i o n  (MSSD), 

Huntington d tach ,  C a l i f o r n i a .  

1.2 His to rv  

The S-IVB-531 s t a g e  w a s  assembled and i ts s y s i e m  x z r e  checked "ut ar 

MSSD b ~ . o r e  i t  was shipped t o  the  Sacramento Test  Cen t? r  (LTC) on 1.i Parch 

i', 66 .  I t  a r r i v z d  t h e r e  on 15 K i c h  196b.  Following prelin.inar*r t e s t s ,  

which c c n s i s t e d  of manual and a u t o m ~ t i c  s v 5 s y s t e ~  checkouts,  i n t e g r <  '.p..l. 

system tests, a si ;r ,alated acce, tan:e f i r i n g ,  .:nd an automatic p r ~ ; : e l l a n t  

loading t e s t ,  i.t ur.derwent a succes  , f u l  acceptancd f i r i - ~ g  25 May 1gC,C. 

The ? c c e p t a ~ ~ c e  f i rLng  c o n s i s t e d  of a F i r s :  t u r n ,  a s imulated c o a s t  

pe r iod  and a second burn. Its twc a u x i l i a r y  propuls ion system (APS) 

modules. s h i p ~ e d  from t h e  Douglas Santa  Mon::a f a c i l i t y ,  were confidence 

i i r e d  a t  the  STC Gamma Complex 3n 6 and i3 May 1966. 

During t h e s e  tests, a l l  s t a g e  and APS ~ o i u l e  test 3 b j e c t i v e s  p r e s e r t e ?  i n  

Dodglas Report No. SM-47377, Saturn S-IVB-50' Stage Acceptarlre F i r  Lng - 
Test  P lan  were satisfactorily ccmpleted and t h e  i i i t e g r i t y  of t h e  st&@ 

and i t s  systems was v e r i f i e d .  

Or. 12 August 196b the  s t a g e  was shipped t o  KSC. It a r r i v e d  the re  XI 

14 Augdst 1966 and was i n s t a l l e d  i n  t h e  low bay o f  t h e  v e h i c l e  assembly 

bu i ld ing  and sub jec ted  t o  p o s t  t r a n s p o r t a t i o n  r e c e i v i n g  inspec t ions .  



After  i n s t a l l a t i o n  c c  t h e  a f t  i n t ? r s t age ,  the  s t c g e  was t r ans f e r r ed  t o  

. . thc  high bay and maced t o  t he  L-501  space vehicle .  The AS-501 space 

veh ic le  was t r a r s f e r r e d  t o  Launch Complex 39A on 26 August 1967 and 

s u c c e s s f u ~  y launched 9 Nobember 1967. Afte? success fu l ly  completing 

i t s  mission c$ jec t ives ,  the  s t age  re -en te red  the  e a r t h ' s  atmos2here and 

splashed d o d n  i n  t he  ? a c i f i c  Ocean. No recovery was planned. 



Sec t ion  2 
Summary 

2. SUMMARY 

The AS-501 space v e h i c l e  was launched a t  1200:Ul GMT from Launch 

Complex 39A on 9 November 1967. The o v e r a l l  performance of t h e  S-IVB-501 

s t a g e  was s a t i s f a c t o r y  dur ing  a l l  phases of  t h e  countdown and f l i g h t .  

2.1 Countdown Operat ions  

The AS-501 launch countdown w a s  n e a r l y  f l a w l e s s  and was conducted wi th  

no ho lds  o t h e r  than those  t h a t  were b u i l t  i n t o  t h e  countdown program. 

No s i g n i f i c a n t  S-IVb s t a g e  o r  equipment problems occurred dur ing t h e  

countdown a c t i v i t y ,  and Douglas ground suppor t  equipment (GSE) s u s t a i n e d  

no s i g n i f i c a n t  damage dur ing l i f t o f f .  

2.2 Cost P lus  I n c e n t i v e  Fee 

The i n c e n t i v e  e v a l u a t i o n  of t h e  S-IVB-501 f l i g h t  performance inc ludes  

f l i g h t  mission accomplishment and t e l emet ry  performance. Performance of 

t h e  S-IC and S-I1 s t a g e s  provided p recond i t ions  of f l i g h t  a t  S-111s-IVB 

Separa t ion  Command t h a t  were w i t h i n  a l lowable  t o l e r a n c e s .  T r a j e c t o r y  

end cond i t ions  of f l i g h t  a t  wa i t ing  3 r b i t  i n s e r t i o n  were w i t h i n  t o l e r a n c e .  

A l l  f l i g h t  values  of a t t i t u d e  e r r o r s  and r a t e s  were w i t h i n  a l lowable  

t o l e r a r ~ c e s ,  a l l  r ece ived  command s i g n a l s  were recognized and a l l  end 

c o a d i t i o n  command s i g n a l s  were given.  I r  was concluded f o r  purposes of 

i n c e n t i v e  achievement, t h e r e f o r e ,  t h a t  a l l  PCF and ECF were achieved.  

The te lemetry  system operated a t  99.1 pe rcen t  e f f i c i e n c y  dur ing  t h e  

t e l e n e t r y  performance evaluat ior .  pe r iod  (TPEP) phase I and 97.6 pe rcen t  

e f f i c i e n c y  dur lng t h e  TPEP phase 11. 

2.3 T r a j e c t o r v  

The a c t u a l  t r a j e c t o r y  of  t h e  AS-501 f l i g h t  was c l o s e  t o  t h a t  p red ic ted .  

A t  S-111s-IVB s e p a r a t i o n  the  t r a j e c t o r y  was c h a r a c t e r i z e d  as slow, h igh ,  

long ,  and sou th  of t h e  i r t e n d e d  path .  This slower than p r e d i c t e d  

v e l o c i t y  was t h e  primary cause  of a longer  than p r e d i c t e d  S-IVB s t a g e  

f i r s t  burn. The f i r s t  b u m  t r a j e c t o r y  can be summarized a s  slow, h igh 

and long. 



Section 2 
Summary 

The parking o r b i t  phase of t he  f l i g h t  was very c lose  to  t h a t  predicted.  

A t  S-IVB r e s t a r t  the ac tua l  t r a j e c t o r y  w a s  slower, higher  and f u r t h e r  

downrange than predicted. S-IVB second burn engine cutoff occurred 

13.83 sec  e a r i i e r  than predicted. This e a r l y  cutoff  was mainly caused 

by a l a t e  prope l lan t  mixture r a t i o  s h i f t  and corresponding high S-IVB 

t h r u s t  e a r l y  i n  f l i g h t  which i n  tu rn  caused a higher  than predicted 

ve loc i ty  and acce le ra t ion .  A t  second burn eagine cutoff condi t ions 

were f a s t ,  low, and s h o r t  bu t  almost on the  des i red  o r b i t .  

2.4 M a s s  Cha rac t e r i s t i c s  -- 
A t  f i r s t  burn i gn i t i on ,  t h e  mass of t h e  501 s t a g e  w a s  353,145 - +460 lbm. 

This w a s  wi th in  148 lbm of t h e  da ta  presented a t  l i f t o f f  +1 day usLng 

the prope l lan t  u t i l i z a t i o n  volumetric system. Cutoff mass was 

279,038 - + M 4  13m.  A t  second burn i g n i t i o n ,  t h e  m a s s  was 275,730 - +433 lbm, 

and the  cutoff mass was 136,365 - +280 lba.  

2.5 Engine System 

The engine sys  t e m  performance of t h e  S-11% was s a t i s f a c t o r y  during both 

bums  of t he  AS-501 mission. The th rus t  chamber condi t ion was no t  a s  

required f o r  the f i r s t  burn s t a r t  bu t  d id  not  a d v e ~ s e l y  a f f e c t  engine 

operation. Several  performance s h i f t s  were noted during t h e  second 

burn which exceeded t h e  contractor  end item s p e c i f i c a t i o n  f o r  engine 

mixture r a t i o  bu t  d id  no t  handicap t h e  a b i l i t y  of t he  engine t o  

comp'ete t h e  mission. The modifications made t o  guarantee a r e l i a b l e  

second s t a r t  were success fu l  and there  was no evidence of over hea t ing  

i n  the gas generator  and turbine system. 

2.6 Sol id  Rockets 

The s o l i d  rocket  motors on the  S-I1 and S-IVB s tages  performed 

s a t i s f a c t o r i l y  and accomplished t h e i r  intended purpose. The S-I1 was 

separated from the S-IVB s t a g e  by the re t rorocke ts ,  and t h e  S--1VB 

prope l lan ts  were s e t t l e d  p r i o r  t o  engine i g n i t i o n  by t h e  u l lage  rockets .  

2.7 Oxidizer Sys t e m  

The oxid izer  system performed adequately,  supplying LOX t o  the  engine 
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pump i n l e t  w i t h i n  the  s p e c i f i e d  opera t ing  l i m i t s  throughout both pe r iods  

of 5-2 engine opera t ion .  The a v a i l a b l e  NPSP a t  the  LOX pump i n l e t  

exceeded t h e  engine manufacturer 's  minimum requirement a t  al.1 times. 

2 .8  Fuel System 

The f u e l  system supp l ied  LH2 t o  the  engine,  as designed, wi th  t h e  

a v a i l a b l e  NPSP exceeding t h e  engine manufacturer 's  requirements through- 

o u t  both  burns except  a t  second burn engine start command. 

2.9 Auxi l iary  Propuls ion Sys tem 

The two APS modules opera ted  adequately t o  f u l f i l l  t h e  a t t i t u d e  c o n t r o l ,  

maneuvering, and u l l a g i n g  requirements of t h e  mission.  The chamber 

p ressure  d a t a  i n d i c a t e d  low performance of the  i o l l l y a w  engines of 

module 1. Engine 1-1 chamber p r e s s u r e  e x h i b i t e d  abnormal o s c i l l a t i o n s  

dur ing one p o r t i o n  of t h e  miss ion,  and engine 1-3 chamber p ressure  

i n d i c a t e d  a s i g n i f i c a n t  l o s s  o f  performance near  t h e  end of t h e  mission.  

The u l l a g e  engine of module 1 e x h i b i t e d  an  excess ive ly  long chamber 

p ressure  decay a t  t h e  terminat ion of both  u l l a g e  engine f i r i n g s .  The 

performance of module 2 was a s  expected. 

2.10 Pneumatic Control  and Purge System 

The pneumatic c o c t r o l  and purge system performed s a t i s f a c t o r i l y  through- 

o u t  t h e  f l i g h t .  The helium supply was adequate t o  complete t h e  mission 

requirements and t o  accomplish a l l  purges ,  al though a system leak  

developed dur ing o r b i t a l  coas t  and even tua l ly  dep le ted  the  pneumatic 

supply dur ing t h e  t h i r d  o r b i t .  S ince  t h e  pneumatic opera t ions  were 

complete long b e f o r e  t h i s  d e p l e t i o n ,  thz  miss icn was no t  a f f e c t e d .  

2.11 P r o p e l l a n t  U t i l i z a t i o n  

The p r o p e l l a n t  u t i l i z a t i o n  system s u c c e s s f u l l y  accomplished t h e  

requirements a s s o c i a t e d  wi th  p r o p e l l a n t  loading and management dur ing 

b u m .  The b e s t  e s t i m a t e  p r o p e l l a n t  mass va lues  a t  l i f t o f f  were 

194,395 lbm LOX and 41,173 lbm LH2 as  compared t o  d e s i r e d  mass va lues  

o r  193,273 lbm LOX and 41,222 lbm LH2. These va lues  were w e l l  w i t h i n  
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requ i red  load ing  accuracies .  The b e s t  e s t i m a t e  t h i r d  f l i g h t  s t a g e  

l i f  t o f f  mass was 353,011 lbm. 

Ex t rapo la t ion  of p r o p e l l a n t  r e s i d u a l s  t o  d e p l e t i o n  i n d i c a t e d  t h a t  a  

LOX d e p l e t i o n  would have occurrcd approximately 38 s e c  af t e r  second 

burn v e l o c i t y  cu to f f  wi th  a usab le  LH2 r e s i d u a l  of 154 lbm. This 

y i e l d e d  a  PU e f f i c i e n c y  of 99.93 percent .  

S-IVB-501 i s  the  f i r s t  f l i g h t  e v a l u a t i o n  i n  which t h e  volumetr ic  mass 

a n a l y s i s  has  been employed. 

2.12 S-111s-IVB Separat ion Dynamics 

S-111s-IVB s e p a r a t i o n  w a s  accomplished s a t i s f a c t o r i l y  w i t h i n  t h e  d e s i r e d  

period.  

Separat ion was i n i t i a t e d  a t  RO +520.528 s e c ;  i t  w a s  completed 1.044 s e c  

l a t e r .  

Small S-I1 and S-IVB angular  v e l o c i t i e s  and l a t e r a l  a c c e l e r a t i o n s  

u t i l i z e d  1.9 i n .  of t h e  a v a i l a b l e  83 i n .  o f  l a t e r a l  clearanc*. S-I1 

p i t c h ,  yaw, and r o l l  r a t e s  remained between 0.0 and -0.7 deglsec ,  and 

t h e  S-IVB r o t a t i o n a l  r a t e s  remained between 0.0 and -0.2 deg l sec  during 

s t a g e  separa t ion .  

2.13 Data Acquis i t ion  System 

Data a c q u i s i t i o n  system performance dur ing t h e  mission was e x c e l l e n t  

and t h e r e  were no malfunct ions .  

System performance is summarized as fol lcws:  

 measurement^ ass igned 

Measurements monitored by S-I1 

Measurements i n o p e r a t i v e  due t o  

s t a g e  con£ i g u r a t i o n  

Checkout measurements 

Measurements d e l e t e d  p r i o r  ro  f l i g h t  
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Measarements a c t i v e  f o r  f l i g h t  575 

Phase I (launch) measurement f a i l u r e s  5 

Phase I measurement r l f i c i e n c y  99.1k 

Phase I1 ( r e s t a r t )  measurement f  a i l u r t  11 

Phase I1 measurement e f f i c i e n c y  97.0% 

Lhring S-IC/S-I1 s e p a r a t i o n  flame a t t e n u a t i o n  caused a 1 s e c  RF 

b lackout ,  however, no blackout  occurred a t  S-111s-IVB separa t ion .  

Tape recorder  performance was very good. I t  recorded all analog d a t a  

on f a s t  record,  PCM d a t a  on slow record ,  and played i t  back on command. 

2.14 E l e c t r i c h 1  Sys tern 

The e l r c ' r i c s l  c o q t r o l  system and the  e l e c t r i c a l  power system perfonned 

s a t i s f a c t o r i l y .  A l l  responses ti-,  swi tch s e l e c t o r  commands were s a t i s -  

f ac to ry .  Al l  event  measurements v e r i f i e d  t h a t  t h e  engine c o n t r o l  system 

had responded proper ly  t o  t h e  Engine S t a r t  and Engine Cutoff Commands 

f o r  boch burns .  X review of t h e  event  and p ressure  measurements v e r i f i e d  

t h a t  each c o n t r o l  p ressure  swi tch funct ioned nroper ly .  The APS e l e c t r i -  

c a l  c o n t r o l  system performed w i t h i n  p resc r ibed  l i m i t a t i o n s .  A l l  

b a t t e r i e s  performed w i t h i n  expected l i m i t s .  The chilldown t n v e r t e r s  

pe~formcr!  s a t i s f a c t o r i l y  f o r  both  engine i g n i t i o n s .  Both 5 v  

exciLat iou modules performed s a t i s f a c t o r i l y .  The s t a t i c  i n v e r t e r -  

conver te r  operated w i t h i n  des ign  l i m i t s  throughout the  f l i g h t .  

2.15 Range Safety  System 

The range s a f e t y  system w a s  n o t  r equ i red  f o r  p r o p e l l a n t  d i s p e r s i o c  

dur ing t h e  f l i g h t .  A l l  i n d i c a t i o n s  were t h -  . t h e  system was opera t ing  

proper ly  and would have p roper ly  executed i t s  func t ion  had i t  been c a l l e d  

upon t o  do so .  

2.16 F l i g h t  Control  

The t h r u s t  v e c t o r  c o n t r o l  system responded s a t i s f a c t o r i l y  t o  ins t rument  

u n i t  a t t i t u d e  command s i g n a l s  and provided p i t c h  and yaw c o n t r o l  dur ing 

both  f i r s t  and second burn per iods .  Trans ien t s  dur ing S-111s-IVB 
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s e p a r a t i o n ,  5-2 engine r e s t a r t ,  and guidance mode changes were w i t h i n  

t h e  c a p a b i l i t i e s  o f  t h e  c o n t r o l  system. Body bending d i d  no t  no t i ceab ly  

a f f e c t  t h e  c o n t r o l  system during f i r s t  and second burn per iods .  

The a u x i l i a r y  a t t i t u d e  c o n t r o l  system provided s a t i s f a c t o r y  r o l l  

s t a b i l i z a t i o n  dur ing f i r s t  and second burns ; a l s o ,  s e t i s f  ac to ry  p i t c h ,  

yaw, and r o l l  c o n t r o l  dur ing o r b i t .  L1 o r b i t a l  maneuvers were 

accomplished as  planned and v e h i c l e  a t t i t u d e  c o n t r o l  was v e r i f i c d  u n t i l  

RO +6 h r  57 min 3 sec .  

LH2 and LOX p r o p e l l a n t  s losh ings  were w e l l  damped dur ing S-IC, S-11, 

ar.d S-IVB burn per iods .  Sloshing dur ing second Durn appeared normal, 

however, amplitudes ( p a r t i c u l a r l y  L3X) increased a f t e r  l a r g e  guidance 

commands beginning a t  RO +11,570 s e c .  This inc reased  s l o s h  a c t i v i t y  is  

reasonable  consider ing t h e  change i n  v e h i c l e  a t t i t u d e .  Sloshing d i d  n o t  

appreciably  af  f  ecl. the  a t t i t u d e  c o n t r o l  s y s  tem dur ing powered f l i g h t .  

k t  o r b i t a l  i n j e c t i o n ,  t h e  p i t c h  down maneuver caused s l o s h  waves i n  t h e  

LOX and LH2 tanks .  LH2 s l o s h  resembled t h a t  of S-IVB-203. 

During parking o r b i t  c o a s t ,  a vapor bubble e x i s t e d  i n  t h e  bottom of t h e  

LOX tank. During r e s t a r t  maneuvers, LOX sensors  could n o t  i n d i z a t e  

s l o s h i n g  because c a p i l l a r y  a c t i o n  caus d them t c  read l i q u i d  a l l  t h e  t i m e .  

There was no s i g n i f i c a n t  LH2 s l o s h  dur ing parking o r b i t  c o a s t ;  however, a 

l a r g e  wave a r o s e  when t h e  a t t i t u d e  realignment maneuver and LH2 repres-  

s u r i z a t i o n  cccurred.  I t  is doubt fu l  t h a t  t h i s  wave could have reached 

t h e  p r e s s u r i z a t i o n  d i f f u s e r  and caused t h e  low rate of p r e s s u r i z a t i o n  

t h a t  occurred at  t h i s  t ime, bu t  i t  could have con t r ibu ted  t o  an  un- 

? e a i r a b l e  p ressure  decay t h a t  happened l a t e  i n  t h e  r e p r e s s u r i z a t i o n  cyc le .  

2.17 Hydraulic System 

The S-IVB hydrau l ic  system performance was w i t h i n  p r e d i c t e d  l i m i t s  and 

t h e  e n t i r e  system operated s a t i s f a c t o r i l y  throughout f l i g h t .  A l l  r e d l i n e s  

were met p r i o r  t o  l i f t o f f .  There were no o r b i t a l  thermal c y c l e s  and t h e r e  

was no l o s s  of system f l u i d  due t o  overboard ven t ing  a s  a r e s u l t  of r e s e r -  

v o i r  f l u i d  thermal expansion. System i n t e r n a l  leakage was 0.67 gpm which 

is w e l l  w i t h i n  t h e  3 . 4  t o  0.8 gpm al lowable .  



2.18 Stage S t r u c t u r e  and Environment - 
S t r a i n ,  a c c e l e r a t i o n ,  p r e s s u r e ,  and t e n p e r a t x r r  d a t a  i n d i c a t e d  t h a t  ade- 

qua te  s t r u c t u r a l  s t r e n g t h  e x i s t e d  i n  +.\e s t a g e  f o r  the  cond i t ions  en- 

countered.  Body kending moments aad s k i n  d i f f e r e n t i a l  presPures  were l e s s  

than  t h e  maxlmum pred ic ted  va lues  due t o  moderate winds. Vehicle a x i a l  

a c c e l e r a t i o n s  were c l o s e  t o  p red ic ted  va lues .  Axia l  loads  a r e  i n  agree- 

ment wi th  computed loads  from l i f t o f f  t o  approximately BO +70 s e c .  Beyond 

t h i s  t ime,  t h e  a x i a l  load v a l i e s  comput2d from < t r i n g e r  s t r a i n  gage d a t a  

appear t o  be  low apparen t ly  because of aerodynamic h e a t i c g  aad because of 

a  p a r t i a l  i n t e g r a t i o n  r e s u l t i n g  from t h e  l i m i t e d  number cf  instrume rod 

s t r i n g e r s .  Axia l  s t r a i n s  i n  t h e  a f t  s k i r t  s t r i r ~ e r s  vese  l e s s  t1:an the  

maximum p r e d i c t e d  s t r a i n s  f c r  t h e  s t r a i n  gsges mounted on t h e  si&s and 

tops  of t h e  s t r i n g e r s .  F l i g h t  temperatures d i d  n o t  excred maximum pre- 

d i c t e d  temy3ratures.  P r o p e l l a n t  t ank  p r e s s u r e s  d i d  n o t  exceed deslgned 

c>ressures .  D i f f e r e n t i a l  p r e s s u r e s  on t h e  common bulkhead were a s  expected.  

I n t e r n a l  common bulkhead p r e s s u r e  remained s u b s t a n t i a l l y  cons tan t  i t  l e s s  I' 

than  1 p s i a  a s  p r e d i c t e d .  

2.19 Forward S k i r t  Th-rmoconditionin:, System - 
The thermocondit ioning system operated normally dur ing f l l g h t .  A l l  

t emperatures ,  p r e s s u r e s ,  and ;I. .. w e r e  w i t h i n  des ign  l i m i t ? .  

Coolant i n l e t  temperature wss 59 deg I' a t  l i f t o f f  and 58.5 deg F nea r  

t h e  end of f i r s t  burn. Coolant e x i t  temperatures v a r i e d  between 58.5 

and 6 1  deg F from rang,e ze ro  t o  RO +700 s e c .  Dur i rg  second burn t h e  

i n l e t  temperature  was approximacely c o n s t a n t  a t  58.8 deg F and t h e  out-  

l e t  temperatu-e was cons tan t  a t  58 deg F. h system AP of 15.5  p s i d  was 

maintained dur ing  f i r s t  and second burns.  The f lowra te  remained cons tan t  

a t  approximately 3.15 gpm. 

2.20 Acoust ic  and Vibra t ion  Environment 

A t o t a l  of 42 a c o u s t i c  and v i b r a t i o n  measurer,~ents were molljtored on t h e  

S-IVB-501 s t a g e .  A l l  provided usab le  d a t a  I n  genera l ,  t h e  a c o u s t i c  and 

v i b r a t i o n  o v e r a l l  composite l e v e l s  were lower a t  launch and h igher  dur ing 
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mach ;/max q per iods  than those  f o r  t h e  Saturn I B   flight^. Vibrat ion 

amplitudes on the  S-IVB s t a g e  were n e g l i g i b l e  dur ing S-I1 p w e r e d  f l i g h t .  

During S-IVB powered f l i g h t  t h e  5-2 engine v i b r a t i o n  l e v e l s  were s i m i l a r  

t o  those  measured dur ing acceptance f i r i n g ;  and t h e  l e v e l s  a t  o t h e r  

measurement l o c a t i o n s  were n e g l i g i b l e  dur ing  t h i s  pe r iod .  

2.21 Aero/Thermodynamics 

The S-IVB-501 s t a g e  was instrumented t o  o b t a i n  aeiodynamic p ressure  d a t a ,  

s t r u c t u r a l  temperatures,  p r o p e l l a n t  hea t ing ,  APS component t e q e r a t u r e s  

and s e l e c t e d  component temperatures i n  the  forward and a f t  s k i r t s .  A l l  

d a t a  were wi th in  des ign limits and a l l  of t h e  test ~ b j e c t i v e s  were 

s a t i s f  i zd .  

P ressure  d a t a  obta ined f o r  t h e  f o n i a r d  s k i r t ,  a f t  s k i r t ,  and a f t  i n t e r -  

s t a g e  show reasonable  agreement wi th  wind tunne l  da ta .  S t r u c t u r a l  

t enpera tu res  were w e l l  below design maximums a s  would be expected from 

t h e  r e l a t i v e l y  coo l  f l i g h t  t r a j e c t o r y .  The AFS and forward and aft 

s k i r t  compo;ent t e a p e r a t u r e s  were s l i g h t l y  h igher  thar. on S-IVP-133. 

There were nc anomalies and no a n t i c i p a t e d  imyact on des ign  a s  =i r s s u l t  

of t h e  aerodynamic and thermodynamic d a t a  eva1uat;- *on. 
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3. EST C )V FIGURATION 

This sec+ ion  b r i e f l y  desc r ibes  the  c c n f i g u r a t i o n  of the  S-IVB-501 f l i g h t  

s t a g e  and p:.esents p e r t i n e n t  s t a g e  and grocnd suppor t  equipnent 

modi f i ca t iocs .  D e t a i l s  of s p e c i f i c  system modi f i ca t ions  a r e  d i scussed  

i n  the  appropr ia te  s e c t i o n s  of  t b i s  r e p o r t .  

3.1 Stage Conf igurs t ion 

The qenera l  conf igura t ion  of t h e  S-IVS-501 s t a g e  i s  desc r ibed  i n  Douglas 

Report No. SK-h6398B, S-IVB-501 Stage F l i g h t  T e s t  P lan ,  da ted  

2  November 1967, and a d d i t i o n a l  s t a g e  informat ion may be found i n  the  

documents l i s t e d  below: 

a. Douglas Report No. SM-47377, Sa tu rn  S-IVB-5G1 Stage Acceptance - 
F i r i n g  T e s t  P lan ,  r e v i s e d  May 9 ,  1966. 

b. Douglas Report No. SM-37532, S-IVB-501 Stage Acceptance F i r i n g  - 
15-Day Report Sacramento T e s t  Center ,  da ted  June 1966. - 

c. Drawing No. 1B59201, S-LVG-501 Stage End Item T e s t  P lan ,  

A Change, da ted  2  May 1966. 

d. Douglas Report No. SM-53184, Nar ra t ive  End Item Report on 

Saturn  S-IVB-501 (Douglas SjN 18051, da ted  August 1366. 

e .  Douglas Report No. DAC-56356, Sa tu rn  S-IVB-501 Stage Acceptance 

F i r i n g  Report ,  da ted  J u l y  1966. 

f .  D r a w i ~ g  No. 1B43565, AT Change, Ins t rumenta t ion  Program and 

Components L i s t ,  Sa tu rn  S-11%-501, da ted  August 7-9, 1967. 

The S-IVB-501 s:-%e was launched wi th  t h e  prop*l ls ion s y s t e r  i n s t a l l a t i o n  

conf igura t ion  p resen ted  i n  f i g u r e  3-1 Also shorn i s  a  p a r t s  l i s ~  of 

p ropu l s ion  system components wi th  o r i f i c e  s i z e s ,  nominal p r e s s u r e  swi tch  

s e t t i n g s  and n o e i n a l  r e g u l a t o r  s e t t i n g s .  Addi t iona l  propuls ion system 

o r i f i c e  c h a r a c t e r i s t i c s  and p r e s s u r e  swi tch  checkout d a t a  a r e  presented 

i n  t a b l e s  3-1 and 3-2. S e r i a l  numbers and p o s i t i o n s  of the  5-2 engine ,  

the  four  r e t r o l o c k e t s ,  t h e  two u l l a g e  r o c k e t s ,  and t h e  two a u x i l i a r y  

propuls ion system modulec a r e  shown i n  f i g u r e  3-2. F a c i l i t y  p r o p e l l a n t  



Sect ion 3  
Tes t  Configurat ion 

and pneumatic loading systems a r e  shown i n  f i g u r e  3-3. S e r i a l  numbers 

of s - g n i f i c a n t  S-IVB-501 s t a g e  end i tems a r e  a s  fc l lows:  

End Item P a r t  Number S e r i a l  Number - 
Engine dr iven hydrau l ic  p u ~ p  1A66240-503 MX128995 

Auxi l iary  h y d r a u l i c  pump 1A66241-509 X454668 

PU e l e c t r o n i c  assembly 1A59358-525 00002 

I n v e r t e r l c o n v e r t e r  tssembly 1A66212-507 00004 

Chilldown i n v e r t e r s  

LOX 

LH2 

Tape reccrdor  1A66884-501 00015 

Telemetry transmitter assemblies  

mod I1 

D i g i t a l  range s a f e t y  command 
r e c e i v e r s  

No. 1 

No. 2  

Safe  and a r m  device  

Ullage rockets  

P o s i t i o n  428 

P o s i t i o n  429 

LOX f i l l  2nd d r a i n  va lve  

LH2 f i l l  and draLn va lve  

Tank probes 

I OX 

LH2 
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End Item P a r t  Kumber 

LOX ven t  and r e l i e f  va lve  

LH2 vent  and r e l i e f  valve  

D r r e c t i o n a l  ven t  valve  

LOX r e l i e f  valve  

LH2 r e l i e f  valve  

LOX tank chil ldown pump 

LH2 tank c h i  1 ldown pump 

LOX prevalve  

LH2 prevalve  

APS module 

N o .  1 

Engine 1-1 (I-IV) 

Engine 1-2 (I-P) 

Engine 1-3 (1-11) 
Ullage engine  

No. 2 

Engine 2-1 (111-11) 

Engine 2-2 ( I I I -P)  

Engine 2-3 (111-IV) 
Ullage engine 

B a t t e r i e s  

Aft  1 

Aft  2 

Fwd 1 

Fwd 2 

Continuous vent  valve  
hydrau l i c  a c t u a t o r s  

P i t c h  

Yaw 

Seri-a1 Number - 
00032 

00048 

90009 

00548 

00158 

01791 

OCi25 

00021 

00024 
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7.2 Stage Modif i ra t ions  

The following s i g n i f i c a n t  rneasurement changes and s t a g e  modi f i ca t i cns  

were accomplished on t h e  S-1V13-501 s t a g e  a t  t h e  F l o r i d a  Tes t  Center.  

a. The b i - l e v e l  su-ming network nodule (P/N l~lt4241-1) was 

rcdesigned and measurements K0012-401, Event-Engine Read: 

S igna l ,  and KOC13-401, Event-Cutoff S i g n a l ,  were rechanneled. 

Bcdesign o i  the  mcdule t o  a 1B44241-501 conf igura t ion  

e l imina ted  t h e  p o s s i b i l i t y  of an erroneous engine cu to f f  lock- in  

i n d i c a t i o n .  Rechannelization of K0012-401 and K0013-401 

cor rec ted  an impedance mismatch. (WRO S-IVB-2871 ECP 0547 R2). 

b. Four p ressure  t r ansducers  (measurements D0002-403, Pressure-  

Fuel Pump I n l e t ,  D0003-403, Pressure-Oxidizer Pump I n l e t ,  

D0054-410, Pressure-Fuel Tank I n l e t ,  D0105-403, Pressure-LOX 

Tank Pressure  Module Helium Gas) i n s t a l l e d  on t h e  p ropu ls ion  

f i t t i n g s  were re loca ted  t o  b racke t s  i n s t a l l e d  on t h e  ad jacen t  

s t r u c t u r e .  R e l o c a t i ~ n  was required t o  i s o l a t e  t h e  t r ansducers  

from high turbulences  i n  f i t t i n g  a reas  of t h e  propuls ion l i n e s .  

(WRO S-IVB-2923 ECP 0639). 

c .  Four s i g n a l  cond i t ion ing  modules were replaced wi th  new modules 

of e x i s t i n g  design.  This change was t h e  r e s u l t  of t h e  

incorpora t ion  of Rocketdyne ECP 52-547 which added f o u r  tempera- 

t u r e  sensors  t o  the  5-2 engine t o  monitor f u e l  t u r b i n e  manifold 

and crossover  duct  f l i g h t  measurements. (WRO S-IVB-2992 

ECP 0659). 

d .  Twelve temperature measurements were added t o  t h e  LH2 tank.  

This was requ i red  t o  de f ine  t h e  cause of excess ive  h e a t i n g  

experienced dur ing t h e  o r b i t a l  c o a s t  phase of t h e  S-IVB-203 

f l i g h t .  (WRO S-IVB-3203 ECP 20A7 R2). 

C2017-408 Temperature-Forward Dome I n t e r n a l  -3 

C2018-408 Temperature-Forward Dome I n t e r n a l  -4 

C2019-408 Temperature-Forward Dome I n t e r n a l  -5 

C2020-408 Temperature-Forward Dome I n t e r n a l  -6 
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Temperature-Forward Dome I n t e r n a l  -7 

Temperature-Forward Dome I n t e r n a l  -8 

Temperature-Forward Dome I n t e r n a l  -9 

Temperature-Forward Dome I n t e r n a l  -10 

Temperature-Fuel Tank Wall I n t e r n a l  -17 

Temperature-Fuel Tank Wall I n t e r n a l  -16 

Temperature-Fuel Tank Wall I n t e r n a l  -19 

Temperature-Fuel Tank Wall I n t e r n a l  -18 

e .  Telemetry measurements N0058-411, Miscellaneous-Secure R a n ~ e  

Safe ty  Decoder 1 Output 1, and N0059-411, Miscellaneous- 

Secure Range Safe ty  Decoder 2 Output 1 were d e l e t e d  from t h e  

Secure Range Safe ty  Decoders. (WRO S-IVB-3208 ECP 2071) . 
f .  The range f o r  measurements C0385-401, Temperature-Engine Thrust  

Chamber E x i t  Skin Fin  2-3, and C0386-401, Temperature-Engine 

Thrus t  Chamber E x i t  Skin  F in  3-4 was inc reased  from 35 to  

560 deg R,  t o  35 t o  900 deg R. Replacement of two s i g n a l  

cond i t ion ing  modules (PIN 1898088-1) wi th  modules 

(PIN 1A98088-507) was required.  Th i s  i n c r e a s e  i n  range was 

requ i red  t o  cover  t h e  peak temperatures  which poss ib ly  might be 

encountered.  (WRO S-IVB-3346 R 1  ECP 2157). 

g. Temperature t r a n s d u c e r  C2005-401, Temperature-Engine Main LOX 

Pneumatic Line Sur face  was r e l o c a t e d  on the  main LOX va lve  

second s t a g e  a c t u a t o r  c l o s i n g  pneumatic l i n e  t o  p reven t  i n t r r -  

f e rence  wi th  Rocketdyne clamp suppor t .  (WRO S-IVB-3767 

ECP 2421) . 
h. The breakpoint  a m p l i f i e r  (PIN lB54875-1) was redes igned t o  

provide  a u n i t  w i t h  a balancing r e s i s t o r  a c r o s s  t h e  -20 v 

supply ,  i r i t e r n a l  t o  the  a m p l i f i e r ,  t o  make t h e  e q u i v a l e n t  

De l t a  I through t h e  s i g n a l  r e t u r n  w i r e  equa l  t o  zero .  

(WRO S-IVB-580A ECP 0505). 

i. Three gas temperature t r ansducers  (C027 1-402 Temp-Gas I n t e r s  t age  

Area 3,  C0272-402 Temp-Gas I n t e r s t a g e  Area 3, C0273-402 Temp-Gas 
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I n t e r s t a g a  Area 5) loca ted  i n  t h e  a f t  i n t e r s t a g e  were 

r e l o c a t e d  t o  prevent  i n t e r f e r e n c e  wi th  t h e  a f t  i n t e r s t a g e  

access  k i t  and t o  s t o p  extreme v i b r a t i o n .  (WRO S-IVB-3267 

ECP 2115). 

j  . Pressure  t r ansducer  f o r  measurement D0062-424, Pressure-LH2 

C i r c u l a t i o n  Return Line Tank I n l e t ,  was r e l o c a t e d  from t h e  p o r t  

on +he LH2 r e c i r c u l a t i o ~  l i n e  t o  a b racke t  on t h e  ad jacen t  

s t r u c t u r e .  This was done t o  i s o l a t e  t h e  t r ansducer  from a 

thermal shock cond i t ion  i n  t b e  LH2 c i r c u l a t i o n  l i n e .  

(WRO S-IVB 3024 ECP 1002). 

k. P ressure  t r ansducers  f o r  measurements D0016-425, Pressure-Cold 

Helium Sphere, D0183-409, Pressure-LH2 Tank Nonpropulsive 

Vent -1, and D0184-405, Pressure-LH2 Tank Nonpropulsive Vent -2, 

were r e l o c a t e d  from p o r t s  on t h e  propuls ion l i n e s  t o  b racke t s  

l o c a t e d  on t h e  ad jacen t  s t r u c t u r e .  Temperature excremes 

n e c e s s i t a t e d  r e l o c a t i o n .  (WRO S-IVB-3156 ECP 2-46). . 

1. Temperature measurement C0291-427, Temp-APS F a i r i n g  Area 2-2, 

was r e l o c a t e d  and wi r ing  t o  temperature measurements C0026-427, 

Temp-Skin A t t i t u d e  Nozzle E x i t  2-1, C0046-427, Temp-Aft 

S k i r t  -2, C0117-427, Temp-Aft Sk i r t -9 ,  and C0290-409, Temp-APS 

F a i r i n g  Area 2-1 was re rou ted  t o  prevent  i n t e r f e r e n c e   wit,^ t h e  

APS f a i r h g .  (WRO S-IVB-3227 ECP 2085). 

m. Vibrat ion i s o l a t o r  mounts f o r  t h e  Errergency Detect ion Trans- 

ducers (measurements D0177-410, Pressure-Fuel Tank Ullage EDS 1, 

D0178-410, Pressure-Fuel Tank Ullage EDS 2 ,  D0179-424, Pressure-  

Oxidizer  Tank Ullage EDS 1, a113 DOl80-424, Pressure-Oxidizer 

Tank Tjllage EDS 2) were i n s t a l l e d .  This  change was n e c e s s i t a t e d  

by t h e  f a i l u r e  of s u b j e c t  t r ansducers  t o  q u a l i f y  and meet 

v i b r a t i o n  requirements.  (WRO S-IVB-2874 ECP 0605) . 
n. Redundant s t a r t  t a ~ k  and c o n t r o l  b o t t l e  p ressure  ins t rumenta t ion  

(D0241-401, Press-GH2 S t a r t  B o t t l e ,  and D0242-401, Press-Engine 

Control  Helium Sphere) was added t o  prevent  a countdown hold 

due t o  f a i l u r e  of a s i n g l e  t ransducer .  (WRO S-IVB-538 

ECP 52-594). 
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. A modif ica t ion k i t ,  c o n s i s t i n g  of a  system of spacers  and 

panels  t o  the  forward and a f t  s k i r t  s k i n s ,  was i n s t a l l e d  t o  

prevent f l u t t e r .  (WRO S-IVB-445A ECP 330). 

p. C l ips  were i n s t a l l e d  on the  f l u t t e r  k i t  loca ted  on the  forward 

s k i r t .  (WRO S-IVB-3775 ECP 2391 Rl ) .  

q .  A t h i r d  b a l l  lock a t  t h e  top of t h e  umbi l i ca l  c a r r i e r  wds 

i n s t a l l e d  t c  prevent  s e p a r a t i o n  caused by ground wind i n i t i a t e d  

v e h i c l e  movement. (WRO S-IVB-3013 ECP 0688). 

r .  Eddy c u r r e n t  t e s t i n g  was accomplished on a l l  helium p r e s s u r e  

v e s s e l s  which were f a b r i c a t e d  wi th  t i t a n i u m  a l l o y s  us ing 

f i l l e r  wi re  t o  v e r i f y  f i l l e r  m a t e r i a l  was of same composition 

a s  v e s s e l  p a r e n t  metal .  (WRO S-IVB 3291 ECP 2130). 

s. A new c o n f i g t r a t i o n  of t h e  u l l a g e  rocke t  j e t t i s o n  fuse  which 

had the  conf ined de tona t ing  fuse  overwrapped wi th  v i n y l  t ape  

was i n s t a l l e d .  (WRO S-IVB-3322 ECP 2150). 

t .  Channels were i n s t a l l e d  over s t r i n g e r s  on t h e  a f t  i n t e r s t a g e  

i n  the  r e t r o r o c k e t  plume impingement a r e a  t o  provide  a d d i t i o n a l  

p r o t e c t i o n  from the  h e a t  of the  r e t r o r o c k e t s  exhaust  gases.  

The a f t  end of t h e  LH2 f e e d l i n e  f a i r i n g  was modified from a  

t ape red  conf igura t ion  t o  a  b l u n t  conf igura t ion  t o  reduce 

hea t ing .  (WRO S-IVB 3834 ECP 2523). 

u. A low thermal e m i s s i v i t y  shroud was added between the  forward 

s k i r t  co ld  p l a t e s  and the  s t a g e  s t r u c t u r e .  This change was 

requ i red  t o  a i d  i n  i n s u r i n g  t h a t  the  IU subl imator  d i d  not  

exceed minimum o p e r a t i n g  temperatures.  (WRO S-IVB-3327 

ECP 2078 Rl) .  

v. The hazardous gas d e t e c t i o n  system was i n s t a l l e d  i n  t h e  

forward s k i r t  and t h e  a f t  i n t e r s t l g e .  (WRO S-IVB-485A 

ECP 0443). 

w. The S c h j i l d a h l  X-153 aluminized mylar used t o  wrap t h e  cold 

p l a t e s  and a t t a c h e d  components was replaced wi th  Schj i l d a h l  



Sect ion 3 
Test  Configurat ion 

X-850 aluminized mylar,  The X-153 mylar i s  s u s c e p t i b l e  t o  

accumulation of e l e c t r o s t a t i c  charges.  (WRO S-IVB-2877 

ECP 0590). 

x. A f i l t e r  assembly was i n s t a l l e d  a t  t h e  accumulator o u t l e t  

f l ange  t o  prevent contamination from e n t e r i n g  t h e  pneumatic 

system from the  accumulator. (WRO S-IVB-538 ECP 52-511). 

y. The augmented spark  i g n i t o r  o x i d i z e r  o r i f i c e  was changed t o  

e l i m i n a t e  t h e  p o t e n t i a l  e r o s i o n  of t h e  AS1 c a v i t y  by 

decreas ing t h e  o x i d i z e r  flow and mixture r a t i o .  

(WRO S-IVB-583 ECP 52-598). 

z. The s t a r t  tank vent  and r e l i e f  va lve  was replaced.  

(WRO S-IVB-538 ECP 52-568). 

aa.  The 5-2 engine helium r e g u l a t o r  assemblies were replaced.  

(WRO S-IVB-538 ECP 52-602). 

ab. The pneumatic a c t u a t i o n  c o n t r o l  modules were replaced w i t h  

u n i t s  having thermal p r o t e c t i o n  i n  o rder  t o  meet t h e  low 

temperature requirements.  (WRO S-IVB-2879 ECP 2049 R l ) .  

ac.  The LH2 continuous vent  module was replaced wi th  a module 

con ta in ing  a so leno id  operated p i l o t  over r ide  valve  and a 

pneumatic operated o r i f i c e  shutoff  valve  a c t u a t o r .  This 

change was t o  c o n t r o l  the  shu tof f  valve  a c t u a t i o n  time. 

(WRO S-IVB-2883 ECP 2019). 

ad. The LOX and LH2 tank r e l i e f  va lves  were replaced wi th  va lves  

con ta in ing  a new s p r i n g  guide design.  (WRO S-IVB-2765 

ECP 0534). 

ae.  The LOX and LH2 f i l l  and d r a i n  valves  were replaced wi th  valves  

which had a redesigned a c t u a t o r  assembly t o  assure  c o n s i s t e n t  

c l o s i n g  opera t ion  and e l i m i n a t e  binding of t h e  gear  rack and 

p in ion  gear .  (WRO S-IVB-2795 ECP 0565). 

a£ .  The LH2 and LOX chii ldown system cu tof f  valves  (PIN 1A49965) 

were replaced t o  provide va lves  which had passed q u a l i f i c a t i o n  

t e s t s .  (WRO S-IVB-2846 ECP 0493). 
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ag.  The LOX and t h e  LH2 vent  and z e l i e f  va lves  were r ep lac3d  w i t h  

r edes igned  u n i t s .  Redesign c o n s i s t e d  of a new s e a l  s e a t  

c o n f i g u r a t i o n  and a  new s e a l  t o  reduce leakage .  

(WRO S-IVB-2876 ECP 0689 R l ) .  

ah. The LOX and LH2 f i l l  and d r a i n  d i s c o n n e c t s  were des igned t o  

r e c t i f y  a  leakage  problem. T h i s  c o n s i s t e d  of r e d e s i g n i n g  t h e  

s e a l  and s u p p o r t  f l a n g e s  on t h e  f l i g h t  h a l f  of t h e  d i s c o n n e c t s .  

(WRO S-IVB-2985 R3 ECP 0597). 

a i .  The LOX t ank  u l l a g e  t r a n s d u c e r  s ense  l i n e  was modif ied  t o  

p rov ide  f o r  a  low p r e s s u r e  pt :e system. T h i s  p reven ted  

c y c l i c a l  p r e s s u r e  s u r g e s  due t o  LOX b z i l o f f  t r apped  i n  t h e  

s e n s i n g  l i n e  which cause  e r r a t i c  u l l a g e  p r e s s u r e  i n d i c a t i o n s .  

(WRO S-IVB-3021 ECP 0699). 

a j .  A redundant  means of EDS 5-2 eng ine  c u t o f f  was provided  by 

adding  w i r i n g  t o  t h e  28 vdc a f t  power d i s t r i b u t o r ;  modifying 

t h e  sequencer  by r e w i r i n g ;  and d e l e t i n g  t h r e e  d iodes ,  one 

r e l a y ,  and t h e  p r e v a l v e  p i l o t  v a l v e  t imer ;  and by adding  a  

p a s s i v e  i n s u l a t i o n  f o r  t h e  50-anlp motor-driven swi t ch  . This  

m o d i f i c a t i o n  prevenred  a  p a t e n t i a l  l o s s  of  c u t o f f  i n  t h e  e v e n t  

t h e  pr imary  mode of  eng ine  c u t o f f  f a i l e d .  (WRO S-IVE-3049 

ECP 1008 R2). 

ak. The p r o p e l l a n t  u t i l i z a t i o n  sys tem was modif ied  t o  a l low 5-2 

eng ine  r e s t a r t  w i t h  t h e  PU v a l v e  i n  t h e  ha rdove r  p o s i t i o n ,  

approximate ly  4.5 t o  1. (WRO S-IVB-3336 ECP 2105). 

a l .  The PU sys t em e l e c t r o n i c  c i r c u i t r y  was modif ied  t o  e l i m i n a t e  

t h e  c a p i l l a r y  a c t i o n  e f f e c t  of  t h e  LH2 PU probe.  Th i s  

p reven ted  t h e  FU system from assuming an i n c o r r e c t  i n i t i a l  

c o n d i t i o n  and an i n c o r r e c t  eng ine  t h r u s t  p r o f i l e .  

(WRO S-IVB-3434 ECP 2226). 

am. A bypass l i n e  and o r i f i c e  i n  t h e  LOX chi l ldown pump c o n t a i n e r  

purge  l i n e  was i n s t a l l e d  t o  a s s u r e  p o s i t i v e  p r e s s u r e  i n  t h e  

LOX pump motor c o n t a i n e r  i n  t h e  e v e n t  of  s o l e n o i d  f a i l u r e  i n  

t h e  chi l ldown pump purge  module. (WRO S-IVB-3372 ECP 2175). 
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an. The LOX r e l i e f  va lve  was replaced wi th  a redesigned valve  

which had a l a r g e r  diameter threaded s h a f t  i n  t h e  p i l o t  

poppet. This change provided g r e a t e r  poppet s h a f t  s t r e n g t h  

t o  a ssure  r e l i a b i l i t y  of the  c o n t r o l l e r  assembly. 

(WRO S-IVB-3519 ECP 2 180 K1) . 
ao. The LH2 r e l i e f  va lve  was rep laced  wi th  a :-edeeigned va lve  

which had a l a r g e r  diameter threaded s h a f t  i n  t h e  p i l o t  

poppet. This change provided greaLdr poppet s h a f t  s t r e n g t h  

t o  a s s u r e  r e l i a b i l i t y  of t h e  c o n t r o l l e r  assembly. 

(WRO S-In-3518 ECP 2234 Rl ) .  

ap. The pneumatic power c o n t r o l  modules were rep laced  wi th  new 

modules having new shu to f f  valvz  s e a t s  and new ven t  va lve  

s e a t s .  These changes c o r r e c t e d  t h e  low temperature o p e r a t i o n a l  

and leakage problems. (WRO S-IVB-3533 ECP 2244). 

aq. The continuous ven t  module was rep laced  w i t h  a redes igned 

rnodule having an improved e l e c t r i c a l  so leno id  and aluminum 

poppets wi th  l a r g e r  threaded end f o r  t h e  r e l i e f  o v e r r i d e  

so leno id  and f o r  t h e  r e l i e f  valve.  The e x i s t i n g  so leno id  had 

repea ted ly  cracked a t  a  he rmet ica l ly  s e a l e d  s o l d e r  j o i n t  a t  

opera t ing  temperature.  (WRO S-IVB-3501 ECP 2248). 

a r .  The LOX and LH2 chilldown system shu to f f  valves  were reworked 

t o  provide  a new microswitch a c t u a t o r  s p r i n g  f o r  t h e  open 

p o s i t i o n  i n d i c a t i o n  swi tch .  This  enabled t h e  p r e s e n t  bellows 

s h a f t  t o  a c t u a t e  t h e  switch dur ing  c r i t i c a l  component 

cycl ing.  (WRO S-IVB-3564 ECP 2269). 

a s .  The continuous ven t  bypass a c t u a t o r  c o c t r o l  nofiule was 

rep laced  w i t h  a redes igned module having s e p a r a t e  ven t  p o r t s  

f o r  opening and c l o s i n g  s i d e s  of t h e  continuous ven t  va lve  

bypass. This prevented the  un la tch ing  of the  locked p o s i t i o n  

of t h e  a c t u a t o r .  (WRO S-IVB-3617 ECP 2291). 

a t .  'The LH2 tank r e p r e s s u r i z a t i o n  c o n t r o l  module, PIN 1B56653-511, 

was rep laced  wi th  a PIN lB56653-513 module which . corpora tes  

a new s e a t  des ign  and c i r c l e - s e a l  C ~ ~ C K  va lve  i n  t h e  top ven t  

of the  r e g u l a t o r .  (WRU S-IVB-3642 ECP 2304). 
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au .  The LOX t ank  p re s s l l - - i za t i on  c o n t r o l  module, F/:J lB42290-503, 

was r e p l a c e d  w i t h  a  PIN 1B42290-505 module. (WRO S-IVB-34b4 

ECP 2305) . 
av .  An o r i f i c e  was i n s t a l l e d  t o  r e p l a c e  a  union i n  t h e  LCX tank 

r e p r e s s u r i z a t i o n  sys tem t o  p r e v e n t  r a p i d  LOX t a n k  r e p r e s s u r i z c -  

t i o n .  (WRO S-IVB-3663 ECP 2319). 

aw. The APS p r o p e l l a n t  sys tem was r edes igned  t o  p r o v i d e  f o r  

removal of gas  formed w i t h i n  t h e  APS p r o p e l l a n t  t anks .  

(WRO S-IVB-??I8 ECP 2054).  

ax .  An overboard  :iump f o r  t h e  5-2 eng ine  LOX pump pr imary  s e s l  

c a ~ i t y  d r a i n  was i n s t a l i e d  i n  o r d e r  t o  minimize hazardous  

c o n d i t i o n s  w i t h i n  t h e  a f t  i n t e r s t a g e  d u r i n g  b o o s t .  

(WRO S-IVB-3756 ECP 2425). 

ay .  The PU sys tem shap ing  network was modi f ied  t o  o b t a i n  i n c r e a s e d  

d t t e n u a t i o n  a t  s l o s h  f r e q u e n c i e s .  (WRO S-IVB-361A ECP 0302) . 
az .  The PU s t a t i c  i n v e r t s r l c o n v e r t e r  box lias mod i f i ed  t o  

i n c o r p o r a t e  a new module w i t h  a  t r i m  poten t iome-ex  which 

would a l l ow ad jus tmen t  c f  t h e  5 vdc f i n e  mass supp ly  

(WRO S-IVB-2713 ECP 0466). 

ba. The ch i l l down  i n v e r t e r / c o n v e r t e r  rese :  c i r c u i t  was modi f ied  

t o  e l i m i n a t e  a v o l t a g e  s p i k e  and the reby  p r e v e n t  i n v e r t e r  

f a i l u r e .  (WRO S-IVB-2938 CCP 0651) . 
bb.  The emergency d s t e c t i o n  sys tem (EDS) was mod i f i ed  t o  s e p a r a t e  

t h e  eng ine  c u t o f f  c i r c u i t s  a t  t h e  c o n n e c t o r ,  semi-conductor ,  

and module l e v e l ,  s o  t h a t  n o  s i n g l e  e l e c t r i c a l  component 

f a i l u r e  would cause  an e r roneous  a b o r t .  (WRO S-IVB-2960 

ECP 0634).  

bc .  The LOX and Li:? d e p l e t i o n  s e n s o r  e l e c t r o n i c  c o n t r o l  u n i t s  and 

n e c e s s a r y  w i r i n g  t o  v e r i f y  s;are depLet ion  s e n s o r  o p e r a t i c n  i n  

bo th  LH2 and LOX t a n k s  u n d ? r  c r y o g e n i c  c o n d i t i o n s  d u r i n g  a c t u a l  

s t a g e  l o a d i n g  were i n s t a l l e d .  (WRO S-IVB-2989 ECP 0681 R2). 



bd. The LH2 deplet ion sensor t i m e  delay module, PIs 1B59020-501, 

vas re2laced with a PIN iA74211-505 2- amp relay module. The 

e f f e c t  of t h i s  ch3nge was t o  increase the res idua l  propelldnt 

a t  engine cutoff .  (WRG S-'IVB. 3001 ECP 0686 Rl).  

be. The LOX and TLH2 chilldown inve r t e r  assemblies were modified 

by incorporating new diodes which wobld suppress over--voltage 

conditions i n  the low frequency range. (WRO S-IVB-3179 

ECP 2053). 

bf. A redundant r i l a y  and associated wiring f o r  the 70-lbf 

ul lage engine s t a r t  was in s t a l l ed .  The dual 70-lbf u l lage  

engines a r e  s t a r t e d  through a s ing le  relay.  Relay redundancy 

el iminates  the s ing le  point  f a i l u re .  (WRO S-IVB-3242 

ECP 0677). 

bg. The wiring i n  the sequence;, a f t  cont ro l  d i s t r i b u t o r ,  and 

interconnecting cable harness assembly was modified t o  provide 

an ambilical talkback f o r  monitoring the r e s e t  condition of 

both open and closed continuous vent valve switch s e l e c t o r  

relays.  (WRO S-I'JB-3243 ECP 2096) . 
bh. -4P5 o r i f i c e d  caps, lB72194-1 and -501, were adjed t o  por t s  "R" 

and "S" respect ively ( f igu re  i3-1). 

b i .  The propel lant  bladder wrthin the  1PC3924-504 oxid izer  tank on 

module 2 was replaced because i t  had been overpressurized. 

3.3 Ground Support Equipment Modifications - 
The following s i g n i f i c a n t  modifications w e r e  accomplished on the DSV-4B 

ground support equipment a t  t h e  F lor ida  Test  Center: 

a. Model DSV-4B-315 Launcher Aft  U d i l i c a l  K i t  

(1) The grouild ha i f  of the propel lant  f i l l  and d ra in  dis- 

connects was redesigned t o  reduce leakage. 

(2) A check valve i n  the  w r g e  vent  po r t  of the  anti-debris 

valve was added. This chenge prevented moisture from 

enter ing the valve ac tua tor  cavi ty and thereby c a u ~ i q g  

a failure. 
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b. ?lode1 DSV-4B-432P Pneumatic Con. i ) l e  - 
(1) The 0.068 i n .  o r i f i c e  i n  the  ambient helium pressur iza -  

t i o n  l i n e  was replaced wi th  a cnion.  This  change 

reduced the  p r e s s u r i z a t i o n  time of the  helium spheres ,  

( 2 )  The AN815-4C union i n  the  helium pressure  c o n t r o l  system 

was replaced wi th  sn 0.013 i n .  o r i f i c e .  This  change 

permit ted  the  c o n t r o l  a f  p r e s s u r i z a t i o n  and depressur iza-  

t i o n  r a t s  of the  dome regulate: i n  the  cold helium system. 

(3) A r e l i e f  valve  downstream of the  2,000 p s i  p r o s e t  regula- 

t o r  was i n s t a l l e d  t o  p r o t e c t  the  system i n  the  event of 

r e g u l a t o r  f a i l u r e .  

c. Model DSV-4B-438A Gas Heat Exchanger 

(1) A ven t  l l n e  from c i r c u i t  No. 1 b l ? e d  hand valve  (A12251) 

was i n s t a l l e d  t o  the  ven t  l i n e  i n  the  gaseous hydrogen 

c o n t r o l  panel  assembly. This was a  s a f e t y  r n o ~ i f i c a t i o n  

t o  prevent  the  v e n t i n g  of GH2 from the  Hods1 DSV-4B-438A 

onto  t h e  umbi l i ca l  tower. 

d. Model DSV-4B-472 APS Fuel I n s t a i l a t i o n  K i t  and 

Model DSV-4B-472 APS OxLdizer I n s t a l l a t i o n  K i t  

(1) The APS u l l a g e  c o n t r o l  assembly was modified t o  preveLt 

the  bellows from reaching t h e  f u l l y  ccmpressed p o s i t i o n .  

(2) A p o r t a b l e  c o n t a i n e r  which a t t a c h e s  t o  the  APS bleed 

l i n e  t o  remove and n o n i t o r  gas from APS p r o p e l l a a t  tank 

b ladder  was added. 
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Figure 3-1. Propulsion System and Instrumentation 
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Section 3 
Test Configuration 

continuous vent ,  nonpropu:jlve ven t ,  and f i l l  valves purge 

system and nonpropulsive vent  purge 

con t ro l  module vent  

and d r a i n  valve 

and d r a i n  valve 

PART NUMBER PART DESCRIPT: ''\ 

NO.* 

35 7851844-501 Disconnect. cold  helium f i l l  and - ' td-.  ?r,>, 

I i 1A49991-I 

1840824--503 Valve, check, cold helium f i l l  

Plenum, LOX tank pressuriza:ion 

I Switch, pressure ,  cold heli31m re-.,:,r :JL; :;, 
PU 465 +20, -15 p s i a ,  DO 350 +:0. - .  

I 39 1 1163046-523 Or i f i ce ,  LOX tank p r e s s u r i ~ t i o n  -.:.I.. .ii . I primary 
40 1863047-523 Orif i c e ,  LOX tank pressur iza t ion -. : . l~ ,  ' c i t  

bypass 

4 1  1A49958-517 Disconnect,  ground checkout. col i  .~:IJ-, a-51 
and engine purge pressure  w i t che=  

1 4 2  ( lA49958-517 ( Disconnect,  mainstage OK pressurk .;!r: . w - ;  

1 42A 1 lA49958-519 1 Disconnect,  thr i l s t  chamber jackerc: ,-r;e dFb .. 
1 4 3  1 1864443-505 1 Module, con t ro l .  LH2 tank pressur:-2:::- 

( 44 / 1864U3-5OI** Or i f i ce .  LH2 tank p re s su r i za t i on  - : x i  I ,:.- 1 second burn) 

1 45  1 1B64443-505**1 Orif ice .  LH2 tank pressur iza t ion -. r-3: -*:t I 46 1 1864443-505** Ori f  i c e .  LH2 tank pressur iza t io"  - % ; i ~ i  2 I f i r s t  burn) 

1 47 1 1863437-1 1 Orifig LH2 tank repressurizati:-  - 2 .  ' L  --: 

( 48 1 1840622-501 1 O r i f i c ~ ,  LH2 tank  onp propulsive . r : - ! b e  

1 49 1 1859265-1 [ O r i f i c e ,  LH2 nonpropulsive vent ,: 

1 50 1 1859265-1 ( Or i f i ce .  LH2 nonpropulsive vent 

1 51 1 1A49988-1 1 Valve. d i r e c t i o n a l ,  LH2 tank ven: 

1 52 1 1852624-1 1 Switch. pressure .  LH2 tank f i n t  --:: i l ' ~  : 1 5 1 2 6 2 4 - 3  Switch. pressure .  LH2 tank p r e p r ~ ~ r . ~ ~ . ~ '  I and r ep re s su r i za t i on ,  PU 34 ps ia  - 3 . .  JL' ': 

54 1A49591-533 Valve. r e l i e f .  LH2 t a ~ k .  crack 3- 9 j : l  - J  * 
min 

55 lA48257-511 Valve, 34 p s i a  LH2 min tank vent  and r e l i e f .  .ti.. " 2 -  

1 56 / 1A48858-1 1 Sphere, cold  helium. 6.048 cu i n  

1 57 1 1A72907-503 ' Probe. LH2 t ank  ins t rumenta t ion 

( 576 1 lA48430-507 I Probe. LOX mass s enso r  

1 58 1 1865812-1 1 Diffuser .  LH2 t ank  p re r su r i za t i o -  

1 59 1 lA48431-501 1 Probe. LH2 mass sensor 

Probe. LOX ins t rumenta t ion 

Pump. LH2 c h i l l d m  

1 61 1 lA48854-1 ) Or i f i ce .  LOX c h i l l d w  pump purge 

( 6lA ( 1840622-511 ] Or i f i ce .  LOX c h i l l d a r n  p u q  purge ?\adsi  

( 62 1 1A58347-505 1 Module. LOX c h i l l d m  pump purge 

I 63 I 1852624-503 Switch, pressure .  LOX c h i l l d a r n  p . ~ ?  P1lre'  I PU 41 p s i a  mx. DO 38 pe i a  .in 
64 lA49423-507 Valve, r e l i e f .  LOX c h i l l d a r n  pimp p w c .  

65  t o  85 p s i a  (pa r t  of p u q  . s ~ ~ ~ b i % l  

65 lA67913-1 Valve, dump, LOX c h i l l d a r n  plnp 

66 lA49423-505 Pump. LOX c h i l l d m  

67 lA49964-501 Valve, check. U)X c h i l l d m  recur)  !in'' I 
I I I /~ 

*Ind ica t e s  l o c a t i o n  on f i g u r e s  3-1 3-J **%., 

FOLDOUT FRAME \ 



PART DESCRIPTIcY 

- 
~d helium f i l l  dnd LOX tank pressur iza t ion 

cold hellurn f i l l  

nk pressurization 

r e ,  cold hellun regulator backup. 
5 ps ia .  DO 350 +?0, -15 psia 

ank pressurization module, heat exchanger 

ank pressurization mudule, heat exchanger 

ound checkout, cold helium, ambient helium, 
ge pressure switches 

  in stage OK pressure switch checkout 

ru s t  chamber jacket purge and chilldown 

8 1 ,  LH2 tank pressuriz-ti-n 

ank pressurization cs htrol (overcontrol - 

.ank pressurization normal (undercontrol) 

-ank pressurization' control (overcontrol - 
.ank repressurization module o u t l e t  

:ank nonprop~nls~v? vent purge 

Ionpropulsive vent No. 1 

~ o n p r o ~ u l s i v e  vent No. 2 

-0nal. LH2 tank vent 

I re ,  LH2 tank f i r s t  burn f l i g h t  con t ro l  

I re ,  LH2 tank prepressurization, ground €111 
. ra t ion ,  PU 34 psia max, DO 31 p s i a  min 

LH2 tank, crack 38 ~ s i a  max, r e sea t  :; p s i a  

~k vent  and relief, crack 37 ps i a  max, r e s e a t  

ielium. 6.048 cu in .  

l k  instrumentation 

3 s  scnsor 

tank pressurization 

is sensor 

trurnentat ion 

:hilldown pump purge 

:hilldown pump purge bypass 

l i l ldown pump purge 

're, LOX ~ h i l l 3 ~  pump ?urge backup. 
:r DO 38 psia  min 

LOX chilldown pump purge, crack and r e sea t  
( p a r t  Of pump assembly) 

-OX c h i l l d m  pump purge 

lldovn 

LOX c h i l l d m 1  return l i n e  

PART DESCRlPTION 

Flowmeter. LOX chilldown 

':alve, chtck ,  '.OX chilldown pump discharge  

F i l t e r ,  LO)! c n i l l d m  pump purge 

Prevslva . 1.OX 

S ~ i t c h ,  p r e s s w e ,  LOX t m k  p r e p r e s s u r ~ z a c i o z ,  ground iill, 
r ep re s su r i za t i on ,  and f l i g h t  con t ro l ,  PU 41 p s i ,  max, 
DO 38 p s i a  m i r  

O r i f i ce .  LOX sensing l i n e  purpe 

Valve, check, GH2 tapoff p r e s su r i ?a t i rm  l i n e  

W~dule. LH2 r ep re s su r i za t i on  con t ro l  
I 
, Vrlve, check, LH2 r ep re s su r i za t i on  con t ro l  module l n l e t  

I 

I Sphere. LH2 cep re s su r i za t i on ,  4.5 ru f t  

Module, a c tua t i on  con t ro l ,  d i r e c t i o n a l  valve 

'Ialvc, check, d i rec t ione1,valve  ac tua t i on  con t ro i  mcdulr vent  

( Nodule. a c tua t i on  con t ro l ,  Lii? tank vcnr d d  r e l i e f  valve 

I Valve, check, LH2 tank vent  and r e l i e f  valve ac tua t i on  
con t ro l  module vent  

I 
I 

Valve, check, LOX vent and r e l i e f  valve and LOX tznk sens ing 
l i n e  purge 

O r i f i c t ,  LOX tank vent and r e l i e f  va lve  p x g r  

Valve, r e l i e f ,  -.OX tank, crack a t  45 p s i s  max, r e sea t  
41 p s i a  min 

Valve, vent  and r e l i e f ,  LOX tank,  crack 44 p s i a  may, r e sea t  
41 p s i a  min 

Module, a c tua t i on  con t ro l ,  LOX tank vent and r e l i e f  valve 

Valve. c h s c ~ .  LOX tank vent  end r e l i e f  v t l v e  LC-8-stior, 
con t ro l  module vent  

Dreval-:r, LH: 

i i l t e ~ ,  LH2 c h i l l d w n  pump discharge  

Valve, check, L':: chi l ldoun pu3p discharge  

Flowmeter. I82 chilldown pump discharge  

Valvc, shu to f f ,  LH2 chilldown l i n f  

E:odule, 8 - t u ~ c t o n  con t ro l ,  chilldown valves  and prevalves  

Valve, check. LF2 chi l ldoun r e tu rn  

/ Iiodule, con t ro l .  LO:: tank r ep re s su r i z s t i nn  

1 Sphere. LOX tank r ep re s su r i za t i on ,  4.5 CL f t  

Or i f l ce .  LCi tank rmbient r ep re s su r i za t i on  module o u t l e t  

Valve, check. LOX rep re s su r i za t i on  module o u t l e t  

Module, engine purge c o n t r o l  

Switch, p r e s su i e ,  engine  purge module backup, PU 130 p s l a  
max, DO ;J5 p s i a  min 

Disconnect,  engine  s t a r t  sphere  vent  and re l i : f  va lve  d r r i .  

Disconnect,  engine  con t ro l  helium SF%-re f i l l  

Disconaect,  engine s t d r t  sphere  f i l l  

Disconnect. LHi t u r b i t ~ e  s e a l  d n i n  

- - 

fip,ures 3-1 and 3-3 **Module Number 
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Section 3 
Test Configuration 

POSITION PLANE 
I 

APS MODULE NO. 1 
S/N 1005-1 

ULLAGE ROCKET B 
SIN K-801-2 

POSITION POSITION 
PLANE - - -- PLANE 

I V  I I 

ULLAGE ROCKET A 
SIN K-801-1 

J-2 ENGINE 

S/N 2031  0 
ULWX ROCKET 

C M B E R  PRESSURES 
WTOR A DO2 16 
K)TOR 13 DO2 17 

POSITION PLANE 
I 1 1  

APS MODULE NO. 2 
SIN 1005-2 

V I EW LOOK I NG FORWARD 

-- 
Figure 3-2. Propuls ion Major Covnonents Locations 
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Test Configuration 

Figure 3-3. Faci 1 i ty Propel 1 ant  and Poeumctjc 



G I 2  FROY MOOEL 433 fRW 
TO YOOEL 433 A-11121 

LH2 DEBRIS VALVE OPEN 

LH2 PTB. VALVE CLOSE 

f I 

FROY YODEL 43: 

9 
0 

I ---- 

$ W : T  FRAMC 'p 
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Sec:tion 3 
Test Conf j.gurzt!.on - -  

L- I I l IO 

- -  .- 

A - l m ?  
W l T I l Y i  WRV TO l D D t L  43l 

I - IXN .- A-I1716 - MEa 'mc WWLV TO YDtI 417 
I A-Uml M P S I G T O I X Y '  4 9  

u 

- A - l l l m ,  ' C l P Y C l T  

I 
I 

~ U U L P U t E  
w p n v  - 1.5 urn 

I 

MOTE: 
SEE FIGURE 3-1 FOR - - -- * -- 1 LEGEE 

Figure 3-3. Faci 1 i ty Propel l a n t  and Pneumatic 
Loading Sy ;tern (Sheet 2 o f  2) 



Sec t ion  4 
Sequence of Events 

4. SEQUENCE 0- EVENTS 

Table 4-: p r e s e n t s  the !-S-501 f l i g h t  seqLence of events .  Four types  of 

i tems a r e  included i n  the  sequence. 

a. LVDC Cc,mands - These items i n i t i a t e  from the  Launch Venicle 

D i g i t a l  Computer (LVTC) i n  the i n s t r u m ~ n t  u n i t  (LL') and d i r e c ,  

v e h i c l e  system a c t '  i ons  . 
b. Events - Ti-.*se i t - m s  a r e  monitored occurreuces  r e s u l t i n g  from 

v e h l c l e  performance such a s  ;he time of mzximum dynamic 

p ressure .  

c. R e s ~ o n s e s  - These i tems a r e  responses t o  connlands t h a t  a r e  

i s sued  from t h e  IU and a r e  monitored i n  t h e  T-IVB. 

d. Sround Commpnds - These i tems a r e  manual comands i s sued  from 

g r ~ u n d  s t a t i o n s ,  which t r ansmi t  s i g n a l s  t o  :he LFDC t o  d i r e c t  

v e h i c l e  system a c t i o n s .  

I n  the  sequence,  a l l  comands and e v e n t s  a r e  preceded by an i tem number. 

S e q u e n t i a l  s 2 r i e s  of  r e l a t e d  comands and responses a r e  l i s t e d  under the  

same -.vent QI-rbrr w i t 5  l ~ w e r  c a s e  l e t t e r s  d i s t i n g u i s h i n g  s e p a r a t e  i tems.  

The o v e r a l l  powered f l i g h t  sequence was c l o s e  t o  p r e d i c t e d  and proper  

S-IVB response was given t o  a l l  commands i s s u e d  from the  I U  

4.1 P r e d i c t e d  and Monitored Times 

The p r e d i c t e d  times i n  t h e  sequence were ob ta ined  from Douglas Report 

N c .  SM-46998B, S-IVB-501 Stage F l i g h t  T e s t  Tlnn, r ev i sed  2 ldovember 1967. - 
Comnands i s s u e d  from t h e  LVDC t o  t h e  S-IC s t a g e ,  S--11 s t a g e ,  S-IVB s t a g e ,  

and I U ,  were monitured a t  the  LVDC. Times f o r  t h e s e  i tems were obta ined 

from MSFS. Commands i s s u e d  from t h e  LVDC t o  th: S-IVB s t a g r  %ere  a l s o  

monitored a t  t h e  S-IVb swi tch s e l e c t o r .  These t imes were obta ined from 

t h e  Cont rac to r ' s  da ta .  Ground commands we;e monitored a t  the  Mission 

Concrol Center  and at t h e  L W C  i f  receivcd.  Monitored t imes f o r  S-ILd 

even t s  were obta ined from the  C c a t r a c t o r ' s  p o s t f l i g h t  a n a l y s i s  of 

parameters a s s o c i a t e d  w i t h  each everrt.  



Sect ion 4 
Sequence of Events 

The time from r?nge zero i s  provided f o r  a l l  i tems. Range zero ,uhj  -h is  

by d e f i n i t i o n  the  f i r s c  even second p r i o r  t o  l i f t o f f ,  occurred a t  

1200:Ol. 0 Greenwich Mean Time. 

A time from base  is given f o r  a l l  LVDC commands which were preprogrammed. 

A time from base i s  not  a p p l i c a b l e  (NIA) f o r  i tems such a s  even t s  and 

c3rscar?d responses which were not  p reprogramt~d .  

A dash (-) was i n s e r t e d  i n  t h e  f l? .ght  sequence t a b l e  f o r  i teci  --iines which 

a r e  n o t  a v a i l ~ b l e .  Some i tems such as  command respozlses had no p red ic ted  

times. Loss of f l i g h ~  t im f o r  some i tems .:as a t t r i b u t e d  t o  the  

following causes:  

a. Telemetry blackout  - RO +151.521 t o  RO +153.719 stc. 

b. Ear ly  c c t o f f  of '3-IVB s t a g e  second burn ( e s t a b l i s h i n g  TB7) caused 

l o s s  o r  two TB6 commands. (Table 4-1, i t em No. 348 and 350.) 

The accurac ies  l i s t e d  i n  t a b l e  4-1 a r e  r e l a t e d  :o t h e  telemetry-channel 

sampling r a t e s ;  t h e r e f o r e ,  t h e  i tems occurred at  t h e  t i m e s  Lndicated o r  

e a r l i e r  by t h e  amount l i s t e d  i n  t h e  accuracy column. The accurzcy of i U  

s i g n a l s  i s  n o t  shown s i n c e  t h i s  informatior,  i s  n o t  a v a i l a b l e .  

