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-4bstract  

This r epor t  p re sen t s  t he  eva lua t ion  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 the  S-IVB-204 

ch ich  was launched cn 22 January 1968 as t h e  second s t a g e  of 

t h e  Saturn AS-204 vehic le .  

A l l  f l i g h t  ob jec t ives  were s a t i s f i e d  and t h e  s t a g e  and ground 

support  equipment funccioned as an t i c ipa t ed .  

The r e p o r t  is a con t r ac tua l  document as ou t l ined  i n  NASA 

aepor t  XFSC-DIIL-021, Contract  Data Requirements, Saturn S-IVB 

Stage and GSE, dated 1 February 1968, Revision A. It w a s  

prepared by t he  Sa tcrn  S-IVB T e s t  Planning and Evaluat ion 

Committee and coordinated by the  Saturn S-IVB P r o j e c t  Off ice  

of t he  Douglas A i r c r a f t  Company, Missile and Space Systems 

Division. 

DESCRIPTORS 

Data Evaluation S-IVB-204 

F l i g h t  T e s t  Saturn. .is-204 Vehicle 

Saturn I B  C O l l l l t r I  :lwn 

i 





Preface 

PREFACE -- 
The purpose o . ~  t h i s  r e p o r t  is t o  document t h e  

evaluaticin of t h e  S-IVB-204 f1igl.i scage which w a s  

launched from t h e  Kennedy Space Center 

22 January 3967. 

Thi? r e p o i t ,  prepared i n  comFLiancc with t h e  

Nat ional  Hermat t l c s  and Space t d m i n i s t r a t i o n  Contract 

NAS7-101 is publishrd i n  accordance wi th  NASA Report 

MSFC-DRL-021, Contract Data Requ-rements, Saturn S-IVb 

Stage aad GSE, dated 1 February 1968. Revision A. It 

was prepared by t h e  Saturn S-IVB T e s t  Planning and 

Evaluacion Committee and coordinated by t h e  Saturn 

S-IVB Projec t  Off ice  of t h e  Douglils Aircraft Compmy. 

‘fissile and Space Systems Division. 
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Sect ion 1 
Int roduct ion  

1. INTRODUCTION 

1.1 General 
~ 

This r e p o r t  p resents  t h e  r e s u l t s  of analyses  t h a t  were performed by 

Douglas personnel on the  countdown, launch, and f l i g h t  of t h e  Saturn 

S-IVB-LO4 s t age .  

A l s t ;  descr ibed are tests conducted a t  Kennedy Space Center (KSC), and 

per t i r ient  modif icat ions made t o  t h e  S-IVB s t a g e  and r e l a t e d  ground 

support  equipment. 

This r e p o r t  is authorized by NASA Contract NAS7-101 and is t h e  f i n a l  

r e p o r t  on t h e  S-IL7B-204 s t a g e  by t h e  Douglas S-IVB T e s t  Planning and 

Evaluation Committee of t h e  Space Systems Center (SSC), Huntington Beach, 

Cal i forn ia .  

1.2 Background 

The S-IVB-204 s t a g e  w a s  assembled a t  SSC where a l i m i t e d  checkout w a s  

performed i n  t h e  vehic le  checkout labora tory  p r i o r  t o  shipping t h e  s t a g e  

t o  Sacramento T e s t  Center (STC). 

The S-IVB-204 s t a g e  w a s  s u c c e s s f u l l y  acceptance f i r e d  a t  STC on 

18 March 1966. 

scheduled. Evaluation and a n a l y s i s  of t h e  acceptance f i r i n g  is 

presented i n  Douglas Report No. SM-47470, Saturn S-IVE-204 Stage 

Acceptance F i r i n g  Report. 

No confidence f i r i n g s  on t h e  two A P S  modules were 

The S-IVB-204 s t a g e  w a s  shipped t o  KSC and w a s  e r e c t e d  on Launch Complex 

L34. Space v e h i c l e  i n t e g r a t e d  umbi l ica l  i n  tes t  was completed on 

25 January 1967, two days before  t h e  f i r e  i n  t h e  space vehic le .  The 

S-IVB-204 w a s  t r a n s f e r r e d  from Launch Comp3.e~ L34 t o  Launch Complex L37B. 

The s t a g e  w a s  s u c c e s s f u l l y  launched on 22 Jsnuary 1968 a t  2248:08.2 GMT. 

Table 1-1 lists t h e  milestones of t h e  S-IVB-204 s t a g e  events  and d a t e s  

of completion from manufacturing t o  launch. 
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TABLE 1-1 
NILESTOXES, SATURK S-I\%-204 STAGE 

EVEKT 

Tank Assembly 

Proof Test 

I n s u l a t i o n  and Bonding 

LH2 Tank ICS t a l l a t i o n  

Stage Checkout and J o i n  5-2 Engine 

Systems Checkout 

Ship t o  Sacramento T e s t  Center 

Stage I n s t a l l e d  o n  T e s t  Stand 

P r e f i r i n g  Checkout 

I n t e g r a t e d  Sys terns Tes t  

Simulated S t a t i c  Tes t  

Acceptance F i r i n g  

Removed from T e s t  Stand 

F i q a l  Pos t-Fi r i n g  Checkout (VCL) 

Simulated F l i g h t  Tes t  (VCL) 

Shipped t o  KSC 

Erected on L34 

Power on Stage 

F u l l  Pressure Tes t  

Umbilical In  OAT 

Electrical Mate Space Vehicle 

I n t e g r a t e d  Umbilical  I n  T e s t  

De-erected Stage from L34 

Re-erected Stage on L37 

Power on S t a t e  

Umbilical In  OAT 

Rerun Umbilical i n  OAT 

F l i g h t  Readiness Tes t  

APS Load and Burp F i r e  

CDDT 

Launch 

COYPLETION DATE 

28 January 65 

5 February 65 
1 4  >lay 65 

25 June 65 

7 October 65  

17  December 65 

10 January 66 

15 January 66 

28 January 66 

1 C  March 66 

14  b1ar:h 66 

18 March 66 

26 March 66 

28 A p r i l  66 

2 May 66 

5 August 66 

31  August 66 

15 September 66 

28 October 66 

28 December 66 

18 January 67 

25 January 67 
3 Apri l  67 

10 A p r i l  67 
18 A p r i l  67 

4 August 6 i  

1 5  December 67 

22 December 67 

15 January 68 

19 January 68 

22 January 68 
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2. SUMMARY 

The S-IVB-204 s t a g e  was successfu l ly  launched as t h e  second s t a g e  of t h e  

SA-204/LM-1 launch vehic le  on 22 January 1968. 

2248:08.2 h r s  (GMT) from t h e  Kennedy Space Center (KSC) Launch Complex 

L 3 7 B .  The S-IVB-204 s t a g e  and i t s  assoc ia ted  GSE performed s a t i s f a c -  

t o r i l y  during countdown, boos t ,  and f l i g h t .  

L i f t o f f  occurred at  

2.1 Countdown Operations 

The S-IVB-204 countdown w a s  i n i t i a t e d  at  l i f t o f f  minus 3 h r  and 30 min. 

No hold o r  delays were a t t r i b u t e d  t o  t h e  S-IVB s t a g e ;  however, s p a c e c r a f t  

chilldown problems and d a t a  a c q u i s i t i o n  ground stati.m problems d i d  cause 

t h e  launch t o  s l l p  approximately 4 hrs .  

2.2 Cost P lus  Incent ive Fee 

Performance of both t h e  S-IB s t a g e  and t h e  S-IVB s t a g e  w a s  very c l o s e  t o  

t h a t  predicted.  A l l  precondi t ions of f l i g h t  (PCF) were w i t h i n  to le rance ;  

a l l  a c t u a l  end condi t ions o f  f l i g h t  (ECF) values  w e r e  wi th in  to l e rance .  

With respec t  t o  t h e  command s i g n a l s :  a l l  received commands were recog- 

nized,  and a l l  end condi t ion commands w e r e  given. 

2.3 Trajec tory  

The AS-204 t r a j e c t o r y  w a s  c l o s e  t o  t h a t  p red ic ted  and w e l l  wi th in  s t a g e  

des i gn t r a j e c t ory cond it ions . 
A t  S-IB/S-IVB separa t ion ,  t h e  S-IB had achieved a range 180 f t  s h o r t e r ;  

a v e l o c i t y  13.6 f t / s ec  slower;  an a l t i t u d e  2,195 f t  higher;  and a burn- 

t i m e  of 0.06 sec longer  than predic ted .  The condi t ions a t  S-IVB s t a g e  

engine cu tof f  were very c l o s e  t o  those pred ic ted .  

p resent  s i g n i f i c a n t  t r a j e c t o r y  parameters f o r  t h e  S-IVB s t a g e  a t  S-IB 

S-IVB Separat ion Command and a t  S-IVB Engine Cutoff Command. 

The following t a b l e s  

2-1 



Sect ion 2 
Summary 

Trajectory Parameters a t  S-IBIS-IVB Separat ion Command 

P a r  ame te r 

Range time 

Units  Actual D ev i a t  i o  nf: 

sec 143.50 0.06 

I n e r t i a  1 ve l o c i  t y f t l s e c  7,761.4 -13.6 

A 1  t i tude f t  210,507 2,195 

Range f t  205,305 -180 

Crossrange (ear th-f ixed)  f t  833 993 

Crossrange v e l o c i t y  
(earth-f ixed) 

f t / s ec  8.86 6.46 

Tra jec tory  Parameters a t  S-IVB Stage Engine Cutoff Command 

Par  ame t e r Units  Actual Deviation" 

Range time sec 593.34 -4.87 

I n e r t i a l  v e l o c i t y  f t l s e c  25,658.7 -2.3 

A 1  t i  tude f t  536,164 758 

Range f t  5,791,547 -94,734 

Crossrange (ear th-f  ixed) f t  287,303 -10,307 

Cross range v e l o c i t y  
(earth- f ixed) 

I n e r t i a l  f l i g h t  path 
e l e v a t i o n  angle  

f t/sec 1,731.1 -18.7 

- .009 -.006 

kDeviation i s  a c t u a l  minus pred ic ted  

2.4 Mass C h a r a c t e r i s t i c s  

A t  S-IVB-204 Engine Star t  Command, t h e  mass of t h e  remaining AS-204 

v e h i c l e  was 297,035 5638 lbm. 

mass of t h e  remaining AS-204 vehic le  was 70,226 5178 lbm. 

vehic le  mass c h a r a c t e r i s t i c s  parameters were w i t h i n  to le rance  throughout 

t h e  f l i g h t  although propel lan t  loading values  were higher  than predic ted .  

A t  S-IVB-204 Engine Cutoff Command, t h e  

A l l  t o t a l  
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2.5 Engine Analysis 

The engine system performance of the  S-IVB was s a t i s f a c t o r y  during the  

AS-204 mission, The engine operated with the  p rope l l an t  u t i l i z a t i o n  

va lve  i n  the  closed pos i t i on ,  providing h igher  t h r u s t  f o r  a per iod o f  

t i m e  longer  than predic ted .  

i n  burntime, A s a t i s f a c t o r y  experiment was conducted t o  v e r i f y  the 

c a p a b i l i t y  of the  engine t o  dump p rope l l an t s  from t h e  tanks a f t e r  t h e  

conclusion of engine burn opera t ions .  

The h ighe r  t h r u s t  w a s  o f f s e t  by a reduct ion  

2.6 Sol id  Rockets 

The s o l i d  rocket  motors on t h e  AS-204 launch veh ic l e  performed satis- 

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

separa ted  from t h e  S-IVB s t a g e  by the  r e t r o r o c k e t s ,  aad t h e  S-IVB pro- 

p e l l a n t s  were s e t t l e d  p r i o r  t o  engine s tar t  by the  u l l a g e  rocke ts .  

2.7 Oxidizer System 

The ox id ize r  system performed adequately throughout boost  and powered 

f l i g h t .  The LOX tank was s a t i s f a c t o r i l y  prepressur ized  p r i o r  t o  l i f t o f f .  

The u l l a g e  pressure  was  maintained wi th in  t h e  prescr ibed  con t ro l  band 

a f t e r  engine s t a r t .  Cold helium supply and r egu la t ion  were adequate. 

The r e c i r c u l a t i o n  chilldown system adequately c h i l l e d  t h e  LOX pump. 

supply t o  the  engine during t h e  f i r i n g  per iod w a s  s a t i s f a c t o r y ,  and t h e  

n e t  p o s i t i v e  suc t ion  pressure  (NPSP) a t  the  pump i n l e t  was above minimum 

l i m i t s  a t  a l l  times. 

LOX 

The LOX tank o r b i t a l  vent ing  opera t ions  were s a t i s f a c t o r i l y  accomplished. 

During cold helium dump, t h e  LOX tank u l l a g e  p res su re  decay rate was much 

lower than expected and t h e  vent  va lve  closed i n d i c a t i o n  picked up 

1,134 sec a f t e r  t h e  c lose  command, b u t  n e i t h e r  of these  impaired t h e  

mission. 

The LOX dump through the  5-2 engine was performed as planned wi th  very 

l i t t l e ,  i f  any, l i q i i d  remaining i n  t h e  tank a t  t h e  end of t h e  programmed 

t i m e .  
theory t h a t  e s s e n t i a l l y  a l l  of t h e  l i q u i d  had been dumped. 

The t o t a l  t h r u s t  a t  t he  Lermination of LOX dump subs t an t i a t ed  the  
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2.8 Fuel System 

The f u e l  system performed adequately throughout ?,oost and powered f l i g h t .  

The LH2 tank p r e s s u r i z a t i o n  system s a t i s f a c t o r i l y  cont ro l led  t h e  LH2 tank 

u l l a g e  pressure  throughout powered f l i g h t .  

system adequately c h i l l e d  t h e  LH2 pump. 

t h e  f i r i n g  per iod was s a t i s f a c t o r y ,  and t h e  NPSP a t  t h e  pump i n l e t  was 

above minimum requirements a t  a l l  times. 

The r e c i r c u l a t i o n  chi!’.down 

LH2 supply t o  the  engine during 

Tnree programmed LH2 vents  occurred a f t e r  5-2 engine cutoff  and e f f e c t i v e -  

l y  safed t h e  LH2 tank, thus obvia t ing  t h e  need f o r  LH2 dump. 

2.9 Auxil iary Propulsion Sys t e m  

The a u x i l i a r y  propuls ion system (APS) opera t ions  were s a t i s f a c t o r y .  

The APS modules provided r o l l  c o n t r o l  during S-LVB-204 powered f l i g h t  

and p i t c h  and yaw c o n t r o l  a f t e r  S-IVB engine c u t o f f .  

coas t  t h e  APS modules s u c c e s s f u l l y  compensated f o r  induced d is turbances .  

During o r b i t a l  

2.10 Pneumatic Control and Purge Sys tem 

The pneumatic control. an2 purge system performed s a t i s f a c t o r i l y  through- 

vut t h e  f l i g h t .  

pneumatic valve c o n t r o l  and purging; t h e  regula ted  pressure  was main- 

ta ined  w i t h i n  acceptab le  l i m i t s ;  and a l l  components funct ioned normally. 

The helium supply t o  t h e  system w a s  adequate €o r  both 

The pneumatic helium supply w a s  more than adequate t o  meet t h e  require-  

ments of t h e  AS-204 o r b i t a l  mission. The usage was s i g n i f i c a n t l y  lower 

than predic ted  which, wi th  t h e  unyredicted o r b i t a l  hestup,  r e s u l t e d  i n  a 

higher  than  predic ted  supply pressure.  Pass iva t ion  of t h e  spli, was: 

no t  t e c h n i c a l l y  accomplished during t h e  204 mission, b u t  w i l l  be guar- 

anteed on f u t u r e  missions by a longer  sphere  blowdown. 

Cold helium pass iva t ion  was accomplished by a backup t o  t h e  normal 

method of p a s s i v a t i o n  and t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  backup method 

was s a t i s f a c t o r y .  
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2.11 Propel lan t  U t i l i z a t i o n  System 

The propel lan t  u t i l i z a t i o n  (P?) system s u c c e s s f u l l y  accomplished t h e  

requirements assocfated with propel lan t  loading and management during 

engine burn. 

194,111 lbm LOX and 37,361 lbm LH2 as cont ras ted  with t h e  des i red  mass 

values  of 193,273 lbm LOX and 37,440 lbm LH2. 

The b e s t  estimate propel lan t  mass value a t  l i f t o f f  was 

Extrapolat ion of p r o p e l l a n t  r e s i d u a l s  t o  deple t ion  ind ica ted  t h a t  LOX 

deple t ion  would have occurred approximately 7.46 sec a f t e r  t h e  guidance- 

i n i t i a t e d  v e l o c i t y  cu tof f  with a usable LH2 r e s i d u a l  of 144 lbm. This 

y i e l d s  a PU e f f i c i e n c y  of 99.94 percent.  

PU valve cutback occurred a t  ESC +325.1 sec, which was 20.1 sec later 

than predicted.  

h i g h x  LH2 f lowrates  ,-Ed d LOX overload. 

The extended cutback t i m e  w a s  p r imar i ly  caused by 

2.12 S-IB/S-IVB Separat ion 

Separat ion of t h e  S-IVB s t a g e  was accomplished s a t i s f a c t o r i l y  w i t h i n  t h e  

des i red  time period.  

0.09 s e c  a f t e r  Separat ion Command. Complete s e p a r a t i o n  was accomplished 

0.97 s e c  a f t e r  Separation Command. Small S-IB and S-IVB angular  veloci-  

ties and lateral a c c e l e r a t i o n s  u t i l i z e d  2.0 i n .  of t h e  a v a i l a b l e  83 i n .  

of la teral  clearance.  The S-IB p i t c h ,  yaw and r o l l  rates remained below 

0.5 deg/sec.  The S-IVB r o t a t i o n a l  rates were s m a l l  (+0.3 - deg/sec) ,  w e l l  

below t h e  maximum al lowable rates. 

F i r s t  a x i a l  motion between t h e  s t a g e s  occurred 

2.13 Data Acquisi t ion System 

The performance of the d a t a  a c q u i s i t i o n  system was very good throughout 

t h e  launch phase. A l l  systems performed as designed, and no system mal- 

fuiictions were observed. Ten measurements were de le ted  p r i o r  t o  l i f t o f f  

but  t h e  measurement f a i l u r e s  during t h ?  launch phase were very low. 

A summarization of the AS-204 launch vehicle  measurements is presented 

below: 

Measurements assigned 5 15 

Checkout me  as u r  eme nt s 11 
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2.14 

Prelaunch measurement 1 

1 Measurement inopera t ive  due  to s t a g e  
conf igura t ion  

Measurement monitored by S-IB s t a g e  5 

Xeasilremencs de lc ted  p r i o r  t o  l i f t o f f  10 

To ta l  a c t i v e  measurements a t  l i f t o f f  1-27 

Measurement f a i l u r e s  dur ing  launch phase 6 

Measuremept f h i l u r e s  dur ing  o r b i t a l  phase 2 

To ta l  measurement e f f i c i e n c y  98.33% 

E l e c t r i c a l  System 

Tne e l e c t r i c a l  con t ro l  system and the  e l e c c r i c a l  power system performed 

s a t i s f a c c o r i l y .  A l l  responses t o  switch s e l e c t o r  commands were sa t i s -  

f ac to ry .  A l l  event  measurements v z r i f i e d  t h a t  :tie engine c o n ~ r o ~  systein 

had responded properly t o  the  Eilgine S t a r t  and Engine Cutoff Ccmnands. 

A review of the event  and pressure  measurements v e r i f i e d  t h a t  each contro!. 

p ressure  switch functioned properly.  The APS e lec t r ica l  c o n t r o l  syste:?  

performed wi th in  prescr ibed  l i m i t a t i o n s .  A l l  b a t t e r i e s  perforc-ed wi th in  

expected l i m i t s .  The chilldown i n v e r t e r s  performed s c t i s f a c t o r i l y .  F t h  

5 v o l t  e x c i t a t i o n  modules performed s a t l s f a c t o r i l y .  The s t a t i c  .rverter-  

converter  operated wi th in  design l i r c i t s  throughout t h e  f l i g h t .  

2.15 Range Safety System 

The range s a f e t y  system was no t  requi red  f o r  propel lan t  d i spers ion  

during t h e  f l i g h t .  A l l  i nd ica t ions  were t h a t  Lhe s>-,-,icm :?as opera t ing  

properly a.nd would have properly executed i t s  f u x t F m  had i t  been c a l l e d  

upon t o  do sc. 

2.16 F l igh t  Coutrol 

The t h r u s t  vec tor  c m t r o l  system responded s a t i s f a c t o r i l y  t o  instrument 

u n i t  a t t i ; * :de  command s i g n a l s  and provided p i t ch  ancI yaw c o n t r o l  during 

S-IVB povrered f l i g h t  and during t h e  f i r s t  80 sec or' the  LOX dump dur ing  

the propel lan t  removal t e s t .  Transient  experienced during S-IB/S-IVB 
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separa t ion  5-2 engine start ,  guidance mode changes, arid the  LOX dump were 

w e l l  wi th in  the c a p a b i l i t i e s  of t he  con t ro l  sys tem.  Control system d a t a  

ind ica ted  t h e  presence of low frequency, low amplitude o s c i l l a t i c ? s  durlng 

S-IVB powered f l i g h t .  These o s c i l l a t i o n s  have been experienced on 

previous f l i g h t s  and are a t t r i b u t e d  t o  a combination of propel lan t  

s losh ing  and l i m i t  cycle  opera t ion  r e s u l t i n g  from n c n l i n e a r i t i e s  induced 

by gimbal bear ing f r i c t i o n .  

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  s y s t e a  (AACS) provided s a t i s f a c t o r y  r o l l  

s t a t i l i z a t i o n  during powered f l i g h t ,  and s a t i s f a c t o r y  p i t ch ,  yaw and r o l l  

con t ro l  during o r b i t .  During powered f l i g h t ,  unexpected hign frequency 

and amplitude o s c i l l a t i o n s  w e r e  observed on the  r o l l  rate gyro following 

guidance i n i t i a t i o n  which s i g n i f i c a n t l y  e f f e c t e d  r o l l  con t ro l  system 

operation. The high frequency o s c i l l a t i o n s  damped t o  a r e l a t i v e l y  low 

amplitude a f t e r  approximately 40 sec and r o l l  c o n t r o l  system opera t ion  

appeared normal f o r  t he  remainder of t he  f l i g h t .  Sustained undamped 

o s c i l l a t i o n  could have r e s u l t e d  i n  a diverging r o l l  a t t i t u d e  e r r o r  and a 

p o t e n t i a l  l o s s  of a t t i t u d e  cont ro l .  

A l l  o r b i t a l  maneuvers were accomplished as planned and veh ic l e  a t t i t u d e  

con t ro l  w a s  v e r i f i e d  ur.:ii l o s s  of s i g n a l  at Tatazzarive during t h e  seventh 

revolu t ion  (XO +36,078 sec ) .  

vehic le  at acqu i s i t i on  c f  s i g n a l  over  H a w a i i  (SO +38,082 sec). This d a t a  

ind ica t e s  t h a t  although AACS f i r i n g  commands were i ssued  from t h e  I U ,  t h e  

vehic le  a t t i t u d e  d id  nc t  respond t o  these  ccmands.  The available da t r  

i nd ica t e s  t h a t  t he  most Frobable cause is APS propel lanz deple t ian .  

of a t t i t u d e  con t ro l  occurred a f t e r  t he  reqa i red  t i m e  per iod of a t t i t u d q  

c o n t l a i  (4-1/2 h r )  and w a s  exgected f o r  t h e  observed o r b i t a l  condi t ions.  

Su f f i c i en t  da t a  i s  not ava i l ab le  t o  confirm the. chuse of l o s s  of a t t i t u d e  

control .  

L M C  and I U  d a t a  ind ica t ed  an uncontral led 

Loss 

2.17 Hydraulic System 

The S--IVB hydraul ic  system performance w a s  witnin predic ted  l i m i t s  and 

the  e n t i r e  sys t em operated s a t i s f a c t o r i l y  throughout f l i g h t .  

were m e t  p r i o r  t o  l i f t o f f .  

- 

All r ed l ines  

Tnere were 120 o r b i t a l  thermal cycles  and the re  

2- 7 



Sect ion 2 
Sumnary 

was no losv 2f s y s t e m  f i u i d  due t o  overboard vent ing as a r e s u l t  of 

r e s e r v o i r  f l u r d  thermal expansion. System i n t e r n a l  leakage was 0.72 gpm 

which is well wi th in  the 0.4 t o  0.8 gpm allowable.  

2.18 Stage S t r u c t a r e  and Environment 

S t r a i n ,  a c c e l e r a t i o i ,  p ressure ,  and temperature d a t a  ind ica t ed  t h a t  

adequate 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  the  stage f o r  t h e  condi t ions  

encomt t r ed .  Body bending moments and s k i n  d i f f e r e n t i a l  p ressures  were 

less than the  maximum pred ic t zd  va lues  due t o  comparatively moderate wind 

shea r s  and gus ts .  Xaximum veh ic l e  axial  acce le ra t ions  at S-IB IECO was 

i d e n t i c a l  t o  pred ic ted  values.  

p red ic ted  va lues  frcm l i f t o f f  t o  approximately 80 sec of f l i g h t .  

t h i s  t i m e  the  a x i a l  loads  were s l i g h t l y  g r e a t e r  than p red ic t ed ,  apparent ly  

due t o  aerodynamic hea t ing  and because of  a p a r t i a l  i n t e g r a t i o n  r L s u l t i n g  

from t h e  l i m i t e d  number of instrumented 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 n g e r s  were as pred ic t ed  f o r  t h e  s t r a i n  gages mounted on t h e  

s i d e s  and tops  c;f the s t r i n g e r s .  

maximum predic ted  temperatures.  

design pressurec.  D i f f e r e n t i a l  presscrres on the  common bulkhead were as 

expected. 

cons tan t  a t  less than 1 p s i a  as predic ted .  

Axial load va lues  were i n  agreement wi th  

Af t e r  

F l i g h t  temperatures d id  no t  exceed 

P rope l l an t  tank  pressures  d i d  no t  exceed 

I n t e r n a l  common bulkhead p res su re  remained s u b s t a n t i a l l y  

2.19 Environmental Control  Systems 

The forward s k i r t  thermoconditioning system operated s a t i s f a c t o r i l y  

throilghout powered f l i g h t .  

a t  46 p s i a  as was the  o u t l e t  p ressure  a t  28.5 ps i a ,  wi th  t h e  f lowra te  

maintained a t  8 . 3  gpm. There were no s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  

o u t l e t  temperature of t he  f l u i d .  

The i n l e t  p re s su re  w a s  e s s e n t i a l l y  cons tan t  

The purge system provided a s a t i s f a c t o r y  ambient atmosphere o f  60 deg F 

i n  t he  S-IVB forward s k i r t  area p r i o r  t o  launch. The a f t  s k i r t  thermo- 

condi t ioning and purge s y s t e m  maintained t h e  APS moduJe ox id ize r  and f u e l  

tank temperatures wi th in  t h e i r  launch l i m i t s  dur ing t h e  countdown. 

2-8 



Sect ion  2 
Summary 

2.20 Acoustic and Vibration Environment 

Thi r ty  v ib ra t ion ,  s i x  a c o u s t i c a l ,  and s i x t e e n  dynamic s t r a i n  measurements 

were monitored. The v i b r a t i o n  and acous t i c  environments were comparable 

t o  those measured on t h e  AS-203 f l i g h t .  The dynamic s t r a r n  measurements 

showed t h a t  pane l  f l u t t e r  d id  not  occur and t h a t  t h e  dynamic s t r a i n  l e v e l s  

due t o  random pressure  f l u c t u a t i o n s  i n  the  boundary layer were s i g n i f i -  

can t ly  lower than those measured during t h e  q u a l i f i c a t i o n  test .  The 

dura t ion  of t h e  maximum l e v e l s  were a l s o  s i g n i f i c a n t l y  less during 

f l i g h t  . 
2.21 Aero/Thermodynamic Environment 

The aero/thermodynamic ins t rumenta t ion  cons is ted  of p r e s s u r e  t ransducers  

t o  measure external pressure  d i s t r i b u t i o n  and i n t e r n a l  compartment pres -  

su re s ,  and temperature t ransducers  t o  measure s t r u c t u r a l  temperatures,  

s e l e c t  component temperatures, and propel lan t  h e a t h g .  I n  genera l ,  t h e  

da t a  were wi th in  s t a g e  design liinits and the  measurement ob jec t ives  were 

s a t i s f a c t o r i l y  accomplished. 

2.22 P rope l l an t  Dump Experiment 

A prope l l an t  dump experiment was conducted on t h e  S-IVB-204 s t a g e  

approximately one and one-half h r  ar'ter LM-1 s e p a r a t i o n  t o  eva lua te  t h e  

f e a s i b i l i t y  of dumping p rope l l an t s  through the  5-2 engine. P i t c h  and 

yaw con t ro l  w a s  maintained during t h e  dump by engine gimknling (Thrust 

Vector Control). I n  add i t ion ,  programmed vent ing  of t h e  pneumatic 

con t ro l  sphere and co ld  helium spheres w a s  conducted t o  eva lua te  t h e  

t i m e  periods necessary t o  i n s u r e  adequate dep le t ion  of sphere  r e s I d a a l s  

i n  prepara t ion  f o r  f u t u r e  missions. 

LOX and LH2 dumps were success fu l ly  completed although t h e  LH2 r e s i d u a l s  

had been reduced t o  zero p r i o r  t o  the  a c t u a l  dump experiment. Venting 

of t h e  pneumatic con t ro l  sphere and co ld  helium spheres  were conducted 

as planned, d t h o u g h  t h e  vent  periods were n o t  of s u f f i c i e n t  du ra t ion  

t o  completely empty t h e  spheres.  
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3. CONFIGURATION 

3.1 Stage General 

The genera l  configurat ion of t h e  S-IVB-204 s t a g e  is descr ibed i n  t h e  

Douglas Report No. Sb1-46977D, S-IVB-204 Stage F l i g h t  T e s t  Plan,  dated 

9 August 1967 and rev ised  18 January 1968. Addit ional  s t a g e  configura- 

t i o n  information is presented i n  t a b l e  3-1. 

3.2 Propulsion Stage and GSE Systems 

Figure 3-1 is a schematic of t h e  S-IVB-204 s t a g e  propulsion system and 

shows the  l o c a t i o n s  0' t h e  telemetry instrumentat ion frcm which t h e  test 

d a t a  w e r e  obtained. Figure 3-2 shows t h e  l o c a t i o n  of  t h e  major propul- 

s i o n  components. The f u n c t i o n a l  propuls ion systein components are l i s t e d  

i n  t a b l e  3-2; t h e  AIS compousnts are c a l l e d  o u t  on t h e  AF'S schematic. 

The propuls ion sys t e m  o r i f i c e  c h a r a c t e r i s  t i c s  and pressure  switch 

s e t t i n g s  are presented i n  t a b l e s  3-3 and 3-4. 

The propuls ion GSE ( f i g u r e  3-3) cons is ted  of pneumatic consoles 

(Models 432, 433, and 436), a vacuum system console,  a gas h e a t  exchanger 

(Model 438), and umbil ical  k i t s  (Models DSV-4B-353 and DSV-4B-354). 

Those s t a g e  and ground support  equipment modif icat ions and devia- 

t i o n s  t h a t  were n e c e s s i t a t e d  by p a r t s  shor tages  o r  o t h e r  exigencies  are 

presented i n  t a b l e s  3-5 and 3-6. The d e t a i l s  of s p e c i f i c  system 

modif icat ions are discussed i n  appropr ia te  s e c t i o n s  of t h i s  r epor t .  

3.3 S t r u c t u r a l  Mechanical Sys t e m s  

Configuration d e s c r i p t i o n s  ail6 schematics of  t he  S-IVB-204 s t a g e  are 

contained i n  the  publ ica t ion  documents a s  l i s t e d  i n  t a b l e  3-1. S i g n i f i -  

can t  modif icat ions and devia t ions  t h a t  were accomplished a t  F l o r i d a  

Test Center are presented i n  t a b l e s  3-7 and 3-8. 

3.4 E l e c t r o c i c  and Instrumentat ion System 

Configuration d e s c r i g t i o n  of t h e  e l e c t r o n i c  and instrumentat ion system 

are contained i n  t h e  publ ica t ion  documents as l i s t e d  i n  t a b l e  3-1. 

S i g n i f i c a n t  modif icat ion and devia t ions  t o  t h e  e lectr ical  and instrumenta- 

t i o n  system are presented i n  t a b l e s  3-9 and 3-10 respec t ive ly .  
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KEI’UKT Nd. 

S 11-46 80 4 

1 B  59 66 8B 

SI-5 3 183 

SN-47470 

SN-4 7 184 

SN-469 77D L 

TABLE 3-1 
5-IVB-204 C O N F I G U M T I O K  PUBLICATIONS 

________-. 

TITLE ~7 RELEASE DATE 

Saturn S-IVB-204 Stage Acceptance 
F i r i n g  Test Plan 

Saturn S-IVB-204 Stage End 
I t e m  T e s t  Plan 

Sa turn  S-IVB-204 Narrative 
End I t e m  Report 

Saturn S-IVB-204 Stage Acceptance 
F i r i n g  Report 

Sa turn  S-IVB/IB R;,ige Safe ty  
Report 

Sa ixrn  S-IVB-204 Stage F l i g h t  
T e s t  Plan  

January 1966 

5 May 1966 

May 1966 

May 1966 

19 November 1965 rev ised  
28 February 1966 

9 August 1966 rev ised  
5 November, 16 December, 
1 7  January and 
18 January 196b 

I 
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Sect ion 3 
Configuration 
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46 

48 

49 

50 
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6 1 A  

62 

T U L E  3-3 (Sheet 1 of 4) 
SATURN S-1VB-204 STAGE AND GSE ORIFICES 

DESCRIPTION 

Stage 

LH2 chilldown valve purge 

LH2 f i l l  and d r a i n  valve 
purge 

LOX f i l l  and d r a i n  va lve  
Purge 

LOX tank p r e s s u r i z a t i o n  
module he  a t  exchanger 
primary 

LOX tank p r e s s u r i z a t i o n  
module h e a t  exchanger 
bypass 

LH2 tank p r e s s u r i z a t i o n  
module overcontrol  

LH2 tank p r e s s u r i z a t i o n  
module under contro 1 

LH2 tank p r e s s u r i z a t i o n  

LH2 tank nonpropulsive 
vent purge 

LH2 tank nonpropulsive 
vent  No, 1 

LH2 t&nk nonpropulsive 
vent No. 2 

LOX chilldown pump purge 

LOX chilldown pump purge 
bypass 

LOX chilldown pump purge 
module 

3 R I F I C E  SIZE OR 
NOMINAL FLONKATE 

14 scfm wi th  
3,200 psid 

15 scim with 
3,200 p s i d  

15 scim with 
3 ,  ,I-!> ps id  

3.196 i n .  d i a  

3.166 i n .  d i a  

-- 

1 scfm wi th  
3,200 Csid 

2.180 i n .  d i a  

2.180 i n .  d i a  

37 s c i m  with 
175 p s i 2  

10 scim wi th  
175 psid 

J.00166 l b m / s e c  
J i t h  475 ps ig  i n  
and 85 p s i g  o u t  

- 

J i t h  475 ps ig  i n  
and 85 p s i g  o u t  

2OEFFICIEN1 
IF DISCHARC 

EFFECTIVE 
G3EA ( in .2)  --- 

s i n t e r e d  

s i n t e r e d  

s i n t e r  e d 

0.0262 

0 .  

0.107 

0.0730 

0 167 

s i n t e r e d  

a i n  tered 

s i n t e r e d  

-- 

*Indicates  l o c a t i o n  i n  f i g u r e s  3-1 and 3-3 
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Section 3 
Configuration 

TABLE 3-3 ( S b e - t  2 of 4) 
SATURK S - - V B - 2 0 4  STAGE AND GSE 3RIFICES 

DESCRIPTIOK 

:k s sns ing  l i n e  ?30 scim wi:L 

I 
(LOX tack vent  and r e l i e f  9 1  
lvalve purge 

i 120 iEngine purge cont ro l  

i Pneumatic Console 432 
I 
i 
bleed 

A11748. Console 432 s t a g e  1 

All779 Mainstage OK pressure  
switch checkout, f i n e  

A11792 Pressure switch check- 
out ,  low pressure ,  
coarse (used with 
Al1793j 

I 
All793 Pressure sxritch checkout, 

A11WC. r pressure  s w i h h  checxout , 
high pressure,  f i n e  

A11810 Pressu. 2 switch checkout, 
high pressure,  coarse 
(used with Al1806) 

i 

All820 LH2 system checkout 
supply, coarse (used 
with A11824) 

A11824 L!12 system checkout 
supply, f i n e  

A11836 LOX system checkout 
supply, coarse (used 
with A118371 

MI837 LOX system c%eckout 
supply, f ine 

550 p s i a  

65 scfm wi th  
3,200 ps id  

0.00166 Ibm/sec 
v i t h  475 ps ig  i n  
and 85 p s i g  o u t  

-- 

0.G25 in .  d i a  

i 
/O.ClS in .  d i a  

0,015 in .  d i a  

0.dlk i n  d i a  

0.01s in .  d i a  

0.016 in .  d i a  

0,016 in .  d i a  

0.016 in .  d i a  

0.016 i n .  d i a  

*Indicates l c - * . t i o n  in f igu res  3-1 and 3-3 

3-3 



Sect ion 3 
Configuration 

FXXD 
NO. * 
A11841 

A11852 

A 1 2 0 5 4  

A12078 

A12119 

A12113 

A12116 

AX886 

A1189 7 

A11908 

A11912 

A11937 

A11946 

A11954 

A11954 

TABLE 3-3 (Sheet 3 of 4 )  
Si:'TURIY S-IVB-204 STAGE AND GSE 0RI::ICES 

/ O R I F I C E  S I Z E  OR 
I hOMINAL FLOWRATE DES CRI P T I  ON 

Console 4 3 2  GN2 i n e r t i n g  
SUPPlY 

APS helium sphere fill 

Mainstage OK pressbre  
switch checkout, coarse  
(used with A11779) 

Stage 2 r e g u l a t o r  vent  

Stage 1 regula tor  dcjme 
bleed 

Stage 4 r e g u l a t o r  vent  

Stage 5 r e g u l a t o r  v e n t  

Pneumatic Console 433 

2,000 p s i g  cold purge 
valve supply 

750 ps ig  cold purge 
valve cupply 

Umbilical  purge supFly 
bleed 

Umbilical purge supply 

Thrust chamber j a c k e t  
purge and chilldown 
supply 

Engine c o n t r o l  helium 
sphere supply 

LOX tank prepressuriza-  
t i o n  supply,  .Located i n  
model 315 (aft: umb k f t )  

Cold heliilm sphere pres- 
s u r i z a t i o n  supply (same 
o r i f i c e  as above) 

0.031 i n .  d i a  

0.027 i.n. d i a  

0 . 0 2 5  i n .  d i a  

-- 

-- 

-_- 

0.305 i n .  d i a  

0.072 i n .  d i a  

0.125 i n .  d i a  

O.li .4 i n .  d i a  

-- 

0.00360 

0.01033 

0.00898 

-- 

*Indica 'ss  l o c a t i o 2  iT f i g u r e s  3-1 and 3-3 

3-1C 



Sect ion  3 
Coriiiguration 

FIND 
NO. * 

A12152 

A12153 

A119 71 

A12106 

A12117 

A12234 

TABLE 3-3 (Sheet 4 of 4 )  
SATURN S-iVB-204 STAGE AND GSE ORIFICES 

DESCRIPTION 

S t a k e  3 r e g u l a t o r  o u t l e t  
bleed 

Stage 3 r e g u l a t o r  i n l e t  

Heat Exchanger (438) 

LH2 tank prepressuriza-  
t i o n  supply 

C i r c u i t  number 1 upstrea: 
vent  

C i r c u i t  number 1 down- 
stream v e n t  

GHZ r e g d a t o r  dome b leed  

ORIFICE S I Z E  OR 
NOMINAL FLOWRATE 

0.0022 lbm/min 

0.180 i n .  d i a  

0.162 i n .  d i a  

0 .081 in .  d i a  

0.550 i n .  d i a  

0.0003 in .  d i a  

ZOEFFICIENT 
I F  DISCHARGE 

EFFECTIVE 
LEA ( in .2)  

s i n t e r e d  

-.- 

0.01855 

-- 

-- 

s i n t e r e d  

*Indicates  l o c a t i o n  i n  f i g u r e s  3-1 and 3-3 
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Sect ion  3 
Conf i g u r s t i o n  

T B L E  3-4 
FKESSURE WITCH CHECKOUT DATA 

LtJX Tank ?repress  
P / N  7851847-533 
Serial  No. 104 

Cold H e  Reg Sackup 
P/N 7851830-517 
Serial No. 110 

LOX c /D  Pump Purpe 
P I N  7851847-535 
Serial  No. 106 

Yngine Pump Purge 

Ser ia l  No. 104 
P / N  1867002-509 

LH2 TI, F i l l  Valve Control  

Serial  No. 109 
P I N  7851860-537 

i H 2  F l i g h t  Control 

Serial  No. 112 
P I N  7851860-537 

Control H e  Reg Backup 

Serial  No. 1022 
PIN 7851836-521 

Mainstage OK No. 1 
P/N NA5-27302 
S e r i a l  No. 25301 

Mainstage OK No. 2 
P/N NA5-27302 
S e r i a l  No. 25302 

Orbi t  Vent ‘ In i t i a t ion  

S e r i a l  No. 100 
PIN 1A67005-507 

Orb i t  Vent Termination 

S e r i a l  Eo. 105 
P /N 1 B  39 19 9-50 3 

S PT1 C I  FI CATION 

Pickup : 40.8 p s i a  max 
Dr.)pout: 37 p s i a  min 
Dead Band: 0.5 p s i  min 

Pickup: 450-485 p s i a  
Dropout: 335-370 p s i a  
Dead Band: None 

Pickup : 54 p s i a  max 
Dropout: 49 p s i a  min 
Dead Band: 0.5 p s i  min 

Pickup 130 p s i a  max 
Dropout: 105 p s i a  rnin 
Dead Band: 5.0 p s i  rnin 

Pickup : 34 9 s i a  max 
Dropout: 31 p s i a  min 
Dead Band: 0.5 p s i  rnin 

Pickup: 34 p s i a  max 
Dropout: 31  p i a  rnin 
Dead Band: 0.5 p s i  min 

Pickup: 600 +15 p s i a  
Dropout: 490 T25 p s i a  
Dead Band: None- 

Pickup : 
Dropout = Pickup minus 

50Q - +15 p s i 2  

75 - +25 p s i g  

Pickup : 500 515 p s i g  
Dropout = Pickup m i m s  

75 - +25 ps ig  

Pickup: 35.5 M.75  p s i a  
Dropout: 31 p s i a  rnin 
Dead Ban-l: 0.5 p s i  rnin 

Pickup : 30.0 p s i a  max 
Dropout: 25 +1 p s i a  
Dead Band: 0 . 5 p s i  rnin 

P I CKUP 
(ps i a )  

39.7 

46 1 

51.6 

.25.4 

33.4 

33.5 

59 5 

512 

5 10 

35.1 

27.1 

)RUPOU’I 
( p s i a )  
-- -- 

37.1 

353 

48.7 

114.7 

31.1 

31.b 

49 1 

43 7 

430 

31.4 

25.5 

) L I D  
{ANI) 
( p s i )  

2.6 

10 8 

2.9 

10 7 

2.3 

1.9 

10 4 

75 

80 

3.7 

1.6 

- 
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Sect ion 3 
Configurat ion 

WRO 

538 

TABLE 3-5 (Sheet 1 of 5 )  
STAGE MODIFICATIONS - PROPULSION 

E CP 

-- 
52-470 R 1  

52-511 

52-513 

52-538 

52-547 

52-551 

.c -557 

52-575 

52-594 

52-590 

52-603 

52-605 

52-607 

52-616 

DESCRI7TION 
-I 

I n s t a l l a t i o n  of Rocketdyne ECP's .  

Replacement of the  purge con t ro l  valve.  

I n s t a l l a t i o n  of a f i l t e r  assembly a t  the  
accumulator o u t l e t  f lange.  

Retiming of t h e  main oxid iz ing  valve.  

I n s t a l l a t i o n  of Schrader valves  on spark 
i g n i t o r  cable.  

I n s t a l l a t i o n  of four  (4) temperature 
sensors  on the  engine t o  provide an 
i n f l i g h t  capab i l i t y  of monitoring 
exhaust  sys  t e m  component temperature. 

Removal of t h e  A S 1  chamber pressure  l i n e  
braze  j o i n t  which is suscep t ib l e  t o  
f a i l u r e  . 
I n s  t a l l a t i o n  of s i l i c o n e  elastomer 
i n s u l a t i o n  t o  provide thermal protec- 
t i o n  of t h e  ECA. 

Replacement of a s e c t i o n  of the  AS1 LOX 
l i n e  assembly with a s tandard  in - l ine  
weld sleeve. 

Addttion of start tank p res su r i za t ion  
instrumentat ion to  prevent  a countdown 
hold  due t o  a f a i l u r e  of  a s i n g l e  t rans-  
ducer i n  t h e  start  tank. 

App- 
tu rb ine  crossover  duc t ,  

:at ion of Dynatherm coat ing t o  the 

Checkout procedure change i n  conjunction 
with helium regu la to r .  

Replacement OF t h e  f u e l  i n l e t  duct vent  
p o r t  check valves  and b leed  po r t  plugs 

Replacement of t he  vent  p o r t  check valves. 

Addition of a pressure  t ransducer  t o  
measure the  t h r u s t  chamber pressure.  

3-13 



Sect ion 3 
Configuration 

ECP 
- 

KRO 

-- 
DESCRIPTION 

3768 

3998 

2705 

2795 

2846 

2849 

2863 

2905 

2913 

29 15 

2930 

2959 

TABLE 3-5 (Sheet 2 of 5) 
STAGE MODIFICATIONS - PROPULSION 

0354 

0493 

0534 

0565 

0493 

0592 

0593 

0616 

0633 

0630 

0557 

0663 

-- 

I n s t a l l a t i o n  of thermal gaskets  and shims 
on t h e  ambient helium f i l l  module t o  
raise i t s  opera t ing  temperature. 

Replacenent o f  LH2 and LOX chilldown 
valves  which include redesigned a c t u a t o r  
bellows. 

Replacement of t h e  redesigned tank r e l i e f  
valve whicn includes a new s p r i n g  guide. 

Replacement of t h e  redesigned f i l l  and 
d r a i n  valve t o  a s s u r e  consis  t e n t  pre- 
d i c t a b l e  c los ing  operat ion.  

Replacement of t h e  redesigned chilldown 
valves t o  reduce leakage. 

Dele t ion  o f  t h e  AF'S helium f i l l  module. 

Modification of t h e  pneumatic system by7 
removing and rep lac ing  s i x  (6) a c t u a t i o n  
c o n t r o l  modules. 

Modif icat ion of t h e  pceumatic supply 
system t o  i n s t a l l  a 4.5 cu f t  h e l i u n  
s t o r a g e  b o t t l e  and assoc ia ted  p ip ing  
i n  p l a c e  of t h e  e x i s t i n g  b o t t l e .  

Modification of  t h e  mount, r e s i l i e n t  
LH2 p r o p e l l a n t  duct  t o  rep lace  t h e  
s taked  u n i b a l l  j o i n t  with a s o l i d  
bu;hing and c o l l a r .  

Modification of t h e  LOX i n l e t  duct  t o  
provide a p o s i t i v e  clearance between t h e  
bellows and t h e  Shroud covering t h e  
bellows. 

I n s t a l l  APS helium pressure  regula tor  
which incorpora tes  a redesigned bellows 
t o  meet enviionmental and performance 
requirements . 
Modification of t h e  LH2 i n l e t  d u c t  t o  
provide adequate c learance between the  
bellows and shroud. 



Sect ion  3 
Configuration 

WRO 

29 85 

3021 

3027 R l  

3049 

30 86 

3156 

TI37 R 1  

3207 

326 ? 

TABLE 3-5 (Sheet 3 of 5) 
STAGE MGTIIFICATIONS - PROPULSION 

ECP 

0597 

0699 

0648 R2 

1008 

2033 

20 46 

2060 R2 

0936 

2117 R l  

DESCRIPTION -- 
Modification of t he  seal and suppor t  
f langes  on the  f l i g h t  h a l f  of t he  LOX 
and f u e l  f i l l  disconnects.  

Rework of t h e  LOX tank u l l a g e  t ransducer  
l i n e  to  provide f o r  a low pressure  purge 
system. This i s  due t o  c y c l i c a l  p ressure  
surges  of LOX b o i l o f f  trapped i n  t h e  
sens ing  l i n e s  causing erratic u l l a g e  
pressure  ind ica t ions .  

Dele t ion  of t h e  r e l i e f  va lve  from the 
ambient helium f i l l  module. The s t a g e  
no longer r equ i r e s  an onboard r e l i e f  
va lve  as t h e  r e l i e f  func t ion  e x i s t s  i n  
t h e  GSE supply.  

Provide a redundant means of EDS 5-2 
Engine cu to f f .  

Replacement of s i x  (6) p ipe  assemblies 
a t t ached  t o  t h e  pneumatic power c o n t r o l  
module and t h e  engine pump module. New 
p ipe  assemblies s h a l l  i nc lude  c o i l s  t h a t  
w i l l  allow more movement of the shock 
mounted modules. 

Relocate p re s su re  t ransducer  (D0016) i n  
o r d e r  t o  provide requi red  thermal 
i s o l a t i o n .  

Replacement of check va lve ,  P/N 1B40824-503, 
wi th  valve, P/N 1B40824-503-005, which 
has  a redesigned poppet seal t o  reduce 
leakage. 

Replacement of t h e  LOX r e l i e f  valve,  
PIN 1A49590-513, w i t h  r e l i e f  valve, 
P/N 1849590-016-017, which has  been 
- - e r i f i e d  n o t  t o  c h a t t e r  a t  r e l i e f  
pressure.  

Addition of a check va lve  i n  t h e  
ac tua t ion  con t ro l  module ven t  po r t .  
This w i l l  p rec lude  t h e  p o s s i b i l i t y  of 
f r eez ing  t h e  shu to f f  va lves .  
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Sect ion 3 
Configuration 

WRO 

3310 

3314 
(3519) 

3372 

3518 

3533 

3542 

3553 

3564 

TABLE 3-5 (Sheet 4 of 5) 
STAGE MODIFICATIONS - PROPULSION 

ECP 

2124 

2180 R2 

2175 

2334 R2 

2244 

2304 

2253 R2 

2269 

DESCRIPTION 

Modification of t he  LOX chilldown pump 
tc, inc lude  an improved s h a f t  seal  sp r ing .  
Exis t ing  s p r i n g  f a i l e d  t h e  q u a l i f i c a t i o n  
t e s t i n g  . 
Replacement of t h e  LOX r e l i e f  valve with 
a redesigned iralve which has  a l a r g e r  
diametei 
poppet. This change provides g r e a t e r  
poppet saaf  t s t r e n g t h .  

ireaded s h a f t  i n  t h e  p i l o t  

I n s t a l l a t i o n  of a bypass l i n e  and o r i f i c e  
i n  the  LOX chilldown pump conta iner  purge 
l ine  t o  assure  p o s i t i v e  pressure  i n  t h e  
LOX pump motor conta iner  i n  t h e  event  of 
so lenoid  f a i l u r e  i n  t h e  c h i l l  pump purge 
module. 

Replacement of t h e  f u e l  relief valve 
with a redesigned valve which has  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 provides 
g r e a t e r  poppet s h a f t  s t r e n g t h .  

Replacement of t h e  pneumatic power c o n t r o l  
modules having new shutof f  valve seats 
and new vent  va lve  seats. These changes 
c o r r e c t  t h e  low temperature o p e r a t i o n a l  
and leakage problems. 

Replacement o f  t h e  LOX tank pressur iza-  
t i o n  c o n t r o l  module wi th  a rmre q u a l i f i e d  
u n i t  . 
Redesign of t h e  f l i g h t  h a l f  of  t h e  LH2 
vent  disconnect  t o  reduce leakage. 
E f f o r t s  to clc*,*.:lop a new seal (ECP 2253-Rl) 
have been L. ; L ~ : X ~ S L U ~ .  

Rework of t h e  c h i l l  system shutof f  valve 
t o  provide a new microswitch a c t u a t o r  
sFr ing  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  
switch.  This w i l l  enable  t h e  present  
bellows s h a f t  t o  a c t u a t e  the  switch 
during c r i t i c a l  component cycling., 

-.. I- 
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Sect ion 3 
Configurat ion 

WRO 

3719 

3756 

3863 

3956 

TABLE 3-5 (Sheet 5 of 5 )  
STAGE MODIFICATIONS - PROPULSION 

E CP 

2308 

2434 

2425 
52-620 R 1  

2311 R 1  

2621 

DESCRIPTION 

I n s t a l l a t i o n  of a locking device f o r  
t he  cover of the  vacuum s e a l  o f f  va lve  
t o  prevent  loosening of the vacuum seal 
o f f  valve.  

Replacement of t h e  5-2 engine/s tage 
t h r u s t  mount a t t a c h  b o l t s  with b o l t s  
t h a t  are c e r t i f i e d  t o  m e e t  s p e c i f i c a t i o n  
requirements.  

i n s t a l l a t i o n  of an overboard dump f o r  the 
5-2 engine LOX pump primary seal cavi ty  
d r a i n  t o  minimize hazardous condi t ions 
wi th in  t h e  a f t  i n t e r s  tage during boos t  . 
Modification of t h e  LH2 p res su r i za t ion  
system by rep lac ing  the  26.5 t o  29.5 pi 
pressure  switch with a 31-34 p s i  p ressure  
switch and r e s i z i n g  t h e  s i n t e r e d  o r i f i c e  
i n  the  p r e s s u r i z a t i o n  con t ro l  module. 

Replacement of t h e  LOX tank p r e s s u r i z a t i o n  
con t ro l  module wi th  u n i t s  having 
Belleville sp r ings  i n s t a l l e d  subsequent 
t o  August '.967. 
of t h e  Belleville sp r ing  e x i s t s  i n  o lde r  
modules. 

P o t e n t i a l  stress corrosion 
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Sect ion 3 
Configuration 

TABLE 3-6 (Sheet 1 of 3 )  
GROUND SUPPORT EQUIPMENT MODIFICATION - 

WRO 

2402 
- 
2502 

2570 

2606 

2786 

2747 

2838 

302 3 

3047 

3105 

3123 

-. 

-- 
ECP 

N/A 

N /A 

0341-2 

0459 

0546 

0393 

0562 

0606-1 
-3 

0597 

0931 

5004 R2 

MODEL 

438-1 

35 3 

438-1 

433-1 

436-1 

432-2 

438-1 

432 
433 

35 3 

438-1 

438 

DESCRIPTION 

I n s t a l l a t i o n  of RF f i l t e r s  i n  t h e  power l i n e s  
t o  br ing  u n i t  v i t h i n  to le rance  of EM1 t e s t i n g .  

Modifies the  a f t  umbI.lica1 k i t  t o  add a 
r e s t r i c t o r  and tube assembly t o  t h e  LOX tank 
p r e s s u r i z a t i o n  supply disconnect and a tube 
assembly t o  t h e  LH2 f i l l  l i n e  sample p o r t .  

Modifies un i t  by rep lac ing  t h e  check valve i n  
t h e  50 p s i  helium l i n e  v i t h  a new p a r t  t o  meet 
s p e c i f i c a t i o n  requirements . 
Replaces two (2) 3/4 i n .  tu5es t o  c o r r e c t  
t h e i r  end poin t  connections.  

Reworks t h e  f i l t e r  elements t o  incorpora te  a 
new element compressor screw and a f i l t e r  
element flow d e f l e c t i v e  washer. 

Removes t h e  GN2 crossover  t o  provide for t h e  
e l imina t ion  of t h e  GN2 pos t  purging requlre-  
ment i n  order  t o  prevenc system contamination. 

Replacement of one (1) 6 i n .  b u t t e r f l y  valve 
t o  incorporate  new l i p  seal design. 

Removal of t h e  pneuniatic plumbing comprising 
t h e  n i t rogen  and helium manifold vent system. 
Removal of t h e  manifold system w i l l  provide 
i n d i v i d u a l  l e a k  check c a p a b i l i t y  and thus 
shor ten  console checkout. 

Modification of t h e  ground h a l f  of LOX and LH2 
disconnects  by t h e  additicin of an o f f s e t  s p l i t  
r i ng .  

Modification of t h e  pneumatic valve, 
P/N 7864252, t o  e l imina te  the  abrupt  t r a n s i t i o n  
between t h e  wrenching flats and t h e  f u l l  
diameter of t he  s h a f t .  

Pa in t ing  of a l l  e x t e r n a l  uninsulated tubing and 
vacuum jacketed l i nes .  Exposure t o  t h e  sea- 
coas t  atmosphere has  caused extensive p inhole  
cor ros ion  i n  t h e  tubing and l ines .  Pa in t ing  of 
t h e  l i n e s  w i l l  curb corrosion.  
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Sect ion 3 
Configurat ion 

TABLE 3-6 (Sheet 2 of 3) 
GROUND SUPPORT EQUIPMENT MODIFICATION 

3159 

31 72 

3195 

3199 

3237 

3279 

3351 

3407 

3655 

ECP 

0952 

0458 

2050 

2022 

2059-1 
-3 
-5 
-7 

2082 

2024 

2159 

2186-1 
-3 

2058 

2222 

MODEL 

433 

432-1 
-3  - 

35 3 

35 3 

432 
433 
436 
438 

438 

438 

438 

432 
433 

433 

433 

--- 

~ ~~ 

DESCRIPTION 

Addition of an o r i f i c e  t o  t h e  LOX umbi l ica l  
purge system t o  keep t h e  r e g u l a t o r  leakage from 
r taching  sys  t e m  r e l i e f  sect  ing . 
Replacement cf t he  50 p s i  purge supply pressure  
t ransducer .  

Addition of a check valve i n  t h e  purge vent  
po r t .  This w i l l  prevent moisture from 
e n t e r i n g  the valve i n t e r i o r  and causing 
f a i l u r e .  

Replacement of  bushing on t h e  swing arm with- 
drawal mechanism a t t a c h  bracket  s i n c e  the  
e x i s t i n g  bushing i s  too long f o r  use  wi th  t h e  
MSFC suppl ied bracket .  

Rework of t he  manually operated r e g u l a t o r ,  
P/N 1B37340, t o  replace "0" r i n g s ,  seats and 
l u b r i c a n t  i n  order  t o  meet low temperature 
requirements. 

I n s t a l l a t i o n  of a check valve i n  t h e  o u t l e t  of 
t h e  LH2 tank prepressur iza t ion  supply vent  valve 
t o  allow ambienr vent  of t h e  GHe. 

Addition of a pressure  gage t o  t h e  gas  hea t  
exchanger t o  i n d i c a t e  i t s  u l l a g e  pressure .  

Replacement of t h e  3 micron cold gas  f i l t e r  u i c h  
u n i t  t h a t  has passed t h e  cold leakage require-  
men t . 
Rework of t h e  6000 p s i g  so lenoid  valve t o  
inc lude  a new bonnet and "0" r i n g  gland which 
have been q u a l i f i c a t i o n  t e s t ed .  

Modification of tl,e LOX umbil ical  purge supply 
c i r c u i t  t o  provide a nominal 50 p s i a  system by 
rep lac ing  components with u n i t s  which have a 
lower p s i g  range. 

I n s t a l l a t i o n  of a continuous GN2 purge t o  t h e  
console J-box t o  curb corrosion of e l e c t r i c a l  
components. 
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Seci ion  3 
Configurat ion 

ItIW 

3766 

3768 

3786 

3788 

3831 

3910 

3919 

3926 

I 39-'7 

L 

ECP 
- 

2455 

2416 

2459 R 1  

2458 

2510 

0955 R 1  

0966 

~1767 

2626 

TABLE 3-6 (Sheet 3 of 3 )  
GROUND SUPPORT EQUIPYENT N O D I F I C A T I O N  - 
MOD 

354 

LO3 

432 
433 
438 

4 32 

438 

,433 

30 3 

433 

35 3 

35 4 

DESCKIPTION -~ 
Revision of hydrogen vent disconnect ground 
h a l f  bellows. 

Permanent s e a l i n g  of t he  console t o  maintain a 
s t a t i c  p re s su re  of two (2)  i n ,  of water. 

Sea l ing  of  the  consoles t o  maintain a s t a t i c  
pressure  of two ( 2 )  i n .  of water. 

I n s t a l l a t i o n  ui: a r e l i e f  valve downstream of 
t h e  2,000 p s i  p r e s e t  reguia tor .  
p r o t e c t  the  system i n  the  e v m t  t h e  r egu la to r  
f a i l s .  

This  w i l l  

Appl icat ion of s e a l a n t  t o  t h e  GH2 system purge 
so lenoid  valve t o  prevent  moisture  from en te r ing  
the valve.  

Replacement of t he  1 / 4  1 . 1 .  check valve i n  t h e  
co ld  helium vent  system with a 314 in .  check 
va lve ,  

Sea l ing  of t h e  console t o  maintain a s t a t i c  
press.:re of 2 inches of water. 

Addition of a r e l i e f  assemoly t o  the  console t o  
r e l i e v e  excessive p re s su re  buildLl? i n  t h e  
c r w o l e  when warming purge is used. 

Addition of 3 heliur.. con t ro l  o r i f i c e s ,  2 pres- 
s u r e  monitor p o r t s ,  and 3 ni t rogen  c o n t r o l  
o r i f i c e s .  This  w i l l  e f f e c t i v e l y  d i s t r i b u t e  t h e  
H e  and N2 purge gas ,  thereby optimizing gas  
consumption. 

_. Addition of a metal shroud around t h e  H2 vent 
disconnect .  The carrier p l a t e  s h a l l  be tapped 
t o  rece ive  t h e  H e  gas  supply f o r  purgin,. This  
w i l l  provide an i n e r t  atmosphere dround the  
hydrogen vent disconnect ,  prevent ing the  forma- 
t i o n  of l i q u i d  a i r .  
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Seccion 3 
Cblifigurat ion 

A 

\i RO 

864 

3 3 1  

2877 

2936 

2966 

29 71 

3028 

3111 

3145 

3256 

- 
ECP -~ - 

SIYO 

0 32 3. 

0590 

0585 

0667 

0671 

069 2 

0939 

0965 

1012 

DE'CXIPT1O:- ----+ 
-~ -- 

Replacement o? Douglis furnished quick 
d5;connects i n  t h e  chemocondl t ion ing  spst.-n. 

I n s t a l l a t i o n  of bracke ts  m d  essoc ia ted  hiird- 
ware f o r  t h e  a f t  i n t e r s t a g e  t o  support  the l i n e s  
of the hazardous gas d i t e c t i o n  system. 

S u b s t i t u t i m  of myia- mater! .=A (Schjzl23hl-XB59) 
f o r  t h e  mylar previously Leing used. 

I n s t a l l a t i o n  of  a drag-in isle dc-..:: i n  511: a f t  
i n t e r s t a g e  f o r  cables  and hoses  previously 
en tered  t h e  s t a g e  through the  a f t  k t e r s t a g e  
access  door and caused a s a f e t y  hazaLd. 

Reduction of t h e  forward s k i r t  vent  are& from 
200 s q  i n .  t o  100 sq  i n .  (Subseque9tly changed 
t o  150 sq in. p e r  ECP 0330 R2,  re fe rence  
WRO 3462) 

Flodification of t h e  s a f e t y  and Arming Dev!.ce t o  
add vent  ho les  i n  t h e  device body i n  l i n e  wi th  
the  r o t o r  explosive l e a d s  wi th  t n e  r o t o r  i n  
t h e  s a f e  pos i t ion .  

Addition of e x t e r n a l  i ; , sulat ion on main and 
a u x i l i a r y  tunnels .  

Replacement of t h e  f i e l d  s p l i c e  s e a l a n t  along 
the  s e p a r a t i o n  plane between t h t  a f t  i n t e r s t a g e  
and t h e  a f t  s k i r t  to avoid sepiiration problems. 

Removal of a l l  t h e  e x i s t i n g  Korotherm i n s u l a t i o n  
and p r i m e r  from a l l  t h e  s t r i -nger  tops and s i d e s  
on t h e  a f t  i n t e r s t a g e .  Addition of S i l i c o n e  
i n s u l a t i o n ,  Dow-Corning 93-044 over the  e n t i r e  
s t r i n g e r .  Addition of S i l i c o n e  s ede r ,  Cow- 
Corning 92-309, t o  t h e  forward and a f t  s k i r t s .  
Applicat ion of t h e  S i l i c c n e  sealer w i l l  prevent 
f l a k i n g  of t h e  Korotherm. 

I n s t a l l a t i o n  of  t h e  4OM39515-119 ce t rorocket  
f i r i n g  t in i t s .  The -119 f i z i n g  u p i t  i s  a high 
r e l i a b i l i t y  p a r t .  i 

c 
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3,758 

329 1 

3327 

3359 

3462 

3488 

3493 

3494 

3585 

3718 

0653 

2130 

2078 KL 

2164 

0330 R2 

2212 

2079 R2 

0944 

2179 

2487 

Ciiange of t h e  s t a g e  forward and a f t  umbil ical  
panel m r k i n g s  to  agr;.? with the  markings on 
t h e  hose and cab le  3 s s e m b l i e s  of  t h e  GSE 
u m b i l i c d  ki l l s .  