4.2 Time Bases 

Seven s z q u e n t i a l  s e r i e s  o- preprogrammed c-mmands were isst* .d from t h e  

LVDC. Each s e q u e n t i a l  seris. was i n i t i a t e 6  by the  es iab l i shment  o f  i ts  

t i m e  base  i n  the  LVDC. L i s t e d  below are the  seven time - ,ases w i t h  t h e i r  

r espec t ive  o r t g i n a t i n g  e.-o,nts. 

a. Tlae bzse  one, TB1 - I U  umbi l i ca l  d isconnect  

b. Time base two, 1B2 - S-JC inboard engine cu to f f  

. l i m e  base  t h r e e ,  TE3 - S-IC outboard 2ngLnes cu to f f  

d. Time base four ,  TB4 - S-I1 J-2  engine^ cu tof f  

e. Time t.ase f i v e ,  TB5 - F i r s t  S-1\73 engine cu to f f  

f .  Time base  s i x ,  TB6 - Begin r e s t a r t  p repara t ions  
(LVDC so lves  an equa t ion)  

g. T i m  b 5 . s ~  seven, TB7 - Second S-IVB engine cu to f f  
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Sequence cf Events 

4.3 Ground Commands 

Seven s e q u e n t i a l  s e r i e s  of commcnds t o  t h e  LVDC were i n i t i a t e d  from t h e  

ground by f l i g h t  c o n t r o l l e r  ac t ion .  These commands were no t  preplanned 

and t h e i r  purpose was t h a t  of c l o s i n g  t h e  S-IVB LH2 continuous v e n t  valves .  

I n f l i g h t  te lemetry  d a t a  a v a i l a b l e  t o  t h e  f l i g h t  c o n t r o l l e r s  was i n t e r -  

p re ted  by t h e  c o n t r o l l e r s  a s  i n d i c a t i n g  t h a t  t h e  va lves  remained open 

a f t e r  onbqard commands had been s e n t  t o  c l o s e  t h e  va lves .  The pre- 

programmed s e r i e s  of ground commanded s i g n a l s  i s sued  au tomat ica l ly  

fol lowing each f l i g h t  c o n t r o l l e r  a t tempt  t o  c l o s e  t h e  va lves  is  l i s t e d  

below. 

a .  LH2 Tank Repressur iza t ion  Cont ro l  Valve Open OFF 

b.  LH2 Tank Continuous Vent Valve Close ON 

c .  LH2 Tank Continuous Vent Valve Close OFF 

This  s e r i e s  of s i g n a l s  w a s  s e n t  seven t imes w i t h  t h e  second, t h i r d  and 

f o u r t h  s e r i e s  ( i s sued  from Corpus C h r i s t i )  being rece ived  by t h e  LVDC. 

The f i r s t  and f i f t h  series were s e n t  dur ing handover from Goldstone t o  

Corpus C h r i s t i  and from Corpus C h r i s t i  t o  Merrit I s l a n d ,  F l o r i d a  (MILA), 

r e s p e c t i v e l y ,  wi th  t ransmiss ion,  t h e r e f o r e ,  n o t  being complete and auto- 

m a t i c a l l y  r e j e c t e d  by t h e  I U .  The s i x t h  and seventh  series were s e n t  

from KTLA with  an  erroneous address  and were a l s o  r e j e c t e d  by t h e  I U .  

4 .4  Ground Sequence of Events 

Table 4-2 p r e s e n t s  t h e  ground sequence of even t s  from approximately 

RO -15 min t o  l i f t o f f .  These even t s  a r e  r e l a t e d  t o  t h e  S-IVB-501 s t a g e  

and a s s o c i a t e d  ground support  equipment and a r e  der ived from t h e  d ~ g i t a l  

even t s  eva lua t ion .  No o u t  of sequence even t s  o r  o t h e r  anomalies occurred.  



S e c t i o n  4 
Sequence of Events  

TABLE 4-1 (Sheet  1 of 43) 
FLIGHT SEQUENCE OF EVENTS 

Guidance Reference 
Release 

ITEM 
NO. 

I U  

IU 

GSE 

I U  

I U  

I U  

S-IC Engine S t a r t  

EVENT 

-00:00:06.688 N / A  MSFC -- 
(-6.6;;) 

F i r s t  Motion 

Holddown Arms 
Release 

PREDICTED TIME 

-00:00:00.41 N / A  MSFC -- 
(-0.41) 

SIGNAL 
MONITORED 

AT 

TIME FROM 
RANGE ZERO 
(hr:min:sec) 

(set) 

Range Zero 

TIME FROM 
BASE 

(sec)  

00:OC:OO.O N / A  MSFC -- 
(0) 

Time Base 1 
AS-501 L i f t o f f ;  
I U  Umbilical 
Disconnect 

MONITORED TIME * 

00:00:00.253 TB1 M.0 MSFC -- 
(0.263) 

SOURCE 

TIME FROM 
RANGE ZERO* 
(hr:min:sec) 

(see) 

Yaw Maneuver S t a r t  

ACCURACl 
(ms) 

TIME FROM 
BASE 

(set) 

00:00:00.979 N / A  MSFC 
(0.979) 

Signal  from LMC 
for:  Auto - Abort 
Enable Relays Reset 

Tower Clearance 

00:00:05.216 TB1 +4.953 MSFC 
(5.216) 

Yaw Maneuver Stop 

PI .I Maneuver S t a r t  00:00:11.063 N / A  MSFC 
(11.063) 

00:00:11.063 N/A MS FC 
(11.063) 

Roll Maneuver S t a r t  

Si jnal  from LMC 
f rr: Multiple En- 

me Cutoff Enablc 

00:00:14.213 TB1 +13.950 MSFC 
t14.213) 

Signal  from LVDC 
for:  S-IC Tele- 
metry Cal ibra te  On 

00:00:25.214 TB1 +24.951 MSFC 
(25.214) 

Signal  from LMC 
for: Telemetry 
Cal ibra tor  I n f l i g h t  
Cal ibra te  On 

00:00:27.234 TB1 +26.971 MSFC 
(27.234) 

Signal  from LVDC 
for:  S-IC Tele- 
metry Cal ibra te  Off 

00:00:30.037 TBl +29.774 MSFC 
(30.037) 

Roll Maneuver Stop 00:00:31.990 N / A  MSFC 
(31.990) 

Signal  from LVDC 
for:  Launch Vehicle 
Engines EDS Cutoff 
Enable 

00:00:30.212 TB1 +29.949 MSFC 
(30.212) 

Signal  from LVDC 
for:  Telemetry 
Calibrator  Stop 
I n f l i g h t  Cal ibra te  
Off 

*See notes a t  end of t a b l e  



Section 4 
Sequence of Events 

TABS6 4-1 (Sheet 2 of 4 3 )  
FLIGHT SEQUENCE OF EVENTS 

PREDICTED lIME WNITORED TIME* 

(hr  :min:sec) (hi:min:sec) 

Signal from LVDC 
for :  Fuel Pressuri-  
zing Valve No. 2 
Open 6 Tape Recorder 
Record 

Signal  from LVnC 
for:  S t a r t  Data 
Recorders 

Maximum Dynamic 
Pr-ssure 

Signal  from LVDC 
for :  Telemetry 
Calibrator  I n f l i g h t  
Calibrate Or. 

Signal from LVDC 
for :  Telemetry 
Calibrator  I n f l i g h t  
Calibrate of f  

Signal  from LVDC 
for :  Fuel Pressuri-  
zing Valve No. 3 
Open 

Signal  from LVDC t o  
Fl igh t  Control 
Computer for :  
Switch Point  No. I 

Signal  fr-m LVDC 
for :  S-IC Telemeter 
Calibrate On 

Signal  from LVDC 
for :  Special  
Calibrate Relays 
On 

Signal  Received i n  
S-IYB for :  Special  
Calibrate Relays On 

S ~ g n a l  from LVDC 
for: Regular 
Cal ibra te  Relays 
On 

Signal  Received i a  
S-IVB for: R e g ~ l a r  
Cal ibra te  Reiays On 

Signal  from '.VDC t o :  
F~ighr :  Control 
Sompurcr i o r :  
Swicch Point  No. 2 

S igca l  from LVDC 
for:  S-TC Tele- 
meter Cal ibra te  Off 

Signal  from LVDC 
for :  Regular Cali- 
b r a t e  Relays Off 

TRl +49.5 

TB1 +74.1 

N/ A 

TB1 +90.0 

TBl +95.0 

TB1 ->95.3 

TB1 +105.0 

TBi +115.0 

TBl +119.0 

-- 

TBl +119.2 

-- 

TB1 +i20.0 

TB1 +1;0.2 

TB1 +123.7 

IU 

IU 

N /A 

I U  

xu 

IU 

LU 

IU 

IU 

S-IVB 

I U  

S-IVB 

I U  

I U  

I U  

TBl +49.458 MSFC 

TB1 L75.059 MSFC 

N /  A Ms FC 

TB1 +89.962 MSFC 

N/A DAC (FM) 

N/A DAC (FM) 

*See notes a t  end of table 



Sec t ion  4 
Sequence of Events 

TABLE 4-1 (Sheet 3 of 43) 
FLISHT SEQUENCE OF EVENTS 

PREDICTED TIME * MONITORED TIME* 
TIME FROM TTME FROM SIGNAL TIME FROM TIME FROM DATA ACCURACY* 

EVENT RANGE ZERO BASE BASE 
( h r  :min:sec) (hr:min:sec) 

SOURCE (us) 
(se:) 

(set) ( sec )  
(set) 

Signal  Received i n  
S-IVB f o r :  Regular 
C a l i b r a t e  Relays Off 

S igna l  from LVDC 
f o r :  Spec ia l  Cal i-  
b r a t e  Relays Off 

S igna l  Received i n  
S-IVB for :  Spec ia l  
C a l i b r a t e  Relays Off 

S igna l  from LVDC 
f o r :  Fuel P ressur i -  
z ing  Va' .e  No. 4 
Cpen 

S igna l  from LVDC 
f o r :  Fas t  Record On 

Signa l  Received i n  
S-IVB f o r :  Fas t  
Record On 

Signa l  from LVDC 
f o r :  I U  Tape 
Recorder Record On 

S igna l  from LVDC 
f o r :  S-IC Two En- 
gine Out Auto-Abort 
I n h i b i t  Enable 

S igna l  f r m  LVDC 
6-r: S-IC TVO En- 
blne kt Auto-Abort 
I n h i b i t  

S igna l  from LVDC 
f o r :  Excessive Rate 
(P, Y 6 R) Auto- 
Abort I n h i b i t  Enable 

S igna l  from LVDC 
f o r -  Excessive Rate 
(9, Y 6 R) Auto- 
Abort I.lhlt.it  

S igna l  from LMC 
f o r :  Two Adja-ent 
Outboard Engines 
Out E n a ~ l e  

c rxrg 

&U 

S-IVB 

I U  

00:02:04.424 N/A DAC ( FM) 13  
(124.424) 

Q0:02:04.614 TE1 MSFC - - 
(:24.614) +124.351 

00:02:04.593 N/A DAC ( M) 1 3  
(124.599) 

00:02:14.114 TB1 MSFC - - 
(134.114) +133.851 

00:02:14.099 N/A DAC ( FM) 1 3  
(1 74.099) 

IU 

S-IVB 

00:02:14.213 TL- MSFC -- 
(134.213) +133.950 

00:02:14.613 TB1 MSFC 
(134.613) +134.350 

00:02:14.818 TG1 MSFC 
(134.818) +134.555 

Time Base 2 
S-IC Inboard Engine 

S-IC 

S-I1 

00:02:15.469 TB2 W.O MSFC 
(135.469) 

Cutoff 

S igna l  from LVDC 
f o r :  ; t a r t  F i r s t  
PAM-FM/FM Calibra-  
t i o n  

03:01:15.820 TB2 W.351 MSFC 
(135.Pr0) 

S igna l  from LVDC 
f c r :  Stop F i r s t  
PN.1-FM/ FM Calibra-  
t i o n  

*See n o t e s  a t  end of t a b l e  



Sect ion 4 
Sequence of Events 

T M L Z  4-1 (Sheet 4 of 4 3 )  
FLIGHT SEQUENCE OF EVENTS 

RANGE ZERO 

( s e  ' 
(set) 

S i  . p a l  f r3m LVDC 
fo;: S-11 Ordnance 
Arm 

00:02:..t.530 TR2 +9.0b1 MSFC -- 
(144. j30)  

S igna l  from LVDC 
for :  Separat ion 
and Retro EBW 
" i r i n g  Units  Arm 

IIIA I U  

TBL +9.3 I U  

00:OZ . .5 .068 h.A MSFC 
(14C .u68) 

CC:02:24.719 TB2 +".250 MSFC 
(144.719) 

Stop P i tch  Manes~ver 

S igna l  from LVDC 
f o r :  Q-Ball Power 
c EC 

Signa l  from LVDC 
£0-:  Camera L igh t s  
On 

S igna l  from LVDC 
for :  S-IC Tt:lemetry 
!!ea: urcment Switch 
Over 

Sign11 from LVDC 
f o r :  Enable Out- 
board Engines Cut -f f 

Time Base 3 
S-LC Outbaard En- 
g ines  Cutoff 

Signal  from LV3C 
f o r :  Camera Motor 
On 

S igna l  from LVDC 
for :  S-I1 LH2 
Rec i rcu la t ion  Pl~nps 
Off 

Signa; from I \ .  5 
f o r :  S-I1 Ull-ge 
r r rgger  

S igna l  from LVDC 
f o r :  Camera Even, 
Mark 

S igna l  from LVDC 
f o r :  S-lC/S-I1 
S e p a r a t i ~ n  

S igna l  f r o e  LVDC 
for :  Switcn Control  
t o  S-I1 Enable S-I1 
Engine Out and S-11 
Second Separat ion 
Indicat iur ,  "A" 

Signa l  from LVDC 
f o r :  S -  :I Engines 
Cutotf Reset 

GO.02:24.929 TB2 +9.460 MSFC 
(1+4.929) 

00:U2:L5.120 TB2 +9.65: MSFC 
(1&C.120) 

00:02:2>.325 TB2 +9.855 MSFC 
(145.32 5 )  

00:02:30.848 TB3 tG.079 YSFC 
i150.848) 

00:02:?i .235 73, +O.&b MSFC 
(151.2j5) 

00:02:31.521 103 M.752 MSFC 
(15' ,521) 

,~0:0?:3:  .622 Thi 9 . 8 5 1  YSFC 
(151.621) 

*See nl.tea a t  end of t a b l e  



S e c t i o n  4 
S e q u e n c e  ~f E v e n t s  

TABLE 4-1 ( S h e e t  5 of 43) 
n I G H T  SE(jiiENCE OF EVEEiTS 

Signa l  f rcsl LVDC 
f o r :  Engines Reldy 
Byptss 

S igna l  from LVDC 
f o r :  Prevalves 
Lockout Rtse t  

(ms) 

S ig :~a l  from I VDC 
f o r :  S-I1 Lngine 
S t a r t  

DATA 
SOURCE 

. - 

Signa l  from 1 VDC 
f dr- Camera Event 
Mark 

S igna l  from I.'rDC 
f o ~  : Enable S-I1 
Engine J u t  6 S-I1 
Second Separat ion 
I n d i c a t i o n  "B" 

ITEM 

Signal  from LVDC 
f o r :  Engine Ready 
Bypass Reset 

SIGNAI 

S igna l  f ro& LVDC 
f o r :  S-I1 Hydraulic 
A: -u rn la to rs  Unlock 

F-RXDICTED TIME * 

Signa l  from LMC 
for :  L>illdowrr 
Valves Close 

T I C  FROK 
MONITORED TIME * 

S i w a l  from LVDC 
f o r :  S-I1 S t a r t  
Phase L imi te r  
Cilrof f Arm 

1 

NC. 

1IME FROM TIME FROK 
RWGE ZERO* 
(hr:min:sec) 

(-ec) 

Si,*lal from LVDC 
f o r :  Ac t iva te  PU 
S y ~ t c m  

FVENT RANGE ZERO 
(hr:min:sec) 

(set) 

TIME FROM 
BASE 

(set) 

S igna l  from LVDC 
f o r :  S-I1 S t a r t  
Phase L i ~ i t e r  Cutoff 
.411 Reset 

BASE I MONITORZD A T  

( s e c j  

S igna l  f r o n  LVDC 
f o r :  I!! Tape 
Keccrder Record Off 

S igna l  from LVDC 
f a r :  Stop Data 
Recorders 

S igna l  fro:; LVDC 
l o r :  Fas t  R e c ~ r d  
Off 

S igna l  Recejved i n  
S - I n  f o r :  Fas t  
Rec:.cd Off 

S igna l  from LVDC 
f o r :  Water Co?ient 
Valve Open 

I U  00:02:32.210 Tb3 +1.44' MSFC - - 
(152.210) 

IIJ -- -- -- 

I U  01):02 :33.719 TB? -2 .?SO MSFC 
(153.719) 

I U  00:02:37.419 TB3+6.650 MSFC 
(157.419) 

I U  00:02:37.637 TB3 +6.868 XSFC 
(157.637) 

IU 00:02:lt1.821 TB3 +11.052 XSFC 
(161.62') 

I U  00:02:42.037 TB3 +11.268 MSFC -- 
(162.037) 

I U  00:02:42.219 TB3 +11.450 MSFC - - 
(162.219) 

S-IVB 0$:02:42.197 NIP UAC(FM) 13  
(1:.2.197) 

LU 00:02:58.318 TB3 +27.549 MSFC - - 
(178.318) 

*See no tes  a t  end ; t a b l e  



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 6 of 43) 
FLIGHT SEQUENCE OF EVENTS 

h9NiTOREL) 7ii.Z ' 

~ ~ & ~ ~ ~ ~ ~ ~ ~ ~ { ~ ~ ~  (hr:min:sec) 

(set) (hr:min:nec) (set) 
(set) (set) 

-- - 
75 Signal  from LVDC 00:03:03.2 TB3 +30.7 I11 00:03:01.437 TB3 L30.668 MSFC -- 

fo r :  S-I1 Second (183.2) (181.437) 
Plane Separat ion 

76 Signal  from LVDC 00:03:03.3 TB3 +30.8 I U  00:03:01.534 TB3+3r).i65:iSr'C -- 
fo r :  Camera Event (183.3) (181.536) 
Mark 

17 S igna l  from LVDC u0 :03:04 3 TB3 +31.8 I U  00:03:02.533 TB3 +31.764 MSFC -- 
f o r :  Camera Event (184.3) (182.533) 
Mark 

78 S igna l  from LVDC 00:03:08.9 TB3 +36.4 I U  00:03:07.133 TB3 +36.364 MSFC -- . 
fo r :  LET J e t t i s o n  (188.9) (187.133) 
"4" 

79 S igna l  from LVDC 00:03:09.1 TB3 +3'~.6 I U  00:03:07.319 TB3 t.36.550 MSFC 
for :  LET J e t t i s o n  (129.1) (187.319) 
"B" 

80 S , ,,rial from LVDC 00:03:10.5 TB3+38.0 I U  00:03:08.711 TB3 +37.349 MSFC 
for :  Camera E jec t  (190.5) (188.718) 
Yo. 1 

8 1  S lbna l  f r o n  LVUC 00:03:11.1 TB3 f38.6 I U  09:03:09.333 TB3 +38.564 .WFC 
fo r :  Cam -3 Elec t  ( 1 9 i . l )  (189.333) 
Nu. 2 

82 S i g r . ~ l  from LVDC 00:03:11.6 TB3 +39.1 I U  00:03:09.848 TB3 +3S.064 MSFC 
for :  Camera Ejoct 1191.6) (189,848) 
No. 3 

83  I n f - t l a t r  I t e ra t i - . .  : : I 4  N/A IU 00:03:10.879 N / A  W FC 
Gurusnce Mode (192. (190.879) 

R4 r i g n a l  i : , ~ m  LVDL t o  \:.7:03:3: 1 Tb3 +61.4 I U  00:03:32.132 TB3 f61.363 MSFC 
Fl rgh t  Cb:itrol (213.9) (212.132) 
'3omputez f i r :  
Suit.-h Po in t  30. 3 

35 Slgllal from LVDL 00:04:3:.5 TB3 iL25.0 IU 00:04:35.:42 TB3 ELSFC 
i o r :  S t a r t  Second (277.5) (275.742) +124.973 
PM.-MI 511 Calibrq-  
ti011 

06 Signal  f rcm LI'DC 00:05:42.5 TB3+130.0 a ?  00:O. :40.'19 TB3 MS FC 
-6-.: Stop Second (282.5) (280.7i9)  +I29 .a90 
?.i3.-FM/FM C a i i t r .  - 
r ion  

87 S igna l  from 'VDC t o  @Q:C5:43.9 3 3  +191.L I U  00:05:42.120 TB3 MSFC 
Fl!&ht Control (343.41) (342.120) +191.351 
Comt;:uter f o r :  
Switch Po in t  No. .' 

88 S i b :  la1 from LVIIC 00:05:50.1 TL3 t197.6 IU 
for  : Telemetry (350.1) 
Ca l ib ra t ion  Inf l i g h t  
C a l i b r a t e  On 

89 Signa! fxorn LVDC 00:05:55.1 TB.3 +22L.b I]! 
fo r :  T e l ~  = t r y  (353.1) 
Ca l ib ra t3 r  I n f l i g h t  
Ca l ib ra t?  Off 

-7 

*See no'ea a t  end of table 



Section 4 
Sequence of Events 

T M L E  4-1 (Sheet 7 of 4 3 )  
FLIGHT SEQUENCE OF EVENTS 

F F F ~ : T E E ~  (ur:rnin:ser) 

( sec )  (hr.min:sdc) 
(set) (set) 

(SLC) 
.- 

90 Slgr.-1 from LMC 00:06:05.2 TB3 +212.7 I U  00:06:03.426 TB3 I S  FC - -. 
f o r :  Measurement (365.2) (363.426) -' 212.657 
C ~ n t r o l  Switch No. 2 
Ac t iva te  

91 Signal  from LVDC 03:06:17.5 TB3 +225.0 I U  00:06:15.720 TB3 MSFC -- 
f o r :  S ~ a r t  Third (377.5) (375.723) +224.951 
PAH- ?MIrM La!.ibra- 
t ion  

92 Signal. from LVDC i)0:06:22.5 TBs ~ 2 3 0 . 0  I U  OO:Ub:20.720 TB3 MSFC -- 
f o r :  Stop l h i r d  (382.5) (380.720) +i29.951 
PAM-FM/Frl C a l i b ~ a -  
t i o n  

93 5-11 Mixture Rat io 70:07:00.G N/A I U  00:07:15.692 N I A  MSFC -- 
Shift Sensed (420.11) (425.692) 
Guidance 

94 Sional from LVDL U0:CI1:52.> T.3 :320.0 I U  00:07:50.718 ':B3 MSFC -- 
f o r :  ' -11 LE2 Step (472.5) ::?O:?d) +319.949 
Press  ~ r l z a i i o n  

95a Sigr.al from LVDC 07:07:57.5 TB3 +325.0 IU ? : 7 :  9 TB3 MS FC -- 
f o r :  S??cial  Cal i-  (477.5) (f.7,.:291 +324.9bC 
b r a t e  Rerays On 

95b S igna l  Received i n  -- -- S-IV' 13!.iOi:55.730 NIA DACCFM) 1 3  
S-IVB f o r :  S p e c i a l  75.730) 
C a l i t r a r e  Re! l y s  On 

9oa 3ignar  from LVDC 00:97:57.6 TB3 +3?5.2 IU 00:07:55.919 TB3 MS VC -- 
f c r :  Reguiar Cal i-  (k77.6) (475.919) +315.150 
brace Relays On 

96b Sign-: Received in -- -- S-TVB 00:07:55.900 N/A DAC (FM) l 3  
S-IVB f o r :  Regular (475.900) 
CalibraLd Relays On 

97 S igna l  from LMC 00:07:57.8 TB3 +325.4 IU 00:07:56.13U TB3 ISFC -- 
f o r :  Telemetry (477.8) (476.1301 +325.361 
Ca l ib ra r  7 I n f l i b h t  
C a l i b r a t e  On 

98a S igna l  from LMC ?P.:1)8:02.5 TB3 +330.0 I U  30:08:0C.722 TB3 HS FC -- 
f o r :  R?gular Cal i-  (482.5) (480.722) +3?9.953 
b r a t e  Relays Off 

98b S igna l  Received i n  -- S-IVB 00,08:00.725 N/A DAC (FH) 13 
S-IVB f o r :  Regular (400.725) 
C a l i b r a t e  Relajs  Off 

99a S i e n a l  from LVDC 90:08:02.7 T B 3 ~ 3 1 0 . 2  IU 00:08:00.936 T33 MS FC -- 
f o r :  Spec ia l  Cal i-  (:%82.7) (480.9:s) +330.166 
b r a t e  Rela. s Off 

99b S igna l  Received i n  -- -- 5-IVB 00:08:00.925 NIA DAC \ FM) 1 3  
S-IVB f o r :  Spec ia l  'i80.325) 
Ca l ib rd te  Relays Off 

100 S i b  .a1 from LVDC 00:08:02.9 TB3 +330.4 IU 00:08:01.119 TB3 MSFC -- 
f o r :  Telemetry (482.9) (481.119) +330.350 
C a l i b r a t o r  
I n - f l i g h t  
2: t l ibrate  Off 

*See n o t r e  a t  end of t a b l e  



S e c t i o n  4 
Sequence of Events 

TABLE 4-1 (Sheet  8 of 43) 
F'LIGHT SEQUENCE OF EVENTS 

Signal from I VDC 
for:  Rate Gyro 
Off 

Signal  Received In  
S-IVR for :  Kate 
Gy-o Of f 

Signal  f:um LlDC 
for :  Charge l ' llage 
Ign i t ion  L\- 

Signal Rece .ed i n  
S--VB for: 1:hargr 
L ~ i a g e  Ign i t ion  O ~ I  

Signs: r r?m -?DC 
for:  S-Ills-IVB 
Ordnance A r r  

Signal  from . . l 9C  
fa r :  IU Tap; 
Recorder Rec ,. d *? 

Sign. \ from LVDC 
for:  Fast  Recqrd On 

Signal  Rece'ved i n  
S-IVB fqr :  Fast  
Record rhr 

Signal  from LVDC 
for:  S t a r t  Re.:ord- 
e r s  

Signal  from LMC 
f a r .  S-I1 LOX 
Depl a t i o n  Sensor 
cutoff  ~ r m  

S i g . ~ a l  f r ~ m  LVDC 
for :  S-1: LH2 
Depletion Sensor 
Cutoff ,.rm 

Tim 8a=a 4 
S-I1 _7-2 Engines 
Cutoff 

S ~ g n a l  from LVD, 
for:  S t a r t  ke-ord- 
e r  T i ~ e r s  

S i g . a l  from LL'DC 
for:  P r e v a l w s  
Closed Off 

Sign31 Received i n  
S-IVB for :  Pre- 
valves Close4 Off 

Signal  from LVDC 
for:  S-IVB Engine 
Cutof' Off 

Signai  Received i n  
S-IVB for :  S-IIB 
Engine C ~ t a f  f Off 

I U  

3-IVB 

I U  

S-IVB 

I LI 

IU 

I U  

S-IVB 

ILI 

IL! 

xu 

I U  

IL! 

IU 

S- I V B  

I U  

s ,va 

WFC 

DAC ( FM) 

MsFC 

DAC ( FM) 

NSFC 

NSFC 

NS FC 

DAC(F1i) 

Ms FC 

Ms FC 

Ms FC 

E FC 

S F C  

I.s FC 

DAC ( FM) 

MSFC 

DAC (FM) 

*See notes  a t  end of .ahle  



Section 4 
Stq~ence  of Events 

TABLE 4-1 (Sheet 9 of 43) 
FLIGHT SEQUENCE OF EVENTS 

Signal  from LVDC 
f o r :  Engine Ready 
Bypass 

S igna l  Received i n  
S-IVB f o r :  Engine 
Ready Bypass 

Signal  from LVDC 
for :  LOX Chilldown 
P~lmp Off 

S igna l  Received i n  
S-IVB for :  LOX 
C h i l l d m  Pump Off 

S igna l  from LVDC 
for :  F i re  Ullage 
Tgnition On 

Signa l  Received i n  
S-IVB for :  F i r e  
Ullage I g n i t i o n  On 

Siknal  from LVDC 
for: S-111s-IVB 
Separat ion 

Ullage Thrust 
Buildup t o  75 per- 
cent  (Average) 

S-I1 Retrorocket 
Thrust Buildup t o  
10 percent (Average) 

F i r s t  Axial Separa- 
t i o n  Plotion 

S-I1 Retrorocket 
Thrust Buildup 
t o  90 percent  
(Average) 

Signal  from LVDC 
for :  S-IVB Engine 
S t a r t  In te r lock  
Bypass On 

Signal  Received i n  
S-IVB for :  S-IVB 
Engine S t a r t  In te r -  
lock Bypass On 

Signal  from LVDC 
for :  S-1VB Engine 
S t a r t  Or. 

Signal  Received i n  
S-IVB for :  S-IVB 
Engine S t a r t  On 

I U  

S-IVB 

I U  

S-IVB 

IU 

S-IVB 

I U  

-- 

-- 

NIA 

-- 

I U  

S-IVB 

I U  

S-IVB 

TB4 M.453 PGFC 

N/A DAC ( Fn) 

TP4 M.550 PLSFC 

N/A DAC (kW) 

Td4 M.673 USFC 

N l A  DAc(Fn) 

TB4 M.770 USFC 

N / A  DAC 

N/A MSFC 

N:A PGFC 

N/A MSFC 

SOURCE 

-- 

ITEl4 
NO. 

TB4 M.861 MSFC 

ACaRACY* 
(ms) 

SIGNAL 
MONITORED 

AT 

TB4 M.954 MSFC 

NIA DAC(Fn) 

EVENT 

*See notes a t  end of t a b l a  

MONITORW TIME* PREDICTED TIHE* 
TIME FROM 

RANGE ZERO* 
(hr:min:nec) 

(set) 

TIME FROM 
RANGE ZERO 
(hr :mi.~:sec) 

(see) 

TIME FROU 
BASE 

(set) 

TIHE FROU 
BASE 

(set) 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 10 of 43) 
FLIGHT SEQUENCE OF EVENTS 

122c J-2 Engine S t a r t  
Sequence 

ITEU 
NO. 

1. Helium Control 
Solenoid Ener- 
gized (Pickup) 

2. b i n  Fuel Valve 
Closed (Dropout) 

EVENT 

3. Main Fuel Valve 
Open (Pickup) 

4. Gas Generatcr 
Valve Closed 
(Dropout) 

5. Gas Generator 
V a l v e  Open 
(Pickup) 

PREDICTED TIMI * 

6. Main Oxidizer  
Valve Leaves 
Clssed Pos i t ion  
(Dropout) 

SIGNAL 
lIONITORED 

AT 

TI= FROU 
RANGE ZERO 
:hr:min:sec) 

(set) 

7. S t a i t  Tack 
Discharge Valve 
Open (Dropout) 

TIME IEW 
BASE 

(see) 

8. Oxidizer Turbine 
Bypass V a l v e  Open 
(Dropout) 

9. Oxidizer Turbine 
Bypass Valve 
Closed (Drop Out) 

-'TIHE* 

10. Nainstage OK 
Pressure Switch 
No. 1 (Drop Out) 

DATA 
SOURCE 

TIME PROU 
RANGE ZERO* 
(hr :min:sec) 

(see)  

11. Hainstage OK 
Pressure Switch 
No. 2 (Pick Up) 

ACCUIUCY 
(.ls) 

TiME FROM 
BASE 

(see)  

12. b i n  Oxidizer  
Valve Reaches 
Open Pos i t ion  
(Pick Up) 

13. Gas Generator 
Spark System On 
(Drop Out) 

14. Thrust Chamber 
Spark System 011 
(Drop Out) 

1 2 3  Sipnal  from LVDC 
for :  F l i g h t  Control 
Computer S-IVB Burn 
Hode On "A" 

124 Signal  from LVDC 
for :  F l i g h t  Control  
Computer S-IVB Burn 
Mode On "B" 

*See notes a t  end uf t a b l e  

S-IVB 00:08:40.717 -- 
(520.717) 

S-IVB 00:08:40.761 -- 
(520.761) 

S-IVB 00:08:40.899 -- 
(520.899) 

S-IVB 00:08:43.997 -- 
(523.997) 

S-IVB 00:08;-!.b.727 -- 
(524.727) 

S-IVB 00:08:44.197 -- 
(524.197) 

S-IVB WJ:08:24.375 -- 
i524.375) 

I U  00:08:41.07@ TB4 +1.261 MSFC 
(521.020) 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 11 of 43) 
F'LIGHT SEQUENCE OF EVENTS 

- 

125 S-I1 3-2 Engine 
Thrust Decay t o  
5 perceqt  
(Average! 

126 Signal  from LVDC 
for :  S-IVB Engine 
Out Ind ica t ion  
Enable "A" On 

127 Signal  fromLVDC 
for :  S-IVB Engine 
Out 1nd':ation 
Enable "B" On 

128 Separat ion Complete 
(217 in.  Axial 
Clearance) 

129a Signal  from LVDC 
for :  Fuel Chil l-  
d w n  Pump Off 

129b Signal  Received 
i n  S-IVB f o r :  Fuel 
Chil ldon! Pump Off 

130a Signal  from LVDC 
for :  LOX Tank 
Fl igh t  Pressure 
System On 

llOb Signal  Received i n  
S-IVB for :  LOX 
' Tan . F l i g h t  Pressure 

c js tem On 

131a Signal  from LVDC 
for :  Fuel I n j e c t i o n  
Temperature OK 
Bypass 

131b Signal  Received i n  
S-IVB for :  Fuel 
I n j e c t i o n  Tempera- 
t u r e  OK Bypass 

132a Signal  from LVDC 
for :  Engine S t a r t  
Off 

132b Signal  Received i n  
S-IVB for :  Engine 
S t a r t  Off 

133 3-2 Thrust Buildup - 
10 percent 

134a S igna l  from LVDC 
f o r :  F i r s t  Burn 
Relay On 

134b Signal  Received i n  
S-IVB for :  F i r s t  
Burn Relay On 

ITEM 
NO. 

N I A  00:08:40.2 NIA USFC 100 
(520.2) 

T 1 AT I HONIli\TI~E 1 
TIIE FROM Tim FROM SIGNAL TIME FROU TIUE FROM DATA 

EVENT WNITORED RANGE ZERO* 
(hr:min:sec) (hr:min:sec) (set) SOURCE 

(sec)  (see)  (sec)  

00:08:41.314 TB4 +1.555 USFC 
(521.314) 

ACCURACY* 
(ms) 

00:i)8:41.530 TB4 +1.771 USFC 
(521.530) 

N I A  

I U  

S-IVB 

I U  

00:08:41.914 TB4 +2.155 USFC -- 
(521.914) 

00:08:43.518 N/A DAC (FU) 13 
(523.518) 

00:08:43.7?1 TB4 +3.972 USFC -- 
(523-731) 

S-IVB 

I U  

S-IVB 

00:08:43.911 TB4+4.152 USFC -- 
(523.911) 

00:08:44.745 N/A DAC 10 
(524.745) 

00:08:45.509 l d 4  +5.750 MSFC -- 
(525.509) 

DAC (FM) S-IVB 

*See notes  a t  end of t a b l e  



Sectior.  , 
Sequence of Evenr s 

TABLE 4-1 (Sheet 12 of 43) 
FLIGHT SEQUENCE OF EVENTS 

135 Guidance I n i t i a t i o n  00:08:42.8 N/A I U  00:08:47.654 -- MSFC - - 
(522.8) (527.656) 

EVENT 

136 S t a r t  A r t i f i c i a l  00:08:42.8 N/A I U  00:08:47.654 -- MSFC -- 
Tau Mode (522.8) (527 -654) 

137 J-2 Thrust  Buildup - 00:08:43.3 N/A N/A 00:08:46.229 N/A MS FC -- 
90 percent  (523.3) (526.229) 

138a S igna l  from LVDC 00:08:44.6 
fo r :  Emergency (524.6) 
Playback Enable On 

PREDICTED TIME* 

138b S igna l  Received i n  -- 
S-11% f o r :  Emergen- 
cy Playback Enable 
On 

SIGNAL 
MONITORED 

AT 

T I M  FROM 
RANGE ZERO 
(hr:min:aec) 

(set) 

139a S igna l  from LVDC 00:08:44.8 
f o r :  Fas t  Record (524.8) 
Off 

TIME FROM 
BASE 

(see)  

139b S igna l  Received i n  -- 
S-IVB for :  Fas t  
Record Off 

1GOa S igna l  f r o a  L W  00:08:45.8 
f o r :  PU Act iva te  On (525.8) 

MONITORED TIME * 

140b S igna l  Received i n  -- 
S-113 f o r :  PI1 
Act iva te  On 

DATA 
SOURCE 

TIME FROM 
RANGE ZERO* 
(hr:min:sec) 

(see)  

141a S igna l  from LVDC 30:08:47.1 
f o r :  Charge Ullage (527.1) 
J e t t i s o n  On 

I 

ACCURACI* 
(ma) 

TIME FROY 
BASE 

(set) 

141b S igna l  Received i n  -- 
S-IVB f o r :  Charge 
Ullage J e t t i s o n  On 

142a S igna l  from LVDC 00:08:49.6 
fo r :  F i r e  Ullage (529.6) 
J e t t i s o n  On 

142b S igna l  Received i n  -- 
S-IVB f o r :  F i r e  
Ullage J e t t i s o n  On 

143 Stop A r t i f i c i a l  00:08:49.8 
Tau Pbde (529.8) 

144a S igna l  from L'DC 00:08:52.9 
fo r :  Ullage (532.9) 
Charging Reset 

144b S igna l  Received i n  -- 
S-IVB f o r :  Ullage 
Charging Reset 

145a S igna l  from LVDC @0:08:53.1 
f o r :  ' J l lage F i r i n g  (533.1) 
Reset 

145b S igna l  Received i n  -- 
S-IVB f o r :  Ullage 
F i r i n g  Reset 

I U  00:08:47.521 TB4 +7.762 MSFC -- 
(5'7.5':) 

S-IVB Ob:08:47.528 N/A DAC(FM) 1 3  
(527.528) 

I U  00:08:4-,708 TB4+7.949 MSFC 
(527.708) 

S-IVB 00:08:47.712 N/A DAC (FM) 
(527.712) 

4-IVB 00:08:48.712 NIX DAC (FM) 
(528.712) 

I U  00:08:50.018 TB4 +10.259 MSFC 
(530.018) 

S-IVB 00:08:50.022 N/A DAC (FM) 
(530.022) 

S-IVB 00:0d:52.531 N/A DAC(FU) 
(532.531) 

I U  00:08:56.054 N / A  MSFC 
(536.054) 

I U  00:08:55.810 TB4 +16.050 MSFC 
(535.810) 

S-IVB 00:08:55.815 N/A DAC (FM) 
(535.815) 

I U  00:08:56.024 TB4 +16.264 MSFC 
(536.024) 

S-IVB 30:08:56.038 N/A DAC (FM) 
(536.038) 

*See no tes  a t  end of t a b l e  



Section 4  
Sequence of Events 

TAMLE 4-1  (Sheet 13 of 4 3 )  
FLIGHT SEQUENCE GI? EVZNTS 

146 S-IVB PU Valve 
Reaches Hnrdover 
Pos i t ion  

N/A 00:08:50.7 N:', DAC 1' 
(530.7) 

I U  00:08:58.611 134 +lL.L59 MSFC - - 
(538.611) 

147 Signal  from LVDC 
f o r :  IUl'ap. 
Recorder Record Off 

148a Signal  from LVDC 
f o r :  Lmergency 
Playback Enable Off 

- '1 00:09:01.009 TB4 +21.25C MSFC -- 
(542.909) 

S-IvR 00:0?:0; .0l2 N I A  DPC ( FM) 1 3  
'541.012 

148b Signal  Received i n  
S-IW .'or: Emergen- 
cy Playback Enable 
Off 

N/A 00:08:56.95 NIA MSFC -- 
(536.95) 

149 S-IC Impact 

Signal  from LVDC 00:08:55.; 
fo r :  Telemetry (539.2) 
Cal ibra tor  I n f l i g h t  
Cal ibra te  On 

Signal  from LVDC 00:09 :04.2 
for :  Telemetry (540.2) 
Cal ibra tor  I n f l i g h t  
Cal ibra te  Off 

Signal  from LVDC for :  00:09:09.6 
Regular Cal ibra te  (548.6) 
Relays On 

Signal  Received i n  -- 
S-IVB for:  Regular 
Cal ibra te  Relays On 

Signal  from LMC for :  00:09:13.6 
Regular Cal ibra te  (553.6) 
Relays Off 

Signal  Received i n  -- 
S-IVB for:  Regular 
C a l i b r a t e  Relays Off 

Introduction of Chi 00:10:21.4 
T i l d e  Guidance Mode (621.4) 

Signal  from LVDC for :  00:10:22.1 
Chilldown Shutoff (622.1) 
P i l o t  Valve Closed On 

Signal  Received i n  -- 
S-IVB for :  Chilldown 
Shutoff P i l o t  Valve 

Freeze Body At t i tude  00:10:49.4 
(Chi Freeze) (649.4) 

Signal  from LVDC f o r :  00:10:50.5 
Engine Pump Purge (650.5) 
Control Valve Enable 
On 

I U  

I U  

I U  

S-IVB 

I U  

S-IVB 

I U  

I U  

S-IVB 

I U  

I U  

TB4 +22.352 MSFC 

TB4 +27.351 MSFC 

TB4 +31.750 MSFC 

P-/A DAC (FM) 

TB6 +36. I50 MSFC 

N/A DAC (a) 

N/A DAC (FN) 

N/A MSFC 

TB5 -7.205 MSFC 

*See notes  a t  end of t a b l e  



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 14 of ',3) 
FLIGHT SEQUENCE OF EVENTS 

Signa l  Received i n  -- 
S-IVB f o r :  Engine 
Pump Purge Control  
Valve Enable On 

ITEM 
NO. 

S-IVB 

Signa l  from LVDC f o r :  00:10:566 
S-IVB Engine Cutoff (656.6) 
(Guidance Cutoff)  

EVENT 

N I A  

-- 

IU 

S-IVB 

N f A  MSFC 

N / A  DAC (FM) 

PREDICTED TIME * 

Signa l  Received i n  -- 
S-IVB for :  S-IVB 
Engine Cutoff 
(Guidance Cutoff)  

,IC"IL 
MONITORED 

AT 

TIHE. FROM 
RANGE ZERO 

(hr:min:sec) 
( sec )  

Time Base 5 00:10:56.6 
LVDC I n i t i a t e s  TB5 (656.6) 

TIME FROM 
BASE 

(set) 

T B 5 4 . 0  MSFC 

TB5 4 . 0 8 3  MSFC LVDC Sends Redundant -- 
Signa l  fo r :  S-IVB 
Engine Cutoff 

S igna l  Received i n  -- 
S-IVB for :  S-IVB 
Engine Cutoff 
(Redundant Signal)  

S igna l  from LVDC f o r :  00:10:56.7 
Po in t  Level Sensor (656.7) 
Disarming 

S igna l  Received '-I -- 
S-IVB f o r :  Point  
Level Sensor D i s -  
arming 

S-IVB 5-2 Thrust  De- -- 
cay  t o  5 Percent  
(Average) 

S igna l  from LVDC for :  00.i0:56.9 
S-IVB Ullage Engine (656.9) 
No. 1 On 

S igna l  Received i? -- 
S-IVB for :  S-IVY 
Ullage Engine t o .  1 
On 

Signa l  from LVDC for :  00:10:57.0 
S-IVB Ullage Engine (657.0) 
No. 2 On 

Signa l  Received i n  -- 
S-IVB f o r :  S-IVB 
Ullage Engine No. 2 
On 

Signa l  from LMC for :  00:10:57.2 
Ullage Thrust  P resen t  (657.2) 
On 

S igna l  from LVDC f o r :  00:10:57.3 
r , . ; t  Burn Relay Off (657.3) 

S igna l  Received i n  
S-IVB f o r :  F i r s t  
Burn Relay Off 

S igna l  from LVSC f o r :  00:10:57.5 
PU Act iva te  Off (657.5) 

S igna l  Received i n  -- 
S-IVB f o r :  PU 
Act iva te  Off 

MONITORED TIME* 

N/ A DAC (M) 

DATA 
SOURCE 

TIHE FROM 
RANGE ZERO* 
(hr:min:ser.) 

( sec )  

I U  

S-IVB 

ACCURACY* 
(ms) 

TIME FROM 
BASE 

(set) 

TB5 4 . 1 7 6  MSFC 

N/A DAC (FM) 

NIA 

I U  

S-IVB 

N/A DAC 

TB5 +0.266 MSFC 

N/A DAC(FM) 

IU 

S-IVB 

TB5 +0.387 MSFC 

N I A  DAC (FM) 

TB5 +O.559 MSFC 

IU 

S-IVB 

TB5 +0.684 MSFi 

;:/A DAC ( FM) 

I U  

S-IVB 

T35 +0.851 MSFC 

N /  A DA<(FMj 

*See no tes  a t  end of t a b l e  



Sect ion 4 
Sequence of Events 

TALLE 4-1 (Sheet 15 of 43) 
ELIGHT SEQUENCE OF EVENTS 

l66a S igna l  from LVC- fo r :  00:10:57.6 
Prevalves Clo. ?J On !0!:.6) 

ITEM 
NO. 

IU 

S-iVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

IU 

I U  

I U  

S-IVB 

IU 

MS FC 

DAC (FM) 

MS FC 

DAC ( FM) 

MSFC 

DAC (FM) 

MS FC 

DAC ( FM) 

MSFC 

DAC (FM) 

MS FC 

MS FC 

MSFC 

DAC ( r - )  

MSFC 

166b S igna l  Received i n  -- 
S-IVB for :  Prevalves 
Closed On 

EVENT 

167a S igna l  from LVDC f o r .  ?0:10:57.7 
LOX Tank F l i g h t  Pres- : .57.7) 
s u r  2 System Off 

167b S igna l  k rce iv rd  i n  -- 
S-172 f o r :  LOX Tznk 
F l i g h t  P ressure  
System Off 

SIGIJIL 
MONITORED 

AT 

PREDICTED .IW * 

168a S igna l  from LVDC fc-: 00:i0:57.3 
Coast Period 09 (657.9) 

DATA 
SOURCE 

TIME FROM 
hWGE ZERO 

(hr  : m i  : sec )  
(set) 

l68b S igna l  Received -. -- 
F-IVB fc Coast 
Period On 

ACCURACr* 
(ms) 

TIME FRPY 
BASE 

(sen) 

:?ONITORED TIME* 
TIHE FROM TIME FROPI 

169a Sign-1 L .  -- LVDC t o r :  00:10:58.1 
Ecgine JU; . lrge (658.1) 
Lont -1 Valve Enable 
On 

RANG5 ZERO* 
!hr:min:sec) 

(set) 

169b Sigr., . Receivol i n  -- 
S-IVL l o r :  Engine 

imp Purgr Control  
.,lve Enable On 

BASE 

(set) 

17Ga " i g n a l  from Li ,  . f o r :  00:10:58.3 
- J Fuel  BoiloZf Bias (658.3) 
Cutoff On 

170b S igna l  Receivci  i n  -- 
S-IVB for :  PU Fuel 
d o i l o f f  Bias  Cutoff 
On 

, . .  
, . -:-j 

..-. .i 
:.-.., ., 4 

, .:: . . . , .. . ..i . . 
j . .  -, .>.: , . . 1 
. ' La.. . ,. ! 

,. .' : j 

171 S igna l  from LVDC f o r :  00:11:5?.9 
Fi ight  Control  Com- (659.9) 
pu te r  S-IVB Burn 
Mode Off "B" 

172 S igna l  f ro ,  LVDC f o r .  00:11:00.1 
? l i g h t  Con r o l  Cow (660.1, 
p u t e r  S-IVB Burn 
Mode Ofi  

173a S i e n a l  from LVK for :  00:!1:W.3 
Aux Hydraulic Pump (660.3) 
Coast Mode On 

173b S igna l  Received i n  -- 
S-IVP f o r :  Aux 
L j d r a u l i c  Pump 
Coast Mode On 

1,Sa S igna l  irom I.MC f o r :  05:11:00.5 
Aux Yydraul ic  Pump (660 .>) 
F l i g h t  Modedf f 

*see l iotes  a t  end of t a b l e  



Sect ion 4  
Sequence of Events 

TABLE 4-1  (Sheet 16 of 4 3 )  
FLIGHT SEQUENCE OF EVENTS 

174b Signal  Received i n  -- 
S-IVB for :  Aux 
Hydraulic Pump F l igh t  
Mode Off 

175 S igna l  from LVDC f o r :  00:11:06.6 
S-IVB Engine Out (666.6) 
Ind ica t ion  "A" 
Enable Reset 

176 S igna l  from LVDC f o r :  00:11:06.8 
S-IVB Engine Out (666.8) 
Ind ica t ion  "B" 
Enable Reset 

177 I n d i c a t e  P i t c h  00: 11:11.6 
Faneuver (end of ( 6 X . 6 )  
Chi Freeze) 

178a S igna l  from LVDC f o r :  00:11:18.8 
SSB Transmit ter  (678.8) 
Group Off 

178b S igna l  Received i n  -- 
8-IVB f o r :  SSB 
Transmit ter  Group 
Off 

179a S igna l  from LVDC f o r :  00:11:19.0 
SSB Group Off (679.0) 

179b S igna l  Received i n  -- 
S-I'JB f o r :  SSB 
Group Off 

180a S igna l  from LVDC f o r :  00:11:55.6 
Continuous Vent P i l o t  (715.6) 
Valve Open On 

lPOb S igna l  Received i n  -- 
S-IVB f o r  : Contill~~o:is 
Vent P i l o t  Valve Ope17 
On 

181 S igna l  from LVDC for :  00:11:56.? 
Telemetry C a l i b r a t o r  (716.2) 
I n f l i g h t  C a l i b r a t e  On 

182a S igna l  from LI'DC f o r :  00:11:57.1 
Prevalves Close Off (717.1) 

182b S igna l  Received i n  -- 
S-IVB f o r :  Prevalves 
Closed Off 

183a S igna l  from LVDC for :  00:11:57.3 
Chilldown Shutoff (717.3) 
P i l o t  Valve Close 
Off 

183b S igna l  Received i n  -- 
S-IVB f o r :  Chilldown 
Shutoff P i l o t  Valve 
Clo-ed Off 

184a S igna l  from LVDC f o r :  00:11:57.6 
Continuous Vent P i l o t  (717.6) 
Valve Open Off 

*See no tes  a t  end of t a b l e  

S-IVB 

- 
ITEM 

N G .  

DAC (FH) 

SIGNAL 
MONITOREr 

AT 

00:11:15.855 TB5 +9.971 MSFC 
(675.855) 

EVENT 

0 0 : l l :  16.036 TB5 +1b.152 MSFC 
(676.036) 

IU 

IU 

S-IVB 

6  NITORE^ ORE^ TIME * 

00:11:21.2?8 N / A  MSFC 
(681.278) 

DATA 
SOUZCE 

TIME FROM 
RANGE ZERO 

(hr :n in : sec )  
(set) .- 

TIME FROM 
RANGE ZERF* 
(hr:miu:sl c )  

( s e c )  

00:11:21.034 TB5 +22.150 MSFC 
(6e8. 34 J 

ACCURACY 
(ms) 

A 

TIME FROM 
BASE 

(sec 

TIME FROM 
BASE 

(set) 

0D:l l :  28.042 !:/A DAC (FM) 
(688.042) 

I U  

S-IVB 

00:11:28.262 TB5 +22.3?8 MSFC 
(688.262) 

00:11:28.253 N/A DAC (FM) 
(688.253) 

00:12:04.833 TB5 +58.949 MSFC 
(724.833) 

00:12:04.842 N / A  DAC ( FH) 
(724.842) 

S-IVB 

00:12:05.&34 TB5 +59.550 MSFC 
(725.434) 

I U  

S-IVB 

30: 12: 06.338 TB5 +60.454 MSFC 
(726.338) 

00:12:06.345 N/A DAC (EM) 
(726.345) 

00:12:06.555 TB5 +60.671 MSFC 
(726.555) 

S-IVB 00:12:06.561 N / A  DAC ( FM) 
(726.563) 

00: 12: 06.852 TB5 +69.968 MSFC 
(726.852) 



Section 4 
Sequence of Events 

TABLE 4-1  (Sheet 1 7  of 4 3 )  
FLIGHT SEQUENCE OF EVENTS 

Signa l  Received i n  -- 
S-IVB f o r :  Continuous 
Vent P i l o t  Valve Open 
Off 

S igna l  from LVDC f o r :  00:12:01.2 
Telemetry C a l i b r a t o r  (721.2) 
I n f l i g h t  C a l i b r a t e  
Off 

S igna l  from LVDC f o r :  C0:12:24.6 
S-XVB Ullage Engine (744.6) 
No. 1 Off 

S igna l  Received i n  -- 
S-IVB f o r :  Ullage 
Engine No. 1 Off 

S igna l  from LVDC f o r :  00:12:24.7 
S-IVB Ullage Engine (744.7 ) 
No. 2 Off 

S igna l  Received i n  -- 
S-IVB f o r :  S-IVB 
Ullage Engine No. 2 
Off 

S igna l  from LVDC f o r :  00:12:24.9 
S-IVB Ullage Thrust  (744.9) 
Present  Off 

S igna l  from LVDC for :  00:12:34.9 
Emergency Playback (754.9) 
Enable On 

S i g n a l  Received i n  -- 
S-IVB f o r :  Emergency 
Playback Enable On 

S igna l  from LVDC f o r :  00:12:39.1 
Tape Recorder Play- (759.1) 
back Reverrr On 

S-IVB 

ITEM 
NO. 

N /A DAC ( FM) 

EVENT 

TB5 +64.551 MSFC 

MONITORED TIME* 

BASE 
AT SOURCE 

( s e c j  

PREDICTED TIME * 

IU 

S-IVB 

I U  

S-IVB 

TIME FROM 
RANGE ZERO 

(hr:min:sec) 
(set) 

TB5 +87.952 MSFC 

N/A DAC (EM) 

TB5 +88.052 MSFC 

N!A DAC (FM) 

TIME FROM 
BASE 

(sec )  

I U  

I U  

S-IVB 

I U  

IU 

TB5 +88.259 MSFC 

TB5 +98.256 MSFC 

NIA DAC(FM) 

TB5 +102.551 MSFC 

Signa l  from LVDC f o r :  00:14:04.1 
Tape RecorZer Play- (844.1) 
back Re$erse Off 

S igna l  from LVDC f o r :  00:14:04.5 
Emergency Playback (844.9) 
Enable Off 

S igna l  Received i n  -- 
S-IVB f o r :  Emergency 
Playback Enable Off 

S-IVB 

Signa l  from LVDC for :  00:15:44.0 
Slow Record On (944.9) 

xu 

S-IVB Signa l  Received i n  -- 
S-IVB for :  Slow 
Record On 

*See no tes  a t  end of t a b l e  



Sec t ion  4 
Sequence o! Events 

TABLE 4-1 (Sheet 18 of 43) 
FLIGHT SEQUENCE OF EVENTS 

I I I PREDICTED TIKE* I 7 MONITORED TTMF* I 1 1 

I1z 1 EVENT 

- - 

194a S igna l  from LVDC f o r :  00:15:47.9 
Slow Record On (947.9) 

194b Siqnal  Received i n  -- 
S-1VB f o r :  Slow 
Record On 

195 S-I1 Impact 00:19:;4.18 
(1154.18) 

196a S igna l  from LVDC f o r :  00:20:59.2 
Engine Pump Purge (1259.2) 
Control  Valve Enable 
Off 

196b Eignal Received i' -- 
S-IVB f o i :  Engine 
Pump Purge Control  
Valve Enable Off 

197a S igna l  from LVDC f o r :  00:37:02.9 
Slow Record On (2222.9) 

197b S igna l  Received i n  -- 
S-IVB f o r :  Slow 
Record On 

198a S igna l  from LVDC f o r :  0.:37:34.9 
Slow Record Of: (2254.9 ) 

198b S igna l  Received i n  -- 
S-IVB f o r :  Slow 
Record Off 

199a S igna l  from LVDC f o r :  0@:37:35.1 
Recorder Playback On (2235.1) 

199b S igna l  Received i n  -- 
S-IVB for :  Recorder 
Playback On 

200a S igna l  from LVDC f o r :  OG:40:21.1 
Recorder Playback Of' t .2420.~) 

2OOb S igna l  Received i n  -- 
5-IVB f o r :  Recorder 
Flaybark Off 

201a S igna l  from LVDC for :  00:41:41.9 
Slow Record On (2501.9) 

2Olb i i g n a l  received i n  -- 
S-IVB for :  Slow 
Record On 

2G2a S igna l  f .  m LVDC for :  00:41:44.9 
Slow Record On (2504.9 3 

202b S igna l  Received i n  -- 
S-IVB f o r :  Slow 
Recoy? On 

203a S ibna l  from LMC f o r :  00:51:66.9 
Telemetry Ca l ib ra to r  (3106.9) 
I n f l i g h t  C a l i b r a t e  On 

204a S igna l  from LVDC f o r :  00:51:47.1 
Spec ia l  C a l i b r a t e  (3107.1) 
Relays On - 

*See notes  a t  end oZ t a b l e  

I U  

S-IVB 

TIME FROM 
RANGE ZERO 

MSFC 

MS FC 

SIGNAL 
MONITORED 

TIME FROM 
BASE 

TBS 
+602. ',49 

. . . . - . . . - - - - . - 
TIhZ FROM TIME FROM I 
RAhCE ZERO* I BASE I ........ DATA I ACFUv?( 

S-IVB DAC (FM) 

? U 

S-IVB 

MSFC 

DAC (FM) 

I U  

S-IVB 

MSFC 

DAC (FM) 

I U  

S-IVB 

KSFC 

DAC (FM) 

13 

5 IVB 

MSFC 

DAC(FM) 

I U  

S-IVB 

M.- FC 

DAC (FM! 

I U  

S-IVB 

MS FC 

DAC (FM) 

MSFC 



Section 4 
Sequence of Events 

TABU 4-1 (Sheet 19 of 4 3 )  
FLIGHT. SRQUENCE OF EVENTS 

Signa l  t.eceivrd in -- 
S-ZVB for :  S p e c i a l  
C a l i b r a t e  Relays On 

ITEM 
'-3. 

S-IM 

I U  

S-1VB 

I U  

Il! 

S-11% 

I U  

S-IVB 

I U  

I U  

S-IVB 

IC 

S-IVB 

I U  

S-IVB 

I U  

I U  

MC (RO 

sn: 

MC(Fn) 

15n: 

SFc 

MC(M) 

l6Fc 

MC(M> 

l6Fc 

l6Fc 

MC (W) 

WFC 

DAC ( M )  

Wn: 

MC(Fn* 

M s f C  

SFc 

Signal  from LVDC for :  03:51:47.3 
Regular C a l i b r a t e  0107.3)  
Relays On 

PREDICTED TI=. 

Signal  Peceived i n  -- 
S-IVB for :  Regular 
C a l i b r a t e  Relays On 

SIGNAL 
MONITORED 

AT 

TINE FRO). 
RANGEZERO 

(hr:r in:sec)  

S igna l  from L:OC for :  00:51:52.1 
Telemetry C a l i b r a t o r  (3112.1) 
I n f l i z k t  C a l i b r a t e  
Cff 

TIIS FROM 
W E  

(sec! 

S i foa l  f r w  LVDC f o r :  W:S1:52-3 
Regular Calitl-.?PC (3112.3) 
Relays O f f  

Signa l  Recei. 3 i n  -- 
S-IM for:  Rcguiar 
Ca l ibza te  Relays 
Off 

rnIrnREtI  T I M *  

Si-1 f r a  LVX for :  00:51:52-5 
Spec ia l  C a l i b r a t e  (3112.5) 
Relays Off 

DATA 
SOURCE 

TIHE (EON 
RANGE ZEROe 
(hr:nin:sec) 

(see) 

Signa l  Received i n  -- 
S-IVB for: Spec ia l  
C a l i b r a t e  Relays Off 

1 
AcCU~yl 

7 

BASE 

(set) 

Signal  from LVW: for:  01:?7:5G.l 
Telemetry C a l i b r a t o r  C5270.1) 
I n f l i g h t  C a l i b r a t e  On 

Signa l  from LVDC for :  01:27:M.3 
S l w  Record On (5270.3) 

SIena l  Received i n  -- 
S-.vB for :  S l w  
Record On 

Signa l  from LVDC for :  01:27:50.5 
Spec ia l  C a l i b r a t e  (5270.5) 
Relays 00 

Signa l  Received i n  -- 
S-IVB fur:  S p e c i a l  
C a l i b r r t e  Relays On 

Signa l  from LVDC fo r :  01:27:M.7 
Regular Ca l ibza te  (5270.7) 
Relays Oc 

Signa l  Received i n  -- 
S-IVB for:  Regular 
C a l i b r a t e  Relays On 

Signa l  from L'JDC for :  01:27:55.1 
T e l c w t r y  C a l i b r a t o r  15275.1) 
Inf l i g h t  C a l i b r a t e  
Off 

TBS 
6618 .450  

S igna l  f r o v  LMC for :  01:27:55.7 
Regular C a l i b r a t e  (5275.7: 
Relays Off 

TBS +4619.1 

no tes  a t  end of t a b l e  



S e c t i o n  4 
S e q u e n c e  of E v e n t s  

TABL'i 4-1 ( S h e e t  20 of 43) 
FLIGHT SEQUENCE OF EVENTS 

214b S igna l  Received i n  -- 
S-IVB f o r :  Regulzr 
C a l i b r a t e  ilelays Otf 

S-IVB 

I U  

S-IVB 

I U  

s - ~ v a  

I U  

S-IVB 

I U  

S-IVI 

1u 

s-IVB 

TL! 

S-IVB 

I U  

I U  

S-IVB 

I U  

S-I'm 

I U  

(ms) 

N I A  

TB5 
4619 .050  

NIA 

T B5 
4645 .550  

N l \  

TB5 
6 6 i 5 . 8 5 0  

NIA 

T85 
4996 .050  

N I A  

Te5 
+4996.250 

N!h 

TB5 
4999 .253  

N l A  

TB5 
+5653.067 

TB5 
+5653.257 

N I A  

TES 
+5653.470 

N '4  

TB5 
+5658.050 

DATA 
S3URCE 

DAC ( FM) 

KSFC 

DAT ! FM) 

nsFC 

DAC ( M )  

PGFC 

MC(M) 

nsn: 

rAC(m) 

ElSiZ 

MC ( m )  

WSFL 

DAT ( FH) 

KSFC 

m n  

D* : (m)  

KSFC 

DAC (FTO 

mn: 

215a S igna l  from LVK for :  01:27:55.9 
S p e c i a l  C a l i b r a t e  (5275.9) 
Relays Off 

SIGNAL 
MONITORED 

AT 

PRU)ICTU) TIME + MONITORED TIME 

215b S igna l  Received i n  - 
S-IVB f o r :  S p e c i a l  
C a l i b r a t e  Relays Off 

TIME FROM 
RANGE ZERO 

(hr:min:sec) 
(sec 

TIUE FROM 
RANGE ZERO* 
(hr:min:sec) 

(set) 

2165 S igna l  from LVDC for :  01:28:22.3 
S l w  Record Off (5302.3) 

TI!& FROM 
BASE 

(sec)  

TIME FKOM 
SASE 

(set) 

216b S igna l  Received i n  -- 
S-IVB f o r :  S l w  
Record Off 

217a S igna l  frum LVDC for :  01:28:22.5 
Recorder Playback On (5302.5) 

217b S igna l  Received i n  -- 
S-IVB f o r :  Recorder 
Playback On 

218a S igna l  from LVDC for :  01:34:12.7 
Recc-der Playback Off (5652.7) 

218b Sig9.1 Received i n  - 
S-IVB for :  Recorder 
Playback Off 

219a S igna l  from G D C  fo r :  <?:34:12-9 
S l w  Record On (5652.9) 

219b S igna l  Received i n  -- 
S-IVB for :  Slvu 
itecord On 

2200 S igna l  from LVDC f3r:  01:34:15.5 
S l w  Record On (5655.9) 

220b S igna l  Peceived i n  -- 
S-LVB f o r :  S l w  
Record On 

221 Signa:. from LMC for :  01:4 -u,.7 
Telemetry C a l i b r a t o r  (6309- 7) 
Inf  l i z h t  C a l i b r a t e  On 

222a S igna l  from LVLK for :  01:65:09.9 
S p e c i a l  C a l i b r a t e  (6309.9) 
Relays On 

222b Signal Recrived i n  -- 
S-TTB f o r :  S ~ c i a l  
C a l i b r a t e  Relays On 

2230 S i g c a l  from LVDC for :  01:45:10.1 
Regular C a l i b r a t e  Cc3lO. 1 ) 
Relays On 

?23b S igna l  Received i n  -- 
S-IVB for :  Regular 
C a l i b r a t e  Relays On 

224 S igna l  from LVDC f o r :  01:45:14.7 
Telemerry C a l i b r a t o r  eJl4 .7  ) 
Inf  l i g h t  C a l i b r a t e  
Off - 

*See notes  a t  end of table 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 21 of 43) 
FLIGHT SEQUENCE OF EVENTS 

2i3a S igna l  from LVDC f o r :  01:45:15.1 
Regular C a l i b r a t e  (6315.1) 
Relays Off 

ITEM 
1 0  - 

I U  

S-ZVB 

:u 

S-IVB 

I U  

S-IVB 

'LU 

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

Ill 

S-IVB 

I3 

S-IVB 

I U  

MSFC 

DAC (FM) 

MFC 

DAC i FU) 

-- 

-- 

-- 

-- 

-- 

-- 

MSFC 

DAC (FU) 

lSFC 

DAC (FM) 

MSFC 

DAC (FU) 

MSFC 

DAC (FM) 

MSFC 

225b S igna l  Received i n  - 
S-IYR f o r :  R r ~ i l a r  
C a l i b r a t e  R e l a p  Off 

226a S igna l  from LVW' f o r :  01:45:15.3 
S p e c i a l  C a l i b r a t e  (6315.3) 
Relays Off 

SIGNAL 
UONITORED 

AT 
EVENT 

226b S i g m l  Received i n  -- 
S-IVP for :  Spec--1 
C a 1 i b r a ~ -  Relay: Off 

(ms) 

227a S igna l  from LVDC f o r :  02:08:43.9 
Slow Record ca (7723.9) 

DATA 
SOURCE 

1 PREDICTED 1 I M +  UONITORED TIM* 

L27b S i g ~ a l  Received !n -- 
S-IVB for :  Slow 
Record On 

TIHE PRon 
WANGE ZERO 

(hr:min:rec\ 
(set) 

TIKE FROM 
RANGE ZERO* 
(hr:min:sec) 

( sec )  

22i'a S ignz l  f l ~ m  LVDC for :  '12:09:15.3 
S l w  Record Off (7755.9) 

TIME FROM 
BASE 

(sec)  

T:HE FROR 
BASE 

(set) 

228b S i g r a l  Received i n  -- 
S-IVB for :  Slow 
Record Dff 

229a S i g n a l  from LMC for :  02:69:16.1 
Recorder Playback On (7756.1) 

229b S igna l  ;.eceiveC i n  -- 
5-IVB for :  Recorder 
Playback On 

230a S i g n a l  from LVDC for :  01:13:19.9 
Recorder Flayback Off (7999.9 ) 

230b S igna l  Received i n  -- 
S-:VB for :  Recorder 
Playback Off 

231a S igna l  from LVDC for :  02:13:20.1 
Slnv Record On (eoOO.1) 

231b S igna l  Received i n  - 
S-IVB for :  Slow 
Record On 

232a S igna l  from LVDC for :  02:1393.1 
S l w  Recsrd On (t1003.1) 

232b S igna l  Received i n  -- 
S-IVB for :  Slow 
Record 011 

233a S igna l  f r m  LVDC for :  02:24:35.9 
Spec ia l  C a l i b r c t e  (8675.9) 
Relays On 

233b S igna l  llr eived i n  -- 
S-IVB for :  Spec ia l  
C a J i b r a t ~  Relays On 

2?4a S igna l  +om LVDC for :  02:24:36.1 
l e g u l a r  C a l i b r a t e  (8676.1) 
P-lays On 

*See 11.-tes a t  end of t a b l e  



Sec t ion  4 
Sequence of Events 

TABLE 4-1 (Sheet 2 2  of 43) 
FLIGtiT SEQUENCE OF EVENTS 

234b S igna l  Received i n  -- 
S-IVB for :  Regular 
C a l i b r a t e  Relays On 

I../ EVENT 

-- - 
S-IVE 

I U  

IU 

S-IVB 

I U  

S-IVB 

1d 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

1 u  

S-IVB 

DAC ( FM) 

MS FC 

MSFC 

DAC ( FM! 

M FC 

MC(rn)  

MS FC 

MS FC 

MC(FX) 

MSF': 

1)AC (M) 

MSFC 

DAC (FM) 

MSFC 

DAC ( m )  

HS FC 

DAC (FM) 

MSFC 

DAC (FM) 

235 S igna l  fror. LVDC f o r  02:24:36.3 
Telemetry C.=l i b r a t o r  (8676.3) 
I n f l i g h t  1 ~ l l u z a t e  On 

PREDICTED TIME* 

236a S igna l  from ,'.'. f o r :  02:24:41.1 
Regular (allhr5.e (5681.1) 
Relays Of: 

- ' C I ~  FROM 
RANGE ZERO 
ir:min:sec) 

(set) 

236b S igna l  Rectived an -- 
S-IVB for :  R-gul. r 
C a l i b r a t e  Re .ays Off 

Aczd SIGNAL 
MONITORED 

AT 

TIME no!! 
BASE 

(set) 

237a S igna l  from LVDC f o r :  02:24:41.3 
Spec ia l  Ca1:'rate (8681.3 j 
Relays Off 

237b S igna l  Receik I i n  -- 
S-IVB for :  3 e c i a l  
C a l i b r a t e  delays Off 

238 S igna l  from LVDC f o r :  02:24341.5 
Telemetry C a l i b r a t o r  (8681.5 ) 
Inf  l i g h t  Gal-urate Off 

DATA 
SOURCE 

, (sec)  

HOQlTORED TIME* 

239a S igna l  from LVDC f o r :  02:50:15.9 
.ilw Record On (10.215.9) 

(set) 
L 

TIME FROM 
RANGE ZERO* 
(hr:min:sec) 

?i9b Signa l  Received i n  -- 
S-IVB for :  Slow 
Record On 

TIME FROM 
BASE 

240a S igna l  from LVrC f o r :  02:50:47.9 
S l w  Record 0:f (10.247.9) 

240b S igna l  Received i n  -- 
S-IVB for:  Slow 
Record Off 

241a S igna l  from LVDC f o r :  02:50:48.1 
Recorder Pl; !back On (10.248.1) 

241b S igna l  Received i n  -- 
S-IVB for:  Recorder 
Playback On 

242a S igna l  from LVDC for :  02:55:32.1 
Recorder Playback Off (10,532.1) 

242b S igna l  Received i n  -- 
S-IVB for :  Recorder 
Playback Off 

243a S i g n a l  from LVDC f o r :  02:'5:32.3 
Slow Record On (10.532.3) 

243b S igna l  Received i n  -- 
S-IVB for :  S l w  
Record On 

244a S i g n a l  irom LVDC f o r :  02:55:35.3 
S l w  Record On (10.535.3) 

244b S i g n a l  Received ~n . - 
5-IVB for :  Slow 
Record On 

*See thotea a t  end of t a b l e  



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 23  of 4 3 )  
E I G H T  SEQUENCE OF EVENTS 

Signal  from LVDC for :  03:00:56.7 
Telemetry Cal ibra tor  (10.856.7) 
Tnfl ight  Cal ibra te  On 

Signa l  from LWC for :  03:00:56.9 
Special  Ca l ibra te  (10,856.9) 
Relays ')n 

ACCURACY+ 
(ms) 

Signal  Received i n  -- 
S-IVB for:  Spec ia l  
Ca l ibra te  Relays On 

DATA 
SOURCE 

S q n a l  from LVDC for:  03:00:57.1 
Regular C a l i b r a t e  (10,857.1) 
Relays On 

Signal  Received i n  -- 
S-IVB f o r :  Regular 
Cal ibra te  Rtlays On 

SIGNAL 
MONITORED 

AT 

WNITORED TIME 

Signal  from LVDC for :  03:01:01.7 
Telemetry Cal ibra tor  (10.861.7J 
I n f l i g h t  Cal ibra te  
Off 

ITEM 
KO. 

TIME FROM 
RANGE ZERO* 
(hr:min:sec) 

(see) 

S igaa l  from LVDC f o r :  03:01:02.1 
Regular Cal ibra te  (10.862.1) 
Relays Off 

EVENT 
TIME FROM 

BASE 

(set) 

PREDICTED TIME 

Signal  Received i n  -- 
LVDC for :  Regular 
Cal ibra te  Relays Off 

S igna l  from LVDC for :  03:01:02.3 
Spec ia l  Ca l ibra te  (10.862.3 ) 
Relays Off 

TIME FROM 
RANGE ZERO 

(hr:min:sec) 
(set) 

Signa l  Received i n  -- 
S-IVB f o r .  Spec ia l  
Ca l ibra te  Relays Off 

TIME FROM 
BASE 

(set) 

Signal  from LVDC for :  03:01:44.6 
Aux Hydraulic Pump 00.904.6 ) 
Flaght Hode On 

Signal  Received i n  -- 
S-IVB for :  Aux 
Hydi x l i c  Pump 
F l i g h t  Hode On 

Signal  from LVDC for :  03:01:44.8 
Aux Hydraulic Pump (10.904.8) 
Coast Mode Off 

S igna l  Received i n  -- 
S-IVB for :  Aux 
Hydraulic Pump 
Coast Hode Off 

Signal  from LVDC f o r :  03:01:49.6 
Fuel Chilldown Pump U0.909.6) 
3n 

Signal  Received i n  -- 
S-IVB for :  Fuel 
Chilldown Pump On 

S-IVB -- 

S-IVB -- 

S-IVB -- -- -- -- 

S-IVP 03:01:53.870 N/A DAC (FM) 1 3  
(10.913.870) 

S-IVB 03:01:54.060 N/A DAC (FM) 1 3  
(10.914.060) 

I U  03:0::58.839 TB5 HSFC -- 
(10,918.839) +10,252.956 

S-IVB 03:01:58.860 N/A DAC(FM) 1 3  
(10,918.860) 

*See notes  a t  end of t a b l e  



Sec t ion  4 
Sequence of Events 

TABLE 4-1 (Sheet 24  of 43) 
FLIGHT SEQUENCE OF EVENTS 

Signal  from LVCC for :  03:01:54.6 
LOX Chilldown Pump On (10.914.6) 

Signal  Received i n  -- 
S-IVB f o r  LOX Chi l l -  
down Pump On 

Signal  from LVDC f o r :  03:02:04.6 
Feed Duct Prevalves (10.924.6) 
Closed On 

Signal  Received i n  -- 
S-IVB for:  Feed Duct 
Prevalves Closed On 

Tine Base 6 03:05:56.6 
Begin Restart  (11.156.6) 
Preparat ions 

Signal  from LVDC f o r :  03:05:56.8 
S-IVB Ullage Engine (11.156.8) 
No. 1 On 

Signal  Received i n  -- 
S-IVB for :  S-IVB 
Ullage Engine No. 1 
On 

Signal  from LVDC f o r :  03:05:56.9 
S-IVB Ullage Engine (11.156.9) 
No. 2 On 

Signal  Received i n  -- 
S-IVB for:  Ullage 
Engine No. 2 On 

I n i t i a t e  P i tch  L Yaw 03:05:56.5 
Maneuver f o r  Res ta r t  (11,156.5) 
At t i tude  Orientat ion 

Signal  from LVDC for:  03:05:57.1 
S-IVB Ullage Thrust (11,157.1) 
Present  On 

Signal  from LMC f o r :  03:05:57.4 
LH2 Tank Vent Valve (11,157.4) 
Boost Close On 

Signal  Received i n  -- 
S-IVB for :  LH2 Tank 
Vent Valve Boost 
Close On 

Signal  from LVDC f o r :  03:05:57.6 
LOX Tank Vent Valve (11.157.6) 
Boost Close On 

Signal  Received i n  -- 
S-IVB for:  LOX Ta~.k 
Vent Valve Boost 
Close On 

Signal  from LVDC for:  03:05:57.8 
Continuous Vent P i l o t  (11,157.8) 
Valve Close On 

Signel  Received i n  -- 
S-IVB f o r :  Continuous 
Vent P i l o t  Valve 
Close On 

ITEM 
NO. 

I U  

S-IVB 

TB5 MS FC 
+10.257.950 

N/A DAC (FM) 

EVENT 

S-IVB N/A DAC (FM) 

TB6 M . 0  HSFC 

TB6 +0.155 MSFC 

PREDICTED TIME* 

S-IVB 

SIGNAL 
MNITOREP 

AT 

TIME FROM 
W S E  ZEPO 

(hr:min:sec) 
(set) 

N/A DAC (FM) 

TIME FROM 
BASE 

(set) 

IU 

S-IVB 

I U  

I U  

I U  

S-IVB 

N /A DAC ( FM) 

MOtIlTORED TIME* 

N/A DAC 

DATA 
SOURCE 

TIME FROM 
W G E  ZERO* 
(hr:min:sec) 

(set) 

TB6 -1.463 MSFC 

ACCURACY 
(ms) 

TIME FROM 
BASE 

(sec)  

TB6 +O. 76? MSFC 

N / A  DAC (FM) 

I U  

S-IVB 

TB6 +0.95.1. MSFC 

N/  A DAC (FM) 

TB6 +1.156 MSFC 

N / A  DAC (FM) 

*See note. a t  end of t a b l e  



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 25 of 43) 
FLIGIIT SEQUENCE OF EVENTS 

264. Signal  from LVDC f o r :  03:05:58.8 
Lii2 Repress Control (11,158.8) 
Valve Open On 

264b Signal  Received i n  -- 
S-IVB f o r :  LH2 Re- 
press Control Valve 
Open On 

265a Signal  from LMC for :  03:05:59.4 
LH2 Tank Vent Valve (11.159.4) 
Boost Close Off 

265b Signal  Received i n  -- 
S-IVB for:  LH2 Tank 
Vent Valve Boost 
Close Off 

266a Signal  from LVDC f o r :  03:05:59.6 
LOX Tank Vent Valve (11.159.6) 
Boost Close Off 

266b Signal  Received i n  -- 
S-IVB f o r :  LOX 
Tank Vent Valve Boost 
Close Off 

267a Signal  from LVDC f o r :  03:05:59.8 
Continuous Vent P i l o t  (11.159.8) 
Valve Close Off 

267b Signal  Received i n  -- 
S-IVB f o r :  Continuous 
Vent P i l o t  Valve 
Close Off 

268a Signal  from LVDC for :  03:06:02.6 
Fuel Chilldown Pump (11,162.6) 
On 

268b Signal  Received i n  -- 
S-IVB f o r :  Fuel 
Chilldown Pump On 

269a Signal  from LVDC f o r :  03:06:07.6 
LOX Chilldown Pump On (11.167.6) 

269b Signal  Received i n  -- 
S-IVB for :  LOX 
Chilldown Pump On 

270a Signal  from LVDC for:  03:06:17.6 
Prevalves Clcse On (11.177 -6)  

270b Signal  Received i n  -- 
S-IVB for :  Frevalves 
Close On 

*See notes a t  end of t a b l e  

I U  

S-IVB 

TB6 +2.153 MSFC 

N/A DAC(FH) 

DATA 
SOURCE 

I U  

S-IVB 

ACCURACY+ 
( m s )  

SIGNAL 
MONITORED 

AT 

ITEM 
do. 

Tb6 +2.750 MSFC 

N/A DAC(EtY) 

EVENT 

PREDICTED TIPIE * 

I U  

S-IVB 

TIME FROH 
RANGEZERO 

(hr:min:sec) 
(sec) 

MONITORED TIME* 

TB6 +2.955 MSFC 

N/A DAC(FH) 

TIME FROM 
BASE 

(set) 

TIM FROM 
RANGE ZERO* 
(hr:min:sec) 

(sec)  

TB6 +3.186 MSFC 

N/A DAC(FN) 

TIME FROM 
BASE 

(sec) 

I U  

S-IVB 

TB6 +5.966 MSFC 

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

TB6 +20.961 MSFC 

NIA DAC (EM) 



Sect ion 4 
Sequence of Evencs 

TABLE 4-1 (Sheet 26 of 43) 
PLIGHT SEQUENCE OF EVENTS 

271 Stop Yaw Maneuver -- -- XU 03:06:55.0 N/A DAC 1000 
(11.215.0j 

ACCURACY* 
(us) 

F i r s t  Ground I n i t i -  
ated Command Sequence 

DATA 
SOURCE 

272 Signal  from Ground 
t o  LVDC for :  LH2 
Tank Repressuriza- 
t i o n  Control Valve 
Open Off (Not 
Received by LVDC) 

-- -- Ground 03:06:49 

(11.209) 

SIGNAL 
MONITORED 

AT 

MONITORED TIKEf 

MSC 

ITEM 
NO. 

TIME FROM 
RANGE ZERO* 
(hr:min:sec) 

(set) 

273 Signal from Ground 
t o  LVDC for :  LH2 
Tank Continuous Vent 
Valve Close On (Not 
Recsived by LVDC) 

EVENT 
TIME FROM 

BASE 

(set) 

PREDICTED TIME 

-- Ground 

-- Ground 

TIME FROM 
RANGE ZERO 

(hr:min:sec) 
(sec)  

274 Signal  from Ground 
to  LVDC f o r :  LH2 
Tank Continuous Vent 
Valve Close Off (Not 
Received by LVDC) 

TIME FROM 
BASE 

(set) 

Secon2 Ground I n i t i -  
ated Cowand Sequence 

275a Signal  from Ground 
t o  LVDC f o r :  LH2 
Tank Repressuriza- 
t i o n  Control Valve 
Open Off 

275b Signal  from LVDC for:  
Lh2 Tank Repressuriza- 
t i o n  Control Valve 
Open Off 

275c Signal  Received i n  
S-IVB for :  Li12 Tank 
Repressurization 
Control Valve Open 
Off 

276a Signal  from Ground 
t o  LVDC f o r :  LH2 
Tank Continuous 
Vent Valve Close 
On 

276b Signal  from LVDC 
for :  LH2 Tank 
Continuous Vent 
Valve Close On 

276c Signal  Received i n  
S-IVB f o r :  LH2 
Tank Continuous 
Vent Valve Close 
On 

277a Signal  from Ground 
*o LVDC for :  LH2 
.ank Continuous 
Vent Vnlve Close 
Off 

*See notes a t  end of t a b l e  

-- Ground 03:07 :20.0 N/A 

(11.240.0) 
MSC 

US FC -- 

DAC ( FN) 1 3  S-IVB 03:07:22.G50 N/A 
(11.242.050) 

-- Ground -- MSC 

S-IVB 03:07:22.930 N/A 
(11.242.930) 

GAC (FN) 13  

-- Ground 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 27 of 4 3 )  
FLIGHT SEQUENCE OF EVENTS 

- 

PREDICTED TIME WNITORED TIME* 
TIME FROM ~TIHE FROM SIGNAL TIME FROM TIME FROM DATA ACCURlrCY* 

NGE ZERO* BASE 

I AT 

(hr:min:sec) 
SOURCE (me) I (hr: l ln:sec)  1 

(See) 
(set) 

I ITEM I EVENT I RANGE ZERO I BASE I MONITORED 1 RA 

277b Signal  from LVDC f a :  
LH2 Tank Cortinuous 
Vent {'dive Close Off 

-- -- S-IVB 03:07:24.710 N/A DAC ( FM) 1 3  
(11,244.710) 

2?7c Signal  Received i n  
S-IVB f o r :  LH2 Tank 
Continuous Vent Valve 
Close Off 

Third Ground I n i t i -  
a ted  Command Sequence 

278a Signal  from Ground t o  
LVDC for :  LH2 Tank 
Repressurization 
Control Valve Ooen 
Off 

278b Signal  from LVDC f o r :  
LH2 Tank Repressuriza- 
t i o n  Control Valve 
Open Off 

278c Signal  Received i n  
S-IVB for :  LH2 Tank 
Repressurizat ion Con- 
t r o l  Valve Open Off 

279a Signal  from Ground t o  
LVDC for :  LH2 Tank 
Continuous Vent Valve 
Close On 

279b Signal  from LVDC for :  
LH2 Tank Continuous 
Vent Valve Close On 

279c Signal  Received i n  
S-IVB f o r :  LH2 Tank 
Continuous Ven: Valve 
Close On 

230a Signal  from Ground t o  
LVDC for :  LH2 Tank 
Continuous Vent 
Valve Close Off 

280b Signal  from LVDC f o r :  
LH2 Tank Continuous 
Vent Valve Close Off 

280c Signal  Received i n  
S-IVB f o r :  LH2 Tank 
Continuous Vent Valve 
Close Off 

281 Stop P i tch  Maneuver 

-- Ground 03:08:13.0 N/A 
(11.293.0) 

NSFC -- 

DAC ( FH) 1 3  S-IVB 03:08:15.390 N/A 
(11,295.390) 

-- Ground -- -- NSC -- 

-- I U  03:08:13.183 N/A MSFC -- 
(11.296.183) 

-- Ground -- -- MSC -- 

MS FC -- 

DAC (FM) 13  S-IVB 03:08:18.057 N/A 
(11,298.057) 

DAC 

MSC 

Fourth Ground I n i t i -  
a ted  Conrmand Sequence 

282a Signal  from Ground t o  
LVDC for :  LH2 Tank 
Repressurizat ion 
Control Valve Open 

- Off 

*Sle notes a t  end of t a b l e  

-- Ground 03:08:43.0 N / A  
(11,323.0) 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 28 of 43) 
FLIGHT SEQUENCE OF EVENTS 

282b S igna l  from I.VDC f o r :  
LH2 Tank Repressuriza- 
t i o n  Control Valve 
Open Off 

282c S igna l  Received i n  
S-IVB f o r :  LH2 
Tank Repressuriza- 
t i o n  Control Valve 
Open Off 

283a S igna l  from Ground 
t o  LVDC f o r :  LH2 
Tank Continuous 
Vent Valve Close 
On 

283b S igna l  from LVDC 
for :  LH2 Tank 
Continuous Vent 
Valve Close On 

283c S igna l  Received 
i n  S-IVB f o r :  
LH2 Tank Con- 
t inuous Vent Valve 
Close On 

2848 S igna l  from Ground 
t a  !.b'DC for :  LH2 
Tank Continuous Vent 
Valve Close OFF 

284b S igna l  from LVDC for :  
LH2 Tank Continuous 
Vent Valve Close OFF 

284c S igna l  Received i n  
S-IVR f o r :  LH2 
Continuous Vent Valve 
Close OFF 

-- -- I U  03:08:45.329 N / A  MSFC -- 
(11.325.329) 

- 
MONITORED TIM* 

ITEM 

S-IVB 03:08:45.413 N/A DAC (FM) 1 3  
(11.325.413) 

PREUICTED Tim* 

-- Ground -- -- MSC -- 

EVENT TIME RANGE FROM ZERO TIME BASE FROM MONITORED SIGNAL RANGE TIME iXOM ZERO* .-71.::(.:.,.:1 

S-IVB 03:08:46.296 N/A DAC ( FM) 1 3  
(11.326.296) 

-- Ground -- -- HSC 

AT NO. (h;::.in:sec) 
i s e c )  

MS FC -- 

DAC ( FM) 13 

(set) 

-- S-IVB 03:08:48.117 N/A 
(11,328.117) 

(hr:min:sec) 
( see )  

F i f t h  Ground I n i t i a t e d  
Ground Sequence 

(see)  

285 S igna l  from Ground t o  
LVDC for :  LH2 Tank 
Repressurizat ion Con- 
t r o l  Valve Open Off 
(Not Received by LVDC) 

-- Ground 03:09:20 N /A 

(11.360) 
Msc 

286 S igna l  from Ground LO 

LVDC for :  LH2 Tank 
Continuous Vent Valve 
Close On 
(Not Received by LVDC) 

-- Ground 

287 S igna l  from ground t o  
LVDC f o r :  LH2 Tank 
Continuous Vent Valve 
Close Off 
(Not Received by LVDC) 

-- Ground -- MSC 

*See notea a t  end of t a b l e  
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Sequence of Events 

TABLE 4-1 (Sheet 29 of 43) 
FLIGHT SEQUENCE OF EVENTS 

Six th  Ground I n i t i a t e d  
Comand Sequence 

288 S igna l  from Ground t o  -- 
LVDC f o r  LH2 Tank Re- 
p r e s s u r i z a t i o n  ;ontrol  
Valve Open Off 
(Not Received by LVDC) 

- 
ITEM 

NO. 

289 S igna l  from Ground t o  -- 
U D C  f o r :  LH2 Ta?k 
Cont isuous Vent .'alve 
Cloae On 
(No- Received by LVDC) 

EVENT 

290 Sign-1 from Ground t o  -- 
LVDC ' ?r :  LH2 Tank 
Continuous Veqt V a l ~ e  
*,lo,e Uft 
(Not Received by LVDC) 

-- - .- -. 
PRED CTED T l W +  

Seventh Ground I n i t i a t e d  
Command Sequence 

SIGNAL 
MONITORED 

AT 
RANGE ZERO 

(hr:min:sec) 
( sec )  

?71 S igna l  from Ground t o  -- 
LVDC f o r :  LH2 Tank 
Repressurlzat ion Con- 
t r o l  Valve Open Off 
(Not Received by :.VDC) 

292 S igna l  from Ground t o  -- 
LVDC for :  LH2 Tank 
Continuous Vent Valve 
Close On 
(Nat Received by LVDC) 

293 S igna l  from Ground t o  -- 
LVDC f o r :  LH2 Tank 
Continuous Vent -'alve 
Close Off 
(Not Received by LVDC) 

294 S igna l  from LVDC f o r :  03:09:32.1 
Telemetry Ca l ib ra t ion  (11,372.1) 
I n f l i g h t  C a l i b r a t e  On 

295a S igna l  from LVDC f o r :  07:09:32.3 
S p e c i a l  C a l i b r a t e  (11,372.3) 
Relays On 

295b S igna l  Receiv in - - 
S-IVB for :  "ial 
C a l i b r a t e  Relays On 

296a S i g c a l  from LVDC for :  03:09:32.5 
Regular C a l i b r a t e  (11,372.5) 
Relays On 

296b S igna l  Received i n  -- 
S - I D  f o r :  Regular 
C a l i b r a t e  Relays On 

297 S igna l  from LVDC f o r :  03:09:37.1 
Telemetry Ca l ib ra te  (11,377.1) 
I n f l i g h t  C a l i b r a t e  Off 

298a S igna l  from LVM: f o r :  23:i.9:37.5 
Regular C a l i b r a t e  (11.377.5) 
Relays Off 

*See no tes  a t  end of t a b l e  

BASE 

(sec )  

Ground 03 :09 :40 N /A MSC 1,000 
(11.380) 

Ground -- 

Ground -- 

MONITORED TIME* 

Ground -- 

IYITA 
SOURCE 

TIME FROM 
RANGE ZERO* 
(hr:min:sec) 

( sec )  

Ground 

ACCUR*Cy* 
(ms) 

TIME FROM 
BASE 

( sec )  

iU 

IU 

S-IVB 

I u 

S-IVB 

IU 

I U  

-- MSC -- 

-- MS C -- 

-- MSC -- 

-- MSC -- 

03:09:35.026 TB6 +215.450 MSFC 
(11.375.026) 

03:09:35.448 TB6 +215.872 MSFC 
(11,375.448) 

03:09:35.481 NIA DAC (FM) 
(11,375.481) 

03:09:40.026 TB6 +220.450 MSFC 
(11.380.026) 

03:09:40.400 TB6 +220.864 MSFC 
(11.380.440) 
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Sequence of Events 

TAELE 4-1 (Sheet 30 of 43) 
FLIGHT SEQUENCE OF EVENTS 

298b S igna l  Received i n  
S-IVB f o r :  Regular 
Ca l ib ra te  Relays Off 

S-IVB 

IU 

S-IVB 

I U 

S-IVB 

IU 

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U 

s - ~ v a  

I U  

S-IVE 

DAC ( FM) 

MS FC 

DAC ( P.) 

MS FC 

DAC (FM) 

MS FC 

DAC ( FM) 

MSFC 

DAC (FM) 

MSFC 

DAC ( FM) 

MS FC 

1 hC (n!) 

MSYC 

DAC (FM) 

299a Signal  from LVDC f o r :  
Spec ia l  Ca l ib ra te  
Relays Off 

299b S igna l  Received by 
S-IVB f o r :  Spec i s l  
Ca l ib ra te  Relays Off 

3009 S igna l  from LVDC fo r :  
SSB/M Group CV 

300b S igna l  Received i n  
S-IVB for :  SSB/FM 
Group ON 

N l a  S igna l  from LVDC for :  
SSBIFM Transmit ter  OE: 

301b S igna l  Received i n  
S-IVB for :  SSBIFM 
Transmi t t e r  ON 

302a S igna l  f r o n  LJDC 
f o r :  LOX Repress 
Valve Open ON 

302b S igna l  Received i - ~  
S-IVB for:  LOX 
Repzess "al:.e Open 
ON 

303a S igna l  from LVDC 
f o r :  PL Ac:ivate 
ox 

3G3b S igna l  Reccivcd 
i n  S-IVB f o r :  PU 
Act iva te  ON 

304a S igna l  from LVDC 
f o r :  PU Valve 
Hardover Po$ i t i o n  
ON 

304b S igna l  Received i n  
S-IVB for :  PU 
Valve Hardover 
Pos i t ion  CN 

305a SIgnal  from LVDC 
T:r: Prevalve 
Closed OFF 

305b S igna l  Receided 
i n  S-IVB f o r :  
Prevalve Closed 
OFF 

*See note8 a t  end of t a b l e  
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Sequence of Ekents 

T a T - E  4-1 (Sheet 31 of 43) 
FLIGHT SEQULVCE OF E7UTS 

S-iVB Restart  Alert  (11.473.6) 

Signal  from LVLC for:  03:11:22.2 
Engi.re Cutoff Off (11.482.2) 

Signal Receiveti i n  -- 
S-IW for:  Engine 
Cutof; Off 

S iua1  f r o s  iVK 03:ll:i2.4 
for: Engine ?eady (11,482.1) 
Bypass 

Signal  Received i n  -- 
S-IVB for:  Engine 
Ready Bypass 

Signal  from LVDC 03:11:22.6 
for:  LH2 Repress (11,482.6) 
Control Valve Open 
Off 

Signal  Received i n  -- 
S-IVB for:  LH2 
Repress O n t r o l  
Valve Open Off 

Signal  from ZVDC 03:11:22.8 
for:  Fuel Chil l-  (11.682.8) 
down Puq, Off 

S i s a l  Received i n  -- 
S-iVB for:  Fuel 
Chilldcvn Pulp Off 

Signal  fro= LVDC 03:11:23.0 
for: U I X  Chil l-  (11.483.3) 
down hq Off 

Signal  Received -- 
i n  S-IW for :  LOX 
Chilldown Puqr Off 

S i e a l  from LVDC 03:11:23.4 
for: Iiepress (11.483.4) 
Covtrol Valve 
Open Off 

S-.gnal Received -- 
i n  S-IVB for: 
Repress %ntkol 
Valve Cpc-t Off 

Signal from LMC 03:11:23.6 
.or: Engine S t a r i  (11.483.6) 
00 

s igna l  Received -- 
i n  S-IVR i o r :  
Engine S t a r t  On 

nbtes a t  ead of t a b l e  

IU 

S-IVB 

ACCUIUCY 
(r,)  

S 1.4 DAC ( Fn) 

- 
306 Siznal  from LVDC for: 03:11:13.6 TB6 +317.0 IU 03:11:16.527 TBt +316.951 HSFC - 

DATA 
SOURCE 

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

SIGNAL 
PlONIMRED 

AT 

I TEN 
No. 

TB6 326.150 HSFC 

SIA DAC (M) 

TB6 +326.364 ?(SFC 

N l A  DAC (RI) 

TB6 +326.749 HSFC 

EVENT 

PREDICTED TI= . 

N /A DAC (Fn) 

- 
MINITORED TIM* 

TIUE FRON 
RANGE ZERO 

(hr:min:sec) 
(set) 

S-IVB 

TIUE l W N  
RANGE LERO* 
(hr:min:sec) 

(sec; 

TIM FRON 
BASE 

(set) 

I U  

S-IVB 

T I E  FROM 
BASE 

(sec)  

TB6 +326.960 MFC 

N I A  DAC (W) 



Section 4 
Sequence of Events 

TABLE 5-1 (Sheet 32 of 43) 
FLIGHT SEQUENCE OF EVENTS 

31, .J:Jzy Sta r t  

1. Helium Control - 
Solenoid Energized 

2. b i n  Fuel Valve - 
Umed (Dropout) 

3. b i n  Fuel Valve - 
open (Pickup) 

4. Cis Generator -- 
Valve Closed 
(Dropout) 

5. Gur Gemerator - 
Valve Open 
(Pickup! 

6. Hain W d i z e r  - 
Valve Leaves 
Glared Position 
(Dropout) 

7. S t a r t  Tank - 
Mscharge Valve 
Open (Dropmt) 

8. Oxidizer Turbine - 
B y p a s s  Valve Open 
(Dropout) 

9. Oxidizer Turbine - 
Bypass Valve 
Uoaed (Pickup) 

10. Mllclta~ at - 
Pruurure Switch 1 
(Dropout) 

11. b i n s t a g e  OK - 
Pressure Switch 2 
t Gropout) 

12. I(.ia Oxidizer - 
Valve Reaches open 
Position (Pickup) 

r3. C.s Generator - 
Spa* System 011 
(Dropout) 

14. Thrust C h d e r  - 
Spa* system (kr 

(f ropout; 

314 S i , d  from LVDC for: 03:1'.:24.4 
0utIadicat ion"A" (11,484.4) 
Enable On 

315 Sigaal frouLVDC for: 03:11:24.6 
o ~ t ~ n d i ~ a t i o l l " ~ "  (11,484.6) 
Enable On 

S-IM 

S-IVB 

S-IM 

S-IVB 

DATA 
SOURCE 

S-IM 

ACCURACY 
(m) 

S I W  
HDWITORED 

AT 

IIM 
n0. 

S-IVB 

EVENT 

PREDICTED TIME • 

S-IM 

S-IVB 

TIHE FQOn 
RANGE ZERO 

{hr:rin:.sc) 
(see) 

lONIlORED TIME* 

S-IVB 

TIM? =On 
BASE 

(.eel 

TIHE PRON 
WGE ZEM* 
(hr:dn:aec) 

(set) 

S-IM 

TIC. 153 
BASE 

(set) 

S-IVB 

*See notca a t  end of table 
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Sequence of Events 

TABLE 4-1 (Sheet 33 of 4 3 )  
FL,IGHT SEQUENCE OF EVENTS 

Signal  from LVDC 03:11:26.6 
for :  Ullage Engine (11,486.6) 
No. 1 Off 

Signal  Received i n  -- 
S-IVB for :  Ullage 
Engine No. 1 Off 

SignalfromLVDC 03:11:26.7 
for :  Ullage Engine (11.486.7) 
NO. 2 Off 

Signal  Received i n  -- 
S-IVB for :  Ullage 
Engine No. 2 Off 

Signal  from LVDC 03:11:26.9 
for:  Ullage Thrust (11.486.9) 
Present  Off 

Signal  from LVDC 03:11:31.2 
for: Control (11.491.2) 
C o q u t e r  S-IVB 
Burn Mode On "B" 

Signal  from LVDC 03:11:31.4 
for:  CoopuLer (11.491.4) 
S-IVB Bum Pbde 
On "A" 

Signal  from LVDC 03:11:31.6 
for:  I n j e c t i o n  (11.491.6) 
Temperature OK 
Bypass 

Signal  Received i n  -- 
S-IVB for :  I n j e c t i o n  
Temperature OK Bypass 

Signal  from LVDC for :  03:11:31.8 
LOX Tank Fl igh t  (11,491.8) 
Press System On 

Signal  Received i n  -- 
S-IVB for :  Tank 
Fl igh t  Press System 
On 

Signal  from LVDC 03:11:32.0 
for: Coast Perlod (11.492.0) 
Off 

Signal  Received i n  -- 
S-1VB for :  Coast 
Period Off 

Signal  from LVDC 03:11:32.2 
for:  Engine S t a r t  (11.492.2) 
Off 

Signal  Received i n  -- 
S-IVB for :  Engine 
S t a r t  Off 

5-2 Thrust Buildup -- 
(10%) 

5-2 Thrust Buildup 03:11:34.0 
(93%) (11.494.0) 

I U  

S-IVB 

I U  

s-IVB 

I U  

I U  

I U  

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

N /A 

N /A 

*See no tes  a t  end of t a b l e  

HS FC 

DAC ( m) 

MS FC 

C.4C ( FH) 

US FC 

MSFC 

MS FC 

MS FC 

DAC (FM) 

!SFC 

DAC (FM) 

MSFC 

DAC ( RI) 

MSFC 

DAC (FM) 

DAC 

MSFC 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 34 of 43) 
FLIGHT SEQUENCE OF EVENTS 

(hr:min:sec) (hr:min:src) SOURCE . 
(sec)  (sec)  

328a Signal  from LVM: for :  
Second Burn Relay 
ON 

IU 

S-IVB 

I U  

S-IVL 

I u 

IU 

I U  

N /A 

N /A 

I U  

I U  

N /A 

IU 

S-IVB 

IU 

S-IVB 

MSFC 

DAC(FX) 

MSFC 

DAC (FEO 

USFC 

USFC 

us FC 

DAC 

DAC 

USFC 

MS FC 

DAC 

PtS FC 

DAC (FU) 

MFC 

DAC ( FU) 

328b Signal  Received in 
S-IVB for :  Src9nd 
Bum Relay ON 

329a Signal  from LVDC 
for:  PU Valve Hard- 
over Pos i t ion  Off 

329b Signal  Received i n  
S-IVB for :  PU Valve 
Hardover Posi t  ion OFF $' , *. 

.+. 

.:. 
:-. 
r.. 

33C Guidance I n i t i a t i o n  

331 S t a r t  A r t i f i c i a l  
Tau ?(ode 

332 Stop A r t i f i c i a l  
Tau Uode 

333 PU Valve Reaches 
Hardover Pos i t ion  

334 PU Valve Cutback 

335 S t a r t  A r t i f i c i a l  
Tau Mode 

336 Stop A r t i f i c i a l  
Tau Uode 

327 Engine nixcure 
Ratio Cutback 

338a Signal  from LVDC 
for :  SSBlFM 
Transmitter  OFF 

338b Signal  Received 
i n  S-IVB for :  
SSBlFM Transmitter  
OFF 

339a Signzl  from L M C  
f o r :  SSB/M 
Group OFF 

339b Signal  Received 
i n  S-IVB for:  
SSBlFM Group 
OFF 

*See notes a t  end of t a b l e  



Sec t ion  4 
Sequence of Events 

TABLE 4-1 (Sheet 35 of 43) 
FLIGHT SEQUENCE OF EVENTS 

340 S igna l  from LVDC 03:15:53.6 TB6+597.0 IU 
f o r :  F l i g h t  (11.753.6) 
Control  Computer 
Switch Po in t  No. 5 

ITEM 
NO. 

03:15:56.526 TB6 +596.950 MSFC 
(11,756.526) 

341 S igna l  from LVDC f o r :  03:15:55.2 TB6 t598.6 IU 
Telemetry C a l i b r a t e  (11.755.2) 
I n f l i g h t  C a l i b r a t e  
ON 

EVENT 

03:15:58.132 TB6 +598.556 MSFC 
(11.758.132) 

342s S igna l  from LVDC for :  03:15:55.4 TB6 +598.8 IU 
Spec ia l  C a l i b r a t e  (11,755.4) 
Relays ON 

342b S igna l  Received i n  -- -- S-IVB 
S-IVB for :  Spec ia l  
C a l i b r a t e  Relays ON 

PREDICTED T I M *  

03:15:58.361 N /A DAC (F?.l) 
(11,738.361) 

SIGNAL 
MONITORED 

AT 

TIME FROM 
RANGE ZERO 

(hr:min :set).. 
( sec )  

\ 

Signa l  from LVDC 
for :  Regular 
C a l i b r a t e  Relays 
CN 

Signa l  Received i n  
S-IVB for :  
Regular C a l i b r a t e  
Relays ON 

S igna l  from LVDC 
for :  Telemetry 
C a l i b r a t e  I n f l i g h t  
C a l i b r a t e  OFF 

S igna l  from LVDC 
f o r :  Regular 
C a l i b r a t e  Relays 
OFF 

S igna l  Received 
i n  S-IVB for :  
Regular C a l i b r a t e  
Relays OFF 

S igna l  from LVDC 
for:  Spec ia l  
C a l i b r a t e  Relays 
OFF 

S igna l  Received i n  
S-IVa fo r :  Spec la l  
C a l i b r a t e  Relays 
OFF 

In t roduc t ion  of 
Chi T i lde  Guidance 
Mode 

S igna l  from LVDC 
f o r :  Chilldown 
Shutoff P i l o t  
Valve Closed ON 

TIME FROM 
BASE 

(set) 

S-IVB 03:15:58.565 N /A DAC (E4) 
(11.758.565) 

MONITORED TIME* 

03:16:03.134 TB6 +603.558 MSFC 
(11.763.134) 

DATA 
SOURCE 

TIME EROH 
RANGE ZERO* 
(hr:min:sec) 

(sea) . 

03:16:03.526 TB6 +603.950 MSFC 
!11,763.526) 

-7 

(ms) 

TIME FROM 
BASE 

(set) 

S-IVB 

IU 

03: 16:03.561 N /A DAC (FM) 
(11.763.561) 

03:16:03.742 TB6 +604.166 MSFC 
(11,763.742) 

S-IVB 03:16:03.778 N/A DAC (Fl!) 
(11.763.778) 

Not Issued -- MSFC 

*See no tes  a t  end of t a b l e  



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 36 of 43) 
FLIGHT SEQUENCE OF EVENTS 

349 Signal frum LVDC 03:16:34.4 N/A I U  03:16:21.0 N /A MC 100 
for: Freeze (11,794.4) (11,781.0) 
Body Attitude 
(Chi Freeze) 

350 Signal f r m  03:16:49.2 TB6 +652.6 I U  Not Issued -- =PC -- 
LVDC for: (11.809.2 
Point Level 
Senvor kmlnp 

351. LVDC Sends 
Signal for: 
Cutoff S-IVB 
Engine 
(Guidance 
Cutoff) 

SOURCE 
Imn 
NO. 

351b S-IVB Receiver - 
Signal for: 
Cutoff S-IVB 
Engine 
(Guidance 
Cutoff) 

351c T i r  Base 7 03:16:40.1 
LVDC In i t i a t e s  (11,800.1) 
Time Base 7 

351d LVDC Sends Redundant 03:16:40.1 
Signal for: Cutoff (11.805.1) 
S-IVB Engine 

351e Signal Received i n  -- 
S-IVB for: Cutoff 
S-IVB Engine 
(Redundant Signal) 

352. S i p 1  from LVDC 03:16:40.3 
for: LOX Tank (11,800.3) 
Vent Valve Open 
OW 

352b Signal Received -- 
i n  S-IVB for: 
UIX Tank Vent 
Valve Open 

353 S-IVB J-2 Thrust Decay - 
t o  5 percent (Average) 

354. Signal from 03:16:40.4 
LVDC for: P o ~ n t  (11,800.4) 
Level Sensors 
Disarmtng 

*See mtu at end of teble 

ACC-.' 
(ms) 

SIGNAL 
m)NITORED 

AT 

S-IVB 

EVENT 

TB7 H . O  I U  

N /A IU 

-- S-IVB 

IQIITORXD TIWe 

-- S-IVB 

TIW FROM 
MNCa ZERO* 
(hr:lin:rec) 

(see) 

PREDICTED TIM?.* 

MC(Pn) 

mPC 

=PC 

DAC ( W) 

nsFc 

DAC ( RD 

MC 

nsm 

TIHE PROn 
BASE 

(8.~1 

TIME FMH 
IUNfX ZERO 

(hr:min:sec) 
(rec) 

TIP93 FROM 
BASE 

(see) 



% Sequence of Events 

TABLE 4-1 (Sheet 37 of 4 3 )  
FLIGHT SEQUENCF OF EVENTS 

354b S igna l  Received 
i n  S-IVB for :  
Po in t  Level Sensors 
Disarming 

355a S igna l  from LVDC 
f o r :  LH2 Tsnk 
Vent Valve Open 
ON 

355b S igna l  Received 
i n  S-IVB for :  
LHZ Tank Vent 
Valve Open ON 

356a S igna l  from LVDC 
f o r :  Second 
Burn Relay 
OFF 

356b S igna l  Received 
i n  S-IVB f o r :  
Second Burn Relay 
OFF 

357a S igna l  from LVDC 
f o r :  LOX Tank 
F l i g h t  P ress  
System OFF 

357b S igna l  Received i n  
S-IVB for :  
LOX Tank F l i g h t  
P ress  System OFF 

358a S igna l  from LVDC 
for :  Prevalves 
Closed ON 

358b S igna l  Received i n  
S-IVB for :  
Prevalves Clrsed 
oh' 

359a S igna l  from LVDC 
f o r :  Coast Per iod  
ON 

359b S igna l  Received i n  
S-IVB f o r :  
Coast Period ON 

360a S igna l  from LVDC 
f o ~  : PU Act iva te  
OFF 

360b S igna l  Received 
i n  S-IVB for :  
PU A ~ t i v a t e  OFF - 

*See n o t e s  a t  end of t a b l e  

S-IVB 

I U 

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

IU 

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

ITEM 
NO. 

DAC (FM) 

ElS FC 

DAC ( FM) 

MS FC 

DAC (FM) 

MSFC 

DAC(FM) 

MS FC 

DAC (FM) 

MS FC 

DAC (FM) 

MS FC 

DAC (FM) 

EVENT 

PREDICTEL) TIME 
SIGNAL 

MONITORED 
AT 

TIME FROn 
RANGE ZERO 

( h r  :min:sec) 
:set) 

TIME FRSM 
BASE 

(sec)  

MONITORED TIME* 

DATA 
SOURCE 

TIME FROM 
RANGE ZER3* 
(hr:min:sec) 

(SCC) 

ACCURACY 
(ms) 

TIME FROM 
BASE 

(set) 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 38 of 43) 
FLIGHT SEQUENCE OF EVENTS 

3610 Signal  from LVDC 03:16:41.6 
for :  PU Inver te r  (11.801.6) 
and DC P w e r  OFF 

Irn 
NO. 

+ 

361b Signal  Received -- 
In S-IVB for:  
PU Inver te r  and 
DC P w e r  OFF 

362. Signal  from LVDC 03:16:41.7 
for:  LOX Chill- (11.801.7) 
dam P q  Purge 
Control Valve Open 
OFF 

EVENT 

362b Sigual  Received i n  -- 
S-IVB for:  LOX 
Ch i l l dam P q  
Purge Control Valve 
Open OFF 

363 Signal  f r m  LVDC 03:16:43.4 
for:  F l ight  Control (11.803.4) 
C o ~ u t e r  S-IVB Bum 
W e  Off "B" 

364 Signal  from LVDC 03:16:43.6 
for:  F l ight  (11,803.6) 
Control C q u t e r  S-IVB 
Bum W e  Off "A" 

PREDICTED TIUE* 

365. Signal  from LMC for:  03:16:43.8 
Auxiliary Hydraulic (11 ,?03.8) 
Pump Flight  llodc OFF 

SI(;NAL 
MONITORED 

AT 

TIHe PWlW 
RANGE ZERO 

(hr:min:rec) 
(MC) 

365b Signal  Received i n  -- 
S-IVB for:  Auxiliary 
Hydraulic P u q  
Fl ight  me OFT 

TIM FRW 
BASE 

366s Signal  from LVDC 03:16:50.1 
for :  LOX Tank (11,810.1) 
Vent Valve Close 

366b Signal  Received -- 
i n  S-IVB for :  MX 
Tank Vent Valve 
Close 

ACCURACI' 
(ma) 

367. Signal  from LMC for:  03:16:53.1 
M X  Tank Vent Val- (11.813.1) 
Boost Close ON 

DATA 
SOURCE 

UONITORHD TIHe* 

367b Signal  Received i n  - 
S-IVB for:  LOX 
Tank Vent Boort 
Close ON 

T I N  IEOU 
RANGE ZERO* 
(hr:min: rec) 

(aec) 

368. Signal  from LVDC 03:i6:55.1 
for:  LOX Tank (11.815.1) 
Vent Valve Boost 
Cloa. o n  

rk. mtw at .al of tabla 

FROu 
BASE 

(aec) 

I U  

S-IVB 

I U  

S-IVB 

I U  

I U  

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  



Section 4 
Sequence of Events 

TABLF. 4-1 (Sheet 39 of 43) 
FLIGHT SEQUENCE OF EVENTS 

Signa l  Received i n  
S-IVB f o r :  LOX 
Tank Vent Valve 
Boost Close OFF 

I n i t i a t e  Maneuver t o  
A t t a i n  Separat ion 
I n e r t i a l  At t i tude  
(End of Chi Freeze) 

S igna l  from LVDC 
f o r :  C-Band 
Transponder No. 1 
and No. 2 ON 

S igna l  from LVDC 
f o r :  C-Band 
Transponder No. 1 
3FF 

S igna l  from LVDC 
for :  Prevalves 
Closed OFF 

S igna l  Received i n  
S-IVB for :  
Prevalves Closed 
OFF 

S igna l  from LVDC 
for :  Chilldown 
Shutoff P i l o t  
Closed OFF 

S igna l  Received i n  
S-IVB for :  
Chilldown Shutoff 
P i l o t  Valve Closed 
OFF 

Stop P i tch  Maneuver 
f o r  CSM Separat ion 
A t t i t u d e  

S igna l  from LVDC f o r :  
C-Band Transponder 
No. 1 and No. 2 ON 

Signa l  from LVDC 
for :  C-Band 
Transponder No. 2 
OFF 

S igna l  from LVDC 
for :  C-Band 
Transponder No. 1 
and No. 2 ON 

Signa l  from LVDC 
f o r :  C-Band 
Transponder No. 1 
OFF 

S igna l  from LVDC 
f o r :  C-Band 
Transponder No. 1 
and No. 2 ON 

-- S-IVB 

ACCURACY* 
(ms) 

ITEM 
NO. 

DAC ( FM) 

DAC 

NS FC 

MSFC 

MSFC 

DAC (FM) 

MSFC 

DAC (FM) 

DAC 

.--. rbr r 

MSFC 

MSFC 

MS FC 

ns FC 

TB7+60.5 I U  

-- S-IVB 

TB7 +60.7 I U  

S-IVB 

EVENT 

*See notes  at end of table 

SIGNAL 
MONITORED 

AT 

PREDICTED TIME * 
TIME FROM 
RANGE ZERO 

(hr:min:sec) 
(set) 

DATA 
SOURCE 

-- 

TIME FROM 
BASE 

(sec)  

MONITORED TIME* 
TIME FROM 

RANGE ZERO* 
(hr:min:sec) 

(set) 

TIME FROM 
BASE 

(sec )  



Section 4 
Sequence of Evente 

TABLE 4-1 (Siieet 41) cf 43) 
FLIGHT SEQUENCE OF KVENTS 

380 Signal  from LVDC 
for :  C-Band 
Transponder No. 2 
OFF 

03:18:17.974 N/A MSPC -- 
(11,897.974) 

381a Signal  from LVDC 
for :  LH2 Tank 
Vent Valve 
Close 

SIGNAL 
HONIlORED 

AT 

ITEM 
NO. 

+ 

03:18:26.419 TB7 +119.950 MSPC -- 
(11.906.429) 

EMPT 

PREDICTED TIME* 

381b Signal  Received i n  
S-IVB for:  LH2 
Tank Vent Valve 
Close 

TIW FROM 
RANGE ZERO 

(hr:min:sec) 
(sec)  

03:18:26.450 N/A DAC ( FM) 13 
(11.906.4C1) 

TIME FROM 
BASE 

(set) 

MNITOWD  TI^* 

362 Signal  from LVDC 
for :  C-Band 
Transponder No. 1 
and No. 2 ON 

TIME non  
RANGE ZERO* 
(hr:min:sec) 

(ICE) 

1 

383 Signa l  from LMC 
for:  C-Band 
Transponder No. 1 
OFF 

TIME FROU 
BASE 

(set) 

DATA 

384. S igna l  from LVDC 
for :  LH2 Tank 
Vent Valve Boost 
Close ON 

ACCUPAC'Y 

384b Signal  R e c e i ~ e d  i n  
S-IVB for:  U 2  
Tank Vent Valve 
Boost Close ON 

SOUME (IMA 

-- -- S-IVB 

385a Signal  from LMC 
for :  U 2  Tank 
Vent Valve Boost 
Close OFP 

385b Signa l  Received i n  
S-IVB for :  U 2  
Tmk Vent Valve 
Boost Close OFF 

-- -- S-IVB 

386 Signa l  from LVDC 
for:  C-Band 
Transpon3er No. 1 
and No. 2 ON 

387 Signal  f r m  LVIK: 
for:  C-Baud 
Transponder No. 2 
OFF 

388 Stop Roll  W e u v e r  
f o r  CSt4 Separat ion 
At t i tude  

DAC 1,000 

MSPC -- 

nSFC -- 

389 Signa l  from LVDC for :  
C-Band Transponder 
No. 1 and No. 2 ON 

390 Signal  fz-m LVDC f o r :  
C-Band Transponder 
No. 1 OPF 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 4 1  of 4 3 )  
FLIGHT SEQUENCE OF EVENTS 

Signal  from LVDC f o r :  
C-Band Transponder 
No. 1 and No. 2 ON 

MSFC 

MSFC 

MSFC 

DAC 

..C 

MSFC 

MS FC 

MSFC 

MONITORED TIME * 
SIGNAL 

MONITORED RANGE ZERO* 
AT 

(set) 
( sec )  

ITEM 
NO. 

S igna l  from LVDC f o r :  
C-Band Transponder 
No. 2 OFF 

LV/SC Separat ion 
Sequence S t a r t  

EVENT 

I n i t i a t e  Maneuver 
t o  At ta in  Vehicle 
Alignment f o r  
Ascension I s land  
Communications 
(P i t ch .  Yaw, and 
Roll  Maneuver) 

S igna l  from LVDC f o r :  
C-Band Transponder 
No. 1 and No. 2 ON 

PREDL mED TIME* 

S igna l  from LVDC f o r :  
C-Band Transponder 
No. 1 OFF 

TIME F W  
RAIdCF ZERO 

(hr:min:sec) 
(set) 

S igna l  from LVDC for:  
C-Band Transponder 
No. 1 and No. 2 ON 

*TIME FROM 
3ASE 

(sec)  

S igna l  from LVDC f o r :  
C-Band Transponder 
No. ? OFF 

399 Stop Yaw Maneuver DAC 

DAC 

DAC 

-- 

-- 

MSFC 

MSFC 

MSFC 

400 Stop P i t c h  Maneuver 

401 Stop Rol l  Maneuver 

402 Nominal CSM 
Separa t ion  

403 SPS (CSM) F i r s t  
I g n i t i o n  

404 S igna l  from LVDC 
f o r :  Switch PCM 
t o  Luw Gain Antenna 
( F a i l  Safe)  

405 S igna l  from LLDC 
f o r :  Switch CCS 
t o  Low Gain Antenna 

406 S igna l  from LVDC f o r :  
Telemetry C a l i b r a t o r  
I n f l i g h t  Ca l ib ra te  ON 

*See no tes  a t  end of t a b l e  



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 42 o f  43) 
FLIGHT SEQUENCE OF EVENTS 

Signal  from LSJC for :  
Spacial  Ca l ibra te  
Relays ON 

I U  

S-Iva 

I U  

S-IVB 

I U  

It 

3-IVB 

I U  

S-IVB 

I U  

xu 

xu 

I U  

I U  

I U  

I U  

I U  

.'RAC* 
(ma) 

a 

I I 

E'AT 

MSFC 

DAC (FM) 

MSFC 

DAC (FM) 

MSFC 

MSFC 

DAC (FM) 

.ffi PC 

DAC (FM) 

MSPC 

YSTC 

MSFC 

MSFC 

-- 

n x c  

WPC 

%FC 

PREDICTED TIME* MONITORED TIKE* - 
' TIME FROM TIME FROY SIGNAL TIME FROM TIME FROE DATA 

RANGE ZERO BASE MONITORED wJJGE ZERO* BASE 
A1 (hr  :min:se:) 

AOURCE 
(hr:min:sec) 

(sec) (set) 
(arc)  

Signal  Received i n  
S-IVB for :  Special  
Calibrate Relays t:N 

Signal  from LVDC 
for :  Regular 
Cal ibra te  Rel r ja  3N 

Signal  Received i n  
S-IVB for:  Regular 
Cal ibra te  Relays ON 

Signal  from LVDC 
for :  Telemetry 
Cal ibra tor  I n f l i g h t  
Cal ibra te  OFF 

Signal  from L M C  for :  
Regular Cal ibra te  
Relays OFF  

Signal  Received in  
S-IVB for :  Regu1.i 
Ca l ibra te  Relays OFF 

Signal  from LVDC f o r :  
Spec ia l  Calibz:t*: 
Relays OFF 

Signal  Received i n  
S-IVB for :  Special  
Calibrate Relays OFI' 

Signal  frohn L M C  for :  
Sw! tch PCM t o  High 
Gain Antenna 

Signai  from LVrC for :  
Switch CCS t o  High 
Gain Antenna ( F a i l  
Safe) 

Signal  from LVDC for:  
Switch PQ( t o  L w  
Gain Antenna ( F a i l  
Safe) 

Signal  from LVDC for :  
Switch CCS to  Low 
Gain Antenaa 

Signal  from L M C  for :  
Maneuver t o  Align 
S-IVB/CSkltX Axis with 
Local Horizoatal  

S igna l  from LVDC f o r :  
CCS Transmitter  
I n h t b i t  OFF 
Signal  from LVDC 
for :  Switch PCM 
t o  om1 Antenna 

, ' p a l  from LVDC 
for:  Switch CCS 
t o  C M J  Antenna 

notu  a t  and of tabla 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 43 of 43) 
FLIGHT SEQUENCE OF E'JENTS 

NOTES: Predicted Time: 3lank space in  columa indicates that tine 

signal was received in S- VB, cannot be 

predicted. 

Monitored Time: Blank space in  colunm indicates that no data 

was received. 

Time From Radge Zero: 1200:Ol.O (GMT) 

Accuracy: No accuracy data received from MSFC 



TABLE 4-2 (Shee 
GROUND SEQUENCE 

FOLDOUT FRAME \ 

EVENT I 
Heat Exchanger F i l l  Valve Open 

Level Sensor High 

Heat Exchanger F i l l  Valve Close 

Level Sensor High 

Level Sensor Low 

Level Sensur LOG: 

Heat Exchanger F i l l  Valve Open 

Heat Exchanger F i l l  Valve Open 

S-IVB Aft  A l l  T e s t  and Vent Valve Open 

S-IVB Forward A l l  T e s t  and Vent Valve Open 

S-IVB Forward Hydraul ic  Standby Hydraulic 
System Check 

S-IVB Forward Hydraulic Standby Hydraulic 
System Check 

S-IVB Aft  A l l  T e s t  and Vent Valve Open 

S t a t u s  S-IVB Aft Arm Ready 

Heat Exchanger F i l l  Valve Open 

Heat Exchanger F i l l  Valve Open 

Heat Exchanger F i l l  Valve Open 

Heat Exchanger F i l l  Valve Close 

Heat Exchanger F i l l  Valve Open 

Heat Exchanger F i l l  Valve C l ~ s e  

Engine Cont rc l  Power On 

S-IVB Engine Cutoff 

Auxi l iary  Hydraul ic  Pump Power On 

Auxi l i a ry  Hydraul ic  Pump Coast Reset 

S-IC Stage I n h i b i t  

S-IV Stage I n h i b i t  

S-I1 Stage I n h i b i t  

LOX Vent Open 

LOX Vent Ciosed 

LOX Vent Closed 



Sec t ion  4 
Sequence of Events 

TMLE 4-2 (Sheet 1 of 2) 
SROUND SEQLIENCE OF EVENTS 

Ipeii 

l i c  

Lic 

J 

EVENT 

LOX Vent Open 

All Stages Ready Power Transfer  

Status Safe and Arm 

LH2 Chilldown Pump Iriverter  Power On 

Engine S ta r t  Tank Vent Valve Onen 

Engine Control Bot t l e  Supply Valve Closed 

Engine Control Bot t le  Supply Vent Valve 
Open 

LOX Chilldown Pump I n v e r t e r  Power On 

.LH2 Prevalve Closed 

LOX Prevalve Closer 

S-IVB Stage I n h i b i t  

APS 1 Engine Valve Power On 

APS 2 Engine Valve Power On 

S-IVB Preparations Complete 

Heat Exchanger F i l l  Valve Open 

Heat Exchanger F i l l  Valve Close 

Cold Helium Transfer Valve Closed 

T -187 sec Sequencer S t a r t  

Heat Exchanger F i l l  Valve Open 

Beat Exchanger F i l l  Valve Close 

LOX Ten; Closed 

LOX ~ a n k  Pressurized Comand 

LOX F i l l  6 Drain Valve Closed 

LOX Ur..>ilical Purge Supply %en 

LOX Minitnum Liftof:  P ress  OK 

Hezt Exchanger F i l l  Valve Wen 

Heat Exctanger Fil.1 Valve C : O S ~  

LOX Minimum L i f t o f f  Press  OK 

L H ~  Tank Vent Valve Open 

L H ~  Tack Vett  Valve Closed 

INDICATION 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

On 

h 

On 

On 

On 

on 

Or? 

On 

On 

On 

On 

On 

On 

On 

On 

O f f  

On 

TIME 

J 

-6 

-5 

-5 

-5 

-4 

- 4 

- 4 

-h 

-4 

- 4 

-4 

-3 

-3 

-3 

-3 

- 3 

-3 

-3 

- 2 

-2 

-2 

- 2 

- 2 

-2 

-2 

-2 

-2 

-2 

-1 

- 1 

SEC 

1.656 

5.176 

18.340 

2.836 

52.062 

48.306 

44.288 

38.854 

32.614 

32.490 

28.230 

52.128 

52.116 

52.108 

33.700 

29.564 

29.462 

6.996 

59.768 

57.788 

46.656 

32.350 

31.030 

30.226 

24.856 

24 686 

18.552 

10.57C 

36.764 

36.506 
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GROUND SEQUENCE OF EVEXTS 

:lest Exchanger F i l l  Valve Close 

LH2 100 Percent Mass 

LH2 F i l l  & Drain Valve Closed 

LY2 Umbilical Purge S L P P ~ Y  Open 

LH2 Tank Pressurized 

LH2 Tvlk Ground Prepressur iza t ion  Shetoff  
Valve Closed 

Hcat Exchanger F i l l  Valve Open 

Heat Exchanger F i l l  Valve Close 

Forward Pawer CIn I n t e r n a l  

Af t  Bus 1 On In te rna l  

Aft  Bus 2 On Internal  

Stag? 011 External Power 

Power Transfer Complete 

LH2 Direct ional  Vent ir. F l i g h t  P o s i t i o n  

S-IVB Peady fo r  Launch 

S t a r t  Ign i t ion  Sequence 

LH2 Tank Ground P r e p r e s s u r i z a t i o n  Shutoff  
Valve Open 

Engine Thrust  Chamber Chilldown Supply 
Valve Open 

Cold Helium Bottle S:~pply Close 

Cold Helium Bottle Supply Line Valve Open 

3,000 p s i  Helium Supply Closed 

LH2 Ground Control Repressur iza t ion  Close 

S-IVB Forward Hydraulic Standby Hydraulic 

FOLDOUT FRAME f 



BLE 4-2 ( S h e e t  2 of 2 )  
OUND SEQUENCE OF EVENTS 

INDICATION 
M I N  

Off 

TIME 

SEC 

-0.232 

+O. 352 

+O. 364 

+O. 364 

+O. 364 

+O. 364 

+O. 364 

+O. 364 

+O .364 

+O. 364 

+O. 364 

+0.364 

+O. 364 

+O. 364 

+O. 364 

+O. 364 

+O. 364 

+O. 364 

+O. 368 

+O. 370 

H . 3 7 0  

+O. 370 

+0.370 

+O. 370 

+O. 438 

+O. 440 

+O. 590 

+O. 596 

1.258 

On 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

Off 

On 

Off 

On 

On 

EVENT 

S-193 Forward Hydraulic Standby Hydraulic 
System Check 

S-IC Commit (T-3) 

Auxi l iary  Hydraulic Pump Power On 

LOX Chilldown Valve Open 

LH2 Chilldown Valve Open 

LOX Chilldown Pump I n v e r t e r  Power On 

LH2 C h i l l d ~ w n  Pump I n v e r t e r  Power On 

I.H2 Tank Control  Vent O r i f i c e  Bypass Close 

LH2 Tank Control  Vent Re l ie f  O r i f i c e  Close 

Cold Helium Backup PS Enable 

S i n g l e  S ide  Band Group On 

Engine Control  Power On 

Eugine I g n i t i o n  Power On 

LOX Cutoff Sensor 1 Wet 

LOX Cutoff Sensor 2 Wet 

LOX Cutoff Sensor 3 Wet 

LOX Prevalve Closed 

LH2 Prevalve Closed 

S-IVB Ready f o r  Launch 

4D30 On 

4D20 On 

4D10 On 

4D40 On 

Ready f o r  Launch 

'A2 Nozzle Purge Supply Open 

LH2 Nozzle Purge Supply Closed 

GN2 LOX Umbilical  Purge Supply Open 

GN2 LCX Umbilical  Purge Supply Close 

Lif  t o £  f I c l i c a t i o n  

FOLDOUT FRAME 
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5. COUNTDOWN OPERATIONS 

The AS-501 v e h i c l e  was l ~ u n c h e d  a t  1200;01 GMT (0700:Ol EST) from 

Launch Complex 39A on 9 November 1967. The o v e r a l l  performance of 

t h e  S-IVB-501 s t a g e  was s a t i s f a c t o r y  dur ing a l l  phases of t h e  countdown. 

No s i g n i f i c a n t  S-IVB s t a g e  o r  equipment problems occurred dur ing t h e  

countdown a c t i v i t y ,  and D ~ u g l a s  ground suppor t  equipment (GSE) s u s t a i n e d  

no s i g n i f i c a n t  damage dur lng l i f t o f f .  The precountdown and countdown 

a c t i v i t i e s  a r e  reviewed and evaluated i n  t h e  following paragraphs which 

inc lude  d i scuss ions  of the  prelaunch checkouts,  purges,  p r o p e l l a n t  and 

pneumatic loading,  and the  t e rmina l  countdown. S i g n i f i c a n t  even t s  

occurred a t  the  fol lowing times: 

Event - Time - 
Lif to f  f  1200:Ol. 263 GMT 

LOX loading i n i t i a t e d  0513:55 GMT 

LH2 loading i n i t i a t e d  1013:58 GMT 

Cold helium loading i n i t i a t e d  1039:22 GMT 

Terminal countdown i n i t i a t e d  1130:Ol GMT 

5.1 Propuls ion Syste~:: Checkouts 

P r e f l i g h t  checkouts of t h e  S-IVB-501 s t a g e  were conducted i n  accordance 

wi th  handl ing and checkout requirements drawings l i s t e d  i n  Douglas Report 

SM-53184, Nar ra t ive  End I tem Report on Sa tu rn  S-IVB-E.01 (Douglas 

S/N 1005) , da ted  August 1966. 

5.2 Launch Vehicle Tes t s  

Af te r  t h e  S-IVB-501 s t a g e  was i n s t a l i e d  on t h e  S-I1 spacer  i n  t h e  v e h i c l e  

assembly b u i l d i n g  (VAB), i t  was sub jec ted  t o  launch v e h i c l e  t e s t s  t o  

determine t h a t  swi tch s e l e c t o r ,  power t r a n s f e r s ,  e t c .  were f u n c t i o n a l  

f o r  launch. A f t e r  t h e  S-IVB s t a g e  was mated wi th  t h e  S-I1 s t a g e ,  the  

t e s t s  were rerun a s  presentzd i n  t a b l e  5-1. 
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5.2.1 Countdown Demonstration Test  

The AS-501 veh ic l e  countdown demonstration test (CDDT) was i ~ i t i a t r d  a t  

0030 GMT on 27 September 1967 wi th  t he  count a t  RO -83 h r  30 min. The 

planned cutoff  a t  RO -8.9 set occurred a t  approximately 2043:12 GMT on 

13 October 1967. The test was performed i n  accordance with NASA 

procedure V-20016-SA501, Revision 004. The Douglas preparat ion and 

securing s t e p s  were conducted i n  accordance with Douglas procedure 

1B62289. Four runs were necessary t o  complete P a r t  111 !RO -13 h r  t o  

RO -0) of t h e  CDDT. 

Run 1 (4 October) was scrubbed a t  0102 Gm while i n  a hold a t  RO -30 min 

because of p rope l lan t  sys  t e m  computer problems and ltlunch crew fa t igue .  

LOX and LH2 aboard t he  S-IVB s t a g e  were .:rained without inc ident .  During 

cold helium sphere pressur iza t ion ,  t h e  pressure drou i q  the  6,000-psi 

helium supply was higher  than normal because of a restriction a t  the 

i n l e t  t o  t he  DSV-432A console. The r e s t r i c t i o n  was t he  r e s u l t  of  a 

valve malfunction--either the  6,000-psi heliclln i n l e t  solenoid valve o r  

the 6,000 p s i  helium i n l e t  hand valve. S S x e  no instrumentat ion ex is ted  

t o  permit i s o l a t i o n  of the  problem t o  0r.e o r  the o the r  valve,  both valves 

were removed and replaced. 

Run 2 (10 October) was scrubbed (with the  count a t  RO -5 h r  5 min) because 

of S-IC helium system f a c i l i t i e s  problems. Back pressure throughout the  

GH2 vent  system caused an S-IVB s t a g e  LH2 tank u l l age  pressure of 17 p s i a  

during normal r e p l e t i s h  operations.  ( I t  was 16.7 p s i a  during run 1 on 

4 October.) For the  AS-501 launch the  launch mission r u l e s  were changed 

to  accept t h i s  excessive back pressure,  and the maximum allowable pressure 

was changed from 16.7 p s i a  t o  17.4 ps ia .  

Run 3 (11 October) was s c c b b e d  (with t he  count a t  RO -3 h r  25 min) r>ecause 

of S-I1 b a t t e r y  problems. LOX was loaded on t h i s  day and the  subsequent 

d ra in  was completed without any problems. 

Run 4 (12 October) was i n i t i a t e d  a t  2400 GMT (with the  count a t  RO -13 h r ) .  

The f i r s t  terminal  count sequence was terminated a t  RO -16.7 sec because 

S-IC f a i l e d  t o  prepressurize  the  LOX tank. This S-IC problem was t raced 
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t o  a p a r t i a l l y  c losed va lve  i n  the  launch u n b i l i c a l  tower. The second 

terminal  count sequence was s u c c e s s f u l l y  completed a t  approximately 

2043:12 GMT on 13  October. A f t e r  LH2 d r a i n  and j u s t  p r i o r  t o  S-IVB 

LOX d r a i n ,  D0016-245 ( c o l d  helium sphere  p ressure )  was erroneous and 

i n d i c a t i n g  abnormally h igh.  Although the  cause  of the  d i f f e r e n c e  

between the  a c t u a l  and t h e  i n d i c a t e d  p ressure  was not  e s t a b l i s h e d ,  

the  t r ansducer  was removed and replaced.  

5.2.2 F l i g h t  Readiness Tes t  

The AS-501 f l i g h t  r ead iness  test was conducted on 25 October i n  o rde r  t o  

v e r i f y  the  c o m p a t i b i l i t y  between, and t h e  proper  o p e r a t i o n  o f ,  a l l  launch 

v e h i c l e  and GSE systzms p r i o r  t o  launch. This t e s t  was conducted i n  

accordance wi th  procedure V20017 wi th  no apparent  abnormal i t i e s .  

The APS dry  f i r e  was conducted a t  P.0 -1 h r  30 min without d i f f i c u l t y ,  

and a l l  d a t a  s t a t i o n s  r e p o r t e d  good r z s u l t s .  Th i s  t e s t  v e r i f i e d  1-5at 

the  APS f i r i n g  program and a l l  d a t a  s t a t i o n s  were ready f o r  t h e  APs 

h o t  f i r i n g .  

Because of  computer problems i n  the  p lus  count of t h e  f l i g h t  r ead iness  

t e s t ,  s imulated r e p r e s s u r i z a t i o n  of t h e  LOX and LH2 tanks f o r  second 

burn was impossible ,  b u t  t h i s  s imula t ion  was no t  r equ i red  f o r  s a t i s f a c t o r y  

completion o f  t h e  test. No S-IVB s t a g e  problems occurred dur ing  t h i s  test. 

5.3 APS Prepara t ions  

5.3.1 APS Loading 

APS ~ o d u l e  p r o p e l l a n t  l o a d i r g  p r e p a r a t i o n s  were s t a r t e d  on 26 October and 

s a t i s f a c t o r i l y  completed on 2 Novernhe??. The load ing  d a t a  a r e  p resen ted  

i n  t a b l e  5-2. During load ing  t h e  fo l lowing problems were encomtered :  

s .  The 3,000 p s i  tube  assembiy on modde  1 t;as discovered t o  bs 

damaged and was replaced.  

b. The p r o p e l l a n t  b l a d d e r  w i t h i n  t h e  ox id ize  :: t ank  on module 2 was 

overpressur ized ,  and t h e  o x i d i z e r  tank was replaced.  
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c. The 750 p s i  f a c i l i t y  GN2 system tha t  suppiied gas f o r  APS 

checkout was discovered t o  be wet during module 2 purge and 

moisture sampling. An a1  t e rna t e  source of GN2 was es tab l i shed ,  

and module 2 was purged u n t i l  the moisture content was below 

the required 200 ppm. 

d. During module 1 oxidizer  loading, the  maximum d i f f e r e n t i a l  

pressure observed on the model 1875 pressure instrumentation 

k i t  was 19 psid ins tead  of the desired 15  psid.  Since the 

maximum allowable d e l t a  P is 20 ps id ,  no cor rec t ive  ac t ion  was 

required. 

e .  During module 2 loading, the propel lant  f lowrate  decreased to  

3 gpm. Module loading was terminated, and the  cont ro ls  on the 

propel lant  s e rv i ce r  were readjusted. Module loading was then 

r e i n i t i a t e d  and completed s a t i s f a c t o r i l y .  

5.3.2 APS Gas Removal 

Gas removal r'rom APS modules 1 and 2 w a s  s a t i s f a c t o r i l y  accomplished 

during the AS-501 launch countdown. No problems were encountered during 

the module 2 operation, b u t  an excess of 110 cu in .  of ox id izer  was 

removed from module 1 because of a f a l s e  l e v e l  ind ica t ion  i n  the s i g h t  

glass .  This same problem occurred during gas removal. from module 2 

before t he  APS t e s t  f i r i ng .  Since the module 1 oxid izer  tank contained 

approximately 580 cu in .  of excess propel lan t ,  no cor rec t ive  ac t ion  was 

taken . 
Leakage was found a t  the i n l e t  s i g h t  g l a s s  of one oxid izer  and one f u e l  

gas removal assembly. These assemblies were removed, and the operat ion 

was completed with the remaining s e t  of assemblies. 

5.3.3 APS Test F i r ing  

The APS t e s t  f i r i n g  was accomplished i n  accordance with NASA procedure 

V-25303-S-IVB1. The a t t i t u d e  cont ro l  engines were f i r e d  i n  a sequence 

t h a t  consisted of one 250-ms c lear ing  pulse and two 65-ms pulses with 
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a 750-ms delay between each pu l se ;  t h e  u l l a g e  engines  were each f i r e d  

f o r  one pulse .  The f i r i n g  sequence was a s  fol lows:  

a .  Minus p i t c h  - engine 2-2 

b. Minus r o l l  - engines 1-1 and 2-1 

c .  Ullage engine No. 1 - one pu l se  433 m s  

d. Plus  p i t c h  - engine 1-2 

e .  Plus  r o l l  - engines 1-3 and 2-3 

f .  Ullage engine No. 2 - one pu l se  430 m s  

Analysis of t n e  d a t a  from these  f i r i n g s  i n d i c a t e d  t h a t  the  systems were 

acceptable  f o r  f l i g h t .  The only i r r e - u l a r i t i e s  were e r r a t i c  d a t a  f o r  a 

per iod of 1 h r  46 min from measurement D0038-415, which l a t e r  recovered 

and i n d i c a t e d  normally,  and measurement W032-415 which responded 

s l u g g i s h l y  t o  p ressure  changes dur ing t h e  test.  The l a t t e r  measurement 

had responded normally during con£ idence f i r i n g  a t  STC . 

5.4 Launch Countdown 

The 104-hr countdown began a t  1700 GMT (1200 EST) on 4 Novenber and 

continued wi thout  i n t e r r u p t i o n  (except  f o r  preplanned b u i l t - i n  holds  

of 11 h r )  t o  v e h i c l e  launch on 9 November 1367. Major Douglas a c t i v i t i e s  

began on 5 and 6 November f o r  precount t a s k s  and continued according t o  

schedule  i n t o  7 November f o r  mid-count opera t ions .  The f i n a l  p o r t i o n  of 

tne  count,  inc lud ing  LOX and LH2 loading of t h e  launch v e h i c l e  began 

8 November and progressed i n  accordance wi th  t h e  schedule  t o  AS-501 l i f t o f f .  

5.4.1 Prelaunch Prepara t ions  and Purges 

The prelaunch p repara t ions  and purges were accomplished i n  accordance w i t h  

Douglas procedures 1B62289, S-IVB Countdown Procedure f o r  A S - 5 3 ,  and 

IB61615, Pneumatic Console and Heat Exchanger Operating I n s t r u c t i o n s .  

During t h e  p repara t ions  t h e  systems were l e a k  checked, purges and va lve  

a c t u a t i o n s  were v e r i f i e d ,  and the  helium supply was analyzed f o r  p u r i t y  

and mois ture  con t e n t  . 
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The LOX and LH2 tank purges cons i s ted  of p r o p e l l a n t  tank p r e s s u r i z a t i o n  

and v e n t  cyc les  u n t i l  t h e  helium concen t ra t ion  i n  t h e  tanks  exceeded 

99 percent .  Maximum pressure  i n  t h e  LOX and LH2 tanks  d i d  n o t  exceed 

30 and 25 p s i a ,  r e s p e c t i v e l y ,  and bulkhead d i f f e r e n t i a l  p r e s s u r e  limits 

were n o t  exceeded. 

The LH2 feed duc t  and engine s tart  sphere  were purged by a continuous 

flow of helium' f o r  s e v e r a l  minutes. The engine purges r e q u i r e d  by 

Rocketdyne were accot?plished j u s t  p r i o r  t o  I.OX loading dur ing LOX 

t r a n s f e r  chilldown. 

3.4.2 Loading Operatictns - 
5.4.2.1 LOX Loading - 
S-IVB s t a g e  LOX load ing  was conducted i n  accordance w i t h  procedure 

V-35007-SA501 and was i n i t i a t e d  a t  0514 GMT by t h e  start of LOX r e p l e n i s h  

l i n e  chilldown. T r a n s i t i o n  from slow t o  f a s t  f i l l  was smooth wi th  no 

abrupt  p ressure  sp ike  7 .  F a s t  f i l l  .% 1s terminated a t  t h e  96 percen t  

l e v e l  and slow f i l l  w a s  i n i t i a t e d  t o  t h e  99 percen t  l e v e l .  LOX loading 

was un in te r rup ted  and requ i red  26 min t o  complete. P r e s s u r e s ,  temperatures .  

and f lowra tes  a r e  presented i n  t a b l e  5-3. 

5.4.2.2 LH2 Loading 

S-IVB s t a g e  LH2 tank loading w a s  s t a r t e d  when t h e  S-I1 s t a g e  achieved 

100 percen t  LH2 mass. The load ing  was un in te r rup ted  and requ i red  a 

t o t a l  of 34 min t o  complete. P ressures ,  temperatures,  and f l o w r a t e s  

a r e  presented i n  t a b l e  5-3, 

5.4.2.3 Helium and GH2 Loading 

F!.nal p r e s s u r i z a t i o n  of all. S-IVB s t a g e  ncl.ium spheres ,  bo th  co ld  and 

ambient, was accomplished without d i f  f i c u l r y  ; p r e s s u r i z a t i o n  of t h e  APS 

hel.ium tanks from b lanke t  t o  f u i l  p ressure  was accomplished i n  one s t e p  

a t  RO -34 min. P r e s s u r i z a t i o n  of the  engine c o n t r o l  sphere  from ambient 

t o  £ d l  p ressure  was accomplished i n  two s t e p s  approximately 5 min a p a r t  

t o  l i m i t  t h e  temperature r i s e .  
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S t a r t  sphere  chil ldown was i n i t i a t e d  a t  RO -18 min i n s t e a d  of RO -14 rnin 

3 s e c .  This sequence w i l l  be used on a l l  f u t u r e  s t a g e s .  5-2 engine 

s t a r t  sphere  p r e s s u r i z a t i o n  was i n i t i a t e d  by c l o s i n g  t h e  s t a r t  sphere  

vent valve  a t  RO .-5 rnin 30 s e c  a f t e r  approximately 12.5 m i l l  of ch;lldown. 

The sphere  p ressure  was 1,080 p s i a  a t  t h e  i n i t i a t i o n  J£ pressu. : iza t ion 

and 1,255 p s i a  a f t e r  p r e s s u r i z a t i o n .  The s t a r t  sphere  p r e s s u r e  increhsed 

40 p s i a  from RO -5 rnin t o  l i f t o f f  because of a d i e n t  hea t ing .  Sphere 

p r e s s u r i z a t i o n  d a t a  a r e  presented i n  t a b l e  5-4. 

LOX and LH2 tank p r e p r e s s u r i z a t i o n ,  t h r u s t  chamber ch i l ldovn ,  and helium 

and GH2 sphere  loading were a l l  s d t l s f a c t o r i l y  accomplished. Dat? a i e  

p.-esented i n  f i g u r e s  5-1 thraugh 5-4. 

5.4.3 Terminal Count 

The launch t e rmina l  count was i n i t i a t e d  a t  RO -30 rnin apd,  Like t h e  r e s ;  

of t h e  countdown, was completed wi thout  any s i g n i f i c a n t  problem. Dcring 

t h i s  pe r iod ,  f i n a l  engine  and s t a g e  cond i t ion ing  were accomplished. 

Table 5-5 p r e s e n t s  the  sequence of t e rmina l  countdown even t s .  

5.4.3.1 Engine Condit ioning 

5-2 engine  cond i t ion ing  was i n i t i a t e d  a t  RO -23 rnin wi th  a 5U-psi heliurn 

purge of t h e  engine  s t a r t  sphere .  A t  RO -20 min, a 50-psi hd iun ;  purge 

was i n i t i a t e d  t o  t h e  chrus t  chanber j a c k e t .  A t  RO -1e min ,  tAle  eng icc  

s t a r t  sphere  purge was terminated,  and chil ldown was i n i t i a t e d  ~ 7 i t h  

cold  GH2 flowing through c i r c u i t  No. 1 of t h e  h e a t  exchanger. At. 

RO -15 min, t h e  t h r u s t  chamber j a c k e t  purge was t e m i n a t e d ,  and chi-lldown 

was i n i t i a t e d  wi tk  cold  helium f lowing t! ,ough c i r c u i t s  ??c. 2 and 3 of 

t h e  h e a t  exchanger. 

The engine  s t a r t  sphere  p r e s s u r e  was 1,270 p s i a  a t  the  i n i t i a t i o n  of 

t h e  automat ic  sequence (IAS) and 1,295 ~ s i a  st RO -19 s e c .  Th i s  was 

s l i g h t l y  h igher  than expected but  s t i l l  w i t 3 i n  l i m i t s .  The. t h r u c t  

chamber j a c k e t  temperatdre aas  225 deg R a t  IAS and 214 deg R a t  

RO -19 s e c ,  t h u s  we l l  below t h e  265 deg R l i f  t o f f  l i m i t .  

The engine  c o n t r o l  sphere  was warmer than t h e  GH2 s t a r t  sphere  wi th  a 

temperature d i f f e r e n t i a l  of 13 dcg R a t  IAS and 8 deg R a t  RO -19 sec .  

The maximum al lowable  temperature  d i f f e r e n t i a l  a t  t h e w  times is  30 deg R .  
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5.4.3.2 Stage Conditioning 

LOX turbopump chilldown w a s  i n i t i a t e d  manually a t  RO -4 min 39 sec. 

Ihe LOX flowrate was 35 gpm, unaressurized, and 37.5 gpm, pressurized,  

which w a s  s l i g h t l y  l -wer  than expected but  w e l l  wi thin the required 

32 t o  50 gpm limits. The LOX pump i n l e t  temperature a t  RO -19 sec 

w a s  164.7 deg K. 

Ill2 turLopump chilldown was i n i t i a t e d  manually a t  RO -5 min 3 s e c  and was 

norm1  i n  every respect.  l h e  LH2 f lowrate  w a s  118 gpm, unpressurized, 

and 146 gprn, pressurized; t h e  required f lowrate  w a s  130 t o  160 gpm 

while pressurized. The LH2 pum). iqlet temperature a t  RO -19 s e c  was 

38.5 deg R. 