Eddy ;lurrent t e s t i n g  of a l l  helium p r e s s s r e  
v e s s e l s  which are f a b r i c a t e d  wi th  t i tanium 
alloys using f i l l e r  ulre to  v e r i f y  f i l l e r  wire 
is  of t h e  s a e  composition as t h e  v e s s e l  parent  
m e  t a l .  

Reduction of thermal emiss iv i ty  by t h e  i n s t a l l n -  
t i o n  of an aluminum shroud between t h e  forward 
s k i r t  cold p l a t e s  and t h e  s t a g e  s t r u c t u r e .  

Xodi f ica t ion  of t h e  EBW wir ing  support  t o  
prevent  chaf ing the EBW cable.  

Modification of t h e  v e n t  holEs i n  t h e  fonlrard 
sh i r t  t o  i n c r e a s e  t h e  v e n t  area from 100 sq i n .  
t o  150 sq i n .  i n  o r d e r  t o  prevent  f l u t t e r .  

Addition of Korotherm i n s u l a t i o n  t o  t h e  forward 
s k i r t ,  LH2 tank,  a f t  s k i r t ,  and t h e  a f t  i n t e r -  
s t a g e  t o  meet aerodynamic h e a t i n g  requirements. 

I n s t a l l a t i o n  of r a i n  b a f f l e s  i n  the  ECS vents  
on t h e  forward s k i r t  and t h e  a f t  i n t e r s t a g e  
t o  prevent  r a i n  from e n t e r i n g  t h e  s t a g e .  

Modification of  the thermljcondi .:ioning supply 
l i n e  suppor ts  t o  prevent i n t e r f e r e n c e  wi th  
t h e  supply l i n e .  

Modification of t he  thermoconditioning r e t u r n  
l i n e  support  i n  t h e  forward s k i r t  t o  accomodate 
the  revised end f i t t i n g  of t h e  I B M  furnished 
f l e x  l i n e .  

Replacement of t h e  r e t r o r o c k e t  motors, 
PiN 1S59670-501 with P/N 1B59670-505. The 
-505 w i l l  reduce the p o s s i b i l i t y  c f  motor case 
o urnou t . 
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Sect ion  3 
Configurat ion 

WRO 

3901 
c 

3913 

3934 

ECP 

2597 

DES C K I  P'I'IOM 

Reinforcewent of t h e  = a m  and a u x i l i a r y  tunnel  

-- -- 

0962 Rl 

2615 

Addit ion of c a t e r p i l l a r  grommets t o  ho le s  where 
the  LOX tank shape charge CDF passes  through the  
ambient helium b o t t l e  support  pan and t h r u s t  
s t r u c t u r e  t o  p r o t e c t  CDF from chafing.  

Thermally i s o l a t i n g  t h e  ac tua t ion  cont ro l  
module from t h e  t h r u s t  s t r u c t u r e .  
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Sec t i cn  3 
Configuration 

E C? WRO 

2833 

- 

2899 

2995 

2999 

3090 

3198 

3240 

DESCRIPTION 

TABLE 3-8 
STACE NODIFICATInN - HYDRAULICS 

3573 

0600 

0655 

0682 

2037 R 1  

2061 

2073 R 1  

Rework of t h e  a u x i l i a i y  hydrau l i c  pump 
assemblies to  replale t h e  p r e s s u r e  con t ro l  
s p r i n g  guide.  

Redesign of t he  high p res su re  check va lve  used 
i n  che vehfc l e  engine dr iven  pump assembly t o  
conform t o  t h e  b u r s t  p ressure  requirement of 
9,200 p s i  wi thout  va lve  f a i l u r e .  

Redesign of t h e  accumulator r e s e r v o i r  a f t  
suppc r t  c l i p  so t h a t  i t  w i l l  adequately 
suppor t  t h e  accumulator r e se rvo i r .  

Replacement of compensator "0" r i n g s  t o  
prevent  excessive leakage and inco rpora t ing  
h ighe r  torque requirements on t h e  compensator 
hold-down b o l t s .  

Replacement of t h e  compensator a t t a c h  b o l t s  t o  
t h e  engine dr iven  hydrau l i c  pump t o  be  
compatible with increased  torque requirements. 

Removal of seal  lock r e l i e f  va lve  from 
a u x i l i a r y  purp assembly and r ep lace  the  "0" 
r i n g  seal on t h e  poppet seat wi th  a new 
I I  11 0 r ing .  

Application of p r o t e c t i v e  coating t o  a h m i i l u m  
p a r t s  of hydrau l i c  ac tua to r s .  
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Sect ion  3 
Configuration 

TABLE 3-9 (Sheet 1 of 3) 
STAGE MODIFICATION - ELECTRONICS 

WRO 

361A 

4 79A 

2629 

2713 

2874 

29G1 

2901 R3 

2938 

2960 

29 89 

3001 

E CP 

0302 

0449 

C486 

0466 

0605 

0622 

2282 

0651 

0634 

0681 R2 

0686 

DESCRIPTION 

Modify the  PU system shaping network t o  ob ta in  
increased  a t t e n u a t i o n  a t  s l o s h  frequencies.  

Modified the  thermocondi t i on ing  panel  on the  
forward s k i r t  by i n s t a l l i n g  four  (4) mounting 
s tuds .  This w i l l  allow i n s t a l l a t i o n  and 
removal of the  pulse  sensor  assembly during 
t e s t  . 
Replacement of diode modules with modules 
X-ray inspec ted  f o r  s i l v e r  contamination. 

Redesign the  PU s t a t i c  inver te r -conver te r  T/M 
supply t o  provide vo l t age  adjustment . 
Addition of v i b r a t i o n  and i s o l a t i o n  b racke t s  
f o r  t h e  emergency d e t e c t i o n  system (EDS) 
t ransducers  and redeveloped plumbing. 

Perform an i n s u l a t i o n  r e s i s t a n c e  tes t  on a l l  
10-amp r e l a y  modules. 

Replacement of t h e  10-amp r e l a y  modules. 
change T J ~ S  requi red  i n  o r d e r  t o  provide modules 
which w i l l  ope ra t e  a t  low temperatures. 

This 

Rework t h e  chi1 ldown i n v e r t e r  t o  e l imina te  
vol tage  sp ike .  

Modification of t h e  EDS t o  s e p a r a t e  the engine 
cu tof f  c i r c u i t s  a t  the connector, s e m i -  
conductor, and module level s o  t h a t  no s i n g l e  
component f a i l u r e  shal l  cause an erroneous 
abor t .  

I n s t a l l a t i o n  of LOX and LH2 dep le t ion  sensor  
e l e c t r o n i c  c o n t r o l  u n i t s  and necessary wir ing  
t o  v e r i f y  s p a r e  dep le t ion  senso r  opera t ion  
during s t a g e  loading. 

Replacement of  t h e  LH2 dep le t ion  senso r  rime 
delay module wi th  a 2-amp r e l a y  module. 
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Sect ion 3 
Configuration 

TABLE 3-9 (Sheet 2 of 3) 
STAGE MODIFICATION - ELECTRONICS 

WRO I ZCP 

3082 

3 130 

3179 

3348 

3352 

3373 

3510 

3544 

3545 

3578 

3600 

2027 

5015 

2053 

2160 

2101 R 1  

2176 R 1  

2235 

2242 

2247 

2279 

2292 

DESCRIPTION 

Inspec t ion  of a l l  coaxia l  feed-through 
socke t s  f o r  1 / 2  oz minimum pickup fo rce  
dnd rework those which do no t  meet require-  
ments. 

In s  t a l l a t i o n  o f  metal connector covers t o  
a l l  unmated e l e c t r i c a l  connectors.  

Modif icat ion of chilldown i n v e r t e r  assembly 
to  suppress  over-voltage condi t ions.  

Replacement of a l l  coax con tac t s  which e x i s t  
i n  conneciors 1337872-1 and -503 t h a t  are used 
i n s i d e  t h e  LOX and LH2 tanks.  The e x t e r n a l  
connectors are inspec ted  f o r  recessed p ins  and 
and t h e  p ins  replaced as requi red ,  

Ins  t a l l a t i o n  of  an automatic  pas s iva t ion  system 
t o  the  S-IVB high pressure  supp l i e s ,  LOX and 
LH2 tanks.  

Rerouting of t h e  zange s a f e t y  coax cable  t o  
prevent  i n t e r f e r e n c e  wi th  the  forward access 
k i t .  

Replacement of t h e  2-amp r e l a y  module with 
u n i t  t h a t  s a t i s f i e s  thermal cycl ing screening  
tests f o r  high and low temperature operat ion.  

Replacement of t he  PU component oven with u n i t s  
which have been inspec ted  f o r  f a u l t y  t r a n s i s t o r s .  

I n s u l a t i o n  of the  s t a t i c  i n v e r t e r  hea t  t o  
prevent  s h o r t i n g  o f  t h e  i n v e r t e r  output .  

Applicat ion of s e a l a n t  around the  range s a f e t y  
and T/M antennas and the forward s k i r t  t o  
prevent  moisture  from en te r ing  t h e  antenna 
cover. 

In s  t a l l a t i o n  of i n s u l a t i n g  washers t o  the  
mounting hardware @i t he  diode modules loca t ed  
on the  sequencer and a f t  power d i s t r i b u t o r  
assemblies.  
sho r t ing .  

This w i l l  prevent  diode from 
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Sect ion  3 
Configurat ion 

WRO 

3638 

3661 

3743 

3873 

39 80 

TABLE 3-9 (Sheet 3 of 3) 
STAGE MODIFICATION - ELECTRONICS 

ECP 

2303 R 1  

2312 

2420 R l  

2572 

2652 

DESCRIPTION 

Changing of t h e  engine ready bypass s i g n a l  t o  
a continuous s i g n a l  t o  e l imina te  the  p o s s i b i l i t y  
of an erroneous engine cu tof f .  

Inspec t ion  and re - ident i f  i c a t i o n  of t h e  motor 
t ransmission i n  the  PU e l e c t r o n i c s  assembly t o  
i n s u r e  t h a t  a l l  u n i t s  have had s u f f i c i e n t  torque 
t e s t i n g  . 
Replacement of t h e  APS con t ro l  r e l a y  packages 
with reworked u n i t s .  

Applicat ion of s e a l a n t  t o  the  LOX probe connector 
i n  the  tunnel  t o  prevent moisture from e n t e r i n g  
the  connector. 

Replacement of the PU component oven wi th  u n i t  
which has been reworked p e r  NASA d i r ec t ion .  
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WkO 

4 80A 

490A 

2640 

2848 

2871 

2923 

2990 

2992 

3109 

3110 

3208 

3392 

TABLE 3-10 (Sheet 1 of 2) 
STAGE HUDIFICATION - INSTRUMENTATION 

E CP 

0505 

0448 

0353 

0594 

0547 

0639 

0675 

0659 

0937 

0938 

20 71 

2181 

-_- DESCRIPTION ---- - 
Mcdify t h e  breakpoint ampl i f i e r  module c i r c u i t  
by i n s t a l l i n g  a new s i g n a l  conditioning setap 
procedv.re f o r  use  i n  ob ta in ing  ca1ibr;:ion d a t a  
wi thout  removing t h e  breakpoin t  a m p l i f i e r  
module from the  s t age .  

Converts t h e  D0110-426 and D0113-426 forward 
s k i r t  e x t e r n a l  p re s su re  measurements i n t o  the  
forward s k i r t  i n t e r n a l  pressure  measurements 
D0234-411 and D0235-411. 

Rechannelize telemetry measurement VKO132-404 t o  
the  BO mul t ip lexer .  

Replacement of two (2) d e f e c t i v e  vendor suppl ied  
A P S  chamber t ransducer  cable  assemblies with 
Douglas f a b r i c a t e d  cable  assemblies.  

Replace b i - l eve l  summing network module wi th  
u n i t  modified t o  reduce leakage cu r ren t .  

Relocate f o u r  (4) pressure  t ransducers  p re sen t ly  
i n s t a l l e d  on propulsion f i t t i n g s  t o  bracke t s  
i n s t a l l e d  on t h e  ad3 acent  s t r u c  t u r e  . 
Relocate s i x t e e n  (16) s t r a i n  gage measurements 
on forward s k i r t .  

Remove and r ep lace  :our (4) s i g n a l  condi t ion ing  
modules used t o  monitor f u e l  t u r b i n e  mznifold 
and crossover  duc t  f l i g h t  temperatures f o r  
ECP 52-547E. 

Relocation of two (2) s t r a i n  gages f o r  measure- 
ments SO046 and SO047 approximately one i n .  from 
t h e i r  former loca t ions .  Relocation e l f m i n a t w  
need f o r  r ep lac ing  w i r e  harness  t o  de fec t ive  
gages. 

Replacement of t h e  T/X c a l i b r a t o r  1B52716-1 wi th  
1B58798-1. The 1B52716-1 f a i l e d  during checkout. 

Dele t ion  of " I n t e r n a l  Timer"  telemetry.  

Replacement of t h e  A P S  helium regu la to r  
transducer mounting b o l t s  t o  provide b o l t s  
with the  proper g r i p  length .  
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TABLE 3-10 (Sheet 2 of 2)  
STAGE MODIFICATION - IKSTRUhIENTATION 

DESCRIPTION - BCP 

3569 2302 Replacement of e i g h t  (8) f l c t t e r  measurement 
br idge  modules wi th  u n i t s  having h igher  frequency 
response,  

Addition of a f l i g h t  measurement which w i l l  
i n d i c a t e  when t h e  s t a g e  i s  a c t i v a t e d  f o r  pro- 
pellant removal operat ions.  
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Sec t iuu  4 
Sequence of Events 

4. SEQUENCE OF EVENTS 

4.1 AS-204 P o s t f l i g h t  Sequence 

Table 4-1 presen t s  t he  AS-204 p red ic t ed  and a c t u a l  sequence of events .  

Three t y p e s  of items a r e  presented  i n  t h i s  sequence. 

L. LVDC commauds - These i t e m s  i n i t i a t e  froi,. t h e  launch v e h i c l e  

d a t a  computer (LVDC) i n  t h e  instrument u n i t  ( I U )  t o  perform 

veLicle s y s t e m  fxnc t ions .  

b. Inc iden t s  - These i t e m s  are monitored occurrences such as t h e  

t i m e  of maximum dyn z i c  pressure .  

c. Responses - These i t e m s  are responses t o  commands t h a t  are 

i s sued  from t h e  LVdC and are monitored i n  t h e  S-IVB. 

d. Ground commands - These commands o r i g i n a t e  a t  ground s t a t i o n s  

and are t ransmi t ted  t o  t h e  vehic le .  

All events  are preceded by an i t e m  number. Sequen t i a l  series of r e l a t e d  

commands and responses are l i s t e d  under t h e  same event  number with lower 

case letters d i s t i n g u i s h i n g  s e p a r a t e  items. 

4.1.1 Predic ted  and Monitored T imes  

The predic ted  t i m e s  i n  t h i s  sequence w e r e  obtained from DAC Report No. 

SM-46977D, S-IVB-204 Stage F l i g h t  T e s t  Plan,  r e v h e d  18 January 1968. 

Commands i s sued  from the  LVPC t o  t h e  S-IB s t a g e ,  S-IVB s t a g e ,  and I U  

w e r e  monitored a t  t h e  LVDC. Times f o r  t hese  i t e m s  were obtained from 

MSFC. 

as respcnses at  the  S-IVB s t a g e  switch s e l e c t o r  (SSS). These items 

were obtained from Douglas uata. 

- 

Commands i ssued  from t h e  LVDC t o  t h e  S-IVB s t a g e  w e r e  monitored 

Times f o r  i n c i d e n t s  were obtained from p o s t f l i g h t  a n a l y s i s  of parameters 

a s soc ia t ed  wi th  each event. 

The time froin range zero i s  provided f o r  a l l  i t e m s .  

i n t e g e r  second p r i o r  t o  l i f t o f f ,  occurred a t  22:48:08 GMT. 
Range zero,  t h e  
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A t i m e  from base is  given f o r  a l l  LVDC commands (and t h e i r  responses) 

which were preprogrammed. A t i m e  from base is n o t  a p p l i c a b l e  (N/A) f o r  

i t e m s  such as i n c i d e n t s  and commands t h a t  were n o t  preprogrammed. An 

example of commads n o t  preprogrammed b u t  experienced during t h i s  f l i g h t  

was t h e  cycl ing of t h e  IU water coolant  va lve  ( i tem Nos. 73, 207.1, 

207.2, 221, 240.1, 240.2, 249.1, 252.1, 262, and 264. 

SLA panel  deployment occurred as preprogrammed a t  approximately 

1,193 sec. However, t h e  d i s c r e t e  s i g n a l  f o r  SLA panel  deployment w a s  

n o t  received by ground s t a t i o n  equipment. Therefore,  at 1,272 sec, a 

superf luous command sequence t o  deploy t h e  SLA panels  ("SLA panel  deploy 

A" ar.d "SLA panel  depioy B") w a s  t ransmi t ted  t o  t h e  vehicle .  

A t  t he  end of t h e  second revolu t ion ,  over MILA, t h e  absence of  t h e  S-IVB 

LOX vent  c losed i n d i c a t i o n  w a s  noted and a comand sequence t o  c l o s e  t h e  

vent  w a s  t ransmit ted.  The generated switch s e l e c t o r  mode command w a s  

s e n t  at 11,707 sec and proper ly  received by t h e  vehic le ;  however, ground 

v e r i f i c a t i o n  w a s  n o t  received because of a ground equipment malfunction. 

The ground then attempted 7 more t i m e s  t o  t ransmi t  t h e  command sequencE; 

each t i m e  t h e  sequence was n o t  executed. 

Present ly  a v a i l a b l e  information i n d i c a t e s  t h a t  t h e  v e h i c l e  completed 

t h e  mission without  t h e  implementation of t h e  ground i n i t i a t e d  sequence. 

4.2 Time Bases 

Four s e q u e n t i a l  series of preprogrammed were i ssued  from t h e  LVDC. 

Each s e q u e n t i a l  series was  i n i t i a t e d  by t h e  establ ishment  of i ts  t i m e  

base i n  t h e  LVDC. L i s t e d  below are the  fou r  t i m e  bases  with t h e i r  

respec t ive  o r i g i n a t i n g  events: 

a. Time base 1, TB1: IU umbil ical  disconnect 

b. Time base 2 ,  TB2: S-IB propel lan t  level sensor  a c t u a t i o n  

c. Time base 3, TB3: S-IB outboard engine cutoff  

d. T ime  base 4, TB4: S-IVB engine cu to f f .  

4- 2 
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c 

I T E M  
NO. 

36 

51.i 

60.1 

67 

89A 

132 

4.3 Data Omissions 

Monitored times were not  a v a i l a b l e  f o r  a l l  events  due t o  the  reasons 

noted a t  the  end of t a b l e  4-1. 

4.4 Ground Sequence of Events 

Table 4-2 presents  the  ground sequence o f  events  from approximately 

range zero  -20 min t o  l i f t o f f .  These events  are r e l a t e d  t o  t h e  

S-IVB-204 s t a g e  and a s soc ia t ed  ground support  easipment and are der ived 

from the d i g i t a l  events  eva lua t ion .  No o u t  of  sequence events  o r  o t h e r  

anomalies o ccur re d . 
4.5 Late Sequence Changes 

The latest  monitored t i m e  f o r  t h e  following events  represent  a 
s i g n i f i c a n t  change from those  used i n  Dou $as ca lcu la t ions .  

EVENT 

T i l t  Arrest 

S-IB/S-IVB Phys ica l  
Separat ion 

90% 5-2 Thrust 
Level 

Active Guidance 
I n i t i a t i o n  

Time Base 4 S igna l  
from LVDC for :  
S-IVB Engine C/O 
(Guidance C/O) 

S t a r t  Manewer t o  
Separa t ion  A t t i t u d e  

- 
MONITORED TIME 

(FROM RANGE ZERO) 
USED I N  DOUGLAS 

CALCULATIONS 
~ 

135.257 

143.59 

147.7 

159.47 

593.34 

3,000.04 

LATEST MONITORED TIME 
(FROM RANGE ZERO) 
RECEIVED FROM MFSC, 

APRIL 2, 1968 

131.89 

143.89 

148.28 

159.48 

593.35 

3,000.8 
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TABLE 4-1 (Sheet 1 of 26) 
AS-204 POSTFLIGHT SEQUENCE OF EVENTS - 

TEM 
NO. 

- - 
1 

2 

3 

4 

4.1 

4 2  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17  

18 

19 

EVENT 

Guidance Reference 
Release 

S-IB Engine S t a r t  

Range Zero 

F i r s t  V e r t i c a l  
Motion 

F i r s t  Motion 
Swiich No. 1 
F i r s t  Motion 
Switch No. 2 
T i m e  Base 1 
AS-204 L i f t o f f ;  IU 
Umbilical Disconnect 

S igna l  from LVDC 
for: Mult iple  S-IB 
Engine Cutoff Enable 

P i t c h  Program S t a r t  

Roll Program S t a r t  

Signa?. from LVDC 
f o r :  Telemeter 
Cal ibra t ion  On 

Signal  from LVDC 
f o r :  Telemetry 
Cal ibra t ion  Off 

S igna l  from LVDC 
f o r :  Telemetry 
Cal ibra tor  In-Flight 
C a l i b r a t e  On 

End Rol l  Program 

Signal  from LVDC 
f o r :  LOX Tank 
Rel ief  Control Valve 
Enable 

S igna l  from LVDC 
f o r :  Telemetry 
c a l i b r a t o r  In-Flight 
Cal ibra te  Off 

S igna l  from LVDC 
f o r :  Tape Recorder 
Pecord On 
Signal  from LVDC 
f o r :  F l i g h t  Control 
Computer-Switch 
Poin t  No. 1 

!-fach 1 

Signal  from LVDC 
f o r :  Ladnca Vehicle 
Engines JJ; C\rtof f 
h a b l e  
Maximum Dynamic 
Pressure 

PREDICTED TIME - 

TTME FROM 
U V G E  ZERO 

(hr:min :sec) 
(set) 

.___ - 
-00: 00 Z05.0 
: -5 .0)  

-00 :OO :03.1 
:-3.1) 

oo:oo:oo.o 
(0) 
oo:oo:oo.o 
(0) 

NIA 

NIA 

00:00:00.2 
(0.2) 
00:00:10.2 
(10.2) 

00:00:10.2 
(10.2) 

00:00:10.2 
(10.2) 

00:00:20.2 
(20.2) 

00:00:25.2 
(25.2) 

00:00:27.2 
(27.2) 

00 :00 :28.3: 
(28.33) 

0O:OO: 30.0 
(30.0) 

00:00:32.2 
(32.2) 

00:00:39.2 
(39.2) 

00:00:40.2 
(4@.2) 

w.4 

00:01:00.2 
(60.2) 

00:01:14.0 
(74.0) 

(sec)  

NIA 

NIA 

N I A  

NIA 

NIA 

NIA 

TB1 +O.O 

TB1 +10.0 

N/A 

NIA 

TB1 +20.0 

TB1 +25.0 

TB1 +27.0 

NIA 

TB1 +29.8 

TB1 +32.0 

TB1 +39.0 

TB1 +40.0 

X/A 

TB1 +60.0 

N I A  

rORED 
AT 

N I A  

NIA 

N I A  

N I A  

N/A 

%/A 

IU 

I U  

N I A  

N I A  

IU 

IU 

I U  

N/A 

I U  

I U  

xu 

I U  

JIA 

IU 

N I A  

MONITOREL? TIME 

TIME FROM 
ANGE ZERO* 
hr  :min :sec) 

( s e d  

00:00:04.96 
-4.96) 

00:00:02.97 
-2.97) 

oo:oo:oo.o 

00:00:00.20 
(0.20) 

OO:OO:OO. 28 
(0 .28 )  

00-30:00.29 
(0.29) 

00:00:00.36 
(0.36) 

00 :00 :lo. 31 
(10.31) 

00:00:09.22 
(9.22) 

00:00:09.22 
(9.22) 

00:00:20.31 
(20.31) 

00:00:25.33 
(25.33) 

00 :00:27.31 
(27.31) 

00:00:28.70 
(28.70) 
0O:OO: 30.12 
(30.12) 

00 :03: 32.31 
(32.31) 

OO:C0:39.31 
(39.31) 

00:00:40.31 
(40.31) 

0O:OO: 59.76 
(59.76) 

00:01:00.31 
(60.31) 

00:01:i1.5 
(71.5) 

TIME FROM 
BASE 
( s e d  

N/A 

NIA 

N!4 

N /A 

NIA 

NIA 

TB1 +O.C 

TB1 +9.95 

N/A 

N I A  

TB1 +19.95 

TB1 +25.9; 

TB1 +26.95 

NIA 

TB1 +29.76 

TB1 +31.95 

TB1 +38.95 

TB1 +39.95 

HIA 

TB1 +59.95 

N I A  
-___ 

DATP 
SOURCE 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

MSPC 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

MSPC 

MSPC 

MSPC 

MSFC 

MSFC 

.1sx  

MSFC 

MSFC 

LCfU- 1 u\.X** 

1 -- I 

*Range Zero = 22:48:08 (GMT) 

**See note  8 a t  end of tab le .  
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TABLE 4-1 (Sheet 2 of 26) 
AS-204 POSTFLIGHT SEQUENCE OF EVEmS - 

ITEM 
NO. 

- - 
20 

21  

22 

23 

24 

25 

26 

27a 

27b 

28a 

28b 

29a 

29b 

30a 

30b 

31 

32 

EVENT 

_ _  

Signal from LVDC 
for: Telenetry 
Zal ibra tor  In-Flight 
Cal ibrate  On 

j igna l  from LVDC 
For: Telemetry 
Zal ibra tc r  In-Flight 
:a l ibra te  Off 
i igna l  from LVDC 
For: F l i g h t  Control 
:omputer-Switch 
'oint No. 2 

i igna l  from LVDC 
For: Telemetry 
:a l ibra t ion  On 

i igna l  from LVDC 
[or: F l igh t  Control 
zomputer-Switch 
'o int  No. 3 

Signal from LVDC 
For: Control 
Lccelerometer Off 

i igna l  from LVDC 
!or: Telemeter 
:a l ibra t ion  Off 

Xgnal from LVDC 
:or: Spec ia l  TM 
: a l i b r a t i o n  On 

i igna l  Received i n  
;-IVB f o r :  Spec ia l  
MY Cal ibra t ion  On 

i igna l  from LVDC 
:or: Regular 
Ielemeter Calibra- 
:ion On 

i igna l  Received i n  
i-IVB f o r  Regular 
Celemeter Calibra- 
::on On 

i igna l  from LVDC 
lor: Regular 
Celemetry Calibra- 
:ion Off 

i igna l  Received i n  
;-IVB f o r :  Regular 
Celemetry Calibra- 
:ion Off 

i igna l  from LVDC 
for: Spec ia l  
Celemetry Calibra- 
:ion Off 

i igna l  Received i n  
;-IVB for: Spec ia l  
Celemetry Calibra- 
:ion 3 f f  

i igna l  from LVDC 
For: Excessive Rate 
:P,Y,R) Auto-Abort 
[ n h i b i t  Enable 

Signal from LVDC 
Eor: Excessive Rate 
(P,Y,R) Auto-Abort 
I n h i b i t  -- - 

*Range Zero = 22:48:08 (GM 

PREDICTED TIME 

TIME FROM 
RANGE ZERO 
:hr:min:sec) 

(set) 

00:01:30.4 
(90.4) 

0O:Ol: 35.4 
(95.4) 

00:01:40.? 
(100.2) 

00:02:00.0 
(120.0) 

00 :02 :oo. 2 
(120.2) 

00 :02 :OO. 4 
(120.4) 

00 :02:05.1 
(125.1) 

00 :02 :OS. 3 
(125.3) 

00 :02 :OS. 3 
(125.3) 

00:02 :05.5 
(125.5) 

00:02 :05.5 
(125.5) 

00 :02 : 10.5 
(130.5) 

00 :02 : 10.5 
(1 30.5) 

00:02:10.7 
(130.7) 

00 :02 : 10.7 
(130.7) 

00:02 : 11.7 
(131.7) 

00:02:11.9 
(131.9) 

TIME FROM 
BASE 
( s e d  

TB1 +90.2 

'IB1 +95.2 

TB1 +100.0 

TB1 +119.8 

TB1  +120.0 

TB1 +120.2 

TB1 +124.9 

TB1 +125.1 

TB1 +125.1 

TB1 +125.3 

TB1 +125.3 

TB1 +130.3 

; R !  +130.3 

~ 

SIGNAL 
MONI- 
TORED 

AT 

IU 

IU 

I'J 

IU 

IU 

IU 

IU 

IU 

S-IVB 

I U  

S-IVB 

IU 

s - I '  L 

TB1 +130.5 

TB1 +131.5 

TB1 +131.7 

S-IVB 

I U  

IU 

-___ __ 
MONITORED TIME 

TIME FROM 
W G E  ZERO* 
:hr:min:sec) 

(sec)  

00:01:30.51 
(90.51) 

00:01:35.51 
(95.51) 

00:01:40.33 
(100.33) 

00:02:00.11 
(120.11) 

00:02:00.32 
(120.32) 

00 :02 : 00.53 
(120.53) 

00:02 :05.21 
(125.21) 

00:02:05.41 
(125.41) 

00:02:05.42 
(125.42) 

00:02:05.62 
(125.62) 

00:02:05.63 
(125.63) 

00:02:10.62 
(130.62) 

00:02:10.62 
(130.62) 

00:02:10.83 
(135.83) 

00:02:10.83 
(130.83) 

00:02:11.82 
(131.82) 

00:02:12.03 
(132.03) 

TIME FROM 
BASE 
(set) 

TB1 +90.15 

TB1 +95.15 

TB1 +99.97 

TB1 +119.75 

TB1 +119.96 

TB1 +120.17 

TB1 +124.85 

TB1 +125.05 

TB1 +125.05 

TB1 +125.26 

TB1 +125.27 

TB1+130.26 

TB1+130.26 

TB1 +130.47 

TB1 +130.47 

TB1 +131.44 

TB1 +131.67 

DATA 
SOURCE 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

MSFC 

DAC (FM) 

MSFC 

DAC (FM) 

MSFC 

DAC (FM) 

MSFC 

DAC (FM) 

MSFC 

MSPC 
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Sect ion 4 
Sequence of Events 

TABLE 4-1 (Sheet 3 of 26) 
AS-204 POSTFLIGHT SEQilENCE OF EVENTS 

-- - 

LTEM 
NO. 