LOX tank prepressurizat ion w+ i n i t i a t e d  at RO -2 n i n  47 sec and was 

completed in 15 sec. ' ik~ LOX tank ul lage  pressure makeup cycles  were 

accomplished. The a l l age -p re s su re  a t  l i f t o f f  w a s  42.4 psia .  

LH2 tank prepressurizat ion w a s  i n i t i a t e d  a t  RO -1 min 36 s e c  and w a s  

completed i n  21.5 .-ec, which was considerably less time then expected 

because the he1. -el temperature a t  t h e  LH2 tank i n l e t  w a s  higher than 

expected. The L I I ~  tak ul lage  pressure a t  l i f t o f f  w a  35.9 ps ia .  

The s t age  p~ewna t i c  sgste.2 functioned normally during s t a g e  conditioning. 

Regulator discharge pressure vas 540 t o  550 p s i a  during periods of low 

demand. 

5.5 Environmental .Control bys tems -- 

5.5.1 Thermoconditi~nicg and Purge Sys tern 

?'he a f t  i n t e r s  &age thermocondi t ioning and purge sys  t e m  functioned 

propelly duriag the  coui~tdom, maintaining an APS temperature wi th in  

the design l i m i t s  of 87 - +5 deg F. A t  l i f t o f f ,  t h e  oxidizer  temperature 

i n  APS ltodule 1 was 92 deg F and the oxidizer  temperature i n  APS 

module 2 w a s  87 deg F. 

5.5.2 Comot~ Bulkhead Evacuation - 
Common bull..: .iJ evacuation commenced a t  1618 GMT on 8 November. The 

vacuum supply valves (VR-15 and VS-16), which a r e  located on the  
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model DSV-4-303 vacuum monitor console,  f a i l e d  t o  open on command. 

Simultaneously, the  l i g h t  i n d i c a t i o ~ l s  on the bulkhead vacilum r ~ ~ o n i t o r  

panel i n  the Launch Control Center (LCC) went out.  I rves t i ga t ion  

determined t h a t  a shorted diode, CR3, was t he  problem, and t h a t  i t  had 

been caused by corrosion of the washers i s o l a t i n g  t h e  diode from the 

chass i s  mount. The washers were replaced, and the  system re t e s t ed .  

After  the problem was corrected,  the  model DSV-4-303 vacuum mcnitor 

console supply valves  were opened zit 1920 GMT with a lockeS-up common 

bulkhead i n t e r n a l  pressure of 2.59 psia.  A g s  saaple  was taken which 

indicated a s a t i s f a c t o r y  ( i n e r t )  atmosphere i n  the bulkhead as follows: 

Argon 57.9% H e  0.009% 

2 37.2% 
C02 

1.7% 

O 2 3.2% Other 0.0047: 

0.011% 

The bulkhead was pumped u n t i l  0588 GMT. Following LOX and LH2 loading, 

the bulkhead i n t e r n a l  Fressure was 0.5 ps ia ,  which was the value a t  

l i f t o f f .  The bulkhead i n t e r n a l  pressure remained below 1 p s i a  throughout 

the f l i g h t .  

Currently the model DSV-4-303 vacuum monitor console t ransducer  and the  

D0545-407 common bulkhead transducer are hardwired t o  the  LCC f i r i n g  

room bulkhead vacuum monitor panel t o  i nd i ca t e  the  bulkhead s t a t u s .  

However, a t  the  present  time, no s a t i s f a c t o r y  and expedi t ious means e x i s t  

f o r  obtaining bulkhead samples and i n i t i a t i n g  bulkhead pumpdown should 

the RCA 110 computer cease t o  support checkout operations.  A change 

request  is being i n i t i a t e d  t o  hardwire the  LCC f i r i n g  room bulkhead vacuum 

monitor panel i n  i ts e n t i r e t y .  

5.6 Redline Limits 

The r ed l ine  l i m i t s  f o r  launch vehic le  parameters a r e  presented ir. the 

Apollo/Saturn V Launch Mission Rules - A p ~ l l o  4 (AS-501), dated 

12 SepEember 1967; i n  D ~ u g l a s  Report St4 46998B, Saturn S-IVB-501 Stage 

F l igh t  T e s t  Plan, revised November 1967; ar.J i n  'he FTC Redline MonAtoring 

Brief .  A l l  r ed l ines  were s a t i s f i e d  before  t he  launch; however, s eve ra l  - 
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l i m i t s  were changed from the values given f o r  t he  CDDT. The ma;.imum 

allowable LH2 tank u l lage  prc jsure  pr ior  to prepressurizat iou and the 

minimu% allowable LOX rec i r cu la t ion  flowrate r ed l ine  values were 

revised because the  CDDT had 'emonstrated t h a t  the o r i g i n a l  limits 

could not  necessar i ly  be s a t i s f i e d .  

5.7 Countdown Prob l rm - 
Although hie countdown was conducted with no holds o the r  than +hose t h a t  

were b u i l t  i n t o  the program, severa l  problems were encountered. 

5.7.1 APS Bubble Removal 
- - -  - 

During the  babble re-loval operat ion,  150 cu in .  of oxidizer  were remaved 

from APS module 1. Although the maximum allowable quant i ty  t o  be removed 

was 40 cu in . ,  the remaining quant i ty  was we l l  i n  excess or t h a t  required 

f o r  f l i g h t  and was, theref  ore ,  considered acceptable f o r  launch. 

5.1.2 LOX Chilldown Shutoff Valve Closed Indica t ion  

The M i  chilldown shutoff valve closed indicacion d id  not  pick up when the 

valve was commanded closed f o r  LH2 loading. Although the  anomaly w a s  

reported and v e r i f i e d  , t he  hardwi-ra talkback from t h e  measurement i n  the 

launch cont ro l  :omplrx ind ica ted  that the  va lve  was closed. Deletion of 

the measurement before launch w a s  recormnended; the  measurernerlt d id  not  

funct ion properly during f l i g h t ,  (see s ec t ion  17). 

5.7.3 LH2 Tank Vent Quick Disconnect Leak 

Vapor formed a t  the LH2 tank vent  quick disconnect during LH2 loading 

and pe r s i s t ed  through the  remainder of the  launch countdown. A hydrogen 

sensor i n  the  a r ea  picked up one ind ica t ion  t h a t  a small leak may have 

ex i s t ed  rt the s e a l  between the ground and the  vehic le  halves of the  

quick disconnect. The condition was not  considzred t o  be  hazardo.ls, and 

the countdown w a s  continued. 

A plan t o  m d i f y  both the  vehic le  half  and the ground ha l f  of t he  quick 

disconnect w a s  ;;ot accomplished becaulse the  new p a r t s  had no t  completed 
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qua l i f i ca t i on  t e s t i ng  i n  time f o r  launch. These modifications were 

aimed a t  providing a b e t t e r  s e a l  a t  the disconnect and w i l l  be 

accomplished before t he  next launch. 

5.8 Atmospheric Conditions - 
The atmospheric condi t ions f o r  the  AS-501 launch on 9 November 1967 

were as  follows: 

Time (GMT) 1200 ( L i f t o f f )  

Ambient temperature* (deg F) 63 

Dew point* (deg F) 4 6 

Relat ive humidity* ( p ~ r c e n t )  52 

Total  cloud cover (percent) 0.4 

Wind direction** (degrees East of North) 70 

Wind ve loc i ty t  (knots) 20 

Sea l e v e l  pressure ( i n .  of mercury) 30.31 

"Ambient temperature, dew poin t ,  and r e l a t i v e  humidLty from ground 
l eve l  NASA i n d u s t r i a l  a r ea  

**From Launch Umbilical Tower N o .  1, 60-foot l e v e l  

+From Launch Umbilical Tower No. i, 390-foot l e v e l  
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TABLE 5-2 
APS LOADING DATA 

S e c t i o n  5 
Countdown Opera t ions  

ITEM 

1 

Module 1 

Oxid ize r  System 

Loaded 

Cf f  loaded 

Removed w i t h  bubble b l e e d  
d u r i n g  burp f i r i n g  

Removed w i t h  bubble b l e e d  
d u r i n g  countdown 

Fuel  System 

Loaded 

Off loaded 

Removed d u r i n g  countdown 

Module 2  

Oxidizer  System 

Loaded 

Off loaded 

Removed w i t h  bubble b l e e d  
d u r i n ?  ')urp f i r i n g  

Removed w i t h  bubble b l e e d  

VOLUME 
( in .3)  

4,102 

372 

2  8 

150 

4,102 

88 

20 

4,102 

372 

7  0  

20 

TEMPE RAT URE 
(deg  R) 

541 

536 

547 

547 

544 

537 

547 

541 

539 

547 

547 

544 

544 

547 

d u r i n g  countdown 

Fuel  System 

Loadzd 

Off lvaded 

Removed w i t h  bubble  b l e e d  
d u r i n g  counLdown 

4,102 

5 8 

25 
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TABLE 5-3 
S-IVB STAGE PROPELLANT LOADING DATA 

PARAMETER 
b 

Chilldown i n i t i a t e d  

Slow f i l l  

Levels 

I n i t i a t i o n  time 

Flowrate 

Maximum swing arm pressure 

Maximum ul lage  pressure 

Fast  f i l l  

Levels 

I n i t i a t i o n  time 

Flowrate 

Swing arm pressure 

Maximum 

S tab i l i zed  

Maximum u l l age  pressure 

F ina l  slow f i l l  

Level a t  i n i t i a t i o n  

I n i t i a t i o n  time 

Flowrate 

Swing arm pressure 

Maximum ul lage  pressure 

Total  ti: A . squired 
.- 

UNITS 

GMT 

percent 

GMT 

gPm 

p s i a  

p s i a  

percent 

GMT 

gPm 

ps i a  

p s i a  

p s i a  

percent 

GMT 

gPm 

p s i a  

p s i a  

min 

LOX 

0513:55 

0 t o  5 

0549 

575 

52 

22.3 

5 t o  96 

0552 : 20 

900 

45 

39 t c  40 

23.4 

96 

0612 : 55 

225 

22 

17 

26 

LH2 
T 

1013:58 

0 t o  5 

1015 

582 

47 

22.2 

5 t o  98 

102 1 : 48 

2,600 

3 1 

18.3 30*5 I 
9 8 

1046 : 52 

440 

19 

17.95 

3 4 
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S e c t i o n  6 
Cost P l u s  Incent- 've Fee 

6. C9ST PLUS INCESTIVE FEE -- 
T h e  incen.i-'e e v a l u a t i o n  ~f t h e  S-IVB-501 f l i g h t  performance i r c l ~ d e ;  

f l i g h c  mission accon.;.lishment rnd t e l emet ry  performance. "?rf  orn~arict: 

c f  the  3-LVB sragt: wcs w i t h i n  the  i n c e n t i v e  c r i t e r i a  p -esented i n  

Douglas Report No. SM-4699PB, S-!VB-501 Stage F l i g h t  Tesr Plan.  - 
6 . 1  F i i  ght  Mission Acccmp1ish:lent - 
F l i g h t  d a t a  9 . -a luated t o  e s t a b l i s 5  p recond i t ions  of f l i g h t  (?CF) and end 

cond l t i ans  of f l i g h t  (ECF) were obta ined from observed t r a j e c t o r y  and 

a t t i t u d e  d a t a  t r a n s m i t t e d  by magnetic t ape  and pr:ntout  :a MDC from 

MSFC -s  requested i n  Douglas Keport KO. DAC-56334A, Douglas S-IVa Srage 

Data Acq;isitior; Requirements Dacument f u r  Saturn  iJ F l i g h t s ,  September - 
1967 r e v i s i o n ,  DAC i tems 820, 922, 1010, and 1016. Tables  6-1 and 6-2 

compsre a c t u a l  and a l lowable  va lues  of PCF a .  ECh', r e s p e c t i v e l y .  

Serformcnce of t h e  S-IC and S-I1 s t a g e s  provided PCF ;t S-111s--1VB 

Separa t ion  Comand t h a t  were w i t h i n  a l lowable  t o l e r a n c e s .  Tra jec to ry  

ECF at: w a i t i n 6  o r b i c  i q s e r t i o n  were w i t h i n  t o l e r a n c e ;  a l s o  maximum 

f l i g h t  va lues  9: a t t i t u d e  e r r o r s  and r a t e s  f o r  a l l  phases of S-I' B 

oper t i o n  ( i . . , . ,  burn phase, wait7ng o r b i t  phase,  a r d  parking o r b i t  

L! tJ n o t  exceed t h e  r e s p e c t i v e  a l lowable  t o l e r a n c e s .  A l i  received 

~ o m ~ a n d  s i g n a l s  were recognized,  and a l l  e l d  cond i t ion  commanc s i g r t a l ~  

were given.  I t  was concluded f o r  p..,rposes of i n c e r t i v e  ochievement , 
t h e  rc fo re ,  cha t  a l l  PCF and ECF were achieved.  

6.2 Telemetry Perfurmance - 
Evaluat ion c C  the  t e l emet ry  performance i n d i s t e d  t h a t  t h e  telemetry 

system s p e r a t e e  a t  39.1  pe rcen t  e f f i c i e n c y  dur ing t h e  te lemetr )  p e r f o r -  

nance eva lua t io .  pe r iod  (TPEP) phase I ( l i f t o f f  [LO] t o  f i r s t  S-IVP 

engine c u t o f f  plu: i O  s e c )  and performed a t  97.6 p t r c e n t  ef f lcf -ency 

dur ing the  TPEF phase I1 ( l i f t a f f  t o  p la -~ned  LV/SC s e p a r a t i o n  a$ def ined 

i n  NASA drawfng 40M37621 I n t e r f a c e  Control  Document D e f i n i t i o n  of 

Saturn  SA- ~ 0 1  F l i g h t  Sequence ?rogram) . - 
The r e s a l t s  of t h e  tel ."etry performance a n a l y s i s  a r e  sh0b.n i n  t a b l c  6-3. 
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TABLE 6-1 
MISSION A,1COMPLISZIMENT - PCF 

NOTE: PCF are evaluated a t  the in:;tant ~f Separatjon Commana. 

*Deviations consist  of allowable error pius eva:uatioa uxer ta in ty .  
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TABLE 6-2 
MISSION ACCOMPLISHMENT - ECF 

NOTE: Tra j sc tory  ECF a r e  &:valuated a t  wai t ing o r b i t  i n j e c t i o n  (10 sec a f t e r  
second S-IVB Engine Cutoff Comm~ad). 

*Deviations cons is t  of allowable e r r o r  p lus  evaluat ion uncertainty.  

: e 

I 

MAXIMUM EIGHT 
VALUE 

+2.2 

-2.4 

+2.5 

+1.4, -1.4 

+1.4 

-0.5 

H .40  

-0.31 

-0.19 

-0.51, 

M.44 

-1.15 

ATTITUDE CONTROL 
PARAMETERS 

S-IVB Bun; fhasds: 

Pi tch  a t  t i  tude e r r o r  

Yaw a t t i t u d e  e r r o r  

Roll  a t t i t u d e  e r r o r  

P i t ch  r a t e  

Yaw rate 

Roll  r a t e  

Parking Orbit: 

P i tch  r a t e  

Yaw r a t e  

Rol l  r a t e  

Waiting Orbi t  ( t o  CSM sepa ra t  .on) 

P i tch  r a t e  

Yaw r a t e  

Rol l  r a t e  
- 

"ITS 

deg 

deg 

det3 

deglsec 

deg/sec 

deg/sec 

deg/sec 

deglsec 

deg/sec 

deg/sec 

deg/sec 

deg/sec 

ALLOWABLE 
ENVELOPE* 

- +6 

- i-6 

- +6 

- +3 

- +3 

- +1.5 

- +1 

- +1 

- +l. 5 

- +1 

- +1 

- +1.5 
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TABLE 6-3 (Sheet 1 of 3) 
FLIGHT TELEMETRY PERFORMANCE SUMMARY 

1 

TOTAL 

592 

7 

10 

ITEM 

1. 

2. 

3. 

I 

\ 

- 
DESCRIPTION -- 

Total  number of measurements l i s t e d  i n  the  S-IVB-501 Instrumr?n- 
t a t i o n  Program and Components L i s t ,  Douglas Drawing 1B43566, 
AT Change. 

Measurements l i s t e d  i n  the IP&CL which a re  no t  wholly on the  
S-IVB-501 Stage: 

Measurements t ransmit ted by the S-I1 telemetry system: 

D0153-423 Press  - Chamber Retrorocket P o s i t  I V - I  
D015b-421 Press  - Chamber Retrorocket Pos i t  11-111 
D0155-420 Press  - Chamber Retrorocket P o s i t  1-11 
DP!j6-422 Press  - Chamber Retrorocket P o s i t  1 1 1 - I V  

Measuremea's wholly t ransmit ted landl ine  t o  the Launch 
C c ~ t r o l  Center (LCC) : 

D0545-401 Press  - Common Bulkhead I n t e r n a l  - H!'J 
D0576-406 t r e s s  - Fuel Tank Ullage Umbilical - ../W 
D0577- 406 Press  - Oxi?. Tank Ullage Umbilical - B/W 

Measurements known t o  be i~ope ra t i - . - e  a t  s t a r t  of automatic 
hunch  sequence, o r  became inoperat ive 2 r i o r  t o  s t a r t  of 
a u t o ~ l a t i c  launch sequence : 

The funct ion of the f o l l a r i n g  measurements i s  t o  monitor 
the output voltage of exploding bridgewires (EBW) by r r ans  
of pulse  sensors during checkout. The ~ q r l s e  sensors a r e  
removed p r i o r  t c  launch, thus niiking tile measurements 
;noperative during F l l ~ h t .  

K0141.-411 Event - K I T  1 Pulse Sensor 
K0142-41; Event - R/S 2 Puise Sensor 
K0149-404 Event - Ullage J a t t i s o n  1 PIS 
K0150-404 Event - Ullage J e t t i s o n  2 PIS 
KOl69-404 Lvenc - EBW Pulse  Sensor Off Ind ica t ion  
K017t--404 Event - Ullage Rocket Ign i t i on  PIS 1 Ind. 
KQ177--404 Event - Ullage Rocket Ign i t i on  PIS 2 Ind. 

The following measurement was l i s t e d  i n  the  IPdCL and the 
capability t o  make the meas'urement ax is ted  on the  s tage.  
MSFC did  1:ot require  the associated r a t e  gyro i n s t a l l a t i o n ,  
t k  *?ref ore,  the measurement i s  inoperat ive.  

K0152-404 Event - Rate Gyro Wheel Speed OK Ind. 

The following measurement i s  used f o r  checkout only. The 
I U  f l i g h t  sequencing tape is  no t  punched t o  ac t i va t e  t h i s  
measurement i n  f l i g h t .  Therefore, i t  i s  inoperat ive.  

K0168-404 Event - Switch Se lec tor  Regis ter  Test  
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TABLE 6-3 (Sheec 3 o f  3) 
FLIGHT TELEMETRY PERFORMANCE SUMMARY 

ITEM 

4. 

5. 

6. 

DESCRIPTION 

A measurement mal funct ioned and became i n o p e r a t i v e  p r i o r  t o  
t h e  s t a r t  of au toma t i c  sequence.  

K0139-424 Event  - O x i d i z e r  Shu to f f  Valve, C h i l l  
Sys tem-Closed 

Measurements p r e v i o u s l y  d e l e t e d  from t h e  i n c e n t i v e  b a s e l i n e  by 
NASA d i r e c t i o n  i n  NASA l e t t e r  I-CO-S-IVB-906, d a t e d  
16 August 1967. These iorward  s k i r t  measurements were hampered 
t o  a g r e a t e r  o r  l e s s e r  degree  by t h e  i n c l u s i o n  of  t h e  forward  
s k i r t  a n t i - f  l u t t e r  k i t  a f t e -  he t r ansduce r  i n s t a l l a t i o n s  had 
been made on t h e  forward s k i - i  a r e a .  

C0081-426 Temp - Forward S k i r t  - 1 
C0082-426 Temp - Forward S k i r t  - 2 
C0083-426 Temp - Forward S k i r t  - 3 
C0084-426 Temp - Forward S k i r t  - 4 
C0108-426 Temp - Forward S k i r t  - 5 
C0109-426 Temp - Forward S k i r t  - 6 
C0110-426 Temp - Forward S k i r t  - 7 
C0111-426 Temp - Forward S ~ i r t  - 8 
C0112-426 Temp - Forward S k i r t  - 9 
C0239-426 Temp - Forward S k i r t  - 10 
C0240-426 Temp - Forward S k i r t  - 11 
S0054-426 S t z a l n  - A x i a l ,  Fwd S k i r t  Loc 1 O A  
S0055-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc IOB 
S0056-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 1 1 A  
S0057-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 1 1 B  
S0058-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 12A 
S0059-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 12B 
S0060-426 S t r a i n  - Axia l ,  Fwd S k i r t  Loc 13A 
S0061-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 13B 
S0062-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 14A 
S0063-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 14B 
S0064-426 S t r a i n  - Axia l ,  md S k i r t  Loc 15A 
50065-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 15B 
S0066-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 16A 
S0067-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 16B 
S0068-426 S t r a i n  - Axia l ,  Fwd S k i r t  Loc 17A 
SOG69-426 S t r a i n  - A x i a l ,  Fwd S k i r t  Loc 17B 

Measuretnsnts from which Douglas cou ld  n o t  o b t a i n  d a t a  due t o  
n o i s e  from unknown s o u r c e s ,  and measurements which were 
degraded o r  p reven ted  from b e i n g  t r a n s m i t t e d .  

The t o t a l  number of measurements t o  be e v a l u a t e d  f o r  i n c e n t i v e  
performance f o r  bo th  TPEP phase  I and phase  I1 is  i t e m  1 minus 
t h e  sum of i tems 2,  3, 4 ,  and 5. 

TOTAL 

2 7 

0 

548 
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TABLE 6-3 (Sheet 3 of 3) 
F'LIGHT TELEMETRY PERFORMANCE SUMMARY 

C0121-419 Temp - Aft  I n t e r s t a g e  - 4 
C0151-401 Temp - Engine LOX Pump Surface  
D0195-419 Press  - Ext Aft  1nte:stage 17 
D0196-r19 P r e s s  - Ext Aft  I n t e r s t a g e  18 
D0210-402 Press  - I n t e r s t a g e  I n t e r n a l  6 

t o  planned LV/SC s e p a r a t i o n  a s  def ined i n  NASA drawing 40M33621 
Iu2er face  Control  Document D e f i n i t i o n  of Sa tu rn  SA-501 F l i g h t  
Sequence Program) . D e t a i l s  regarding these  measurement 
f a i l u r e s  may be obta ined i n  s e c t i o n  17 of t h i s  r e p o r t .  

A l l  measurements which were f a i l u r e s  dur ing TTEP phase I a r e  
included as  phase I1 f a i l u r e s  because phase I1 encompasses 
ph i se  I. These f i v e  meascrements a r e  shown i n  i t em 7 above. 

I n  a d d i t i o n  t o  those  measurements which were f a i l u r e s  dur ing 
TPEP phase I ,  the  fol lowing e i g h t  measurements were f a i l u r e s  
dur ing phase 11. 

C0075-409 Temp - Fuel  Tank Exte rna l  - 1 
C0077-409 Temp - Fuel Tank Exte rna l  - 3 
C0078-409 Temp - Fuel Tank Exte rna l  - 4 
C0079-409 Temp - Fuel  Tank Exte rna l  - 5 
C0106-409 Temp - Fuel Tank Exte rna l  - 7 
C0217-401 Temp - Main Hydraul ic  Pump Flange 
D0181-409 P r e s s  - Fuel Tank, Continuous Vent 1 
D0182-409 P r e s s  - Fuel Tank, Continuous Vent 2 

Ca lcu la t ion  of phase I performance: 

I tem 6 minus i tem 7 ,  d iv ided  by i tem 6,  m u l t i p l i e d  by 100, and 
rounded of f  t o  t h e  n e a r e s t  one-tenth of one percen t .  

- 548-5 X 100 = 99.1 pe rcen t  

Ca lcu la t ion  of phase I1 performance : 

I tem 6 minus i t em 8, d ivided by i t em 6 ,  m u l t i p l i e d  by 100, and 
rounded of f  t o  t h e  n e a r e s t  one-tenth of one percent .  

- 548-13 X 100 = 97.6 p e r c e n t  



Sec t ion  7  
T r a j e c t o r y  

7. TRAJECTORY 

This  secc ion  p r e s e n t s  a  d i s c u s s i o n  of t h e  AS-501 t r a j e c t o r y .  Comparisons 

a r e  made between t h e  a c t u a l  observed t r a j e c t o r y  and t h e  p r e f l i g h t  and 

p o s t f l i g h t  p r e d i c t e d  t r a j e c t o r i e s ;  a l s o ,  r e s u l t s  of a  s imula t ion  of t h e  

a c t u a l  t r a j e c t o r y  a r e  presented.  Observed t r a j e c t o r y  d e v i a t i o n s  from 

p r e d i c t e d  a r e  expla ined i n  terms of S-IVB and lower s t a g e  system per-  

formance d e v i a t i o n s ,  i n  a d d i t i o n  t o  t h e  q u a l i t a t i v e  e v a l u a t i o n  of t h e  

accuracy of t h e  observed mass-point t r a j e c t o r y .  

Presented a l s o  i n  t h i s  s e c t i o n  is  t h e  parking o r b i t  continuous vent  

system t h r u s t  determined from t r a j e c t o r y  a n a l y s i s .  A comparison of 

t h i s  t h r u s t  wi th  p r e d i c t e d  i s  p resen ted .  

A s  a 3  a r e a  of i n t e r e s t ,  a d i s c u s s i o n  is included of t h e  s i g n i f i c a n t  

.-vansient i n  a t t i t u d e  commands given by t h e  i t e r a t i v e  guidance mode 

dur ing  S-IVB second burn. Causes of t h i s  t r a n s i e n t  and i ts e f f e c t  upon 

t h e  a c t u a l  t r a j e c t o r y  a r e  d i scussed .  

7.1 Comparison Between Actual  and P r e f l i g h t  P r e d i c t e d  T r a j e c t o r i e s  

A comparison is made between t h e  a c t u a l  t r a j e c t o r y  (based on t r a c k i n g  

and t e l emet ry  d a t a )  and t h e  Douglas p r e f l i g h t  p r e d i c t e d  t r a j e c t o r y .  

The p r e d i c t e d  t r a j e c t o r y ,  dur ing  S-IC and S-I1 s t a g e  burns,  is t h e  same 

a s  t h a t  p resen ted  i n  t h e  Boeing Company document SSR 155,  AS-501 Launch 

Vehic le  Opera t iona l  T r a j s c t o r y  Flown i n  Winter Winds, dated 6  October 

1967. The S-IVB s t a g e  p o r t i o n  of t h e  p r e d i c t e d  t r a j e c t o r y  is  presented 

i n  Douglas Report No. SFI-46998B, S-IVB-501 S tage  F l i g h t  Tes t  P lan ,  dated 

2 November 1967. F igures  7-1 through 7-36 and t a b l e  7-1 compare t h e  

a c t u a l  and p r e d i c t e d  va lues  of a l t i t u d e ,  ground range,  c ross range  

p o s i t i o n ,  c ross range  v e l o c i t y ,  i n e r t i a l  v e l o c i t y ,  a x i a l  a c c e l e r a t i o n ,  

commanded and a c t u a l  a t t i t u d e  a n g l e s ,  i n e r t i a l  f l i g h t  pa th  e l e v a t i o n  

ang le ,  and i n e r t i a l  f l i g h t  p a t h  azimuth ang le  f o r  t h e  S-ICIS-I1 burn,  

S-IVB f i r s t  burn ,  parking o r b i t ,  and S-IVB second burn phases of t h e  

f l i g h t .  Appendix 3 p r e s e n t s  a  d e t a i l e d  t a b u l a t i o n  of t h e  observed 

t r a j e c t o r y .  
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The ac tua l  t ra jec tory  of the AS-501 f l i g h t  was c lose  to  t h a t  predicted. 

,i The burntime of the S-IC s tage  was 1.73 s e c  l e s s  than predicted.  The 
. . burntime of the S-I1 s tage  was 4.6 s e c  longer than predicted.  A t  

S-111s-IVB separat ion,  the  t r a j ec to ry  was character ized as slow, high,  

long, and south of t he  intended path. This can be seen i n  t ab l e  7-1. 

The slower than predicted ve loc i ty  a t  S-111s-IVB separa t ion  was the 

primary cause of the longer than predicted burntime f o r  t he  S-IVB 

s tage  f i r s t  burn. The f i r s t  burntime was 6.1 s e c  longer than predicted 

of which 5 s e c  was due t o  low t r a j ec to ry  conditions a t  S-111s-IVB 

separation. Trajectory c o n d i t i ~ n s  a t  f i r s t  b u m  Engine Cutoff Command 

a re  presented i n  t ab l e  7-1. The d i f fe rences  i n  S-IVB f i r s t  burn ve loc i ty  

and acce lera t ion  a re  shown i n  f igures  7-15 and 7-16, respect ively.  Low 

S-IVB t h r u s t  contributed s l i g h t l y  t o  the  longer burntime. The observed 

t r a j ec to ry  ind ica tes  t h a t  the  S-IVB a l t i t u d e  was hig!:er lchan przdicted 

as shown i n  f i gu re  7-11. The S-IVB f i r s t  burn t r a j ec to ry  can be  

summarized as  slow, high, and long. Figures 7-19, 7-20, and 7-21 show 

the p i t ch ,  yaw, and r o l l  commanded and ac tua l  a t t i t u d e  angles. A 

summary of t r a j ec to ry  conditions and o r b i t  elements a t  parking o r b i t  

i n se r t i on  is  presented i n  t a b l e  7-1. 

The parking o r b i t  phase of t he  f l i g h t  was very c lose  t o  t h a t  predicted. 

A s l i g h t l y  higher than predicted vent  t h r u s t  did not  have a s i g n i f i c a n t  

e f f e c t  on the t ra jec tory .  A t  S-IVB r e s t a r t ,  the  ac tua l  t r a j ec to ry  was 

slower, higher  and fu r the r  downrange than predicted. 

The S-IVB second burn engine cutoff occurred 13.83 s e c  e a r l i e r  than i t  

had been predicted. This ea r ly  cutoff was mainly caused by a 1; t e  

propel lant  mixture r a t i o  s h i f t  and corresponding high S-IVB t h r u s t  

ea r ly  i n  f l i g h t  which i n  t u rn  caused a higher  than predicted ve loc i ty  

and acce lera t ion ,  as shown i n  f igures  7-30 and 7-31, respect ively.  

Alt i tude and ground range were q u i t e  c lose  t o  t h e i r  predicted values.  

There was a difference i n  crossrange ve loc i ty  during second burn as 

shown i n  f i gu re  7-20. This was caused by the yaw a t t i t u d e  t r ans i en t  

shown i n  f igure  7-35 which resu l ted  from the  th rus t  cutback. The two 

minor t rans ien ts ,  a t  RO +11,520 and RO +11,680 sec ,  were also produced 

by the yaw s t ee r ing  command t r ans i en t s  associated with the high s top  
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t h r u s t  operat ion.  A t  S-IVB second burn engine cutoff  cond i t ions  were 

f a s t ,  low, and 3hor t  b u t  near ly  e x a c t l y  on the  d e s i r e d  o r b i t .  A sunnnary 

of condi t ions  and o r b i t  elements a t  wa i t in2  o r b i t  i n j e c t i o n  i s  presented 

i n  t a b l e  7-1. These S-IVB s t a g e  end cond i t ions  of f l i g h t  were w e l l  

w i t h i n  t h e  p r e f l i g h t  determined three-sigma to le rances .  The observed 

dev ia t ions  i n  the  wa i t ing  o r b i t  e;ements a r e  l e s s  than one-sigma 

dev ia t ions  from pred ic ted .  

S-IVB s t a g e  impact occurred a t  a  long i tude  of 151.2 deg West and a  

l a t i t u d e  of 23.4 deg North. Range t i m e  a t  impac: was 8 h r ,  3 min, 

7  sec.. 

7.2 P o s t f l i g h t  P red ic ted  Tra jec to ry  Evaluat ion 

To a s s i s c  i n  t h e  i s o l a t i o n  of S-IV", perEormanae dev ia t ions  which 

con t r ibu ted  t o  t r a j e c t o r y  d e v i a t i o n s ,  a p o s t f l i g h t  S-IVB s t a g e  pre- 

d i c t e d  t r a j e c t o r y  was generated.  This t r a j e c t o r y  was generated us ing 

p red ic ted  S-IVR s t a g e  performacce c h a r a z t e r i s t i c s  sna a c t u a l  S-111s-IVB 

s e p a r a t i o n  t r a j e c t o r y  cond i t ions .  Tra jec to ry  de\I ~ i i o n s  between the  

a c t u a l  and the  p o s t f l i g h t  p red ic ted  a r e  due t o  S-.TVB s t a g e  performance 

dev ia t ions ,  observed t r a j e c t o r y  e v a l u a t i o n  e r r o r s ,  and 3.9s t r  ment u n i t  

nav iga t ion  o r  guidance e r r o r s .  

To support  t h i s  eva lua t ion ,  a  s e t  of parameters were s e l e c t e d  which 

d e f i n e  t h e  S-IVB s t a g e  t r a j e c t u i y .  These parameters a r e  i n e r t i a l  

v e l o c i t y ,  a l t i t u d e ,  ground r a g e ,  and crossrange v e l o c i t y .  They a r e  

presented i n  f i g u r e s  7-37 through 7-40 f o r  t h e  per iod from S-111s-IVB 

s e p a r a t i o n  t o  wa i t ing  o r b i t  i n s e r t i o n .  As can be  seen  i n  t h e s e  f i g u r e s ,  

the  S-IVB f i r s t  burn p o s t f l i g h t  p red ic ted  t r a j e c t o r y  is near ly  i d e n t i c a l  

t o  t h e  a c t u a l  wi th  t h e  except ion of t h e  a l t i t u d e  and crossrange v e l o c i t y  

h i s t o r y .  Resu l t s  of t h e  t r a j e c t o r y  s imula t ion ,  which a r e  discussed i n  

paragraph 7.3.1, i n d i c a t e  t h a t  the  observed t r a j e c t o r y  f i r s t  burn a l t i -  

tude and crossrange v e l o c i t y  h i s t o r i e s  a r e  probably i n  e r r o r .  The 

S-IVB f i r s t  burn t h r u s t  and weight flow were s l i g h t l y  lower than pre- 

d i c t e d ,  which y ie lded  a  slower thar, p red ic ted  v e l o c i t y  h i s t o r y .  S-TVB 

f i r s t  burn engine performance con t r ibu ted  1 s e c  t o  the  6.1 s e c  longer  

than p red ic ted  f i r s t  burncime. The p o s t f l i g h t  p red ic ted  parking o r b i t  
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was higher  and slower than ac tua l .  Trajectory simtilation r e s u l t s  show 

tha t  the a l t i t u d e  deviat ions which accuu,ulate i n  the parking o r b i t  can 

be explained by a 4.8 percent higher  than predicted continuous vent 

sys  tem (CVS) t h r u s t  as discussed i n  paragraph 7.3.2. 

A t  the  beginning of the second bum,  t h e  p o s t f l i g h t  predicted and ac tua l  

t r a j ec to ry  conditions were near  predicted. Due t o  t he  in-tank prope l lan t  

r a t i o  a t  r e s t a r t  (excess LOX), the  prope l lan t  u t i l i z a t i o n  system caused 

a hardover high engine mixture r a t i o  (EMR) operat ion (5.511.0 EMR) , 
with t h rus t  cutback t o  the  reference mixture r a t i o  (RMR) occurring 

approximately 83 sec  a f t e r  Engine S t a r t  Command. This t h r u s t  p r o f i l e  

caused a higher  and f a s t e r  observed t r a j ec to ry  than was predicted and 

by i t s e l f  -rould have caused an 18 sec  s h o r t e r  than predicted second 

burntime (see  paragraph 7.3.1) . The ac tua l  burntime was 16.8 s e c  

s h o r t e r  than predicted. The guidance system response t o  t he  t h r u s t  

cutback resu l ted  i n  a t t i t u d e  commands causing a nose down and t o  t he  

r i g h t  (south).  This a t t i t u d e  excursion r e su l t ed  i n  no t iceable  changes 

i n  the  i n e r t i a l  ve loc i ty  and crossrange ve loc i ty  a t  approximately 

RO +11,580 sec.  The nose-down p i t ch  command reduced grav i ty  l c s s e s  

considerably and produced an increase  i n  i n e r t i a l  ve loc i ty  from the  

predicted i n e r t i a l  ve loc i ty  h i s to ry .  The excursion had no e f f e c t  on 

the  accomplishment of t he  des i red  end-conditions of f l i g h t .  A d i s c u s s i ~ c  

of the guidance t r a n s i e n t  is presented i n  paragraph 7.4. 

7.2.1 Powered F l igh t  Simulated Trajectory Evaluation 

Using a five-degrees-of-freedom t r a j ec to ry  s jmulat ion program, propuision 

system parameter h i s t o r i e s  were adjusted s o  t h a t  an S-IVB t r a j e c t ~ v -  

could be generated t o  c lose ly  match the observed t r a j e c t o r y  iappt 3 ,  

Observed Trajectory) .  The s imulat ion program employed f o r  f i r s t  ; 

second burns uses  a d i f f e r e n t i a l  cor rec t ion  technique which determines 

the  necessary adjustments t o  t h r u s t  and weight flow from the  engine 

ana lys i s  ( sec t ion  9) and p i t c h  and yaw engine t h r u s t  misalignment angles 

from t h e  cont ro l  system ana lys i s  t o  match the observed t r a j ec to ry .  

These adjustnents  were determined f o r  f i r s t  b u m  by minimizing i n  a 

least-squares sense :he d i f fe rences  i n  a l t i t u d e ,  ear th-f ixed ve loc i ty ,  
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ea r th - f ixed  v e l o c i t y  azimuth angle ,  and l o n g i t u d i n a l  a c c e l e r a t i o n  

between t h e  observed and s imulated t r a j e c t o r i e s .  For second burn the  

adjustments were determined by minimizing i n  a l i k e  manner d i f f e r e n c e s  

i n  a l t i t u d e ,  ear th-f  ixed v e l o c i t y ,  earth-f  ixed v e l o c i t y  azimuth angie  , 
and ear th-f  ixed downrange pos i t ion .  

Differences  between the  observed ar, s imulated f i r s t  and second burn 

t r a j e c t o r i e s  a r e  presented i n  f i g u r e s  7-41 and 7-42, r espec t ive ly .  The 

average acd maximum dev ia t ions  between the  a c t u a l  and s imulated t r s j e c -  

t o r i e s  a r e :  

F i r s t  Burn 

Average Maximum Parameter 
Deviat ion Deviat ion 

A l t i t u d e  ( f t )  6.9 10.7 

Earth-f ixed v e l o c i t y  ( f  t l s e c )  0.844 1.890 

Earth-fixed v e l a z i t y  azimuth angle  (deg) 0.00752 0.019 
2 

Lcngi tudinal  accel  f r a t i o n  ! f  t / s e c  ) 0.0726 0.185 

Second Burn 
- - 

A l t i t u d e  ( f  t )  79.8 1 do 

Earth-fixed v e l o c i t y  ( f t l s e c )  0.90 1.90 

Earth-f ixed v e l o c i t y  azimuth ang le  (deg) 0.009 0.038 

Earth-f ixed downrange p o s i t i o n  (f t )  54.6 105 

The maximum and average d e v i a t i o n s  a r e  smal l ,  i n d i c a t i n g  c o ~ a p a t i b i l i t y  

between t h e  shapes of t h e  propuls ion parameter h i s t o r i e s  , determined 

by engine ana lys j3 ,  and t h e  observed t r a j e c t o r y .  However, t o  o b t a i n  

a s a t c h  of t h e  observed t r a j e c t o r y ,  t h r u s t  and weight flow dur ing f i r s t  

burn were 0 .71 percen t  aqd 0.56 percen t ,  - e spec t ive ly ,  h i g h e r  than 

determined by engine a n a l y s i s ;  during second burn t h e  s imulated a c t u a l  

t h r u s t  and weight f low were increased by 0.81 percen t  and 0.67 F ~ L c e n t ,  

r e s p e c t i v e l y ,  over engine a n a l y s i s  values .  Fngine a n a l y s i s  s p e c i f i c  

impulse was correspondingly increased by 0.14 percen t  dur ing f i r e  t \urn  

and increased by 0.02 percen t  dur ing seccnd burn. H i s t o r i e s  of t h e  
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predictee and simulated t h r u s t  and weight flow a r e  presented i n  f igures  

7-43 and 7-44 fa: f i l  C. and second burn, respectively. The averaee 

values f o r  these par-ters are: 

F i r s t  Burn 

Parameter Predicted Actual -- 
Average th rus t  ( lb)  225,343 223,852 

A-rerage weight flow ( lb lsec)  532.33 528.68 

.Qvera; s p e c i f i c  imp*dse (sec.) 423.3 423.4 

Srcotd Bum 

Total  average th rus t  (lb) 

Totai average weight f lm-  ( lb l sec)  

Total average s p e c i f i c  impulse (sec) 

Average tiiLust a t  high mixture r a t i o  (Yo: 

Average v e i g h ~  flow at high mixture 
r a t i o  (:5lsec j 

Average s p e c i f i c  impulse at  high 
mixture r z t i o  isec)  

Average &rus t  a t  reference xixmre 
r a t i o  ( lb)  

Once Average weight flow at re fer ,  
mixture r a t i o  ( lb l sec)  

Average s p e c i f i c  impulse a t  reference 
mixture r a t i o  (sec) 

These r e s u l t s  ind'care a 0.7 perc. n t  lcwer t h n s t  and weight flow than 

predicted f o r  f i r s t  burn. Dur Lng second bur.: the a c t u a l  thrust and 

weight f1.m ciuring the RNh cpei-ation ( a f t e r  ml;xtnre r a t i o  s h i f t )  w e r e  

lower than predicted by 1.8 percent and 2.1 percent,  respect ively,  

while the ac tua l  s p e c i f i c  impulse ~t 5.z RT. durirlg operat ion ivzs 0.26 

percent higher  t i ~ a  predf : 'ed . 

The mavimum inascuracies  i n  the simulated propulsion parameters due t o  

tbe c> ;erved t r a j ec to ry  and simulation uncer ta in t ies  a r e  es cimated t o  

be  3.2 perzent for -I-%. ' and weight flow and 0.3  percent  f o r  s r~2c i f  i c  
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impulse. An addi t iona i  inaccuracy is added by the uncertainty i n  the 

i gn i t i on  and cutoff weight. A s  a r e s u l t ,  the  t o t a l  inaccuracy i c  t h r u s t ,  

weight flow, and s p e c i f i c  impulse is 0.3 percent i n  each. 

The p i tch  cnd yaw t h r u s t  misalignment angles f o r  f i r s t  burn, as dcter-  

mincd from the f l i g h t  s imulat ion,  were u n r e a l i s t i c  and not  cons is ten t  

with miralignment angles ind ica ted  by cont ro l  and guidance paramecers. 

It was concluded t h a t  considerable inaccuracy e x i s t s  i n  both a l t i t u d e  

and crossrange da ta  i n  the  observed t r a j e c t o r y  f o r  f i r s t  S-IVB bum. 

This was probably due t o  l imi ted  vehic le  t rack ing  covtrage during 

S-IVB f i r s t  bum. Only one t racking s i t e ,  Bermuda, was ava i l ab l e  

during most of the  f i r s t  burn. The p i tch  and yaw t h r u s t  misalignment 

angles f o r  second burn, a s  es tab l i shed  by cont ro l  system anu t r a j ec to ry  

ana lys i s ,  compare favorably . The values obtained a r e  given below. 

Second Burn 

Parameter Control Analysis Simulated 
Value Value 

P i tch  t h rus t  misalignment (deg) 0.25 0.25 

Yaw t h r u s t  misalignment (deg) 0.36 0.69 

A pos i t i ve  p i t c h  misalignment produces a nose-above-commanded a t t i t u d e ,  

and a pos i t i ve  yaw misalignment produces a nose-left-of commanded 

a t  ti tude (looking downrange) . 
The steady- - .&ate  t h r u s t  vec tor  was loca ted  r e l a t i v e  t o  t he  vehic le  

during second burn as shown below: 

PITCH PLANE - I YAW PLANE 

,-POSITION 
I PLANE 111 I 
I VEHICLE 

CENTERLI NE 

THRUST VECTOR POSITION 
PLANE I 

VEHICLE CENTERLIE 

POSITION 
PLANE I V  

STEADY-STATE 
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The simulated S-IVB s tage  weights and predicted values are: 

I F i r s t  Burn Second Burn 
Predicted Simulated Predicted Simulated 

Engine S t a r t  Command 352,015 353,050 277,741 275,790 

Engin6 Cutoff Ccmmand 280,408 278,581 133,282 136,070 

These weights were derived from t h e  composite b e s t  es t imate i gn i t i on  and 

cutoff weight. The weig3ts were determined by f inding t h e  point  on the  

t r a j ec to ry  recoastruct ion l i n e  s t a t i s t i c a l l y  c l o s e s t  t o  the composite 

bes t  es t imate point.  '?~e f i r s t  burn simulated masses presented above 

we:e determined >sing a b e s t  es t imate i gn i t i on  and cutoff  mass establ ished 

p r i o r  t o  the  so lu t ion  presented i n  s ec t ion  8. The discrepancy introduced 

i n  mass is l e s s  than 0.1 percent. This percentage wculd have negl ig ib le  

e f f e c t  on the  analysis .  

The f l l g h t  simulation v e r i f i e s  the 6.1 and 16.8 sec  differences between 

predicted and ac tua l  guidance cutoff time f o r  f i r s t  and second burn, 

respectively. Components of the  long f i r s t  burn time and s h o r t  second 

burn time are:  

F i r s t  Burn 

Slow S-111s-IVB separat ion ve loc i ty  

High S-111s-IVB separat ion a1 t i t u d e  

Low S-IVB t h r u s t  

High S-IVB i n i t i a l  propel lant  weight 

Second Bum 

Contributor 

Slow S-111s-IVB separat ion ve loc i ty  

High S-111s-IVB separat ion a l t i t u d e  

High CVS th rus t  

High-s top engine operation 

Low th rus t  and weight flow a t  RMR 

Burntime Component 
(sec) 

0.6 - 
Total  6 .O 

Burntime Component 
(set) 

-5 .O 

0.3 

-0.3 

-18.0 

7 .O 

Total  -16.0 
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Thc t - t a l  of these components is i n  c lose agreement with the d i f fe rence  

obsemed f o r  each S-IVB burn. 

7.2.2 Orb i t a l  Simulated Trajectory Evaluation 

'fhe AC-501 mission was s e n s i t i v e  t o  parking o r b i t  CVS thrus t  from two 

s tandpoints : (1) wai t ing o r b i t  i n j ec t i on  accuracy and (2) launch 

~ e h l c l e  (LV) performance capabi l i ty .  P r io r  t o  t he  f l i g h t ,  i t  was known 

tkn t  higher  D r  lower than predicted CVS t h r u s t  would produce onboard 

: l?vigation e r r o r s  which wmld d i r e c t l y  a£  f e c t  LV accuracy capabi l i ty .  

Also, i t  was known t h a t  lower than predicted o r b i t a l  bo i lof f  could c r e a t e  

a performance problem by requi r ing  low s t o p  (4.5 EMR) operat ion c f  the  

5-2 engine t o  remove t h e  excess hydrogen onboard .?t t h e  s t a r t  of second 

b u n .  For each pound of lower th2.n predicted b o i l o f f ,  13 lbm of reserve 

prope l lan t  would have t o  be  used to  achieve guidance cu tof f .  

Using the  ac tua l  parking o r b i t  t r a j ec to ry  determined from guidance 

accelerometer and t racking da ta ,  the  t i m e  h i s t o r y  of CVS t h r u s t  was 

determined which produced a c lose  f i t  of t h e  observed t r a j ec to ry .  This 

ac tua l  CVS t h r u s t  h i s  tory compared v i  th the  predicted CVS t h r u s t  h i s  tory 

is presented i n  f i gu re  7-45. 

Figure 7-46 compares t h e  d i f fe rence  between the  observed a l t i t u d e  during 

parking o r b i t  and the  a l t i t u d e  a s  ca lcu la ted  using both ac tua l  and 

predicted CVS t h r u s t  . 
Figure 7-45 shows t h a t  t he  a c t u a l  CVS t h r u s t  was within tolerance except 

e a r l y  i n  t he  f i r s t  o r b i t  and l a t e  i n  the  second o r b i t .  The a c t u a l  CVS 

t h r u s t  h f s to ry  y i e ld s  a t o t a l  impulse 4.8 percent 1.igher than predicted 

which ind i ca t e s  higher than predicted o r b i t  bo i lo f f .  

These r e s u l t s  a r e  i n  good agreemant with r e s u l t s  obtained from the  PU 

systefi and onb 3rd temperature and pressure instrument evaluat ion.  

Since t he  bo i lof f  was higher  than predicted,  t h i s  contr ibuted t o  the PU 

system causing d 1.igh stop (5.5 Em) operat ion e a r l y  during second burn. 

The high boi lof f  ac tua l ly  enhanced LV performance capab i l i t y  s ince  high 

Z:IR was more optimum than low or  nominal ENR operat ion f o r  the  AS-501 

mission. 
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Since the  ac tua l  CVS t h r u s t  was very c lose  t o  pred ic ted ,  even though i t  

was g rea t e r  than the  maximum expected CVS th rus t  during c e r t a i n  regions 

of f l i g h t ,  the  e f f e c t  i n  i n j e c t i o n  e r r o r s  was negl ig ib le .  

7.3 Analysis of Special  Areas of Concern 

The t r a n s i e n t  i n  t he  commanded angles which occurred approximately 

80 sec  a f t e r  Engine S t a r t  Command was inves t iga ted  t o  determine the  

cause f o r  the  t r ans i en t  and whether o r  not i t  was normal response of the 

guidance system t o  the  a c t u a l  second burn S-IVB s t a g e  performance. To 

accomplish t h i s ,  a five-degree-of-freedom t r a j e c t o r y  s imulat ion was 

conducted using ac tua l  S-IVB s t age  engine performance da ta  and a c t u a l  

i t e r a t i v e  guidance mode p re se t t i ngs .  

The r e s u l t s  of t h i s  s imulat ion a r e  shown i n  f i gu re  7-47. The c lo se  

agreement between ac tua l  and simulated guidance commands shows t h a t  

the  cause of t he  guidance t r a n s i e n t  w a s  due t o  t he  t h r u s t  cutback and 

t h a t  guidance response t o  t h i s  s h i f t  was normal. 

The t r a n s i e n t  i n  the  guidance command angles resu l ted  from the guidance 

system changing from ca lcu la t ing  s t e e r i n g  commands, based on the 

a r t i f i c i a l  tau mode acce le ra t ion  l e v e l ,  t o  the ac tua l  i n f l i g h  t accelera- 

t i on  l e v e l  a t  RO +11,565 sec .  The a r t i f i c i a l  t au  mode acce le ra t ion  

l e v e l  was preprogrammed f o r  a 5.011.0 EMX engine operation. A t  the  end 

of t he  a r t i f i c i a l  t au  mode t h e  ac tua l  veh ic le  acce le ra t ion  w a s  much 

higher  than the  preprogrammed value due t o  the ac tua l  high t h r u s t  engine 

operation. This introduced a s t e p  funct ion of acce le ra t ion  i n t o  the  

guidance equations and r e su l t ed  i n  a l a rge  change i n  the  guidance 

commands. Short ly  a f t e r  the end of the  a r t i f i c i a l  t a u  mode the  f i l t e r e d  

acce le ra t ion ,  used by guidance, responded t o  t h e  t h r u s t  cutback and 

the guidance commands began t o  recover t o  near ly  the values  previous 

t o  the  a r t i f i c i a l  t au  mode period. On AS-501, t he  a r t i f i c i a l  t au  mode 

was forced t o  occur and end a t  a f i x e d  time i n  f l i g h t  and the  s e l ec t ed  

t i m e  did no t  provide pro tec t ion  aga ins t  the  e f f e c t s  of ac tua l  t h r u s t  

cutback. 
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Se-tlon 7 
l'rajectory 

- -- - - - - - - 

A C T U A L  
-. - - PREDIS'FS 

TI)-  FRUI-I RANGE ZERO (SEC) 

Figure 7-7. S-IC/S.-I1 Stage I n e r t i a l  71igrlt Path Elevdtion Angle History 

- ACTUAL ----- PREOILTED 

T I E  FROM W E  ZERO (SEC) 

,> 100 

Figure 7-8. S-IC/S-11 S:age I n e r t i a l  F l i g h t  Path Azimuth Angle History 
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Section 7 
Trajectory 

- - - - PREDICTED 

. . 

500 520 540 560 580 600 620 640 660 680 

TIME FROM RANGE ZERO (SEC) 

Figure 7-17. S-IVB Stage I n e r t i a l  F l i g h t  Path Elevation Angle History - F i r s t  Burn 

ACTUAL 
-----PREDICTED 

TIME FROM RANGE ZERO (SEC) 

Figure 7-18. S-IVB Stage I n e r t i a l  F l i g h t  Path Azimuth Angle History - F i r s t  Burn 

7-22 



Section 7 
Trajectory 

TIME FROM RANGE ZERO <SEC) 

F i ~ u r e  7-19. S-111s-IVB Stage Pitch Attitude Angles - F i rs t  Bum 

TIME FROM RANGE ZERO (SEC) 

Figure 7-20. S-II/S-IVB Stage Yaw Attitude Angles - F i rs t  Burn 
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I I l u  S-IC/S-I I 

-2 SEPARATION 

iO( 

CUTOFF , 
TIME FROM RANGE ZERO (SEC) 

Figure 7-21. S-II/S-IVB Stage Roll Atti tude Angles - F i r s t  Burn 

- ACTUAL 

- - - PREDICTED 

T I *  FROM RPNGE ZERO (1000 SEC) 

Figure 7-22. Parking Orbit  A1 ti tude History 
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- ACTUAL 

- - - PkEDI CTED 

TIME FR(m W E  ZERO (1000 SEC) 

Figure 7-23. Parking Orbit  I ne r t i  a1 Velocity History 

- ACTUAL 

TIME FROM RANGE ZERO c1000 SEC) 

Figure 7-24. Parking Orbit  I ne r t i a l  F l ight  Path Elevation Angle History 
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Section 7 
Trajectory 

ACTUAL ---- PREDICTED 

i Figure 7-29. S-IVB Stage F l i g h t  Crossrange Ve loc i ty  H is tory  - Second Bur-n 
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Trajectory 

TIME FROM WCE ZE30 (SEC) -- 

T I E  FROM RANGt ZERG (SEC) 

Figure 7-31. S-IVB Staie F l i g r ~ t  Axtal Acceleration History - Second Burn 
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Crajectory 

F i ~ u r e  7-32. S-IVB Stage I n e r t i a l  F l ight  Path Elevation Angle History - Second Burn 

- ACTUAL 

- --PREDICTED 

11,450 11,500 11,550 11,600 11,650 11,700 11,750 11,80L 

T l E  FFSM RPlNCE ZERO (SEC) 

Figure 7-33. 2-1VB Stagi? I n e r t i a l  F l ight  Path Az imth Angle Histcry - Second Burn 
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TI= FROM WNGE ZERO (SEC) 

Figure 7-34. S-IVB Stage Pi ,-:I 4tt i tude Angles - Second durn 

TIE FROM RANGE ZElEO (SEC) 

Flgure 7-35. S-IVB Staqe Yav Attitude Anales - Second Burn 
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Section 7 
Trajectory 

Tim FROM RAmE ZERC CSEC) 

- ACTUAL 

--- POSTFLIGHT 
PREDICTED 

F i  gure 7-38. Coi,,pari son o f  Actual 
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Figure 7-39. Comparison of Actual and P o s t f l i g h t  Predicted I n e r t i a l  ?'eloci t y  
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" 0 1 2 3 4 5 6 7 8 9 10 11 

TIME ROM RANGE ZERO (1000 SEC) 

-- - 

Figure 7-45. AS-501 Parking O r b i t  Actual and Predicted Continuous Vent Systez Thrust 

1 2 3 4 5 6 7 8 9 10 11 

TIME FROM RANGE ZERO (1000 SEC) 

Flgure 7-46. AS-501 Parking Orb i t  Dtfference Between Actual and Stmulated O r b i t  A l t t  tude 
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THRUST HI  STORY 

Figure 7-47. I t e r a t i v e  Guidance Response t o  Second Burn Thrust Prgf i  l e  

7-38 



S e c t i o n  8  
Mass C h a r a c t e r i s t i c s  

8.  MASS CHARACTERISTICS - 

8 . 1  Mass C h a r a c t e r i s t i c s  Summary 

The AS-501 t h i r d  f l i g h t  s t a g e  (S-IVB-501, I U ,  and payload) mass summary 

presented i n  t a b l e  8-1, and t h e  mass c h a r a c t e r i s t i c s  presented i n  

appendix 1 a r e  b e s t  e s t i m a t e  values .  

8.2 Mass P r o p e r t i e s  Dispers ion  Analys is  

Figures  8-1 through 8-8 p r e s e n t  a  comparison of t h e  p red ic ted  v e h i c l e  

mass c h a r a c t e r i s t i c s  and three-sigma d i s p e r s i o n s ,  ve r sus  t h e  p o s t f l i g h t  

v e h i c l e  mass c h a r a c t e r i s t i c s  f o r  t h e  AS-501 t h i r d  f l i g h t  s t a g e  dur ing  

S-IVB f i r s t  and second b u m s .  The f i g u r e s  show t h e  p o s t f l i g h t  mass 

p r o p e r t i e s  were w i t h i n  t h e  -ed ic ted  three-sigma d i s p e r s i o n  bands. 

The p red ic ted  d i s p e r s i o n s  were d e t e r l i n e d  from a  s t a t i s t i c a l  a n a l y s i s  

of component mass p r o p e r t i e s  u n c e r t a i n t i e s  and a r e  referenced r e l a t i v e  

t o  t ime from Engine S t a r t  Command r a t h e r  than even t .  

8 . 3  Third  F l i g h t  Stage  Best  Est imate  I g n i t i o n  and Cutcff Masses 

The b e s t  e s t i m a t e  method i s  a t h r e e  dimensional  s t a t i s t i c a l  a n a l y s i s  

of d a t a  from f i v e  mass measurement systems.  T h i s  method develops a j o i n t  

p r o b a b i l i t y  d e n s i t y  f u n c t i o n  from which t h e  nos t probable  va lues  and 

a c c u r a c i e s  f o r  i g n i t i o n  and cu to f f  masses a r e  determined.  

Three measurement systems provide  unique va iues  f o r  i g n i t i o n  and cu to f f  

mass wlzile two eystems provide  a  l i n e a r  r e l a t i o n s h i p  between them. The 

b e s t  e s t i m a t e  method combines t h e  unique v a l l ~ e s  wi-th t h e  l i n e a r  re-  

l a t i o n s h i p s  t o  compute t h e  most probable  va lue  f o r  i g n i t i o n  and cu to f f  

mass. This  technique provides  t h e  optimum s t a r i s t i c a l  e v a l u a t i o ~  of 

f l i g h t  v e h i c l e  i g n i t i o n  and cu to f f  mass by c o n s t r a i n i n g  each measurement 

system t o  i t s  i n t r i n s i c  e v a l u a t i o n  c a p a b i l i t y .  

The l i v e  measurement systems used i n  determining t h e  b e s t  e s t i m a t e  masses 

a r e :  (1)  PU volumetr ic ,  ( 2 )  PU i n d i c a t e d  ( c o r r e c t e d ) ,  ( 3 )  l e v e l  

s e n s o r s ,  (4)  flow i n t e g r a l ,  and (5) t r a j e c t o r y  r e c o n s t r u c t i o n .  A b i i e f  

d c s c r i p t i o n  of t h e s e  measurement syscems is  a s  fo l lows:  
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a .  T h e  PU volumetr ic  system measures p r o p e l l a n t  mass from raw PU 

probe output  d a t a  reduced according t o  volumetr ic  c a l i b r a t i o n  

s l o p e s  and volumetr ic  f l i g h t  n o n l i n e a r i t i e s .  

b. The PU i n d i c a t e d  c o r r e c t e d  system measures p r o p e l l a n t  mass 

from PU probe ou tpu t  reduced according t o  t h e  p r e f l i g h r  c a l i -  

b r a t i o n  s l o p e  and a d j u s t e d  f o r  f l i g h t  flow i n t e g r a l  non- 

l i n e e r i t i e s .  

c .  ':he l e v e l  sensor  system measures p r o p e l l a n t  mass a t  s e n s o r  

a c t i v a t i o n  and t h i s  mass is e x t r a p o l a t e d  t o  i g n i t i o n  o r  cu to f f  

mass from * l i g h t  flow i n t e g r a l  da ta .  Th i s  s t a g e  has  l e v e l  

s ~ s o r s  l o c a t e d  throughout t h e  l eng th  of t h e  p r o p e l l a n t  t anks .  

d. The t r a j e c t o r y  r e c o n s t r u c t i o n  method provides  t h e  l i n e a r  

r e l a t i o n s h i p  between i g n i t i o n  and c u t o f f  mass which s a t i s f i e s  

the  observed t r a j e c t o r y .  

. The flow i n t e g r a l  msthod provides  a  l i n e a r  r e l a t i o n s h i p  between 

' g n i t i o n  and c,- . o f f  mass which r e p r e s e n t s  p r o p e l l a n t  consump- 

t i o n  de r ived  by i n t e g r a t i n g  p r o p e l l a n t  f l o w r a t e s  a s  a  func t ion  

of time. 

Figures  8-9 and 8-10 show a g r a p h i c a l  p r e s e n t a t i o n  of t h e  b e s t  e s t i m a t e  

a n a l y s i s  f o r  f i r s t  and second burns,  r e s p e c t i v e l y .  For f i r s t  b u m ,  the  

t h i r d  f l i g h t  s t a g e  i g n i t i o n  mass was 353,145 2460 l b c ,  and t h e  c u t o f f  

mass was 279,038 2404 lbm. For second b u m ,  the  t h i r d  f l i g h t  s t a g e  

i g n i t i o n  mass was 275,730 2438 lbm, and t h e  c u t o f f  mass was 

136,365 2279 lbm. 

Figures  8-9 and 8-10 show t h e  t r a j e c t o r y  r e c o n s t r u c t i o n  and flow 

i n t e g r a l  l i n e a r  r e l a t i o n s h i p s  i n t e r s e c t  a t  a  conciderably  lower i g n i t i o n  

and c u t o f f  mass than t h e  bes-: e s t i m a t e  values .  These d a t a  i n d i c a t e  a  

b i a s  e x i s t s  beLween the  l i n e a r  r e l a t i o n s h i p s  and t h e  unique measurement 

systems. An e r r o r  i n  t o t a l  mass of p a y l ~ a d ,  I U ,  and S-IVB dry s t a g e  

a f f e c t s  t h e  i g n i t i o n  and c u t o f f  mass values  from each unique system 

e q ~ ~ a l l y  f o r  both f i r s t  and second burns.  Consequently, i f  t h e  a c t u a l  

mass v a l u s  of payload, I U ,  and S-IVB dry s t a g e  were l e s s  than provided,  

the  r e s u l t i n g  b e s t  e s t i m a t e  would more c l o s e l y  agree  wi th  t h e  l i n e a r  

r e l a t i o n s h i p s  i n t e r s e c t i o n .  
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8.3.1 Best Estimate Program Input 

Table 8-2 presents  a summary of the values used i n  determining the  bes t  

e s t j a a t e  i gn i t i on  and cutoff mass. For the unique measurement systems, 

the LOX, LH2, and non-propellant mass values and t h e i r  predicted d i s -  

persions a r e  shown i n  addi t ion  t o  the t o t a l  lass value and disp(.rsion 

used f o r  com2utation. The l i n e a r  re la t ionship  values a r e  pfesent2d a s  

u t i l i z e d  f o r  bes t  es t imate ana lys is .  
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TABLE b- 1 
MASS SUMMARY (lbm) 

I 
ITEM 

S-111s-IVB 
LIFTOFF SEPARATION I S-lC I 
i-- 1 I 

Launch Es-ape 8,710 0 

Frost  0 

Separat ion Pkg 0 

Ullage Rkt G m  1 117 1 114 

Ullage Rkt CSE I 1 1 ji 

Conmrand Module I 11.991 1 11,991 

Service Mc ' 112 ( 9,596 ! 9,596 

Adapter Ring 91 

Adapter (SLA) 3,790 

L M  Test  ~ r t c l  2 1 2 9 . m  

Veh I n s t  Unit 1 4,756 ( 4,756 

S-IVB-5Ci Dry Stg ?6,326 

LOX i n  Tank a14,OiR 

U)X Ullage C3s I 15 
I 

MX Belm- TP-dc 36 7 

LH2 i n  Tank 41,125 

LIi2 Ullage Cas 78 

LH2 B e l o w  Tank I 4d 
Cold Helium I 1 319 

APS Piop + He 1 622 

GH2 i n  S t a r t  Tnk I 5 

Hell :rn Repress 78 

S e n i c e  Items I :: 1 30 
Znv Cont P ~ u i d  

TOTAL MASS 362,214 353,149 

TIME FROM RP.NGE ZERO 0,263 
(set) 520.5 

*End of t h r u s t  decay 

FIRST 
END 90 PERCENT FIRST ESC FUEL LEAD 

'-IvB I I THRUST 

FOLDOUT F R A K  1 



BLE 8-1 
J W R Y  ( lbm) 

RESTART '1 PREPAMTIOUS 

SECOND 
90 PERCENT 

THRUST 

- 
S-TJB 

SECOND ESC 
- 

0 

0 

1) 

0 

0 

11,991 

9,590 

30,075 

9 1 

3,79C 

29,500 

4.756 

26,326 

131,129 

3m 

30 7 

26,579 

390 

4 8 

272 

335 

7 

26 

30 

43 

- 275,731 

11,486.6 

PU VALVE 
CUTBACK 

END 
FUEL LEAD 

0 

0 

0 

0 

0 

11,991 

9,596 

30,075 

9 1 

. 3,790 

29,500 

4,756 

26,326 

131,129 

383 

367 

26,547 

392 

55 

269 

333 

7 

26 

30 

4 3 

275,709 

11,494.5 

S-IVB S-IVB 
SECOND ECC SECW'n TO* 

CSM 
SEPARATION 
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- ACTUAL 

T I E  FROM ENGIK START C- (SEC) 

Figure 8 3. Third F l i g h t  Stage Vehicle Horizontal  Center o f  Gravity - F i r s t  Burn 

- ACTUAL 

T I M  FROM ENGINE START C O t W W  (SEC) 
-- -- - - - - - - - -- -- 

Figure 8-4. rh i rd  F l i g h t  Stage Vehicle Horizontal  Center o f  Gravity - Second Burn 
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TIME FROM ENCINE START < m D  (SEC) 

Figure 8-5. Third F l i g h t  Stage Vehicle Rol l  Moment o f  I n e r t i a  - F i r s t  Burn 

ACTUAL 
- - - - PREDICTED 

Figure 8-6. Third F l i g h t  Stage Vehicle Rol l  Moment o f  I n e r t i a  - Second Burn 
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-ACTUAL ---- PREDICTED 

T I *  FROM E N G I N  START C W M  (SEC) 

- - - -- - - - -- -- - 

Figure 8-7. Third F l i g h t  Stage Vehicle P i tch  Moment o f  I n e r t i a  - F i r s t  Burn 

- ACTWL - -- - PREDICTED 

TIME FROM ENGINE START COMWNl  (SEC) 

Figure 8-8. Third F l i g h t  Stage Vehicle P i tch  Moment o f  I n e r t i a  - Second Burn 
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Sectiozl 9 
Engine Sys tern 

9. ENGINE SYSTEM 

The main propuls ion system of t h e  S-IVB s t a g e  of t h e  AS-501 launch 

veh ic le  cons i s ted  of a Rocketdyne 5-2 engine (S/N 5-2031) shown 

schemat ical ly  i n  f i g u r e  9-1, a s s o c i a t e d  p r o p e l l a n t  duct ing,  and suf  f i -  

c i e n t  conditioning systems. The engine ,:as r a t e d  a t  225,OGO l b f  t h r u s t  

and a n a l y s i s  of the  engine and s t a g e  acceptance t e s t s  ,esu;ted i n  t h e  

es tabl ishment  of t h e  fol lowing "60 s e c  t a r  l r a l ~ ~ e s "  f o r  t h e  engine.  

Thsus t (F) 225,144 l b f  

EngiAle mixture r a t i o  (EYR) 5.562 

S p e c i f l  c impulse ( I s p )  425.4 s e c  

These t a g  va lues  were e s t a b l i s h e d  v i t h  t h e  fol lowing engine constant,r :  

LOX Flowmeter 5.5868 cyc les /ga l  

LH2 Flowmeter 1.9098 c y c l e s / g a l  

LOX Boo: S t r a p  O r i f i c e  0.259 i n .  2 

LH2 Boot S t r a p  O r i f i c e  0.455 i n .  2 

LOX Turbine Bypass Nozzle 1.190 i n .  2 

The engine was equlpped wi th  a 0.640 s e c  s t a r t  tank discharge va lve  

(ST3V) timer i n  t h e  engine c o n t r o l  c i r c u i t ,  however, xctuat ion of t h e  

STDV, which determines t h e  f u e l  l e a d  dura t ion ,  was c o n t r o l l e d  from t h e  

s t a g e  through t h e  f a e l  i n j e c t i o n  temperature bypass c i r c ~ i t .  With such 

con t ro l ,  t h e  f u e i  l e a d s  r*..re nozdna1ly 3 and 8 s e c  f o r  t h e  f i r s r  and 

second burns ,  r e s p e c t i v e l y .  The engine was modified t o  &!larantee a 

s a t i s f a c t o r y  s t a r t  t r a n s l e r l t  f o r  t h e  second burn. ~ h e s e  n o d i f i c a t l o n s  

cons i s ted  of reziming t h e  main LCX va lve  (MW) opening r a t e ,  reducing 

the  augrrentea spark ignLte r  (ASI) LOX o r i f i c e  and p a i n t i n g  t : ;s  crossover  

duct.  A modif icat ion was mads t c  t h e  s t a g e  ? r o e e l l a n t  u t i l i z a t i o n  (PU) 

system which allowed t h e  engiAle t o  ~e s t a r t e d  w i t h  the  PU v a l v e  i n  t h e  

f u l l y  open p o s i t i o n  f o r  second burn  start  rel!-abil i ty . 'Pie s t a r t  sphere  

ven t  a r a  rel iei  v a l v e  was a l s o  changed b e c c t s e  of & leakage problem ar;d 

a s  a r e s u l t  t h e  r e l i e f  s e t t i n g  of the sphere  was reductd  t o  1,290 p s i a .  

This reduc t ion  a l s o  inc?  nsed die second burn s t a r t  r e l i a b i l i t y .  
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S i g n i f i c a n t  engine  even t s  dur ing  t h e  S-IVB powered f l i g h t  phase of t h e  

AS-501 miss ion were a s  fo l lows:  

EVENT 

*RO = Range Zero 

F i r s t  Burn Engine S t a r t  
Comnand (ESC1) 

F i r s t  Burn Engine Cutoff  
Co~~unand (ECC1) 

Second Burn Engin,: S L d r t  
Command (ESC2) 

Second Furn Engine Cutoff 
Cornland (ECC2; 

-- -- 

Comparisons are made t o  t h e  p r e d i c t e d  engine  burnt imcs  ds pab i i shed  i n  

Douglas Report No. SY-469988, S-IVB-501 S t a g e  F l i g h t  Tes t  F lan ,  d a t e d  

2 November 1967, Revls ion D. 

TIME 

9 .1  Engiae Chilldown a d  C ~ n d i t i o n i ~ g  

RO * 
520.717 

665.541 

11,486.567 

ChiSldowr. of tile engine  LOX and LH2 turbbpumps was adequate  t o  p rov ide  

t h e  c o n d i t i o n s  r e q u i r e d  f o r  proper  engine  s tsrt  d u r i n g  bo th  burns. 

F igure  9-2 shows t h e  cond i t ion  of t h e  LOX pump and f i g u r e  9-3 shows t h e  

r e l a t i v *  c o n d i t i o n  of both  pumps a s  they a f f c c t  t h e  r e s t a r t a b l e  probe.  

DEVIATION 

+2.917 

+9.041 

+2.967 

ESC 

0 

144.924 

0  

Turbopump perfcrm:.?ce i s  d i s c u s s e d  i n  paragraph 9.5.2. The a n a l y s i s  

oL t h e  chil ldown o p e r a t i o n  is  p resen ted  f n  phragraphs  11 .3  and 12.3. 

PRED 

517.8 

656.6 

11,483.6 

9.1.2 Thrus t  Chamber Chi;.' lcwn 
- 

9.1.2.1 F i r s t  Burn 
- 

Thrust  chqmber chil ldown . 'as  i n i t i a t e d  a t  RO -15 min and terminated  a t  

l i f t o f f  w i t h  a  t h r u s t  chamber j a c k e t  tempera ture  (C0199) of 214 deg R, 
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thus s a t i s f y i n g  the  maximum sl lowable  r e d l i n c  l i m i t  of  265 deg R. A t  

S-IVB f i r s t  burn Engine S t a r t  Cormnand t h e  tempelature was 261 deg R 

( f i g u r e  5-4), which is below the  requirement of 330 +50 deg R. %e - 
f a i l u r e  t o  meet t h e  mjnim~vm requirement a t  Engine S t a r t  Command is  the 

r e s u l t  of lower than p red ic ted  t h r u s t  chamber h e a t i n g  dur ing boost .  

The t h r u s t  chamber chil ldown procedures have been re-evaluated i n  c r d e r  

t o  meet j acke t  temperature requirements on subsequent Sa tu rn  V f l i g h t s .  

The c o r r e c t i o n  w i l l  be a s h o r t e r  chil ldown pe-iod and a  corresponding 

r e v i s i o n  i n  the  r e d l i r e  l i m i t s  a t  l i f t o f f .  The lower tnan p red ic ted  

t h r u s t  chamber chilldown temperature ( f i g u r e  5-4) was a  r e s u l t  of t h e  

reduced boost  h e a t i n g  a s  d iscussed above. This d e v i a t i o n  w a s  n o t  

de t r imenta l  t o  t h e  s t a r t  t r a n s i e n t .  The f u e l  l e a d ,  dhich is  used t o  

cond i t ion  the  t h r u s t  chamber p r i o r  t o  mainstage was 3.008 s e c  f o r  the  

f i r s t  burn as compared t o  t h e  requ i red  time of 3.0 - +0.050 s e c  ( f i g u r e  9-41. 

9.1.2.2 Second Burn 

The second burn t h r u s t  chamber cond i t ion ing  i s  p e r f ~ r m ~ d  t o t a l l y  by t h e  

f u e l  l ead .  The second burn f u e l  l e a d  d u r a t i o n  was 7.962 r c  

(8.0 +0.050 - s e c  required)  and r e s u l t e d  i n  s a t i s f a c t o r y  chilldown of t h c  

engine t h r u s t  chamber. The t h r u s t  chambe r j a c ~ e t  temperature decreased 

from 524 t o  435 deg K and t h e  LH2 i.~iec:or temperatare inc reased  from 

305 t o  410 deg R then decreased t a  162 deg R ( f i g u r e  9-5). Fuel l ea4  

performance is f u r t h e r  d iscussed i n  paragraph 9.4.1. 

9.1.3 Engine S t a r t  Sphere Chilldown and Loading --- 
Jhilldown and loading of the  engir.; GH2 s t a r t  sphere  met t h e  requirements 

f o r  l j f t o f f  ( f i g u r e  9-6). S t a r t  sphere  d a t a  from loading through f i r s t  

burn cu to f f  a r e  presented i n  f i g u r e  9-7. The GH2 supply system perfor-  

ma;?.ce, during start sphere  chilldown and loading,  i s  descr ibzd i n  

s e c t i o n  5. The sphere  warmup r a t e  from sphere  p r e s s u r i z a t i o n  t o  blowdown 

was 0.9 deg Rlmin. This low wsrmup r a t e  was due t o  a  rev i sed  chilldown 

sequence (paragraph 5.4.2.3). 

9.1.4 Engine Control  Sphere Chilldown and Loading 

The engine c o n t r o l  sphere condi t ioning was adcquate and a l l  o b j e c t i v e s  

were accomplished. The engine s t a r t  requirements (2,975 5475 p s i a  and 
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+20 deg R of s t a r t  sphere  temperature) were met. Control  sphere  d a t a  - 
from loading through f i r s t  burn cu to f f  a r e  presented i n  f i g u r e  9-7. 

S i g n i f i c a n t  c o n t r ~ l  sphere  performance d a t a  from f:ve previous  S-IVB 

s t a g e  f i r i n g s  a r e  compared i n  t 3 b l e  9-1 

9.2 S t ~ . r t  Sphere Perfornance 

9.2.1 F i r s t  Burn 

I h e  5-2 engine s t a r t  sphere  cond i t ions  a t  S-IVB f i r s t  burn Engint  S t a r t  

Command dur ing t h e  AS-501. f; i g b t  were 1,270 p s i ?  p ressure  and 266.2 deg R 

temperature wi th  a mass of 3.62 lbin as  compared t o  p r e d i c t e d  ;lalues of 

1,270 p s i a  p ressure ,  285 deg R temperature,  ar.d 3.39 lbm mass 

( f t g u r e  9-8). The dev ia t ions  were due t o  t h e  l a c k  of s u f f i c i e n t  dh+a 

from t h e  rev i sed  chilltiown s e  luence (paragraph 5.4.2.3) t o  update t h e  

predict!-on. This minor temperature d e v i a t i c  -opr.est;.,ted a n e g l i g i b l e  

i n c r e a s e  i n  the  s ~ i n  p o t e n t i a l  of t h e  s t a r t  spl~ei-.e_ f o r  t h e  f i r s t  b ~ r n .  

The s t a r t  tank discharge valve  (STDV) was corrmanded cpen a t  

ESCl +3.008 s e c  and t h e  p ressure  decay in i , .  - ,ed a t  ESCl ' 3.19 sec .  

Tl~r b l ~ % d o w n  was terminated by t h e  STDV c l o s u r e  a t  ESCl +3.805 s e c .  

Approximately 2.95 lbm of GH2 w--3 discharged during t h e  0 .61 s e c  

blovdown with  terminal  cond i t ions  a s  shown on f i g u r e  9-8. t h e  s t a r t  

sphere  began t o  reLCill wi th  hydrogen from t h e  f u e l  i l :  j e c t i o n  manifoid 

and pump discharge i n n e d i a t e l y  upon ST;,'V c losure .  The r a t e  of p ressure  

i n c r e a s e  was c o n t r o l l e d  by t h e  o r i f i c e s  i n  the  r e f i l l  l i n e s  from t h e  

f u e l  pump discharge and i r  :ecl.or. The s ta: t sphere  pyessure inc reased  

t o  820 p s i a  a t  ESCl +10 s e c  vh '2h equa l led  the  f u e l  i n j e c t i o n  p r e s s u r r  

terminat ing t h e  gas p c r t i o n  cf the r e f i l l  as shown i n  f i g u ~ e  9-9. A t  

t h a t  time topping was i n i t i a t e d  which involves  t h , ~  flow only from 

t h e  f u e l  pu,,ip d ischarge t o  t h e  s t a r t  spher?  and i s  characterizec;  b;l 

i n c r e a s i - ~ g  p ressure  due t o  mass a d d i t i o n  an? decreas ing temperdture due 

t o  mixlng as  shown i n  f i g u r e  9-8. The recharge c a p a b i l i t y  of t h e  ? t a r t  

sphere ,  a s  def ined by tiocke tdyne . w a s  s a t i s f a c t o r i l y  demonstrated during 

the  f i r s t  burn ( f i g u r e  9-10) a t  STDV +60 s e e .  iile topping process  was 

te:minated a t  ECC1 +64.37 s e c  k!ien t h e  start sphere  p r e s s u r e  an2 pun.? 

d i s c i ~ a r g e  p ressure  were i n  equi l l :  -ium. The p ressure  l e v e l  was 
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approximatelv 1,100 p s i a  a t  t h i s  time which can be seen on f igures  9-8 

and 9-9. A t  t h i s  time the s t a r t  sphere temperature was 177 cis2 R 

( f igure  9-8) with no fu r the r  mass increase  i n  the  sphere.  Heat input  

from the system caused a temperature increase and a corresponding 

pressure increase along a constant mass l i n e  as shown i n  f i gu re  9-8.. 

A t  cutoff the s t a r t  sphere pressure and temperature were 1,174 p s i a  and 

186 deg R, respect ively.  A s  can be seen i n  f i gu re  9-8 the cutoff 

conditions were not  wi th in  the s a f e  engine r e s t a r t  envelope but were 

wi th in  the expected performance conditions.  

9.2.2 Orbi ta l  Coast - 
Figures 9-8 and 9-11 show a r e l a t i ve ly  la rge  temperature change a t  

Engine Cutoff Command with e s s e n t i a l l y  no pressure change, which is 

impossible without a corresponding mass change. Leakage vould be a 

possible  explanation f o r  such a deviat ion from the  constant  mass l i n e ,  

bu t  there  is no p laus ib le  explanation f o r  the reversa l  of the deviat ion 

as shown by the data.  A s i m i l a r  dev ia t ion  was noted during t h e  AS-203 

o r b i t a l  coast  ( f i gu re  9-11) and the  r e s u l t a n t  ana lys is  concluded t h a t ,  

i n  t h e  zero-g environment, hea t  t r ans fe r  becomes a very loca l ized  

phenomenon because of the lack  of convection e f f e c t s  . Theref ore ,  the 

locat ion,  the  i n s t a l l a t i o n  technique. and the  type of transducer,  

e f f e c t  the acquis i t ion  of r e l i a b l e  start sphere bulk temperature 

da t a  during o r b i t a l  coast.  

The an t ic ipa ted  Lrmperatuce r i s e  r a t e  during o r b i t a l  coast  w a s  

0.34 deg Rfmin with a corresponding 2 psifmin pressure r i s e  r a t e .  

With such r a t e s  the  r e l i e f  s e t t i c g  (1,290 ps ia )  of the  vent and r e l i e f  

valve would be reached a t  ECCl +56 min. f i e  ac tua l  r e l i e f  time was 

ECCl +47.24 min r e su l t i ng  from a mean pressilre r i s e  r a t e  of 2.46 psi/min, 

khich C O ~ ~ ~ S F D ~ ~ S  to  an i sochor ic  te:.perature r i s e  r a t e  of 0.39 fieg Rfmin 

cotrpared to  the indic3ced temperature r i s z  r a r e  of 1.08 deg R/mi.n. 

The s t a r t  b o t t l e  conditions were wl th in  the required r e s t a r t  envelope 

a t  ECCl  +10 min a t  a pressure of 1,200 ps ia .  
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After  reaching the  r e l i e f  s e t t i n g  the  temperature continued t o  rise 

u n t i l  second burn Engine S t a r t  Command. The r e l i e f  pressure l e v e l  

c h a r a c t e r i s t i c a l l y  drqps with increasing environment temperature. As 

mentioned previously,  accurate  values  f o r  t h i s  temperature r i s e  a r e  not 

ava i lab le  i n  the  low grav i ty  environment. A s  during t h e  S-IVB-203 

ana lys i s ,  an attempt w a s  made t o  determine the  t r u e  temperature based 

on the r i s e  of the cont ro l  sphere temperature and pressure.  However, 

the  cont ro l  sphere was apparently leaking, thereby complicating the 

r e l a t i onsh ip  with an unknown mass flowrate.  This r e su l t ed  i n  a constant  

cont ro l  sphere pressare  i n  o r b i t  as discussed i n  paragraph 9.3. The 

f i r s t  temperature d a t a  poLnt during t h e  second burn blowdown was 

considered accurate  because of the forced convection induced by the 

blowdown flow. Extrapolat ions based on t h i s  da ta  were used t o  determine 

a corrected curve shown i n  f i gu re  9-11. Figure 9-11 compares the  

o r b i t a l  coast  da t a  from the S-IVB-203 and S-IVB-501 missions. During 

tile S-IVB-501 o r b i t a l  coas t  (330 min) an estimated 0.85 lbm of GH2 was 

vented through the  r e l i e f  valve t o  maintain the  pressure as ind ica ted  

i n  f i gu re  9-11. 

9.2.3 Second Burn 

The 5-2 engine s t a r t  sphere condi t ions a t  S-IVB second b u m  Engine S t a r t  

Comnand, were wi th in  t he  s a f e  s t a r t  envelope a t  a pressure of 1,280 p s i a  

and a tenperature  of 247 deg R. The m a s s  was 3.96 lbm ( f igu re  9-12) 

which represents  a 9.4 percent increase  i n  s p i n  p o t e n t i a l  compared t o  

the f i r s t  bum. The STDV w a s  commanded open a t  ESC2 +8.014 s e c  and the 

pressure decay i n i t i a t e d  a t  ESC2 +8.170 sec.  The blowdown w a s  terminated 

by the STDV closure a t  ESC2 +8.886 sec .  Approximately 3.29 lbm of a 2  

were discharged during t h e  0.716 s e c  b lowdown wi th  terminal  condi t ions 

a s  shown i n  f igure  9-13. The g r e a t e r  mass discharged during t h e  second 

burn blowdcwn (as  a r e s u l t  of t h e  lower temperature) was ca lcu la ted  t o  

have contributed approximately 3 p s i  of the  63 p s i  increase  i n  LOX pump 

discharge pressure sp lke  during the  second burn s t a r t  t r a n s i e n t  a s  

compared t o  the  f i r s t  burn ( f igures  9-i4 and 9-15) . The s t a r t  sphere 

began t o  r e f i l l ,  r epea t in s  the  f i r s t  burn process with the lower i r l i t i a l  

temperature r e su l t i ng  i n  a co lder  r e f i l l .  The longer b u m  durat ion 
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r e s u l t e d  i n  s t a r t  sphere  cond i t ions  (1,193 p s i a  p ressure ,  171  deg R 

temperature) mucn c l o s e r  t o  the  s a f e  s t a r t  r eg ion  ( f i g u r e  9-13). However, 

a s  shown i n  f i g u r e  9-10 t h e  second burn r e f i l l  was n o t  w i t h i n  t h e  - 
c a l c u l a t e d  rerfonnance region.  As a f t e r  t h e  f i r s t  burn,  t h e  s t a r t  sphere  

r r e s s u r e  increased due t o  t h e  h e a t  i ~ : p u t  and reached t h e  r e l i e f  s e t t i n g  

a t  ECC2 +53.5 min. Although w i t h i n  the  s a f e  s t a r t  e n v e l . p e ,  f u r t h e r  

s tudy is necessary  b e f o r e  guaranteeing a r e l i a b l e  a d d i t i o n a l  engine 

s t a r t  because o f  t h e  d e v i a t i o n  from t h e  c a l c u l a t e d  performance region.  

The ~ e c o n d  recharge was n o t  a reqcirement f o r  t h e  AS-501 mission.  

9.3 Engine C o n ~ r o l  Sphere Performance 

9.3.1 F i r s t  Burn 

The r e s u l t s  o f  t h e  AS-501 f l i g h t  5-2 engine c o n t r o l  sphere  a n a l y s i s  

i n d i c a t e  t h a t  t h e r e  was adequate heliu;..i supply  on board t o  pt r form a l l  

necessary  pneumatic func t ions .  

The engine c o n t r o l  sphere  was loaded w i t h i n  t h e  nominal requirement of 

2,800 t o  3,200 p s i a  and w i t h i n  10 deg of start sphere  temperature 

( f i g u r e  9-7). l%e pressure  and t c q e r a t u r e  a t  l i f t o f f  were 3,013 p s i a  

and 270 deg R ( s t a r t  sphere  temperature w a s  262 deg R). The helium mass 

was 2.070 lbz .  The p ressure  and 1-smperature a t  f i r s t  buril Engine S t a r t  

Comrrmnd were 3,075 p s i a  and 2?5 tl .  g R ( s t a r t  sphere  temperature was 

267 deg R) ( f i g u r e  9-7). The i n  i c a t e d  temperature and p r e s s u r e  d a t a  a t  

l i f t o f f  and ESCl were a d j u s t e d  t c b  e l i m i n a t e  t h e  i n d i c a t e d  mass i n c r e a s e  

d u ~ i n g  t5is per iod ( t a b l e s  9-1, 9-2, and 9-3). Although t h e  f u e l  l e a d  

t i m e  f o r  t h e  f i r s t  burn s tart  was 3.008 s e c ,  t h e  i g n i t i o n  phase c o n t r o l  

t i m e r  (0.450 +0.03 - s e c )  extmded the per iod of h igh helium usage 

assoc ia ted  wi th  t h e  f u e l  l e2d  t o  3.452 s e c  which was normal. However, 

an a d d i t i o n a l  ex tens ion  of st. l e a s t  0.348 s e c  was experienced due t o  the  

delay i n  t h e  purge c o n t r o l  val.ve - losing.  Rocketdyne has  experienced a s  

much as 0.7 s e c  delay i n  t h e  c l o s u r e  of t h i s  valve .  A s  a r e s u l t  o f  t h i s  

ex tens ion  t h e  c o n t r o l  sphere  ; ressure  drop a s s o c i a t e d  wi th  t h e  f u e l  l e a d  

was 650 p s i  as compared t o  t h e  p-rf:?icted va lue  o f  5%) p s i  ( f i g u r e  9-16). 

The i n d i c a t e d  p ressure  drop ?f 1,240 p s i  from ESC t o  ECO +1 s e c  was 

adfus ted  t) 520 p s i ,  when t h e  :.empcrature was cor rec ted  t o  290 deg R ,  
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and was within the required aaximum AP of 800 p s i .  The periormance 

durinq t ~ i e  f i r s t  burn is shown i n  f i gu re  9-17. The mass usage during 

f i r s t  burn was 0.412 lbm leaving 1.558 lbm i n  the b ~ t t l e  a t  o r b i t a l  

inser t ion .  

9.3.2 Orb i t a l  Coast - 
The mneasured gas temperature of 204 deg R,  a t  the end of the post 

cutoff 1-sec LOX dome purge f o r  the f i r s t  burn, was below the ad iaba t ic  

blowdown temperature, b u t  above the choked flow s t a t i c  temperatbre 

( t a b l e  4-2). Since the transducer w a s  located in s ide  the sphere near 

the gas o u t l e t ,  the loca l ized  temperature a f t e r  blowdown could be 

approaching the  s t a t i c  choked flow temperature. The measured temperature 

of 204 deg R i na i ca t e s  t h a t  high ve loc i ty  gas flow exis ted  across  the 

transducer. The ac tua l  gas temperature at the s t a r t  of t l  , coast  

period w a s  determined t o  be 224 deg R from ext rapola t ions  of ~ r b i t a l  

ccast  da ta  as shown i n  f i gu re  9-18. This temperature and the measured 

pressure were used t o  e s t ab l i sh  t h e  heliun? ~ ~ s s  i n  the cont ro l  spher.2 

foliowing engine cutoff . 
In  a system where convective hea t  t r ans fe r  i s  dominant, t he  measured 

temperature near the wal l  from a cold gas sphere i n  a lot--g f i e l d  could 

be higher than the ac tua l  gas temperature. In  a long coas t  period the 

low convective e f f e c t  .could be rinimized by conductivity and rad ia t ion  

which a r e  independent of g rav i t a t i ona l  constant. (The low-g hea t  

t r ans fe r  inves t iga t ion  of t h e  ccnt ro l  sphere is present ly  being conducted 

by Rocketdyne.) I n  considering the  long coast period and the  small  s i z e  

of the cont ro l  sphere,  t h e  recorded temperature a t  t he  second b u m  Engine 

S t a r t  Command w a s  used without correct ions i n  the present  analysis .  

I t  should be noted t h a t  the apparent recovery from 204 t o  224 deg R a f t e r  

cutoff may have been caused by the  combined e f f e c t s  of lack of thermsl 

convection in s ide  the s t a r t  and cont ro l  b o t t l e s  combined with high 

rad ia t ion  hea t  t r ans fe r  from the adjacent  engine turbinv, hardware. I f  

t h i s  were the  case more mass would be consumed a s  leakage i n  o r b i t ;  

however, the t o t a l  f l i g h t  helium consumption would remain unchanged. 

The s teady-state  temperature and pressure p r i o r  t o  second burn 

engine s t a r t  and seve ra l  da t a  points  during coast  were used t o  determine 
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t h e  system leakage r a t e .  The average system leakage r a t e  i n  t h e  3-hr 

c o a s t  pe r iod  was c a l c u l a t e d  t o  b e  0.026 lbmlhr  o r  0.078 lbm t o t a l  which 

is  comparable t o  S-IVB-203 f l i g h t  d a t a .  

9.3.3 Second burn 

The high helium consumption a s s o c i a t e d  wi th  t h e  f u e l  l ead  was experienced 

f o r  8.6 s e c  a s  compared t o  t h e  8.458 s e c  between second burn Engine 

S t a r t  Command and i g n i t i o n  phase c o n t r o l  t imer  e x p i r a t i o n .  The 0.142 

d e v i a t i o n  was due t o  c los ing  time of the  purge c o n t r o l  valve .  Comparir~g 

temperatures a t  t h e  end c i  t h e  f l  t and second burn f u e l  l e a d s  

( f i g u r e s  9-4 and 9-5) provides  an  i n d i c a t i o n  tha t  t h e  i n j e c t i o n  a r e a  was 

co lde r  f o r  t h e  f i r s t  b u m .  This lower tcm3erature is  a p o s s i b l e  

exp lana t ion  f o r  t h e  d i f f e r e n c e  i n  purge valve  c l o s i n g  r a t e s .  A f u r t h e r  

i n v e s t i g a t i o n  is  i n  process  a s  helium consumption may become c r i t i c a l  on 

some f u t u r e  miss ions .  The measured c o n t r o l  sphere  temperature a t  t h e  

end of t h e  8.6 s e c  f u e l  l ead  blowdown w a s  5 .1  deg h igher  than t h e  

a d i a b a t i c  temperature of 185.5 deg R. The start sphere  temperature has  

been coo le r  than t h e  c o n t r o l  sphere  fo l lowing  each engine  s t a r t  

p e r m i t t i n g  some h e a t  flow between t h e  two spheres .  The measured c o n t r o l  

sphere  temperature of 190.6 deg R a t  t h e  s t a r t  cf t h e  second bum 

mainstage is 56 deg lower than t h e  measured temperature  of 246 deg R a t  

f i r s t  b u m  mainstage due t o  t h e  longer  f u e l  l e a d  time. The lower blow- 

down temperature a t  t h e  s tar t  of t h e  second b u m  mainstage enabled t h e  

c o n t r o l  sphere  t o  recover  at a h igher  r a t e  than t h e  f i r s t  burn. I t  is  

i l l a s i r a t e d  as temperature  r i s e  i n  t h e  f i r s t  60 s e c  of t h e  second burn 

i n  f i g u r e s  9-12, 9-16, and 9-17. The measured temperature a t  second 

burn engine c u t o f f  was considered a c c u r a t e  because of t h e  low hel ium 

usage i n  a r e l a t i v e l y  long 300-scc burn. The t o t a l  helium consumption 

dur ing  second burn iJdS 0.680 lbm. Considering t h e  longer  second burn 

f u e l  l e a d  gas  consumption t h e  b u m  usage was c l o s e  t o  t h e  s h o r t e r  

145-sec f i r s t .  burn i n d i c a t i n g  t h a t  the  helium used i n  purging t h e  

o x i d i z e r  turbopump i n t e r m e d i a t e  s e a l  may have been low. Most of t h e  

helium usage wou1.d be  a t t r i b u t e d  t o  t h e  valve  c o n t r o l s .  The measured 

c o n t r o l  sphere  temperature a t  t h e  end of  t h e  pos t  c u t o f f  1-sec blowdown 

was again  below t h e  a d i a b a t i c  temperatur-. The r e g u l a t o r  o u t l e t  pres-  

s u r e  of 408 p s i a  and i n j e c t o r  temperature of 200 deg R were s i m i l a r  t o  
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t h e  r e s p e c t i v e  p ressure  and temperature of 404 p s i a  and 210 dog R a t  t h e  

f i r s t  engine c u t o f f .  Therefore ,  tne  helium flow i n  t h e  two 1-sec blow- 

downs is assumed t o  be  t h e  sane.  The e f f e c t i v e  gas temperature i n  t h e  

sphere  wat calculated a t  183 deg R p r i c r  t o  i u r t h e r  o r b i t a l  heatup. 

The mass i~. t h e  c o n t r o l  spherc was 0 500 lbm a t  a p r e s s u r e  o f  735 ps ia .  

There were no f u r t h e r  demands on t h e  c o n t r o l  helium sphere  dur ing t h e  

remainder a f  t h e  m i s s i o ~  . The t o t a l  helium usage was 1.27 lbm compared 

t o  1.46 lbm p r e d i c t e d .  The r e s u l t i n g  1 3  percen t  d e v i a t i o n  is  w i t h i n  

acceptable  to le rances .  

A sumnary of helium consumption dur ing t h e  mission and d e t a i l s  o f  t h e  

c o n t r o l  sphere  performance a r e  given i n  t a b l e  9-3. 

9.4 Engine Performance 

9.4.1 Fuel Lead - F i r s t  and Second Burn 

The r e s u l t s  of t h e  f i r s t  and second burn f u e l  1~ ads which provided 

i n f l i g h t  condi t ioning o f  t h e  t h r u s t  chamber a r e  p resen ted  i n  t a b l e  9-4. 

The t h r u s t  chamber bulk  temperature,  presented i n  t h e  t a b l e ,  is def ined 

a s  t h e  average of t h r e e  t h r u s t  chamber temperature measurements : j a c k e t  

temperature C0199 and e x i t  s k i n  temperatures C0385 and C0386. Fuel l e a d  

f lowra tes  presented i n  t h e  t a b l e  were obta ined from t h r e e  f l i g h t  

measurements: f u e l  i n j e c t o r  p r e s s u r e  W004, main i n j e c t o r  f u e l  tempera- 

t u r e  C0200, and f u e l  flowmeter F0002. Flow through t h e  i n j e c t o r  was 

c a l c u l a t e d  from i n j e c t o r  p r e s s u r e  and temperature measurements us ing  

t h e o r e t i c a l  flow c h a r a c t e r i s t i c s .  Weight flow through che main f u e l  

va lve  (MFV) was c a l c u l a t e d  from measured flowmeter d a t a  us ing  a 

cons tan t  es t imated f u e l  dens i ty .  Fuel f lowra tes  c a l c u l a t e d  by these  

methods a r e  a l s o  p resen ted  i n  f i g u r e s  9-4 and 9-5. Some ques t ion  a l s o  

e x i s t s  regarding f  lowmeter readings  a t  t h e  e i tremely low end o f  t h e i r  

opera t ing  range.  The d a t a  received appears t o  c o r r e l a t e  t o  some e x t e n t  

wi th  p red ic ted  f lowra tes  and f lowra tes  c a l c u l a t e d  from i n j e c t o r  tempera- 

t u r e  and pressure .  The flowmeter (F0002) measures volume; t h e r e f o r e ,  

t h e  mass f lowra tes  presented i n  f i g u r e s  9-4 and 9-5 a r e  a l s o  s u b j e c t  t o  

any e r r o r  i n  t h e  d e n s i t y  used t o  conver t  volumetr ic  f lowra tes  t o  mass 
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f lowra tes  a s  w e l l  a s  i n  t h e  c a l i b r a t i o n  cons tan t s  o f  t h e  flowmeters. 

It  was assumed t h a t  t h e  f lowing f l u i d  a t  t h e  flowmeter was 100 percen t  

l i q u i d .  The g r e a t e s t  quest ion i n  t h i s  r e s p e c t  occurs  i n  t h e  0 t o  1 s e c  

time period.  The i n i t i a l  s u r g e  i n  flow shown i n  f i g u r e s  9-4 arl i  9-5 

could be due t o  some amount of vapor f l a s h o f f  a s  w e l l  a s  an h i t i a l l y  

high f lowra te  required t o  charge the  system. S p e c i f i c  impulse dur ing 

f u e l  l e a d  was c a l c u l a t e d  us ing  i n j e c t o r  temperature (C0200) -ild assuming 

t h e o r e t i c a l  nozzle  performance. Since  t h e  AS1 was opera t ing  d u ~ ~ n g  t h i s  

per iod,  t h e  temperature of t h e  f l u i d  was a c t v a l l y  h i g h e r  i n  the  combus- 

t i o n  chamber than i n  ?he i n j e c t o r .  Also, s i n c e  t h e  AS1 bypasses t h e  

i n j e c t o r ,  the  mass flow through t h e  t h r u s t  chamber nozzle  was g r e a t e r  

than ti- rough t h e  i n j e c t a r .  

During mainstage o p e r a t i o n  t h e  t o t 2 1  mass f low through the  AS1 was i n  t h e  

o r d e r  of 1.08 lbmlsec. When converted t o  t h e  p ressures  and temperatures 

e x i s t i n g  dur ing f u e l  l e a d ,  t h e  f lowra te  through t h e  AS1 dur ing f u e l  l e a d  

w a s  i n  t h e  o r d e r  o f  0.03 lbmlsec.  A weight flow of t h i s  magnitude a t  an 

assumed temperature of 2,460 deg R has  been analyzed through a range of 

i n j e c t o r  f lowra tes  and temperatures.  This a n a l y s i s  determined t h a t  t h e  

n e t  e f f e c t  of t h e  A S i  on t h r u s t  and t o t a l  impulse i s  i n  the  o rder  of 

10 percent .  This e f f e c t  is n o t  included i n  f i g u r e s  9-4 and 3-5. Fue l  

l e a d  during f i r s t  start was apparent ly  f u l l y  e f f e c t i v e  and t h e  charac- 

t s r i s t i c s  were i.n good agreement wi th  previous  f l i g h t  and ground t e s t  

datc .  The p r i n c i p l e  va r iance  encountered i n  the  second s t a r t  f u e l  l e a d  

i c  t h a t  it w a s  n o t  a s  e f f e c t i v e  a s  expected.  A t  t h e  end of t h e  8 s e c  

f u e l  l e a d  per iod,  i n j e c t o r  f u e l  temperature (C0220) had dropped only t o  

165 deg R ,  and f u e l  f l o w r a t e  had inc reased  only  t o  the  3 t o  4 lbm/sec 

range. From e a r l i e r  f l i g h t  s imula t ion  t e s t s  a temperature o f  40 deg R 

and a f lowra te  of 6 t o  8 lbm/sec would be  expected w i t h  t h e  t h r u s t  

chamber temperatures apparen t ly  e x i s t i n g  a t  t h e  s tart  of t h e  8 s e c  f u e l  

l ead .  

A s imulated f l i g h t  test has  been conducted a t  Tullahoma with  an i n i t i a l  

t h r u s t  chamber bu lk  temperature of approximately 500 deg R. This is  

somewhat h i g h e r  than t h e  i n i c i a l  temperature (443 deg R) a t  f u e l  l e a d  
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s t a r t  i n  t h e  AS-501 f l i g h t  second s t a r t .  However, even w i t h  a somewhat 

warmer s t a r t i n g  condi t ion,  t h e  s imulated f l i g h t  test achieved an 

i n j e c t o r  temperature of 40 deg R and a f l o w r a t e  o f  7 lbmlsec  i n  6.9 s e c .  

This compares t o  165 deg R and 3 lbmlsec a t   he end of 8 s e c  i n  t h e  

AS-501 opera t ion .  

Several  p o s s i b l e  in f luences  were examined i n  a t tempt ing t o  i s c l a t e  the  

cause of t h i s  apparent depar tu re  from p r e d i c t e d  chil ldown c h a r a c t e r i s  t i c s .  

The p r i n c i p l e  a r e a s  examined were: (1)  t h e  p o s s i b i l i t y  of h igh r e s i d u a l  

a ssymet r ica l  h e a t ,  ( 2 )  low tank p ressure  i n  combination w i t h  low NPSP, 

(3) u l l a g e  motor exhaust  plume h e a t i n g ,  and (4) d i f f e r e n c e  of t h r u s t  

l e v e l  between f i r s t  and secmld burn.  F igures  9-19 and 9-20 show t h e  

composite a x i a l  t h r u s t  on t h e  S-IVB during t h e  f i r s t  and second burn 

s t a r t  per iods .  It is  noted t h a t  a s i g n i f i c a n t l y  lower l e v e l  of t h r u s t  

is provided dur ing t h e  second b u m  per iod by t h e  APS u l l a g i n g .  None of 

t h e  cond i t ions  i n v e s t i g a t e d  could b e  conclus ively  s u b s t a n t i a t e d  by 

demonstrated s e n s i t i v i t y  f a c t o r s  a s  being t h e  cause  of t h e  low chilldown 

r a t e .  Both s t a r t  t r a n s i e n t s  were s u c c e s s f u l l y  accomplished and t h e r e  

were apparent ly  no de t r imenta l  e f f e c t s .  

9.4.2 5-2 Engine Performance Analysis Methods and Ins t rumenta t ion  

Engine performance f o r  t h e  powered f l i g h t  p o r t i o n  of t h e  S-In-501 

mission w a s  calculaLed by use  o f  computer programs AA89 and G105-1. The 

average of t h e  r e s u l t s  of t h e  two programs, which is considered t o  b e  

t h e  b e s t  c u r r e n t  e s t imate  of engine performance was c a l c u l a t e d  by 

computer program PA49. Revised t a g  va lues  based on f l i g h t  d a t a  were 

generated by computer program (2307 and used i n  AA89. The r e s u l t s  of 

the  PA49 prcgram were used i n  determining t h e  b e s t  e s t i m a t e  of s t a g e  

p r o p e l l a n t  consumption. Computer program PA53 u t i l i z i n g  r e v i s e d  techniques 

and the  l a t e s t  Rocketdyne c o r r e l a t i o n s ,  was used t o  compute s t a r t  and 

cutoff  t r a n s i e n t  performance. Computer program Uz23-A was used t o  

c a l c u l a t e  i n t e r n a l  engine performance parameters and opera t ing  charac- 

t e r i s t i c s .  A d e s c r i p t i o n  of t h e  opera t ion  and a comparison of t h e  

r e s u l t s  of each program i s  presented i n  t a b l e  9-5. Data i n p u t s  t o  t h e  

computer programs with  t h e  app l ica5 le  b i a s e s  a r e  shown i n  t a b l e  9-6. 
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9 . 4 , 3  S t a r t  T r a n s i e n t s  - F i r s t  and Second Burn ---- 

lie 5-2 eng ine  performrnce du r ing  b o t h  f i r s t  and second bu rn  s t a r t  

t r a n s i e n t s  were s a t i s f a c t o r y .  ':he enpln:> p e r f o ~ m a n c z  d u r i n g  s t a r t  

t r a n s i e n t s  is surrmarized i n  tab3 e 9-7. 

F i r s t  b u r n  t h r u s t  b u i l d u p  o c c u r r e d  a t  a  n u l l  PU v a i v e  ~ o s i t i o n  a f t e r  a  

3-sec f u e l  l e a d ,  w h i l e  second S u r n  t h r u s t  b u i l d u p  o c c u r r e d  w i t h  t h e  PU 

. ~ a l v e  i n  t h e  F u l l y  open p o s i t i o n  (maximum bypass)  w i t h  an 8-sec f u e l  l e a d .  

During bo th  s t a r t s  t h e  f u e l  l e a d ,  PU v a l v e  p o s i t i o n ,  ai:d marn o x i d i z e r  

va lve  ope r s t io r i  were s a t i s f a c t o r y  *and good s t a r t s  were ob ta ined .  

R e s t a r t i n g  t h e  eng ine  a t  PZ v a l v e  f u l l  open and r e t i m i n g  of  t h e  main 

o x i d i z e r  va lve  (MOV) were a p p a r e n t l y  s u c c e s s f u l  i n  overcoming t h e  "hot  

c r o s s o v e r  duct"  problem z n i  o b t a i n i n g  a s u c c e s s f u l  r e s t a r t .  

Th rus t  bu i ldup  t o  t h e  9C' p e r c e n t  performance l e v e l  (STDV command +2.5 s e c )  

was w i t h i n  t h e  maximum and minimum t h r u s t  l i m i t s  f o r  bo th  burns  a s  snown 

i~ f i g u r e s  9-21 and 9-22. A t  t h e  end o t  t h e  second LUZ? i r a n s i e n t ,  t h e  

t h r u s t  was n e a r  a  minimum l i m i t ,  which was expec ted  s i r - c e  s tart  occu r red  

a t  a  f u l l  open FU v a l v e  w h i l e  t h e  l i m i t s  were e s t a b l i z h e 2  f o r  a  n u l l  PU 

va lve  p o s i t i o n  a t  s ta r t .  

Thrus t  bu i ldup  was f a s t e r  d u r i n g  f l i g h t  t han  d u r i n g  t h e  accep tance  tests 

f o r  bo th  b u m s .  This  w a s  due l a r g ? l y  t o  t h e  s h o r t e r  MOV f i r s t  s t a g e  

p l a t e a u  time d u r i n g  f l i g h t .  A s  a r e s u l t  LOX f l o w r a t e  t o  t h e  t h r u s t  

chamber was h i g h e r  du r ing  the e a r l y  phases  of t h r u s t  bu i ldup  d u r i n g  

f l i g h t .  A l s c ,  t h e  cecond s t a g e  ramp t imes were s l i g h t l y  s h o r t e r  du r ing  

f l i g h t ,  which caused  t h e  thrllst:  bu i ldup  t o  b e  s l i g h t l y  f a s t e r  du r ing  t h e  

l a t e r  phases  o f  t h e  s t a r t  t r a n s i e n t .  

The t.hr:!st and t o t a l  impulse  at t h e  90 p e r c e n t  performance l e v e l  agreed 

w e l l  w i t h  t h e  l o g  book v a l u e s  f o r  f i r s t  bu rn ,  b u t  were cons ide rab ly  

h i g h e r  t h a n  the cor re spond ing  accepLance c e s t  v a l u e s  due t o  t h e  f a s t e r  

opening MOV on f l i g h t .  For second b u m ,  t h e  t h r u s t  and t o t a l  impulse  

a t  t h e  90 p e r c e n t  performance l e v e l  was less than  t h e  l o g  book v a l u e s  

due t o  tilc low EMR s t a r r  ( l o g  book v a l u e s  a r e  f o r  a n u l l  PU s t a r t ) ,  

b u t  were g r e a t e r  t han  t h e  accep tance  t e s t  v a l u e s  due t o  t h e  f a s t e r  

opecing  MOV. 
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The second burn t h r u s t  buildup was f a s t e r  than f i r s t  burn.  This  was 

shown by t h e  t h r u s t  h i s t o r i e s  and by t h e  approximately 2,000 lbmlsec 

g r e a t e r  t o t a l  impulse dur ing seconc L.:m s t a r i  (from STDV command t o  

t h e  90 percent  performance l e v e l )  evrn  though t h e  t h r u s t  a t  90 percen t  

performance w a s  l e s s  due t,) t h e  iow CXR s t a r t .  This f a s t e r  bcLldup 

during second burn  was a l s o  e ~ h i b i t e r i  t.y tl:e two acceptance t e s t  burns 

and could poss ibly  be  due t o  r e s i d u a l  l a t e n t  h e a t  i n  t h e  angine a f t e r  

f i r s t  burn (paragraph 9.7). Figures  9-21 and 9-22 show t h e  t h r u s t  

chamber p ressure ,  t h e  t h r u s t  bui ldup,  and t o t a l  impulse dur ing t h e  

s t a r t  t r a n s i e n t s .  Figures  9-23 and 9-24 show t h e  measured f l o x r a t e  and 

pump speeds f o r  f i r s t  and second burn s t a r t  t r a n s i e n t s .  

9.4.4 5-2 Engine Steady-State Performance 

The S-IVB s t a g e  5-2 engine met a l l  o b j e c t i v e s  dur ing t h e  501 mission.  

P l o t s  of s e l e c t e d  d a t a  showing engine c h a r a c t e r i s t i c s  a r e  presented i n  

f i g u r e s  9-25 through 9-36 f o r  f i r s t  and second burns .  The engine 

p r o p e l l a n t  i n l e t  cond i t ions  a r e  d i scussed  i n  s e c t i o n s  11 and 12. 

The s tandard  a l t i t u d e  engine performance l e v e l  a t  STDV +60 s e c  a s  

determined by computer program G307 (PAST - 641 deck) was a s  fol lows:  

Stage 
F l i g h t  Acceptance Maximum Three- 

Engine Run-to- Sigma 
Parameter F i r s t  Second F i r s t  Second Run Dif - Run- to- 

Burn Burn Burn - - - Bum -- fe rence  Run 

I s p  (sec)  422.5 421.6 422.9 423.0 423.0 1.4 - +2. . 

A l l  va lues  were w i t h i n  t h e  three-sigma run-to-run d e v i a t i o n s  except  f o r  

t h e  EMR d e v i a t i o n  betweeri f i r s t  and second burn of t h e  f l i g h t  which was 

caused by a gas genera to r  (GG) performance s h i f t  a s  expla ined i n  

paragraph 9.4.4.2. 

The composite va lues  f o r  s t andard  a l t i t u d e  s t e a d y - s t a t e  performance wi th  a 

a comparison t o  t h e  p red ic ted  are shown i n  f i g u r e  9-37. 
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The s t a g e  maneuverink ~ n d u c e d  some high s l o s h  waves causing PU va lve  

motion with r e s u l t a n t  p e r i ~ r m a n c e  v a r i a t i o n s .  There were a l s o  apparent 

CG performance s h i f t s  o t h e r  t h ~ n  t h a t  mentioned abovo Flow i n t e g r a l  

mass a n a l y s i s  ind ica ted  t h e  following p r o p e l l a n t  consumptions by t h e  

5-2 engine dilring mainstage opera-ion ( t 5 e  time from t h e  90 percent  

performance l e v e i ,  STDV i-2.5 s e c  by d e i  l i t i o n ,  t o  Engine Cutoff Command) : 

F i r s t  Bum 62,202 

Second Burn 116,007 

To t a l  178,204 

The o v e r a l l  engine average mainstage performance f o r  both  b u m s  is  

presented i n  t a b l e  9-9. The v a r i a ~ i o n  df t h e  "site" ( d a t a  c a l c u l a t e d  

a t  a c t u a l  opera t ing  conditons) s p e c i f i c  impulse w i t h  mixture  r a t i o  is 

shown i n  f i g u r e  9-38 whi le  t h e  v a r i a t i s n  of t h e  "tag" ( d a t a  cor rec ted  

t o  s t andard  a l t i t u d e  cond i t ions )  I s p  and "tag" t h r u s t  wi th  "tag" EMR i a  

shown i n  f i g u r e  9-39. 

Table 9-8 p r e s e n t s  t h e  t o t a l  impulse generated dur ing irtains tage o p e r a t i o n  

f o r  f i r s t  and second burn. The engine impulse provided s u f f i c i e n t  

v e l o c i t y  gain t c  complete o r b i t a l  i n s e r t i o n ,  and provided t h e  necessary  

v e l o c i t y  t o  p l a c e  t h e  payload i n  t h e  d e s i r e d  t r a j e c t o r y  dur ing second 

burn.  Ex t rapo la t ion  of t h e  s t a t i s t i c a l l y  weighted average of p r o p e l l a n t  

r e s i d u a l s  (15,071 lbm LOX and 3,651 Ibm LH2) a t  cu to f f  i n d i c a t e s  t h a t  

an  e s s e n t i a l l y  simultaneous d e p l e t i o n  would have occurred a t  ECC +37.6 sec .  
6  

'I t h a t  time an a d d i t i o n a l  7.36 x  10 lbf-sec  o f  impulse would have been 

:onerated makirig t h e  t o t a l  f o r  bo th  b u m s  thruugh d e p l e t i v n  
6  

3 1.63 x 10 lbf-sec  as compared t o  t h e  predi . - ted  v a l u e  of 
6  

97.97 x  10 lbf-sec.  The 0.34 percen t  d e v i a t i o n  is  w i t h i n  t h e  p r e d i c t i o n  

accuracy of applroxintately 1 percen t .  The 2,696 s e c  d i f f e r e n c e  betwedn 

t h e  a c t u a l  and p red ic ted  d e p l e t i o n  time is a l s o  w i t h i n  rhe p r e d i c t i o n  

accuracy. 
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9.4.4.1 F i r s t  Buln 

Sa t i s fac tory  performance of t . 1 ~  5-2 e.rqine was otlserved chrough~ut  the 

f i r s t  burn period. kit-ts of s e l ec t ed  daL2 used a s  input ~ a l c e s  t a  the 

engine perforaarlce coolputer p7-ograms a:-e presented i n  f -Lg~res  9-25 

thro~tgh 9-30. Engine iurbopunp i c l o t  c o u d i t i c ? ~  a r e  preseute; i n  

paragraphs 11.3 a r d  12.3. C ~ a ~ u t e d  engiqs  prrformance parameters a r e  

seown i n  f i gu re  9-40. T[,e engind . . ixture  r a ~ L o  :+as maintaiced a t  the  

5.5:l l tveL by t h e  system from f i r s r  burn Engine S tarr; Comand -.!O sec 

ur i t i l  f i r s t  burn Engine Cutoff CG;TT.~I:?, ir'i discussed i n  paragreph 3.5 ,. 

N o  engine perTonarce s h i f t s  occurred Luring the  f i r s t  bur.> period, 

however, ?he overd; l  ;evei  of ~ e r f o r m a n c t  was a p ~ r o x i m a ~ e l y  1.5 F e ~ c r x t  

lower than the predicteci p e r f o m l c . - ?  l eve l ,  as shown i n  table  ' v  3 .  i n i s  

lower perf .>rma~ce ic,-:rl .-as observed t o  be a r e s u l t  of bn hpproxima.-P 

1-i!? percent ;o:..er th2n p r e ~ i c t r  d TAX tlowr -te. Ti:ls  l w e r  t l c .  r a t e  

c ~ p ~ 3 r ~  t o  have beer. caused by a higher  &a:: precljci-ed gas geu,rator 

LOX fee . i l ine r e s i~ - t ance .  The increased res i s ta - -ce  thereby resu l ted  i n  

r r f c r m a c c e  depradatir~r; s i m i l a r  t.. the  perfn.mance s h i f t  o b s ~ ~ v e d  during 

the S-XVE-501 zcceptance tes:. The P-IVJ-501 acceptance test performance 

s h i z t  was .:uzsiJered t o  he due t o  a sh i . f t  i n  e i t h e r  ?U valve o r  gas 

genere t o r  l i n e  res 1 s  tance . 
Table 9-9 contains t h e  S-1:iS-501 f f i:;~. ? predic t ion  values as o r i g i n a l i y  

published (revisLon 1') and as ~ z h . > q u e n t l y  updated by ister R/NA.i 

rerrised data. These revised 2qta wer=* 

a .  P-c: cpda:ed few X!k!-U revised i n £  luence coe f f i c i en t s  t o  r e f l e c t  

:t?de:ed h e i i u m  f lowrate t.e-t t r a n s f e r  e f f e c t s .  

s .  As fu r the r  updater, f o r  ?ngine perEormance versus PU valve 

excursion characre - is t i c s ,  as necess i ta ted  by revised RINA.4 

PU valve ca1ibra::ioc data .  

The differences between tile origina: . - l igh t  p red ic t ion  values and those 

of item a and item b a r e  r e l a t i v e l y  small  (approximately 0.23 Fercent) .  

The t h r u s t  o s c i l l a t i o n s  during the  l a s t  70 s e c  of f i r s t  burn a r e  ::?cwn i n  

f i gu re  9-41 and c o ~ p a r e d  tc the Contract End Item (CEf) s i x c i f i c a t i v n  i n  

t ab l e  9-10. A l l  pa-xmeters were wi th in  the spec i f i ed  l i m i t s  and a r e  

tabulated i n  t ab l e  9-10. 
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9.4.4.2 Second Bgrn 

Sat i s fac tory  performance of the  5-2 2ngine was .lbserv2d d iring the 

second bum period. P lo t s  of s e l ec t ed  da ta  used a s  j-cput values to  the 

engine performance computer programs a r e  presented i n  f i g ~ r e s  9-31 

through 9-36. Engine turbopump i n l ~ t  condi t ions a r e  prase;lted i n  

paragraphs 11-3 and 12-3. Computed engine performance parameto-rs a r e  

shown i n  f i gu re  9-42. 

The EMF\ w a s  maintained a t  the 5.5:l l e v c l  from ESC2 '20 s e c  t o  

ESC2 +85 s e c  by the  PU system. Thi-s high EMR period was no t  nc-ininally 

predicted; however, the high EMR period was wi th ln  the predicted pe;- :or- 

mance dispers ion band. It  was t he  r e s u l t  of t h e  ccmbine.1 z f f e - t s  a f  

i n i  t ia i  prope l lan t  loading, f i r s  r burn engine perfo-ance, and prope l lan t  

l o s s  va r i a t i ons  c'uring o r b i t a l  coast.   isc cuss ion of the  PU s y s t a a  

dispers ions 's ccstained i n  s ec t i on  15. The da ta  contained i n  t a b l e  5-8 

shows t h a t  the  engine , :rformance l e v e l  during t h i s  hardover EMR period 

was approximatelv 0.6 p t r cen t  h igher  than the hardover leve 1 d u r i n ~  the 

f i r s t  bum period, a- d a l s o  w a s  approximately 0.8 percent  lower than the  

preaicted f i r s t  b u m  5.5: 1 pcrfonn;.ice l eve l .  This hardover performance 

l e v e l  was observed t o  be  a t  a lower gas generator  LOX l i n c  r e s i s t ance  

value, which would explain t h e  h igher  gas generator  and eqgine ~ r o p e l ! a n t  

f lowyates . 
It w a s  a l s o  not.:; t h a t  the  performr?ce l e v e l  a f t e r  PU valve cutback, a t  

the  reference ULX cure r a r i o  (RMR) , was approximately 2.6 percent lower 

than the  pred:. ~ t e d  value,  as shown i n  t a b l e  9-8. This was p a r t l y  due 

t o  a lower than pred ic ted  PU valve pos i t i an  follow32g PU - ltback 

(reference s ec t ion  15).  Zable 9-9 contains  second burn f l l g h t  perfor- 

mance p r e d i c t i ~ n  da t a  as o r i g i n a i l y  published ( r ev i s ion  2) and as  

subsequently updated by l a t e r  R/NAA revised data.  

The C.l ,peciL'ication l i m i t  f o r  t h r u s t  r a t e  of change --?as exceeded a t  

two pc in t s ,  FSC2 +55 .clc and ESC2 +296 s2c. A t  EX2 +5'; s e c  . t h r u s t  

s lope  of +850 Ibf  / sec  w a s  observed a t  which t i m e  t h e  heiium f lowrate  

f o r  LOX tank pressur iza t ion  w a s  increased from under t c  over r ~ n t r o l .  

It is noted t h a t  a s i m i l a ~  helium s t ~ , p  increase  a l so  occuried a t  
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ESC2 +lo5 sec  a:ld a t  ESCZ +215 sec. However, the t h r u s t  iucrease s lopes 

a t  these times did not  exceed 300 l a f / s ec .  This deviat ion i s  undergoing 

f u r t b r r  analysis .  

Two performance perturbation? were notod during second burn and a re  

i l l u s t r a t e d  i n  f i gu re  9-42. Thes* perturbat tons occurred a t  ESC2 +lo5 s e c  ... _ _ .  
and LSC2 +296 s e c  when s i g n i f i c a ~ t -  -propel lan t  s loshing occurred because 

of la rge  vehicle  a t t i t u a *  changes ( sec t ion  15).  

The deviaLion i n  performance a: ESC +lo5 s e c  did not exceed t h r u s t  

va r i a t i on  l i r  i ts  s ince  i t  occurred during perfolinanct. cutback. The 

engine performance s h i f t  \-:hich occurred a t  ESC t296 s e c ,  immediately 

p r io r  t o  second burn cu tof f ,  was of 3 rea t e r  i n t o r e s t .  The PU valve 

p o s ~ t i o n  w a s  ~ b s e r v e d  t o  move i n  response to  a propel lan t  s losh  

d i s  tcrbance . However, the magnitude of t he  observe l performance s h i f t  

was twice a s  l a rge  as t h a t  which cou1.i be1  attribute^ to the  PU valve 

pos i t ioz  movement. Also, the d i r ec t ion  of the  performance s h i f t  

reversed, 1 .5i le  the  PU valve pos i t ion  movement did not. Since the r a t e  

of change i n  parfornlance was grea t e r  than could d i r e c t l y  be erplained 

by measured PU valve rilcT?ement, the magnitude of the increased r a t e  of 

cnange and the reversa l  i n  ~ e r f o m a n c c  w a s  a t t r i b u t e d  t o  a PJ  bypass 

system res i s t ance  s h i f t .  Of course i t  is  p s s i b l e  t ha t  a coincident 

gas generator per'ormance s h i f t  could a l s o  have occurred a t  t h i s  time 

and 5ased or. - > a s t  peru?rmance of t h i s  engine, t h i s  p o s s i b i l i t y  should 

not  be discounted. 

Detailed expanded da t a  p l a t s  during t h e  f i n a l  5 s e c  of second bu r r  a r -  

piesented i n  f i gu res  9-43 and 9-44. I t  may be seen t h a t  a d e f i n i t e  

r eve r sa l  i n  chamber pressure,  f lowrates  and f u e l  turbine i n l e t  teaperature 

occurred. The expanded da ta  of measuref PU valve pos i t ion  ind ica tes  a 

d e f i n i t e  lack of revers- . l  i n  valve moxement. A t  ESC2 +296 sec ,  wher, the 

pr --iiously described propel lant  s losh  and engine perf ormarlce s h i f t  

occuried, a t h rus t  s lope of -2,400 l b f / s e c  vas  observed. The CEI  

spec i f i ca t ion  l imi t  aclxing t h i s  period of -750 l b f l s e c  was exceeded 

however the spec i f i ca t ions  excludc s h i r t s  caused by i n t e r n a l  engine 

performance changes. The estimated r a t e  of change i n  t h r u s t  caused by 

the s losh  is -450 l b f l s e c  which is within the C E I  spec i f i ca t ion  l i m i t s .  
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The thrus  .: os c i l l a t i  ~ n s  during seconc' burn h ~ r u o v e r  operat ion a r e  shcwn 

i n  f i gu re  9-41, and a r e  compared to  tue CLI s p e c i f i c a t i o n  limits i n  

t ab lo  9-10. Thrust va r i a t i ons  f  o l~owing  PU valve cutback a r e  pr imari ly  

chust!d b-r the PU system e f f e c t s  and a re  Ziscusse.1 i u  s e c t i m  15 

9.4.5 Cutoff T r a n s i e ~ t s  - 
Ths 5-2 er.gine performance during both f i r s t  and second burp cuircff 

rr211s 2nts was sh t i s f ac to ry .  The time l apse  between engine cutoff  , as 

rezeivnd a t  t he  5-2 engine, arrd t h r u s t  decrease t o  11,250 lb f  <5  percent 

of r l t t d  t h rus t )  w a s  withL1 the  maximum allowable t i m e  of 800 m i i l i -  

seconds (ms) i n  both cases.  Engine ~e r fo rman- r  &ring tne cutoff  

t r ans i en t s  is shown i n  t a b l e  9-11. 

Ths t h r u s t  d e c r e a e  t i m e s  d u r i n ~  f l . lght  were g r e a t e r  thar. the  l > g  Look 

value. lhis was probably due t c  a colder  mair, oxid5zer valve (MO?) 

dari.ng f l i g h t  vhich :esulteu ionger  valve c los ing  t l m e s .  F i r s t  bl-:n 

cutoff ol:curred with the PU -:alve I n  t h e  closed pos i t ion  (high ") , 
while  se-on,: b u m  cutoff  occurred wit:. the  PU vhlve near t he  :lull 

posi t ion.  

The cutoff  thn is ;  and t o t a l  impulse ca icu la t fon  nzthod has oeen 

considerably m d i f i e d  s i n c e  the  S-IVB-A31 acceptance f i r i n g .  Therefore. 

com~ar i sons  with the acceptznce f i r i n g  t h r u s t  and impulse a r e  no t  

meanir.gfu1. However, a comparison of acceptance and r l i g h t  chartlber 

pressdres  during cutoff  shows t h e t  during f i i g h t ,  t he  chamber pressure 

decayed s l i g \ t l y  slower than dcring t h e  acceptance t e s t .  This was 

probably due t o  a colder  MOV and, hence, a longex c los ing  t i m e  during 

flig1.t. The i l i g b t  to: 91 impulses can be comphred t b  the  ;og bcok v-.lue 

by ad jus t ing  t h e  f l i g h t  values t o  s tandard condi t ions ( n u l l  F 7  valve 

pos i t ion  and 46C dr R K J  ac tua tor  temperature). The adjusted f l i g h t  

t o t a l  impulses f c r  f i r s t  and second burn were i n  reosonqbly good agree- 

ment wi-th t he  log  book va iue  and were i n  go?d agreement with each o ther .  

The cutoff  impulse t o  zero t h r u s t  from er,:ine t h r u s t  d a t a  was 

54,949 l b f l s e c  f o r  f i r s t  burn and 48,330 l b f / s e c  f o r  second burn 

computed from engine t h r u s t  data .  The f i r s t  and second burn cutoff 
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impulse determined from i n e r t i a l  p l a t f  o m  guidance acce l e r a t i on  da t a  

was 52,289 l b f l s e c  and 47,318 l b f l s e c  respec t ive ly  ( t a b l e  9-11) and 

is i n  good agreement with t h a t  determined from engine a n a l y s i ~ .  

Figures 9-45 a d  9-46 present  a comparison of predicted and a c t u a l  

impulse ve loc i ty  h i s t o r i e s  based on engine and t r a j e c t o r y  data .  Data 

from ' ~ 0 t h  t r a j e c ~ o r y  ans lys i s  and engine ana lys i s  i n d i c a t e  a higher-than- 

predicted cl-I to£ f impulse f o r  both f i r s t  and second burns,  b u t  deviat ions 

from predicted were wi th in  t h e  expected three-sigma to le rance  of 

+4,000 lb f l s ec .  F i ~ u r e s  9-47 and 9-48 show t h e  t h r u s t  chamber pressure,  - 
;t.a ~ h r u s t  decrease,  rind t o t a l  impulse du r i ry  t h e  cutoff  t r ans i en t s .  

Figure 9-49 shows a composite of  t he  a x i a l  t h r u s t  during f i r s t  and 

second burn cutoffs .  

3.5 Component Operation 

9.5.1 Main LOX Valve 

Tt~e main LOX valve opened and closed s a t i s f a c t o r i l y  during both burns. 

3 e  main I.OX valve opening time da t a  were a s  follows: 

I t e m  

S-IVB-501 
Acceptance S-IVB-501 

F i r ing  F l igh t  
Nominal 

1st 2nd 1st 2nd 
Burn - Burn - Burn - - Burn 

F i r s t  s tage  t r a v e l  50 520 80 70 loo* 242 
(ms 1 
F i r s t  s tage  plateau 41.5 +99 5 60 5 70 420** 42 1 
(ms 1 
Second s t age  t r a v e l  1,600 275 1,970 2,010 1,925 1,819 
(ms > 
Total  time (ms) 2,065+190 2,610 2,650 2,445* 2,482 

*Maximum poss ib le  value. Actual value may be s l i g h t l y  less. 
**Minimum poss ib le  value. Actual value may be s l i g h t l y  grea te r .  
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These values  were taken from 10 sample-per-sec d a t a ,  which somewhat 

a f f e c t e d  the  accuracy o f  t h e  repor ted  times. However, wi th  c a r e f u l  

i n t e r p r e t a t i o n  of t h e  d a t a ,  reasonably good accuracy w a s  obta ined.  

Retiming of the  va lve  r e s u l t e d  i n  a  s h o r t e r  f i r s t  s t a g e  p l a t e a u  time 

during f l i g h t  than dur ing t h e  acceptance t e s t .  The above t a b l e  shows 

t h a t  t h e  f i r s t  s t a g e  p l a t e a u  times were approximately 145 ms s h o r t e r  

dur ing f l i g h t  than dur ing t h e  acceptance t e s t .  Because of t h i s  change, 

along wi th  t h e  low EMR s t a r t ,  r e s t a r t  w a s  s u c c e s s f u l  (paragraph 9.4.3). 

F i r s t  and second s t a g e  t r a v e l  t i m e s ,  a s  w e l l  as  t o t a l  t imes,  were longer  

than t h e  nominal va lues .  A l l  times were s h o r t e r  dur ing f l i g h t  than 

during t h e  acceptance test except f o r  t h e  f i r s t  s t a g e  t r a v e l  t i m e s .  

These longer  than nominal f i r s t  s t a g e  t r a v e l  times had no de t r imenta l  

e f f e c t  on engine start. The t o t a l  opening t imes dur ing f l i g h t  were 

approximately 165 m s  less than dur ing acceptance.  Figure 9-50 compares 

140V t r a v e l  o f  S-IVB-501 f l i g h t  dur ing f i r s t  burn wi th  previous f l i g h t s  

and t h e  S-In-501 acceptance f i r i n g  f i r s t  burn. Figure  9-51 compares 

MOV t r a v e l  of t h e  S-IVB-501 f l i g h t  second burn wi th  t h e  S-IVB-501 

acceptance f i r i n g  second burn and shows t h e  e f f e c t s  of t h e  retimed MOV. 

The valve  c l o s i n g  times were 319 and 261 m s  f o r  f i r s t  and second burns,  

r e s p e c t i v e l y .  These long c l o s i n g  times were caL.sed by t h e  cold tempera- 

t u r e s  of t h e  main LOX valve a c t u a t o r  which was 314.9 deg R and 

299.3 deg R a t  f i r s t  and second b u m  c u t o f f ,  r e spec t ive ly .  

9.5.2 Pumps and Turbines 

The LH2 pump performance was s a t i s f a c t o r y  dur ing t h e  s t a r t  t r a n s i e n t s  of 

both f i r s t  and second eagine  s t a r t  t r a n s i e n t  with no i n d i c a t i o n  of 

s t a l l  ( f i g u r e  9-52). The d a t a  i n d i c a t e  t h a t  t h e  t h r u s t  chamber c h i l l -  

down was adequate t o  prevent excess ive  f u e l  pump backpressure.  Fur the r  

information on the  chilldown opera t ion  and GSE supply system is 

presented i n  s e c t i o n  5. 

The performance of t h e  LH2 and LOX pumps and t u r b i n e s  was s a t i s f a c t o r y  

dur ing  both  burns. The pump speeds and discharge p ressures  and 

temperatures responded t o  PU system cutback and p e r t u r b a t i o n s  and a l s o  

t o  engine i n l e t  condi t ions .  The p r e s s u r e  and temperature i n c r e a s e s  
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across  the  pumps were s a t i s f ac to ry .  Temperatures and pressures  f o r  both 

turbines  responded a s  expected t o  PU system cutback and per turba t ions .  

The higher gas generator  (GG) performance during second burn 

(paragraph 9.5.4) was r e f l ec t ed  i n  the  higher engine LOX flowrate .  The 

increase i n  LOX flowrate  was c lose ly  proport ional  t o  the  increase  i n  GG 

performance. However, t he  engine LH2 f iowrate  decreased s l i g h t l y  from 

f i r s t  t o  second burn ins tead  of showing the  expected increase due t o  

increased GG performance. This,  along with the  increased LOX flowrate ,  

resu l ted  i n  t he  higher engine mixture r a t i o  otserved auring second burn 

high EMR operation. The decrease i n  LH2 f lowla te  was probably due t o  an 

observed small  decrease i n  LH2 turb ine  e f f i c i ency  from f i r s t  t o  second 

burn. LOX pump e f f i c i ency  was e s s e n t i a l l y  t h e  sane during t 3 t h  burns. 

Apparently t h e  increased energy a v a i l ~ b l e  t o  t he  LL2 turb ine  due 20 

higher GG performance during second b u m  was more than o f f s e t  by t he  

decrease i n  f u e l  tu rb ine  e f f ic iency .  LH2 ar.d LOX pump and turb ine  da t a  

a r e  shown i n  f i gu re s  9-28, 9-30, 9-34 and 9-36. 

9.5.3 PU Valve 

The PU valve performance was a s  expected d ~ r i n g  both burns with t he  ex- 

cept ion of t h e  flow r e s i s t a n c e  s h i f t  observed j u s t  p r i o r  t o  ECC2. The 

r e s i s t ance  s h i f t  r e su l t ed  i n  a t h r u s t  performance s h i f t  which exceeded 

CEI spec i f i ca t i on  l i m i t s .  This  type of s h i f t ,  however, is s p e c i f i c a l l y  

excluded from the  spec i f i ca t i on  l i m i t s .  The performance s h i f t  d id  no t  

adversely e f f e c t  mission accomplishment. Valve performance da t a  is shown 

i n  f i gu re s  9-26 and 9-32. The ana lys i s  of PU valve perromance is pro- 

vided i n  s ec t i on  15. 

9.5.4 Gas Generator 

The gas generator (GG) perf oramnce was a d e q u a t ~  during both burns, bu t  

s h i f t e d  from f i r s t  t o  second burn high EMR operqtion. During second 

burn t he  GG LOX flowrate  was higher than during f i r s t  burn due t o  a 

r e s i s t ance  decrease i n  t he  LOX GG supply l i n e .  This r e su l t ed  i n  a 

higher GG mixture r a t i o  and GG t o t a l  f lowra te  during second burn which 

r e su l t ed  i n  higher  engine performance during second burn. The higher  

GG performance caused higher  GG chamber pressure m d  higher  f u e l  tu rb ine  

i n l e t  temperature during second burn high EMR operation. Tne small 

o s c i l l a t i o n s  i n  GG chamber pressure and f u e l  tu rb ine  i n l e t  temperature 
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a f t e r  EMR cutback were the  r e s u l t  of t h e  changes i n  LH2 and L 9 X  discharge 

p ressures  and f lowra tes  due t o  changing engine performance. P l o t s  of 

GG performance a r e  shown i n  f i g u r e s  9-53 and 9-54. 

9.5.5 Engine Drive Hydraulic Pump 

The engine-driven h y d r a u l i c  pump performed s a t i s f a c t o r i l y  during both 

b u m s .  The average power requ i red  by t h e  pump was 4.67 horsepower. 

9.6 Engine Sequencing 

The s t a r t  and cu to f f  sequences were s a t i s f a c t o r y  i n  providing smooth 

t r a n s i e n t  operat ion.  The exac t  times of c e r t a i n  o f  t h e  even t s  were 

d i f f i c u l t  t o  p inpoint .  The times a t  which c losed dropout and open 

pickup occur f o r  a va lue  may be determined e i t h e r  by t h e  open and c losed 

microswitches on t h e  v a l v e  o r  by t h e  p o s i t i o n  i n d i c a t i n g  potent iometer  

on t h e  valve.  I t  w a s  decided t a  t ake  t h e  opening and c l o s i n g  times from 

;he p o s i t i o n  potent iometer  t r a c e s ,  as they depend l e s s  on microswitch 

adjustment,  and a r e  a more dependable i n d i c a t i o n  o f  t h e  a c t u a l  opera t ion  

of t h e  valves .  Because o f  t h e s e  p o s s i b l e  e r r o r s  o r  d i f f e r e n c e s  i n  method 

of i n t e r p r e t a t i o n ,  t h e r e  are some apparent i n c o n s i s t e n c i e s  i n  t h e  sequence 

t imes . 
An at tempt  was made t o  o b t a i n  a c c u r a t e  va lues  f o r  valve  a c t u a t i o n  t imes 

by choosing channels which g ive  c o n s i s t e n t  opening and c l o s i n g  times. 

A s  i n  t h e  acceptance tests, c e r t a i n  of t h e  va lve  a c t u a t i o n  times d i f f e r  

from t h e  nominal bench va lves  because of the  presence of l i q u i d s  i n  the  

l i n e s ,  temperature d i f f e r e n c e s ,  e t c .  Figure  9-14 and 9-15 show the  

s i g n i f i c a n t  time even t s  dur ing t h e  s t a r t  t r a n s i e n t .  T2bles 9-12 and 

9-13 l i s t  a l l  a v a i l a b l e  5-2 engine even t s  dur ing t h e  f i r s t  and second 

burn. 

9.7 F l i g h t  Simulation Analysis 

A f ive-deg -of-£ reedom t r a j e c t o r y  s imula t ion  a n a l y s i s  was conducted t o  

a d j u s t  propuls ion parameter h i s t o r i e s  s o  t h a t  an S-IVB t r a j e c t o r y  could 

be  generated t o  c l o s e l y  match t h e  observed t r a j e c t o r y  {appendix 5 ,  

Observed Tra jec to ry) .  A d e t a i l e d  d i scuss ion  of t h i s  a n a l y s i s  is 

presented i n  s e c t i o n  7. 
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"esu l t s  of the f l i g h t  s imulat ion ind i ca t e  compatibi l i ty  between the  

shapes of the propulsion parameter h i s t o r i e s  as es tab l i shed  by engine 

ana lys i s  and the observed t r a j ec to ry ,  To match the  observed t r a j e c t o r y ,  

however, f i r s t  burn t h r u s t  and weight flow were increased by 0.71 percent 

and 0.56 percent ,  respec t ive ly ,  over engine ana lys i s  values .  For second 

burn, engine ana lys i s  values of t h r u s t  and weight flow were increased 

by 0.81 percent and 0.67 percent ,  respect ively.  The corresponding 

changes i n  s p e c i f i c  impulse were an increase  of 0.14 percent  over the  

engine ana lys i s  value f o r  f i r s t  burn and an i nc rease  of 0.02 percent  f o r  

second burn. Average values f o r  these  parameters are:  

F i r s t  Burn 

Parameter 

Average Thrust ( l b  f )  

Average Weight Flow (lbmlsec) 

Average Spec i f i c  Impulse (sec) 

Second Bum 

Predicted Actual 

Total  Average Thrust ( l b  f )  201,110 205,300 

Tota l  Average Weight Flow (lbmlsec) 471.3 481.5 

Total  Average Spec i f i c  Impulse (sec)  426.7 426.0 

Average Thrust a t  High Mixture Ratio ( l b f )  - 226,090 

Average Weight Flow a t  High Mixture Ratio (lbmlsec) --- 535.51 

Average Spec i f i c  Impulse a t  High Mixture Rat io  (sec) - 422.20 

Average Thrust a t  Reference Mixture Ratio ( l b f )  201,110 197,381 

Average Weight Flow a t  Reference Mixture 
Ratio (lbmlsec) 

Average Spec i f ic  Impulse a t  Reference Mixture 426.7 427.79 
Ratio (sec) 

Figures 7-43 and 7-44 present  f l i g h t  simulated t h r u s t  and weight flow f o r  

f i r s t  and second burns, respect ively.  
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TA0LE 9-1 
CONTROL SPHERE 

*Actual requirement i s  s t a r t  sphere temperature 530 deg R .  

PARAMETER 

b 

R*quireJ a t  
l i f t o f f  

Actual  a t  l i f t o f f  

BeCore f i r s t  burn 
engine s t a r t  

Af te r  f i r s t  burn 
engine cutoff  

Sefore  second 
burc engine s t a r t  

A f t e r  s e ~ o n d  burn 

TABLE 9-2 
ENGINE CONTROL SPHERE TEMPERATURE DATA 

TEMPEWUKE ideg R) PRESSURE ( p s i a )  MASS (lbm) - 
502 501 502 

FIRING FIRING 

262 +30* 271+53* 260 +_3O* 2,800 t o  3,200 p s i a  -- -- -- 

271 287 3,260 2.01 1.96 2.07 

271 291 3.3b5 2.03 1.99 2.11 

216 

239 

172 

TIME SLICE 

I engine cutoff  

249 

258 

221 

-- 

-- 

Mass used - f i r s t  1 burn 

Mass used - 
second burn 

MEASURED 
DATA 

(deg 3)  

-- 

-- 

ADIABATIC 
BLOWDOWN 

(deg R) 

L i f t o f f  

1 s t  ESC 

1 s t  Burn S t a r t  
(end of 3.8 s e c  
blowdown) 

1st ECC 

S t a r t  of coas t  
(end of 1 s e c  
blowdown) 

2nd ESC 

2nd burn s t a r t  
(end 01 8.6 s e c  
blowdown) 

2nd ECC 

End of 1 s e c  
blowdown 

246 

276 

236 

-- 

-- 

270 

272 

250 

226 

224 

240 

188 

182 

181 

2.348 

2.301 

1,680 

-- 

-- 

1.989 

1,878 

735 

-- 

-- 

THEORETICAL 
@ M = 1.0 

(deF ?) 

Steady-s ta te  

Steady-state  

S t a r t  b o t t l e  c o o l e r ,  average 
of a d i a b a t i c  and measured 

'orking back from leakage 
dur ing  coas t  

From 1 s e c  blowdown usage 

S teady-s ta te  

Average of  a d i a b a t i c  and 
measured 

ConLrol b o t t l e  and s t a r t  
b c t t i e  temperature s t eady  ou t  

From 1 s e c  blowdown usage 

270 

272 

252 

215.2 

204 

240.3 

190.6 

181.7 

172.1 

2,450 

2,-64 

1,925 

-- 

-- 

~ ~ ~ D T ~ ~  
CALCULATIONS 

(deg R) 

- 

- 

248 

- 

2 15 

- 
185.5 

+ 

CONDITION 

P. 

- 
- 

204 

- 

170 

- 

180 

1.56 

1.48 

0.80 

0.51 

0 .68  

- I - 

173 1 137 

1.75 

1.67 

1.41 

0.24 

0.26 

1.79 

1.84 

1.52 

0.32 

0.32 
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TABLE 9-3 
ENGINE CONTROL SPHERE HELIIIM MASS SUMMARY 

TIME SLICE 

L i f t o f f  

Engine S t a r t  Comand 

3.8 aec  f u e l  lead 

F i r s t  bum s t a r t  (145 sec)  

Z i r s t  bu-.n usage 

F i r s t  Engine Cutoff Command 

1 s e c  blowdown 

S t a r ?  of coas t  

Leakage ( 3  hrs )  

Second Engine S t a r t  Command 

8.6 s e c  f u e l  l ead  

Second burn s t a r t  

Second burn usage (300 sec) 

Second Engine Cutoff Comand 

1 s e c  blowdown 

Mass remaining 

&A i PRESS 
(phia l  

TABLE 9-4 
FUEL LEAD CONDITIONS 

CONDITION 

I Fuel  lead durat ion (sec) I 1 I 
Estimated t h r u s t  chamber bulk temperatare a t  f u e l  
i e ad  s t a r t  (deg R) 242 I 443 1 

I Fuel passing through MFV during f u e l  l ead  (lbm) I 
Fuel  tee . r a t u r e  a t  tho- i n j e c t o r  a t  t h e  end of 
f u e l  l ead  (deg R) 

Fuel between i n j e c t o r  and MFV a t  t h e  end of f u e l  
l ead  (lbm) 

40 1 165 I 
I 

1 Fuel passing through i n j e c t o r  during f u e l  lead (lbm) I l1 I 17 
I 

Reference paragraph 9.4.1 

To t a l  e f f e c t i v e  i m p u l ~ e  durlng f u e l  lead (lbf-sec) 1,400 3,200 



T
B

L
E

 ?
-5
 

CO
M

L 
A

R
IS

O
N

 
O
F
 

C
O

M
PU

TE
R

 
PR

O
G

R
A

M
 R
E
S
U
L
T
S
 

1
 

I 
1
 

IN
PU

T
 

M
ET

H
O

D
 

ta
g

 v
a

lu
e

s
, 

th
e

 a
c

tu
a

l 
p

e
rf

o
rm

a
n

c
e

 
t
 

is
 s

im
u

la
te

d
 

5
.5

1
 

G
10

5 
LO

X
 

an
d

 
L

H
2 

fl
o

w
m

e
te

rs
, 

pu
m

p 
M

od
e 

3
 

d
is

c
h

a
rg

e
 p

re
s

s
u

re
s

 a
n

d
 

te
m

p
e

ra
tu

re
s,

 
ch

am
b

er
 

p
re

s-
 

s
u

re
s

, 
c

h
a

sb
e

r 
th

ru
s

t 
a

re
a

 

P
A

49
 

A
A

89
 

an
d

 
G

I0
5

 o
u

tp
u

ts
 

T
h

ru
st

 
ch

am
b

er
 -

p
re

ss
u

re
, 

ch
am

b
er

 
th

ro
a

t 
a

re
a

 

M
aj

o
r 

e
n

g
in

e
 d

a
ta

 i
n

c
lu

d
e

 
th

ru
s

t 
ch

am
b

er
 

p
re

ss
u

re
 

an
d

 
LO

X
 

an
d

 
LH
2 

fl
o

w
m

e
te

r 
d

a
ta

 

F
lo

w
ra

te
s 

a
r

e
 c

o
m

p
u

te
d

 
fr

o
m

 
fl

o
w

- 
m

e
te

r 
d

a
ta

 z
n

d
 

p
ro

p
e

ll
a

n
t 

d
e

n
s

it
ie

s
. 

T
h

e 
C

F 
is

 d
e

te
rm

in
e

d
 

fr
o

m
 e

q
u

a
ti

o
n

 C
F 

= 
f 

(P
C

, 
MR

) 
a

rd
 

th
ru

s
t 

is
 c

a
lc

u
ia

te
d

 
fr

o
m

 
e

q
u

a
t-

-0
3

 
/

P
 =

 C
F 

A
t 
?