- - 
33 

34 

35 

36 

37 

38 

39a 

39b 

40 

4 1  

42a 

42 b 

43a 

43b 

44 

45 

46 

EVENT 

Signal  from LVDC 
for :  S-IB Two 
Engines Out Auto- 
Ahwt I n h i h i t  Enabl 

S igna l  from LVDC 
fo r :  .?-IVB Two 
Engines L t  .“tito- 
Abort I n h i b i t  

Signal  Received i n  
S-IB fo r :  Propel- 
l a n t  Level Sensors 
Enable 

T i l t  Arrest 

Time Base 2 
S igna l  Received i n  
S-IB fo r :  S-IB 
Propel lant  Level 
Sensor Actuation 

S igna l  from LVDC 
fo r :  I U  Tape 
Recorder Record On 

Signal  from LVDC 
fo r :  Fas t  Record 
On 

S:gnai Received i n  
S-IVB fo r :  Fast  
Record On 
Signal  Received i n  
S-1B fo r :  S-IB 
Inboard Engines 
Cutoff (IECO) 

Signal  from LVDC 
fo r :  Auto-Abort 
Enable Relays Reset 

S igna l  from LVDC 
for:  Ullage 
Igni t ion  Charge On 
Signal  Received i n  
S-IVB fo r :  Ullage 
Igni t ion  Charge On 
Signal  from LVDC 
fo r :  Prevalves OPE 

S igna l  Received i n  
S-IVB fo r :  Pre- 
valves  Open 

Signal  Received i n  
S-IB fo r :  LOX 
Depletion Cutoff 
Enable 

S igna l  Received i n  
S-IB fo r :  Fuel 
Depletion Cutoff 
Enable 

Time Base 3 
S igna l  Received i n  
S-IB fo r :  S-IB 
Outboard Engines 
Cutoff (OECO) 

PREDlCl 

TIME FROM 
R‘NCE ZERO 

:h r  : m i 3  :set: 
(set) 

00:02: 1 2  * 1 
(132.1) 

- 

00 :02 : 12.3 
(132.3) 

00:02 : 12.5 
(132.5) 

00:02:13.4 
(133.4) 

00:02:16 
(136.0) 

00:02:16.2 
(136.2) 

00:02:16.4 
(136.4) 

00 :02 : 16.4 
(136.4) 

00:02:19.1 
(139.1) 

00:02:19.3 
(13:. 3) 

00.02 :20 
(140.0 

00 :or *20 
(140. C) 

00 :02 : 20.4 
(140.4) 

00:02:20.4 
(140.4 j 

00 :02 :20.h 
(140.6) 

OO:C2:21.6 
(141.6) 

00:02 :22 * 1 
(142.1) 

1 TIME 

TB1 +131.9 

TB1 +132.1 

TB1 +132.3 

NJA 

TB2 +O.O 

TB2 +0.2 

TB2 +0.4 

TB2 +0.4 

TB2 +3.1 

TB2 +3.3 

TB2 +4.0 

TB2 +4 0 

TB2 +4.4 

TB2 +4.4 

TB2 +4.6 

TB2 +5.6 

TB3 +O.O 

SIGNAL 
MON I - 
TORED 

AT 
-~ 

I U  

I U  

S-IB 

N /A 

S-IB 

I U  

I U  

S-IVB 

S-IB 

I U  

IU 

S-IVB 

I U  

S-IVB 

S-IB 

S-IB 

S-IB 

MONITI 

TIME FROM 
WlGE Z E i O *  
Lhr:min:sec) 

(sec)  

00:32:12.21 
(132.21) 

00:02:12.42 
(132.42) 

00 : 02 : 12.63 
(132.63) 

00:02:11.69 
(131.89Jt 

00:02:15.91 
(135.91) 

00:02:16.07 
(136.07) 

00:02:16.26 
(136.26) 

00:02:16.27 
(136.27) 

00:02:18.97 
(138.97) 

00:02:19.18 
(139.18) 

00:02:19.88 
(139.88) 

00:02:19.88 
(139.88) 

00:02:20.26 
(140.26) 

00:02:20.27 
(140.27) 

00:02:20.47 
(140.47) 

00:02 :21.46 
(141.46) 

00 : 02 :22.25 
(142.25) 

DD TIME 

TIME FF.OM 
BASE 
( s e d  

i B 1  +131.85 

TB1  +132.06 

T B 1  +132.27 

N I A  

TB2 +O.O 

TB2 +0.16 

TB2 +0.35 

TB2 +O. 36 

TB2 +3.06 

TB2 4-3.27 

TB2 -3.97 

TB2 4-3.97 

TB2 +4.35 

TB2 4-5.36 

“B2 4-4.56 

TB2 +5.55 

TB3 +O.O 

DATA 
SOURCE 

MSFC 

MSFC 

MSFC 

MSFC 

!IS FC 

MS FC 

MSFC 

UAC (FM) 

MSFC 

MSFC 

MSFC 

DAC (FM) 

MSFC 

DAC (FM) 

MSFC 

MSFC 

MSFC 

kRange Zero = 22:48:08 (GMT) tSee paragraph 4.5 
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Sect ion 4 
Sequence of Events 

'TABLE 4-1 (Sheet 4 of Lb) 
AS-2i)b I'OS'iFLIGHT SEQUENCE OF EVENTS 

I'IEM 
N O .  

_ _  - 

47d 

47b 

48a 

48b 

49 

50 

51 

51.1 

52a 

52b 

53a 

5 3b 

54;. 

54b 

55a 

55b 

56a 

56b 

EVEN 1 

i i gna l  from 
.VUC for :  Engine 
A t o f f  S isna l  Off 

i i gna l  Keceived i n  
+ I V B  f o r :  Engine 
A t o f f  S igna l  Off 

Signal from LVUC 
For: Ullage Kockets 
L gni  t ion 

Signal Received i n  
j - I V B  f o r  Ullage 
tockets Igni t ion  

Signal Keceived i n  
;-IB for :  s-ml 
j - I V B  Separation 

Signal f r o r  LVUL 
For: F l igh t  Control 
:omputer S-IVM Burn 

! 
PKEUICTE.: I'IME 

TIME FKOH 
KAN(:E ZERO 

(hr :min :sec) 
(sec)  

00 :I).? :22.5 
(142.5) 

___ ~ 
~ ~- 

00 : 0 2  : 22.5 
(142.5) 

O(' :02 : 2 3.2 
( 143.2) 

I l l )  :02 : 23.2 
(143.2) 

00 :02 : 23.4 
(143.4) 

00 :02 :2 3.5 
(143.5) 

I .lode On "B" 

Signal from LVDC 1 00:02:23.6 
for: Fl ight  Control I (143.6) 
:omputer S-IVB Burn j 
,lode On "A" 

j-IBIS-IVB Physical 
iepara t i on  

i i gna l  from LVDC 
For: Engine Ready 
lypass On 

i igna l  Received i n  
;-IVB fo r :  Engine 
{eady Bypass On 

i i gna l  from LVDC 
lor: LH2 Chilldown 
'ump Off 

i i gna l  F,ceived i n  

:hilldowa Pump Off 

i i gna l  from LVDC 
lor: W X  Chilldorm 
'ump Off 

; i gna l  Received i n  
i - IVB f o r :  LOX 
:hilldown Pump O f f  

iignal t -om LVDC 
'or: . I V B  Engine 
[gn i t ion  Sequence 
i t a r t  

i i gna l  Received i n  
;-IVB fo r :  S-IVB 
Inginp Igni t ion  
iequence S t a r t  

; i gna l  from LVDC 
For: Engine Igni- 
:ion Sequence S t a r t  
telay reset 
j igna l  Keceived i n  
i-IVB for :  Engine 
tgni t ion Sequence 
Start Relay Reset 

b I 7 B  f u r :  LH2 

I 00:02 :23.8 
(143.8) 

00 :02 2 3 . 8  
(143.8) 

(144.2) 

00:02:24.2 
(144.2) 

00:02:24.4 
(144.4) 

OD:02:24.4 
(144.4) 

00:02:24.8 
(144.8) 

00 :02 S 4 . 8  
(144.8) 

00:02:25.3 
(145.3) 

00:02:25.3 
(145.3) 

TInE FROM 
nAs E 
(secJ  
.~ ~ - . - - . . - 

TU3 +0.4 

TB3 +0.4 

Tb3 +1.1 

TB3 fl.1 

TB3 +1.3 

T 5 3  + l .  4 

TB3 +1.5 

N l A  

TB3 +1.7 

TB3 +1.7 

TB3 + 2 . 1  

TB3 +2 .1  

TB3 +2.3 

TB3 +2.3 

TB3 +2.7 

TB3 +2.7 

TB3 +3.2 

TB3 +3.2 

SIGNAL 

TORED 
AT 

'ION I - 

- -~ ._ 

1s 

s-IVB 

IU 

S-IVB 

5-IB 

I U  

IU 

N /A 

CU 

j - IVB 

tu  

j - I V B  

tu 

5-IVB 

IU 

3-IVB 

LU 

S-IVB 

.. .. - 

MONITOKLU '. IM!i - 
T I w  FKOM i 
UANGE ZERO* 
(t1r:min:sec) I 

(sec)  

(142 .63  i 
j 

00:02:22.62 

00:02:22.62 1 
(142.62) 1 

00 : 02 : 2  3.30 
(143.311) 

00 :r)Z : 23.31 
(143.31) 

00 :02 9 3 . 5 0  
(143.50) 

00: 02 2 3 . 6 0  
(143.50) 

00:i12:23.;0 
(143.70) 

00:02:23.89 
(143.80)' 

00 :02 :23.90 
(14 3.90) 

00: 02:  23.90 
(143.90) 

Cl:0?:24.31 
(144.31) 

00 :02: 24.32 
(144.32) 

00:02:24.52 
(144.52) 

00:02:24.52 
(144.52) 

00 :02 :24.90 
(144.90) 

00:02:24.90 
(144.90) 

00:02 :25.40 
(145.40) 

00:02:25.40 
(145.40) 

TIME FXOM 
BASE 
( sec )  

~ ~ ~~~ ~ 

TB3 +0.37 

TB3 +1.05 

T133 +l 06 

TB3 +1.25 

TB3 +1.75 

Tn3 +1.4s 

7- 
- -_ . -_ 

MSFC 1 -- 
I 

I 
DAC (FM) 1 13 

I 
MSFC 

DAC (FM) 

! 
MSFC 

EiSFC 

MSFC 

TB3 +1.65 IMSFC 

TB3 +1.65 DAC (FM) 

TB3 +2.06 

TB3 +2.07 

TB3 i2 .27  

TB3 +2.27 

TB3 e2.65 

MSFC 

DAC (FM) 

tISFC 

DAC (rT) 

MSFC 

TB3 +2.65 i DAC (FM) 

13 

*Range Zero = 22:48:08 (GMT) 'See paragraph 4.5 



Sect ion 4 
Sequence of Events 

Zero = 22:48:08 ( c r F I ' L , T i S F g r a p h  

TABLE 4-1 (Sheet 5 of 26) 
AS-204 POSiFLIGHT SEQUENCE OF EVENTS 

4.5 

:TEN 
NO. 

- __ 
5 7a 

57b 

5 Sa 

58b 

59 

6Oa 

6Ob 

€4. 

6 l a  

6 l b  

62a 

b2b 

63a 

63b 

64a 

64b 

65a 

- 
than 

1-8 

EVENT 

~~~- _ _ _ _ ~  __  
Signdl from LVDC 
f o r :  LCX Tank 
Fl ight  Pressuri  zb- 
t i on  Switch Enable 

Signal  Seceived i n  
S-IVB fo r :  L lY Tank 
Fl ignt  Pressurirn-  
t i o n  Switch Enable 

Signa; from LVDC 
f o r :  Fuel In jec t ion  
Temperature CK 
Bypass 

Signal  Received i n  
5 - I V B  fo r :  Fuel 
In jec t ion  Temp 'a- 
t u r e  OK Bypass 

Signal  from LVDC 
fo r :  S-IVB Engine 
Out Indica t ion  "A" 
Enablc 

Signal  from LVDC 
fo r :  LH2 Tank 
Pressur iza t ion  
Control Switch 
Enable 

Signal  Received i n  
S-IVB fo r :  LH2 Tank 
Pressur iza t ion  
Control Switch 
Enable 
90 Percent  3-2 Thrus 
Level 
Signal from LVDC 
for:  PU System 
Act iva te  

Signal  Received i n  
S-IVB fo r :  PU 
System Activate  

S igaa l  from LVPC 
fo r :  Emergency 
Playback Enable 

Signal  Received ir. 
S-IV6 fo r :  
Emergency Playback 
Enable 

Signal  ftom LVDC 
f o r :  Fast  Record 
Off 

Signal  Received i n  
J-IVB fo r :  Fast  
Record Off 

S igna l  from LVDC 
f o r :  Charge Ullage 
J e t t i s o n  EBW Fi r ing  
1;*1j t s 

Signal  Received i n  
S-IVS fo r :  Charge 
Ullage J e t t i s o n  EBN 
Fi r ing  Units 

Signal  f r o a  LVDC 
f o r :  Ullage Rockets 
J e t t i s o n  

00:02:25.6 
(145.6) 

00 :02 :25. C 
(145.6) 

GO :02 : 25.8 
(145.8) 

00 :52 : 25.8 
(145.8) 

00 :02 :26 
(146.3) 

00 :02 : 2 7.4 
(147.4) 

00 :02 :27.4 
(147.4) 

00 :02 : 28.31 
(148.34) 
00 :02 : 30.8 
(150.8) 

00:02 : 30.8 
(150.8) 

00:02 : 31.8 
(151.8) 

00:02:31.8 
(151.8) 

00 :02 : 31.9 
(151.9) 

00 :02 : 31.9 
(151.9) 

00 :02:  32.3 
(152.3) 

00:02: 32.3 
(152.3) 

00 :02 : 35.4 
(155.4) 

TB? + 3 . s  

TB3 +3.5 

TB3 4-3.7 

TB3 +3.7 

TB3 4-3.9 

TB3 +5.3 

TB3 +5.3 

N I A  

TB3 +8.7 

T E ~  +a.7 

1B3 +9.7 

TB3 +9.7 

TB3 +9.8 

TB3 -1.9.8 

TB3 +lG.2 

TB3 +10.2 

TB3 +13.3 

SIGGAI 
MONI- 
TOPED 

AT 
._ - 

~ 

I U  

S-IVB 

I U  

s-IW 

IU 

IU 

s-IVB 

N/A 

I U  

S-IVB 

Iti 

S-IV3 

I U  

S-IVB 

1u 

S-iVB 

I U  

__ - 

- 
T I X  FROM 

MANGE ZEKO* 
:hr:min :sec) 

( ' C C )  

00 :02 : 25. ; . 
(145.70) 

_- 

00:02:25.71 
(145.71) 

01): 02 :?5.90 
(145.90) 

OC :01: 25.91 
(145.91) 

00:02:26.11 
(146.11) 

00:02:2;.51 
(147.51) 

00 :02 :27.51 
(147.51) 

0'):02: 28.28 
(148.28)+ 
00:02:30.91 
(150.91) 

.3 :O* '20.92 
(150.?:> 

00:02:31.@0 
(151.FOI 

00:02:31.91 
(151.91) 

C0:02 : 32.00 
(152.00) 

0O:OZ: 32.00 
(15:. 00) 

00:02 :32.41 
(152.41) 

00:02 :37.41 
(152.41) 

00 :02 : 35.32 
(155.52) 

TIXE FROM 
BASE 
(St?C) 

- . _____ 
TB3 +3.45 

TB3 +3.46 

TB3 i-3.05 

TB3 +3,65 

TB3 +3.86 

TB3 +5.26 

TB3 +5.26 

NI'A 

TB3 +6.66 

TB3 +8.67 

TB3 +9.65 

TB3 +9.66 

TB3 +9.75 

TB3 +9.75 

TB3 +10.16 

TB3 +10.16 

TB3 +13.2? 

- 

~~ 

DATA 
sou KC E 

- ____. 

:.lSFC 

DAC (FH) 

MSFC 

DAC (r'l) 

N'JFC 

FSFC 

DAC (FM) 

MSFC 

MSX 

DAC (Em) 

NS ?C 

DAC (FM) 

'IsFC 

DAC (FM) 

MSFC 

DAC (FM) 

MSFC 

- 



7 -- I 

Ti33 +i92 i; 

TB3 il?.h iJxc :P:) 

TB3 +19.5 IL- 

TB3 +19.5 S-IVD 

IC 

IC 

IL 

Signal Receive" i n  
S-'IVB for:  Lllage 
Rockets lgi  . t i ~ ~ l  and 
J e t t i s o n  Relays 
Reset 

Signal from LVDC 
for :  Telemetr): 
Cal ibra tor  In-Flight 
<.-librate On 

Signal :ram L I X  

00:32:4:. 71 
(161.7 1) 

TB3 i 19 . i6  ML (Mi TOb 

71 :~O:07:50.9  
( i 7 C  .9  j 

TR' +28.8 

T6; i-33.8 

TB' i37.7 

00 :02 : 51, JO 
( 171.00) 

00:02:55.9 
(175.9) 

00 :O? : 5b. 02 
(- i5. b?) 

TB3 +J3.77 YSFC 
I for: Telemctry 

i Cal ibra te  Off 

7, ! s i g n a l  from L~IX: 
i for:  Water Coolant 

Cal ibra tor  In-Flight 

I 1 Valve Open 

00:02:59.8 
(179.8) : 

OC:O2 : 59.90 
(179.90) 

TB3 +37.6> Y!FC 

sin -. 
, i ?.1 T n i t i c t e  Steerin; 

j Correction 
Xisnlignment i S ;A 

i 

00 : 03 : 13. A8 
(193.i8) 

OJ:Oi:4.5.8 
( 2 8 5 . 8 )  

TB3 +143.7 00: 34 :45 .71 
( 2 S S . S l )  

TB3 +143.66 
~ 

YSFC 
for:  F l igh t  Control 

Point  NO. 4 
I Ccquter-Switch 

j 
' ;S Signal from LL'DC 

for :  Te iere t ry  
Cal ib raccr  It.-Flight 

I Cal ibra te  On 

7t.d S i g n i l  from LVDC 
fcr: Regulcr l?i 

' I c a l i b r a t i o n  On 

i 
t 

TB3 +207.7 i Iti 

i 
';E3 +208.7 113 

I 

i 

oo:c5 :&?. 0 

(349.8, 
OG :oc. :1.9 .UD 
( 319 .go) 

TBJ +2S7.0 j :-!SFC 

I 

I 
TB3 +208.b7 I XSfS O O : M : ; ~ . R  

(353.8) 
00:05:50.92 
(353.92) 

7B3 +?o~.oY i MC (m) 
I 

TP3 +198.7 S-IVB O O : i ) 5 :  50.93 
(350.43) 

. - . . 

4-9 

- 
*!Zange Zero = 2 2 : 4 3 : 0 3  ( z m )  'See paragrJph 6.5 



655 

reienetq C a l i k r a -  ~ 

t i oz  cf i  

5:;ynai f r w  LVCC 110 :u7 : 2 5 .  u 
for:  .-.1 A- isok , ( 4 5 . 0 )  
Press u-i zrt t i 02 
Control  Switch 
D i  s a5 le 

Signal Xecrived i r  ' GU:07:'25.0 
S-IVB f o r :  !-ti2 1ar.k (415.9) 
P r e s s u r i z a t i o n  
Con:rol ShiccI: 
Disdble 

I n t r o d u i t i o n  of ' oo:oi:5i.1 j 
Arc i f i c i -1  lau 3cde (174.1) j 
c. .d.daccr : . Stajiny 110 : 0 7 :  5;. i 

(474.1) , 
i 

Signs1 from LV-X 00:08:?0.Y ' 

! 
fa r :  T e l e x t r y  
: ' a l i b ra t c r  I n - F l i n h t  

, (500.9) I 
- 

C a i i b r a t c  ~2 I 

-1gnai f r -n  LVCC ! U O : L ' S : ? j . J  
fo r :  Telemetry i t.505.7) 
Ca:ibra:@: I n - F l i s h t  ; 
t a i i n r a t e  Off I 

Signa l  from L?'DC I l)L1:09:27.5 

Shutuff  Valves Close , 
Sigr.al Sereived i n  : 00:09:27.5 
S-1':s f o r :  Chill- j (567.5) 

.. 

for. C h i l l m w n  ; (jb7.5> 

Exrr;encgr Playback 
i n h i b i t  

' 80 i I n t r o d u c t i o n  of 

I !node 
Chi-Tilde Guidance 

87 Freeze Body A t t i t u d e  

88.i ! S i g n a l  from LV'DC 
I 

l 
1 is:: .ira i - IVb 

Pi t  i e l l a n t  i iaplet' .>r.  
Sensor  
- .. . . . - 

OO:OS-44.4 1 

00:09: 55.1 
(595.1) 

00:09:59.2 
(5Y9.2) 

. . . . . . . I 

! ----l 

ilc) :r5 : 55. Y1 
(355.91) 

TB3 +35X.S IL: 90 :08 :21.02 
' (591.02) 

! 

TBj +363.8 1 IU 03: 08 :26.03 
(506.00) 

TB3 +425.4 ' IL 00 :OY :27.60 
i (567.60) 

TB3 +425.4 S-IVB ~ 00:09:27.60 
! (567.60) , 
i 

i j 

I (582.60) ' 
(52.60) I i 

TB3 +440.& ; IU ' 00:09:42.60: 

i 
TB3 +&;O.S S-IVB 00:09:&2.69, 

K / A  i S/A ~ OO:C9:38.79' 
, (578.79) 

I 

N/A 1 XIA i 00:09:51.011 
j (591.01) 
t i 

Sot Issued 
1 i (s-rve j 

I 
T33 '-457.1 1 IU 

Cuid -m c e  
Cutoff)  ' I I  1 

-4 

TB3 +302.8b I DZ" (P) ' 

K I A  i XSFC 

TB3 +358.77 ' ?lSFC 

T53 +363.75 

T83 +425.35 

TB3 +&25.35 

Ts3 +440.35 

TB3 +440.35 

XSFC 

I 
1 
/ XSFC 

DAC (RI) , 

I 

XSFC 

DAC (FX) ! 
I 
~ 

I I i NSFC : 
I 
i 



~ . .  . -. ~ 
~ . - 

Signal  Hrcei .dd it: 
:'-li'ki t o r :  A m  
S- L VB Prupel lant  
%p!aticn Sensur 

T i m e  base i 
Signal  from I . \ W  
l o r :  S-I\B Engine 
Cutoff (Guidance 
Clltof:) 

Signal  Received i n  

Engine Cutoff 
(Guidame Cutof;) 

S-1VB € 0 ' :  3-I'JH 

TB3 +457.1 I S-IZB Not Issued 1 
(S-1:'B , 
Guidance 1 
CUtOfl) ~ 

I 
00:09:53.35 ~ 

(593.35) ; 
! 

' -- I 
SIX . _ -  

' ,  
I 
j 

I I 

0C):c9:5s..! 
(398.2)  

30:09:53.4 
(593.34) 

TY4 -0.22 , SAC (i.i.1) I ' 3  

i 

TB4 + O m "  i 
j 

I 

T B i  +O.O j K / A  
I 
I 

TB4 +O.O i 5-IVB 
! 

i n i t i a t e  T i m e  Base A 
(TY4) 
Signal  from LVDC 
for :  Redundant 
S-IVQ Engine Cutoff 

Signal  Received i n  
S-IVB fo r :  
Redundant S-II'B 
Engine Cutoff 

Signal frsm LVDC 
fo r :  LOX Tank Vent 
Valve Open 

CLsnal Receivcd i n  

00:1~Y:58.1 j 

(598.2) ~ 

1)0:0!2:58.2 ~ 

(598.2) ~ 

0@:09:5&.2 . 
( 5 9 8 . 2 )  I 

00:07:58.4 , 
(>98.4) ~ 

00:09:58.4 
i 

00:09:53.56 
(593.56) 

00:04:53.5b 
(593.56) 

1 B i  +G.0 

TBS +0.3 

TBS +D.07 DAC (FM) 

NSFC 

DAC (FM) 

!4SSFC 

PAC !E<) 

90 :09 :53. @3 
(593.63) 

1 3  

I 

TB4 4-0.2 IU 
I 

I 
rB4 t0 .2  1 S-IVB 

I 

TB4 +0.4 j IU 
I 

00:09:53.76 
(593.76) 

TBS W.20 

TB4 +0.20 

TB4 w.37  

TE4 C0.26 

TB4 M.75 

00:09:5;.76 
(593. i b )  S-YVB fo r :  L 3 X  Tank (598.4) 

Vent Vs've Open 

91a ' .Signal from LVDC 
: for :  LHL Tn.L Vent 
, Valve open 

00 :09 :58.6 
(595.6) 

OC:@9:53.93 
(553.93) 

91b Signal  Received i n  00:09:58.6 
S-IVB fo r :  LH2 Tank , (598.6) 
Vent Valve Open 

TB4 +0.4 S-IVB 00:09:53.92 
(593.92) 

Signal  Zrom LVllC OC. .09: 59 .O 
for :  LOX Tank ' (599.0) 

TB4 +0.8 

TB4 4-0.3 

TB4 +i . .O 

TB4 +1.0 

rnb +I.? 

Ibr* +1.2 

TB4 +1.6 

IU 

S-IVB 

I U  

S-IVR 

UJ 

s-TVB 

I U  

00:09:54.31 
(594.31) 

MSFC ?.:a -- 
I P ressur iza t ion  

Shotoff Valves Close 1 

Signal  Received in j 
S-IVB For: LOX Tank 
Pressur iza t ion  
Shutoff Valves Close I 

S ignal  from LVDC ' 
for :  Prevalves / 
Close 

Signal  Receivau i n  j 
s-1m for: 
t revalves  i.losa 

S i g r d  from LMC 
for :  LOX Tank ! 
Fl ight  Pressuriza-  ~ 

cion Switch Disable ~ 

SiStitil Eacrived i n  ' 
S-LVB fn r :  LOX Tank j 
F1igt.t Pressu -ire- 1 
t i on  Switch llisable 

Signal  from L:'DC 
fo r :  LOX ChillJOm 
Yump Purge Off 

i 
1 

1 
i 
i 92b 00:09:59.0 

(599.0) 
00 : O O :  54.31 
(594.31) 

TB4 +O. 75 DAC (FX) 13 

j 93a 

I -- I 00:09:5?.? 
(59Y. 2) 

00:09:54.52 
(594.52) 

TB4 M.96 

TB4 +@.96 

TE4 +1.17 

FlSFC 

00:09:59.2 
(599.2) 

00:09:54.52 
(594.92) 

DAC (FM) 13 
I 

1 93b 

00:09:59.4 
(599.4) 

00:09:54.73 
(594.73) 

I 

IJ? :09 :59.4 
i 5 9 0 . 0  

00 :OY :54.73 
(594.73) 

TB4 +1.17 DAC (FM) 1 3  I ' J ib 
I 
I 

00:09:55.11 
(595.11) 

TB4 +1.55 OO:d9:54.8 
(5'39. P )  

J. 

*RmLe Zero = 22:48:08 (GEfT) 'See paragraph 4.5 

4-1 1 -- 



Sect ion 4 
Segueme of Events 

TABLE 4-1 (Sh 
AS-204 POSTFLIGHT 

1- PREDICTED TIHE I I I 

Etcergency Playback 
Enable 

Orbi ta l  Taaertion 

S t a r i  0rb:tal 
Guidanccftiavigation 

I 
[TEM 1 BASE (hr:min :sec) EVEN1 

, 00:10:08.35 
(608.35) 

NIP. 

95b 1 Signal  Received in 1 S-IVB for: LOX I (599.8) 
i C h i i l G c n  Pucp  
~ Purge Off 

96a Signal  from LVDC 00:f l i :Gd.O ! for :  Propel lant  (600.U) 

~ Disarm 

[ 00:09:59.6 

I 

L%pI?tim Cutoff : 
i 

96b / Signal  Received i n  OU.lO:OO.O 

97a 

97b 

9% 

9Sb 

99 

LOO 

lola  

LOlb 

102 

103a 

L03b 

t04 

104. 

1052 

L05b 

TB4 +1.6 

TB4 +1.8 

TB4 +1.8 

TB4 +3.1 

TB4 +3.1 

TB4 +3.3 

TB4 +3.3 

TE4 +3.4 

Td4 +3.5 

TB4 +3.7 

TB& +3.7 

TB4 +3.9 

TE4 +4.1 

TB4 +4.1 

S / A  

N f A  

TB4 +24.9 

TE4 +29.9 

t 9 of 26) 
EQUESCE OF EVESTS 

SIGNAL 
HONI- 
TORED 

AT - 
S-ZVB 

IU 

S--IVB 

I U  

S-IVB 

I U  

s-IVB 

IU 

I U  

I U  

s-IVB 

I U  

I U  

s-IVB 

N JA 

N f A  

I U  

s-1VB 

MONITORED TIME 

TIME FROM 
W G E  ZERO* 
:hr :min :sec) 

(sed ____ 
00:09:55.11 
(595.11) 

oO:09:55.32 
(595.32) 

00:09:55.31 
(595.31) 

00:09r56.62 
(596.62) 

00:09:56.62 
(596.62) 

00:09:56.81 
(596.81) 

00:09:56.81 
(596.81) 

00:09:56.93 
(596.93) 

00 : 09 : 57.02 
(597.02) 

00:09:57.23 
(597.23) 

00:09:57.23 
(597 -23) 

00 : 09 : 5 3.41 
(597.41) 

00:09:57.62 
(597.62) 

00:09 :57.62 
(597.62) 

00:10:03.54 
(603.34) 

00:10:10.73 
(613.73) 

00 : 10 :23.41 
(623.41) 

00:10:23.42 
(623.92) 

TIME FROY 
BASE 
( s e d  

TB4 +1.55 

TB4 +1.76 

T84 i1.75 

TB4 +3.36 

TB4 +3.06 

TB4 +3.25 

TB4 +3.25 

T%4 +3.76 

TB4 +3.46 

T B i  +3.66 

TB4 C3.65 

TR4 -3.85 

TB4 M.06 

TB4 4-4.06 

N!A 

N/A 

TB4 +29.85 

TB4 +29.46 

DATA 
SOURCE 

'Range Zero - 22:5R:08 !CHI) 
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Section 4 
Sequence of Event. 

TABLE 4-1 (Sheet 10 of 26) 
AS-204 POSTFLIGHT SEQUENCE OF EVENT!j 

D TIM 

Valve Close 

LORI Signal ReceLved i n  
S-IVB for: LOX Tank 
Vent Valve Close 

108a Signal  from LVDC 
for: LOX Tank Vent 
Valve Boost Close On 

S-IVB for: LOX Tank 
Vent Valve Boost 
Close (h 

109 Signal  from LVDC 
for :  N o s e  b n e / S U  
Separation Sequence 
S t a r t  "A" 

for: N o s e  ConelSLa 
S e p a r a t i m  Sequcnce 
S t a r t  "a" 

for: LOX Tank Vent 
V a l v e  B o o s t  C l o s e  
Off 

108b Signal Received i n  

110 Signal  from LVDC 

Llla Signal  f m  LVDC 

Lllb S igna l  Received in 
S-IVB for: LOX 
Tank Vent V a l v e  
Boost C l o s e  Off 

for :  Tele=try 
Cal ibra tor  In-Plight 
Ca l ib ra t e  On 

for: Tel-try 
Ca l ib ra to r  In-Plight 
Ca l ib ra t e  Off 

for: Nose ConelSU 
Separation Sequence 
S t a r t  Reset 

115a Signal  fro2 LVDC 
for:  Chi l ldam 
Shutoff V a l v e 8  Open 

L?Sb Signal  Received in 
S - I M  for:  Chi l l -  
dwn  Shutoff Valve5 
OP- 

for :  Pnva:ves Open 

S-IVB for :  Prc- 

L l 2  S i p a l  f r a  LVDC 

113 Signal from LVDC 

114 S i p d  f m  LVDC 

L16a Signa11 from LvpC 

116b Signal  Received i n  

valves open 

(To t o c a l  
a o r i z - t d )  

11& S*al  f r o m  L r n  
for: Slow bcord &I 

*- ZCro 22:48:08 ( 6 U  

117 S t a r t  P i tch  lbneuocr 

00 : 10: 38.4 
(638.4) 

00: 10 : 41.4 
(M1.4) 

00:10:41.4 
(641.4) 

oif : 10: 43.2 
(643.2) 

00 : 10 :43.4 
(643.4) 

00:10:43.6 
(643.6) 

00:10:43.6 
(643.6) 

00:10:48.5 
(648.5) 

00:10:53.5 
(653.5) 

00:10:53.7 
(653.1) 

00: 10: 58.5 
(658.5) 

00 : 10 : 58.5 
(658.5) 

00:10:18.7 
(658.7) 

00 : 10:58.7 
(658.7) 

M):ll:28.2 
(688.2) 

00:11:37.9 
(697.9) 

TBb +32.0 

TBb +C0.2 

TB4 -0.2 

TB4 443.2 

TB4 443.2 

TB4 +45.0 

TB& +45.2 

TB4 u 5 . 4  

n 4  u 5 . 4  

Ts4 +50.3 

TE4 +55.3 

TB4 +55.5 

TB4 +60.3 

TB4 W . 3  

TB4 +60.5 

I34 W . 5  

N /A 

m 4  +99.7 

SICNAL 
WI- 
TORED 
AT 

I U  

I U  

s-Iva 

I U  

s-IVB 

I U  

IS 

I U  

S-IVII 

IU 

I U  

N 

I U  

S-IVII 

I U  

s-IVB 

W A  

I U  

__ 
MNITORED TIHE 

TIHE FROM 
W G E  ZERW 
:hr  :rin : sec) 

(sec)  

00:10:25.51 
(625.51) 

00 : 10 : 33.71 
(633.71) 

00:10:33.71 
(633.71) 

00: 10 : 36.71 
(636.71) 

00: 10 : 36.71 
(636.71) 

0o:lO: 38.51 
(638.51) 

00:10:38.71 
(636.71) 

00 : 10: 38-91 
(638.91) 

00:lO: 38.91 
(638.91) 

00:10:43.81 
(643.81) 

00 :10:48.81 
(648.81) 

00:10:49.01 
'649.01) 

00: 10 5 3 .  $1 
(653.81) 

00:10:53.81 
(653.81) 

00: io:%. 01 
(654.01) 

00 : 10: 54.01 
(654.01) 

00:11:23.82 
(683.82) 

00:11:33.2?. 
(69 3.22) -_- 

TI= FROM 
BASE 
(8QC) 

TB4 +31.95 

TB4 440.15 

TBb -0.35 

TB4 +43.15 

TB4 +43.15 

TBb 444.95 

TB4 -5.15 

T14 +b5.35 

TB4 +45.35 

TB4 +50.25 

TB4 +55.25 

TE4 +55.45 

Ta 40.25 

TB4 W . 2 5  

TB4 m . 4 5  

TBb m . 4 5  

MTA ACCU- 
SOURCE 1 72) 
T 

i -- 
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Sect ion 4 
Sequence of Events 

11% 

1198 

TABLE 4-1 (%cat 11 of 26) 
AS-204 POSTFLIQIT SrrpU3NCE OF EvEwTs 

Signal Received in 00:11:17.9 
S-IM for:  Slar (697.9) 
Record on 
si@ f m  LVDC 
for :  Slar Record (k (707.9) 

00: 11 : 47.9 

119b 

120 

121 

122 

122.1 

122.2 

123a 

S i g n a l  ReceiPrd i n  
S - I M  for :  S l w  
Record on 
S i g n a l f r o m L V D C  
for :  -8 
Transponder Parrr 
Off 

Slgnal from LVDC 
for :  SLA Pam1 
Deployment "A" 

signal f m  LVDC 
for:  SLA Panel 
Ihploymlt 9" 

signal from L m c  
for :  SLA?mwl 
l k p l o y m t  nAn 

S l p d  from LVUC 
for: !XA P a d  

Simal from LVDC 

Deplopmt "s" 

00:ll:47.9 
(707.9) 

00:14:58.2 
(898.2) 

00 : 19 : 58.2 
(1,198.2) 

00:19:58.2 
(1.198.4) 

MIA 

u12 V e n t  V a l v e  

Signal Beocived in 
*-In IIU V e n t  V a l v e  
Close 

sigul from LMC 
for :  IIU T a t k  V e n t  
Valve Boost C l o s e  On 

Slgnal Recelved by 
S-IVB for :  1112 T d  
V e n t  valve Boost 
C l o s e  On 

signal f m m  LVDC 
, f o r :  lllz Tmk V e n t   valve Boost Close Off 

IS- Received by 
~S-IVB for :  lliz Tank 
V e n t  Valve Boost 
Close Off 

Si@ from LMC 
for:  Slat Record On 

Signal Received in 
S-IVB for:  Slow 
Record On 

S l g n a l  from LVDC 
for:  S l w  Bsmrd Off 

Signal Received in 

Record Off 

signal from Lmn: 

s-IVB for: Slow 

i 00:30:58.6 
(1,858.6) 

00:30:58.6 
(1,858.6) 

00 : 3k01.6 
(1,861.6) 

00:3l:01.6 
(1,%1.6) 

00:31:03.6 
(1,863.6) 

00:31:03.6 
(1,863.6) 

00:38:17.9 
(2,297.9) 
00:38:17.9 
(2,297.9) 

OO:38:49.9 
(2,329.9) 
00:38:49.9 
(2,329 $9) 

00 :38: 50.1 

123b 

124a 

124b 

125a 

12% 

1268 

126b 

127a 

127b 

128a 

128b 

- 
-E 

TB4 +99.1 

TB4 +109.i 

ln4 +109.1 

TB4 +m.c 

ni4  -.a 

ln4 m.1 

MIA 

MIA 

lB4 +1,260.4 

TB4 +1,260.4 

n4 +1,263.4 

lS4 +1,263.4 

TB4 +1,265.4 

TB4 +1,265.4 

184 +1,699.7 

TB4 +1,699.7 

Ta4 +1,731.7 

TB4 +1,731.7 

Ta4 +1,731.9 

lS4 4-1.731.9 

SI- 
mNI- 
maED 

AT 

S-IM 

IU 

S-IM 

IU 

N 

IU 

m 

IU 

Ill 

S-IVB 

IU 

S-IVB 

m 

S-IM 

nr 

E-IVB 

m 

3-IVB 

IU 

S-IVB 

00:11:33.22 
(693.22) 

00:11:43.21 
(703.21) 
00:11:43.21 
( 703.21) 

00: 14:53.51 
(893.51) 

00 : 19 : 53.51 
(1,193.51) 

00: 19 : 53.71 
(1.193.71) 

00:21:13.12 
(1,273.12) 

00:21:13.99 
(1.273.99) 

00:30:53.93 
(1.853.93) 

See R o t e  1 
at cld of 
t a l e  
00 : 30:M -93 
(1.856.93) 

s c t l l o t e l  
at md of 
teblc 

00:30:58.93 
(1,858.93) 

See Rote  1 
8t end of 
table 

00 :38:13.21 
(2,293.21) 
00:38:13.21 
(2,293.21) 

OO:38:45.21 
(2,325.21) 
00 :38:45.21 
(2,325.21) 

00:38:45.41 
(2,325.41) 

oO:38:45.41 
(2,325.41) 

TB4 +99.66 

lS4 +109.65 

lB4 +109.65 

TB4 +299.95 

5 4  +1,263.37 

lS4 +1,265.37 

FB4 +1,699.65 

8 4  +1,699.65 

M +1,731.65 

5 4  +1,731.65 

5 4  +1,731.85 

B4 +1,731.85 
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Section 4 
Seqtmncm of I h n t 8  

TABU 4-1 (Sheet 12 of 26) 
AS-204 POSTFLItZtT SBQlJmCE O? BvpwrS 

ITW 
no. - 

129. 

129b 

130. 

1% 

131. 

13D 

132 

133 

1% 

13bb 

135. 

13Sb 

136 

137. 

137b 

138. 

13% 

- 

m5nT 

Si-1 from LMC 
for: &corder 
Playback Off 

Slgmel Ueceiwed In 
S-IM for: *corder 
Pleyback Off 

for: S l w  Record On 

Siga8l Recelved'in 
S-IM for: S l w  
Ptcord (k 

for: Slaw Record Q 

S-IVB for: Slow 
Record (h 

Start lhaeurar to 
S q ~ r 8 t l o o  At t i tude  

for: T e l a t r y  
cll ibretor In-Fll&t 
c l l ibrete  (h 

for: Special 
T e h t r y  Callbra- 
tlm Q 

s l g l d  Received in 
S-IVB for: S p e c i d  
T e l a t r y  Cdlbra- 
tlm (k 

for: Regular 
Telemetry Callbra- 
tlm (k 

Signal Received in 
S-IVB for: Regular 
Telcrctry Calibre 
tim (h 

S l m  frar LVDC 
for: T e l a t r y  
Cellbrator In-Fllght 
Callbmte Off 
Si@ from LVDC 
for: Regular 
T e l a t r y  Cdlbra- 
tim Off 
Slgmel ReELIved in 
S-IM for: Regular 
l e l m t r y  Callbra- 
t i a m  Off 
SIgnal f m  LMC 
for: Spacial 
Telartry Callbra- 
tfam Off 
SI@ Rmelved in 
S-IM for: Special 
Telemetry Wlbr8-  
tim Off 

SI-1 f m  LMC 

SIga8l fnm LVDC 

si- Received in 

SI@ f m  LVDC 

SI@ f r a  LVDC 

slglul f r a  LVDC 

00 :42 : 22.1 
(2.542.1) 

00: 42 :22.1 
(2.542.1) 

00: 42 :22.3 
(Z.5b2.3) 
00:42: 22.3 
(2.542.3) 

00:42:32.3 
(2.552.3) 

00: 42 : 32.3 
(2,552.3) 

00:49:59.8 

00:53:42.9 
(3.222.9) 

(2,999-8) 

00:53:43.1 
(3.223.1) 

00 5 3 :  43.1 
(3,223.1) 

00:53:43.3 
(3.223.3) 

00:53:43.3 
(3.223.3) 

00:53:47.9 
(3.227.9) 

00:53:*8.3 
(3,228.3) 

00: 53:b8.3 
(3.228.3) 

00:53:48.5 
(3,228.5) 

00:53:48.5 
(3.228.5) 

TBb +1.943.9 

TBb +1.943.9 

TBb +1,944.1 

TBb +1.%4.1 

TBb +1,954.1 

TBb +1.954.1 

W A  

M +2.624.7 

M +2,624.9 

M +2.624.9 

M +2.625.1 

TBb +2.625.1 

TBb +2,629.7 

TM +2,630.1 

TB4 +2,630.1 

flu +2.630.3 

TBb +2.630.3 

S I W  
NOIiI- 
MaaD 

AT - 
IU 

s-IM 

N 

S-I .I 

n 

S-IVE 

W A  

Iu 

m 

s-XfR 

IU 

s-In 

m 

m 

8-IVE 

xu 

S-IfR 

- 

=IT 

00:42:17.41 
(2.537.41) 

OO:42: 17.42 
(2 -537.42) 

00:42 : 17.61 
(2,537.61) 
LW: 42 : 17.62 
(2.537.62) 

00 : 42 : 27.61 
(2.547.61) 
00:42:27.62 
(2.547.62) 

oo:so:oo.m 
(3.000.m)+ 

00:53:u).ao 
(3 .no. 20) 

at:53:3&uJ 
(3.218.40) 

00:53:38.u 
(3.218.42) 

00:53:38.61 
(3.218.6U 

00:53:38.63 
(3 .218.63) 

00:53:43.21 
(3,223.21) 

00:53:43.61 
(3.223.61) 

00:53:43.62 
(3.223.62) 

00 :53: 43. al 
(3,223.8l) 

00:53:43.83 
(3,223.83) 

TBb +1.943.85 

TBb +1.943.86 

TBb +1.944.05 

TBb +1.9b4.06 

ras +1.9U.05 

Tub +1.9U.o6 

W A  

M +2.624.64 

M +2,624.84 

M +2.624.86 

TB4 +2.625.05 

rar) +2.625.07 

M +2,629.65 

T54 +2.630.05 

Tu +2,630.06 

a4 +2,630.25 

TB4 +2,636.27 

DATA 
SOURCE 
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Sect ion 4 
Sequence of Events 

TABLE 4-1 (Sheet 13 of  26) 
AS-204 POSTFLIGHT SEQUENCE OF EVENTS 

lLOa 

140b 

141a 

141b 

142 

143 

144 

145a 

145b 

146a 

146b 

147a 

147b 

148 

149a 

149b 

1%. 

EVENT 

.M Separation 
Sequence I n i t i a t e d  

Signal from LVDC 
Cor: Slow Record On 

Signal Received i n  
j-IVB fo r :  Slow 
tecord On 

Signal from LVDC 
For: LH2 Tank Vent 
ilalve Open 

Signal Received in 
S-IVB for :  LH2 Tank 
Vent Valve Open 

Pitch t o  Local 
i o r i eon ta l  

Signal from LMC 
for: Temperature 
Zontrol Sensor B i a s  
)D 

Signal from LVDC 
Cor: Cooling System 
Electronic  Assembly 
Power  Off 

for: tf12 Tank Vent 
Valve Close 

Signal  Received in 
S-IVEi f o r  tf12 Tank 
V e n t  V a l v e  Close 

for :  LE2 Tank Vent 
Valve B o o s t  C l o s e  On 

Signal  Received in 
S-IVB for :  Lt12 Tank 
Vent Valve Boost 
Close On 

Signal  from LMC 
for:  rJi2 Tank Vent 
Valve Boost C l o s e  
Off 
Signal  Received in 
S-IVB for u12 Tank 
Vent Valve Boost 
Close O f f  

S igna l  from L W  
for:  Telemetry 
Ca l ib ra to r  Io-Plight 
Calibrate On 

Signal  from LVDC 
for :  Spec ia l  
T e l e r t r y  Calibra- 
t i o n  0th 

Silplal Baceiwd in 
S-IVB for :  Special 
Telemetry Calibra- 
tioa al 
Signal from L W  
for:  Regular 
Tdemtry Calibra- 
rim on 

signal from Lvw: 

signal from LVDC 

PREDICTED TIME 

TIME FROM 
RANGE ZERO 
hr:min:sec) 

(set) 

00: 53 : 54.8 
(3 .234 .8 )  

00:55:17.9 
(3,317.9) 

00:55:17.9 
(3,317.9) 

00 : 56 :43.2 
( 3.403.2) 

00:56:43.2 
( 3.403.2) 

00: 56 : 54.8 
(3.414.8) 

r, 1 : 12 m. 4 
(4,320.4) 

01: 13:40. i 
(4,420.4) 

01: 16:43.2 
(4.603.2) 

01:16:43.2 
(4.603.2) 

0 1 : 16 : 46.2 
I & ,606.2) 

01: 16:46.2 
(4,606.2) 

01 : 16 :48.2 
(4.608.2) 

01:16:48.2 
(4,608.2) 

01:29:12.9 
(5.352.9) 

01:29:13.1 
(5.353.1) 

01:29:13.1 
(5,353.1) 

01:29:13.3 
(5,353.3) 

N/A 

TB4 +2,719.7 

TB4 +2.719.7 

TB4 +2.805.0 

TB4 +2,805.0 

N/A 

TB4 +3,772.2 

TB4 +3.822.2 

TB4 cq.005.0 

TB4 44.005-0 

TB4 44,008.0 

m 44,008.0 

TB4 44.010.0 

TB4 +4.010.0 

TB4 M.754.7 

TB4 +4,754.9 

TB4 +4,755.1 

;IGNAL 
WNI- 
!ORED 

AT 

NIA 

[U 

= 

I-IVB 

[U 

i-IVB 

NIA 

[U 

tu 

[U 

5-IVB 

tu 

S-IW 

tu 

S-IVB 

IU 

IU 

s-IYB 

I U  

-- 

W I T  

TIME FROM 
MANGE ZERO* 
' h r  :min:sec) 

( s e d  

00:53:55.24 
(3.235.24) 

00 : 55 : 13.2 2 
(3.313.22) 

00 : 5 5  : 13.23 
(3.313.23) 

00 : 56 : 38.51 
(3.398.51) 

00 :56 :38.53 
(3.398.53) 

00 :56 : 55.80 
(3,415.80) 

01 : 11 : 55.71 
(4.315.71) 

01 : 13:35.71 
(4.415.;1) 

01 : 16 : 38.51 
(4,598.51) 

See Note 2 
at end of 
t a b l e  

01:16:41.51 
(4,601.51) 

See Note 2 
at end of 
t a b l e  

01:16:43.51 
(4.603.51) 

See Note 2 
a t  end of 
t a b l e  

01:29:08.2 
(5.348.21) 

01:29:08.41 
(5,348.41) 

01:29:08.4? 
(5,360.43) 

01:29:08.61 
(5.348.61) 

3D TIME 

TIME FROM 
BASE 
(set) 

N I A  

TB4 +2,719.66 

TP4 +2.719.67 

TB4 +2.804.95 

TB4 +2,804.97 

N/A 

TB4 +3.722.15 

TB4 +3.822.15 

TB4 44,004.95 

TB4 +4,007.95 

TB4 44,009.95 

TB4 44,754.65 

TB4 44,754.85 

m +4,?54.87 

TB4 +4,755.05 

4-ii 



Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 14 of 26) 
AS-204 POSTFLIGHT SEQUENCE OF EVENTS 

ITEU 
No. - 

150b 

151 

1528 

152b 

15 38 

153b 

1548 

154b 

1558 

155b 

1568 

l56b 

i 5 7  

158. 

158b 

1598 

159b 

1608 

EVENT 

Signal  Received in 
S-IVB fo r :  Regular 
Telemetry Calibra- 
t i on  On 

Signal  from LVDC 
for:  Telemetry 
Cal ibra tor  In-Flight 
Cal ibra te  Off 

S igna l  from L M C  
for:  Regular 
T e l e u t r y  Calibra- 
tion Off 

S igna l  Received in 
S-IVB for :  Regular 
Telemetry Calibra- 
t i o n  Off 

Signal from LVDC 
for:  Spec ia l  
Telemetry Calibra- 
t i on  Off 

S igna l  Received in 
S-IVB for :  Spec ia l  
Te lemetq  Calibra- 
t i on  Off 

S igua l  from LVDC 
for:  Slow Record On 

Signal  Received in 
S-IVB for :  Slow 
Record Oa 

Signal  from LVDC 
for:  Slou Record 
Off 

S igna l  Received i n  
S-IVB fo r :  S l w  
Record Off 

S tgaa l  from LVDC 
for:  Recorder 
Playback On 

Signal  Received in 
S-IVB for :  Recorder 
Playback 011 

S t a r t  Inertial 
At t i t ude  Hold 

for:  Recorder 
Playback Off 

S igna l  Received i n  
S-IVB for :  Recorder 
Playback Off 

S igna l  from LVDC 
for:  Slow Record On 

Signal Received i n  
S-IVB fo r :  Slow 
Record On 

S i p e l  from LVDC 
for :  Slow Record On 

S1-d fCOE Lvw 

PREDICTED TIME -- 
TIME FROM 
RANGE ZERO 

[hr :pin:sec) 
bet) 

01:29:13.3 
(5.353.3) 

01:29:17.9 
(5,357.9) 

01:29:18.3 
(5.358.3) 

01:29:18.3 
(5.358.3) 

01:29:18.5 
(5,358.5) 

01:29:18.5 
(5.358.5) 

01:29:18.9 
(5.358.9) 

01:29:18.9 
(5.358.9) 

01:29:48.9 
(5,388.9) 

01:29:48.9 
(5,388.9) 

01:29:49.1 
(5,389.1) 

01:29:49.1 
(5,389.1) 

01:31:24.8 
(5,484.8) 

01:35:44.9 
(5.744.9) 

01:35:44.9 
(5,744.9) 

01:35:45.1 
(5,745.1) 

01:35:45.1 
(5,745.1) 

01:35:55.1 
(5,755.1) 

- 
TIME FROM 

BASE 
( s e d  

TE4 +4,755.1 

TB4 +4.759.7 

TB4 +4.760.1 

TB4 +4,760.1 

TB4 +760.3 

TB4 +4.760.3 

TB4 +4,760.7 

TB4 +4.760.7 

TB4 +4.790.7 

TB4 +4,790.7 

TB4 +4.790.9 

TB4 t4.790.9 

m/A 

TB4 +5,146.7 

TB4 +5,146.7 

T04 +5,146.9 

T04 +5,146.9 

1 W I T O R E D  TIME 

SIGNAL TIME FROM 
MONI- RANGE ZERO* 
TORED (hr:min:sec) 

AT ( s e d  

S-IVB 01:29:08.63 
(5 ,348.63)  

I U  01:29:13.21 
(5.353.21) 

I U  01:29:13.61 
(5.353.61) 

S-IVB 

I U  

S-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

M I A  

I U  

s-IVI) 

m 

S-IVB 

xu 

01:29:13.64 
(5.353.64) 

01:29:13.81 
(5,353.81) 

01:29:13.84 
(5.353.84) 

01:29: 14.21 
(5,354.21) 

01:29:14.24 
(5,354.24) 

01: 29:44.21 
(5.386.21) 

See mote 3 
at end of 
t a b l e  

01:29:44.41 
(5,384.41) 

see mote 3 
a t  end of 

01 :31: 25.80 
(5,485.80) 

01 : 35 :40.21 
(5,740.21) 

01: 35 :40.24 
(5,740.24) 

t a b l e  

01t35:40.41 
(5,740*41) 

Q1:35 :40.44 
(5,740.44) 

01: 35 : 50.41 
(5,750.41) 

TIME FROM 
BASE 
( s e d  

~ .____ 

TB4 +4.755.07 

TB4 +4,759.65 

TB4 +4,759.85 

TB4 +4.760.08 

TB4 +4,760.05 

TEb +4.760.28 

TB4 +4,760-25 

TB4 +4.760.68 

TB4 +4,790.25 

TB4 +4,790.45 

RIA 

TB4 +5,146.65 

TB4 +5,146.68 

TB4 +5.146.83 

TB4 +5,146.88 

TB4 +5.156.85 

DATA 
SOURCE 

*Range Zero - 22:48:08 (WC) 
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Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 15 of 26) 
AS-204 POSTFLIGHT SEQUENCE OF EVENTS 

ITEM 
NO. 

le 

lbOb 

161a 

161b 

162a 

162b 

16 3 

164a 