.
.
 

A
v

er
ag

e 

T
h

e 
C

F
 i

s
 c

o
q

u
te

d
 f

ro
m

 e
q

u
a

tl
o

n
 

C
F
 =

 
(P

C
) 

an
d

 
L

5
r
u

st
 i

s
 c

o
m

p
u

tr
d

 
fr

o
m

 e
q

u
a

ti
o

n
 F

 =
 

C
F 

A
t 

P
C

. 
T

h
e 

~
m

p
u

ls
e

 is
 d

e
te

rm
in

e
d

 
fr

o
m

 
in

te
- 

g
ra

te
d

 
th

r~
ls

c
. 

I T
h

is
 p

ro
g

ra
m

 
s

u
p

p
li

e
d

 b
y

 
';

;~
c

k
e

td
y

n
e

 r
h

ro
u

g
h

 M
SF

C
 

(f
o

rm
 6

4
1

) 

1 R
e

fe
r 

t
o

 p
a

ra
g

ra
p

h
s 

1
9

.4
.3

 
an

d
 

9
.4

.5
 

SE
C

O
N

D
 

BU
RN

 
R

E
SU

L
T

S 
AT

 
E

SC
2 

+
6
0
 s

e
c
 
1
 



Section 9 
Engine Sys tern 

U12 P l q  Disch Press 

LU2 P w  Disch T c q  

I Q X  P ~ u q  Disch Press 

r*i?. P l q  Disch T e q  

UI:: ;1wr.ce 

LOX F l w l i t e  

!A2 P ~ l p  I n l e t  Press  

I LBZ P u g  :.a1et T a p  

LOX I n t t  Press  

I LOX I n l e t  i~lp 

'I'ABLE 9-6 
PA lNPllTS TO COMPUTER PR( 

SL: TI'ION BIAS 
e - P  

;. 'THIIW) I -. osi  

1 1 )  98.1 percent 
i-." ' a )  

c"m4 (TUIPW) o 
woo9 (1 V P a )  0 

PO133 (RIIPCII) 0 

wool (RIIrn) 

OOOO2 (RI/PM +l. 38 1s t  ,.:Tn I 1.23 2n2 bum 

w o o 3  (WPCn) 

2.1 2nd bum 

m 1 0  (mlPCn1 

GRAMS 
--- -- 

{Rocketdyne es. i u t i o n  of PC purge 
e f f e c t )  

Agrse witk -15 p s i  sceady-state ~ i a o  

Dynaic hea t  ad:-:strcnt 

M - 1; - * - r t r y ,  R( - Frequmc: 'Wula ted .  Pa( = Pulse  Code M u l r t c d  

TA6LP 9-7 
5-2 ENGINE START TRANSIENTS 

- - .-. 
J .L %CINE LOG F-In-SO1 FLIQIT 

PAmlEER -- 
FImT SECtMD F I e T  SECOUD 

fir of  S'DV e d  (see  fto(l ESC) 1.0 1 .O 3.008 7.998 

Tota l  iqutse Era mine S t a r t  C a m 6  to I - I - I 188 .S4 I  192,634 
30 percent p r f o r u n a  level" (lbf-sec) 

Tota l  m e  from C m  Cormd t o  4J percent 
p e r f o r v o n  level* (lbf-sec) 

q u e d  om s t a b i l i i c d  '.'lrret a t  n u l l  P1 mad 8t,-Jard a l t i t u d e  e r - d i t i o w  

S-IVB-501 ACCEPT I 
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Section 9 
dngine System 

TABLE 9-12 (Sheet 1 of 2 )  
501 FLIMT ENGINE SEQUENCE - FIRST BURN 

(KOXXX) Actual number from accr j tance  f i r i n g  event recorder.  

*Engine ready and s t a g e  separa t ion  s i g n a l s  ( o r  s imulat ion) a r e  required before t h i s  command w i l l  be 
executed. This comand a l s o  ac tua tes  a 640 230 m s  t imer which cont ro ls  energ iz ing  of the  s t a r t  
tank discharge solenoid valve (K009b). 

**This s i g n a l  drops out  a f t e r  a time s u f f i c i e n t  t o  lock i n  the  engine e l e c t r i c a l .  

M S  
NO. 

KO021 
(KW21) 

KO021 

KO096 

KO005 

- 

ACTUAL 

FROn 
ESC 

3 

0 

2 

2 

2 

152 

68 

103 

54 

182 

3.198 

3.008 

3.136 

3,310 

3.452 

3,452 

3.480 

3.280 

3,561 

4,010 

3.658 

3,946 

***An ind ica t ion  of f u e l  i n j e c t i o n  t ,oerature of 310 5 0  deg R (or  s imulat ion) is required before 
t h i s  collrmand w i l l  be executed. T I , A S  comand a l s o  a c t u a t e s  a 450 5 0  m s  t imer which c o n t r o l s  t h e  
s t a r t  of nai.lstage. 

CONTRO' EVMTS 

EVENT Ah0 COIWENT 

c--- 

*Engine S t a r t  Command P1U 

**Engine S t a r t  Dl0 

***Start Tank Disc 
Control Solenoid Enrg 

Hainstage Control 
Solenoid Enrg 

TIME 
(ms) 

FROM 
SPECIFIED 
REFERWCE 

0 

2 

2 

2 

152 

6 8  

101 

52 

128 

3.198 

3.008 

128 

174 

444 

644 

28 

-117 

109 

730 

385 

PIU = Pickup 

Dl0 = Dropout 

NOHINAL TIME FROM 
SPECIFIED REFERENCE 

0 

Within 10 m s  of KO021 

Within 10 ms of KO021 

Within 10 ms of KO021 

Within 20 m s  of KO021 

Within 130 ms of KO007 

Within 130 ms of KO007 

Within 20 ms of KO006 

60 230 m s  from KO306 

80 550 ms from KO119 

Approx 200 ms from 
KO021 PIU 

3,000 +40 ms from 
KO021 PIU 

100 520 m s  from KO096 

105 220 m s  from KO123 

450 230 ms from KO096 

450 530 ms from KO096 
p/U 

50 520 m s  from KO005 

140 +10 ms from KO005 

95 520 ms from KO096 
Dl0 

50 230 m s  from KO116 

+150 400 -50 ms from KO122 

HEAS 
NO. 

KO007 

KO010 

KO011 

KO006 

KO126 

KO127 

KO020 

KO119 

KO148 

KO123 
(60009) 

KO122 
(GO009) 

KO096 

KO121 

KO116 
:cooo5) 
KO122 

(60009) 

KO117 
(GOOOS) 

KO124 
(WOE) 

CONTINGENT EVENTS 

EVENT AND COiMENT 

Helium Control Solenoid 
Enrg PIU 

Thrust Chamber Spark on 
PIU 

Gas Generator Spark on PIU 

I g n i t i o n  Phase Control 
Solenoid Enrg PIU 

LOX Bleed Valve Closed PIU 

LH2 Bleed Valve Closed PIU 

AS1 LOX Valve Open PIU 

b i n  Fuel Valve Closed Dl0 

Main Fuel Valve Open PIU 

S t a r t  Tank Disc Valve 
Closed Dl0 

S t a r t  Tank Disc Valve 
Open PIU 

S t a r t  Tank Disc Con-rol 
Solenoid Enrg Dl0 

b i n  UIX Valve Closed Dl0 

Gas Generator Valw Closed 
Dl0 
S t a r t  Tank Disc Valve 
Open Dl0 

Gas Generator Valve Open 
PIU 

LOX Turbine Bypass Valve 
Open Dl0 

LOX Turbine Bypass Valve 
80% Closed 



Section 9 
Engine System 

TAHLE 9-12 (Skeet 2 of 2) 
501 FLIGHT ENGINE SEQUENCE - FIRST B U R N  

NOMINAL TIME FROM 

$2 Depress Dl0 

A Depress P/U 

1,000 +I10 ms from 

(KOXXX) Actual numk .r from acceptance f ir ing event recorder. 
*Within 5,000 ms of KO005 (Normally = 500 ms) 

**Signal drops out when pressure reaches 425 225 psig.  
P / U  = Pickup 
D/O = Dcopout 



Section 9 
Engine System 

TABLE 9-13 (Sheet 1 of 2) 
AS-501 FLIGHT ENGINE SEQUENCE - SESOhD BURN 

ACTUAL TIME 
(=) 

EX ' REFEREME 

NOMINAL TIME rROM 
SPECIFIED REFEREXCE 

-- 

CONTROL EVENTS CONTINGENT EVENTS 

NO. 

of the s t a r t  tank discharge solenoid valve (KOb96). 

*'his s ignal  drops out a f t e r  a time su f f i c i en t  t o  lock i n  the engine e l ec t r i ca l .  

**An i n d i c a t i m  of fue l  in jec t ion  temperature of 310 5 0  deg R (or  simulation) i s  required 
before t h i s  comaand w i l l  be executed. This cornand a l so  actuates a 450 +30 m s  timer 
which controls the s t a r t  of mainstage. 

P/U = Pickup Dl0 - Dropout 

(KOXXX) Actual rider from arceptance f i r i n g  event recorder. 

0 
I 
i 

KO007 Helium Control Solenoid 
Enrg P/U 

Chamber Spark On 

KO011 \ Gas Generator Spark On PIU 

KO006 Ignit ion Phase Control I i S o l e n ~ i d  Enrg P/U 

KO126 / LOX Bleed Valve Closed P/U 

KO127 , LH2 Bleed Valve Closed P/U 

KO020 I AS1 LOX Valve Open PIU 

KO119 Main Fuel Valve Closed 
(Gooo4): 

, KO118 Main Fuel Valve Open P/U 

-- -- . 

NO. 

-- 

EVENT AND C O m T  

KO021 

1 
I 

I 

- 

EVENT AND COWENT 

'~ngine  S t a r t  kmmand 
P/U 

0 

i 
I 1 KO021 

I 
KO096 

I 
1 

0 

0 O i 
0 

I 

I KWO5 Mainstage Control 1 1 1 Solenoid Enrg 

KO096 S t a r t  Tank Disc Control 
Solenoid Enrg D/O 

t ~ n g i n e  ready and s tage  separation s ignals  (o r  simulation) a r e  
w i l l  be executed. This comaand a lso  actuates a 640 +30 ms timer 

*Engine S t a r t  Dl0 

**Start Tank Disc 
Control Solenoid Enrg 

KO123 ; S t a r t  Tank Disc Valve 
/(Go009)/ Closed Dl0 

Within 10 ms of KO021 

Within 10 ms of KO021 

Within 10 ms of KO021 

Within 20 ms of KO021 

/ KO122 
,(60009) 

0 

0 

0 

0 

Within 130 ms of KO0071 84 a i 
Within 130 m s  of K0007. 

S t a r t  Tank Disc Valve Open 
P/U 

Within 20 ms of KO006 

60 230 m s  from KO006 

80 +_50 m s  from K O l l Y  

Approx 200 me from 
KO021 P/U 

8.000 240 ms from 
KO021 

100 +_20 m s  from KO096 

105 A20 ms from KO123 

450 230 m s  from KO096 

450 +30 ms from KO096 

50 ??.I m s  from KO005 

140 5 0  ms from KO005 

95 +20 ms from KO096 

50 230 as from KO116 

400 +!;: ms from K0122 
-- 

required before t h i s  
which controls energizing 

39 

0 0 : 

I 
8.589 8,589 

8,014 

8,081 

I 

67 1 

I i 
8,3221 241 ' 

8,458 

8.458 

8.375 

8,350 

8.496 

8,916 

8,953 

8,884 

444 

444 

-83 

-108 

38 

566 

388 

cowand 
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Engine System 

*Within 5,000 ms of KO005 (normally - 500 ms) 

(KOXXX) Actual  number from acceptance f i r i n g  event  recorder .  

P/U = Pickup D/O = Dropout 

TABLE 9-13 (Sheet 2 of 2) 

ACTUAL TIME 
(ms) 

SECOND BURN 

NOMINAL TIME FROM 
SPECIFIED REFERENCL 

250 540 m s  from KO122 

2,605 2145 n s  from 
KO005 

3,300 5200 c s  from 
KO005 P/U 

3,300 5200 m s  From 
KO005 P/U 

0 

Within 1 0  m s  of KO013 

Within 1 0  mc of KO013 

50 9 5  ms from KO005 

75 +25 ms Ercm KOO06 
-3 8 

90 225 m s  from KO006 
I 

- 
I 

Er 

8,886 

9.008 

9.727 

9.802 

10.869 

11.699 

11,699 

0 

-20 

-4 

73 

3 

-88 

7 

307 

390 

410 

7 8 

179 

716 

2,764 

4.014 

NO. 

t 

KO158 

(KO159 

I 

KO013 

FROM 
SPECIFIED 
REFERENCE 

390 

I 
I 

2.411 

3,241 

3,241 

0 

-20 

-4 

2 3 

-84 

11 

304 

394 

403 

78 

736 

2,784 

4,034 

CONTROL EVENTS 

EVENT AND COMMENT 

Mainstagc Press  Switch 
#1 Depr-ss D/O 

Main tage Press  - d i t c h  
82 Depress D/J 

Engine Cutoff P/U 
(New time reference)  

AS-501 FLIGHT ENGINE SEQUENCl' - 

KO007 

KO126 

KO127 

MEAS 
NO. 

KO123 
('3009) 

KO125 
(G0008) 

KO120 
(G0003) 

KO010 

KO011 

KO005 

KO006 
(K0535) 

KO020 
(K0622) 

KO120 
(G0003) 

KO117 
(GCJOO5) 

K O ' A  
(GOOO4) 

Helium Control  Solenoid 
Enrg Dl0 

LOX Bleed Valve Closed 
D/O 

'A2 Bleed Valve Closed 
D / O  

CONTINGENT EVENTS 

EVENT AND COM'4ENT 

S t a t t  Tank P i s c  Valve 
Closed P/U 

*LOX Turbine Bypass Valve 
Closed P/U 

Main LOX Vrlve Open P/u 

Thrust  C:lamber Spark On 
9; 0 

Gas Generator  Spark On D / O  

Mainstage Control  Solenctid 
Enrg Dl0 

I g n i t i o n  Phase Cont ro l  
Solenoid Enrg D / O  

AS1 LOX Valve Open D/O 

Main Oxidizer  Valve Open 
D/O 

Gas Generator  Valve Open 
D/O 

Main Fuel  V ~ l v e  Open D/O 

KO121 
(G0003) 

KO116 
(GOOO5) 

KO119 
(60004) 

KO125 
( 3008) 

KO124 
(G0008) 

Main Oxidizer  Valve Closed 
P /U  

Gas Generator  Valve Ciosed 
P /U 

Main Fuel  Valve Closed P/U 

0 - l d i z e r  Turbine Bypass 
Valve Closed D/O 

Oxidizer  Turbine Bypass 
Valve Open P/U 

120 t 1 5  m s  from KP12u 

500 m s  from KO006 

225 9 5  ms from KO118 

1,000 +110 ms from 
KO013 

10,000 m s  from KO005 

30.000 ms from KO005 

30,000 m s  from KO005 
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30 5 2  34 3f1 38 40 42 44 46 48 50 5 2  54 

O X [  D l  ZER P U W  D:;UIARCE PRESSURk (PS I A )  

Figure 9-2. LOX Pump Discharge Pressure Versus Temperature 

20 25 ZU 55 Cl 1.5 50 55 60 6 5  7 0  75 80 85 

FVEL bNLET PRESSURE (PS I A )  

Figure 9-3. Propel l a n t  I n l e t  Operation Requirements f o r  Engine 
Using Restartable I g n i t i o n  Detector  Probe 
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TEMPERATURE (OR) 

- 

Figure 9-6. GH2 S t a r t  Sphere C r i t i c a l  L imi ts  a t  L i f t o f f  

-- 
P W T E R  

LIFIOFC 

LIFTOFF T(rpL1RFHhT 

FIRST €&I= START COItYEO 

AFTER FIRST START S R f R E  @LUmLN 

FIRST ETGlNE CUTOFF C m  

TOT;Y W2 UYCE WIK FIRST S T M T  
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WTER scw STMT *RE 

K C O H )  ENt lEE CUTWF C W W  
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501 
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Figure 9-1 6. Engine Control Sphere Presswe Hi story  
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Figure 9-37. Engine Tag Values a t  Standard A i  ti tud? Conditions (Sheet 1 o f  2) 
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Figure 9-37. Engine Tag Values at Standzrd A1 ti  tude Conditions (Sheet 2 of 2)  
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Section 10 
Sol id  Rockets 

10. SOLID ROCKXTS - 
The s o l i d  rocket motors on the  S-I1 and S-IVB s tages  pe r f~ rmed  sa t i s f ac -  

t o r i l y  and accomplished t h e i r  intended purpose. The S-I1 was separated 

from the  S-IVB s t age  by the r e t r ~ r o c k e t s ,  and the S-IVB prope l lan ts  were 

s e t t l e d  p r i c r  t o  f i r s t  bum engine i g n i t i o n  by t t a  u l l ape  rockets.  

10.1 Retrorockets 

The four  r e t r ~ r o c k e t s  mounted on the  S-I1 s tage  performed s a t i s f a c t o r i l y  

and separated the S-I1 and S-IVE stages.  The ign i t i on  command was given 

a t  RO +520.528 and pressure buildup f o r  a l l  four r e t ro rocke t s  began 

within 0.02 sec of each o ther  a t  RO +520.57 sec.  The chambcr pressure 

p r o f i l e s  fo r  the  four  rockets were Ilery s i m i l a r  and the maximum di f fe rence  

i n  burntimes was 0.10 sec.  

Table 10-1 presents  significant da ta  f o r  the individual  rocket motors. 

A l l  performance parameters were c iose  t o  t h e i r  nominal values.  The 

average chamber pressure was s l i g h t l y  higher than nominal and the  average 

burntime was s l i g h t l y  shor te r .  The chamber pr-.ssure, in tegra ted  over the 

burntime,was s l i g h t l y  g r e a t e r  than nominal. These paramete-s i nd i ca t e  

s l i g i l t l y  higher than nominal lnotor performance. Available information 

was i n s u f f i c i e n t  f o r  ca l ca l a t i ng  t h rus t  from the  cham!!er pressure data.  

A s  a resul-t, t o t a l  impulse c o ~ l l d  not  be computed. Chamber pressure 

p r o f i l e s  f o r  the  re t rorocke ts  a re  shown i n  Ligure 10-1. 

10.2 Ullage Rc-kets 

Ullage rocket performance was s a t i s f ac to ry .  The Ullage R o c ~ e t  Ign i t i on  

Comma~d was given a t  RO +520.432 s s c ,  with t h e  j e t r i s o n  comand a t  

29 +532.525 sec. These times, r e l a t i v e  t o  Englne S t a r t  Comnand, were 

very c lose  t o  predicted.  Table 10-2 presen ts  the individual  rocket 

motor perfcimance parameters as  defined i n  the  Thiokol Chemical CO. 
, 

model spec i f i ca t i on ,  ~P-544A, dated 2S November 1965. A comparison of 

these data  with nomiqal performance limits ind ica tes  t ha t  both motors 

performed within design spec i f ic .a t ims .  Figure 10-2 prescnts  t he  t h rus t  

p r o f i l e s  during f i r i n g .  
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Solid Rockets 

The sol id  rocket notors on the S-I1 and S-IVB stages performed satisfac- 

tori ly and accomplished their intended purpose. The S-I1 was separated 

from the S-It% stage by the retrorockets, and the S-IVB propellants were 

set t led prior t.o f i r s t  burn engine ignition by the ullage rockets 
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S e c t i o n  11 
Oxidizer  System 

11. OXIDIZER SYSTEM 

The o x i d i z e r  system performed s a t i s f a c t o r i l y ,  supplying LOX t o  t h e  engine  

pump i n l e t  w i t h i n  t h e  s p e c i f i e d  opera t ing  l i m i t s  throughout both  pe r iods  

of 5-2 engine  opera t ion .  The a v a i l a b l e  n e t  p o s i t i v e  s u c t i o n  p r e s s u r e  

(NPSP) a t  t h e  LOX pump i n l e t  exceeded t h e  engine manufacturer ' s  minimum 

requirement a t  a l l  t imes.  

11.1 P r e s s u r i z a t i o n  Cont ro l  

The LOX tank p r e s s u r i z a t i o n  system ( f i g u r e  11-1) s a t i s f a c t o r i l y  

maintained p r e s s u r e  i n  t h e  LOX tank dur ing  both  pe r iods  of S-IVB powered 

f l i g h t .  The co ld  helium supply w a s  adequate;  howevzr, co ld  helium supply 

p r e s s u r e  decreased dur ing  t h e  f i r s t  and w a i t i n g  o r b i t .  The repressur iza -  

t i o n  system was n o t  r equ i red  t o  r e p r e s s u r i z e  t h e  LOX tank  f o r  second 

b u m .  

11.1.1 F i r s t  Burn 

11.1.1.1 P r e p r e s s u r i z a t i o n  and Boost 

LOX tank p r e p r e s s u r i z a t i o n  s t a r t e d  a t  RO -167 s e c  and inc reased  t h e  LOX 

iank u l l a g e  p r e s s u r e  from ambient t o  40.5 p s i a  w i t h i n  15 s e c  

( f i g u r e  11-2). Two makeup c y c l e s  were requ i red  t o  mainta in  t h e  LOX 

tank u l l a g e  p r e s s u r e  be fo re  t h e  u l l a g e  temperature  s t a b i l i z e d .  The 

p r e s s u r i z a t i o n  c o n t r o l  p r e s s u r e  swi tch  c o n t r o l l e d  t h e  p r e s s u r e  between 

39 and 40.5 p s i a .  A t  RO -97 s e c ,  t h e  u l l a g e  p r e s s u r e  inc reased  from 

40 t o  42.6 p s i a  because of LH2 tank p r e p r e s s u r i z a t i o n ,  wi th  a minor 

c o n t r i b u t i o n  from t h e  LOX vent  valve  purge and t h e  LOX p r e s s u r e  s e n s e  

l i n e  purge. Table 11-1 compares p r e p r e s s u r i z a t i o n  d a t a  from t h e  

S-IVB-501 and 502 acceptance  f i r i n g s  t o  t h a t  from S-IVB-501 f l i g h t .  

During t h e  f i r s t  10  s e c  of S-IC boost ,  t h e  u l l a g e  p r e s s u r e  decreased 

1.2 p s i a  (from 42.4 t o  41.2 p s i a ) .  The p r e s s u r e  continued t o  dec rease  

t o  a  minimum of 39.9 p s i a  a f t e r  100 s e c  of boos t ,  then inc reased  t o  

40.5 p s i a  by S-IC c u t o f f .  The p r e s s u r e  was r e l a t i v e l y  s t a b l e  a t  40 p s i a  

dur ing  S-I1 baos t ,  i n c r e a s i n g  s l i g h t l y  t o  40.2 p s i a  by S-IVB f i r s t  b u m  

Engine S t a r t  Command (ESC1) . 
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The i n i t i a l  u l lage  pressure decrease a f t e r  l i f t o f f  may have been caused 

by LOX s lo sh ,  which tends t o  c h i i l  the  ul lage.  The c h i l l i n g  continued 

through S-IC boost,  as shown by the  u l l age  temperatures i n  f i gu re  11-2. 

'=he pressure was r e l a t i v e l y  s t a b l e  during S-I1 boos t  because the g force  

w a s  lower and the  u l l age  col lapse w a s  less than i t  w a s  during S-IC boost.  

11.1.1.2 Pressur iza t ion  

The LOX tank u l lage  pressure and temperature and the  pressurant  f lowrate  

a r e  shown i n  f i gu re  11-3. The u l l age  pressure was 40.2 p s i a  a t  f i r s t  

burn Engine S t a r t  Command, s a t i s f y i n g  t h e  engine s t a r t  requirements, dnd 

was s u f f i c i e n t  throughout S-IVB powered f l i g h t  t o  meet the  minimum NPSP 

requirement. During t h e  s r a r t  t r a n s i e n t ,  t h e  u l l age  pressure decreased 

t o  a minimum of 35.8 p s i a  before  t h e  pressurant  f lowrate  became l a rge  

enough t o  increase  the u l l age  pressure.  During f i r s t  burn t he  u l l age  

pressure cycled th ree  more times than predicted because t h e  u l l age  pres- 

s u r e  decrease during the  s t a r t  t r a n s i e n t  w a s  1 p s i a  more than predicted 

:-nd the  cont ro l  band w a s  smaller than t h a t  used f o r  t he  pred ic t ions .  

The u l l age  pressure increased s l i g h t l y  during the  f i r s t  few seconds a f t e r  

f i r s t  burn Engine S t a r t  Command because the  pressur iza t ion  system w a s  

ac t iva ted  a t  f i r s t  engine s t a r t  and allowed t h e  pressurant  t o  flow during 

the  3-sec f u e l  lead. 

The LOX tank pressurant  f lowrate  va r i ed  from 0.38 t o  0.42 lbm/sec during 

overcontrol  system operat ion,  and from 0.25 t o  0.3 lbm/sec during under- 

control.  This va r i a t i on  is normal because t he  hea t  exchanger bypass 

o r i f i c e  i n l e t  temperature changes as t h e  system c h i l l s  dawn. During 

S-IVB f i r s t  burn, 47 lbm of helium were used; 332 lbm had been loaded. 

Table 11-2 compares the pressur iza t ion  system da t a  from S-IVB-501 and 502 

acceptance f i r i n g s  t o  t h a t  from S-IVB-501 f l i g h t .  

11.1.1.3 Cold Helium Supply 

The cold helium supply w a s  more than adequate t o  meet f l i g h t  requirements. 

The cold helium supply system da t a  a r e  presented i n  t ab l e  11-3 and 

f i g u r e  11-4. The values quoted f o r  mass ca lcu la t ions  were based upon 
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sphere  temperatures and pressures  a t  t h e  i n d i c a t e d  t imes.  The r e s u l t s  

of these  mass c a l c u l a t i o n s  d i s a g r e e  wi th  t h e  r e s u l t s  obta ined by flow 

i n t e g r a t i o n  and a r e  considered i n f e r i o r  t o  them because t h e  spheres  a r e  

a t  d i f f e r e n t  temperatures and the  compress ib i l i ty  f a c t o r  cannot be 

e x a c t l y  determined. 

11.1.1.4 5-2 Engine Heat Exchanger 

The 5-2 engine h e a t  exchanger performance d a t a  a r e  presented i n  

f i g u r e  1.1-5 and compared t o  S-IVB-501 and 502 acceptance f i r i n g  d a t a  

i n  t a b l e  11-4. The h e a t  exchanger o u t l e t  temperature inc reased  t o  

925 deg R by t h e  end of 50 s e c  of engine opera t ion .  The temperature 

continued t o  i n c r e a s e  t o  a  maximum OL 1,000 deg R a t  9  s e c  p r i o r  t o  

f i r s t  burn Engine Cutoff Command (ECC1). The f l o w r a t e  through the  h e a t e r  

was r e l a t i v e l y  cons tan t  a t  t h e  va lues  given i n  t h e  t a b l e .  

11.1.2 Second Burn 

11.1.2.1 Repressur izat ion 

The r e p r e s s u r i z a t i o n  system was n o t  r equ i red  s i n c e  t h e  LOX tank u l l a g e  

p ressure  a t  r e p r e s s u r i z a t i o n  i n i t i a t i o n  was above t h e  r e p r e s s u r i z a t i o n  

upper p ressure  l i m i t .  The LOX tank u l l a g e  cond i t ions  dur ing the  in tended 

r e p r e s s u r i z a t i o n  per iod a r e  shown i n  f i g u r e  11-6. A discuss ion  of t h e  

events  t h a t  l e d  t o  t h e  high LOX tank u l l a g e  p ressure  a t  t h e  i n i t i a t i o n  

of r e p r e s s u r i z a t i o n  is g iven  i n  paragraph 11.2.1. 

11.1.2.2 P r e s s u r i z a t i o n  

At second b u m  Engine S t a r t  Command (ESC2), t h e  LOX tank u l l a g e  p ressure  

( f i g u r e  11-7) was 42.6 p s i a ,  thus s a t i s f y i n g  t h e  engine s t a r t  requirement.  

During second burn t h e  u l l a g e  p ressure  cycled between 39 and 40.2 p s i a  

t h r e e  tirnes, vhich rrrac one cycle less than p red ic ted .  The number of 

cyc les  was fewer than p r e d i c t e d  and t h e  u l l a g e  c o l l a p s e  was l e s s  than 

p red ic ted .  Throughout second burn t h e  u l l a g e  p ressure  was s u f f i c i e n t  

t o  meet t h e  minimum NPSP requirements.  
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The pressurant  f lowrate  var ied from 0.28 t o  0.33 lbmlsec during under- 

cont ro l  system operat ion,  and from 0.4 t o  0.46 lbmlsec during overcontrol.  

Based on flow in t eg ra t i on ,  95 lbm of helium were used during the  second 

period of S-IVB powered f l i g h t .  The pressur iza t ion  system performance 

during second burn is compared to  t h a t  of S-IVB-501 and 502 str^_oc. during 

acceptance f i r i n g  i n  t ab l e  11-2. 

11.1.2.3 Cold Helium Supply 

The cold helium supply during second burn was adequate. Exis t ing da t a  

i nd i ca t e  t ha t ,  a f t e r  second burn engine cu to f f ,  the  pressure remained 

e s s e n t i a l l y  cor.stant a t  approximately 8U0 psia .  ( I t  slowly increased t o  

830 ps i? ,  then decreased to  800.) S ign i f i can t  da ta  a r e  presented i n  

t ab l e  11-3 and f i gu re  11-8. This system is  f u r t h e r  discussed i n  

paragraph 11.1.1.3. 

11.1.2.4 5-2 Engine Heat Exchanger 

The 5-2 engine hea t  exchanger performance da t a  during second b u m  a r e  

presented i n  f i gu re  11-9 and compared to  S-IVB-501 and 502 acceptance 

f i r i n g  da t a  i n  t a b l e  11-4. 

11.2 Pressur iza t ion  System Conditions During Orbi t  

11.2.1 LOX Tank Conditions 

The LOX u l l age  gas temperatures and l i q u i d  temperatures during t h e  f i r s t  

and second o r b i t s  a r e  shcwn i n  f i gu re  11-10. During t h i s  per iod,  the  

temperature probes ind ica ted  l i q u i d  temperatures, khich suggests t h a t  

l i q u i d  was dispersed throughout t h e  u l lage .  The v a l i d i t y  of t h i s  

contention is doubtful  as the  acce le ra t ion  provided by the  continuous 

vent  is ' suf f ic ien t  t o  set t le the  l i q u i d  t o  t he  bottom of tl- : tank; 

however, due t o  t h e  5-2 engine shutdown t r ans i en t s  and a pitchdawn ma- 

neuver a f t e r  f i r s t  burn, a l i q u i d  spray may have been dispersed i n t o  the 

u l lage .  A few drops of  t h e  spray apparently s e t t l e d  on the  gas tempera- 

t u r e  probes (COG29 and C0059). A t  the  same time temperature probes C0099, 

C O i O O ,  and C O l O l  indicated t h a t  t h e  l i q u i d  was creeping up the  instrumen- 

t a t i o n  probe, thereby f i l l i n g  the probe and temperature can i s t e r s  . 
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Because of  t h e  low g  c o n d i t i o n ,  the  l i q u i d  remained i n  the  c a n i s t e r s  

u n t i l  some t ime a f t e r  second b u m  Engine S t a r t  Command. This  t heo ry  is  

suppor t ed  by the  d a t a  i n  f i g u r e  11-7, which shaw t h e  101,  100,  and 80 per -  

c e n t  l i q u i d  l e v e l  probe t empera tu re s  t a k i n g  t h e i r  c h a r a c t e r i s t i c  drop  a s  

though t h e  probes  were emerging from t h e  l i q u i d .  The re fo re ,  even  though 

t h e  l i q u i d  l e v e l  a t  second burn  Engine S t a r t  Command is  below 80 p e r c e n t ,  

t h e  u l l a g e  gas  tempera ture  du r ing  o r b i t  cannot  b e  de termined.  

During o r b i t a l  c o a s t ,  t h e  a l i  end of  t h e  t a n k  became q u i t e  warm as i n d i -  

c a t e d  by t h e  p o s i t i o n  1 an, ^ probes  and by t h e  1 p e r c e n t  gas  probe 

( f i g u r e  11-10). During t h e  same p e r i o d ,  t h e  u l l a g e  became ve ry  c o l d  a s  

i n d i c a t e d  by t h e  d i f f u s e r  t empera tu re  and t h e  1 0 1  and 100 p e r c e n t  gas  

p robes .  The a c t u a l  t empera tu re  of t h e  u l l a g e  w a s  n o t  de termined f o r  t h e  

r easons  p rev iou  ; l y  s t a t e d .  

The LOX tank  u l l a g e  p r e s s u r e  ( f i g u r e  11-11) dec reased  from 40.5 t o  

39.15 p s i a  by t h e  end of  t h e  f i r s t  o r b i t .  The p r e s s u r e  i n c r e a s e d  d u r i n g  

t h e  secoqd o r b i t  and was 39.9 p s i a  when a  yaw and p i t c h  maneuver took 

p l a c e  i n  p r e p a r a t i o n  f o r  second b u m .  A t  t h i s  t i m e  t h e  u l l a g e  p r e s s u r e  

i n c r e a s e d  s h a r p l y  t o  42.6 p s i a  where i t  s t a b i l i z e d  u n t i l  second burn  

Engine S t a r t  Command. 

A t  one t ime d u r i n g  o r b i t a i  c o a s t ,  t h e  ;eve1 and t h e  r e l a t i v e  s t a b i l i t y  

of t h e  t ank  p r e s s u r e  s u p p o r t  t he  c o l d  he l ium l e a k  t h e o r y  d i s c u s s e d  i n  

paragraph 11.2.2. Tt,at is ,  t h e  l eakage  i n d i c a t e d  by t h e  mass c a l c u l a -  

t i o n s  pas sed  t h e  LOX p r e s s u r i z a t i o n  c o n t r o l  module s h u t o f f  v a l v e s  and 

e n t e r e d  t h e  tank .  Ana lys i s  showed t h a t  a  hel ium l e a k a g e  r a t e  of 

0.0028 Ibm/sec i n t o  ark ul1.-.ge a t  200 deg R could  ir, f a c t  cause  t h e  

p r e s s u r e  s t a b i l i t y  This  approach,  however, was d i s c r e d i t e d ;  a n a l y s i s  

i n d i c a t e d  t h a t ,  w i t h  a stab' .e u l l a g e  p r e s s u r e ,  t h e  energy  l o s s   fro^. t h e  

u l l a g e  would have t o  b e  approximate ly  t h r e e  t i m e s  t h e  p r e d i c t e d .  T h i s  

would i n d i c a t e  a  l o s s  of vacuum i n  t h e  common bulkhead,  which d i d  n o t  

occur .  I n  a d d i t i o n ,  t h e  s h u t o f f  v a l v e s  would have t o  f a i l  i n  such a 

way a s  t o  a l low a l eakage  of 0.0028 lbmlsec .  A review of t h e  development 
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and t e s t i n g  of  t h e  modul e r e v e a l s  t h a t  leakage p a s t  t h e  shutof  r' va lves  

has  never  been observed. Also, the  cold h d i u m  dump modulo, A i c h  is  

equipped wi th  an i d e n t i c a l  poppet arrangement has  never been observed t o  

l eak .  I t  is,  t h e r e f o r e ,  h igh ly  improbable t h a t  a l e a k  p a s t  t h e  co ld  

helium shu tof f  v s l v e s  d i d  cccur .  

With t h e  leakage theory uncorroborated,  t h e  tank cand i t ions  dur ing o r h i  t 

v z r e  examined t o  formulate a more f e a s i b l e  theory f o r  tho u l l a g e  p rossure  

s t a b i l i t y  and i n c r e a s e  p r i o r  t o  r e p i e s s u r i z a t i o n .  

As i n d i c a t e d  by t h e  tank temperatures shown i n  f i g u r z  11-10, a warm 

l a y e r  of l i q u i d  and gas formed i n  the  a f t  end of t h e  tank dur ing o r b i t .  

This theory is supported by t h e  l i q u i d  p o s i t i o n  1 temperature,  which 

~ 2 n t  off-scale-high at  173 deg R,  and t h e  1 percep t  gas probe,  which 

i n d i c a t e d  temperatures i n  excess  of 173 deg R. The LOX above t h e  warm 

l a y e r  and g l s  pocket must have been pushed i n t o  the u l l a g e  a s  the  pocket 

enlarged dur ing ~ r b i t .  This would tend t o  s t t b i l i z e  t h e  u l l a g e  p ressure  

and even cause t h e  p ressure  t o  i n c r e a s e  when t h e  v e h i c l e  was -n t h e  sun 

o r  decrease  :?hen t h e  v e h i c l e  was i n  the  e a r t h  shadow. 

This theory was appl ied t o  t h e  tank , r b i t a l  p ressurc  a n a l y s i s  and t h z  

r e s u l t s  agreed frivorably w i t h  t h e  f l i g h t  da ta .  It was found t h a t  a LOX 

b o i l o f f  r a t e  of 0.014 lbm/sec, causing GOX hukf l?s  20 i'orm i n  t h e  bottom 

of t h e  tank,  g ives  an u l l a n e  p ressure  p r o r l ~ . _  .L .;I similar t o  t h e  f l i g h t  

data .  When t h e  mass of GOX i n  t h e  bub5le was added t o  t h e  gases i n  t h e  

tank u l l a g e  dur ing r e s t a r t  a p e r a t i o n s ,  t h e  m a l y s l s  i n d i c a t e d  t h e  u l l a g e  

p ressure  would i n c r e a s e  2.8 ..si and t h e  mean u l l a g e  temperature would 

i n c r e a s e  approximately 5 deg. This p r e s s u r e  r i s c  agrees  favorably  wi th  

t h e  2.7 p s i  u l l a g e  p ressure  i n c r e a s e  observed when the v e h i c l e  w a s  

maneuvering p r i o r  t o  second burn. 

11.2.2 LOX Tank Venting During Third  O r b i t  

A f t e r  S-IVB s e c m d  burn Engine Cutoff Command, t h e  u l l e g e  p r e s s u r e  

( f i g u r e  11-12) remained momentarily a t  39.2 p s i a .  Then a 10 s e c  pro- 

grammed LOX vent  a t  RO +11,786 s e c  decreased t h e  u l l a g e  p ressure  t o  

29.2 ps ia .  By RO +12,000 s c c ,  t h e  p r e s s u r e  had inc reased  t o  33 p s i a  

due t o  vapor iza t ion  of t h e  LOX r e s l d u a l  and u l l a g e  heacing.  Between 
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RO +12,386 s e c  and RO +12,550 sec ,  the tank pressure increased from 

34.0 t o  35.7 psia .  The sudden increase i n  pressure vas probably due t o  

a subs t an t i a l  increase  i n  bo i lo f f  end ul lage  pas heat ing causzd by the 

ag i t a t i on  t u  the res idua ls  created during spacecraf t  s e p ~ r ~ t i o n .  

After  LV/SC separat ion,  the ul lage pressure continued to  increase t o  

41.9 p s i a  a t  RO +19,120 sec.  A t  t h i s  time an o s c i l l a t i o n  developed i n  

the u l lage  pressure ind ica t ion ,  of appraximately 1 cps frequency and 

bui lding to  an amplitude of 4.5 p s i  peak-to-peak (p-p) by RO +19,240 sec.  

The n u l l  point of the  o s c i l l a t i o n s  a t  t h i s  time was 42.4 psia .  A t  

kO +19,660 sec,  the  pressure responded t o  a tank vent  dropping t o  a n u l l  

value of 42.0 p c i z  with 3.6 p s i  p-p amplitude. 

The c s c i l l a t i o n  then gradually decayed to  2.5 p s i  p-p amplitude about 

a 41.9 p s i a  null1 by RO +20,500 s e c  when a ccmpound o s c i l l a t i o n  developed 

with an i r regvl t i r  0.067 cps superimposed on a s teady 1 cps. A maximum 

~ n p l i t u d e  of 6.5 p s i  p-p was noted before  the secondary o s c i l l a t i o n  

b e c a u  e r r h t i c  and began t o  break down a t  approximately RO +20,670 sec.  

The o s c i - l a t i o n  then decayed s t e a d i l y  t o  0.5 p s i  p-p about the - lul l  

point  of 42.1 p s i a  a t  0.8 cps frequency by RO +21,300 s e c  when da ta  was 

temporarily l o s t .  Althcugh da t a  t h e r e a f t e r  is  sketchy, the  oc c i l l a t i o n s  

appear t o  have b u i l t  up zo 2.6 p s i  p-p a t  1.0 cps a b w t  * n u l l  of 

42.3 p s i a  by RO +22,4@0 s e c  and t o  nave then decreased to  1.8 p s i  p-p 

a t  1.1 cps &out 42.8 p s i a  by l o s s  c f  d a t a  a t  RO +25,000 sec.  

The d a t a  f i r s t  a\-ailzble ind ica ted  t h a t  the  o s c i l l a t i o n s  were due to  a 

cycling of the  vec t  and r e l i e f  valve which cracks and reseats a t  

approxirtately the  upper and lover  l e v e l s  of the  o s c i l l a t i o n .  The tank 

pressure,  nowever, was 41.9 p s i a  when the o s c i l l a t i o n s  s t a r t e d ,  and the 

vent  valve should not have opened. Absence of LOX r e l i e f  operat ion is 

not  supported by tank u l l age  tenperature  da t a ,  ( f i gu re  11-13), which 

indicated no temperature change t h a t  would be c h a r a c t e r i s t i c  of venting, 

o r  by the  APS system, which indicared no response t o  venting. At 

f i r s t  glance, the o s c i l l a t i o n s  appear t o  have the same c k i r a c t e r i s t i c s  

as those which ha-!: been noted on some previouc s tages  during severa l  
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t e s t s ,  both a t  STC and KSC. Eowever, an evaluation reveals tha t  the 

mechanism known to e x i s t  i n  these previous occurrences is dependent 

upon some acceleration l eve l  fo r  continnous osc i l l a t ion ,  and therefore, 

should not ex i s t  i n  o rb i t .  Further invest igat ion of both the data and 

the stage configurstion revealed the following information and yielded 

the mechanism of osc i l l a t ion  presented below. 

When osc i l l a t ions  were noted on the S-IVB-501 s tage  during the CDDT a t  

a time when the ground supplied sense l i n e  purge was turned o f f ,  s t eps  

were taken to  prevent a recorrence during the boost and burn period of 

f l igh t .  The sense l i n e  ?urge supp1.y was moved from ground supplied 

helium to  the stage ambient helium system through a 200 scim s in tered  

o r i f i ce .  Tnis new supply l i n e  was not provided with a check valve. 

When tbe  s tage  ambient helium systeu, developed a leak i n  o r b i t ,  and the 

helium pressure decayed below the l eve l  of the LOX ullage pressure 

(helium regulator discharge pressure dropped below 42 ps ia  a t  

RO +17,000 sec) ,  the sense l i n e  purge not only ceased, but  a reverse 

Elow, from the tank ul lage,  through the sense l i n e  and purge l i n e  and 

out  the leak,  was in i t i a t ed .  This reverse flow carr ied entrained LOX 

through the sense l i n e  and outside the confines of the LOX tank, where 

i t  flashed off .  This evaporation generated gas f a s t e r  than the leakage 

r a t e  could carry i t  off  and a high pressure developed. This pressure 

forced the LOX back up the  sense l f n e  t o  a point  where the  l i n e  was 

surrounded by LOX, and the evaporation ceased. The continuing leakage 

now reduced the  pressure, and the resul t ing  d e l t a  pressure along the  

length of the sense l i n e  once again drove the LOX i n  the l i n e  outside of 

the tank, causing evaporation. '%is cycle would continue as long as 

there w a s  s u f f i c i e n t  LOX i n  the ul lage gas to  generate gas by evaporating 

f a s t e r  than the leakage rate.  The magnitude and frequency of the 

osc i l l a t ion  a re  dependent upon the mass of LOX i n  the sense l i n e  and 

the heat  source outside of the  LOX tank. 

The compound osc i l l a t ion  noted a t  RO +20,530 s e c  may be explained by the 

in terac t ion  of the previously described phenomenon operating on not 

one, but  two masses of condensed LOX i n  t3e sense l ine ,  separated by 
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a gas column of some leng th .  The e n t r a i n e d  LOX i n  t h e  sense  l i n e  could 

q u i t e  e a s i l y  have coalesced i n t o  two s e p a r a t e  nasses  due t o  the  v i b r a t o r y  

motion of t h e  gases.  

It is obvious from t h e  preceding d i scuss ions  t h a t  t h e  o s c i l l a t i o n s  a r z  

caused by t h e  problem i n  t h e  s t a g e  pneumatic system i n  conjunct ion with 

the  p a r t i c u l a r  sense  l i n e  purge conf igura t ion .  Since  t h i s  purge config- 

u r a t i o n  is  n o t  e f f e c t i v e  on l a t e r  s t a g e s ,  t h i s  p a r t i c u l a r  o s c i l l a t i o n  

mechanism should n o t  be  seen again.  

11.2.3 Cold Helium Supply During O r b i t  

During f i r s t  and second o r b i t ,  t h e  c o l d  helium supply p ressure  

( f i g u r e  11-14) decreased from 1,570 t o  1,430 p s i a  - a 140-psi drop i n  

10,829 sec of o r b i t a l  coast .  Such a decrease  w a s  n o t  i n d i c a t e d  dur ing 

t h e  wa l t lng  o r b i t .  

Whether the  p ressure  decrease  was a helium l e a k  o r  bad d a t a  is question- 

a b l e ,  b u t  a sea rch  i n t o  t h e  p ressure  t r ansducer  background revealed 

nothing t h a t  would i n d i c a t e  a discrepancy i n  t h e  data .  The sensor  w a s  

t e s t e d  t o  140 deg R. From p a s t  c a l c u l a t i o n s ,  t h e  lowest  temperature t h e  

t r ansaucer  is expected t o  exper ience dur ing any S a t u r n  f l i g h t  is 

180 deg R a f t e r  4 1 / 2  h r  i n  f l i g h t .  The i n s i d e  tunnel  w a l l  and t h e  LH2 

tank e x t e r n a l  w a l l  temperatures recorded on S-IVB-501 i n d i c a t e  t h e  

t r ansducer  w a s  w e l l  above 180 deg R. No d i sc repanc ies  were found on 

t h i s  t ransducer .  some t o t a l  supply  m a s s  c a l c u l a t i o n s  us ing maximum and 

minimum i n d i v i d u a l  sphere  temperatures were compared t o  t h e  m a s s  us ing 

average temperatures. A wide range of second burn masses can be  calcu- 

l a t e d ,  depending on the  temperature used, as shown i n  t h e  following t a b l e :  

Maximum I n d i v i d u a l  Average Minimum Indivi.dua1 Time 
Sphere Temperature Temperature Sphere Temperature 

L i f t o f f  332 lbm 332 lbm 332 lbm 

ESCl 332 lbm 332 lbn: 33; lbm 

E C C l  294 lbm 294 lbm 294 lbm 

ESC2 234 lbm 252 lbm 257 lbm 

ECC2 168 lbm 190 lbm 232 lbm 
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11.3 LOX Pump Chilldown 

11.3.1 F i r s t  Burn 

The LOX pump chilldown system performed adequately. A t  Engine S t a r t  

Command, t he  pump i n l e t  condi t ions of 40.2 p s i a  and 164.5 deg R were 

s u f f i c i e n t  t o  produce an NPSP of 23.8 p s i ,  s a t i s f y i n g  t h e  requirement of 

i2 .8  p s i  minimum ( t ab l e  11-5). 

Recfrculation chilldown was s t a r t e d  a t  RO -276.9 s ec  and continued u n t i l  

RO +520.9 sec when the  prevalve s t a r t e d  t o  open with t h e  chilldown pump 

s t i l l  running. The prevalve-full-open s i g n a l  was received at 

KO +522.5 sec. The chilldown pump w a s  c u t  o f f  and the  shutoff  valve 

closed approximately 0.4 s ec  before  f i r s t  b u m  Engine S t a r t  Command. 

During chilldown t h e  pump i n l e t  and re turn  l i n e  pressures  increased and 

decreased with acce l e r a t i on  u n t i l  t he  prevalve w a s  opened and t h e  

chilldown pump developed head was l o s t .  The pump inlet pressure then 

decreased t o  equal  t h e  u l l age  pressure.  The chilldown system f l u i d  

temperatures decreased during t h e  f i r s t  minute of c t i l ldown,  then 

remained r e l a t i v e l y  constant  u n t i l  p repressur iza t ion  ( f i gu re s  11-15 and 

11-16). The engine pump i n l e t  pressure was constructed f o r  t h e  per iods 

from RO +30 t o  RO +150 s e c  and from RO +440 t o  KO +519.8 s e c  because 

DO003 w a s  of f -scale  high. 

During pressurized chilldown, the  LOX w a s  subcooled throughout t he  

r ec i r cu l a t i on  system. The chilldown f lowra te  was 33.5 gpm p r i o r  t o  

prepressur iza t ion  and 35 gpm a f t e r ,  wi th  a f r i c t i o n a l  pressure drop of 

11.0 p s i  through the  system. The flow coe f f i c i en t ,  a measure of t h e  

flow res i s tance ,  w a s  ca lcu la ted  from t h i s  f lowrate  and pressure  drop 
2 3 data .  During pressurized chilldown, i t  was found t o  be  25 sec  / in .2  f t  . 

The NPSP a t  t he  engine pump i n l e t  was nominal a t  23.6 p s i  a t  f i r s t  

burn Engine S t a r t  Command. 

The hea t  input  r a t e s  from the  tank of the turbopump i n l e t  ( sec t ion  I ) ,  

from the  pump i n l e t  t o  t h e  bleed valve ( sec t ion  2) , and from the  bleed 

valve t o  t he  tank i n l e t  ( sec t ion  3) decreased rap id ly  during the  f i r s t  

minute of chilldown. Prepressur iza t ion  caused another decrease,  and 

S-I acce le ra t ion  buildup caused s t i l l  another.  The hea t  input  r a t e s  

remafned r e l a t i v e l y  constant  during t h e  subsequent chilldown process.  
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11.3.2 Second Burn 

The LOX pump chilldown f o r  second burn was d i f f e r e n t  from r h a t  f o r  f i r s t  

burn i n  t h a t  i t  s t a r t e d  wi th  a d ry  chil ldown system. A s p e c i a l  unpres- 

s u r i z e d  LOX pump chil ldown t e s t  w a s  i n i t i a t e d  4 min p r i o r  t o  t h e  

i n i t i a t i o n  of r e s t a r t  p r e p a r a t i o n s  wi th  t h e  prevalve  c losed .  The purpose 

of t h i s  t e s t  was t o  determine chilldown e f f e c t i v e n e s s  a t  a lower g l e v e l  

than normal wi th  t h e  u l l a g e  engines on. 

The LOX pump r e c i r c u l a t i o n  chil ldown system performed s a t i s f a c t o r i l y  

( f i g u r e s  11-17 and 11-18). A t  second burn Engine S t a r t  Command, t h e  pump 

i n l e t  p ressure  of 42.6 p s i a  and temperature of 165.75 deg R were w i t h i n  

t h e  engine s t a r t  requirements.  The NPSP a t  second b u m  engine s t a r t  was 

25 p s i ,  s a t i s f y i n g  t h e  minimum accep tab le  l i m i t  of 12.8 p s i .  S i g n i f i -  

c a n t  d a t a  a r e  presented i n  t a b l e  11-5. 

A f t e r  approximately 40 s e c  of chilldown, t h e  chil ldown pump d i f f e r e n t i a l  

p ressure ,  f lowrate ,  and engine LOX pump p r e s s u r e  and temperature reached 

s teady  condi t ions .  The chil ldown system temperatures were subcooled 

a f t e r  60 s e c  and remained subcooled u n t i l  t h e  end of chilldown. A f t e r  

t h a t  time (ESC2 -503 s e c ) ,  subcooled LOX was flowing through t h e  e n t i r e  

chilldown system. The LOX tank u l l a g e  p ressure  w a s  cons tan t  a t  40 p s i a  

from some time before  chil ldown i n i t i a t i o n  u n t i l  r e s t a r t  p repara t ions  

(end of chilldown t e s t )  a t  ESC2 -326.0 sec.  During t h i s  pe r iod ,  t h e  

chil ldown pump d i f f e r e n t i a l  p ressure  w a s  10.5 ps id ,  t h e  f l o w r a t e  was 

approximately 36 gpm, and t h e  engine pump i n l e t  p ressure  and temperature 

were 48.5 p s i a  anc! 165.9 deg K. However, chil ldown was no t  complete 

because t h e  bleed va lve  and chilldown r e t u r n  l i n e  temperatures and t h e  

hea t  inpuc r a t e  of s e c t i o n  2 were s t i l l  decreas ing.  The LOX pump NPSP 

was 30.5 p s i .  

A t  ESC2 -282 s e c ,  a 20-sec p e r t u r b a t i o n  occurred i n  t h e  LOX chil ldown 

system--the chilldown pump d i f f e r e n t i a l  p r e s s u r e  and f l w r a t e  dropped 

from nominal t o  n e a r  ze ro  and recovered t h r e e  times ( f i g u r e  11-19) 

because GOX bubbles had formed on t h e  bottom of t h e  tank. The GOX 

bubble formation i s  a t t r i b u t e d  t o  hea t  l e a k s  through t h e  a f t  LOX dome 
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during coast .  APS u l lage  acce le ra t ion  forces ,  beginning a t  

ESC2 -327.8 sec ,  r e su l t ed  i n  displacement of t he  formation from t h e  tank 

bottom t o  t he  l i qu id  surface.  As  a r e s u l t  of t h e  APS u l l age  p i t c h  and 

yaw maneuvers a t  ESC2 -326 sec ,  the  formation slowly rose  from the  bottom 

of the  tank and passed t h e  chilldown pump i n l e t .  During t h i s  displace-  

ment, some of the  bubbles entered t h e  LOX chilldown system. Since t h e  

chilldown pump recovered t o  its previous l e v e l  of performance, t h i s  two- 

phase flow d is rupt ion  d id  not  degrade t he  chilldown. 

The LOX tank u l lage  pressure s t a r t e d  an increase  of 2.5 p s i a  a t  r e s t a r t  

i n i t i a t i o n  (paragraph 11.2), thus causing a small s h i f t  i n  data .  W.~en 

t h e  prevalve was opened at ESC2 -9.8 see,  t h e  engine LOX pump i n l e t  

pressure dropped from 52.0 t o  43.0 p s i a  ( t h e  same value as t h e  u l lage  

pressure) ,  and t h e  pump i n l e t  temperature w a s  constant  a t  165.6 deg R. 

The heat input  of s ec t i on  2 remained constant  a t  4,000 Btulhr  u n t i l  

second burn Engine S t a r t  Command. The LOX system chilldown w a s  complete 

because a l l  parameters had s t a b i l i r e d  long before second burn Engine 

S t a r t  Command. 

11.4 Engine LOX Supply 

The engine LOX supply system ( f igu re  11-20) de l ivered  the  necessary 

quant i ty  of LOX t o  t he  engine pump i n l e t  throughout both f i r i n g s .  

11.4.1 F i r s t  Burn 

The NPSP a t  the  engine i n t e r f a c e  ( f igure  11-21) was ca lcu la ted  t o  be 

23.8 p s i  a t  f i r s t  burn Engine S t a r t  Command. The NPSP decreased a f t e r  

f i r s t  engine s t a r t  and reached a minimum of 22.5 p s i  a f t e r  20 sec of 

powered f l i g h t ,  which was 1.9 p s i  above t h e  20.6 p s i  required a t  t h a t  

time. During the  remainder of the  burn, t he  NPSP remained between 

27.4 and 24.8 p s i  a s  it followed the u l l age  pressure.  A t  t he  end of 

f i r s t  burn, t he  NPSP was 26 p s i  which was 6.35 p s i  above the  required. 

The i n t e r f a c e  s t a t i c  pressure and temperature are shown i n  f i g u r e  11-21. 

The i n t e r f a c e  pressure w a s  40.2 p s i a  a t  f i r s t  bum Engine S t a r t  Command 

and reached a minimum of 36.5 p s i a  a f t e r  20 sec of engine operation. 
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The p ressure  inc reased  t o  41 p s i a  then cycled between 39 and 40 p s i a  a s  

i t  followed t h e  u l l a g e  p ressure .  The i n t e r f a c e  p r e s s u r e  a t  Engine Cutoff 

Command was 40 p s i a ;  t h e  teniperature was 164.5 deg R a t  f i r s t  burn Engine 

S t a r t  Command and a t  f i r s t  burn Engine Cutoff Command. 

Whe-i t h e  LOX pump i n t e r f a c e  p ressure  and temperature were p l o t t e d  i n  t h e  

engine LOX pump opera t ing  region ( f i g u r e  11-22), they i n d i c a t e d  t h a t  

t h e  engine LOX pump i n t e r f a c e  cond i t ions  were met s a t i s f a c t o r i l y  throug'l- 

out  t h e  f i r s t  pe r iod  of powered f l i g h t .  The pump i u t e r f a c e  temperature,  

a s  p l o t t e d  a g a i n s t  t h e  mass remaining i n  t h e  LOX tank dur ing engine 

opera t ion  is shown i n  f i g u r e  11-23. Table 11-6 compares t h e  LOX sup?ly 

parameters t o  those  of S-IVB-501 and 502 acceptance f i r i n g s .  

11.4.2 Second Bum 

The NPSP a t  t h e  engine i n t e r f a c e ,  shown i n  f i g u r e  11-24, w a s  c a l c u l a t e d  

t o  be 25 p s i  a t  second b u m  Engine S t a r t  Command. A t  t h e  end of f u e l  

l e a d  t h e  LOX pump NPSP inc reased  rap id ly  t o  28 p s i  then decreased t o  

24.2 p s i  and cycled from t h i s  va lue  t o  26 p s i .  A t  second burn Engine 

Cutoff Command, t h e  NPSP was 24.2 p s i  which w a s  10.75 p s i  above t h e  

required.  

The LOX pump s t a t i c  i n t e r f a c e  p ressure  ( f i g u r e  11-24) followed t h e  c y c l i c  

t r ends  of t h e  LOX tank ul-lage pressure .  A t  second burn Engine S t a r t  

Command and at  t h e  end of f u e l  lead,  t h e  i n t e r f a c e  p ressure  w a s  42.6 p s i a .  

During engine opera t ion ,  t h e  p ressure  cycled from 38.5 t o  40 p s i a ;  i t  was 

39 p s i a  a t  second burn Engine Cutoff Command. 

The i n t e r f a c e  temperature a t  second burn Engine S t a r t  Command and a t  t h e  

end of f u e l  l e a d  w a s  165.75 deg R. It decreased t o  165.5 deg R by 

5 s e c  a f t e r  s t a r t  tank d i scharge  then inc reased  t o  165.75 deg R by second 

burn engine c u t o f f .  

When t h e  LOX pump i n t e r f a c e  p ressure  and temperature were p l o t t e d  i n  t h e  

engine LOX pump opera t ing  region ( f i g u r e  11-25), they i n d i c a t e d  t h a t  t h e  

engine LOX pump i n t e r f a c e  cond i t ions  were met s a t i s f a c t o r i l y  throughout 
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the second period of powered f l i g h t .  The pump interface temperature was 

plotted against the mass remaining i n  the LOX tank during engine opera- 

t ion and is shcvn i n  figure 11-23. The f l i g h t  data are compared t o  the 

S-IVB-501 and 502 acceptance f i r ing  data i n  table 31-6. 
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TABLE 11-1 
LOX TANK PREPRESSURIZATION DATA 

*Lif toff  is simulated during acceptance f i r i n g .  

PARAMETER - 
Prepressurizat ion durat ion 

Number of makeup cycles 

Prepressurizat ion helium 

Flowrate 

Mass added t o  LOX tank during 
prepressurizat ion 

Mass added t o  LOX tank during 
makeup cycles 

Ullage pressure 

A t  p repressur iza t ion  i n i t i a t i o n  

A t  prepressurizat ion termination 

A t  l i f t o f f *  

A t  Engine S t a r t  Command 

Events ( s ee  from l i f t o f f * )  

Prepressurizat ion i n i t i a t i o n  

Prepressurizat ion termination 

Engine S t a r t  Command 
L 

S-IVB-501 
ACCEPTANCE 

FIRING 

9 

1 

0.8 

7.52 

0.98 

14.7 

40.8 

-158.5 

-143.5 

512.5 

sec  

lbmlsec 

lbm 

lbm 

p s i a  

p s i a  

p s i a  

p s i a  

S-IVB-502 
ACCEPTANCE 

FIRING 

19 

1 

0.321 

6 .1  

0.57 

14.7 

40.3 

36.8 

-163 

-144 

511.0 

S-1VB-501 
FLIGHT 

15 

2 

0.26 

3.7 

0.39 

15.1 

40.5 

42.4 

40.2 

-167 

-152 

520.7 
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TABLE 11-4 
5-2 HEAT EXCHANGER PERFORMANZE DATA 

PARAMETER 

During overcon t ro l  

During underconirol  

Heat exchanger i n l e t  temperature 

During o v e ~  c o n t r o l  

During undercontrol  

Heat exchanger o u t l e t  temperature 

A t  end of 50-sec transi2n.i 

During overcon t ro l  

During undercontrol  

A t  Engine Curoff Command 

Heat exchanger o u t l e t  p ressure  

During overcon t ro l  

DuL:?~  undercontrol  

Average LOX l e n t  i n l e t  p ressure  

During overcon t ro l  

%iring undercontrol  

Maximum LOX ven t  i n l e t  
temperature 

*Temperature d id  aot s t a b i l i z e .  
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TABLE 11-5 
LGX CHlLLDOWN =STPI PERFORMANCE DATA 

I 
A t  Engine S f a r t  '-d p s i  

X l n i u  q u i r e d  a t  engine s r a r t  p s i  

At opcning of prevalvr  ps i 

leu. imiet c m a i t i o v  

Pressurr  a t  h g i n e  S t a r t  -.d I p s i a  

] T-rature a t  Engine S ta rc  c j u d  

I Average f lw c e f f  i c i e n t  

&at ahsnrptiam r a t e  

Sec t ioa  1 ( a a a k  t q  F- i n l e t )  

Section 2 ( p y  i n l e t  t o  bleed valve)  

S r o t i m  3 ('.: .ed valve t o  t a l k  
i n l e r )  

Chi l ldam f lavratc 

L ! r e s j u r i z e d  

Pressurized 

I C h i l l d a m  s y s t a  pressure d.op 

I 
Ullpresrurirzd 

Pressurized 

I ChiLldavll i n i t i a t i o n  
Pmvalve closed 
~ r c p r e s s u a i z a t i o a  Le.itiation 

1 Prevalve closed s i g n a l  dropout 

Preralve open s i g n a l  pickup 

Drlay betwen prevalve open c-d 
m d  pickup of open s i g n a l  

Chi l ldam shutoff  valve closed 

Engine S t a r t  C a n n d  

p s i  

PS i 

*During acceptance f i r i n l .  1i:toff is simulated. 

* * A l l  f i r s t  burn da ta  a r e  referencedco l i f t o f f  (or  s i a u l a t e d  l i i t o f f ) ;  a l l  second burn da ta  a r e  
referenced t o  second Engine S t a r t  C-d. 

*LOX c h i  l l d m n  valve closed switch (K0139) f a i l e d  before l i f t o f f  (open dropout used). 
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TABLE 11-6 
'LOX PUMP INLET CONDITION DATA 

PAMKETER 

Temperature a t  w i n e  s t a r t  

Temperature a t  engine cutoff 

NPSP r e q u i r e l n t s  

After RIR cutback 

NPSP available 

A t  Engine S t a r t  C-d 27.6 22.8 
29.0 23.5 

Maximum during f i r i ng  

Time of maximum (sec from ESC) 

Mnimum during f i r i ng  20.2 17.5 

Time of minimum (sec from ESC) 

A t  Engine Cutof f C-d 20.2 17.5 

LOX feed duct 

Pressure drop 

Flourate 

After MR cutback 

Pressure drop 

N/A - Not applicable 
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NOTE CCPRESSURIZATION 

1 
O(I ITEM NUMBERS F R W  CONTH0LY)OULE 

PARTS LIST TABLE 3-1 
SEE I.ICURE 3-1 FOR 
LEGEND 
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Figure 1 1-1 . LOX Tank Pressurization Sqrstem 
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I I r I I 

-NO. 2 ( ~ 0 2 0 9 )  COLD HELIUM TEMPERATURES 
. - +L_ -- . -. 

NO. 1 (C0208) 

Y 

I 1 I I 
COLD HELILM MASS (CALCULATED) 

I 
I 

ENGINE CUTOFF COFJMAND 

I I 1 

EWINE START - 
I I I . 

Figure 11-4. Cold Helium Supply - First Burn 
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1 1 I I 1 

COLD HELIUM SPERE PRESSURE (00016) 

I 

NO. 2 (C0209) 

1- COLD HELIUM MASS (CALCULATED) 
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TIME FROM ENGINE START COMMAND (SEC) 
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Figure 11-8. Cold Helium Supply - Second Bcrn 
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I i LOX I I I TANK ULLAGE PRESSURE <DO1791 I 
I 

FIRST BlrKIv ENGINE CUTOFF 
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r - 

I I 1 
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Figure 11-1 1 . LOX Tank ti1 1 age Pressure During F i r s t  and Second Orbi t s  
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Figure 11-20. LOX System Schematic 

11-40 
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12. FUEL SYSTEM 

The f u e l  system ;upplied LH2 t o  the  engine, a s  designed, with the  ava i l -  

ab le  ne t  p o s i t i v e  suc t ion  pressure (NPSP) excezding the  engine manu- 

f a c t u r e r ' s  requiremetlts tJ.rough both burns, except a t  second burn 

Engine S t a r t  Command. 

12.1 Pressur iza t ion  Control 

The LH2 tank p r e s s u r i z a t i o r ~  system ( f igu re  12-1) s a t i s f a c t o r i l y  accomplished 

prepressur iza t ion  and f i r s t  burn GH2 pressur iza t ion .  The LH2 tank pressures  

during repressur iza t ion  and second b u m  GH2 pressur iza t ion  were below the  

expected values .  The system performance, however, was adequate during 

second b u m  mains tage . 
12.1.1 F i r s t  Burn 

12.1.1.1 Prepressuxizat ion 

The LH2 tank conditions p r i o r  t o  prepressur iza t ion  were 37.6 deg R and 

17.5 ps ia ,  and the  LH2 bulk w a s  sa tura ted .  The LH2 Prepressur iza t ion  

Command was received a t  T -96.5 s ec ,  and the  LH2 tank pressurized s i g n a l  

w a s  received 21.5 s e c  l a t e r  when t h e  LH2 tank u l lage?  pressure reached 

33.8 psia.  The u i l age  pressure continued t o  increase  as t h e  u l lagz  warmed, 

reaching the  r e l i e f  s e t t i n g  of 35.9 p s i a  by l i f t o f f .  The u l l age  pressure 

remained a t  t h i s  l e v e l  during boost.  

Approximately 8.8 1bm of helium w e r e  edded during prepressurizat ion.  The 

comparatively small  mass of helium required f o r  p ressur iza t ion  w a s  t he  

r e s u l t  of the  high temperature ( t he  task i n l e t  temperature, C0015, did 

no t  drop below its upper range l i m i t  of 300 deg R) and the correspondingly 

high energy of the  pressurant  gas. The high pressurant  gas temperature 

was produced by environmental heat ing :q the  helium supply l i n e .  Co di- 

t ions  from p r e p r e s s ~ r i z a t i o n  t o  f i r s t  burn Engine S t a r t  Command a r e  

summarized i n  f i gu re  12-2 and compared w i t h  S-IVB-501 and 502 acceptance 

f i r i n g  da ta  i n  t a b l e  12-1. 

12.1.1.2 Pressur iza t ion  

A t  f i r s t  burn Engine S t a r t  Command (ESCl), the LH2 tank u l l age  pressure 

was 35.9 ps ia .  Between f i r s t  burn engine s t a r t  (which occurred a t  
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RO +520.7 sec)  and approximately ESCl +4.8 sec ,  the primary, cont ro l ,  

and s t e p  pressur iza t ion  o r i f i c e s  were open t o  provide a high GH2 pressurant  

flowrate t o  the LH2 tank during engine s t a r t .  From ESCl +4.8 s e c  u n t i l  

f i r s t  burn Engine Cutoff Command (ECC1) a t  ESCl +144.9 sec ,  the  cont ro l  

and s t e p  pressur iea t ion  o r i f  i c e s  were closed, thus l imi t ing  the  pressuri-  

za t ion  flow t o  the  primary o r i f i c e .  The u l l age  pressure decreased normally 

and reached 29.0 p s i a  a t  f i r s t  burn Engine Cutoff Command. The ac tua l  

pressure p r o f i l e ,  although s l i g h t l y  lower than predicted,  was sa t i s f ac to ry .  

LH2 venting d id  not  cccur during f i r s t  burn. 

The GH2 pressur iza t ion  f l o m a t e  was approxima. ~y 0.50 lbm/sec , providing 

a f i r s t  b u m  t o t a l  £lo* of 70.1 lbm. The f i r s t  burn co l lapse  f ac to r  w a s  

s imi l a r  t o  t h a t  during S-IVB-501 acceptance f i r i n g  f i r s t  burn. Conditions 

during f i r s t  burn LH2 tank pressur iza t ion  a r e  summarized i n  f i g u r e  12-3 

and compared with S-IW-501 and 502 acceptance f i r i n g  d a t a  in  t a b l e  12-2. 

12.1.2 Second Burn 

12.1.2.1 Repressurization 

The LH2 tank was repressurized with ambient helium from seven repressur- 

i z a t i o n  spheres (4.5 cu f t  each). Repressurization was i n i t i a t e d  a t  second 

burn Engine S t a r t  Command (ESC2) -325 s e c  (approximately RO +11,162 sec)  

and w a s  terminated prematurely from t h e  ground approximately 80 s e c  

l a t e r .  The UI2 tank was pressurized from 19.7 p s i a  t o  32.0 ps ia .  The 

u l lage  pressure subsequently decreased t o  27.8 p s i a  by second burn Engine 

S t a r t  Command. Approximatley 47 lbm of ambient helium were used i n  the 

repressur iza t ion  operat ion;  approximately 14 lbm remained i n  t he  spheres. 

The r e s idua l  helium would have provided less than 1 p s i  of addi t iona l  

pressure. Conditions during repressur iza t ion  a r e  summarized i n  f i gu re  12-4 

and compared with S-IVB-501 and 502 acceptance f i r i n g  d a t a  i n  t a b l e  12-3. 

The ul lake  pressure of 27.6 p s i a  was lower than the  minimum predicted 

value of 31 ps ie  . The lower- than-predicted pressure can be  a t t r i b u t e d  

t o  the premature tenninqtion of the ambient repressur iza t ion  operat ion,  

t o  a cooler-than-expected blowdown of the  repressur iza t ion  spheres (lower 
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heat ing of the pressurant  gas bv hea t  t r ans fe r  from the spheres during 

blowdown resu l ted  i n  a lotrer energy input  i n t o  the  u l l age ) ,  and t o  an 

energy l o s s  of approximately 12,000 Btu from the  u l l age  gas r e s u l t i n g  

probably from a combination of bo i lof f  a t  the  l iquid-gas i n t e r f a c e  and 

condensation of GH2 bubbles i n  the l i q u i d  bulk. Boiloff may have r e su l t ed  

from s lo sh  induced by t h e  a t t i t u d e  change maneuver a t  the i n i t i a t i o n  of 

r e s t a r t  preparat ions (ESC2 -327 sec) .  The presence of s losh  was sab- 

s t a n t i a t e d  by l i q u i d  and temperature measurements. The condensation of 

GH2 bubbles i n  the l i q u i d  bulk would have resu l ted  i n  an increase  i n  the 

main u l l age  volume and a corresponding drop i n  u l lage  pressure.  The 

presence of bubbles w a s  su5s tan t ia ted  by t h e  apparent drop i n  l i q u i u  

sur face  l e v e l  of approximately 4 f t  during the ~ e r i o d  between i n i t i a t i o n  

of repressur iza t ion  and second burn Engine S t a r t  Command. 

The causes of the  low repressur iza t ion  system performance w i l l  be reduced 

on the  S-IVB-502 s t age  f l i g h t  by delaying the i n i t i a t i o n  of  ambient 

repressur iza t ion  command t o  ESC2 -127 sec . This delay w i l l  provide an 

addi t iona l  230 s e c  of APS u l lag ing  f o r  bubble r e m v a l  p r i o r  t o  repressur- 

i z a t i o n  and shor ten  the period of poss ib le  u l l age  pressure decay following 

repressurizat ion.  I n  addi t ion ,  the  repressur iza t ion  f lowrate  w i l l  be  

decreased by changing t h e  s i z e  of  t he  repressur iza t ion  o r i f i c e ,  thus 

reducing mixing i n  t h e  ul lage.  

12.1.2.2 Pressur iza t ion  

A t  x o n d  burn Engine S t a r t  Command (ESC2), t he  LH2 tank u l l age  pressure 

was 27.8 ps ia ,  which is lower than the  minimum predicted pressure of 

31 psia.  Between second burn Engine S t a r t  Command and ESC2 +10.6 s ec ,  

the  primary, control ,  and s t e p  pressur iza t ion  o r i f i c e s  were open. The 

cont ro l  o r i f i c e  was subsequently closed and the primary and s t e p  valves  

remained open (second burn overcontrcl  mode) u n t i l  second burn Engine 

Cutoff Command (ECC2) a t  ESC +299.70 sec .  LH2 tank u l l age  pressure and 

pressure rise r a t e  were both lower than an t ic ipa ted .  P r e f l i g h t  pre- 

d i c t i ons  ind ica ted  c y c l i c  operat ion wi th in  the 31 to  34 ps f a  cont ro l  

band. The maximum pressure,  which occurred a t  ECC2, was 31.9 psia .  

The low pressur iza t ion  performance during second b u m  can be  a t t r i b u t e d  

t o  an energy l o s s  from t h e  pressur iza t ion  system and/or t he  ul lage.  Since 
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the data  show no tank leakage from ac t ive  tank pene t ra t ions  (such as  vent 

systems) and ind i ca t e  normal pressurant  flow conditions a t  t he  tank i n l e t ,  

the  most l i k e l y  cause of t he  lower-than-predicted performance i s  pure 

u l lage  co l lapse  (heat  t r a n s f e r  frcm the  u l l age ) .  Most af the  energy l o s s  

from the u l lage  (approxinately 5,000 Btu) can be  explained by hea t  t r a n s f e r  

t o  the tank wal l s ,  A i c h  had been c h i l l e d  by s loshing t o  l i q u i d  tempera- 

t u r e  p r i o r  t o  second bum Engine S t a r t  Command. The amount of bo i lo f f  

(or  condensation) during second burn appears t o  be  minor. The pressur- 

i z a t i o n  performance w i l l  be improved on the  S-IVB-502 f l i g h t  by the  

u t i l i z a t i o n  of a l a r g e r  primary o r i f i c e  (0.07300 in .2  on S-IW-502 f l i g h t  

versus 0.0606 in.2 on S-IVB-501 f l i g h t ) .  This w i l l  provide a h igher  

pressur iza t ion  r a t e  during both burns. 