164b 

165a 

16Sb 

166 

167a 

16 7b 

168a 

l68b 

169 

EVEXT 

Signal  Received i n  

Record On 
Signal  from LVDC 
fo r :  Passivat ion 
Enable 

Signal  Received i n  
S-IVB fo r :  Passiva- 
t i o n  Enable 

Signal  from LVDC 
fo r :  LH2 Tank Vent 
Valve Open 

Signal  Received i n  
S-IVB f o r :  LH2 Tank 
Vent Valve Open 

S igna l  from LVDC 
for:  Telemetry 
Ca l ib ra t e  In-Flight 
Ca l ib ra t e  On 

Signa l  from LVDC 
for :  Spec ia l  
Telemetry Calibra- 
t i o n  on 
Signal  Received i n  
S-IVB f o r :  Special  
Telemetry Calibra- 
tiw on 
Signa l  from LVDC 
for :  Regular 
T e l e m t r y  Calibra- 
t i o n  on 
Signa l  Received in 
S-IVB fo r :  Regular 
Telemetry Calibra- 
t i on .  

Signal  from LVDC 
for :  Telemetry 
Ca l ib ra to r  In-Flight 
Ca l ib ra t e  Off 

Signal  from LVDC 
for :  Regular 
Telemetry Calibra- 
t i on  Off 

Signal  Received in 
S-IVB fo r :  Regular 
Telemetry Calibra- 
t i o n  Off 

S igna l  from LVDC 
for:  Spec ia l  
Telemetry Calibra- 
t i on  Off 

Signal  Received i n  
S-IVB f o r :  Special  
Telemetry Calibra- 
t i o n  Off 

S t a r t  P i t ch  t o  
Retrograde At t i t ude  

S-IVB fo r :  Slow 

PREDICTED TIME 

TIME FROM 
RANGE ZERO 

[ h r  :min :see) 

01: 35:55.1 
(5.755.1) 

01:36:59.4 
(5,819.4) 

01: 36 :59.4 
(5,819.4) 

01:42 :28.2 
(6.148.2) 

01:42:28.2 
(6,148.2) 

01:44 :53.9 
(6.293.9) 

01:44:54.1 
(6.294.1) 

01 :44: 54.1 
(6.294.1) 

01 :44 :54.3 
(6.294.3) 

01  : 44 :54.3 
(6.294.3) 

01:44:58.9 
(6,238.9) 

01:44:59.3 
(6,299.3) 

01:44:59.3 
(6,299.3) 

01:44:59.5 
(6,299.5) 

01:44:59.5 
(6,299.5) 

01 :45:54.8 
(6,354.8) 

TB4 +5.156.9 

TB4 +5.221.2 

TB4 +5,221.2 

TB4 +5.550.0 

TB4 +5.550.0 

TB4 i-5.695.7 

TB4 +5.695.9 

TB4 +5,695.9 

TB4 +5.696.1 

TB4 +5.696.1 

TB4 +5,700.7 

TB4 +5,701.1 

TB4 +5.701.1 

TB4 +5,701.3 

TB4 +5,701.3 

N/A 

SIGNAL 
MONI- 
TORED 

AT - 
S-IVB 

IU 

S-IVB 

I U  

s-IVB 

I U  

I U  

S- IV3 

S-IVB 

I U  

I U  

S-IVB 

I U  

S-IVB 

#/A 

- 
MONITORED TIME 

TIME FROM 
M G E  ZERO* 
( h r  :min : sec) 

01:35:50.43 
(5,750.43) 

01  :36:54.71 
(5,814.71) 

01: 36:56.74 
(5,814.74) 

01:42:23.51 
(6.143.51) 

01:42 A3.42 
(6,143.42) 

01:44:49.21 
(6,289.21) 

C1:44 : 49.41 
(6,289.41) 

01 : 44 : 49.4 3 
(6.289.43) 

01  : 44 :49.61 
(6.289.61) 

01:44:49.63 
(6,289.63) 

01 :43: 54.21 
(6,294.21) 

01:43:54.61 
(6,294.61 ) 

01:44:54.63 
(6.294.63) 

01 : 43 64.81 
(6,294.81) 

01:44:54.83 
(6,294.83) 

01 : 45 : 55.80 
(6.355.80) 

TIME FROM 
BASE 
(see) -- 

TB4 +5,156.87 

TB4 +5,221.15 

TB4 +5.221.18 

TB4 +5.549.95 

TB4 +5.549.86 

TB4 +5.695.65 

TB4 +5.695.85 

TB4 +5.695.87 

TB4 +5.696.05 

TB4 +5.696.07 

T!34 +5,700.65 

TB4 +5,701.05 

TB4 +5.701.07 

TB4 +5,701.25 

TB4 +5,701.27 

N /A 

MSFC 

DAC (M) 

MSFC -- 

DAC (FM) 13 

DAC (FN) 13 

MSFC I -- 

1 3  

-- 

I 

13 

-- 

1 3  

-- 

*huge  Zero - 22:48:08 ((WT) 
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Sect ion  4 
Scquenre of Evews 

TABLE 4-1 (Sheet 16 of 26) 
AS-204 POSTFLIGHT SEQUENCE OF EVENTS 

[TEM 
NO. - 

170a 

170b 

171a 

171b 

172. 

!72b 

L73a 

L73b 

L74a 

L74b 

1750 

L75b 

L76a 

L76b 

L774 

L77b 

L78a 

L78b 

179. 

EVENT 

Signr l  from LVDC 
for :  Auxiliary 
Hydraulic Pump Cocst 
k d e  On 

Signal Received i n  
5-IVB fo r :  
huxi l ia ry  Hydraulic 
Pump Coast Mode On 

Signal from L V L X  
for:  LH2 Tank Vent 
Valve Close 

Signal Received in 
S-TVB fo r :  U 2  T4nk 
Vent Valve Close 

Signal from LVDC 
for :  l g2  Tank Vent 
Vilw Boost C l o s e  On 

Si-1 Received i n  
S-IVB fo r :  LH2 Tank 
Vent Valve Boost 
Close On 

Signal from LVDC 
for :  U 2  Tank Vent 
Valve Boost Close On 

S i g n a l  Received i n  
S-IVB fo r :  LH2 Tank 
Vent Valve Boost 
C l o s e  Off 

S igna l  from LMC 
for:  S l w  Record On 

Signal  Received i n  
S-IVB for :  Slow 
Record On 

Signal  from LVDC 
fur :  Slaw Record 
Off 

S igna l  Received i n  
S-IVB fo r :  Slow 
Record Off 

S igna l  f r a  LVDC 
for:  Recorder 
Playback (k 

Signal Received in 
S-IVB fo r :  Recorder 
Playback (k 

Signal  f r a r  LVDC 
for :  Recorder 
Playback Off 

Signal Baeeiwi in 
S-IVB fo r :  Recorder 
Playback Off 
Sign41 f r m  LVDC 
for:  Slaw Record olr 
Signal Received in 
S-IVB for :  S l w  
Record (k 

S J g n a l  f r a  LMC 
for :  Slow Record On 

I 

PREDICTED TTW 

TIKE FROM 
RANCE ZERO 

:hr:m.Sn :sac) 
( s e d  

01:46:18.2 
(6,378.2) 

01:46:18.2 
<6.378.2) 

01:52:28.~ 
(6.748.2) 

01:52:28.? 
(6,748.2) 

01:52:31.2 
(6.751.2) 

0~.>2:31.2 
(6,751.2) 

01  :52: 33.2 
(6,753.2) 

01:52:33.2 
(6,753-2) 

02 : 10: 39.9 

02:10:39.* 

(7,839.9) 

(7.839.9) 

02:11:11.9 
(7.e71.9) 

02 : 11 : 11.9 
(7.871.9) 

02:11:12.1 
(7,872.1) 

32:11::2.1 
(7,872.1) 

02 :If :40.1 
(8,140.1) 

02: 15:M.l 
(8,140.1) 

02:15:40.3 
(8,140.3) 

02:15:40.3 
(8,140.3) 

02:15:50.3 
(8,150.3) 
-- 

rm FROM 
BASE 
(8cc) 

TPA +5.780.0 
__c- 

TB4 +5.780.0 

TB4 +6.150.0 

TB4 +6.150.0 

TB4 +6,153.0 

TB4 6 , 1 5 3 . 0  

TB4 6 , 1 5 5 . 0  

TB4 6.155.0 

TB4 4-7.241.7 

TB4 +7.241.7 

TB4 +7.273.7 

TB4 +7.273.7 

TB4 +7.273.9 

I%& +7.273.9 

TB4 +7.541.9 

T84 +7,541.9 

TB4 +7,542.1 

TIU +7,542.1 

T84 +7,552.1 

SIGNAL 
MONI- 
TORED 

AT 
I 

i U  

S-IVE 

IU 

s-IVB 

LU 

S-IVB 

I U  

s-IVB 

I U  

s-IVB 

xu 

3-IVd 

IU 

5-IVB 

I U  

s-IVB 

Iu 

s-IM 

m 

HONIiORED TIME 

TIME FROM 
UNGE ZERO* 
:hr :min:sec) 

bet) 

Oi:46:13.51 
(6,373.Sl) 

01:46:13.53 
(6.373.53) 

01 :52:23.51 
(6.743.51) 

0 1 5 2  :23.54 
(6,743.54) 

01:52:26.51 
(6.746.51) 

01  :52 :26.54 
(6,746.54) 

01:52 Z28.5; 
(6,748.51) 

0 1 5 2  :28.54 
(6,748.54) 

02:10:35.22 
(7,835.22) 

02:10:35.24 
(7,835.24) 

02:11:07.22 
(7.867.22) 

02: 11 :08.24 
(7.868.24) 

02 :11*07 -42 
(7 I 867.42) 

02:11:08.44 
(7.668.44) 

02 : 15: 35.41 
(8,135.41) 

02:15:35.43 
(8,135.4 3) 

02:15:25.61 
(8,135.61) 

02:U:35.63 
(8,135.63) 

02 :15 :45.61 
(8,145.61) 

TIHE FROM 
BASE 
( s e d  

TB4 +5,779.95 

TB4 +5.779.97 

T84 '6.149.95 

TB4 +6,149.98 

TB4 6 , 1 5 2 . 9 5  

TB4 6 , 1 5 2 . 9 8  

TB4 +6.154.95 

TB4 +6,154.98 

TB4 +7.241.66 

TBI t7.241.86 

TB4 +7.273.66 

TB4 +7.174.68 

TB4 +7,273.86 

TB4 +7,274.68 

TB4 +7.541.85 

"34 +7.541.07 

TB4 +7,542.05 

TE4 +7,5h2.07 

TB4 +7,552.05 

-- 

DATA 
SOURCE 

l3 ! 



Section Ir 
Seauence of Events 

USFC 

'iABLE 4-1 (Sheet 17 of 26) 
AS-204 POSTFLIGHT SEQJENCE OF EVENTS 

' 

[TEM 
NO. - 
L79b 

16d 

L81 

182a 

l82b 

183 

184 

L85a 

185b 

18ba 

k86b 

187 

188a 

188b 

FVENT 

- 
Signal  Received i n  
S-IVB for: Slow 
Record On 

Star t  P i tch  t o  
Passivat ion A t t f  tude 

I n i t i a t e  Constant 
Rol l  

Signal  from LVDC 
for:  Auxiliary 
Hydraulic Pump 
Fl ight  Mode On 

Signal ileceived i n  
S - W B  for :  
Auxiliary Hydraulic 
P u p  Fl ight  Mode On 

Signal  from LVDC 
for :  F l igh t  Control 
Computer S-IVB B u m  
Mode On "A" 

Signal  from LVDC 
for :  F l igh t  Control  
Computer S-IVB Burn 
Mode On "8" 

Signal  from LVDC 
fo r :  Engine Main- 
s t a g e  Control  Valve 
open On 

Signal  Received i n  
S-IVB for :  Engine 
Mainstage Control 
Valve open On 

Signal  from LVDC 
fo r :  Engine le 
Control Valve Oprn 
on 
Signal  Received i n  
S-IVB fo r :  Engine 
H e  Control Valve 
Open On 

Signal  fiom LVDC 
for: Telemetry 
Cal ibra tcc  In-Fl ight  
Cal ibra te  r)n 

S,gnal from LVDC 
for: Special  
Telemetry Cal ibra-  
t i o n  on 
Signal  Rt, .ived in 
S-IVB fo r :  Special  
Telemetry Calibra- 
t i o n  on 
Signal  from LVDC 
fo r :  Regular 
Telemetry Calibra- 
t i o n  on 
Signal  Received Ln 
S-IVB for: &gular 
Telemetry Cel ibra-  
t ion on -- 

- 
PREDICTED TIME 

TIME FPOM 
RANGE ZERO 
h r  :min : se c) 

(sec)  

02 :15 :50.3 
(6,150.3) 

02 :20 : 38.2 

02 :25 ~ 5 5 . 2  
(8.755.2) 

03 :26: 13.0 
(5,773.0) 

--_i 

(8,439.2) 

02  :26 :13.0 
(8,773.0) 

02 :26 :18.3 
(8.778.3) 

02 :26 :18.5 
( 8.7 78.5) 

02:26:19.0 
(8,779.0) 

02  :26 :19.0 
(8.779.0) 

02 :26 : 19.2 
(8.779.2) 

02:26:19.2 
(5.779.2) 

02 :26:47.9 
(8,807.9) 

02 :26: 48.1 
(8,808. I ) 

02:26:4O. 1- 
(8.%8.1) 

02 :26 :48.3 
(8,808.3) 

02  : 2 6 ~ 4 8 . 3  
(8,808.3) 

TIME FROM 
BAS E 
( s ec )  

~ _ _ _  
TB4 +7.552.1 

N f A  

N I A  

TB4 +8,174.8 

TB4 +8,174.8 

T B ~  +8, iao. i  

TB4 +8.180.3 

TB4 +8.180.8 

TB4 +8.180.8 

TB4 +3,181.0 

TB4 +8,181.0 

TB4 +8,209.7 

TB4 ' ?  209.9 

TB4 +8.209.9 

TB4 +8,21iJ.l 

TB4 +8.210.1 

- 

SIGNAL 
YON I - 
TOi3ED 

AT 

3-IVB 

=_- 

X I A  

Nfh 

IU 

S-IVB 

I U  

I U  

IU 

S-IVB 

IU 

S-IVB 

I U  

I U  

5-IVB 

10 

s-Iva 

TlME PROM 
W G E  ZERO* 
(hr:min: sec) 

___i___- 

(see) 

02:15:4> ... 3 
(8,145.63) 

02 :2O:33.8 
(8,433.8)) 

02:25:50.34 
(8,750.8) 

02 : ?h :i18.31 
(8 ,7c  3.31) 

02:26:08.34 
(8,768.3b) 

02 :i6 : 13.61 
(8,773.61) 

02 :26 : 13.81 
(8,773.81) 

02:26:14.31 
(8,774.31) 

02:26:14.35 
(a, 774.35) 

!?2:26:14.51 
(8 '74.51) 

02:26:14.55 
(8,774.55) 

02 : 26 :43.21 
(8,803.21) 

02 :26:43.41 
(8,803.41) 

02:26:43.44 
( 8 . M  I .  44) 

02 : 26:43.tl 
(8,803.61) 

02:26:43.05 
(8,803.65) 

-1- 

I_ 

TIME FROM 
BAS E 
(sei ) 

-- 
TB4 +7,552.07 

v /A 

Nfh 

T134 +8,174.75 

TB4 +8,174.78 

TB4 +8,1EQ.C5 

TB4 +8,180.25 

TB4 +8.180.75 

TB4 +8,180.79 

TB4 +8,180.95 

T t  '. +8.180.99 

TB4 +8.209.65 

TB4 t8.209.85 

TZ4 +8,209.88 

TB4 +8,21r).05 

T14 +8,210.09 

-- 

-I--- __ -- 

I 

-- 

MSFC -- 
I 

MSFC I -- 



Scct isn  G 
Sequeace 2' Events 

TABLE 4-1 (Sheet 18 of 26) 
AS-201 XSTFLICtiT SEQUEXCE OF EV'MTS 

.. 

TBL +8,21;.7 

TB4 +8.215.1 

02 :25: 52.3 
(8,812 -3 )  

IC? i Signal from LVDC 
I j ror: *[eleretry 

i 1 9 h  Signal from LVDC 
; j for:  Regular (8.813.3) 

i 
, Cal ibra te  ln-Flipnt 
I Ca l lbra te  3 f f  1 

02:26:13.3 

Telemtry  Calibra- i 
' tim O f f  I 

i 

02:26:&8.21 lB4 +5.2!.4.65 I XSFi' -- . 
I ! 

! T64 +8,i15.05 : PLSFC -- 

( 7  808.21) 

1 
02:26:48.61 
(e.808.61) 

02:26:48.65 
(8.808.65) 

G2:26:48.81 
(8.8@8.81) 

02:26:18.85 
(8, Ipn8.85) 

02:26:51.21 

02:26:51.24 
(8.811.24) 

02:27:35.51 
(8,855.51) 

(8,811. -21) 

Z 27:35.71 
(8.855.71) 

02:28:14.51 
( a . m . s i )  

02 :i8: 14.55 
(6.894.55) 

02:28:lS5.51 
(8.895.51) 

02:28:15.55 
(8,8*5. 55) 

02:28:24.31 
(8,904.31) 

02:28:24.35 
(8.906.15) 

02:28:24.2 
(8.904.51) 

-I--- 

i 
I ! 

191b 

192a 

192b 

193. 

193b 

194 

195 

!96a 

L.'4b 

1970 

L97b 

L9Ea 

L98b 

TIC +P.215.1 

TBI +8.215.3 

TBb +8.2:5.09 i3AC (FH) 
1 

184 +8.215.25 j?(sFC 

I 02:26:53-3 
Oignal Received i n  
S-1VB for:  Eeguhr ! (8,811.3) 
Tcleuetry Calibra- 1 
tioa Cff 

Signal from L V X  \ 02:26:53.5 
for: special 
Telcaetry Caliors- 
t z<a  Off 

I 
i 

TB1 +8,215.29 ' GAC !R() I 
I 
I 

Sir-cl beceived i n  

lelerctry Calibra- 
c i a  Otf 
Signal from LVDC 
for :  Si- Recozd (h 

S i m a l  Received !.a 
S-IM for:  Slov  
Record (h 

for :  F l igh t  Control 
Coquter Burn Mt& 
Off "A" 

Signal f r a  JVDC 
€0.: Fl ight  Coa.ro1 
Coquter Burn nodL 
Off "B" 
Signal I r a  L'JDC 
fcr: bginu Main- 
stage Cmcrol  V a l v e  

Signal Receiwed in 
S-IVB for: Engine 
k i n s t a g e  Coatrol 
Balwi Open Off 

S;&l f r m  LVDC 
for :  Engine Hr 
Lootrrl  Valve Open 
Off 

Signal Received in 
S-IVB for :  Eagfne 
ik Coatroi Valve 

Signal froa LMC 
for :  Engine Igni- 
tfm Phase Control 
Valve O~ISI 

Sig ra l  Received i n  
S-IVB for:  F-ginr 
l gn i t l oa  phase 
Control  valre open 

s-1VE foz: special 

Signal f r a  LVDC 

opcr Off 

open Off 

02 :26:53.5 
(8,813.5) 

02:26:55.9 
(a.ai5.3) 

02:28:55.9 
(a.815.9) 

02 : 2 7 :40.2 
(a.aw.2) 

02:27:40.2 
(C.860.4) 

02 :28: 19.2 
(8,899.2) 

02:21:19.2 
(8.999.2 ) 

02:28:20.2 
(8.900-2) 

02:28:20.2 
(8.900.2) 

02:21:29.0 
vwo9.o) 

C2:2t?:29.0 
(8.909.3) 

02 :28: 29.2 
(8,909 2) 

- -_ 

TBO +8.215.3 

TI5 +b.217.7 

13  

' 3 4  +S.217.65 ;SIX 
i 

TB4 +P.217.68 !LUC (FW TB4 +8,217.7 S-IVB I ! 

! 
TB4 +8.261.95 j S F C  

I 
TB4 +8,162.0 

TB4 +P.262.2 IU 
1 

TB4 +8.Ml.O 13 

TBA 4I.Ml.O s-IVB TIS4 + P . 3 0 0 . ~ 1  

TB4 +8.101.95 

TB4 +9.30i.98 

T84 M.310.75 

TB4 +b.3:0.79 

IS4 + 8 . 3 x . 9 3  

IF4 +8.M2.0 1 IU 
T94 +8.302.0 

TBi +8,310.8 

TB4 +8,310.U 

1P4 +h.3!1.0 

~. - 

S-lVa 

IU 

S-IVB 

IU 

I 
-- I 

I 
-1 

199s Signal &.tor L M C  
for:  &line H e  
Coccrol V a l v e  Upen 

*Ranpe 7ero = "':48:08 (n! 



Sect lun  3 
Sequrxe  of Lvrnts 

I---] 
TIME FhOX 

ILViGE ZER(I .  
(hr: min : s e c )  

( s e d  - 

02:28:24.55 
(8.904.55) 

TILIE FKUX 
BASE 
( s e c j  

~. - ~ _ _ .  

TB4 +8. \10.99 1Y9b Signa l  Received 1.. 
S-IYB for: Engine 
He Co: trc: ds lve  
Open 3r. 

a12 : 28:29.2 
(6 ,  Y09.2) 

TBS +8.311.0 1 3  i 

! -- , 230a 1 S'qnal from LVDC j 02:31:29.2 
i for:  Eugine Igni- (9,08Y.:j 

t i o n  Phase Cont ro l  I 

TB4 +8.491.O 02 : 3 1 : x . j l  
(Y.OSL.51) 

T54 +8,4"0.95 

LOOb 

~ ?Ola 

I 
~ 22lb 
I 

i 

202a 

: 202b 

203s 

1 
i 203b 
I 

I204a 
t 

i 

i Valve Llased  I 
S idna l  Received i n  02:31:LY.2 
S-ILLI f c r :  Engine ' ( 9 . 0 W . 2 )  
I g n i t i o n  Phase 
Ccn t ro l  Valve Clored ! 

Sigi ia l  f r o m  I.VW 1 G2:31:30.2 
for: Engine He f (9.090.2) 
Coutro l  Val**e +en 
Uf f j 

S-IVB 02: 31:24.55 
(9,084.55) 

TB4 +8,490.99 DAC (M) 

!4S FC 

DAC (FM) 

MSFC 

DAC (FM) 

US FC 

DAC (FM) 

S F C  

M C  (FM) 

S F C  

DAC (a) 

13 j TB4 +P.49i.O 

TB4 +8.492.0 02 : 31 :2 5.51 
(9.085.51) 

02 : 31:25.55 
(9.085.55) 

S i g n a l  .:.xeived i n  
S-II'B f x  Engine He 
Contro l  Valqe OpeF 
Off 

Elgztal from LVDi 
for: Auxiliary 
Hvdraul ic  Pllm, 
Coast Mode On 

S i g n a l  Received i n  
F-IV3 for :  
Auxiliary Hydraulic 
Pump C o a s t  bode &. 

S i g n a l  from L M C  
for :  Aux i l i a ry  
Hydraul ic  Pump C o a s t  
%de Off 

S i g n a l  Received i n  
S-IVB for :  
A m i  l i a r  Hydraulic 
Pump Coast k d e  Off 

S igna l  from L"ry3 
fcer: U 2  Tank Vent 
ir lve Open 

S i g n a l  Received i n  
S-IVB for: LH2 Tank 
Vent Valvr. Open 
Siganl f r rm LW3 
for :  LCd Tank Vent 
Valve Open 
Signa: Raceived in 
S - I D  for: LOX rank 
Vent V d v e  Open 

Tetminate Constmt 
Roll 

Pit:h 'Jose iJp LO 
Local Hor izonta l  

Vatcr Coolant :'a:ve 
Open 

02 : 31: 30.2 
(3.090.2' 

TB4 +8, ;91.99 13 

! 

02 :31:s!. i 
(5.092.7) 

'184 +8.494.5 TB4 +8,&94.45 02 : 31 :28.01 
(9.038.01) 

I 
02: 3k28.05 
(9.088.05) 

S-IVB 

I U  

S-iVB 

I U  

s-IVS 

IU 

S-IVB 

N /A 

N lh 

11' 

I U  

I U  

02 : 31: 32.7 
(9.0Y2.7) 

TB4 +6.494.5 TB6 8.494.49 

02 : 31 : 32.9 
(9 ,e92 -9) 

TBI, +8.494.7 02 : 3k28.2 * 
( 3 ,  G88.2 1 ) 

TB4 +8.494.65 

32: 3i: 32.9 
(9.09? .9) 

TB4 +8.&94.i 02:3::28.25 
(Q.088.25) 

TB4 -8,494.69 

02 : 31 : 39.0 
(9.099 .O) 

TB4 +8.500.8 

TBC +8.500.8 

TB4 +8.301.0 

TB4 +8,501.0 

N,'A 

NIA 

Nf , 

NIA 

PB4 +9.755.0 

02: 31:28.31 
(9.094.31) 

TB4 i-8.500.75 

OZ:?!  :39.0 
(9.u99.0) 

01 :31:34.35 
(9,094.35) 

TB4 +8.500.79 2C4b 

205a 

205b 

206 

207 

207. I 

02:31:34 51 
(9,094.51) 

02 : 31:34.55 
(9.094.55) 

Oi:31:39.2 
(9.099.2) 

02 :31: 39.2 
(9.099.2) 

TB4 +8,500.95 

TB4 +8.500. S 

YSFC I 02: .2.25.2 
(9,145.2) 

02 : 36: 38.2 
(9,398. : > 

# / A  

02 :32 :23.74 
<Q, 143.74) 

02 : 36 33.80 
(9,333 -8) 

(9,430.50) 

02:42:01.00 
(9,731.00) 

02:52:29.51 
(10.349.51) 

02:37:10.50 

N I A  

K I A  

N/A 

N I  1 

TB4 +9,755.95 

YSFC 1 
I 

3jFc i 
I B F L  

BFC I 
207.2 Water Coolant Valve 

I Cl lS.0 
N:A 

i 0 8 a  S i g n a l  from L I X  
for :  M Y  Tank 
P r e s s u r i z a t i m  
Shu to f f  Valves Open ___ .- - - 

OL : 52: 34.2 
(10.35'4.2) 

i 
- . L  

*Rarge Zero = 22:48:08 Ira) 

1-22 



Sect ion 4 
Sequence of Lvents 

TABLE 4-1 (Sheet 20 of 26) 
AS-204 POSTFLIGHT SEPJENCE O t  EVENTS 

r 

k 

i 209b 

IlEN i NO. 

209r 

1210a 

I 
1210b 

I 
j l l l a  

I 

1 PREUlfXED T I M  1 AONITORED TIME - 
TIYZ FROM 

RAVGE ZERO* 
(hr:min :sec) 

i s ec )  _ _ ~  
02 :52 :29.53 
(10,349.53) 

SIGNAL 
m1- 
T O E D  BAS E 

(sec)  I AT 

DATA 
SOURCE 

ACCU- 
RACY ! RAXF ZER( 

1 fhr:min:sec 
I (sec) 
---? - 

EVWT 

__I 
.I_-- 

Signal  Received in n:-i2:34.; 
S-IVI fo:: LOX Tank I (10,35&.21 
Pres  s u r  i +at 1 on 
Shutoff Valves Open 

Signal  from LVDC 1 02:5;:36.5 
for :  S l r u  Record On 1 (10,356.9: 

S igna l  Received in 02:52:36.5 
5-IVB for :  Slow (10.356.9) ' 

TB4 +9.756.0 S-IVB ==I- 1 3  +9.758.7 , LU MSFL 1 , -- 02:52:32.22 
(10,352.22) 

02 :52 : 32.24 
(10.352.24) 

02:53:04:21 
(10,384.21) 

184 +9.758.1 

TB4 +9.790.? 

TB4 +9.790.1 

TB4 +9.790.9 

TB4 +9.790.9 

rB4 +10,072.9 

TB4 +10.072.9 

LF.4 +10.373.1 

3 4  +10.07?.1 

: ~ 4  +io.oe3.i 

34 +10.1)8;.1 

:B? ~10.407.7 

1 3  

-- 

S-IVB 

I U  

S-IVE 

I U  

S-IVB 

Iii 

S-IVB 

IU 

S-IVB 

I U  

S-IVB 

IIJ 

IU 

S-IVB 

IU 

s-IVB 

IU 

TB4 +9.758.68 

Record On 
Signal  from LVDC 
fcr: Slow Record 
Off 

S igna l  Received i n  
S-IVB for :  Slow 
Record Off 

S igna l  from LVDC 
for :  Recorder 
Playback On 

Signal  Received i n  
S-IVB for: Recorder 
Playback On 

Signal  from LVDC 
for :  Reiovd=r 
Playback O f f  

Signal  Ieceived i n  
S-IVB for :  R*.;order 
Playback Off 

S igna l  from 1.W 
for:  Slcu &cord On 

02:53:08.4 
(10,388.9) 

02 :53:08.5 
(10.338.9) 

02 : 53: 09.1 
(10,387.1) 

02 :53:01.1 
( 10,389.1) 

02:57:51.1 
(10.671.1) 

1)2:57:51.1 
(10.671.1) 

02:57:51.3 
(10,671.3) 

02:57:51.3 
(10,671.3; 

02:58:01.3 
(10,681.3) 

02 : jS:Ol .  3 
(10.681.3) 

03:03:25.~ 
(11,005.9) 

63:03:26.1 
(11,006.1) 

03:03:26.1 
(11,006.1) 

03:03:26.- 
(11,006.3) 

03:03:26.3 
(11,006.3) 

03:03:30.9 
(11.010.9) 

TB4 +9,790.65 

TB4 i0.79C.57 

TB4 +9.790.85 

TB4 W.790.8; 

IB4 +10,072.85 

02 :53:04.23 
(10.385.2 3) 

DAC (FH) 1 13 

I 
02: 53 :34 : 41 
(10.384.41) 

? l l b  

212a 

212b 

213a 

213b 

214a 

214b 

2 15 

216a 

2 16b 

217a 

217b 

2 18 

02: ;>:34.43 
(lo, 391; -43) 

02 : 57 :46.41 
(10,666.41) 

USFC 

DAC (FH) 

Ks FC 

DAC (€74) 

K S F C  

DAC (Pa) 

K S F C  

BFC 

D A C  (FH) 

mFc 

DAC (pH) 

WPS 

See Note 4 
a t  end of 
t a b l e  

02:57:46.41 
(16,666.61) 

TB4 +10.073.05 

Sighal  Received i n  
s-IVB for :  Slov 
Record On 

Signal  from LVDC 
for:  31w Recora 
Cil 

Signal  Received i n  
S-IVB for :  S l w  
Kecord On 

Signal  from L W  
for: Telemetry 
Cal ibra tor  In-Fllght 
Cal ibra te  On 

S i g n a l  from LVDC 
for: Specia l  
le lemetry Calibra- 
t i o n  on 
Signal  Received i n  
S-IVB f o r :  Spec ia l  
re leoe t ry  Cal ibra-  
t i o n  On 

Signal  from LVDC 
for :  Regular 
releoetry Calibra- 
t i o n  on 
Signal  Received i n  
S-IVB for :  &gular  
Telemetry Calibra- 
tion on 
Signal  from WDC 
for :  Telemetry 
Cal ibra tor  In-Flight 

See Note 4 
a t  end of 
t a b l e  

02 : 57 : 56.61 
( 13,676.61) 

TB4 +10.083.05 

TB' +lO.083.16 

TB4 4-10.4G7.65 

02:57:56.72 
(10.696.72) 

03 :03: 21. d l  
(~1,00:.21) 

:B4 +10,407.9 03:03:21.41 
(11.001.41) 

34 +10.'07.9 03 : 03 : 2 1.45 
(11,001.45) 

TB4 +10.4@7.89 13 

-- 

13 

-- 

'B4 +10.408.1 rsi. +i0,408.05 

TB4 +10.4(?8.09 

TB4 +10.412. b5 

03:03:21.61 
(11.001.61) 

'EL +10.408.1 03:03:21.65 
(-1.001.65) 

34 ~10.412.7 03:03:26.21 
(ll.OS6.2I) 

Cal ibra te  Off " I  
I- 

*Range Zero = 22:48:08 (M) 
4-23 



Section 4 
Sequence of Events 

TB4 +10,413.3 

T34 +10.413.3 

TABLE 4-1 (Sheet 2 1  of 26) 
AS-LO4 POSIFLICHT SEQUEL';E OF EVCVTS 

I U  

S-IVB 

EVENT ITEE 1 
NO. I 

TB4 +11.057.6 

1 Tclemetry Cal ibra-  

219b I S ignal  Received i n  
I tior O f f  

I U  

220a 

LL?b 

2 2 1  

2221 

222b 

223a 

223b 

22Ja 

22ib 

225a 

225b 

226a 

22tb 

227a 

227b 

- 

' (11.655.8) 

03: 14 :15.8 
(11.655.8) 

03 :14: 16.0 
(11,656.0) 

03:14:16.0 

S-IVB for: Regular 
Telometry Calibra- 
t ion  Off 

Signal  from LVDC 
for :  Special  
Telemetr. -:bra- 
t ion  p i f  

Cig.iisl h ::rve< in  
5-IVB for: Speciar 
T e l e w t r y  Calibra- 
tion Off 

Hater Coolant Valve 
Closed 

Signal  fram LVDC 
for :  LOX Tank 
Pressur iza t ion  
Shutoff Valves Close 

Signal  Received i n  
S-IVB for :  LOX Tank 
Pressur iza t ion  
Shutoff Valves Close 

Signal  from LVDC 
for: LOX Tank Vent 
Valve Closa 

Signal  Received by 
S-IVB for: LOX Tank 
Vent Valve C l o s e  

Signal from LVDC 
for :  LH2 Tank Vent 
Valve Close 

Signal  Received In 
S-IVB f o r :  LH2 Tank 
Vent Valve Close 
Signal  from LVDC 
for :  LOX Tank Vent 
Volve B o o s t  C l o s e  011 

Signal  Ileceived in 
S-IVB for :  LOX Tank 
Vent Valve Boost 
Close On 

Signal  from LVDC 
f e r :  I32 Tank Vent 
Valve boost Close @n 

Signal  R e c e i v d  i n  
S-IVB for :  H 2  Tank 
Vent Valve Boost 
Close On 

S i s n a l  from LVDC 
for :  LOX Tank V e n t  
Valve Boost Close 
Off 

Signal  Received In 
S-IVB for: L3X Tank 
Vent Valve Boost 
Cluse Off 

TB4 +11,060.93 DAC (PM) 

TIN: FROM 
R A G E  ZERO 
hr:min : sec 

(se.) 

03:03:Jl. 3 
( l i .011.3)  

~ ____ 

53:03:31.: 
(11,011. $1 

03:03:31.5 
( 11,011.5) 

13 

03:03: 31.5 
j (11.011.5) 

I N I A  

I 

I .  j OJ:14:16.2 
(11.656.2) 

03:14:16.2 
(11,656.2) 

3 3  : 16 : 19.0 
( 11,659.0) 

I 

03 : 14 : 19 .O 
(11,659.0) 

103:14:19.2 
(11.659.2) 

; O3:14:19.2 
j (11,659.2) 

I 

i 
03 : 14 : 21.0 
(11.661.0) 

03: 14 : 21.0 

II".*"" 

I 

TB4 +11.057.6 

TB4 +11.057.8 

TB4 +11,057.8 

TB4 +11,058.0 

TB4 +11,058.0 

TB4 + l r  ,060.8 

TB4 +11,060.8 

TB4 +I ,061.0 

TB4 +11.062.8 

TB4 +11,062.8 

s-IVS 

IU 

s-IVS 

IU 

S-IVB 

IU 

S-IVB 

I U  

S-IVB 

IU 

S-IVB 

- .- 
TIME FROY 

W:GE ZERO* 
(hr:min:sec! 

( s e d  - 
03:03:?6.61 
(11,006.61) 

OJ:03:26.65 
(11,006.65) 

03:03: 26.81 
(11,006.81) 

03:03:26.85 
(11 ,W6.85) 

03 :07 :C7.66 
(11.227.66) 

03:14:11.11 
(11.651.11) 

03 :l&:ll. 15 
(11.651.15) 

0":14:11.31 
(11,651.31) 

03 :14: 11.35 
(11,651.35) 

03;14:11.51 
(11,651.51) 

03: 14 :11.53 
(11.651.55) 

03:14:14.31 
(11,654.31) 

03:14: 14.34 
(11,654.34) 

03:14: 14.51 
(11.654.51) 

03: 14: 14.54 
(11.654.54) 

03 : 14 : 16.31 
(11,656.31) 

03:14:16.34 
(11.656.3d) 

- ___- -_ * 

3 4  +10.413.05 I MSFC 

I 
TB4 +10.413.09 ' DAC (FH) 

TB4 +10,41?.25 ~ MSFC 
I 

I 
I -- 

1 

I 
I 

TB4 +10.413.29 1 DAC (Fn) 13 
i 

i 
N/A 1 USFC 

TB4 +11,057.55 *FC 
j i 

I 

I -- 
I 

TB4 +11.057.59 1 DAC (FH) 13 

TBd +11.057.75 I USFC 
I 
j 

TBi +11.057.79 I DAL 

TB4 +11.057.95 MSFC 

TB4 +11.057.99 DAC 

TB4 +11,rJ62.75 M S X  i 
13 

-. 
*Range Zero = 22:48:08 (GMT) 
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Section 4 
Sequence of Events 

TABLE 4-1 (Sheet 22 of 26) 
AS-204 POSTFLIGHT SEQUENCE OF EVENTS - 

ITEU 
NO. - 

228a 

228b 

229 

2 30a 

i3Ob 

2310 

231b 

2 32 

233a 

233b 

2 34a 

234b 

235a 

245b 

236a 

23bJ 

EVENT 

Signal  from L M C  
fo r :  Lp2 Tmk Vent 
Valve Boost Close 
Off 

S igna l  Received in 
S-IVB for: LH2 Tmk 
Vent V a l x  Boost 
Close Off 

S i g r a l  from L M C  
fo i :  Telemetry 
Cal ibra tor  In-Flight 
Ca l ib ra t e  On 

Signal  from LVDC 
fo r :  Spec ia l  
T e l e r t r y  Calibxa- 
tim (h 

Signal Received i n  
S-LVB for :  Spec ia l  
Telemetry Calibra- 
t i o n  on 
Signal  from LVDC 
for :  Regular 
T e l e r t y  W i b r a -  
Cion on 
Signal Received i n  
S-IVB for :  Regular 
T e l e r t r y  Calibra- 
tion (h 

Signal  from LMC 
for :  T e l e v t x y  
Ca l ib ra to r  In-Flight 
Ca l ib ra t e  Off 

S igna l  from LVDC 
for :  Regular 
Telemetry Calibra- 
t i o n  Off 

S igna l  Receiwd i n  
S-IVB fo r :  Regular 
f e l e r t y  Calibra- 
t i o n  Off 

S igna l  from LMC 
for :  Spec ia l  
Cal ibrmi tm Off 

S igna l  Received in 
S-1VB fo r :  Spec ia l  
Cal ibra t ion  Off 

Signal from LVDC 
for :  Slow Record 
00 

Signal  Received i n  
S-iVB for:  S l w  
Record On 

signal f r a  LVM: 
for: Slow Record 
Off 

S igna l  Received in 
S-IVB for :  S l w  
Record Off 

PREDICTED ma 
TI= PRLm 
RANGE ZERO 

[hr :min:sec) 
(set) 

03:16:21.2 
(11.661.2) 

03:14:21.2 
(11.661.2) 

03:16:17.9 
(11.7 i 7.9) 

03:16:18.1 
(11.778.1) 

03: 16: 18.1 
(11.778.1) 

03:16: 18.3 
(11.778.3) 

03:16:18.3 
(11,778.3) 

03:16:22.9 
(11.782.9) 

03:16:23.3 
(11.783.3) 

03:16:23.3 
(11,583.3) 

03: 16:23.5 
(11.783.5) 

03: 1 6 9 3 . 5  
(11.783.5) 

03:28:39.9 
(12.519.9) 

03:28:39.9 
(12,519.9) 

03:29:11.9 
(12.551.9) 

03:29:11.9 
(12 ,551. 9) 

TI= FROM 
BASE 
(sec) 

TB4 +11.063.0 

TB4 +11.063.0 

TB4 +11,179.7 

TBb +11.179.9 

TB4 +11.179.9 

TBb +11.180.1 

TBb +ll. LW. 1 

TBb +11.184.7 

TBb +11.185.1 

T U  +11.185.1 

TBb +11,185.3 

TB4 +11,185.3 

TB4 +11,921.7 

TB4 +11.921.7 

TBb +11,953.7 

TB4 +11,953.7 

SIGNAL 
-1- 
TORED 

AT - 
I U  

s-lby 

I U  

I U  

S-IVB 

IU 

s-IVB 

I U  

I U  

s-JVB 

I D  

S - I M  

I U  

S-IVB 

fU 

s-IVB 

- 

HONITORED TIME 

03: 14: 16.51 
(11.6%. 51) 

03: 14 : 16.54 
(11.656.54) 

03:16:13.21 
(11.773.21) 

03:16: 13.41 
(11,773.41) 

03: 16: 13.44 
(ll.713.44) 

03:16: 13.61 
(11.773.61) 

03:16:13.66 
(11.773.6b) 

03:16:18.21 
(11. T78.211 

03:16:18.61 
(11.778.61 

J3:16:18.64 
(11 778.64) 

03: 16 :18.81 
(11.778.61) 

03:16:18.8b 
(11,778.81) 

03:28:34.21 
(12,515.21) 

See Note 5 
a t  and of 
t a b l e  

(12,547.21) 
03:29:07.21 

See Note 5 
at and of 
t a b l e  

rBb +11.062.98 

rB4 +11.179.85 

+11.179.88 

m4 +11,1#).05 

l'Bb +11.180.08 

l'Bb +11.181.65 

l'B4 +11.185.05 

m4 +11.185.09 

m4 +11,185.25 

L'Bb +11.185.29 

W +11,921-61 

raS +ll,%3.65 

DATA 
SOURCE 
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Sect ion 4 
Sequence of Lrcots 

TABLE 4-1 (Sheet 23 cf 26) 
AS-204 POSTFLIGHT SEQUENCF OF EVENTS 

ITM 
NO. 

237a 

23A 

2 38a 

2 38t 

239a 

239b 

24oa 

2401 

140.1 

!40.2 

241a 

241b 

242a 

242b 

243 

244s 

244b 

2458 

243b 

EVENT 

Signal  from LV' 
for: Record 
Playback On 

Signal  Received in 
S-IVB for :  Record 
Playback On 

Signal  from LVDC 
for: Recorder 
Playback Off 

Signal  Received i n  
S-IVB for: Recorder 
Playback Off 

for: Slow Record On 

Signal  Received in 
S-IVB for :  Slow 
Record On 

Signal  f r a  LMC 
for: S l w  Record On 

i i gna l  Received i n  
i-IVB for: Slow 
tecord On 

Cter Coolant Valve 
)Pen 
Ja t e r  Coolant Valve 
:lose 

Signal from LVDC 
for: LH2 Tank Vent 
ltalve Open 

S i g n a l  Received in 
5-IVB for: LH2 Tank 
lent  Valve Open 

Signal from LMC 
For: LOX Tank Vent 
la lva Open 

Signal Received i n  
5-IVB for :  LOX Tank 
Yeat Valve Open 

Signal from LVDC 
Fpr: Telemetry 
> l i b r a t o r  In-Fliqht 
k l i b r a t e  On 

For: Special  
Celemetry Calibra- 
tion On 

Signal Received in 
5-IVB for :  Special  
Ce lene t r y  Calibra- 
tion On 
Signal frm LMC 
Lor: Regular 
l'elemetry Galibra- 
Cion On 
Signal Received io 
5-IVB for :  Regular 
Celemetry Calibra- 

Signal  from LVDC 

Eigrrat from L M C  

-On 

*Range Zero = 22:48:08 (M) 

4-26 

PREDICTED TEXE - 
TIME F. -M 
RANGE 2020 

(hr:min:se:) 
(sed 

33:29:12.1 
(12,552.1) 

03:29:12.1 
(12,552.1) 

03:33:09.1 
(12.789.1) 

03: 33:Og.l 
(12.789.1) 

03:33:46.9 
(12.826.9) 

03: 33: 46.9 
(12,826.9) 

03: 33: 56.9 
(12.836.9) 

03:33: 56.9 
(12,836.9) 

N I A  

NIA 

03: 57:Ol. 2 
(14.221.2) 

03:57:01.2 
(14,221.2) 

03:57:01.4 
(14,221.4) 

03:57:01.4 
(14,221.4) 

03:59:43.9 
(14,383.9) 

03:  59:44.1 
(14,384.1) 

03:59:44.1 
(14.384.1) 

03:59:44.4 
(14.384.4) 

03:59:44.4 
(14,384.4) 

TB4 +li.953.9 

TB4 +11.553.9 

TB4 r12.190.9 

TB4 +12.190.9 

TB6 +12.228.7 

TB4 +12,228.7 

TB4 +12,238.7 

rB4 +i2.238.7 

N/A 

N I A  

TB4 +13.623.0 

TB4 +13,623.0 

TB4 +13.623.2 

TB4 +13.623.2 

TB4 +13.785.7 

TB4 +13.785.9 

TB4 +13,785.9 

TB4 +13,786.2 

TB4 +13,786.2 

SIGNAl 
MINI- 
TORED 

AT 

IU 

S-IVB 

I U  

S-IVB 

I U  

s-IVB 

I U  

5-IVB 

I U  

I U  

IU 

S-IVB 

I U  

s-IVB 

I U  

I U  

S-IVB 

I U  

s-Iv6 

MINIfOlED TIME 

TIM FRO# 
RANGE ZERO* 
,hr:mia:sec: 

(sed 

03:29:07.41 
(12.547.41; 

See Nate 5 
a t  end of 
t a b l e  
03:33:04.41 
(12,784.41; 

03: 33: 04.44 
(12.784.461 

03: 33:02.21 
(12,822.211 

03:33:42.21 
(12,822.26) 

03:33:52.2; 
(12.832.221 

03:33: 52.26 
(12.832.26) 

03:47: 12.35 
(13.632.35) 

03:52:17.00 
(13,937.00) 

03:56:56.51 
(14.216.51) 

03:56:56.55 
(14,216.55) 

03: 56 : 56.7 1 
(14,216.71) 

03:56:56.75 
(14,216.75) 

03:59:39.21 
(14,379.21) 

03:59:39.41 
(14,379.41) 

33: 59: 39.47 
(14.379.47) 

03:59:39.71 
(14.379.71) 

03:-9: Y.77 
(14.3.9.77) 

TIME FROM 
BASE 
( s e d  

TB4 +11.953.85 

TB4 +12,190.8: 

TB4 +12,190.9( 

TB4 +12.228.6! 

TB4 +12,228.7( 

TB4 +12,238.6! 

N I A  

N/A 

184 +13,622.95 

CB4 +13.622.99 

CB4 +13.623.15 

CB4 +13,623.19 

184 +13,785.65 

184 +13.785.85 

CB4 +13.785.91 

184 +13,786.15 

CB4 +13,786.21 

DATA 
SOURCE 



TAEU 4-1 (Sheet 24 of 26) 
AS-204 POSTPLICilT SEQUENCE OF EVENTS 

Section 4 
Sequence of E w m U  

ITP 

- 
246 

2474 

24A 

24& 

2 4 8  

249r 

249b 

49.1 

2% 

2Mb 

2511 

251b 

2521 

23% 

52.1 

25k 

25% 

254a 

254t 

255s 

25% 

EVENT 

S i p v l  from LVDC 
for: Telemetry 
Calibrator In-Flight 
Calibrate Off 
Signal from LVDC 
for: Regular 
Telemetry Calibra- 
tion Off 
Signal Received in 
S-IVB for: Regular 
T e l a r c t r y  Calibra- 
tion Off 
Signal frcm LVDC 
for: Special 
Telemetry Calibra- 
tion Off 
Signal Received in 
S-IVB for: Special 
Telaetry  Calibra- 
tion Off 
S i w l  from LVDC 
for: S l w  Record On 

Signal Received in 
S-IVB for: S l w  
Record on 
hter  Coolant Valve 
opan 
Signal from LVDC 
for: S l w  Record -n 

S i p 1  Received 9 
S-IVB for: Slow 
Record On 

Signal f r a  LVDC 
for: Slaw Record 
Off 
Signal Received in 
S-IVB for: Slow 
Record Off 
Signal from LVDC 
for: Recorder 
Playback On 

Signal Received i n  
S-IVB for: Acorder 
Pi.ayba& On 

Water Coalant Valve 
Cloae 
S igna l  frrm LIR)(: 
for: Recorder 
Playback Off 
Signal Received i n  
S-IVB for: Recorder 
Playback Off 
Signal from LVDC 
for: Slaw Record on 
".-ul Received in  - ,JE for: 81- 
Record On 

Signal f r a  LMC 
for: IB2 Tank Vent 
Valve Cloae 
Signal Received :n 
S-IVB for: LE2 Tu.k 
Vent Valve Cl-e 

PRHDICTEU TIHE 

TIME FROM 
RANGE ZERO 
(hr:rin:aec) 

( a 4  

03:59:48.9 
(14,388.9) 

03:59:49.4 
(14,389.4) 

03:59:49.4 
(14.389.4) 

03:59:49.6 
(14.389.6) 

03:59:49.6 
(14,389.6) 

03:59:55.9 
(14,395.9) 
03:59:55.9 
(14.395.9) 

MIA 

04:25:04.9 
(15.904.9) 
04:25:04.7 
(15.900.9) 

04:25:36.9 
(15.936.9) 

04:25:36.9 
(15,936.9) 

04: 25: 37.1 
(15,937.1) 

04:25:37.1 
(15.937.1) 

RIA 

04: 32: 29.1 
(16,349.1) 

04: 32:29.1 
(16,349- 1) 

04:32:29.3 
(16,349.3) 
04 : 32: 29.3 
(16,349.3) 

04:43:05.2 
(16,985.2) 

Ob: 4 3 m . 2  
(16.985.2) 

TE4 +13.790.1 

TE4 +13.791.1 

TB4 +13,791.2 

TM +13.791.4 

TM +13.791.4 

TE4 +13,2J 

TB4 +13,797.7 

MIA 

TB4 +15.306.7 

XB4 +15.306.7 

TE4 +15.338.7 

TB4 +15.338.7 

T E 4  +15.338.9 

TE4 +15,338.9 

U I A  

TB4 +15,750.9 

TB4 +15,750.9 

TM +15,751.1 

TBb +15.751.1 

m + i 6 , w . a  

TM +i6,381.a 

SIGNAX 
llOE11- 
mRED 

AT - 
IU 

xu 

s-1m 

IU 

s-IVB 

I U  

S-IVB 

I U  

IU 

S-IVB 

IU 

s-191) 

I U  

s-191) 

IU 

IU 

s-13 

tu 

S-IVD 

IU 

s-IVB 

03:59:44.21 
(14 384.21) 

03:59:44.71 
(14,384.71) 

03:59:44.77 
(14,384.77) 

03:59:46.91 
(14,384.91) 

03:59:44.97 
(14,384.97) 

03:55:51.21 
(14,391.21) 

03: 55. W .22 
' t .22) 

04: 22: 20.50 
(15,740.50) 

04:25:00.21 

04:25:OO. 26 
(15,900.26) 

04:25:32.21 
(15,932.21) 

04:25:32.25 
(15.932.25) 

04:25:32.41 
(15,932.41) 

04:25:32.45 
(15,932.45) 

(15,900.21) 

04: 32 :17.54 
(16,347.54) 
04:32:24.41 
(16,344.41) 

See Note 4 
at end of 
tabla 
04:32:24.61 
(16,344.61) 
See Note 4 
at end of 
table 
04:43:00.51 
(16,980.51) 

04:43:00.58 
(16,980.58) 

--- 

TE4 +13,790.65 

TE4 +13.791.15 

TE4 +13.791.21 

TBS +13,791.35 

TM +13.791.41 

TE4 +13,797.65 

TM +13,797.66 

NfA 

TM +15,306.65 

?E4 +15.306.70 

TM +15,338.65 

TB4 +15.338.69 

TE4 +15,932.41 

TM +15,338.89 

MIA 

TE4 +15,750.85 

TM +15.751.05 

TB4 +16,386.95 

TE4 +16,387,02 

-- 

DATA 
SOUBCE 

*Ranse Zero - 22:48:08 (cia) 
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Sect ion 4 
Sequence of Events 

TB4 +16,387.2 

TB4 +16,390.0 

TABLE 4-1 (Sheet 25 of 2 t )  
AS-204 POSTFLIGHT SEQUENCE OF EVENTS 

S-IVB 

I U  

- 

ITEM 
NO. - 

256a 

256b 

257a 

257b 

258a 

258b 

259a 

259b 

260a 

260b 

261a 

261b 

262 

263a 

263b 

262 

- 

TB4 +16,392.0 

EVENT 

I U  

S igna l  from L W  
fo r :  LOX Tank Vent 
Valve Close 

S igna l  Received i n  
S-IVB fo r :  M X  Tank 
VenL Valve Close 

S igna l  from L V X  
for :  LH2 Tank Vent 
Valve Boost Close On 

Signa l  Received i n  
S-IVB for :  LH2 Tank 
Vent Valve Boost 
C l o s e  On 

Signa l  f r o l  LVDC 
for :  M X  Tank Vent 
Valve Boost Close On 

Signa l  Received i n  
S-IVB for :  LOX Tank 
Vent Valve Boost 
Close On 

Signa l  f r o a  LVDC 
fo r :  LH2 Tank Vent 
Valve Boost Close 
Off 

S igna l  Received in 
S-IVB for:  LH2 Tank 
Vent Valve Boost 
Close Off 

S igna l  from LVDC 
fo r :  LOX Tank Vent 
Valve Boost Close 
Off 

S igna l  Received i n  
S-IVB for :  LOX Tank 
Vent Valve Boost 
Close Off 

S igna l  f r o l  LVDC 
fo r :  open He  
Control Vent 

S igna l  Received i n  
S-IVB for :  open He 
Control  Vent 

Water Coolant Valve 
m e n  
S igna l  from LMC 
fo r :  Close Be 
Control  Vent 

Signal  Received in 
S-IVB for :  Close H e  
Control  Vent 

Water Coolant 
Valve Closed 

TB4 +16.392.2 

TB4 +16,392.2 

TB4 +16.392.4 

TB4 +16,392.4 

N/A 

TB4 +16.692.4 

TB4 +16,692.4 

N/A 

PREDICTED TIHE ~1 

I U  

S-IVB 

IU 

S-IVB 

I U  

EU 

S-IVB 

I U  

TINE FROU 
RANGE ZERO 

(hr:min:sec) 
bet) 

04:43:05.4 
(16,985.4) 

04:43:05.4 
(16.985.4) 

04:43:08.2 
(16.988.2) 

04 : 43: 08.2 
(16.988.2) 

04:43:08.4 
(16,988.4) 

04:43:08.4 
(16.988.4) 

04:43:10.2 
(16.990.2) 

04:43:10.2 
(16.990.2) 

04:43: 10.4 
(16.990.4) 

04:43:10.4 
(16,990.4) 

04:43:10.6 
(16,990.6) 

04:43:10.6 
(16,990.6) 

N/A 

04:48:10.6 
(17.290.6) 

04:48.’0.6 
(17.290.6) 

N/A 

SIGNAL 
HONI-  
TORED 

4T 

TiXE FRO?! 
FASE 
b e e )  

TB4 +16.387.2 

TB4 +16,390.0 

TB4 +16,390.2 

TB4 +16.390.2 

S-IVB 

I U  

S-IVB 

TB4 +16.392.0 S-IM 

MONITORED TIME 

TIME FROM 
RANGE ?ERO* 
(I.? :min: sac)  

(set) 

04:43:00.71 
(16.980.71) 

04:43:00.77 
(16.980.77) 

04:43:03.51 
(16.983.51) 

04:43:03.50 
(16,983.58) 

04:43:03.71 
(16.983.71) 

04:43:03.78 
(16.983.78) 

04:43:05.51 
(16.985 -51) 

04:43:05.57 
(16.985 -57) 

04:43:05.71 
(16,985.71) 

04:43:05.78 
(16,985.78) 

04:43:05.91 
(16.985.91) 

04:43:05.97 
(16,985.97) 

04:47:19.01 
(17,239.01 

04: 48~05 .91  
(17,285.91) 

See Note 6 
at  end of 
cable  
06: 12r28.6 
(22,348.6) 

TB4 +16,387.15 

TB4 +16.387.21 

TB4 +16,389.95 

TB4 +16,390.02 

TB4 +16,390.15 

TB4 +16.390.22 

TB4 +16,391.95 

TB4 +16.392.01 

TB4 +16.392.15 

TB4 +16.392.22 

TB4 +16,392.35 

TB4 +16,392.43 

N l A  

TB4 +16.692.35 

I / A  

-- 

DATA 
SOURCE 

* R a n g e  Zero - 22:48:08 (GMT) 
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Sect ion 4 
Sequence of Events 

TABLE 4-1 (Sheet 26 of 26) 
AS-204 POSTPLIQtT SEQUEMCE OF EVENTS 

1. These events  ocr.;rred out of range of my a t a t i o n  and -re not  on t he  drborae t ape  recorder. 

occurred a f t e r  t he  recorder  h8d re8ch.d its f u l l  cap8city. 

aud USb 8 n  not  8 v d l a b l e  fo r  this r e ~ o n .  

They 
The t i m a  for item ntt.b.rs 123b. 124b. 

2. than events  could not be v e r i f i e d  bec8tl.r the recorder  phyb8ck data received 8t Gu8y- -re not  

reducible.  This caused the  absence of  times f o r  item nub.rs 14Sb. 146b. end 14%. 

3. Erwssivr noise  oo the pa( and RI linlu prevented v e t i f i u t i o o  of  t h e  t i r a  f o r  item l5Sb m d  

156b. 

4. These corods  occurred out  of range o f  tbe ilanii s t8 t ion .  

and 254b. 

They ere I tas  2Ub. 2Ub.  2S3b. 

5. rr#se ewents occurred p r i o r  to acquisition of sierl at  k w i m .  These are Item 2353. 236b. 

and 23%. 

6. This event  occurred Out of range of grottad receivers. 
a-r 26% 

'Lbio c a d  the 1-0 e f  the t h  f o r  Item 

7. Ilo 8ccur8cy bt8 received f m r  mPC. 
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TABLE 4-2 (Sheet 1 of 4 )  
GROUND SEQUENCE OF EVENTS 

TIME FROM RO 

min sec 

-19 : 57.980 

56.610 

54.906 

-14: 59.284 

58.853 

57.409 

38.934 

38.931 

29.804 

28.998 

28.896 

05.548 

05.545 

-12:28.253 

-10~44.907 

44.831 

44.827 

41.516 

-9 : 58.107 

48.032 

42.170 

42 016 

42.011 

-7:50.942 

34.222 

34.216 

-6 : 56.936 

EVENT 

Start  Tank Vent Open 

S t a r t  Tank Purge Valve Open 

Thrust Chamber Purge Valve Open 

Ground Cold H e l i u m  Crossover Valve 9pened 

Thrust Chamber Purge Valve Closed 

Thrust Chamber Chilldown Valve Opened 

I n f l i g h t  Relays Off 
Telemetry Ready Off 
S t a r t  Tank Purge Valve Closed 

Start Tank Supply Valve Open 

Start B o t t l e  P res su r i z ing  

I n f l i g h t  Relays On 

Telemetry Ready On 

Cold HX Ckt 1 Vent Valve Open 

I n f l i g h t  Mode Relay Reset Off 

Aux Hydraulic Pump Motor On 

Hydraulics Sys2c.m b a d y  On 

Ground and Coast Relay Reset 

LrI2 Chilldown Pump On 

LOX Chilldown Pump On 

LH2 Prevalve Closed 

LOX Prevalve Closed 

Reci rcu la t ion  OK On 

Engine Gontrol Power On 

Engine I g n i t i o n  Power On 

Engine Systems Ready On 

Checkout Meas Group Off 
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TIME FROM RO 

mfn sec 

-5 : 57.826 

54.751 

52.988 

47.804 

29.702 

27.777 

14.704 

-4:59.374 

59.351 

56.888 

56.863 

-3 : 55.123 

55.121 

55.121 

55.120 

55.118 

45.845 

45.842 

45.839 

40.701 

29.117 

-2 :43.680 

43.322 

41.977 

29.480 

24.674 

23.965 

17.881 

TABLE 4-2 (Sheet 2 of 4) 
GROUND SEQUENCE OF EVENTS 

EVENT 

LOX Tank Vent Valve Opened 

LH2 Tank Vent Closed 

LH2 Tank Direc t iona l  Vent Ground P o s i t i o n  

LH2 Tank Vent Open 

S t a r t  B o t t l e  Vent Closed 

Cold HX Ckt 1 Vent Valve Closed 

EBW and Receiver Test  Puwer Off 

Engine Control Helium Supply Valve Closed 

S t a r t  Tank Supply Valve Closed 

Engine Control H e l i u m  Bottle Valve Open 

Star t  Tank Supply Vent Open 

APS Power On Mod 1 
A P S  2 System Ready On 

APS Mod 2 Bus On 

A P S  Mod 1 and 2 susses On 

Aux Propulsion System 2 OK On 

S&A Armed 

A l l  Systems Ready On 

Prop Dispersion Ordnance Ready On 

S-IVB Systems Ready On 

Ground Cold Helium Crossover Valve Closed 

Automatic Launch Sequence S t a r t  

LOX Tank Vent Closed 

Launch Sequence Ready Ind O f f  

LOX Tank Prepress On 

LOX F i l l  and Drain Valve Closed 

*HX F i l l  Valve Open 

l iX F i l l  Valve Closed 

*HX F i l l  Valve cycled p e r i o d i c a l l y  t o  Automatic Launch Sequence but  only 
times a f t e r  ALS are shown. 
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TIME FROM RO 

min s e c  

- 1  :59.265 

52.586 

52 .491  

52.409 

25.095 

24.409 

20.422 

09.660 

07 .900  

07.810 

00.635 

-0 : 46.456 

37.675 

31.084 

30.373 

27.72? 

27.724 

27.581 

27.574 

13.849 

07 .868  

04.965 

04.965 

04 .959  

02.968 

02.908 

02 .891  

02.882 

02.880 

02 .591  

TABLE 4-2 (Sheet 3 of 4) 
GEGUND SEQUENCE OF EVENTS 

EVENT 

l iX F i l l  Valve Open 

HX F i l l  Valve Closed 

LH2 Tank Vent Closed 

LH2 Tank Prepress  Supply Valve Open 

LH2 F i l l  and Drain Valve Closed 

LH2 Umb Purge Supply Valve Open 

HX F i l l  Valve Open 

HX F i l l  Valve Closed 

Fuel Tank Prepress  OK On 

Fuel Tank Prepress  Supply Valve C? 1 

HX F i l l  Valve On 

hX F i l l  Valve Closed 

HX F i l l  Valve Open 

LOX Tank Vent Closed 

Ha F i l l  Valve Closed 

S-IVB Power I n t e r n a l  On 

S-IVB Power Transfer  OK Ind Or. 

Fuel Tank Direcr Lonal Vent F l igh t  Posicion 

S-IVB Ready t o  Launch Ind On 

HX F i l l  Valve Open 

HX F i l l  Valve Closed 

Receiver 1 Signal Blocked Off 

Receiver 2 Sfgnal  Blocked Off 
Ullage Rocket F i r ink  Unit Endbled 

I g n i t i o n  Command On (S-IB) 

Fuel Tank Prepress  Supply Vent Open 

Cold Helium Supply Vent @en 
Cold H e l i u m  Supply Closec 

Thrust Chamber Chilldown Valve Closed 

Stage Control l i e l i a  Suypl-* Closed 
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00.9e5 

00.941 

TABLE 4-2 ‘Sheet 4 of 4 )  
GROUND SEQUENCE OF EVENTS -- 

TIME PROP! RO I 

C/He Ckt 2 Crossover P res s  Switch ibde  Off 

C/He Ckt 2 Crossover P res s  Switch ;&de Off 

RO = 2248:08.000 

+c:00.027 

00.351 
00.36f 

C o w i t  I n d i c a t i m  On 

L i f t o f f  Ind ica t ion  Cn 

Iil U l n b i l i c a l  Discomect 

**This sensor contknued t o  cyc le  u n t i l  l i f t o f f .  
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5. COUNTDOWN OPERATIO!!S 

The launch day countdown w a s  i c i t i a t e d  a t  15:OO h r  GMT on 21 January 1968 

and culminated i n  a success fu l  l i f t o f f  a t  22:48:38  h r  on 2 2  January 1968. 

The countdown was dclayed approximately 4 h r  by q a c e c r a f t  problems, 

however, t he  S-IVB-20'1 s t a g e  port2on of the countdown proceeded satis- 

f a c t o r i l y ,  and a l l  s t a g e  systems responded c o r r e c t l y  t o  coinmands. 

The precountdown and countdown a c t i v i t i e s  are reviewed and evaluated i n  

the  following paragraphs which inc lude  d iscuss ions  of  t h e  prelaunch 

checkouts, a u x i l i a r y  propuls ion sys t e m  (APS) prepa ra t ions ,  p rope l l an t  

and cold gas loading,  and terminal  countdown. S i g n i f i c a n t  events  

cccurred a t  t h e  following times: 

Event 

L i f t o f f  

LOX loading - ' L t i a t e d  

LH2 loading i n i t i a t e d  

Cold helium loading i n i t i a t e d  

Terminal countdown i n i t i a t e d  

5.1 Propulsion Sys tern Checkouts 

Tine (GMT) 

22:48:08 .2  

18 : 08 : 00 

21 :04:00  
21: 40 : 53 

22:  45:24 

The s t a g e  was first e rec t ed  on Launch 

checkout was i n i t i a t e d  on 1 September 

Complex 34. Propulsion system 

1966 and was e s s e n t i a l l y  completed 

by 4 October 1966. 

u n t i l  3 Apri-l 1967 vhen t h e  s t a g e  was t ransl 'erred t o  Launch Complex 37. 

On 10 April. 1967 t h e  propuls ion system checkout procedure w a s  again 

i n i t i a t e d  and completed. 

In t eg ra t ed  t e s t i n g  and s t a g e  modif icat ions c o n t i m e d  

Althougi the s t a g e  had been t ranspor ted  between the  two complexes and 

approximately 1 year  had e l ap jed  between t h e  completion d a t e s  of t h e  

two propulsion system checkouts, t h e  r e s u l t s  of t h e  two checkouts c l o s e l y  

agreed. 

5.2 Launch Vehicle T e s t s  

Launch veh ic l e  tests conducted when the  204 s t a g e  w a s  on Launch Complex 

34 are presented i n  table 5-1 ,  and those tests conducted ;;hen the s t a g e  

was an Complex 37 are presented i n  taSle 5-2 .  

5-1 
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5.3 Couqtdown Demonstration T e s t  

The ob jec t ives  of the countdown dimonstrat ion test (CDDT) were to  perform 

an operat ion i n  the  same sequence as the launch countdown to  completely 

vt: r i f y  hardware and personnel compa t ib i l i t i e s ,  t o  v e r i f y  RF compatibil . i ty 

0 :  tho spiice veh ic l e  and assoc ia ted  ground equipment, t o  complete a 

space veh ic l e  alignment, and t o  perfcrm an LH2 b o i l o f f  test .  

Major Douglas a c t i v i t i e s  during t h e  CDDT began on 16 January and were 

completed on 21 January 1968. 

T e s t  completion was scheduled f o r  13:OO GMT on 29 Ja iuary  ana test 

cutoff  w a s  scheduled f o r  RO -3 sec through a planned i g n i t i o n  f a i l w e .  

During the  test, however, s e v e r a l  unscheduled holds  absorbed the  6 h r  

b u i l t  i n  ho ld  and delayed countdcwn a c t i v i t i e s  near ly  12 h r .  

Or36 GMT on 20 J’anuary during a hold z t  RO -20 min the  test w a s  termi- 

na ted  because of ground power supply p rob lem and the  lack  of ground 

computer support  a f t e r  LOX and LEI2 loading. 

A t  

Although t’le f i n d  pa r t ion  of t h e  couiltdown was n o t  accomplished, t h e  

test w a s  considered acceptable .  F rope l l an t  d r a i n  w a s  concluded wLthout 

i nc iden t ,  and post-test a c t i v i t i e s  ( inc luding  recyzle)  w e r e  i n i t i a t e d  

for t h e  t a s k s  requi red  between the  CDDT and start o f  t h e  launcf count- 

dowc. 

21 January 1968. 

F ina l  Douglas opera t ions  were completed at 09:38 GMT. on 

5.4 APS Prepara t ions  

APS prepara t ions  f o r  Ian& consis ted of  p r o p e l l a t  t r a n s f e r  system 

purges, p rope l l an t  loading,  and engine confidence f i r i n g .  Module 

p rope l l an t  loading was s t a r t e d  on 13 January and completed on 
15 Janukry 1968. 

and were s a t i s f  a c t 5 r i l y  accomplfsked. 

.- 

Confidence test f i r i n g s  w e r e  conducted on 15 January 

5.4.1 APS Propel lan t  Loading 

On 13 January the  APS module ox id ize r  tanks were loaded wi thout  problems; 

however, when the  tanks w e r e  preseurized the  bellows ex tens ion  decreased, 
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ind ica t i f ig  gas i n  the  system. Module 1 and module 2 ox id ize r  bellows 

decreased 0.3 and 0.1 in . ,  respec t ive ly ,  Wh:.n pressure  w a s  increased  

t o  f l i s h t  l e v e l ,  the  bellows decreased an a d d i t i o n a l  0.4 i n .  f o r  

module 1 and 0.2 in .  f o r  module 2. 

The ox id ize r  tanks w e r e  then drained and prope l l an t  loading w a s  again 

i n i t i a t e d .  

t%e hand va lve  panel,  and loading w a s  terminated. 

However, many gas bubbles appeared i n  the s i g h t  g l a s s  of 

When t roubleshoot ing of the ox id ize r  servicer ind ica t ed  no l eaks ,  the  

s e r v i c e r  was loaded with f r e s h  propel lan t .  

and =;is success fu l ly  completed. 

t a b l e  5-3. 
P o s s i b i l i t i e s  under cons idera t ion  are inadequate  r e c i r c u l a t i o n  o r  

n i t rogen  s a t u r a t i o n  and subsequent outgassing of t h e  propel lan ts .  

Loading resumed on 15 January 

APS loading d a t a  is presented i n  

The cause of t h e  gas bubbles is under inves t iga r ion .  

5.4.2 U S  Confidence F i r i n g  

The AP. . -  
proc. ',04. Each f i r i n g  sequence cons is ted  of one 250-m~ 

c l  

aace f i r i n g  vas accomplished i n  accordance with NASA 

.iise and two 65-4s pulses  with a 750-ms delay between each 

pc 9s fo l locs :  

a. 

b. Hinus r o l l  - engines  I and 11111 

c. 

d. 

Minus p i t c h  - engine I11 

I V  

P 

P lus  p i t c h  - engine I 

Plus  rol l  - engine 111 and IIIIJ 
P 

The r e s u l t i n g  d a t a  ind ica t ed  .,.at the  systems w e r e  acceptab le  for f l i g h t .  

5.5 AS-204 Launch Countdown 

The AS-204 space  v e h i c l e  launch countdawn began a t  15:OO GMT on 
21 January 1968 with ?be count at 22 hr .  

i n  accordance with NASA procedure 1-20000, revision 002; Douglas 

prepara t ions  were conducted i n  accordance wi th  Douglas procedure -62219, 

The countdown was conducted 

TCP Eio. 1-20045 S-IVB4. 
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The f i n 2  por t ion  of the count s t a r t e d  a t  15:30 GMT O i l  22 January with 

the count a t  RO -3 h r  30 min. 

d i g i t a l  da t a  a c q u i s i t i o n  grcund . t a t i o n  problem caused the launch t o  

s l i p  approximately 4 h r ,  and l i f t o f f  occurred a t  22:48:08.2 GMT. 

Spacecraf t  chilldown problems and a 

5.5.1 Prelaunch Purging 

The ox id ize r ,  f u e l ,  engine,  and nonpropulsive vent  systems on the 

S-IVB s t a g e  were purged i n  accordance wi th  Douglas procedure. 

f o r  t he  5-2 engine f u e l  p rope l l an t  system and t h e  LOX and LH2 tanks,  

these  purges were accomplished during both t h e  CDDT and the launch 

countdown . 

Except 

5.5.2 Loading Operations 

LOX and LH2 tank loading,  t h r u s t  chamber chilldown, and hel iur t  and 

GH2 sphere  loading  were a l l  s a t i s f a c t o r i l y  accomplished. Data are 

presented i n  f i g u r e s  5-1 through 5-4. 

5.5.2.1 LOX Loadiilg 

S-IVB s t a g e  LOX loading w a s  conducted i n  accordance with procedure 1-20065 

and vas i n i t i a t e d  at 16:07 GMT with LOX rep len ish  l i n e  chilldown. 

Bec<-use of  a spacec ra f t  problem, LOX loading  w a s  terminated at 16:15 GMT 

Yitli 2 percent  LOX loaded. Loading w a s  r e i n i t i a t e d  a t  18:08 GMT and w a s  

s a t < s f a c t o r i l y  completed. Pressures ,  temperatures,  and flowrates are 

presented i n  t a b l e  5-4. 

5.5.2.2 LE2 Loading 

S-IVB s t a g e  LH2 loading w a s  i n i t i a t e d  a t  20:46 GMT with chil ldown of  t h e  

h e a t  exchanger and w a s  conducted i n  accordance wi th  procedure 1-20066, 

r ev i s ion  002. 

completed a t  21:50 GMT. 
presented i n  t a b l e  .?-4. 

Loading was no t  i n t e r r u p t e d  and w a s  s a t i s f a c t o r i l y  

Pressures ,  temperatures,  and f lowra tes  are 

5.5.2.3 Helium and GH2 Loading 

A l l  S-IVB s t a g e  cold and ambient helium and gaseous hydrogen spheres  

were s a t i s f a c t o r i l y  loaded before  launch. The cold helium spheres  w e r e  
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pressurized t o  1,275 psya before  LH2 loading w a s  i n i t i a t e d ;  the  pressure 

was increased t o  3,080 p s i a  when 92 percent  LE2 had been loaded. Sphere 

p re s su r i za t ion  d a t a  are presented i n  t a b l e  5-5. 

5.5.3 Terminal Countdown 

The launch terminal  count w a s  i n i t i a t e d  a t  RO -30 min and w a s  completed 

without any s i g n i f i c a n t  problem. During t h i s  per iod,  f i n a l  engine 

condi t ioning was accomplished. Table 5-6 presents  t h e  sequence of 

terminal  countdown events .  

5.5.3.1 Engine Conditioning 

5-2 engine condi t ioning w a s  i n i t i a t e d  at RO -20 min wi th  a 50 p s i  helium 

purge t o  the  5-2 engine s ta r t  sphere and t h r u s t  chamb,. i acke t .  

RO -15 min the  t h r u s t  chamber j acke t  purge w a s  terminated, and chilldown 

w a s  i n i t i a t e d  with cold helium flowing through circuits 2 and 3 of the  

h e a t  exchanger. A t  RO -14 min 30 sec, t h e  s tar t  sphere purge w a s  

terminated and start sphere chilldown w a s  i n i t i a t e d  w i t k .  cold GH2 

flowing through circuit 1 of the  h e a t  exchanger. 

A t  

Engine condi t ioning produced the following r e s u l t s :  

Parameter A t  I n i t i a t i o n  of At Liftoff 
Automatic Sequence - 

Thrust chamber j a c k e t  temperature (OR) 245 238* 

Engine s t a r t  sphere pressure  (ps ia )  1,310 1,325 

Engine start sphere temperature (OR) 263 272 

Engine con t ro l  sphere pressure  (ps ia )  - 3,030 

Engine cont ro l  sphere  temperature (OR) - 280 

5.5.3.2 Stage Conditioning 

LH2 turbopump chilldown w a s  i n i t i a t e d  at RL) -10 min in s t ead  of RO -5 min 

1.: .ause of t h e  unsa t i s f ac to ry  r e c i r c u l a t i o n  during the  power t r a n s f e r  

test of t h e  CDDT. 

below 80 gpm while  t h e  tank w a s  unpressurized as i t  d td  during t h e  CDDT. 
The flowrate a f t e r  tank p res su r i za t ion  w a s  a l s o  wi th in  t h e  expected va lues .  

This time, however, t h e  LH2 f lowra te  d i d  not  drop 

allowable is 265 deg R. 
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LOX turbopump chilldown w a s  i n i t i a t e d  approximately RO -9 min 45 sec .  

The LOX flourrate was 36 to  38 gpm unpressurized and 37 t o  39 gpm 

pressur ized ,  w e l l  w i th in  t h e  expected :ange of 30 t o  50 gpm. 

LOX tank p rep res su r i za t ion  w a s  i n i t i a t e d  a t  RO -2 min 43 sec and was 

completed i n  approximately 14 sec.  

cyc le  w a s  necessary t o  main ta in  t h e  requi red  pressure .  A t  l i f t o f f  t h e  

LOX tank u l l a g e  pressure  wzs 42.5  psi.3. 

One LOX tank u l l a g e  pressure  makeup 

LH2 tank p rep res su r i za t ion  w a s  

completed i n  approximately 46 sec .  

p ressure  w a s  36.6 p s i a .  

d t i a t e d  a t  RO -1 min 52 sec arid w a s  

A t  l i f t o f f  t h e  LH2 tank u l l a g e  

Thd s t a g e  pneumatic system functioned normally dur ing  s t a g e  conditioning. 

5.6 Environmental Control 

5.6.1 Aft I n t e r s t a g e  Thenocondi t ion ing  and Purge System 

The a f t  i n t e r s t a g e  t h e m c o n d i t i o n i n g  and purge system functioned 

properly during the countdown. The APS c o n t r o l  temperature w a s  set  

a t  82 deg F, 5 deg less than the normal 87 deg F. The con t ro l  tempera- 

t u r e  w a s  changed during t h e  CDDT when t h e  upper r e d l i n e  temperature f o r  