The GH2 pressur iza t ion  f lowrate during second b u m  ranged from 0.70 t o  

0.75 lbmlsec, providing a t o t a l  flaw of 206 lbm of GH2. Conditions during 

second burn LH2 tank pressur iza t ion  a r e  summarized i n  f i gu re  12-5 and 

conpared with S-IVB-501 and 502 acceptance f i r i n g  da t a  i n  t a b l e  12-2. 

12.2 Pressur iza t ion  System Conditions During Orbi t  

12.2.1 LH2 Tank Nonpropulsive Vent and Relief Valve Operation 

W.e non~ropu l s ive  vent  (NPV) and r e l i e f  va lve  operated s a t i s f a c t o r i l y ,  

maintaining t h e  u l l age  pressure below the  maximum l i m i t .  Af te r  LH2 

tank prepressur i sa t ion ,  t h e  u l l age  pressure increased t o  35.9 ps ia ;  t he  

vent  and r e l i e f  va lve  cracked and then feathered u n t i l  engine s t a r t  

( f igure  12-2) . Af ter second burn cutoff  the  valve was opened f o r  120 s e c ,  

dropping the  u l l age  pressure from 31.7 p s i a  t o  19.0 p s i a  ( f i gu re  12-6) . 
The LH2 tank then self-pressurized u n t i l  the  valve cracked a t  36.2 ps ia .  

Relieving a t  t h i s  pressure continued u n t i l  l o s s  of telemetry coverage. 

12.2.2 LH2 Tank Continuous Vent System Performance 

The continuous vent system (CVS) performed s a t i s f a c t o r i l y ,  maintaining 

the  LH2 tank u l lage  pressure a t  an average l e v e l  of 19.5 p s i a  and 

providing an average acce le ra t ion  of 5 x g f o r  p rope l lan t  s e t t l i n g  
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during coast.  The only problem arose when the continuous vent nozzle 

pressure da ta  erroneously ind ica ted  pos i t i ve  pressures  (and, hence, flow) 

during r e s t a r t  repressur iza t ion  (paragraph 12.2.3). 

Continuous venting was i n i t i a t e d  a t  RO +723 sec ,  as evidenced by the almost 

instantaneous increase  i n  nozzle pressures ,  t he  decrease i n  nozzle tempera- 

tu res ,  and the rapid decay of u l lage  pressure ( f i gu re  12-7). Short ly  

afterward, t he  nozzle pressure da ta  began t o  diverge; by RO +3,000 s e c  

t h i s  discrepancy was a constant  2 t o  3 p s i ,  with nozzle 1 (DO181) da ta  

higher than nozzle 2 (DO182) data .  DO181 was assumed t o  be ind ica t ing  

the co r r ec t  pressure l e v e l ,  based on f lowrate  ca lcu la t ions  and the  observed 

pressure leve ls .  A t  approximately RO +4,510 s e c  the  main poppet of the 

continuous vent regula tor  resea ted ,  a s  shown by the  decrease i n  nozzle 1 

pressure t o  the  normal l e v e l  f o r  bypass o r i f i c e  flor- only. From t h i s  t i m e  

u n t i l  the  termination of continuous vent ing a t  RO +11,161 s e c  the main 

poppet per iod ica l ly  cracked and reseated.  This per iod ic  opening and 

closing of the main poppet of the CVS regula tor  r e su l t ed  i n  i r r e g u l a r  

t h rus t  and acce le ra t ion  l e v e l s  ( f i gu re  12-8), which may have a f fec ted  

propel lant  conditions during coast  (paragraph 12.2.4) . 
The ca lcu la ted  values shown i n  f i gu re  12-8 a r e  only approximate; exact  

ca lcu la t ions  could not  be  performed because of the  poss ib le  e r r x  i n  the 

CVS nozzle 1 pressure.  

12.2.3 Continuous Vent Sys tem Anomalies - 
Following te.rmination of continuous vent ing p r i o r  t o  socond b u m ,  the 

cont inucw vent  nozzle pressure t ransducers  displayed abnormal (pos i t ive)  

pressure l e v e l s  ( f i gu re  12-6 j . These da t a  were mistakenly in te rpre ted  

as i nd i ca t i ve  of flow through the  CVS, bnd cor rec t ive  measures we;e taken. 

Further i nves t i ga t ion  has  revealed tile fol!.owing: 

a. LH2 tank u l l age  pressure da t a  f r o r  the termination of ,ambient 

repressur iza t ion  t o  second burn engine cutoff  ind ica ted  e i t h e r  

a flow out  of the  tank o r  thermal col iapse of the incom:ng 

pressurant  p s e s .  Analyses ind ica ted  t h a t  the  l a t t e r  agrees 

more c lose ly  with the d a t a  (paragraph 12.1.2.1) . 
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b .  It was d i s c o v ~ r e d  t h a t  t he  CVS nozzle pressure transducers 

(DO181 and WlR2) were mounted d i r e c t l y  on the ver:t l i n e  and, 

hence, were subjected t o  the extremely cold (40 deg it) GH2 

temperature; they had been qua l i f i ed  only a s  lcw ac 140 deg R. 

Analyses t o  revea l  what e f f e c t  t h i s  temperature would have on 

these transducers have been inconclusive.  

c. The closed talkbacks from both the r e l i e f  overr ide valve and 

the bypass o r i f i c e  shutoff  valve were received a t  the prcpzr 

time. 

d. A t  the  moment of CVS termination both nozzle temperatures (C0256 

and C0257) began sharp upward t rends i nd i ca t i ve  of normal warm-up 

and a no-flow condition ( f i gu re  12-6). 

e. During second burn, no i n f l e c t i o n s  of e i t h e r  nozzle pressure o r  

temperature were seen, ind ica t ing  no flow. 

The conclusion of t h i s  i nves t i ga t ion  is  t h a t  t h e  continuous vept  r e r c i a t o r  

~ ~ o s e d  a s  planned p r i o r  t o  r e s t a r t .  

During the  coast  period of S-IVB-501 f l i g h t ,  t he  main poppet w a s  ~ e s a a t e d  

f o r  periods up t o  450 sec.  On S-IVB-203 the  main poppet never completely 

reseated during periods of s i m i l a r  operation. Apparently the continuous 

vent regulator  used on S-IVB-501 was somewhat l e s s  s e n s i t i v e ;  a l so ,  the  

GH2 vented on S-IVB-501 was 20 t o  30 deg R colder ,  r e su l t i ng  i n  a g r e a t e r  

mass f lowrate  a t  the same u l l age  pressure.  

12.2.4 LH2 Tank Conditions During Orb i t a l  Coast 

'iH2 tank conditions during o r b i t a l  coas t  a r e  s h a m  i n  f i gu re  12-7. The 

u l iage  temperaturzs were much colder  than an t ic ipa ted .  Except f o r  the  

101 percent probe (COn39), t he  temperature probes ind ica ted  an environ- 

rnent which could have been e i t h e r  gaseous o r  l i q u i d  during most of the  

coas t  period, The t o t a l  bo i lo f f  during o r b i t  was no t  ca lcu la ted  because 

(1) the u l lage  volume at: continuous vent ing termination could not  be  

determined, and (2) the t o  :a1 mass vented ca l cu l a t i on  w a s  only approximate. 

However, boi lof  f was determined f i.om PU da t a  ( sec t ion  15), which is 

presencly the most v a l i d  d a t a  ava i lab le  fo r  t h i s  considerat ion.  
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12.3 LH2 Pump Chilldown 

12.3.1 F i r s t  Bum 

The LH2 pump chilldown system performed adequately. The LH2 chilldown 

was i n i t i a t e d  a t  RO -302.8 s e c  and was continuous u n t i l  RO +520.9 s e c  

when the prevalve opened. The chilldown pump was turned of f  a t  

RO +521.9 sec.  The engine pump i n l e t  pressure and tt:mperatI*re were 

43.89 p s i a  and 38.9 deg R a t  f i r s t  b u m  Engine S t a r t  Command, r e su l t i ng  

i n  an NPSP of 21.5 p s i ,  which was above the  6.3 p s i  required.  Table 12-4 

compares s i g n i f i c a n t  LH2 chilldown system performance da t a  with S-IVB-501 

and 502 acceptance f i r i n g  data .  

Chilldotm sys  tem pressures ,  temperatures, f lowrates , and ca lcu la ted  

performance a r e  presented i n  f i gu re s  12-9 and 12-10. 

The chilldown f lowrate  s t a b i l i z e d  a t  115 gpm a f t e r  s t a r t  t r ans i en t s  and 

prevalve closing. After  p ressur iza t ion  t h e  f lowrate  was 143 gpm u n t i l  

f i r s t  b u m  engine s t a r t .  The hea t  input  r a t e  i n t o  s e c t i o n  1 (tank to  

pump i n l e t )  during the  unpressurized por t ion  was lower than during the 

acceptance f i r i n g .  A l l  h ea t  inputs  during pressurized chilldown were 

lower i n  f l i g h t  than during acceptance f i r i n g .  The t o t a l  r a t e  was constant 

a t  13,600 Btu/hr f o r  250 s e c  before  f i r s t  burn engine s t a r t  a s  compared 

to  50,000 Btu/hr during acceptance f i r i n g .  The lower hea t  input  r a t e s  

during f l i g h t  d id  not  degrade chilldown. The da ta  f l uc tua t ions  a t  about 

132 and 150 s e c  were caused by S-I shutdown t rans ien ts .  

During unpressurized chilldown, t he  LH2 pump i n l e t  was s l i 3 h t l y  s l i t -  

cooled; immediately following pressur iza t ion ,  t he  temperiiture reascd 

t o  38.8 deg R a s  the  f lowrate  increased. The temperature t h t ;  .j-.~ly 

increased as  t h e  LH2 bulk warmed and, by f i r s t  bum Engine S t a r t  C~mmand, 

w a s  38.7 deg R. A l l  chilldown system temperatures r e f l ec t ed  the  iH2 

bulk warming. 
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The bleed valve and i e t u r n  l i n e  temperatuyes increased sharply a t  the 

i n i t i a t i o n  of p repressur iza t ion  because a l l  of the  hea t  input  \.lent i n t o  

hea t ing  the  pressurized f l u i d  and no vaporizat ion occurred. The Lh2 

en?ered the system s u f f i c i e n t l y  subcooled t o  absorb a l l  the  hea t  input  

t o  the  system without reaching s a t u r a t i o n  tempersture. After  pressuriza-  

t ion ,  t he  u l l age  pressure w a s  constant b!~t the pump i; e t  pressure 

increased and decreased with acce le ra t ion  u n t i l  the  prevalve was opened 

and allowed e s s e n t i a l l y  a l l  of t h e  flow t o  r e t u r n  t o  t he  LH2 tank through 

the prevalve with 30 fJ.ow through the chilldown system. The pump i n l e t  

pressure then decreased (because of l o s s  of chilldown pump heat)  t o  

34.2 psis .  The prevalve w 3 s  sequenced as follows: 

Event - Time - 
Open command received ESCl -0.690 s e c  

Valve l e f t  closed pos i t i on  ESCl M.164 s e c  

Valve reached open posizion ESCl +2.063 s e c  

The NPSP a t  the  pump i n l e t  followed the  u l l age  pressure during pressuriza-  

t i o n  and reached a maximum of 27.3 p s i  when maximum acce le ra t ion  was 

reached a t  S-I cu to f f .  The NPSP dropped a t  S-I cutoff and increased 

with S-I?. acce le ra t ion ,  then decreased t o  14.6 p s i  when the  prevalve 

was opened because of the l o s s  of pump pressure.  

The flow coe f f i c i en t  was c a l c t l a t e d  from f lowrate and chilldown sys  tem 
2 pressure drop d a t a  t o  be 16.5 s e c  ~ i n . ~ f t ~ ,  which w a s  with iu  the  range 

ca lcu la ted  f o r  previous S-IVB s tages .  The coe f f i c i en t  was used to  

compute average f l u i d  q u a l i t y  during t h e  ~ r ~ q r e s s u r i z e d  phase of t he  

chilldown. 

P r io r  t o  prepressur iza t ion ,  two-phase flow ex i s t ed  i;i s ec t i on  2 (pump 

i n l e t  t o  b l . ~ e d  valve) and i n  s ec t i on  3 ('bleed valve to tank);  and the 

average f u e l  qua l i t y  was 0.021 1L gas l lb  mixture. This qua l i t y  decreased 

to  zero during prepressur iza t ion  when the  f l u i d  i n  the  system became 

sub cooled. 

The LH2 chilldown system prebsure drop was r e l a t i v e i y  s teady a t  8.8 and 

'1.4 p s i ,  respec t iva ly ,  during the  unpressurized and pressurized port ions 

of the  LH2 c h i l l d o ~ m  operat ion.  
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12.3.2 Second Burr 

The IH2 pump a ~ i l l d o w n  f o r  secocd burn d i f f e r ed  from t h a t  f o r  f i r s t  burn 

i n  t h a t  i t  s t a r t e d  with a dry chilldown system. A spec ia l  -1npressurjzed 

LH2 pump chilldown test w a s  i n i t i a t e d  4 min p r io r  t o  i n i t i a t i o n  c-f r e s t a r t  

preparations w i t h  t he  prevelve closed. The purpose of t h i s  t e s t  was t o  

determine c h i l l d w n  ef fec t iveness  a t  a lower g l e v e l  than normal chilldown 

with the  u l lage  engines od. 

'Ihe rec i r cu la t ion  c h i l l d c t ~  sync== performed s a t i s f a c t o r i l y .  A t  second 

bum engine start, the  pump inlet pressure and temperature of 28.0 ps i a  

and 40.7 deg 2 w e r e  wizhii the  engine start requirements. The pump i n l e t  

NPSP a t  secona burn engine start w a s  0.17 p s i ,  which is below the  minimum 

acceptable l i m i t  of 6.3 p s i  ( f igures  12-11 and 12-12). 

The Lt12 chilldawn pump LO; s t a r t e d  at  ESCZ -567.7 s e c  with the  W.2 tank 

:mpressurize,?; the tank was pressurized a t  ESC2 -326.2 sec. The Pre-galve 

Open Comnand w a s  issued at  ESC2 -10.803 s e c  with the  valve s t a r r i n g  t o  

open a t  ESC2 -9.823 sec. The f u l l  open pos i t ion  w a s  a t t a ined  a t  

ESCZ -7.159 see. 

Bezore tank pressur iza t ion ,  chilldawn w a s  marked by small  pressure and 

flow f luc tua t ions  caused by the rapid vaporizat ion of Li32 as i c  entered 

the s,stem and c a  i n  contact  with the warm h a r k a r e .  This cycling is 

ref lec ted  throughout the system i n  the prossure end temperature data. 

T.:e magr2tucie of the  cycling decreased with tixe during t h e  unpressurized 

c h i l l d m  period as the  system hardware was cooled. After  t h e  LH2 tank 

was pressurized, t h e  cyc l i c  ac t ion  of the system flowrate,  p r e s s ~ r e s ,  and 

temperatures stopped; and the  svsten? gradually approached s teady-s t a t e  as 

engine s t -a r t  was approached. J u s t  before  t he  prevalve was opened, the 

c h i l l d w a  f lowrate  %:as steady a t  143 gpm. The pump i n l e t  temperature and 

chilldown syster! pressure drop were a l s o  steady indica t ing  t h a t  steady- 

s t a t e  conditions had been obtained an< chilldo-m w a s  complete before i t  

was stopped a t  r reva lve  opening. 

h s i n g  the  9.823 cec b e z e e n  t h e  s t a r t  of prevalve opening and second 

burn 2ngir.e s t a r r ,  the pump i n l e t  temperature increased from 39.7 t o  

40.: deg i?. This co~responds  t o  a heatup r a t e  of 6.1 deg/min, which 
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f a l l s  within tho, range of da ta  obtained during acceptance t e s t ing  

(10 deglmin) and i ~ ~ d i c a t e s  t h a t  the  f u e l  pump was adequately cbil led.  

A t  the end of the spec ia l  4-min LH2 chilldown t e s t ,  the  engine pump 

i n l e t  temperature was s t i l l  a t  sa tura t ion  temperature, indicat ing 

chilldown was not complete. The gas generator i n l e t  wall  an6 the LH2 

punp o u t l e t  w a l l  w e r e  ch i l led  t o  steady-state temperatures ear ly  i n  

the unpressurized chilldown test. This is not indica t ive  of a l l  hardware 

temperatures because these walls a re  th in  com~ared t o  the LH2 pump body. 

Normally c h i l l d m  would be s t a r t ed  oniy a few seconds before repressur-' A za- 

tion; therefore, a t  repressurizat ion during t h i s  f l i g h t ,  considerable 

ch i l ldam was already accomplished. During r res su r i z s  t ion,  the  LH2 pump 

i n l e t  temperature dropped rapidly from 40.5 t o  39.3 deg R. The LH2 pump 

o u t l e t  temperamre also dropped and was almost s t a b l e  during the remzinder 

of chilldawn. The system pressure 2rop and chilldown flowrace a lso  

increased and s t ab i l i zed  a f t e r  pressurization. Tne pump NPSP reached 

a high of 16.5 p s i  during pressurization. 

After pressurizat ion,  the LH2 tank ul lage pressure decreased continuously 

u n t i l  second burn Engine S t a r t  Conmad. Engine pump inlet pressure a lso  

decreased from a maximum of 39.0 t o  34.5 ps ia  a t  prevalve opening, while 

NPSP decreased from lb.5 t o  9.8 psi.  The chil '_dmn return l i n e  temperature 

showed a decreasing p r o f i l e  tha t  w a s  sfmilar  t o  the  ul lage pressure prof i le .  

The bleed valve tempezature led  the  ul lage pressure decrease p ro f i l e ,  

indicating subcooled 1ir;uid. L a t e  engine pump i n l e t  temperature slowly 

increased from 39.3 t o  39.7 deg R during the  ul lage pressure decrease. 

The LH2 pump i n l e t  and o u t l e t  temperatures were subcooled within 30 sec  

a f t z r  star: of pressurizat ion,  but  heat  w a s  s t i l l  being removed from the 

engine and return hardware because the  heat  input r a t e  i n t o  sect ions 2 and 

3 was stil l  decreasing rapidly. Section 1 w a s  ch i l led  p r io r  t o  pressuriza- 

t ion  Secause the heat  input r a t e  w a s  almost constant a t  3,500 Btulhr. The 

heat  input r a t e  t o  the U 2  s t ab i l l zed  a t  ESC2 -135 sec, indicat ing tha t  

the hardt~are temperature was about as low as i t  would get.  The t o i a l  

heat  input r a t e  s t ab i l i zed  a t  approximately 17,000 B tulhr .  
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Chilldown was terminated a t  ESC2 -9.823 sec  when t h e  prevalve s t a r t e d  t o  

open. The engine pump i n l e t  temperature increased 1 deg R, but  pump 

o u t l e t  remperature remained constant i nd i ca t i ng  l i t t l e  o r  no heatup of 

t he  engine LH2 pump during t h e  9.9 s ec  before  f u e l  lead flow s t a r t e d .  

The chilldown system pressure drop decreased from 7.7 t o  3.2 p s i ,  pump 

i n l e t  pressure dropped t o  equal t h e  u l l age  pressure (from 34.5 t o  

28.0 p s i a ) .  A s  a r e s u l t ,  NPSP dropped from 10 t o  1.5 p s i .  When the  

chilldown pump was turned off  a t  ESC2 -0.8 s ec ,  f lowra te  and system 

pressure drop decreased t o  zero, and NPSP dropped t o  0.17 p s i  with an 

u l lage  pre.sure of 28.0 psia .  The low LH2 tank u l l age  pressure is 

discussed i n  paragraph 12.1.2.2. 

Figures 12-13, -14. and -15 compare S-IVB-501 second s t a r t  chilldown with 

S-IVB-203 f i r s t  and second o r b i t a l  LH2 chilldown tests. The S-IVB-501 

LH2 unpressurized chilldown and S-IVB-203 second o r b i t  unpressurized 

2 n i l l d a m  a r e  s imi l a r .  The S-IVB-501 unpressurized chilldown t e s t  da t a  

w e r e  superimposed on S-IVB-203 second o r b i t  unpressurized chilldown da t a  

because t he  g l e v e l  was 4 x which was almost t he  same a s  t he  

3.6 IC 10'~ g during the  S-IVB-501 s p e c i a l  4-min chilldown test; t h e  t i m e  

between chilldown pump on and prevalve closed w a s  t he  same. 

Figure 12-13 shows S-IVB-203 second o r b i t  da t a  superimposed on S-IVB-501 

da t a  s t a r t i n g  when t h e  chilldown pumps were turned on. This compar5son 

ends a t  ESC2 -327 sec, j u s t  before  S-IVB-501 LH2 prepressur iza t ion .  The 

system hardware temperatures decreased a t  approximately t h e  same r a t e  on 

S-IVB-501 a s  on S-IVB-203. The S-IVB-501 temperatures and f lowrates  

followed those of S-IVB-203 q u i t e  c lose ly .  Heat input  r a t e  comparisons 

are not  ava i l ab l e  during o r b i t a l  unpressurized chilldown f o r  e i t h e r  

S-IVB-203 o r  501. (For S-IVB-502, unpressurized chilldown is scheduled 

t o  ~e 495 sec.)  

The S-IVB-501 pressurized chilldown d a t a  were superimposed on S-IVB-203 

f i r s t  o r b i t  pressurized chilldown da t a  because S-IVB-203 f i r s t  o r b i t  g 
-4 

l e v e l  was approximetely 4 x 10 which compared t o  t h e  g l e v e l  of 

5.2 x during S-IVB-501 press~ic ized  chilldown. 

The pressurized chilldown parameters s t a r t  a t  ESC2 -327 sec  with LH2 

prepressur iza t ion  ( f i gu re  12-13). The S-IVB-501 system temperatures were 

already cold because of unpressurized chilldown; however, t h e  values a t  
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prevalve opening inc' icate approximately the same conditions f o r  the two 

f l i g h t s .  The temperatures during the  i n i t i a l  t r ans i en t  of S-IVB-203 

f i r s t  o r b i t a l  chilldown were about the same a s  during S-IVB-203 second 

o r b i t  and S-IVR-501 u ~ i l l d o w n  i n i t i a t i o n .  The h e a t  input  r a t e s  were 

almost constant  during the  last 135 s e c  of S-IVB-501 pressurized chilldawr. 

The S-IVB-203 f i r s t  o r b i t a l  chilldown h e a t  input  r a t e s  were almost constant  

during the  lasr 8G s e c  of chilldown ( f igure  12-14). The average S-IVB/V 

hea t  input  rat.e f o r  s e c t i c a  2 during acceptance f i r i n g  second burn c h i l l -  

down was 17,5PCo Btu/hr (ranging from 10,000 t o  25,000 Btu/hr) . Using the  

average of 17,5011 Btufhr,  s ec t ion  2 chilldown on S-IVB-501 was accomplished 

104 s e c  a f t e r  the  start of pressurized chilldown. The hea t  input  r a t e s  t o  

sec t ions  1 an4 3 s t a b i l i z e d  before those of s ec t ion  2. The S-IVB-203 f i r s t  

o r b i t  hea t  irpu!: r a t e s  a r e  a l so  shown f o r  cotlparison. 

The mass of LH2 enter ing  the  chilldown syitem with respect  t o  time, re fer -  

enced t o  the  s t a r t  of chilldown, is  shown i n  f i gu re  12-15. Since 4 min of 

unpressurizeci chilldown and 135 s e c  of pressurized chilldawn were required 

f o r  the  S-IVB-501 sec t ion  2 hea t  input  r a t e  t o  reach 17,500 Btulhr ,  

approximately 30C lbm of LH2 were required t o  pass through the  system t o  

properly c h i l l  the  LH2 pump. This 300 lbm compares c lose ly  with the 

325 lbm of LH2 required during t h e  285 s e c  of pressurized chilldown on 

the  S-IVB-203 f i r s t  o r b i t .  For S-IVB-502 second burn, 127 qec of pressur- 

ized  chi l ldo~+m a r e  scheduled i n  addi t ion  t o  495 s e c  of unpressurized c h i l l -  

down. The S-IVB-203 o r b i t a l  chilldown test and the  S-IVB-501 second burn 

chilldown ind ica t e  t h a t  these t i m e s  w i l l  be  s u f f i c i e n t  t o  meet engine 

start requirements. 

12.4 Engine LH2 Supply 

12.4.1 F i r s t  Burn 

The LH2 supply system ( f igu rc  12-idj del ivered the  necessary quant i ty  of 

LH2 t o  the  eng tc t  pump i n l e t  ?hroughout f i r s t  burn and maintained the  

pressure and temperature wi th in  a range t h a t  provided an LH2 pump NPSP 

t h a t  was a t  l e a s t  1.1 p s i  above t h e  minimtun requirement. The da t a  and 

calculated performance a r e  presented i n  f i gu re  12-17. Table 12-5 

compares the S-IVB-501 s t age  f l i g h t  da t a  with t h a t  from previous s tages .  
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The LH2 pump i n l e t  temperature and pressure,  a t  se lec ted  times during 

engine operation, were p lo t ted  i a  the  engine operat ing region ( f igu re  

12-18) and showed t h a t  conditions were met s a t i s f a c t o r i l y  throughout 

f i r s t  bum. 

Figure 12-19 is  a p l o t  of t he  pump i n l e t  temperature as a function of the 

propel lant  mass remaining wi th in  the  LH2 t a d .  and includes previous s t age  

da t a  f o r  comparison. As the  f igu re  shows, the  da t a  from t h e  three  t e s t s  

agree closely.  

12.4.2 Second Burn 

The NPSP, LH2 pump i n t e r f a c e  t o t a l  pressure,  and LH2 pump i n t e r f a c e  

temperature during second burn a r e  shown i n  f i gu re  12-20. The NPSP a t  

second burn Engine S t a r t  Command w a s  6.13 p s i  below the  minimum required 

and, when the start tank discharge valve opened, i t  was 0.5 p s i  below the  

required. After  t he  s t a r t  tank discharge valve opened, the NPSP in- 

creased rap id ly  and was above the  minimum required l e v e l  during engine 

operation. 

The f u e l  pump i n l e t  pressure and temperature were p lo t ted  i n  the engine 

operating region ( f igu re  12-21) and indica ted  t h a t  t he  engine f u e l  pump 

i n l e t  conditions were s a t i s f a c t o r i l y  m e t .  The pump i n l e t  temperature 

p lo t t ed  aga ins t  the  m a s s  remaining i n  the  LH2 tank during second burn is 

shown i n  f i gu re  12-19. Table 12-5 compares the LH2 supply da t a  with t h a t  

from S-IVB-501 and 502 acceptance f i r i n g  data. 
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TABLE 12-1 
LH2 TANK PREPRESSURIZATION DATA 

*During acceptance firing, 1.lftoff is simulated. 

PARAMETER 

Prepressurization duration 

Helium mass added 

Ullage pressure 

At prepressurization 
initiation 

At prepressurization 
termination 

At liftoff* 

At Engine Start Command 

Rate of increase after 
prepressurization 

Events (see from liftoff*) 

Prepressurization initiation 

Prepressurization termination 

Engine Start Command 

sec 

lbm 

ysia 

psia 

psia 

psia 

psilmin 

S-1VB-501 
FLIGHT 

21.5 

8.8 

17.5 

33.8 

35.9 

35.9 

1.0 

-96.5 

-75.0 

520.7 

S-IVB-501 
ACCEPTANCE 
FIRING 

34.5 

21.7 

15.0 

33.2 

34.0 

35.0 

0.9 

-1-10.1 

-75.6 

S-IVB-502 
ACCEPTANCE 
FIRING 

il 

41.0 

17.4 

15.3 

33.6 

35.0 

36.0 

1.3 

-114.0 

I 
-73.0 

512.5 511 
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TABLE 12-3 
LH2 TANK REPRESSURIZATION DATA 

*The repressurization system was supplemented by the auxiliary pressurization 
system. This is not accounted for in mass calculations. 

PARAMETER 

Pressure at repressurization 
initiation 

Pressure at repressurization 
terminat ion 

Events (sec from second burn 
Engine Start Command) 

Repressurization initiation 

Repressurization termination 

psia 

psia 

19.7 

32.0 

-325 

-245 

15.8 

33.0 

-325 

-231 

15.5 

32.9 

-322 

-43 
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TABLE 12-4 
LH2 CHILLISWN SYSTEM PERFORMANCE DATA 

*The NPSP and pump i n l e t  pressure  a r e  high a t  t h i s  time as the  prevalves were slow i n  opening. The pump 
i n l e t  pressure  and NPSP with the  prevalves open would have been 35.8 p s i a  and 13.41 psi.  

**Section 1 is tank t o  pump i n l e t ;  s ec t ion  2 is pump i n l e t  t o  bleed valve; s ec t ion  3 is bleed valve t o  tank. 

t l k r i r y  acceptance f i r i n g ,  l i f t o f f  is s h l a t e d .  

t t A l l  f i r s t  burn da ta  a r e  reference' t o  l i f t o f f  (or  simulated l i f t o f f ) ;  a l l  second burn da ta  a r e  referenced 
t o  second b u m  Engine S t a r t  Camand. 

PARAMETER 

NYSP - 
At Engine S t a r t  Command 

Minimum required a t  ensine s t a r t  

Maximum durina c h i l l d w n  

Average Flow Coeff ic ient  

Fuel Quality i n  Sections** 2 and 3 

Maximum during unpressurized 
chilldown 

At prepressur izat ion 

Fuel Pump I n l e t  Conditions 

S t a t i c  pressure a t  Engine S t a r t  
Cormand 

Temperature a t  Engine S t a r t  Command 

Amount of subcooling a t  engine s t a r t  

Heat Absorption Rate During Unpressurized 
Ch i l ldwn  

Sect ion I** 

Sections 2 and 3** 

To ta l  

Heat Absorption Rate During Pressurized 
Chilldown 

Sect ion I** 

Sect ion 2** 

Sect ion 3** 

. Total  

Chilldown F l w r a t e  

Unpressurized 

Pressur ized 

Ch i l ldam Pump Pressure  Di f fe ren t i a l  

Unprensurized 

Prensurized 

Evenr; -- 
Chilldown i n i t i a t i o n  

P reva lw closed 

Prepressur izat ion 

Prevalve opened 

Chilldown pump o f f  

Chilldown shutoff valve closed 

Engine S t a r t  Co-nd 

UNIT 

ps i  

ps i  

PS 

2 sec  / 
i n .2 f t3  

l b  gas/  
l b  mix- 
ture  

ps i  

deg R 

deg R 

Btulhr 

Btu/hr 

Btulhr 

Btulhr 

Btulhr 

Btulhr  

Btulhr 

SPm 

UP. 

PSI 

PS 1 

s e c  tt 

FLIGHT 

FIRST 
BURN 

21.5* 

6.3 

27.3 

16.5 

0.023 

0.020 

43.89* 

38.9 

3.6 

8.200 

27.500 

35,700 

100 

12.000 

1.500 

13.600 

115 

143 

8.7 

7.4 

-302.8 

-272.8 

-96.5 

520.9 

521.9 

625.5 

520.7 

S-IVB-501 

SECOND 
BURN 

0.17 

6.3 

16.5 

16.5 

-- 
-- 

28.0 

40.7 

3.0 

-- 
-- 
-- 

3.500 

I 11.500 

15.000 

32-95 

143 

2-16.5 

7.8 

-567.7 

-551.9 

-326.2 

-9.8 

-0.8 

Not 
Sent 

0 

FIRST 
BURN 

14.4 

6.3 

22.5 

14.6 

0.052 

0.044 

36.3 

39.2 

3.5 

18.000 

30.000 

48.000 

13.000 

27.500 

13,500 

50.000 

100 

147 

9.2 

6.9 

-199.8 

-196.1 

-112.7 

511.7 

511.5 

512.0 

512.5 

S - 1 ~ ~ - 5 0 1 +  
ACCEPTANCE 

FIRING 

SECOND 
BURN 

10.6 

6.3 

-- 

-- 

-- 

-- 

35.7 

40.0 

2.6 

-- 
-- 
-- 

-- 
-- 
-- 
-- 

Varied 

132 

9.6 

8.3 

-699.6 

-970.7 

-323.2 

-0.7 

-0.9 

-0.4 

0 

FIRST 
BURN 

14.3 

6.3 

25.6 

18.9 

0.049 

0.042 

38.1 

39.6 

3.7 

19.000 

25.000 

44,000 

13.500 

18.000 

24.500 

56,000 

91 

135 

8.8 

7.5 

-200.7 

-197.0 

-111.5 

511.3 

510.9 

511.5 

511.9 

S - ~ V B - S U ~ +  
ACCEPTANCE 

FIRING 

SECOND 
BURN 

10.5 

6.3 

18.6 

18.8 

0.29 

0.065 

35.1 

39.8 

2.7 

21.000 

35,000 

56.000 

19.000 

21,000 

15.000 

55.000 

82 

133 

9.1 

7.3 

-716.9 

-744.5 

-323.3 

-0.8 

-0.9 

-0.5 

0 
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TABLE 12-5 
LH2 PUMP I N L E T  CONDITION DA" 

*The NPSP and pump i n l e t  pressure  a r e  high a t  t h i s  time because the  prevalvea were slow i n  o p n i n g .  The 
pressure and NPSP with the  prevalves open would have been 35.8 p s i a  and 13.41 psicc. 

NIA - Not appl icable  

PARAMETER 

Pump I n l e t  Conditions 

S t a t i c  pressure a t  engine s t a r t  

S t a t i c  pressure a t  engine cuto1f 

Temperature a t  engine s t a r t  

Temperature a t  engine cutoff  

NPSP Requirements 

Minimum a t  Engine S t a r t  Command 

A t  high EMR 

After EMR cutback 

NPSP Available 

A t  Engine S t a r t  Command 

At S t a r t  Tank Discharge Valve Open 
Command 

Maximum 

Minimum 

At Engine Cutoff Command 

LH2 Feed Duct 

A t  High EMR 

Pressure drop 

Flowrate 

M t e r  EnB Cutback 

Pressure drop 

UNIT 

paia 

p s i a  

deg R 

deg R 

p s i  

p s i  

p s i  

PS i 

p s i  

PS i 

PS i 

PSI 

p s i  

lbmlsec 

PS i 

lbm/aec 

S-IVB-501 S-IVB-501 

FLIGHT 

FIRST 
BURN 

43.89* 

27.5 

38.9 

38.8 

6.3 

6.3 

N/A 

21.5* 

15.1 

16.0 

7.5 

7.5 

1 .O 

81 

N/A 

N/A 

FIRST 
BURN 

36.3 

26.7 

39.2 

37.8 

6.3 

6.3 

5.8 

14.5 

17.5 

17.8 

10 

10 

1.25 

82.7 

-- 
-- 

S-IVB-502 

SECOND 
BURN 

28.0 

31.0 

40.7 

39.45 

6.3 

6.3 

5.8 

0.17 

5.8 

11.0 

6 .O 

8.75 

0.5 

80 

0.5 

77 

ACCEPTANCE 
FIRING 

SECOND 
BURN 

35.7 

30.5 

40.0 

38.9 

6.3 
- 

5.8 

10.6 

16.9 

17.1 

10.5 

4 

1.25 

81 

1 .O 

77 

- - 
FLRSL 
BURN 

38.2 

27.0 

39.6 

38.0 

6.3 

6.3 

5.8 

15.0 

17.2 

17.8 

9 .  

9.5 

1.0 

79.5 

-- 
-- 

ACCEPTANCE 
FIRING 

SECOND 
BURN 

25.1 

30.8 

39.8 

39.0 

6.3 

- 
5.8 

10.5 

16.0 

16.0 

5.6 

10.0 

1.8 

78.5 

1.7 

7 6 '  
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NOTE: 
(X)  ITEM NUMBERS FROM 

PARTS LIST 
SEE FIGURE 3-1 FOR 
LEGEND 

F i e  1 2 1  . LH2 Tank Pressur i za t ion  System 
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Figure 12-6. LH2 Tank Continuous Vent System Operation During 
Restart  and Second Burn. 
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Figure 12-1 5 .  S-IVB-501/203 Mass o f  LH2 Entering Chi 1 ldown System 
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13. AUXILIARY PROPULSION SYSTEX 

The a t t i t u d e  of t h e  S-IVB s t a g e  i s  c o n t r o l l e d  by two a u x i l i a r y  propuls ion 

system (APS) modules ( f i g u r e  13-1) mounted 180 deg a p a r t  on t h e  s f t  

s k i r t  of t h e  s t a g e .  Each module is  a s e l f  conta ined u n i t  composed of 

four  b a s i c  systems: (1) The o x i d i z e r  system; (2) t h e  f u e l  system; 

(3) t h e  helium p r e s c u r i z a t i o n  system; and ( 4 )  t h e  engines .  The i n s t r u -  

mentation u n i t ,  mounted above t h e  S-IVR s t a g e ,  provides  s i g n a l s  f o r  

opera t ion  of t h e  APS modules. 

Each module c o n t a i n s  two 150 l b f  t h r u s t  engines  which provide r o l l  

c o n t r o l  dur ing  S-IVB powered f l i g h t ,  and yaw and r o l l  c o n t r o l  dur ing t h e  

coas t  per iods .  A. t h i r d  150 l b f  t h r u s t  engine i n  each module provides  

p i t c h  c o n t r o l  d u r h g  t h e  c o a s t  pe r iods .  Each module a l s o  c o n t a i n s  a 

72 l b f  t h r u s t  engine t o  provide t h r u s t  f o r  LOX and LH2 tank u l l a g e  

c o n t r o l  a f t e r  f i r s t  burn and dur ing r e s t a r t  p repara t ions .  

13.1 APS F l i g h t  O ~ e r a t i o n  

Examination of t h e  APS f l i g h t  d a t a  i n d i c a t e s  t h a t  t h e  opera t ion  of t h e  

two APS modules was adequate  t o  f u l f i l l  t h e  a t t i t u d e  c o n t r o l ,  maneuver- 

ing ,  and u l l a g i n g  requirements  of t h e  miss ion.  With t h e  except ion of 

t h e  r o l l l y a w  engines  of module 1, t h e  APS performance was as expected. 

The anomalies of t h e  module 1 engines  a r e  discussed i n  paragraph 13-4. 

13.1.1 APS F l i g h t  Objec t ives  

A l l  o b j e c t i v e s  of t h e  S-IVB-501 f l i g h t  wi th  r e s p e c t  t o  t h e  APS modules 

were accomplished. These were a s  fol lows:  

a .  To e v a l u a t e  APS opera:ion under a c t u a l  f l i g h t  cond i t ions  

b. To b e t t e r  s u b s t a n t i a t e  APS requirements 

c .  To e v a l u a t e  t h e  a b i l i t y  of t h e  APS t o  respond t o  t h e  a t t i t u d e  

c o n t r o l ,  f i r i n g  command, and u l l a g e  commands. 
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13.1.2 APS F l i g h t  Descr ip t ion  

Approximately 1 sec  a f t e r  S-I1 engine c u t o f f ,  t h e  APS was a c t i v a t e d  

t o  prolride r o l l  c o n t r o l  dur ing S-IVB 5-2 f i r s t  burn. 

Following S-IVB 5-2 engine c u t o f f ,  APS p i t c h  and yaw c o n t r o l  was a c t i v a t e d  

t o  maintain t h e  v e h i c l e  i n  t h e  d e s i r e d  a t t i t u d e .  The APS u l l a g e  engines  

f i r e d  f o r  88 s e c  fol lowing 5-2 engine f i r s t  burn t o  provide s l o s h  c o n t r o l  

and p r o p e l l a n t  s e t t l i n g .  

Approximately 330 s e c  p r i o r  t o  r e s t a r t  t h e  APS u l l a g e  engines  were aga in  

i g n i t e d  t o  provide u l l a g e  c o n t r o l  dur ing r e s t a r t  p repara t ions .  The 

u l l a g e  engines were shu t  o f f  3 s e c  a f t e r  s c t - ~ n d  burn 5-2 Engine S t a r t  

Command. 

Af te r  second burn 5-2 engine s tar t ,  t h e  APS p i t c h  and yaw c o n t r o l  was 

deac t iva ted ,  and t h e  APS provided only  r o l l  c o n t r o l  dur ing 5-2 eng ine  

burn.  A f t e r  t h e  second 5-2 engine cu to f f  , t h e  APS p i t c h  and yaw c o n t r o l  

was r e a c t i v a t e d  and t h e  PPS provided p i t c h ,  yaw, and r o l l  c o n t r o l  t o  

maintain t h e  s t a g e  i n  t h e  d e s i r e d  a t t i t u d e  f o r  t h e  remcinder of t h e  mission.  

1 
13.2 APS Module No. 1 

The opera t ion  of t h e  helium p r e s s u r i z a t i o n  system of module No. 1 w a s  as 

expected. The p rope l lan t  supply system p r e s s u r e  l e v e l s  were a s  expected; 

however, t h e  recorded p r o p e l l a n t  temperatures  were higher  than  a n t i c i p a t e d  

dur ing t h e  t h i r d  o r b i t .  The performance of engine 1-2 was n e a r  nominal 

t h r o u g h u ~ t  the  mission. Engines 1-1 and 1-3 were approximately 

15 percent  low i n  perforxnncs  a t  t h e  s t a r t  of  t h e  mission,  and engine 

1-3 was approximately 45 percen t  low a t  t h e  end of t h e  f l i g h t .  

13.2.1 Helium P r e s s u r i z a t i o n  System (Module No. 1) 

The module No. 1 helium p r e s s u r i z a t i o n  system o p e r a t i o n  w a s  normal w i t h  

no problems encountered throughout t h e  f l i g h t .  P r i o r  t o  APS a c t i v a t i o n ,  

t h e  helium b o t t l e  p r e s s u r e  was 2,960 p s i a  and t h e  temperature was 550 deg R 

y i e l d i n g  an  i n i t i a l  mass i n  t h e  b o t t l e  of 0.984 lbm. 
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Figure 13-2 shows the  helium temperature, p ressure ,  and mass a s  a 

funct ion of mission time. The nominal and three-sigma pred ic t ions  a r e  

included f o r  comparison. The mass of helium remaining i n  t he  b o t t l e  

25,000 sec a f t e r  l i f t o f f  was 0.658 lbm. This corresponds t o  a helium 

temperature of 578 deg R and a pressure of 2,010 psia.  Figure 13-2 shctws 

tha t  t h e  helium usage was near t h e  nominal f o r  a l l  por t ions of t h e  mission 

except the  period from r e s t a r t  preparat ions through spacecraf t  separat ion,  

when propel lant  consumption was l e s s  than predicted.  The regula tor  o u t l e t  

pressure was s teady a t  196 ps ia  throughout APS operat ion.  The propell.ant 

tank u l lage  pressures  were 188 t o  132 psia .  These va lues  a r e  within t he  

expected range of 188 t o  203 psia .  

13.2.2 APS Oxidizer System (Module 1)  

The oxid izer  manifold supply pressure of module No. 1 was a s  expected 

during t h e  f l i g h t .  The pressure was approximately 190 ps ia  during APS 

operation. The oxidizer  temperature (measured a t  t h e  propel lant  control  

module) was higher than expected, exceeding t h e  transducer range of 

591.7 deg R during the wai t ing o r b i t  ( f i gu re  13-3j. Evaluation of t h e  

da ta  i nd i ca t e s  t h a t  the  oxidizer  bulk temperature ( i n  t he  tank) 

remained near  the l i f t o f f  value of 550 deg R; therefore ,  t h i s  value was 

used f o r  p rope l lan t  consumption determination. 

The oxidizer  remaining i n  t h e  APS a s  a funct ion of mission time i s  shown 

i n  f i g u r e  13-3. The nominal and three-sigma pred ic t ions  a r e  included f o r  

comparison. The i n i t i a l  ox id izer  load of module No. 1 was 182 lbm. 

This was l e s s  than t h e  nominal 188 lbm due to  t he  excess removed during 

gas bubble removal. The oxid izer  consumption during the  f i r s L  two o r b i t s  

was near t he  three-sigma maximum; however, during t h e  r e s t a r t  preparat ions 

and through spacecraf t  separa t ion ,  t h e  consumption was l e s s  than predicted.  

After  spacecraf t  separa t ion ,  t h e  consumption was near t h e  predicted valve.  

Table 13-1 shows t h e  propel lant  consumption during s i g n i f i c a n t  periods of 

t h e  f l i g h t .  There were 70 lbm of ox id izer  remaining i n  module No. 1 

a t  25,000 s e c  a f t e r  l i f t o f f .  Therefore, 112 lbm o r  62 percent of 

t h e  oxidizer  i n  module No. 1 was consumed during t h e  f l i g h t .  
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13.2.3 APS Fuel System (Module No. 1 )  

The f u e l  system of module No. 1 performed a s  expected dur ing  t h e  f l i g h t .  

The f u e l  manifold supply p ressure  remained a t  approximately 190 ps ia .  

The f u e l  temperature measured a t  t h e  p r o p e l l a n i  c o n t r o l  module remained 

between 5L8 and 564 deg R. Again, t h e  d a t a  i n d i c a t e s  t h a t  t h e  f u e l  

bulk temperature remained n e a r  t h e  l i f t o f f  va lue  of 550 deg R 

( f i g u r e  13-3). Therefore ,  t h i s  v a l u e  was used t o  determine p r o p e l l a n t  

consumption. 

The f u e l  remaining i n  module No. 1 during t h e  miss ion is  shown i n  

f i g u r e  13-3. The l i f t o f f  v a l u e  was nominal a t  125 Ibm. A s  w i t h  t h e  

o x i d i z e r ,  t h e  consu-pt ion dur ing  t h e  f i r s t  two o r b i t s  was g r e a t e r  than  

t h e  nominal p r e d i c t i o n ,  but  w i t h i n  t h e  three-sigma pred ic t ion .  The Jsage 

dur ing t h e  per iod from r e s t a r t  p r e p a r a t i c n s  t o  s p a c e c r a f t  s e p a r a t i o n  was 

l e s s  than p red ic ted .  A f t e r  s p a c e c r a f t  s e p a r a t i o n ,  t h e  f u e l  consumption 

was xiear t h e  y red ic ted  va lve .  At RO +25,000 s e c ,  46 lbm of 

f u e l  remained i n  module No. 1. Thus t h e  f u e l  consumption dur ing  t h e  

miss ion was 79 lbn o r  63 percent .  The f u e l  consumption dur ing 

s i g n i f i c a n t  p o r t i o m  of t h e  f l i g h t  i s  shown i n  t a b l e  13-1. 

13.3 APS Module No. 2 

A l l  systems of APS module No. 2 performed a s  expected.  The engine 2-3 

chamber p ressure  problem encountered dur ing burp f i r i n g  remained dur ing 

t h e  f l i g h t  bu t  became l e s s  p ron~unced  near  t h e  end of t h e  miss ion.  

13.3.1 Helium P r e s s u r i z a t i o n  Svstem (Module No. 2) 

The module No. 2 helium p r e s s u r i z a t i o n  system o p e r a t i o n  was normal wi th  

no problems encountered throughout t h e  f l i g h t .  P r i o r  t o  APS a c t i v a t i o n ,  

t h e  helium b o t t l e  p r e s s u r e  was 2,980 psis and t h e  temperature was 

547 deg R.  The mass of helium i n  t h e  b o t t l e  was 0.994 lbm. Figure  13-: 

shows t h e  helium temperature ,  p r e s s u r e ,  and mass as a f u n c t i o n  of miss ion 

time. The nominal and three-sigma p r e d i c t i o n s  a r e  included f o r  compari;on. 
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Figure  13-2 shows t h a t  t h e  APS module No. 2  helium usage was near  t h e  

nominal p red ic ted  va lues  except dur ing t h e  per iod from r e s t a r t  prepara- 

t i o n s  through SF l c e c r a f t  s e p a r a t i o n  when t h e  p r o p e l l a n t  consumption w a s  

l e s s  than p red ic ted .  The mass of helium i n  t h e  b o t t l e  a t  RO +25,000 s e c  

was 0,662 lbm. This corresponds t o  a  helium tenpera tu re  of 513 deg R 

and a pressure  of 1,800 p s i a .  

The r e g u l a t o r  o u t l e t  p r e s s u r e  remained s teady a t  196 p s i a  throughout APS 

opera t ion .  The p r o p e l l a n t  tank u l l a g e  p ressures  were 188 t o  ' 5 2  p s i a .  

Thzlr  va lues  a r e  wi th in  t h e  expected range of 188 t o  203 p s i a .  

13.3.2 APS Oxidizer System (Module No. 2) - 
The o x i d i z e r  system of module No. 2 performed a s  expected dur ing t h e  

f l i g h t .  The manifold supply p r e s s u r e  was approximately 190 p s i a .  The 

c x i d i z e r  temperature (measured a t  t h e  p r o p e l l a n t  c o n t r o l  mcdule) ranged 

from 538 t o  556 deg R. A s  wi th  module No. 1, t h e  d a t a  i n d i c a t e  t h a t  

t h e  o x i d i z e r  bu lk  temperature ( i n  t h e  tank) remained neare r  550 deg R. 

Therefore  t h i s  v a l u e  was u t i l i z e d  f o r  p r o p e l l a n t  consumytion c a l c u l a t i o n s .  

Figure  13-3 shows t h e  o x i d i z e r  remaining i n  t h e  AYS 3s a  £1, tc t ion of 

miss ion time. The nominal and three-sigma p r e d i c t i o n s  a r e  included foi- 

comparison. The i n i t i a l  o x i d i z e r  load f o r  module Yo. 2  w a s  187 lbm. 

The d i f f e r e n c e  between t h i s  and t h e  .~ominal load of 188 lbm is due 

t o  t h e  excess  o x i d i z e r  removed dur ing gas  bubbla removal opera t ions .  

The o x i d i z e r  co.muupticn dur ing t h e  miss ion was near  t h e  p red ic ted  

nominal except dur icg  t h e  per iod from r e s t a r t  p repara t ions  t o  spacecczf t  

separzr-ion. 'During t h i s  pe r iod ,  t h e  consumption w i l j  l e s s  than e x ~ i c t e d .  

Table 13-1 shows t h e  p r o p e l l a n t  consumption dur ing s i g n i f i c a n t  ~ o r t i o n s  

of t h e  f l i g h t .  ~t RO +25,000 s e c ,  72 lbm L o x i d i z e r  remajqed 

i n  t h e  APS; t h e r e f o r e  115 lbm o r  62 percen t  of t h e  o x i d i z e r  i n  module 

No. 2  was consumed dur ing t h e  f l i g h t .  

13.3.3 APS Fuel System (Modula No. 2) --- 
The f u e l  system of modvle Nc. 2  performed a s  expe.cted dur ing  t h e  f l i g h t .  

The f u e l  manifold supply p r e s s u r e  was approximately 190 p s i a  throughout 
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the f l igh t .  The fuel  temperatur? measured a t  the  propellan'. control  

module raaged fron 546 deg R a t  l i f  ,off t o  586 deg R n tar  apogee of 

the waiting orbi t .  The i a t a  indicate :hat the  bulk temperature 

remained near 550 deg . throughoat the f l ight .  Therefore, t h i s  

value gas used t o  ca lcula te  propell.ant consumption. 

The fue l  .rema;.sing i n  ~ o d u l e  No. 2 during the mission is  shown i n  

f igure 13 -3. The l i f  to£ f load w a s  nominai a t  125 lbm. Fuel :onsump-- 

t ion  auring the mission was near nominzl except during the  period from 

r e s t a r t  prc.parations t o  spacecraft sefaraLion. During t h i s  period, the  

c o n s u p t ~ o n  was l e s s  than preCicLed. A t  dl +25,00C sec, &4 lbm of 

Cue1 r2ma -ned i n  module No. 2. Thus, 81 lbm o r  65 percent of the f u e l  

cas co~sumecI during the mission. Fuel c c n s q t i o n  is s h c ~ u  i n  

cable 3- -  fo r  ~ i g n i f i c a n t  periods OF the  oiission. 

13.4 Fnnine Performance 

Although the APS operated adequately t o  f u L f i l l  the  mission requirements, 

the  perfamanc.? o: the  rol-i/yaw w-gices of module E!o. 1 was low. Engine 

1-1 chamber pre osc i l l a t ed  abnormally f o r  a period, and engine 1-3 

chamber pressure i w i c a t e d  s igni f icant  l o s s  of performance near rhe end 

of the  mlscicn. The i:ociuln No. 1 ullage engine chamber pressure decay 

was excessively long a t  terminaticn of ul lage engine f i r m .  Module 

No. 2 performed a s  expected. 

iinctt the  minjmuzi impulse b i t  durat icn of the  APS engines is 0.065 sec, 

d..sa used i n  the  evaluation of engfne performance must be recorded coatin- 

uously. The only APS engine data  from the S-IVB-501 f l i g h t  meeting t h i s  

requirement w e r e  the  engine chamber pressures. By integrat ing the  chambe-: 

pressure and multi-plying the  in tegra l  by the thrus t  coeff ic ient  (C ) and F 
the t h r o x  area (A ), the  t o t a l  impui,e f o r  each pulse was determined. 

t 
By dividing the t o t a l  impulse by the pulse duration, the  werage th rus t  

auring each pulse was calculated. Due tc the inaccuracies associated 

with the propellant consumption cdcu la t ions  , the spec i f i c  hapulse of 

the engines ws not determined. 
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i3 .4 .1  Engine Anomzlies 

The following anomalies were noced from the .4PS engine chamber pressure 

t r aces  : 

a. Low chamber pressure (85 ps ia )  exhib i ted  by engines 1-1 and 1-3 

f r o o  the  start of t he  mission 

b. Approximately 400 cps o s c i l l a t i o n s  (55 t o  9: pjia) i n  engine 1-1 

chamber pressure from RO +17,000 t o  RO +23,000 sec  

. P g i n e  1-3 chamber pressure decreased t o  55 p s i a  near  the  end 

of the mission 

. Excessive " ta i l -of  f" of t he  chamber pressure of module No. 1 

ul lage  engine. 

The chamber pressure l e v e l s  of the  module No. 1 engines a r e  shown i n  

f igure  13-4. The propel lant  temperatures (measured a t  t he  propel lant  

con t ro l  nodules) and the  engine i n j e c t o r  temperatures a r e  included f o r  

comparison of trends.  The o s c i l l a t i a n s  of engine 1-1 chamber pressure 

and the g rea t e s t  dec l ine  of engine 1-3 chamber pressure occurred a t  the 

period of high oxid izer  temperature. The J i p  i n  prope l lan t  and i n j e c t o r  

temperztures a t  apprqximatcly RO +19,600 s e c  is due t o  mul t ip le  f i r i n g s  

s f  the engines which br ing  cooler  p rope l lan t  from the  tank pas t  t he  

temperature probe. The APS engine t h r u s t  l e v e l s  ca lcu la ted  from the  

chamber pressures  a r e  shown i n  f igure  13-5 which shows t h a t  the  module 

No. 1 engine t h r u s t s  follow the  chambeL pressure curves of f i gu re  13-4 

very w e l l .  The t h r u s t  l e v e l s  of the module No. 2 engines improved 

s l i g h t l y  as the  mission progressed. 

Figure 13-6 shows typ i ca l  pulses  of engines 1-1, 1-3, 2-3, and t h e  start 

and cu tofc  t r a a s i e n t s  of the  u l lage  engines. 

Figure 13-7 shows the  t o t a l  i q u l s e  ..-ersus pulse  width f o r  pulses  l e s s  

than 0.300 sec.  The TRW two-sigma l i m i t s  are shown f o r  comparison. 

The f l i g h t  da ta  agreed w e l l  with the TRW data  except f o r  the  low 

performance of engine 1-3. 
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The following a r e  considered possible  causes of t he  APS chamber pressure 

anomalies. 

a. Valve f a i l u r e s  

b. Loss of t h roa t  

c. Nitrogen te t rox ide  (NTO) freezing 

d. NTO vaporizat ion 

e. Helium l i b e r a t i o n  

f . Contamination 

g. NTO flow decay 

h.  I n j e c t o r  tube rupture  

I. Teflon valve s e a t  swel l ing  

j . Instrumentation 

13.4.1.1 Valve Fdi l u r e s  

The r e s u l t s  of Douglas and TRW tesz ing  shad t h a t  a s i n g l e  ox id izer  valve 

f a i l u r e  decreases the  chamber 1 -essure by approximately 6 percent.  A 

s i n g l e  f a e l  valve f a i l u r e  has l i t t l e  af f e c t  on chamber pressure.  TRW 

t e s t i n g  ind ica ted  t h a t  mul t ip le  valve f a i l u r e s  could r e s u l t  i n  a s  much 

a s  40 percent decrease i n  t o t a l  impulse o ~ ~ a i n e d  from a minimum impulse 

b i t .  This decrease r e su l t ed  ;men two downstream oxid izer  valves  w e r e  

f a i l e d  open and one lipstream oxid izer  valve w a s  f a i l e d  closed. In  l i g h t  

of r;he mul t ip le  f a i l u r e s  required t o  decrease t h e  chumher pressure t o  

t h e  l e v e l  noted on engine 1-3, valve f a i l u r e s  are n o t  considered a l i k e l y  

cause f o r  t he  S-IVB-501 anomalies. 

13.4.1.2 Throat Loss - 
The f a i l u r e  mode f o r  l o s s  of the  e ~ ~ g i n e  t h roa t  is t h e  heat ing and erosion 

of the  s i l icon-tungsten coa t ing  of the  t h r o s t  i n s e r t  followed by ero'ron 

o i  t he  mulybdenum i n s e r t  i t s e l f .  Since the duty cycle  during t h e  

S-IYB-501 f l i g h t  was much less severe than ground test duty cyc les ,  l o s s  

of t he  engiue t h roa t  is z o t  considered a cause f o r  t he  chamber press3re 
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anou.3lies. Also, i f  the throa t  was enlarged or l o s t ,  the engine thrus t  

l e v e l  would increase. Att i tude da t a  have confirmed a decrease i n  t h rus t  

l eve l .  

13.4.1.3 NTO Freezing 

Evaluation of the APS modules temperatures i nd ica t e  t h a t  they were well  

above the freezing point of NTO. In f a c t ,  the oxidizer  temperature of 

module Iio. 1, measured a t  the propel lant  cont ro l  module, exceeded the 

transducer range maximum oE 592 deg R. The i n j e c t o r  wal l  temperatures 

were around 600 deg R. 

13.4.1.4 NTO Vaporization 

The temperatures noted i n  the  APS a r e  conducive t o  vaporizat ion of the  

oxidizer  i n  t h e  in j ec to r s .  The vapor pressure of NTO a t  590 deg R i.s 

60 psia;  a t  610 deg R i t  i s  90 psia .  Since the  recorded chamber pressure 

of engines 1-1 and 1-3 were 85 ps ia  Jur ing t h e  ce r ly  pa r t  of t he  iaission 

with engine 1-3 Gecrwsing t o  55 ps i a  during t h e  l a t t e r  port ion of the  

mission, it is  poss ib le  t h a t  t he  oxid izer  vaporized i n  the  in j ec to r s .  

TRW t e s t i n g  indicated a performarlce l o s s  of 15 percent with the  oxid izer  

a t  575 t o  590 deg R and, t h e  f u e l  a t  555 t o  565 deg R. However, t he  

inqector  wal l  temperature of engine 1-2 was 620 deg R during t h i s  period 

and t h i s  engine performed very well. Also, t he  vaporizat ion of NTO i n  

t h e  i n j e c t o r s  would tend t o  y i e ld  e r r a t i c  and in t e rmi t t en t  l o s s  of per- 

formance, whereas thr- performance d e g r a d a t i o ~ s  noted during S-IVB-501 

f l i g h t  were cons is ten t  and repeatable.  Therefore, although the  propel lant  

temperatures may have contr ibuted t o  t he  pt;rfonnance degradation, t he  

NTO vaporizat ion a f f e c t  is of a cecondary na ture  an2 not t he  primary cause 

of t he  chmher pressure  degradation. The NTO vaporizat ion could be t h e  

cause of tbe  c'namler pressure  o s c i l l a t i o ~ ~ s  noted on ellgin* 1-1. 

1 3 . 4 .  Yelium Liberat ion - 
The l i b e r a t i o n  of hclium from t h e  propel lan ts  due t o  temperature and 

pressure t r ans i en t s  would a f f e c t  t h e  engine performance i n  e s s e n t i a l l y  

the  same manner zs NTO vaporization. Again, t h i s  is not considetee t h e  

primary cause of t h e  performance degradation; however, helium l i b e r a t i o n  

could have contr ibuted to  the  o s c i l l a t i o n s  noted on engine 1-1. 
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13.4.1.6 Contamination 

Tne s u s c e p t i b i l i t y  of the  i n j e c t o r  valves and i n j e c t o r  tubes t o  contami- 

nat ion is evident by an examination of t he  passage s i ze s .  The i n j e c t o r  
valves s t roke  is  0.040 in. ,  and the clearance between the solenoid 

plunger and the  case is 0.0025 +0.0010 in .  The i n j e c t o r  tubes a r e  - 
0.0349 t o  0.0358 in .  f o r  ox id izer  and 0.0279 t o  0.0287 in .  f o r  fue l .  

The i n l e t  to  the valves is protected by a 140 micron f i l t e r .  

When t h i s  module was confidence f i r e d  a t  STC, the  engine performance 

was nominal. Subsequent t o  t h e  f i r i n g ,  excessive contamination of t he  

system occurred. This contamination was a r e s u l t  of cleaning methods. 

A l l  engines of module No. 1 were replaced. The manifolding was cleaned, 

but not replaced. Therefore, cmtaminat ion could have ex is ted  i n  t he  

system before loading f o r  f l i g h t .  It should be noted t h a t  during pre- 

launch burp f i r i n g s ,  engine perf ormaice was nominal. Another source 

of contamination c o ~ l d  have ~ e e n  t h e  KSC GSE. After  t he  S-IVB-501 f l i g h t ,  

the  GSE contained greenish depos i t s  t h a t  were s imi l a r  t o  those found a t  

STC during Gvmna s i t e  reac t iva t ion .  The depos i t s  a t  Gamna were caused 

by propel lan ts  a t tack ing  the  n icke l  i n  the  VOI-SHAK sea l s .  Since module 

No. 1 was loaded f i r s t  a t  KSC, the  p o s s i b i l i t y  of contamination was 

g rea t e r  than f o r  module No. 2. 

Since the  r o l l  engines 1-1 and 1-3 w e r e  f i r e d  auring the  3-2 engine f i r s t  

b u m  and the  p i t ch  engine did not  f i r e  u n t i l  a f t e r  5-2 engine burn, any 

contanination present  i n  the system a t  l i f t o f f  would tend t o  go t o  the  r o l l  

engines. Also, t he  o r i en t a t ion  of t h e  propel lant  l i n e s  t o  engines 1-1 and 

1-3 is such t h a t  i f  contamination ex is ted  during ground hold o r  powered 

f l i g n t ,  i t  would most l i k e l y  settle i n  these l i ngs .  It should be noted 

t h a t  the  voluae of propel lan ts  used during burp f i r i n g  was very small 

(approximately 2 i n m 3  per  engine) and would not  necessar i ly  move such 

contamination to  the engines. 

E i ther  of t he  aforementioned types of contamination could have ex is ted  i n  

so lu t ion  with the  propel lants .  The temperature t r a n s i e n t s  during t h e  

mission and espec ia l ly  a t  approximately RO +19,000 sec could have 

forced t h i s  contaainat ion out of so lu t ion ,  thus causing the  t h r u s t  decay. 
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13.4.1.7 NTO Flow Decay 

The NTO flow decay phenomenon is t h e  r e s u l t  of t he  so lu t ion  of i ron  i n  

t h e  NTO with subsequent d i s so lu t ion  of an  i r o n  n i t r a t e  compound i n  a r ea s  

of high pressure drop. The d i s so lu t ion  i s  enhanced by t h e  NTO undergoing 

a temperature drop and by NTO vaporizat ion.  

Althougi t h i s  phenomenon does not c o r r e l a t e  with t h e  i n i t i a l  performance 

l o s s ,  t he  condi t ions ex i s t i ng  a t  t h e  t i m e  of t h e  g rea t e r  l o s s  of engino 

1-3 performance were conducive t o  i ts occurrence. That is,  t h e  tempera- 

t u r e  drop across  t he  module was on t h e  order  of 40 t o  50 deg R and the  

i n j e c t o r  pressure drop was approximately 100 psid during f i r i n g s .  A l -  

though these  condi t ions do not  exac t ly  match those of t h e  Rocketdyne 

tests i n  which the  i ron  n i t r a t e s  were formed, they a r e  s imi la r .  

13.4.1.8 In j ec to r  Tube Rupture 

I f  one o r  more of t h e  i-zijjecLor tubes between t h e  i n j e c t o r  valves  and 

t h e  i n j e c t o r  head were t o  rup ture ,  t h e  propel lant  flow t o  t h e  engine 

would be reduced. Such a rup ture  occurred during TRW te s t i ng .  This  

i i l u r e  occurred when f u e l  was l e f t  i n  t h e  t h rus t  chamber a s  a r e s u l t  

o f  an  attempt t o  f i r e  t h e  engine with t h e  ox id izer  l i n e  frozen. After  

thawing t h e  ox id izer  l i n e ,  a subsequent attempt t o  f i r e  t h e  engine 

resu l ted  i n  ruptur ing of t h e  oxidizer  tubes.  During t h e  S-IVB-501 f l i g h t ,  

t h e  ox id izer  temperatures were we11 ~ b o v e  t h e  f reez ing  point .  Also, t h e  

chamber pressure d a t a  d id  not  i nd i ca t e  any excessive pressures .  To cause 

a pressure decay of t h e  magnitude nor -?  on engine 1-3, e i t h e r  t h e  f u e l  

tube o r  s eve ra l  of t h e  ox id izer  tubes would have t o  rup ture ;  therefore ,  

t h i s  is not  considered a li!-.c-ry cause f o r  t h e  S-IVB-501 anomalies. 

13.4.1.9 Teflon Valve Seat Swelling 

The s t roke  of t h e  i n j e c t o r  va lve  poppets is 0.040 i n .  It is poss ib le  

t h a t  t h e  t e f l o n  mating sur face  of t he  poppet could s w e l l  i f  exposed t o  

high temperatures and/or NTO. However, test da t a  i nd i ca t e  t h a t  such 

swelling occurs a t  temperatures g rea t e r  than 735 deg R. Thv S-IVB-501 

f l i g h t  d a t a  show t h a t  t h e  i n j e c t o r  head temperatures of engines 1-1 acd 

1-3 d i d  not  exceed 610 dsg R. The i n j e c t o r  temperature of engine 1-2 

reached 700 deg R; however, t h e  performance of t h i s  engine was good. 
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Also, t h c  duty c y c l e  of t h e  engines  was very l i g h t .  Therefore ,  so leno id  

h e a t i n g  should have been s l i g h t .  For t h e s e  reasons ,  and because of p a s t  

exper iecce ,  t e f l o n  swe l l ing  is  no t  considered a l i k e l y  cause  of t h e  

S-IVB-501 anomalies. 

13.4.1.10 Ins t rumenta t ion 

Ins t rumenta t ion  has  been e l imina ted  a s  a p o ~ ~ i b l e  cause of t h e  low 

chamber p r e s s u r e  va lues  recorded on engines  1-1 and 1-3. This  followed 

an i n v e s t i g a t i o n  which c o r r e l a t e d  t h e  e ~ g i n e  t h r u s t  wi th  v e h i c l e  r o l l  

r a t e s .  The r e s u l t s  of t h i s  a a a l y s i s  a r e  p resen ted  i n  t a b l e  13-2 which 

shows good c o r r e l a t i o n  between t h r u s t  va lues  obta ined from t h e  chamber 

p r e s s u r e  and those  obta ined from t h e  v e h i c l e  r o l l  r a t e s .  The t h r u s t  

va lues  of engine  1-3 c a l c u l a t e d  from t h e  v e h i c l e  r o l l  r a t e  demonstrate 

the  same t h r u s t  degradat ion as t h e  t h r u s t  obta ined from t h e  chamber 

p ressure .  

13.4.1.11 APS Ullage  Engines - 
The excess ive  " t a i l - o f f "  noted on t h e  module No. 1 u l l a g e  engine  chamber 

p r e s s u r e  has  rece ived  o ~ l y  cursory  examination.  The c ~ o s t  l i k e l y  caus? 

of t h i s  anomaly is p a r t i c u l a t e  contamination of t h e  z e f l o n  va lve  s e a t .  

When t h e  va lve  c losed ,  t h e  p a r t i c l e  was fo rced  i n t o  t h e  t e f l o n  s lowly,  

thus a l lowing a " ta i l -o f f ' '  flow. When t h e  v a l v e  was aga in  opened, t h e  

t e f l o n  could have fo rced  t h e  p a r t i c l e  t o  p ro t rude  aga in ,  s o  t h a t  t h e  

second c l o s i n g  would b e  s i m i l a r  t o  t h e  f i r s t .  

The preceding comments a r e  a r e s u l t  of a pre l iminary  i n v e s t i g a t i o n  of 

the  problem. S e v e r a l  avendes of i n v e s t i g a t i o n  a r e  s t i l l  being pursued. 

Among them a r e  a review of previous  f l i g h t  and t e s t  d a t a ,  an i n d u s t r y  

survey of such problems, and perhaps some f u t u r e  t e s t i n g .  
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Figure 13-4. Module 1 Engine Anomaly Correlation 
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Figure 13-7. APS Total Impulse Per Pulse 
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14. PNEUMATIC CONTROL AND PURGE SYSTEM 

The pneumatic con t ro l  acd purge system ( f igu re  14-1) performed s a t i s -  

f a c t o r i l y  throughout t he  f l i g h t .  The helium supply was adequate t o  

complete a l l  mission requirements and t o  accomplish a l l  purges. During 

o r b i t a l  coas t ,  however, a system leak  developed which eventual ly  resu l ted  

i n  the deplet ion of pneumatic supply during the  wai t ing o r b i t .  Since a l l  

pneumatic operat ions were completed w e l l  before t h i s  t i m e ,  the  mission was 

not a f fec ted .  Pneumatic con t ro l  a;ld purge system da t a  is presented i n  

t ab l e  14--1. 

14.1 Ambient Helium Supply 

The pneumatic supply was adequate, and system operat ion was normal during 

boost and f i r s t  bum. S ign i f i can t  valve ac tua t ions  and t h e i r  respec t ive  

demands on the  system a r e  shown i n  f i gq re  14-2. The f i r s t  ind ica t ion  of 

unusual system demand occurred during the period of prevalve c losure  

immediately a f t e r  f i r s t  burn (RO +667 sec) .  During t h i s  period the  mass 

l o s s  r a t e  (excluding t h a t  which is a t t r i b u t a b l e  t o  5-2 engine pump purge) 

was 12.7 scfm; the  nzedicted l o s s  r a t e  was 400 scim (0.23 scfm). After  

prevalve opening a t  RO +726 sec ,  the  average mass l o s s  r a t e  was 7.2 scfm, 

which agrees c lose ly  with t he  r a t e  predicted f o r  the  3-2 engine pump 

purge. 

Following termination of the 5-2 engine pump purge, the  mass l o s s  r a t e  

was i n s ign i f i can t  u n t i l  approximately RG -t8,000 sec  ( f igure  14-3). From 

t h i s  t i m e  u n t i l  r e s t a r t  preparat ions,  the  mass l o s s  r a t e  was e s s e n t i a l l y  

constant a t  3.3 scfm. 

During the  period of prevalve c losure  f o r  r e s t a r t  chilldown operat ions,  

the r a t e  was es tab l i shed  a s  10.4 s c f a ,  approximating the l o s s  r a t e  a f t e r  

f i r s t  burn cutoff  , which was a t t r i b u t e d  t o  prevalve actuat ion.  

Pne?lmatic system performance during second burn operat ions is shown i n  

f i gu re  14-4. Mass usage during t h i s  period could not  be accurately 

determined because the  rap id ly  changing sphere conditions overshadowed 

the r e l a t i v e l y  small  mass usage. After  second burn, the  pneumatic system 

leakage continued ( f i gu re  14-S), t h i s  time a t  an average r a t e  of 4.3 scfm. 



Section 14 
Pneumatic Control and Purge System 

14.2 Pneumatic Sys tem Leakane 

A s  previously noted, a s i g n i f i c a n t  leakage problem arose  a t  approximately 

RO +8,000 sec.  A review of the cont ro l  helium regula tor  discharge 

pressure da t a  (DO014) i nd i ca t e s  t h e  leakage was downstream of t he  pneumatic 

power cont ro l  module. This conclusion i s  based on two observations.  

F i r s t ,  DO014 ind ica ted  a l e v e l  below t h e  lockup pressure  l e v e l  observed 

during boost ( f i gu re  14-5) . This d i f fe rence  i n  l e v e l  i nd i ca t e s  n f  lowrate 

commensurate with t he  observed leakage r a t e  (based on tests of a s imi l a r  

regulator) .  Secondly, a s  the  sphere was depleted below the  500 p s i a  l e v e i ,  

DO014 d id  no t  p rec i se ly  follow the  cont ro l  sphere pressure W087 ( f i gu re  

14-5); ins tead ,  i t  showed a pressure drop, which is ind i ca t ive  of flow 

through the regulator .  

Based upon t h i s  review, the  f l i g h t  da ta ,  and pas t  experience, t h r ee  

poss ib le  leakage paths have been considered: 

a. Pneumatic Power Control Module Callps Pressure Switch 

Two pneumatic power cont ro l  module ca l i p s  pressure switches 

(on s t ages  S-IVB-502 and 503) have cracked i n  the convoluted 

a r ea  of  t he  ca l i p s  s i d e  diaphragm. Fa i lu re  evaluat ion of t he  

S-IVB-502 switch yielded a leakage r a t e  of approximately 

100 scim (0.058 scfm), with 500 p s i a  appl ied t o  t h e  system 

s i d e  of the switch. While t h i s  is s i g n i f i c a n t l y  less than the  

leakage observed on S-IVB-501, the  switch is capable,  based 

upon por t  s i z e s ,  of flowing a maximum of approximately 23 scfm. 

Since the leakage on S-IVB-501 began during a period of no 

Pneumatic demand (and hence no force  va r i a t i ons  on the c a l i p s  

diaphragm), a diaphragm f a i l u r e  would probably have been 

thermally induced, r a t h e r  than pressure-induced. 

On fu ture  s t ages ,  the  c a l i p s  po r t  on the  pneumatic power con t ro l  

module ill be capped to  preclude t h i s  p o t e n t i a l  l eak  path u n t i l  

a permanent remedy is incorporated. 

b. LOX and LH2 Prevalve Actuation Control Modules 

Analysis of S-IVB-501 da t a  revealed two d i s t i n c t l y  d i f f e r e n t  

control  helium regula tor  discharge pressure (D0014) response 
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p r o f i l e s  during opening of the prevalves ( f i gu re  14-6) . The 

deviat ion noted on the lower p r o f i l e  was a l s o  found t o  be  

c h a r a c t e r i s t i c  of the  closure of the  LOX tank vent  valve; 

however, the prevalve deviat ion was of g r ea t e r  amplitude and 

duration. 

During normal operat ion,  prevalve opening r e s u l t s  i n  the  

termination of a constant  flow demand. The regula tor ,  however, 

does not sense t h i s  flow c e s s a t i m  immediately, s o  .it momentarily 

continues t o  flow, causing an increase  i n  t he  r egu la to r  discharge 

pressure (D0014) , a s  shown i n  t h e  upper t r ace  on f i g u r e  14-6. 

The occurrecce of an abnormal t r a c e  such a s  t h a t  on the  lower 

ha l f  of f i gu re  14-6 i nd i ca t e s  a momentary leak f o r  t h e  durat ion 

of the  drop i n  t he  regula tor  discharge pressure.  The dura t ion  

of t h i s  pressure drop (1.1 sec)  and the  n e t  flow from the  system 

(0.1 scfm) is suggest ive of a slow-moving poppet i n  the ac tua t ion  

cont ro l  module ( f i gu re  14-7). The mechanical operat ion of t h i s  

module is such t h a t  momentary l o s s  of pneumatic pressure can 

occur during slow poppet t rqve l .  

The abnormal t r a c e  is associated only with longer periods (5 t o  

10 min) of pneumatic power appl ica t ion ;  f o r  sho r t e r  per iods of 

appl ica t ion  ( 1  t o  2 min), t h e  t r a c e  is  normal. This i nd i ca t e s  

two poss ib le  conditions: thermally induced mechanical i n t e r -  

ference o r  s e a l  creepage. Although both of these  seem improbable, 

no o ther  cont r ibu t ing  f ac to r s  have been found. The f a i l u r e  of 

t h e  lower seal of this ac tua tor  con t ro l  module does f u l f i l l  a 

set of condi t ions posed p r i o r  t o  second bum. During the  

period from RO +8,000 s e c  t o  prevalve closure a t  t he  beginning 

of r e s t a r t  preparat ions,  t h e  average leakage r a t e  was 3.3 scfm; 

whereas during t h e  prevalve c losure  period, t he  leakage r a t e  was 

10.4 scfm. The f a i l u r e  ;f the  lower s t a t i c  s e a l  would r e s u l t  

i n  a flow a rea  change between the  prevalve "open" and "closed" 

stEte. However, f a i l u r e  of t h e  lower s e a l  during development 

t e s t i n g  and opera t iona l  use has been v i r t u a l l y  nonexistent.  
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c, LOX and LH2 Prevalves 

The high leakage r a t e  during pos t-f irs t-burn prevalve closure 

and pre-second-turn prevalve c losure  could be  a t t r i b u t e d  t o  s e a l  

leakage wi th in  the prevalves. I f  t h i s  were the  cause of the  

leakage during prevalve ac tua t ion ,  a s epa ra t e  leakage path must 

have opened t o  produce the  leakage r a t e  observed between 

RO +8,000 s e c  and t h e  l o s s  of s t age  pneumatics. 
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Figure 14-1. Pneumatic Control and Purgo System 
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15. PROPELLANT UTILIZATION - 
The propel lant  u t i l i z a t i o n  system successi':~lly accomplished t h e  require- 

ments associated with prope l lan t  loading and m=agement during burn. 

Loading computer ind ica ted  f u l l  load prope l lan t  values  a t  l i f t o f f  were 

99.96 arid 99.85 percent of the  desired ind ica ted  values f o r  LOX dad 

LH2, respect ively.  The a c t u a l  b e s t  es t imatc  prope l lan t  mass values  a t  

l i f t o f f  were 194,395 lbrn LCX and 41,173 lbrn LH2 as compare2 t o  desi-red 

mass -1alues of 133,273 lbrn LOX and 41,222 lbrn LH2. These values  were 

wel l  within required loading dccuracies.  

Extrapolation of p rope l lan t  res idua ls  t o  deple t ion  ind ica ted  t h a t  a 

simultzneous deplet ion would have occurred approximately 37.6 s ec  a f t e r  

second b c m  ve loc i ty  cu tof f .  This y i e ld s  a  PU e f f i c i ency  of 100 percent.  

Had second bum ac tua l ly  gone t o  deplet ion cu to f f ,  PU system non- 

l i n e a r i t i e s  would have resu l ted  i n  an a$proximately 20 lbrn increase  i n  

LH2 r e s idua l  and a  LOX deple t ion  cu tof f .  

The PU valve operated a t  the  LOX r i ch  pos i t i on  a f t e r  a c t i v a t i o n  a s  

planned during a l l  of f i r s t  burn. PU operat ion a t  t he  4.5:l.O hardover 

pos i t i on  f o r  engine r e s t a r t  was s a t i s f a c t o r i l y  accomplished. System 

dispers ions a t  the s t a r t  of second burn then caused the  PU valve t o  move 

t o  the  5.5:l.O hardover pos i t i on  and remaic t he re  u n t i l  cu t t ac !~  a t  

second bum Engine S t a r t  Command (ESCZ) +63.5 sec. The l a r g e s t  s i n g l e  

dispers ion causing t h i s  hardover operat ion was a  l a r g e r  than expected 

LH2 boi lof f  during coast .  Orb i t a l  b o i l o f f ,  a s  determined from LH2 PU 

mass sensor  data ,  Mas 2,871 lbrn a s  compared t o  the  nominal predicted 

value of 2,613 lbm. The d i f fe rence  was pr imari ly  caused by f lashof f  

during the  blowdown phase following f i r s t  burn. The g rea t e r  than nominal 

LH2 boi lof f  plus the  f a c t  t h a t  a l l  o ther  system d ispers ions  were i n  the  

LOX r i ch  d i r ec t i on ,  caused the PIJ valve hardover operat ion during second 

bum. 

The r i s e  of t he  prope l lan ts  within the  sensors  due t o  c a p i l l a r y  ac t ion  

during the low acce le ra t ion  coast  period was present  a s  expected. This 

cap i l l a ry  ac t ion  was not  removed u n t i l  ESC2 +15 s e c  and caused an 

crroneous s ibna l  t o  be fed i n t o  the PU system. This s i g n a l  d id  no t  
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s i g n i f i c a n t l y  a f f e c t  the PU operat ion during second bum due t o  the high 

system dispers ions;  however, i t  would have caused a  valve excursion of 

+9 deg i f  the o ther  dispers ions were not present.  

Two l a rge  propel lant  s l o sh  waves were caused by vehic le  a t t i t u d e  

t r ans i en t s  during second burn. Both s losh  waves induced a  response i n  

PU system performance which was r e f l ec t ed  i n  engine t h r u s t  performance. 

Tne f i r s t  s l o sh  wave occurred durinp: PU cutback and had no adverse 

e f f e c t s .  The second s lo sh  wave occurred j u s t  p r i o r  t o  second burn 

cutoff  w h e ~  the ch i  f reeze  guidance mode was applied. This prope l lan t  

disturbance i n i t i a t e d  a  t h r u s t  va r i a t i on  which exceeded the  l i m i t s  

e s tab l i shed  i n  tho Contract End Item (CEI) Spec i f ica t ion .  The observed 

th rus t  va r i a t i on  was the  r e s u l t  of an engine performance s h i f t  coupled 

with t he  s lo sh  induced PU valve motion. The e f f e c t  of the PU system 

alone did not cause a  s u f f i c i e n t  t h r u s t  v a r i a t i o n  t o  exceed the  estab- 

l i shed  l i m i t s .  Since engine performance s h i f t s  a r e  excluded from C E I  

spec i f i ca t i on  -imits, a l l  spec i f i ca t i on  requirements were m e t .  

A s  a  r e s u l t  of the S-IVB-501 f l i g h t  s eve ra l  PU changes w i l l  be made f o r  

fu t a r e  f l i g h t s .  The PU simulat ion model w i l l  be revised t o  provide a  

more accurate  presentat ion of PU valve response. LH2 bo i lo f f  p red ic t ions  

w i l l  be revised t o  r e f l e c t  a  higher  f a c i l i t y  vent backpressure. Tank 

de f l ec t i on  nonl inear i ty  pred ic t ions  w i l l  be revised t o  r e f l e c t  new LH2 

tank sk in  temperatures. 

15.1 PU System Cal ibra t ion  

The p r e f l i g h t  propel lant  masses a t  t he  f u l l  c a l i b r a t i o n  poin ts  were 

determined from the  S-IVB-501 acceptcnce f i r i n g  f u l l  load by t h e  flow 

i n t e g r a l  ana lys i s  nethod. The capacitance corresponding t o  the  

acceptanre f i r i n g  f u l l  load masses were measured values.  Due t o  a  

change i n  engine t ag  values ,  the  p r e f l i g h t  ca l i b r a t i on  was revised 

September 1967 t o  be cons is ten t  with engine f l i g h t  performance predic- 

t ions .  For t h i s  reason the  f u l l  point  c a l i b r a t i o n  nass values f o r  f l i g h t  

were g rea t e r  than those reportsd i n  the  acceptance f i r i n g  evaluat ion 

repor t  by 1,481 lbm LOX and 379 lbm LV2. 
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The p r o p e l l a n t  masses a t  t h e  lower c a l i b r a t i o n  po in t  were computed from 

unique tank volume and p r e d i c t e d  p r o p e l l a n t  d e n s i t y  da ta .  The cor re -  

sponding capaci tance w a s  determined by adding t h e  mean dev ia t ion  between 

vendor a i r  capac i t ance  and measured empty ca?aci tance t o  t h e  S-IVB-501 

s t a g e  vendor air  capaci tance.  The LOX and LH2 mass sensor  c a l i b r a t i o n s  

a r e  l i s t e d  i n  t h e  following t a b l e :  

15.2 Prope l lan t  Mass His to ry  

The p r o p e l l a n t  mass h i s t o r y  was determined from a  b e s t  e s t i m a t e  s t a g e  

mass a n a l y s i s  as desc r ibed  i n  s e c t i o n  8. 

The b e s t  e s t i m a t e  p r o p e l l a n t  messes were de r ived  as a  p a r t  of t h e  b e s t  

e s t i m a t e  s o l u t i o n  f o r  S-IVB-501 t h i r d  f l i g h t  s t a g e  i g n i t i o n  and c u t o f f  

masses. Best  e s t i m a t e  p r o p e l l a . ~ t  masses were obta ined by s u b t r a c t i n g  

t h e  t o t a l  t h i r d  f l i g h t  s t a g e  nonpropel lant  mass from t h e  t o t a l  b e s t  

e s t i m a t e  mass a t  i g n i t i o n  and cu to f f .  The remaining t o t a l  p r o p e l l a n t  

mass was then d iv ided  i n t o  LOX and LH2 according t o  t h e  p r e v a i l i n g  flow 

i n t e g r a l  mixture r a t i o  a t  t h e  s p e c i f i c  f l i g h t  even t  time. 

LOCATION 
1 

F u l l  po in t  
Empty p o i n t  

F u l l  po in t  
Empty p o i n t  

PU MASS SENSOR 

LOX 

LH2 

The f i v e  measurement systems used i n  determining t h e  b e s t  e s t i m a t e  

masses a r e :  ( a )  PU volumetr ic ,  (b) l e v e l  s e n s o r s ,  ( c )  flow i n t e g r a l ,  

(d) PU i n d i c a t e d  (cor rec ted)  and (e )  t r a j e c t o r y  recons t ruc t ion .  A 

b r i e f  d e s c r i p t i o n  o f  t h e s e  measuresent s y s  tems is as fol lows : 

a. The PU volcrp.stric masses were der ived from raw PU probe output  

d a t a  computed according t o  volumetr ic  c a l i b r a t i o n  s l o p e s  

and volumetr ic  f l i g h t  n o n l i n e a r i t i e s .  The c a l i b r a t i o n  s l o p e s  

(pounds p e r  p icofa rad  [ l b r n / ~ f ] )  were computed from the  

capaci tance-propel lant  mass r e l a t i o n s h i p s  a t  the  upper and 

lower probe a c t i v e  element e x t r e m i t i e s .  The p r o p e l l a n t  mass 

MASS (lbm) CAPACITANCE 
1 

188,915 
1,271 

40,696 
204 

410.03 
282.26 

1,170.93 
973.28 
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a t  these  ex t remet ies  was c a l c u l a t e d  from unique tank volu~ne 

determined from tank measurements and p r o p e l l a n t  dens i ty .  The 

capaci tance a t  t h e  upper a c t i v e  element extremity  was computed 

from vendor probe c a l i b r a t i o n  d a t a  and probe f u l l  immersion 

t e s t s  conducted dur ing s t a g e  acceptance f i r i n g s .  The capaci-  

tance a t  t h e  lower a c t i v e  element was obta ined from empty 

capaci tance measurements made dur ing t h e  f a s t  p r o p e l l a n t  d r a i n  

sequence immediately a f t e r  acceptance f i r i n g  c u t o f f .  

b. The l e v e l  sensor  system measures p r o p e l l a n t  mass a t  sensor  

a c t i v a t i o n  and t h i s  mass is e x t r a p o l a t e d  t o  i g n i t i o n  o r  cu to f f  

mass from f l i g h t  flow i n t e g r a l  data .  Th i s  s t a g e  has i r v e l  

sensors  l o c a t e d  throughout t h e  l eng th  of t h e  p r o p e l l a n t  tanks .  

c. The flow i n t e g r a l  method c o n s i s t s  of determining t h e  mass flow- 

r a t e s  of LOX and LH2 and i n t e g r a t i n g  a s  a  func t ion  of t ime t o  

o b t a i n  t o t a l  consumed mass dur ing  f i r i n g .  Flow i n t e g r a l  mass 

va lues  were based on t h e  a n a l y s i s  of engine flowmeter d a t a ,  

t h r u s t  chamber p ressure ,  engine in f luence  equa t ions ,  and engine 

t a g  values.  The i n i t i a l  f u l l  load  mass, us ing  t h e  flow i n t e g r a l  

method, i s  determined by adding t h e  s t a t i s t i c a l l y  weighted 

average p r o p e l l a n t  r e s i d u a l s  a t  engine c u t o f f ,  t h e  f u e l  pres-  

s u r a n t  added t o  t h e  u l l a g e ,  and t h e  p r o p e l l a n t  l o s t  t o  b o i l o f f ,  

t o  t h e  t o t a l  mass consumed. 

d. The PU i n d i c a t e d  (cor rec ted)  system measures p r o p e l l a n t  mass 

from raw PU probe output  reduced according t o  t h e  p r e f l i g h t  

flow i n t e g r a l  c a l i b r a t i ~ n  s l o p e  and ad jus ted  f o r  f l i g h t  flow 

i n t e g r a l  n o n l i n e a r i t i e s .  

e. The t r a j e c t o r y  recons t ruc t ion  method prcvide,  t h e  unique 

 elations ship between s t a g e  i g n i t i o n  and cu to f f  mass which 

s a t i s f i e s  t h e  observed t r a j e c t o r y  ( s e c t i o n  7 ) .  

Mass sensor  d a t a  was used f o r  both PU volumetr ic  and PU i n d i c a t e d  values .  

The d i f f e r e n c e  between t h e  r e s u l t s  is due p r imar i ly  t o  t h e  c a l i b r a t i o n  

dev ia t ions  and n o t  t o  t h e  t reatment  of data .  
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A t  ESC2, t h e  p rope l lan t  l e v e l s  wi th in  t h e  LOX and LH2 probes were no t  

s t a b i l i z e d .  Consequently, t h e  PU masses f o r  both methods a t  second burn 

Engine S t a r t  Command were determined by e x t r a p o l a t i o n  from a s t a b l e  

p r o p e l l a n t  l e v e l  condi t ion.  

The volumetric LOX mass a t  second burn Engine S t a r t  Command was d r t e r -  

mined by s u b t r a c t i n g  t h e  f i r s t  burn engine t h r u s t  decay consumption and 

o r b i t a l  b o i l o f f  usage from t h e  i n d i c a t e d  mass a t  f i r s t  burn Engine 

Cutoff Command. The LOX consumption between ECCl and ESC2, inc lud ing  

engine chilldown and t h e  t h r u s t  decay consumption, w a s  319 lbm. Since 

no LOX tank ven t ing  occurred dur ing o r b i t ,  and s i n c e  t h e  t o t a l  LOX 

adjustment t o  t h e  f i r s t  burn Engine Cutoff Command mass is  only 319 lbm, 

t h i s  procedure provided t h e  most a c c u r a t e  determiqat ion of volumetr ic  

mass a+ second b u m  Engine S t a r t  Command. 

The PU i n d i c a t e d  (cor rec ted)  LOX mass at second b u m  Engine S t a r t  

Command was determined by adding t h e  flow i n t e g r a l  LOX consumption 

between ESC2 and ESC2 +33.5 s e c  t o  t h e  i n d i c a t e d  mass a t  ESC2 +33.5 sec.  

Both PU volumetric and PU i n d i c a t e d  (cor rec ted)  LH2 masses a t  second 

burn Engine S t a r t  Command were determined by adding t h e  flow i n t e g r a l  

LH2 consumption between ESC'2 and ESC2 +33.5 s e c  t o  t h e  i n d i c a t e d  va lues  

a t  ESC2 +33.5 sec .  

The p r o p e l l a n t  masses obta ined from t h e  v a r i o u s  measurement systems at  

s i g n i f i c a n t  f l i g h t  even t s  a r e  presented i n  t a b l e  15-1. 

During f i r s t  b u m ,  t h e  b e s t  e s t i m a t e  t o t a l  p r o p e l l a n t  consumption w a s  

2,613 lbrn g r e a t e r  than pred ic ted .  The f l i g h t  flow i n t e g r a l  PU volu- 

met r i c ,  and l e v e l  s e n s o r  t o t a l  p r o p e l l a n t  consumption v a l u e s  

compared favorably  wi th  t h e  b e s t  es tAsaLe.  The maximum d e v i a t i o n  i n  

consumption between t h e s e  methods was 114 lbm. The PU i n d i c a t e d  cor- 

r e c t e d  t o t a l  p r o p e l l a n t  consumption was 692 lbrn l e s s  than t h e  b e s t  

e s t imate ,  whi le  t h e  t r a j e c t o r y  r e c o n s t r u c t i o n  was 322 lbrn g r e a t e r .  

During second burn, t h e  b e s t  e s t imate  t o t a l  p r o p e l l a n t  consumption w a s  

4,993 lbrn l e s s  than predic ted.  The maximum d e v i a t i c n  i n  t o t a l  consump- 

t i o n  between the  f l i g h t  flow i n t e g r a l ,  YU volumetr ic ,  and 1evr:l sensor  

was 85 lbm. The t h r e e  technique$ dev ia ted  from t h e  b e s t  e s t imate  t o t a l  
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consumption by an average of -300 lbm. The PU i n d i c a t e d  corrected.  

t o t a l  p r o p e l l a n t  consumption was 623 lbrn l e s s  than the  b e s t  e s t i m a t e  

and the  t r a j e c t o r y  recons t ruc t ion  was 315 lbm gre--  ~ e r .  

15.2.1 Prope l lan t  Loading 

Prope l lan t  loading was accomplished au tomat ica l ly  by t h e  load ing  

computer. Table 15-2 is a  t a b u l a t i o n  of t h e  d e s i r e d ,  i n d i c a t e d ,  and 

a c t u a l  f u l l  p r o p e l l a q t  loads  as  der ived from var ious  a n a l y s i s  methods, 

and t t e i r  dev ia t ions  a t  l i f  to f  f .  

The loading computer values  f o r  p ressur ized  f u l l  load p r i o r  t o  l i f t o f f  

were 99.96 percent  of d e s i r e d  l c a d  f o r  LOX and 99.85 percent  f o r  LH2. 

This compares c l o s e l y  wi th  PU i n d i c a t e d  c o r r e c t e d  f u l l  load va lues  of 

99.95 percent  and 99.77 percent  of d e s i r e d  f o r  LOX and LH2, r e s p e c t i v e l y .  

The b e s t  e s t i m a t e  t o ~ a l  l i f t o f f  mass w a s  g r e a t e r  than d e s i r e d  t o t a l  mass 

by 1,073 lbm; LOX mass was 1,122 lbrn g r e a t e r  than d e s i r e d  and LH2 mass 

was 49 lbrn less than des i red .  The LOX over load was due p r imar i ly  t o  a  

c a l i b r a t i o n  e r r o r  bu t  was w e l l  w i th in  t h e  guaranteed loading accuracy 

of 21.39 percent .  

PU i a d i c a t e d  mass a t  l i f t o f f  is determined from t h e  p r e f l i g h t  flow 

i n t e g r a l  PU c a l i b r a t i o n .  The PU i n d i c a t e d  c o r r e c t e d  masses inc lude  

adjustments f o r  t h e  e f f e c t s  of t o t a l  PU system f l i g h t  n o n l i n e a r i t i e s .  

15.2.2 O r b i t a l  Boi lo f f  

LOX usage between f i r s t  burn Engine Cutoff Comzand and second burn Engine 

SLart Command was 319 lbrn inc lud ing  f i r s t  burn engine t h r u s t  decay 

consumption, o r b i t a l  b o i l o f f  and second b u m  erigine chilldown. 

The LH2 b o i l o f f  between f i r s t  b u m  .Engine Cutoff Command and second burn 

Engine S t a r t  Command, a s  deterinined by t h e  LH2 PU mass sensor ,  was 

2,871 lbm. This  b o i l o f f  value  was obta ined by s u b t r a c t i n g  29 lbrn f o r  

f i r s t  burn engine cu to f f  t r a n s i e n t  from t h e  t o t a l  d i f f e r e n c e  of 

2,900 lbrn between f i r s t  b u m  Engine Cutoff Command and second b u m  

Engine SLart  Command. The o r b i t a l  b o i l o f f  is 258 lbrn g r e a t e r  than t h e  
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p r e d i c t e d  value  of 2,613 lbm. This d e v i a t i o n  r e s u l t e d  from (1) a  

h igher  than p r e d i c t e d  f a c i l i t y  vent  system backpressure ,  (2)  a  lower 

than p r e d i c t e d  CVS r e g u l 2 t o r  c o n t r o l  p r z s s u r e ,  and (3) a  s l i g h t l y  

h igher  bulk n e a t i c g  r a t e  than  was usea i n  t h e  p r e d i c t i o n  ( s e c t i o n  12) .  

15.2.3 PU Mass Sensor Correct ions  

The t o t a l  volumetr ic  i n f l i g h t  mass sensor  c o r r e c t i o n s  f o r  LOX and LH2 

i n d i c a t e d  masses ar  .-esented i n  f i g u r e  15-1. The t o t a l  c o r r e c t i o n  i s  

t h e  sum of t h e  actuh'  nleasured volumetr ic  tank- io-sensor mismaich, cg  

o f f s e t ,  and i n f l i g h t  tank d e f l e c t i o n  c o r r e c t i o n .  Maximum LOX mass 

s e n s o r  e r r o r  was 1,375 lbm a t  85,000 t o t a l  LOX load o r  approximately 

0.70 r e r c e n t  e r r o r  a t  t h e  L5 pe rcen t  l e v e l  of  t h e  tank.  The maximum LH2 

mass s e w o r  e r r c r  was 330 lbm a t  8,000 lbm t o t a l  LH2 load o r  approxi- 

mately 0.75 pe rcen t  e r r o r  a t  t h e  20 percent  l e v e l  of t h e  tank.  The LOX 

t o t a l  c o r r e c t i o n  computed from p o s t f l i g h t  d a t a  ag rees  very c l o s e l y  wi th  

t h e  p r e f l i g h t  p r e d i c t i o n .  The a c t u a l  LH2 t o t a l  c o r r e c t i o n  dev ia ted  from 

the  p r e f l i g h t  p r e d i c t i o n  prim,i i ly due t o  t h e  i n f l i g h t  tank d e f l e c t i o n .  

The PU system mass c o r r e c t i o n s  due t o  t.mk d e f l e c t i o n s  a r e  caused by 

d i f f e r e n c e s  i n  tank a k i n  tempzrature anti d i f f e r e n t i a l  tpnk p re r su res  

from thosz  exper ienced dur ing  acceptance f i r i n g .  Figure  15-2 prePents  a  

comparison of p r e d i c t e d  and a c t u a l  f l i g h t  c o r r e c t i o a s  f o r  tank d e f l e c t i o n  

f o r  t h e  LOX and LH2 mass s e n s o r s .  The p r e d i c t e d  LOX c o r r e c t i o n  ague&; 

vlry w e l l  w i t h  t h e  p o s t f l i g h t  a n a l y s i s .  The i r r e g u l a r  c o r r e c t i o n  from 

the  f l i g h t  a n a l y s i s  a f t e r  second engine  s t a r t  was caused by d e v i a t i o n s  i n  

tank u l l a g e  p r e s s u r e  from pred ic ted .  

The a c t u a l  LH2 mass sensor  c o r r e c t i o n  was considerably  d i f f e r e n t  from t h e  

p r e f l i g h t  p r e d i c t i o n .  The major cause  f o r  t h i s  d i f f e r e w e  w a s  t h e  LH2 

t ank  s k i n  temperature  h i s t o r y .  The LH2 t a n k  s k i n  temperature cooled a t  

a  much f a s t e r  r a t e  than p r e d i c t e d  dur ing S-I1 s t a g e  burn r e s u l t i n g  i n  a  

n e t  c o l d e r  a c t u a l  s k i n  temperature  than p r e d i c t e d  dur ing  f i r a t  burn. 

The a c t u a l  c o r r e c t i o n  is  approximately 100 lbm l e s s  than p r e d i c t e d  dur ing  

t h i s  phcse. A t  second b u m  i g n i t i o n ,  t h e  average s k i n  temperature was 

warmer than p r e d i c t e d ,  r e s u l t i n g  i n  46 lbm l e s s  c o r r e c t i o n  than p red ic ted .  



Sect ion 15 
Prope l lan t  U t i l i z a t i o n  

Only two LH2 tank ski11 temperature measurements were a v a i l ~ b l e  duri:lg 

second burn; one on t h e  shaded s i d e ,  and one on t h e  pa r t? -a l ly  shaded 

s i d e .  The p a r t i a l l y  shaded sensor  was used f o r  t h e  average s k i n  

temperature during second bum.  

The cg o f f s e t  c o r r e c t i o n s  t o  t h e  PU mass sensor  and l e v e l  sensor  pro, e l -  

l a n i  masses a r e  caused by t i l t i n g  of t h e  p r o p e l l a n t  l e v e l  due t o  t h e  

engine t h r u s t  vec to r  pass ing through t h e  t h i r d  f l i g h t  s t a g e  cg when t h e  

cg is d i sp laced  from t h e  l o n g i t u d i n a l  c e : ~ t e r l i n e .  Figure  15-3 shrgs  

the  p red ic ted  and a c t u a l  f l i g h t  c o r r e c t i o n  f o r  t h e  LOX and LH2 mass 

s e r s o r s .  Good agreement was obta ined between t h e  p red ic ted  and a c t u a l  

cg c f f s e t  c o r r e c t i o n s  f o r  both mass sensors .  

15.2.4 Comparison of Level Sensor and Volumetric PU Mass a t  Level 

Sensor Ac t iva t ion  

Table 15-3 present: t h e  l e v e l  sensor  mass and volumetr ic  PU mass a t  

each l e v e l  sensor  a c t i v a t i o n  dur ing f l i g h t .  The l e v e l  s e n s o r  masses 

were computed from p r o p e l l a n t  volume a t  t h e  l e v e l  sensor  he igh t  l o c a t i o n  

and the  computed p r o p e l l a n t  dens i ty  a t  t h e  l e v e l  senso l  a c t i v a t i o n  time. 

The p r o p e l l a n t  temperature and deqs i ty  d a t a  used f o r  t h e  l e v e i  sensc r  

mass a n a l y s i s  a r e  presented i n  f i g u r e s  15-4 and 15-5. 

Figure  15-6 shows t h e  dev ia t ions  between level  : s ,. and volumetr ic  F L ~  

mass a t  l e v e l  s e n s ~  a c t i v a t i o n  times f o r  acceptance i i z i n g  , C ~ U ~ K ~ Q W ~  

demonstration te:cs (CDDT) and f l i g h t .  I n  o r d e r  t c  compare t h e  l e v e l  

sensor  d a t a  t o  t h e  PU d a t a  f o r  the  t h r e e  t e s t s  mentioned, the  FU massls 

f o r  t h e  zcceptance f i r i n g  were recomputed based upon t h e  Ibmlpf f l i g h t  

c a l i b r a t i o n  s lope.  This procedr:re cormal izes  t h e  volur~~e d a t a  s o  t h a t  

t h e  d i f f e r e n c e s  between l e v e l  sensor  and PU mass f o r  t h e  t h r e e  tests 

(accept-ance f i r i n g ,  CDDT, and f l i g h t )  a r e  a  measure of system 

repes t -ab i l i ty  . 
I n v e s t i g a t i o n  and coord ina t ion  wi th  t h e  f i e l d  s t a t i o n s  i n d i c a t e  t h e  LOX 

and 1.H2 l e v e l  sensor  l o c a t i o n s  have no t  changed s i n c e  S-IVB-501 

acceptance f i r i n g .  
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The LOX da ta  comparison shows good agreement between the  CDDT and f l i g h t  

with the exception of t he  f i r s t  l e v e l  sensor t ha t  ac t iva ted  during second 

burn. The unusual behavior a t  t h i s  sensor  can be a t t r i b u t e d  t o  an 

uncertainty i n  the  l e v e l  sensor ac t i va t ion  time due t o  l a rge  propel lant  

s losh  during the  ea r ly  pa r t  of second burn. I f  a s t r a i g h t  l i n e  skewed 

bias  is drawn through the mean of the  CDDT and f l i g h t  da ta ,  t he  devia t ions  

from t h i s  l i n e  exh ib i t  a t rend s i m i l a r  t o  t he  dev ia t i cns  of t he  acceptance 

f i r i n g  data  about the hor izonta l .  

The magaitude of the skewed b i a s  a t  f i r s t  i gn i t i on  is approximately 

420 lbm r e l a t i v e  t o  t he  lowest l e v e l  sensor. The cause of t h i s  apparent 

s h i f ~  has not ~ e e n  d e f i n i t e l y  resolved. 

The LH2 comparison shows t h a t  the deviat ions during f l i g h t  f i r s t  burn 

agree with those during the  CDDT but,  contrary t o  the  LOX ana lys i s ,  t he  

deviations during the  second burn agres  with those of t he  acceptance 

f i r i n g .  The f l i g h t  deviat ions during f i r s t  burn a r e  g r e a t e r  than t h e  

maximum probable deviat ions between the  two systems. A t  t h i s  t i m e  t he re  

is insuf ' ic ient  a a t a  t o  explain these  deviat ions.  The da t a  a v i l a b l e  

from the  S-IVB-502 f l i g h t  w i l l  be u t i l i z e d  f o r  comparison ana lys i s ,  

s i nce  the l e v e l  sensor configurat ion is t h e  same as f o r  S-IVB-501. 

15.2.5 Propellan: Residuals 

Propel lant  resLduals were computed f o r  both engine burns using point  

i s v e l  sensors  and the  PU mass sensors .  Two l e v e l  sensors  i n  each tank 

were used fo r  compbtation of f i r s t  bum res idua ls ,  l eve l  sensors  LO012 

and LOO11 i n  the  LOX tank and Ed0024 and NO025 i n  the LH2 tank. Three 

l eve l  sensors  i n  each tank were . s ed  f o r  computation of second burn 

res idua ls ,  l e v e l  sensors  L0009, L0008, and LO006 i n  t he  LOX tank and 

N0029, N0030, and NO031 i n  the LH2 tank. 

The point  l e v e l  sensor  res idua ls  w e r e  generated using engine consumption 

da ta  t o  ex t rapola te  from the l e v e l  sensor ac t i va t ion  t o  Engine Cutoff 

Command. A weighted average r e s idua l  was then computed f o r  the  l e v e l  

sensors  i n  each propel lant  tank. The f i n a l  propel lant  res idua l  masses 

a t  each engine cutoff  a r e  a s t a t i s t i c a l l y  weighted average of the  l e v e l  
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sensor and PU mass sensor res idua ls .  This method provides a  more 

accurate  r e s idua l  value f o r  second burn than the  s t age  bes t  es t imate  

procedure because propel lant  mass is measured d i r e c t l y  without t he  

e r r o r  contr ibuted by a  higher r a t i o  of nonpropellant mass. 

Tabie 15-4 summarizes t he  p rope l l a r t  r e s idua l  da t a  determined by the  PU 

mass :.ensor and the point  l e v e l  sensors.  

Total  masses a t  second burn Engine Cutoff Command (ECC2) were 15,071 lbrn 

LOX and 3,651 lbrn LH2. These Yotal masses include musab le  masses of 

530 lbrn LOX and 760 lbrn LH2. The usable masses a t  ECC2 were 14,541 lbrn 

LOX and 2,891 lbrn LH2. 

15.2.6 PU Efficiency 

The closed-loop PU e f f i c i ency  is determined by expressing the  usable 

r e s idua l  propel lant  a t  dep le t ion  cutoff  a s  a percentage of t h e  t a t a l  

propel lant  load. Tota l  s t age  s teady-state  propel lant  consumption r a t e s  

p r i o r  t o  t he  second burn ve loc i ty  cutoff  were 386.5 lbmlsec LOX and 

76.9 lbmlsec LH2. Extrapolation of these  f lowrates  t o  t he  t h e o r e t i c a l  

dep le t ion  cutoff  r e s u l t s  i n  a simultaneous prope l lan t  dep le t ion  a t  

37.6 s ec  a f t e r  ve loc i ty  cutoff  and a  PU e f f i c i ency  of 100 percent.  

It should be noted t h a t  t he  above ex t rapola t ion  is based on constant  

p rope l lan t  flowrates f o r  37.6 sec.  Had the s t age  a c t u a l l y  gone t o  

deplet ion cu to f f ,  t he  PU system would have var ied  the  prope l lan t  flow- 

rates f o r  the  f i n a l  period. PU system n o n l i n e a r i t i e s  during the  

37.6 sec t o  depleticn, would have driven t h e  PU valve t o  an average 

-1 deg l e v e l  thereby increas ing  the LH2 r e s idua l  by approximately 20 lbrn 

and causing a LOX deplet ion c u t ~ f f .  

15.3 PU System Response 

The PU valve was posi t ioned a t  n u l l  f o r  f i r s t  bum s t a r t  and renained a t  

the n u l l  pos i t ion  u n t i l  PU a c t i v a t e  a t  ESCl +8 sec.  The PU valve was 

commanded t o  the  f u l l y  c lcsed s top  a t  a c t i va t i on  and remained the re  

throughout f i r s t  burn. The f i r s t  bum PU valve pos i t ion  h i s to ry  is 

i l l u s t r a t e d  i n  f i gu re  15-7. The PU valve reached t h e  s top  a t  
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ESCl +10 s e c  a s  compared t o  t h e  p red ic ted  time of ESCl +13.8 s e c .  This 

dev ia t ion  between the  p red ic ted  and a c t u a l  valve  p o s i t i o n  s lope  fol lowing 

f i r s t  burn a c t i v a t i o n  was due t o  a  d i f f e r e n c e  between t h e  method used t o  

a c t i v a t e  t h e  PU system i n  t h e  s imula t ion  model and t h e  a c t u a l  implementa- 

t i o n  of PU a c t i v a t i o n  i n  f l i g h t .  Th i s  d i f f e r e n c e  was removed i n  t h e  

recons t ruc t ion  by a c t i v a t i n g  t h e  PD system 3  s e c  e a r l i e r  i n  the  simula- 

t i o n  model. The d i f f e r e n c e  between t h e  p red ic ted  and x t u a l  va lve  

p o s i t i o n s  on t h e  f u l l y  c losed s t o p  is  due t o  an e r r o r  i n  t h e  p r e d i c t i o n  

and does n o t  r epresen t  a performance dev ia t ion .  

The PU valve  r e c o n s t r u c t i o n  f o r  second b u m  is a l s o  presented wi th  t h e  

p red ic ted  and a c t u a l  PU valve  h i s t o r i e s  i n  f i g u r e  15-7. The PU valve  

was s * ~ c c e s s f u l l y  commanded t o  t h e  f u l l y  opened 4 .5: l  EMR p o s i t i o r ~  a t  

ESC2 -20 s e c  t c  s a t i s f y  engine restart requirements.  The PU va lve  

remained t h e r e  u n t i l  ESCZ +13 sec when t h e  hardover command was removed. 

Tne PU va lve  then t r a v e l e d  through t h e  n u l l  p o s i t i o n  t o  +5 deg by 

ESCZ +14 sec .  The valve  t r a v e l  p a s t  t h e  n u l l  p o s i t i o n  t o  +5 deg was 

caused by system overshoot. 

Due t o  system d i s p e r s i o n s  t h e  PU valve  then t r a v e l e d  t o  t h e  LOX r i c h  

s top .  The PU valve  reached t h e  LOX r i c h  s t o p  a t  ESC2 +25.2 s e c  and 

remained t h e r e  u n t i l  PU valve  cutback a t  ESC2 +63.5 sec. A f t e r  cutback 

the  average PU v a l v e  pos i t io r .  was -2.5 deg u n t i l  second burn engine 

cu to f f  a t  ESCZ +299.692 sec. 

The PU system d e v i a t i o n s  between pred ic ted  and a c t u a l  performance, which 

caused t h e  PU valve  LOX r i c h  o p e r a t i o n  dur ing second burn, a r e  l i s t e d  

i n  t h e  fol lowing t ab le .  

DEVIATION DESCRIPTION 

1 )  Loading computer 

DEVIATION I N  EQUIVALENT LOX (lbm) 

366 

2)  LH2 b o i l o f f  
I 1,277 

3) LOX b o i l o f  f I 98 

4 )  Engine performance ! 552 

5)  PU system n o n l i n e a r i t i e s  

6) C a l i b r a t i o n  

7) Bridge g a i n  r a t i o  

200 

285 

850 

TOTAL 3,628 
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Equivalent LOX l i s t e d  i n  the previous t a b l e  is e i t h e r  the  ac tua l  LOX 

deviat ion,  i f  the deviat ion is i n  LOX, o r  the  LOX d e v i a t i ~ n  reqllired t o  

cause the same devia t icn  i n  the  case of LH2 deviat ions.  Equivalent LOX 

f o r  Ld2 deviat ions is derived by mult iplying the a c t u a l  LH2 devia t ion  by 

the a c t u a l  PU system bridge gain r a t i o .  

A PU valve h i s to ry  reconstruct ion r e f l e c t i n g  the  above system devia t ions  

is presented with the predicted . ~ n d  a c t u a l  PU valve hi  ; t o r i e s  i n  

f igure  15-7 The individual  FU valve excursions caused by each indepen- 

dent dev ia t ion  is i l1us t ra t t :d  i n  f i gu re  15-8. 

The major cause of the high engine mixture r a t i o  (EMR) operat ion d u r i n ~  

second burn was the higher than predicted LH2 bo i lo f f  during o r b i t a l  

coast .  Each of t5e system devia t ions  l i s t e d  above a r e  discussed i n  t he  

following sec t ions .  The PU ind ica ted  and corrected propel lant  masses 

used f o r  system devia t ion  ana lys i s  a r e  t a b d a t e d  as follows: 

15.3.1 Indicated Loading Comp~lter Deviations 

EVENT 

Li f tof f  

ESCl 

bCCl 

1 ESC2 

I ECC2 

Indicated loading computer deviat ions a r e  the  d i f fe rence  between the 

desired load and the  loading computer ind ica ted  load a t  l i f t o f f .  The 

indicated I oading deviat ions weie -94 lbm LOX and -93 lbm LH2. The 

combined e f f e c t  of these two deviat ions is an equivalent  LOX overload of 

UNADJUSTED PU 
FINE MASS 

366 lbm. I f  t h i s  deviatiot- had not  been presext  i n  t he  system disper-  

PU FINE MASS I 
CORRECTED FOR I 
now INTEGRAL 

FLIGHT 
NONLINEARITIES 

LOX 

193,179 

193,C48 

131,953 

s ions  t h e  PU valve would have cutback 7.5 s ec  e a r l i e r ,  Cnwe 1 of 
' I  

? 
? ' f i gu re  15-8 shows the s ingu la r  e f f e c t  of the  loading deviat ions on the  

4 PU valve. 
1 

LOX 

193,299 

193,308 

131,353 

LHL 

41,129 

41,043 

29,697 

LH2 

41, i44  

41,107 

29,662 

131,965 26,886 

15,803 I-.- 3,998 - 131,0&5 1 2::::; 1 15,133 
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15.3.2 LH2 Boilof f  Deviation 
- 

The LH2 b o i l o f f  dur ing o r b i t  bras determined from PU i n d i c a t e d  masses 

cor rec ted  f o r  PU system n o n l i n e a r i t i e s .  Due t o  c a p i l l a r y  a c t i o n  PU mass 

d a t a  was not v a l i d  u n t i l  ESC2 +15 sec .  The PU masses a t  second burn 

Engine S t a r t  Command were c a l c u l a t e d  by t ak ing  a  v a l i d  PU mass and 

e x t r a p o l a t i n g  back t o  ESC using engine flowmeter da ta .  The LH2 o r b i t a l  

b o i l o f f  was 258 lbm h igher  than p red ic ted .  The major i ty  of t h i s  devia- 

t i o n  w a s  caused by f l a s h o f f  following f i r s t  burn Engine Cutoff Command. 

This  f l a s h o f f  r e s u l t e d  from a  h igher  than p r e d i c t e d  f a c i l i t y  LH2 vent  

backpressure be fore  l i f t o f f  and a  lower than p red ic ted  CVS r e g u l a t o r  

c o n t r o l  p ressure  i n  o r t i t .  The LH2 b o i l o f f  d e v i a t i o n  is  e q u i v a l e n t  t o  

1,277 lbm of LOX equ iva len t  e r r o r .  Curve 2  of f i g u r e  15-8 shows t h e  

s i n g u l a r  e f f e c t  of t h i s  dev ia t ion .  It should be noted t h a t  t h e  LH2 b o i l -  

o f f  d e v i a t i o n  is t h e  l a r g e s t  s i n g l e  c o n t r i b u t o r  of t h e  LOX r i c h  opera t  ion.  

The PU valve  would n o t  have reached t h e  LOX r i c h  s t o p  wi thout  t h i s  

dev ia t ion .  

15.3.3 LOX Boi loff  Deviation 

The p red ic ted  LOX mass b o i l o f f  dur ing c o a s t  inc lud ing  engine chilldown 

was 240 lbm. The PU c o r r e c t e d  masses i n d i c a t e d  a LOX b o i l o f f  of 108 lbm 

leav ing  a  b o i l o f f  d e v i a t i o n  of 132 Ibm. Curve 3  of f i g u r e  15-8 shows 

t h e  s i n g u l a r  e f f e c t  of t h e  LOX b o i l o f f  e r r o r .  I f  t h i s  d e v i a t i o n  had n o t  

been p resen t  i n  t h e  system d i s p e r s i o n s  the  PU valve  would have cutback 

2.7 s e c  e a r l i e r .  An a n a l y s i s  of t h e  LOX u l l a g e  gas cond i t ions  i n d i c a t e d  

a  t o t a l  LOX b o i l o f f  dur ing c o a s t  s l i g h t l y  h igher  than t h e  PU i n d i c a t e d  

LOX b o i l o f f .  The two methods were i n  s a t i s f a c t o r y  agreement and t h e  

d i f f e r e n c e  does r!ot s i g n i f i c a n t l y  a f f e c t  t h e  t o t a l  system d i s p e r s i o n s .  

15.3.4 Engine Performance Deviation 

The LOX and LH2 f lowra tes  dur ing  f i r s t  b u m  were lower than p red ic ted .  

This lower consumption r e s u l t e d  i n  an equ iva len t  LOX e r r o r  of 552 lbm a t  

second burn Engine S t a r t  Command. The s i n g u l a r  e f f e c t  of t h i s  d e v i a t i o n  

is shown i n  curve 4 of f i g u r e  15-8. I f  t h i s  devia~ion had net been 

p resen t  i n  t h e  system d i s p e r s i o n s ,  t h e  PU valve  would have cutback 

approximately 11 s e c  earlier. 
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15.3 .3  PU Sys tem Nonl inear i ty  Ceviat ions - - 
'The PU system t o t a l  n o n l i n e a r i t i e s  used i n  PU system response a n a l y s i s  

a r e  based on engine flowmeter a n a l y s i s  normalized t o  l i f t o f f  and second 

b u m  cu tof f  masses. These n o n l i n e a r i t i e s  a r e  presented i n  f i g u r e  15-9. 

Sensor c a p i l l a r y  a c t i o n  a t  t h e  s t a r t  of second burn and two s l o s h  waves 

caused by v e h i c l e  a t t i t u d e  t r a n s i e n t s ,  dur ing second bur.1, caused l a r g e  

v a r i a t i o n s  i n  the  i n d i c a t e d  mass d a t a  used t o  determine t h e s e  non- 

l i n e a r i t i e s .  The a c t u a l  PU system LOX tank-to-sensor n o n l i n e a r i t i e s  wi th  

the  s l o s h i n g  and c a p i l l a r y  e f f e c t s  removed compared favorably  wi th  t h e  

p red ic ted .  The a c t u a l  LH2 tank-to-sensor n o n l i n e a r i t i e s  a l s o  compared 

favorably  wi th  t h e  p red ic ted  va lues  a d j u s t e d  f o r  the  a c t u a l  i n f l i g h t  tank 

geometry v a r i a t i o n s .  The LOX equ iva len t  e r r o r ,  due t o  t h e  combined 

d i f f e r e n c e s  between a c t u a l  and p red ic ted  mismatch, was 200 lbm. Curve 5 

of f i g u r e  15-8 shows t h e  s i n g u l a r  e f f e c t  of t h i s  dev ia t ion .  I f  t h i s  

dev ia t ion  had no t  been p resen t  i n  t h e  system d i s p e r s i o n s ,  t h e  PU va lve  

would have cutback 4 s e c  e a r l i e r .  

The p red ic ted  and a c t u a l  t o t a l  i n f l i g h t  tank-to-sensor n o n l i n e a r i t i e s  

a s  determined by the  v o l u n e t r i c  method f o r  t h e  LOX and LH2 probes a r e  

presented i n  f i g u r e  15-10. These c o r r e c t i o n s  were normalized t o  t h e  

f l i g h t  f i r s t  b u m  i g n i t i o n  and second burn cu to f f  masses £9; comparisca 

wi th  t h e  flowmeter a n a l y s i s .  S a t i s f a c t o r y  agreement w a s  ob ta ined  

between t h e  flowmeter.and volumetr ic  n o n l i n e a r i t i e s  f o r  both  t h e  LOX and 

LH2 mass sensors .  

15.3.6 C a l i b r a t i o n  Deviation 

C a i i b r a i i o n  d e v i a t i c c s  at f i--' t u i . ~ j  Engine Star :  Comnand were 

+0.56 percent  LOX and +0.09 percen t  LHL, thus  cauding t h e  inir; i i : l  LC,< 

mass t o  be overloaded 1,087 lbm and t h e  i n i t i a l  LH2 mass t o  be overloaded 

36 lbm. This  c a l i b r a t i o n  dev ia t ion  was determined by comparing b e s t  

e s t i m a t e  t o t a l  masses wi th  c o r r e c t e d  PU i n d i c a t e d  masses. The ca l ib r s - .  

t i o n  dev ia t ion  seen by t h e  PU system a t  second b u m  Engine S t a r t  Command 

was 285 lbm LOX equiva len t  e r r o r .  Curve 6 of f i g u r e  15-8 shows t h e  

s i n g u l a r  e f f e c t  of t1.e c a l i b r a t i o n  dev ia t ion .  I f  t h i s  deviation had no t  

been p resen t  i n  t i e  system d i s p e r s i o n s ,  t h e  PU va lve  would have cutback 

approximately 7 s e c  e a r l i e r .  
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15.3.7 Bridge Gain Ra t io  Devia t ion 

The d e s i r e d  re fe rence  mixture r a t i o  (RMR) f o r  t h e  S-IVB-501 f l i g h t  was 

5.0:l.O. The b r idge  ga in  r a t i o  (BGR) was e l e c t r i c a l l y  ad jus ted  a t  

5.0:l .O t o  o b t a i n  the d e s i r e d  RMR. The RMR obta ined from f l i g h t  d a t a  

:vhich inc ludes  t h e  e f f e c t s  of t h e  sensor  c a l i b r a t i o n  d e v i a t i o n s ,  was 

4.96:l.O. This i n d i c a t e s  t h a t  t h e  BGR was a c t u a l l y  s e t  a t  4.95:l.O 

i n s t e a d  of 5.0:l.O a f t e r  t h e  s e n s o r  c a l i b r a t i o n  d e v i a t i o n s  were removed. 

The r a t i o  of t h e  p r o p e l l a n t  masses a t  PU va lve  cutback time a l s o  i n d i -  

ca ted  a  BGR of 4.95:l.O. Curve 7 of f i g u r e  15-8 shows t h e  s i n g u l a r  

e f f e c t  of changing t h e  BGR. A s  may be seen from curve 7 ,  the  va lve  

p o s i t i o n  l e v e l e d  ou t  approximately 3  deg lower than the  loading d e v i a t i o n  

curves.  I f  t h i s  d e v i a t i o n  had no t  been p r e s e n t  i n  the  system d i s p e r s i o n s ,  

t h e  PU va lve  would have cutback approximately 15  s e c  e a r l i e r  and t h e  

mean va lve  p o s i t i o n  would have l e v e l e d  ou t  approximately 3  deg h igher .  

15.3.8 C a p i l l a r y  A c t i ~ n  

The r i s e  of p r o p e l l a n t s  w i t h i n  t h e  mass sensors  due t o  c a p i l l a r y  a c t i o n  

dur ing t h e  low a c c e l e r a t i o n  c o a s t  p e r i o d  was p r e s e n t  a s  expected.  Th i s  

c a p i l l a r y  a c t i o n  exper ienced be fore  and a f t e r  u l l a g i n g  is  compared t o  

the  f l i g h t  d a t a  from S-IVB-203 i n  f i g u r e  15-11. I n  both  cases  t h e  sensor  

readings  i n d i c a t e d  t h a t  t h e  p r o p e l l a n t s  d i d  not  r i s e  t o  t h e  top of t h e  

s e n s o r s  a s  w a s  expected whi le  i n  t h e  low a c c e l e r a t i o n  environment be fo re  

u l l ag ing .  This impl ies  t h a t  t h e r e  were bubbles o r  vapor w i t h i n  t h e  

sensors  which lowered t h e  capac i t ance  s i g n a l  and corresponding mass 

reading and r e s u l t e d  i n  an  i n d i c a t e d  mass l e v e l  w i t h i n  t h e  sensors  t h a t  

was lower th,n t h e  a c t u a l  l e v e l .  The i n d i c a t e d  m a s s  l e v e l  decreased 

dur ing  u l l a g i n g  as expected.  Vehicle maneuvers dur ing  u l l a g i n g  on 

S-IVB-501 caused p r o p e l l a n t  s l o s h i n g  d i s t u r b a n c e s  which a r e  t h e  most 

probable  cause f o r  t h e  v a r i a t i o n s  i n  t h e  mass i n d i c a t i o n s  during t h i s  

per iod.  There b e r e  no maneuvers app l i ed  t o  S-IVB-203 dur ing  t h i s  pe r iod  

and, as shown by f i g u r e  15-11, t h e r e  were a l s o  no v a r i a t i o n s  i n  t h e  mass 

i n d i c a t i o n s ,  except  f o r  t h e  expected l e v e l  drop due t o  u l l a g i n g  

a c c e l e r a t i o n .  
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During f u e l  l e a d  a f t e r  second engine  s t a r t  t h e  LH2 mass l e v e l  contiilued 

t o  drop; however, t h e  I n d i c a t e d  LOX mass i e v e l  w i t h i n  t h e  s e n s o r s  

inc reased  by approxjmately 7,000 lbm. This  i n c r e a s e  was probably caused 

by removing bubbles from t h e  LOX densor whi le  i n  t h e  h igher  a c c e l e r a t i o n  

environment. This r e s u l t e d  i n  1 higher  s e n s o r  capac i t ance  reading.  The 

i n d i c a t e d  LOX p r o p e l l a n t  i n c r e a s e  and t h e  removal of t h e  r e m a i n k g  

c a p i l l a r y  e f f e c t s  dur ing  mainstage,  is i l l u s t r a t e d  i n  f i g u r e  15-12. This  

f i g u r e  a l s o  compares t h e  i n d i c a t e d  mass readings  w i t h  t h e  mass i n  t a a k  

obta ined by e x t r a p o l a t i n g  engine  flowmeter consumption dur ing  t h e  f i r s t  

p a r t  of b u m .  S ince  t h e  p r a p e l l a n t s  were no t  s e t t l e d  u n t i l  ESC2 r 1 5  s e c ,  

the  c a p i l l a r y  a c t i o n  a f f e c t e d  ?.he PU system by c1:;rging t h e  forward 

shaping network ,?ram PU hardover  command o f f  (ESC2 +13 s e c )  u n t i l  

ESC2 +15 sec .  The s i n g u l a r  e f f e c t  of t h e  c a p i l l a r y  a c t i o n  on t h e  PU 

valve  is  shown i n  f i g u r e  15-13. The e r r o r  s i g n a l  r e s u l t i n g  from t h i s  

c a p i l l a r y  a c t i o n  w a s  approxiulately +4 v.1 Tnis d e v i a t i o n  by i t s e l f  would 

cause a  peak PU valve  excurs ion  of  a p p r o x i m t e l y  +9 deg. This er roneous  

e r r o r  s i g n a l  d ischarged t o  a. n e g l i g a b l e  va lue  a t  approximately 

ESC2 +50 sec .  The e f f e c t  of t h e  c a p i l l a r y  .action on t h e  e r r o r  s i g n a l  

can be determined by comparing t h e  a c t u a l  e r r o r  s i g n s 1  wi th  an e r r o r  

s i g n a l  der ived from engine  flowmeter d a t a  between ESC2 +13 and 

ESC2 +15 see .  

Figure  15-14 compares t h e  a c t u a l  ~ e l e m e t e r e d  PU summing po in t  e r r o r  

s i g n a l ,  t h e  a c t u a l  e r r o r  s i g n a l  wi th  t h e  t e l emet ry  b i a s  and high 

frequency n o i s e  removed, and t h e  PU e r r o r  s i g n a l  obta ined by us ing  engine  

flowmeter de r ived  consumption. A te lemetry  b i a s  of -0.3 v  was p r e s e n t  

on t h e  a c t u a l  e r r o r  s i g n a l .  This b i a s  was a l s o  p r e s e n t  on rhe  acceptance  

f i r i n g  d a t a  and was confirmed by f l i g h t  d a t a  dur ing  r e s t a r t  when t h e  

summing potent iometers  were d e a c t i v a t e d  by applying t h e  4.5:l.O hardover 

command. 

A s  can be seen from the  smoothed t e l emet ry  e r r o r  s igr 'a l ,  t h e  c a p i l l a r y  

a c t i o n  a t  t h e  s t a r t  of second burn cau,.ed an  erroneous  e r r o r  s i g n a l  u n t i l  

' the  e f f e c t s  of the  c a p i l l a r y  a c t i o n  were removed. 
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15.3.9 Sloshing 

The redesigned forward shaping network ( s losh  f i l t e r )  success fu l ly  

removed the  e f f e c t s  of propel lant  s losh ing  on the PU valve. Propel lant  

s loshing within a 0.2 t o  0.6 Hz range was present  on the mass s i g n a l s  

and the  PU summing poin t  e r r o r  s i g n z l -  However, t he  added f i l t e r  

~ t t e n u a t i o n  removed the  s lo sh  e f f e c t s  on t he  s i g n a l  fed t o  the  PU valve 

servo. 

Vehicle a t t i t u d e  t r a n s i e n t s  r e su l t ed  i n  two l a rge  low frequency propel- 

l a n t  s losh  waves. The s lo sh  waves can be seen i n  the M X  and LH2 m i s -  

match curves of f i gu re  15-9. The f i r s t  s l o sh  wave appeared between 

ESC2 +lo0 and ESC2 +I20 sec. This s losh  wave was s e t  o f f  by a vehic le  

a t t i t u d e  t r ans i en t  following the  a r t i f i c i a l  t au  mode during PU cutback. 

The PU valve pos i t ion  was increased approximately 1 deg by t h i s  discur-  

bance and resu l ted  i n  a corresponding s h i f t . i n  engine performance para- 

meters. The second low frequency s lo sh  wave occurred approximately 

5 s e c  before second burn Engine Cutoff Command. This wave was a l s o  

caused by a vehic le  a t t i t u d e  t r a n s i e n t  and occurred a t  the time the  ch i  

f reeze  guidance mode was applied. This dis turbance r e su l t ed  i n  a 1 deg 

valve t a i l o f f  and corresponding t h r u s t  va r i a t i on  which is  discussed 

fu r the r  i n  paragraph 15.4. The e f f e c t  of these s lo sh  waves on t h e  PU 

valve pos i t ion  h i s to ry  may be seen i n  f i gu re  15-7. 

15.3.10 Pos t f l i gh t  Reconstruction 

The combined e f f e c t s  of a l l  t h e  previously mentioned PU system devia t ions  

on the  PU valve pos i t i on  a r e  i l l u s t r a t e d  by the  second burn PU valve 

pos i t ion  reconstruct ion shown i n  f i gu re  15-7. The reconstruct ion agrees 

favorably with the a c t u a l  d a t a  and, therefore ,  v e r i f i e s  s a t i s f a c t o r y  PU 

system operations.  The pos t f i r i ng  reconstruct ion devia tes  from the  

a c t u a l  PU valve h i s to ry  a t  ESC2 +200 sec  and a t  ESC2 +260 sec.  Thesc 

deviat ions a r e  due t o  inaccuracies  involved i n  der iv ing  the  LOX and LH2 

mismatch. 

15.4 PU System Induced Thrust Variat ions 

Thrust vnr5acions fcllowing PU cutback a r e  induced pr imari ly  by the PU 

system. Figure 15- 15 presents  t h rus t  v a r i a t i o n  h i s t o r i e s  f o r  second burn 
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following PU cutback. Table 15-5 compares t h e  a c t u a l  t h r u s t  v a r i a t i o n s  

observed wi th  t h r u s t  v a r i a t i o n  l i m i t s  e s t a b l i s h e d  i n  t h e  Contract  End 

Item (CEI) S p e c i f i c a t i o n .  Thrust  v a r i a t i o n s  dur ing hardover PU va lve  

opera t ion  a r e  induced by engine and s t a g e  systems v a r i a t i o n s  and a r e  

presented i n  s e c t i o n  9. 

Between ESC2 +I40 s e c  and ESC2 +210 s e c  a 3 deg PU valve  excurs ion 

induced a 4,450 l b f  peak-to-peak t h r u s t  o s c i l l a t i o n .  This o s c i l l a t i o n  

was caused by t h e  LOX PU sensor  manufacturing n o n l i n e a r i t y .  Manufacturing 

n o n l i n e a r i t i e s  a l s o  r e s u l t e d  i n  o t h e r  smal le r  v a r i a t i o n s  dur ing  t h e  

remainder of t h e  burn. 

Thrust  v a r i a t i o n s  were wi th in  s p e c i f i c a t i o n  l i m i t s  i.n t h e  pe r iod  

following PU cutback u n t i l  ESC2 +296 s e c  when the  t h r u s t  r a t e  and 

a c c e l e r a t i o n  l i m i t s  were exceeded. This  v a r i a t i o n  was i n i t i a t e d  by a 

veh ic le  a t t i t u d e  t r a n s i e n t  which occurred fol lowing t h e  i n i t i a t i o n  of 

t h e  c h i  f r e e z e  guidance mode. The a t t i t u d e  t r a n s i e n t  c r e a t e d  a low 

frequency s l o s h  wave which r e s u l t e d  i n  a 1 deg PU valve  t a i l o f f .  This 

t a i l o f f ,  however, was n o t  s u f f i c i e n t  t o  cause t h e  observed t h r u s t  

v a r i a t i o n .  The t o t a l  v a r i a t i o n  was t h e  r e s u l t  of an engine performance 

s h i f t  coupled wi th  t h e  PU valve  t a i l o f f .  l h e  engine performance s h i f t  

was a t t r i b u t e d  t o  a PU va lve  flow r e s i s t a n c e  s h i f t  and i s  d i scussed  

f u r t h e r  i n  paragraph 9.4.4.2. 

To s e p a r a t e  t h e  e f f e c t s  of t h e  engine perfcrmance s h i f t  from t h e  PU 

system performance v a r i a t i o n  caused by t h e  v e h i c l e  a t t i t u d e  t r a n s i e n t ,  

a  flow i n t e g r a l  s imula t ion  was run u t i l i z i n g  t h e  a c t u a l  PU v a l v e  p o s i t i o n  

d a t a  2s t h e  primary inpu t .  The engine performance s h i f t  e f f e c t s  were not  

p resen t  on t h e  PU va lve  p o s i t i o n  da ta .  The r e s u l t i n g  eng ine  t h r u s t  

response is g iven  i n  f i g u r e  15-16. Thrust  v a r i a t i o n  ve lues  were taken 

from t h i s  curve and a r e  compared t o  the a c t u a l  v a r i a t i o n s  and t h e  CEI 

l i m i t s  i n  t a b l e  15-5. Thrust  v a r i a t i o n s ,  excluding t h e  e f f e c t s  of t h e  

t h r u s t  t r a n s i e n t  caused by t h e  a t t i t u d e  t r a n s i e n t  and engine performance 

s h i f t  a r e  a l s o  g iven  i n  t a b l e  15-5. The a c t u a l  rate of change of t h r u s t  

observed was -2,400 l b f / s e c .  The recons t ruc ted  rate of change based on 
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PU v a l v e  motion was -450 l b f l s e c .  It may be s e e n  t h a t  t h e  t h r u s t  

v a r i a t i o n s  caused by t h e  PU system were w i t h i n  t h e  CEI s p e c i f i c a t i o n  

l i m i t s  and t h o s e  caused  by t h e  el igine performance s h i f t  exceeded t h e  

s p e c i f i c a t i c z  l i m i t s .  S ince  eng ine  performance s h i f t s  a r e  s p e c i f i c a l l y  

exc luded from C E I  s p e c i f i c a t i o n  l i m i t s ,  a l l  t h r u s t  v a r i a t i o q  requi rements  

f o r  t h e  p e r i o d  fo l lowing  PU cu tback  wert? met. 
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TABLE 15-1 
PROPELLAF'T MASS HISTCRY 

*Desired 

FOLDOUT FRAME 



I 

PU VOLUMETRIC 
MASS 

( lbm) 

L3X 

' 194,289 
I 

194,300 

I 

131,700 

LEVEL SENSOR 
HASS 

TRAJECTORY 
RECONS fRijCTION 

( lbm) 

TOTAL 

235,379 

235,443 

161,029 

14,414 

158,183 

-- 

18,337 

139,846 

L3X 

194,770 

196,770 

132,326 

62,444 

131,461 

107,831 

15,079 

116,382 

7 
-i,H2 ) TOTAL 

41,049 

40,S'4 

'9,557 

I 

( lbm) 

2 

41,408 

41,408 

29,874 

11,534 

26,496 

22,116 

3,595 

22,901 

BEST BSTIMATE 
MASS 

- 
235,338 

235,294 

161,257 

TOTAL 

236,178 

236,178 

162,200 

73,978 

157,957 

129,947 

18,674 

139,283 

LOX 

194,395 

194,395 

131,791 

62,604 

131,496 

107,886 

14,913 

116,583 

1 62,600 

131,381 

I 
I ' lli8,103 

I 

11,437 

. 

( lbm) 

U 2  

41,173 

41,143 
I 

29,655 

11,488 

26,627 

22,252 

3,679 

22,948 

74,037 

15,059 

116,281 

TOTAL 

235,568 

235,538 

161,446 

74,092 

158,123 

129,865 

18,592 

139,531 

I 

I 
26,657 

22,2U8 

3,725 

22,332 

158,038 

130,311 

! 

18,784 

139,213 
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TABLE 15-2 
PROPELLANT LOADING R C W R V  

Propellant Load a t  Li f tof f  f 
Desired 

PU indicated 

PU indicated corrected 

Fl ight  flow in tegra l  

Volumetric analysis  

Level sensor aualysis  

Trajectary reconstruction 

B e s t  es timate 

Deviation from Desired 

I PU indicated 

B e s t  estimate 

1 Deviation tram Indicated 

B e s t  estimate 

Deviation from Best E s  t i m a c e  

PU indicated corrected 

Flight  flow i n t e g r a l  

Volumetric analysis  

Level sensor analysis  

Trajectory reconstruction 

LOX 
(lbm) 

LH2 
( lbm) 

TOTAL 
( lbm) 
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TABLE 15-3 
LEVEL SENSOR AND VOLUMETRIC PU MASS 

ACTIVATION 
LEVEL TIME FROM RO 
SEiJSOK 

LEVEL SENSOR 
I'4As S 
! lbm) 

193,429 

174,936 

147,408 

112,702 

75,305 

43,100 

19,104 

11,249 

37,750 

33,682 

(LOX) 

LO013 

LO012 

La011 

LOOiO 

LO009 

LOO08 

LOO06 

(U!2) 

NO023 

NO024 

NO025 

NO027 

NO028 

NO029 

NO0 30 

NO031 I NO032 

(s-3 

529.7 

570.4 

632.6 

11,540.1 

11,628.6 

11,713.0 

11,775.8 

527.6 

570 .O 

618.8 

11,505.2 

11,553.9 

11,603.2 

1'- ,653.2 

11,705.7 

11,753.4 

VOLUMETRIC 
PZI MASS 
( lbm) 

I 

192,654 

174,491 

146,621 

112,731 

74,998 

42,955 

18,815 

40,830 

37,344 

33,352 

DEVIP-TION LEC'EL 
SENSOR - PL' 

( lbm) 
a 

775 

445 

787 

-29 

30 7 

1h 5 

2 89 

4 19 

406 

330 

-32 

59 

- 79 

-149 

-19 4 

25,740 1 25,772 

21,979 

17,855 

13,924 

9,902 

5,986 

21,820 

17,934 

14,073 

9,915 

6,180 
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TABLE 15-4 
PROPELLANT RESIDUALS SUMMARY 

*S tatis tical average of l e v e l  s enso r  r e s i dua l s .  
**Statistical weighted average o f  l e v e l  sensor  and PU mass s enso r  residuals. 

LEVEL 
SENSOR 

LQO12 

ACTIVATION 
TIME 
(set) 

ESCl +39.7 
I 

LOOll 5SC1 +111.9 

LOX 

NO024 i 

/ 

LO009 

LOO08 

LO006 

NO029 

NO030 

NO031 

B e s t  

PU HASS 
SENSOR 

174,491 

146,621 

131,700 

74,998 

42,955 

18,815 

15,059 

132,051 

LH 2 

E S ~ 1 + 3 9 . 3  

ESCl S 8 . 1  

ESCl +144.926 
( F i r s t  Engine 
cu tof f  1 

ESCZ +142.1 

ESC2 +226.5 

ESC2 +289.3 

ESC2 +116.7 

ESC2 +166.1 

ESC2 +219.2 

ESC2 +299 -692 
Secc ad Engine 
Cutoff) 

Estimate** 

PU MASS 
SENSOR 

37,344 

33,352 

29,557 

17,934 

14,073 

9,915 

3,725 

29,776 
Residuals-Firs t Burn 

B e s t  Estimate** 
Residuals-Second Burn 

15,071 - +577 

( lbm) 

LEVEL 
SENSOR 

174,936 

147,408 

75,305 

43,100 

19,104 

3,651 - +I60 

(lbm) 

LEVEL 
SENSOR 

37,750 

33,682 

17,855 

13,924 

9,903 

LEVEL SENSOR 
RESIDUAL 

(EXTRAPOLATED 
TO ECC) 

132,132 

132,551 

132,326* 
(+731) - 

15,031 

15,037 

15,109 

15,079* 
( 5 0 9  

- +860 

LEVEL SENSOR 
RESIDUAL 

(EXTRAPOLATED 
TO ECC) 

29,911 

29,844 

29,874" 
(+199) - 

3,592 

3,554 

3,624 

3,595* 
( 5 7 5 )  

- +234 

I 



Section 15 
Propellant Ut i l iza t ion  

rABLE ;i-5 
THRUST FARI.\T IONS 

. . - . - --- -- , - - . . -. - - - - 7 
THRUST VARIATIONS AFTER CUTBACK 

1 (cutback +75 aec t o  ECC -70 sec) I 
CEI 

ACTUAL 

LIWTS I I (COWUTER PROGUM PA49) 

I (2) Osci l la t ions  about mean  thrust  level  1 57,500 I +2,225 - 
( l b f )  1 

- 
, (1) Variati< n i n  mean thrus t  level  ( l b f )  

I 

I b. Rate of change of thrus t ;  I I +295 
0-0.1 cps ( lbf lsec)  -225 

I 

+7,000 
-6.000 

(3) a. Rate of change of thrus t ;  a l l  
frequencies ( lbf lsec)  

i (4) a. Thrust acceleration; a l l  <?lo0 
frequencies (lbf/sec/sec) I 1 

J 

-4,500 

+510 / +29S 
-560 , -225 I 

- 

THRUST VARIATIONS 

I ( f i n a i  i O  t i c  of S-IVB second bum) - .. - . . -. . - 
I I ! 

i b. Thrust acceleration; 
0-0.1 cps ( lbf lsec)  

I ACTUAL I (COWUTER PROUW PA49) 

EXCLUDIKG 

- +125 

(1) 2 cps thrus t  varia- 
t ion b a d  ( lb f )  

(2) Thrust band slope 
(lbf lsec) 

(3) Variation of 
thrus t  band slope 
about nominal 

( 4 :  Thtxst Sand cen- 
t e r l i ne  var ia t ion  
a t  70 sec before 
velocity cutoff 
( lbf 

(5) a.  Rate of change 
of thrus t ;  a l l  
frequencies 
(lbf lsec) 

a. Rate of change 
of thrus t ;  
0-0.1 cps 
(lbf lsec) 

(6) a. Thrust acceler- 
ation; a l l  fre- 
quencies (lbf 1 
seclsec) 

b. Th-ust accrler-  
atiou. 
0-0.1 cps ( l b f l  
seclsec) 

SIMULATION 
(COMPUTER PROGRAM W 7 )  

I- 
INCLUDING I EXCLUDING 

THRUST TAILOFF THRUSi TAILOFF 
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-- 

ACTUAL ---- PREDICTED 

M S  I N  TAN: (1000 LBM) NOTE: S U B W T  CORRECTIOM 
FRCM IFoICATEo VALUE 

MS IN TPSI(< <1000 LB~) HIT€: SUBTRACT CORRECTION 
FRan I N)ICATED VALUE 

Figure 15-1. Total Tank-to-Sensor Correction fo r  Indicated Flight Mass 
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~2 WS IN TANK (1000 L ~ M )  mT5: SUBTRACT CORRECTION FROM 
INOICATED VALUE 

- ACTUAL 

LC:: 8 5 s  IN TANK <loo0 LBM) 
NDTE: SUZTWCT CORRECTION FROM INDICATED VALGE 

Figure 15-2. PU Mass Sensor Corrections Due t o  Center-of-Gravity Offset 
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Figure 15-3. PU Mass Sensor Correction Due t o  Tank Deflection 
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V 
-- - 

0 1 2 3 9 5 6 7 11: 116 117 118 

TIME FROM LIFTOFF (100 SEC) 

TIM FROM LIFTOFF (100 SEC) 

Figure 15-4. Propellant I i tank Bulk Temperature Histories 
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TIME FROM LIFTOFF (100 SEC) 

T I *  FRCM LIFTOFF (100 SEC) 

- -- - --- -- 

Figure 15-5. Prope! l a n t  Intank Bulk Densl ty Histories 
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 
LH2 F' MLlJMTRlC MASS (1000 LBM) 

F f  s i ; ~  - :5-G. C G W ~ ~ ~ ~ S J R  cf  -tcucl Sonsor P F ~  Vo!u.petri,c PU Mass . .. . a t  Level Sensor Activation - ~ . .  - 



Section 15 
Propellant Utilization 

T 1 W  FROM E N G I N  START COW44.i. CSEC) 

Figure 15-7. PU Ya:ve Pos i t ion  History 
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TIW FKW ENGINE START CCWWJD <SEC) 

CURVE NO. DEVIATION 

LQADING C W T E R  
LH2 ORerTAL BOILOFF 
LOX ORBITAL BOI LOFF 
ENGINE PERFORMNCE 
PJ SYSTEM NONLI NEAkl-i I ES 
CALI BRATION 
BRIDGE GAIN RATIO 

Figure 15-8. PU System Deviation Effects on Second Burn PU Vslve History 
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Figure 15-9. Total PU System Tank-to-Sensor Nonlinearities Nomalited to Fl ight Consumed Rass 
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50 100 150 
LOX M S  1N TPN: (1030 LBM) 

Figrlre 15-10. V o l u e t r i c  Tank-to-Sensor Nonlinearities N o m l i z e d  t o  Flicrht Consuned Mass 
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3 - 
2 5 VOLTS 

y r  CAUSED BY CAPILLARY ACTION 
I I 

I I /- SMOOlrLD TELEETRY ERRO!? SIGNAL 
2 .  

.J"/ 
' I I 

ERROR SIGNAL OBTAINED BY USING ENGINE 
FLOWETER FLOWRATES AND INDICATED MASS - AT ESC (CAPILLARY ACTION REMOVED) -- 

1 A- 
V 

0 ----q - \, I 
NOMI& PREDI C ~ D  ERROR SIGNAL 

.1 
0 10 20 3 0 40 5 0 6 0 70 

T I E  FROM ENGINE START C O W D  (SEC) 

80 120 160 200 2 80 320 
T I E  FROM ENGINE START C O W D  (SEC) 

Figure 15-1 4. Propel 1 a n t  U t i  1 i zat inn  Sys tern Error Signal 
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T I M  FROM ENGINE START CfM-WD (SEC) 

FINAL 70 SLC OF 5-IVB BUW 

220 730 240 250 260 270 280 290 300 

T I M  FROM ENGINE START C O 1 ~ ~  CSEC) 

-- 
Figure :5-15. Thrust Variations 
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