one of the AF'S modules was approached; t h e  new settlnz w a s  maintafned 

f o r  t he  launch countdown. The purge f lowra te  w a s  the  same as f o r  

previous launches (300  lb/min) . 
AI'S prope l l an t  temperatures a t  launch were as follows: 

Module 

1 

Oxidizer Temp (OF) Fuel Temp (OF) 

92.0 86.5 

2 81.0 78.0 

A l l  these temperatures were wi th in  t h e  launch r e d l i n e  va lues  of 7: ts 

100 deg F. 

whose temperatures were monitored by measurements CO236, 0 2 3 7 ,  and 

C0238, were 3 t o  27 deg F below t h e  corresponding va lues  on AS-202 

and 10 t o  40 deg F below those va lues  on AS-203. Some cf these  

Seve ra l  e l e c t r o n i c  components, such as those b r idge  modules 
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t emper txu res  were undesirably low, while o the r  br idge  modules, s i m i l a r l y  

emplaced i n  the  a f t  i n t e r s t a g e  (measuremerits C0233, (20234, and C0235), 

were i n  an acceptable temperature  range (55 deg F p lus ) .  It 1s 

bel ieved  tha: t he  lowered temperatures of some of t h e  e l e c t r o n i c  equip- 

ment probably r e s u l t e d  from the  lowered a f t  pu rge  temperature. 

5.6.2 Common Bulkhead Vacuum Monitoring System 

During the  CDDT and p r i o r  t o  bulkhead condi t ion ing ,  t he  common bulkhead 

internal  p r e s s u r e  w a s  app-oximately 2.0 p s i a .  A gas sample w a s  taken 

before  the  evacuation sequence and i n d i c a t i d  76.5 percent Argon, whi:-h 

w a s  i n d i c a t i v e  of a thorough bulkhead purge. 

and, a t  the  i n i t i a t i o n  of LOX loading, t h e  i n t e r n a l  pressure  w a s  reading 

1.0 p s i a .  During LOX and LH2 loading, t h e  i n t e r n a l  pressure  decayed t o  

0.2 p s i a  and remained essentially a t  t h i s  l e v e l  u n t i l  LOX dra in ing .  A t  

t h e  completion of LOX dra in ing ,  t he  pressure  was reading 1.3 ps i a .  The 

i n t e r n a l  pressure  h i s t o r y  of t he  coinmon bulkhead during t h e  CDDT w a s  

i n d i c a t i v e  of a sound bulkhead. 

The bulkhead w a s  evacuated, 

During the  countdown proper,  common bulkhead condi t ion ing  commenced at 

02:OO GMT on 21 January. A gas P inple w a s  taken and t h e  tacuum supply 

valves opened t o  allow pumping on t h e  bulkhead u n t i l  cryogenic loading. 

The gas  sample ind ica t ed  a s a t i s f a c t o r i l y  iner t  atmosphere i n  t h e  bulk- 

head, t a b l e  5-7. During t h e  count, i n t e r m i t t e n t  pressure  v a r i a t i o n s  

from a minimum of 0.7 p s i a  to a m a x i m u m  of 1.4 p s i a  were observed while 

t he  bulkhead w a s  open t o  t h e  vacuum pump. 

sample w a s  taken which ind ica t ed  an ine r t  mixture.  

check w a s  inade by c los ing  t h e  vacuum supply valves f o r  21 min. 

pressure  increased  from 1.4 to 1.6 p s i a  during t h i s  period. 

v a r i a t i o n s  during S-IB LOX loading supported t h e  p o s s i b i l i t y  tiiat 

v i b r a t i o n  of t h e  v e h i c l e  w a s  causing a l eak  a t  the  u n b i l i c a l  quick- 

disconnect "0" r ing .  The bulkhead remained open t o  the  vacuum pump 

u n t i l  l i f t o f f .  

A.t 15:3(! GMT, a second gas 

A pressure  rise 

The 

Pressure  

5- 7 
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5.7 Redline L i m i t s  

The r e d l i n e  l i m i t s  f o r  launch veh ic l e  parameters are presented i n  the 

Apollo/Saturn I B  Laucch Missinn Rules Apollo 5 (Sk-204/LM-1) F i n a l ,  

rev ised  11 January 1968; i n  Douglas r epor t  SM4b977B, Sa turn  S-IVB-,704 

Stage F l i g h t  Test  Plan,  rev ised  1 7  January 1968; and i n  the  A 4 1  Redline 

Monitoring Br i e f s .  

5.8 Countdown Problems 

The f o l -  ' ing  problems were encountered during t h e  launch countdown; 

a. A f t e r  opening t h e  r e c i r c u l a t i o n  shu to f f  va lves  during LH2 

loading, the pneumatic con t ro l  r e g u l a t o r  o u t l e t  p ressure  

(D0014) increased  t o  approximately 600 p s i a  which was above 

the  r e d l i n e  l i m i t .  The pressure  was dropped by cycling t h e  

r e c i r c u l a t i o n  shu to f f  valves.  Subsequent opera t ion  w a s  normal 

as t h e  regii-ator pressure  s t ayed  i n  t h e  normal opera t ing  range 

through the  rest of t h e  launch countdown. 

b. In the  f i n a l  minutes of t h e  countdown, the  cold helium pressure  

measurement (DO016) s t a r t e d  a slow o s c i l l a t i c n  between 

2,800 p s i a  and 3,200 ps i a .  Since these  va lues  were wi th in  

r e d l i n e  l i m i t s ,  t h i s  t rend  presented no problems. 

5.9 Atmospheric Conditions 

The atmospheric conditions on the  launch day are presented  in t a b l e  5-8. 

5-8 
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TABLE 5-1 
LAUNCH VEHICLE TESTS CONDUCTED ON LA'JNCH COMPLEX 34 

L/V Switch S e l e c t o r  Functional Test 

L/V Power Transfer  T e s t  

L /V Propel lan t  Dispersion System 
Functional Test 

AS-204 LH2 Systems Simulate Test and 
Malfunction Test 

AS-204 S-1% Stage F u l l  Pressure  Test 

LOX System Simulate and Malfunction T e s t  

L/V F l t g h t  Sequence and E B W  Functional 
Test 

L/V Sequence Malfunction Tests 

L/V Systems Overa l l  Test-Plugs I n  

L/V OAT Malfunction T e s t  

L/V MCC-H I n t e r f a c e  T e s t  

As-204 Space Vehicle System T e s t -  
Plugs I n  

As-204 Space Vehicle Systems Plug 
D r q  T e s t  

PROCEDURE 

1-20003-SA4/12 

1-20004-SA4/12 

1-20005-SA4/12 

I-20029-SA204 

I-24138-SIVB4 

I-20008-SA204 

1-20006-SA4/12 

1-20007-SA4/12 

1-2000 8-SA4 / 12 

I-20050-SA204 

1-20038-SA4/12 

I-20014-SA204 

I-20015-SA204 

DATE 

9-15-66 

9-26-66 

9-26-66 

10-12-66 

10-28-66 

11-9-66 

11-15-66 

10-5-66 
11-17-66 

10-8-66 

1-5-67 

1-23-67 

1-25-67 

1-27-67 
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TITLE - -- .- 

TABLE 5-2 
LAUNCH VEHICLE TESTS CONDUCTED ON LAUNCH COMPLEX 37 

P ROCEDU 3E 

SA-204/LM-1 L/V E l e c t r i c a l  Mate Test 

SA-204/LM-1 L/lJ Switch S e l e c t o r  
Functional Tes t c  

SA-204/LM-1 P u l l  Test 

SA-204/LM-1 L/V Sequence Malfunction 
Test 

SA-204/LM-l ?A/V Plugs-In OAT 

SA-204/LM-1 LOX System Simulate Test 
and Malfunction T e s t  

SA-204/LM-1 LH2 System Simulate Test 

SA-204/LM-1 L/V MCC-H I n t e r f a c e  T e s t  

SA-204/LM-1 Space Vehicle Plugs-In OAT 

SA-204/LM-1 Spade Vehicle Plugs-Out OAT 

SA-204/LM-1 L/V MCC-H I i i t e r f ace  I1 T e s t  

SA- 'O4/LM-l 8pace Vehicle F l i g h t  
R r  . ' -ness Test 

I- 2000 2 -SA20 4L 

I-20003-SA204L 

1-20d51-SA204L 

I-20007-SA204L 

I-20008-SA204L 

1-20036 Rev 002 

1-20037 Rev 003 

1-20038 Rev 002 

1-2 7-4 Rev 002 

1-20915 Rev 002 

1-20059 Rev 002 

1 1-20016 Rev 001 

DATE 

6-13-67 
-.I 

6-14-6 7 

7-18-67 

8-3-b7 

8-4-67 

10-26-67 

11-7-67 

11-30-67 

12-12-57 

12-15-67 

12-20-6 7 

12-22-67 
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(UNPRESSURIZED AND BEFORE FIRING) 

9.90 

9.85 

9.90 

9.90 

(PRESSURIZED AND BEmRE FIRING)  

9.90 

9.85 

9-90 

9 -90 

(PRESSURIZED AND AFTER F I R I N G )  

9.86 

9.78 

9.80 

9.m 

TABLE 5-3 
APS PROPELLANTS DATA 

87.8 

81 .O 

85.1 

79.0 

87.5 

81.2 

85 .O 

80 .O 

87.2 

a3 .o 

84.8 

81-5 

PROPELLANTS 

TANK 

Oxidi z e t  

Fuel 

Oxidizer 

Fuel 

Oxidizer 

Fuel 

Oxidizer 

hrel 

Oxidizer  

Fuel 

Oxidizer  

Fuel 

Oxidizer  

Fuel 

Oxidizer  

Fuel 

MODULE - 
1 

1 

2 

2 

1 

1 

2 

2 

1 

1 

2 

2 

INDICATED 1 PROPELLANT TEMP ( O F )  

INDICATED 
BELLOWS EXTENSION (IN) 

(PRESSURIZED AT LIFTOFF) 

9.84 

9.75 

9.87 

9.77 

92 .O 

86.5 

81.0 

q.0 

3 5-11 
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TABLE 5-4 
S-IVB STAGE PROPELLANT LOADING DATA 

PARAMETER 

Chilldown i n i t i a t e d  (GFlT) 

Slow f i l l  

Levels (percent)  

I n i t i a t i o n  time (GM'i) 

Flowrate (gpm) 

Maximum w i n g  arm Fressure  (ps ia )  

Maximum u l l a g e  pressure  (ps ia )  

Fas t  f i l l  

Levels (percent)  

I n i t i a t i o n  time (GMT) 

Flowrate (gpm) 

Swing arm pressure  

Maximum (ps ia )  

S t a b i l i z e d  (ps ia )  

M a x i m u m  u l l a g e  pressure  (psia)  

F i n a l  slow f i l l  

Level a t  i n i t i a t i o n  (percent)  

I n i t i a t i o n  tiw (GMT) 

Flowrate (gpm) 

Swing arm pressure  (ps ia )  

Maximum u l l a g e  pressure  (ps ia )  

Total time requi re  (rcin) 

LOX 

15:07 

0 to 5 

i8:08* 

** 
** 
31 

5 t o  96 

18:37 

900 

** 
** 

20.2 

96 

18:59 

135 

** 
** 
55 

Lli 2 

20 : 46 

0 t o  5 

21:04 

300 

18.38 

17  .O 

5 t o  96 

21: 15 

2,200 

35.8 

33 .O 

17.2 

96 

21:42 

120 

19.77 

16.8 

46 

*LOX ioading w a s  i n t e r r u p t e d  because of a s p a c e c r a f t  problem and 
r e i n i t i a t e d  a t  i8:08 with t h e  LOX load a t  2 percent .  

**Not ava i lab le .  
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SPHERE I 
~ 

Control helium 

Cold helium 

APS he1 ium 

Module 1 

Module 2 

Engine control helium 

Engine start GH2 

TABLE 5-5 
SPHERE PRESSURIZATION DATA 

- 

VOLUME 
m 3 )  - 

4.5 

28.0 

0.160 

0,160 

0.578 

4.224 

- 

INITIATION 
TIM 
(Qm 
02:53 

21: 41* 

21:41* 

21 : 41* 

15 : 38 

3,032 

2,958 

3,080 

3,040 

3,030 

1,325 

TEn?EBA’RlRE 
AT LIFXOFF 
(DEG 8)  

460 

40.9 

550 

540 

280 

272 

*Pressurized i n  two steps 
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TABLE 5-6 (Sheet 1 of 2 )  
TERMINAL COUNTDOWN SEQUENCE 

FUNCTION 

LH2 chilldown pumps ON 

LOX chilldown pumps ON 

A l l  s tages  t o  internal  power simultaneously 

S-IVB back t o  ex ten ia l  power 

LOX and LH2 rec i rcu la t ion  pumps 3FF 

S-IVB power t r ans fe r  complete 

S t a r t  sphere vent open 

Thrust chamber purge supply closed 

Cold helium crossover valve open 

'Thrust chamber c h i l l  supply open 

S tar t  sphere supply open 

Cold heat  exchanger c i r c u i t  1 vent open 

LH2 chilldown inve r t e r  power ON 

LOX chilldown pump inve r t e r  power ON 

LH2 prevalve closed 

LOX prevalve closed 

LOX tank vent valve cycled 

LH2 tank vent closed 

LH2 di rec t iona l  vent cycled 

LH2 tank vent open 

S t a r t  sphere vent closed 

Cold heat  exchanger c i rcui t  1 vent closed 

TIME FROM T (MIN:SEC) 

-25 : 35 

-25 : 18 

-24 : 35 

-24 :03 

-23 : 5 3  

-22 : 5% 

-19 :58  

-14 : 59 

-14 : 59 

-14: 57 

-14 : 29 

-12 : 28 

-9 : 5 8  

-9 : 4 8  

-9 : 4 2  

-9 :42 

- 5 : 5 8  

-5 : 55 

-5::3 

-5 :48 

-5 : 30 

-5 : 28 
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TABLE 5-6 (Sheet 2 of 2) 
TERMINAL COUNTDOWN SEQUENCE 

-- 
FUNCTION 

S t a r t  sphere supply closed 

E q i n e  control  sphere supply valve closed 

S t a r t  sphere supply vent open 

Engine control  sphere supply vent  valve open 

Cold helium crossover valve closed 

LOX vent closed 

LOX tank pressurized 

LOX fill and drain valve closed 

LH2 tank vent  valve closed 

LH2 tank ground prepressurieat ion supply 
valve open 

LH2 f i l l  and dra in  valve closed 

LH2 tank ground prepressurizat ton supply 
valve closed 

Power t r a m f e r  complete 

LH2 a i r ec t iona l  vent  t o  f l i g h t  pos i t ion  

S-IVB ready f o r  launch 

Commit and l i f t o f f  (T) 

TIME FROM T (MIN:SEC) 

-4 : 59 

-4:59 

-4:57 

-4:57 

-3 : 29 

-2 : 43 

-2 : 29 

-2 : 25 

-1:52 

-1: 52 

- 1 ~ 2 5  

-1:07 

-0:28 

-0:28 

-0:28 

0 
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TABLE 5-7 
COIZON BULKHEAD GAS SAMPLE CONCENTRATIONS 1 GAS 

Ar 

He 

H2 

N2 

0 2  

co 2 

FIRST SAMPLE 
(PERCENT) 

~ 

60.2 

0.01 

0.45 

28 .3  

6.46 

4.58 

SECOND SAMPLE 
(PEKCENT) 

24.7 

0.14 

0.13 

59.2 

14.1 

1.73 
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TIME 

EST 

- 
12 : 00 

13:OO 

14:OO 

15 : 00 

16 : 00 

17:OO 

.7:48- 

.8 : 00 

- 
GMT 

17 :00 

18:OO 

19 :oo 

2o:oo 

21:oo 

22 rnn 

!2 : 483 

23:OO 

TABLE 5-8 
AS-2CI4 LAUNCH ATMOSPHERE CONDITIONS 

AMBIENT 
TEMPERATURE 

( O F )  

71.0 

70.6 

70.0 

69.6 

67.6 

66.8 

' 61.2 

60.8 

DEW 
POINT 
(OF) 

47 

48 

48 

48 

49 

53 

59 

58 

- 
RELATIVE 
HUMIDITY 
(PERCENT) 

43.0 

47.0 

49.0 

49 .O 

52 .O 

62 .O 

91.0 

89.0 

WIND* 
DIRECTION 
(DEG FROM 
NORTH: 

3 30 

030 

0 30 

0 20 

0 30 

0 30 

070 

0 70 

-.- 

WIND* 
VELOCITY 
(KNOTS) 

BARAMETRIC 
PRES SURE** 
(INCHES OF 
HG) 

30.100 

30.800 

30.060 

30.060 

30.060 

30.060 

30.060 

30.060 

*Surface winds 3 miles South o f  Launch Complex 37 

**At 16 f t  above sea level 

k i f  t o f  f 
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Sect ion 6 
Cos= P l u s  Incent ive Fee 

6 .  COST PLUS INCENTIVE FEE 

F l igh t  M i s s  ion Accomplishment 

F l igh t  da t a  evaluated t o  e s t a b l i s h  preconditions of fl;;ht (PCF) and 

end condi t ions of f l i g h t  (ECF) w e r e  obtained from observed t r a j e c t x y  

and a t t i t u d e  da t a  t ransmit ted by magnetic tape  and pr in tout  t o  Douglas 

from ISM: as requested i n  Douglas R e p o r t  No. SM-46538, Douglas S-IVB 
Stage Data Acquisit ion Requirements Document for Saturn I B  F l igh t s ,  

P revision. 

PCF and ECF, respect ively.  

T a b l e s  6-1 and 6-2 compare actual and a l lovable  values  of 

Performance of the  S-IB s t a g e  provided PCF at  S-IB/S-IVB Separation 

Command t h a t  were wi th in  allowable tolerances.  Trajectory ECF at o r b i t  

i n s e r t i o n  were v i t h i n  tolerance;  alsc, -ximum f l i g h t  values of a t t i t u d e  

errors and rates f o r  both phases of S-IVB operat ion (i.e., bum, and 

o r b i t  phase) d id  not  exceed the respec t ive  a l louab lc  tolerances.  A l l  

received c0mmar.d s i g n a l s  w e r e  recognized, and a l l  end condi t ions command 

s i g n a l s  w e r e  ,iven. It w a s  concluded f o r  purposes of incent ive achieve- 

ment, therefore ,  t na t  a l l  PCF and ECT w e r e  achieved. 

The Contractor throcgh p o s t f l i g h t  engineering ana lys i s  has f o r  ECF 

purposes i n t e q r e t e d  the  maximum ro l l  rate during powered f l i g h t  as 

-0.50 deg per  sec which is u i t h i n  the allowable incent ive  envelope of 
- +1.50 deg per  sec. However, due t o  s t r u c t u r a l  v ib ra t ions  loca l ized  i n  

the v i c i n i t y  of the instrument un i t ,  r o l l  rste could u e  i n t e rp re t ed  t o  

be as g rea t  as 51.75 deg pe r  sec. 

evaluht ing t h i s  parameter, t he  Contractor be l ieves  the  poss ib le  out of 
t a le rance  r o l l  rate w a s  not  caused by an S-IVB system or subsystem 

f a i l u r e ,  nor w a s  the  phenomena i n  question anymore than a temporary or 

i n t e i  . 5 t t e n t  out  of tolerance condition which should be ignored f o r  

incent ive  purposes as set fo r th  i n  paragraph 3.3.6 (h) of Exhibi t  "5" t o  

S.A. l l O U  of NAS7-101 Contract. 

Regardless of t h e  method used f o r  

The Contractor agreed t o  evaluate  the achievement of a t t i t u d e  e r r o r  

limits during the o r b i t a l  phase of the f l i p b t .  

t h a t  the a t t i t u d e  deviat ions were within the 54 deg envelope as 

proposed by NASA, although t h i s  wss not a mutually acceptable parameter 

f o r  the S-IVB-204 f l i g h t  performance incenzive. 

The Conttaccor advises  
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Table 6-1 presents  the  nominal values f o r  PCF and the  allowable devia- 

t i ons  agreed upon between Douglas and NASA, and the a c t u a l  values  obtained 

&ring the As-204 mission of 22 J r - u a r y  1968. The actual values  were 

a l l  wi th in  tolerance.  A l l  received commands were recognized, and a l l  

end condi t ion commands were given. The ex ten t  of the  agreement is set 

f o r t h  i n  Douglas Letter A3-131-5.3.1.13-L-147, dated 16 January 1968, 

and NASA Letter I-CO-S-IVB-8-71, dated 19 Januzry 1968. 

Table 6-2 ?resents  the  nominal values  f o r  ECF and the allowable devia- 

t i ons  agreed upon between Douglas and NASA as set  f o r t h  i n  Douglas 

Let ter  A3-131-5.3.1.13-L-147, dated 16 January 1968, as modified by 

NASA Letter I-CO-S-IVB-8-71, dated 19 January 1968, and Douglas Letter 

A3-131-5.3.1.13-L-61-7, dated 9 February 1968, and t h e  a c t u a l  va lues  

obtai1v.d during the  AS-204 mission of 22 January 1968. 

values  were all wi th in  tolerance.  

and a l l  end condi t ion commands were given. 

The actual 

Al l  received commands were recognized, 

Eva1ua:ion of the  t e l e m e t r y  performance ind ica ted  t h a t  t h e  telemetry 

sys t em operated at 98.8 percent e f f i c i ency  during the  telemetry perfor-  

m a - e  eva lcz t ion  period (TPEP) phase I ( l i f t o f f  t o  f i r s t  S-IVB engine 

cu tof f  p l u s  10 sec )  and performed a t  98.4 percent e f f i c i ency  during t h e  

TPEP phase I1 ( l i f t o f f  t o  issuance of t he  f l i g h t  con t ro l  computer S-IVB 

Burn Mode ON "A" Command which w a s  programmed t o  occur a t  t i m e  base 4 

plus  8,180.1 s e c  i.e., T4 +8,180.1 sec). 

The r e s u l t s  of t h e  telemetry performance ana lys i s  are shown i n  t a b l e  6-3. 
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PARAMETER 

Range 

Crossrange 

A1 t i t ude 

Velocity Vector 
Magnitude 

Velociry Vector 
Direction 

Pitch Attitude 

Pitch Rate 

Yaw Attitude 

Yaw Rate 

Roll Attitude 

Roll Rate 

TAdiE 5-1 
MISS ION I.ZCOX.PLI SHMENT (PCF) 

UNITE --I N'3MINA.L ACTUAL. 

62.63 

-0. 05 

63.49 

2,36). 8 

27.16 

-59.40 

0.00 

-0.08 

0.00 

0.00 

0.00 

62.52 

3.25 

64.16 

2,365.7 

27.39 

-59.58 

-0.1 

-0.25 

-0.05 

0.75 

0.1 I 

ALLOWABLE 
DEVI AT ION * 
+lo. 32 
-5.32 

+5.72 

+3.06 
-4.16 

+58.1 
-70.1 

+2.51 
-3.94 

- +3.0 
- +1.5 

+3.0 

- +l. 5 

+6.8 

+1.5 

NOTE: PCF are evaluated at the instant of Separation Command. 

ACTUAL 
DEVIATION 

-0.11 

+O. 30 

+0.67 

-4.1 

+O. 23 

-0.12 

-0.1 

-0.17 

-0.05 

+O. 75 

+o. 1 

*Deviations consist of allowable error plus evaluation uncertainty 
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O r b i t  ( t c  T i m e  Base 4 +8,180.1 sec) 

P i t c h  Rate 

Yaw Rate 

R o l l  Rate 

TABLE 6-2 
MISSION ACCOMPLISHMENT (ECF) 

d e g l s e c  

d e g l s e c  

deg /sec 

A. TRAJEC'IORY PARAMETERS (Eva lua ted  a t  o r b i t  i n s e r t i o n )  

I PARAMETER 

Range 

Cross range  

A l  t i tude  

V e l o c i t y  Vector 
Magnl , d e  

Ve, J c i t y  Vector I D i r e c t i o n  
1 

UNITS 

km 

km 

km 

mlsec 

deg 

N OK I N AL 

1,868.55 

146.12 

163.22 

7,828.6 

0.008 

ACTUAL 

1,837.56 

143.27 

163.44 

7,828.5 

0.005 

ALLOWABLE 
DEVIATION * 

+83.74 
-88.23 

+5.64 
-5.79 

- +l. 35 

+6.2 
-6.1 

+0.077 
-0.080 

B . ATTITUDE CONTROL PARAMETERS 

I 
PARAMETER UNITS 

S-IVB Bum Phase:  

P i t c h  A t t i t u d e  Errzr 

Yaw A t t i t u d e  Error 

R o l l  A t t i t u d e  E r r o r  

P i t c h  Rate 

Yaw Rate 

R o l l  Rate 

deg  

deg 

deg 
d e g l s e c  

d e g l s e c  

d e g l s e c  

- 
ALLuWABLE 
ENVELOPE 

- +9.0 

- +9.0 
- +3.0 

- +3.0 
- +3.0 
- +l. 5 

- +1.0 

- +l. 0 

- +1.5 

AC'IIUAL 
DEV I AT I ON 

-30.99 

-2.85 

+o. 22 

-0.1 

-0.003 

MAXIMUM FLIGHT 
VALUE 

+2.4 

-4.2 

+2.3 

-1.4 

+1.1 

-0.50 

+O. 7 

+O. 78 

-0.5 

NOTE: T r a j e c t o r y  ECF are e v a l u a t e d  a t  o r b i t  i n j e c t i o n  (10 sec a f t e r  
S-IVB Engine Cutof f  Command). 

*Dev ia t ions  c o n s i s t  of a l l o w a b l e  error p l u s  e v a l u a t i o n  u n c e r t a i n t y  
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Cost Plus Incerltive Fee 

TTEM 

1 
- 

2 

3 

TABLE 6-3 (Sheet 1 of 3) 
FLIGHT TELEMETRY PERFORMANCE SUMMARY 

DESCRIPTION 

Total  number of measurements l i s t e d  i n  the  S-IVB-204 Instrg-. 
mentation Program and Components L i s t ,  Douglas Drawing 1B43557, 
AS Change. 

Measurements l i s t e d  i n  t h e  IP6CL which are not  wholly on the 
S-IVB-204 Stage: 

Measurements t ransmit ted by the  S-IB telemetry system: 

CO375-402 
W153-424 Press - Chamber Retrorocket Pos i t  I V - I  
W154-421 Press  - Chamber Retrorocket Pos i t  11-111 
DO155-420 Press  - Chamber Retrorocket P o s i t  1-11 
DO156-422 Press  - Chamber Retrorocket P o s i t  1 1 1 - I V  

Measurements wholly t ransmit ted l and l ine  t o  the Launch 
Control Center (LCC) : 

Temp - Heat Flux A f t  I n t e r s t age  - 3 

DO545-407 Press  - Common Bulkhead I n t e r n a l  - H/W 

Measurements known t o  be inopera t ive  at s tar t  of automatic 
launch sequence, o r  became inopera t ive  p r i o r  t o  s ta r t  of 
automatic launch sequence: 

The funct ion of the  following measurements is t o  monitor 
t he  output vo l tage  of exploding bridgewires (EBW) by m e a n s  
of pulse  sensors  during checkout. The pulse  sensors  are 
removed p r i o r  t o  launch, thus making the  measurements 
inopera t ive  during f l i g h t .  

KO141-411 
KO 14 2 -4 11 
KO143-404 
KO144-404 
KO145-404 
Kd146-404 
KO147-404 
KO 148-40 4 
KO149-40 4 
KO150-404 
KO 169-404 

Event - R/S 1 Pulse Sensor 
Event - R/S 2 Pulse Sensor 
Event - Ullage R k t  1 Ign i t ion  P/S 1 
Event - Ullage R k t  1 Ign i t ion  P/S 2 
Event - Ullage R k t  2 I g n i t i o n  P/S 1 
Event - Ullage Rkt 2 I g a i t i o n  P/S 2 
Event - Ullage Rkt 3 Ign i t ion  P/S 1 
Event - Ullage Rkt 3 I g n i t i o n  P/S 2 
Event - Ullage J e t t i s o n  1 P/S 
Event - Ullage J e t t i s o n  2 P/S 
Event - EBW Pulse Sensor OFF Ind. 

The following measurement w a s  l i s t e d  i n  the  IPdCL and the 
capab i l i t y  t o  make the measurement ex i s t ed  on the  s tage.  
MSFC did  not  requi re  the  associated rate gyro i n s t a l l a t i o n ,  
therefore ,  the  measurement is  inoperat ive.  

KO152-404 Event - Rate Gyro Wheel Speed OK Ind. 

rOTAL 

515 

6 

22 
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Cost P lus  I n c e n t i v e  Fee 

ITEM - 

4 

5 

6 

7 

TABLE 6-3 ( ' h e e t  2 of  3) 
FLIGHT TELEMETRY PERFORMANCE SUMMARY 

DES C R I  PT 1 ON 

The fol lowing measurements malfunctioned p r i o r  t o  t h e  
s t a r t  of t h e  automatic  sequence: 

COO40-406 
COO41-406 
COO42-406 
COO43-406 
COO55 -406 
COO56-406 
COO72-408 
CO135-406 
DO12 1-419 
EOO82-401 

Temp - Oxidizer  Tank P o s i t i o n  1 
Terr? - Oxid ize r  Tank P o s i t i o n  2 
Temp - Oxidizer  Tank P o s i t i o n  3 
Temp - Oxid ize r  Tank P o s i t i c n  4 
Temp - LOX Tank Ullage 1 2  
Temp - LOX Tank Ullage 20% 
Temp - Fuel  Tank Wall I n t e r n a l  - L'& 

Temp - Oxid ize r  Tank Ullage 
Press - E x t e r n a l  Aft  I n t e r s t a g 2  1 
Vib - LOX Turbopump Lateral 

heasurements from which Douglas could no t  o b t a i n  d a t a  
due t o  n o i s e  from unknown sources ,  and measurements 
which were degraded o r  prevented from being 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  both TPEP pha,;e I and phase I1 
is  i t e m  1 minus t h e  sum of  items 2, 3 ,  4. 

Measurements which were f a i l u r e s  du r ing  TPEP phase I 
( l i f t o f f  t o  f i r s t  S-IVB engine c u t o f f  p l u s  10 s e c ) .  
Details r ega rd ing  t h e s e  measurement f a i l u r e s  may be  
ob ta ined  i n  s e c t i o n  17  of t h i s  r e p o r t .  

D001b-425 P r e s s  - Cold H e  Sphere 
D0062-424 Press - LH2 Circ R e t  Line Tk I n l e t  
D0122-419 Press - E x t e r n a l  Af t  I n t e r s t a g e  4 
D0124-419 P r e s s  - E x t e r n a l  Af t  I n t e r s t a g e  2 
D0158-402 P r e s s  - I n t e r s t a g e  I n t e r n a l  2 
D0045-403 Press - D i f f e r e c t i a l  Engine "Y" Actuator  

Measurements which were f a i l u r e s  du r ing  TPEP phase I1 
l i f t o f f  t o  i s suance  of t h e  F l i g h t  Con t ro l  Computzr S-IVB 
Bum Mode ON "A" Command which w a s  programmed t o  occur  
a t  t i m e  base 4 p l u s  8,180.1 s e c ) .  Details r ega rd ing  
t h e s e  measurement f a i l u r e s  may be ob ta 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  d u r i n g  TPEP 
phase I are inc luded  as phase I1 f a i l u r e s  because 
phase I1 encompasses phase I. These s ix  measurements 
are shown i n  i t e m  6 above. 

TOTAL 
= 

0 

487 

6 

8 
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Cost P l u s  I n c e n t i v e  Fee 

ITEM 

TA3LE 6 - 3  (Sheet 3 of 3 )  
FLIGHT TELEMETRY PERFOKMANCE SUMMARY 

DESCRIPTION 

I n  a d d i t i o n  t o  those  measurements which were 
f a i l u r e s  du r ing  TPEP phase I ,  t h e  fo l lowicg  two 
measurements were f a i l u r e s  du r ing  phase IL. 

COO79-409 Temp - Fuel Tank E x t e r n a l  
COO80-409 Temp - F u r l  Tank E x t e r n a l  

C a l c u l a t i o n  of phase I performance : 

I t e m  5 minus i t e m  6, divided by i t e m  5, m u l t i p l i e d  
by 100, and rounded o f f  t o  t h e  n e a r e s t  one-tenth of 
one pe rcen t .  

- 487-6 X 100 = 481 X 100 = 98.8 pe rcen t  
487 487 

C a l c u l a t i o n  of phase I1 performance: 

I t e m  5 minus i t e m  7 ,  d iv ided  by i t e m  5, m u l t i p l i e d  
by 100, and rounded o f f  t o  t h e  n e a r e s t  one-tecth of 
one pe rcen t .  

487 - b X 100 = 479 X 100 = 98.3 percen t  - 
487 487 

TOTAL 

6- 7 
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7.  TRAJECTORY 

7 . 1  Scope 

Th i s  s e , t i on  p r e s e n t s  a d i s c u s s i o n  of t h e  AS-204 t r a j e c t o r y .  CompariFms 

are 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 ’ i t  

p r e d i c t e d  t r a j e c t o r y ;  a l s o ,  r e s u l t s  of  t h e  D w g l a s  s i m u l a t e d  a c t u a l  

t r a J e c t o r y  are p r e s e n t e d .  A c t u a l  observed  t r a j e c t o r y  d e v i a t i o n s  from t h e  

p r e d i c t e d  are e x p l a i n e d  i n  terms of  S-IVB and lower  s t a g e  system p e r f o r -  

mance d e v i a t i o n s .  I n  g e n e r a l ,  t h e  Marsha l l  Space F l i g h t  Cen te r  p r e d i c t e d  

t r a j e c t o r y  i s  compared w i t h  t h e  S-IB s t a g e  a c t u a l  t r a j e c t o r y  p a r a m e t e r s ,  

and t h e  Douglas p r e d i c t e d  t r a j e c t o r y  i s  compared w i t h  t h e  S-IVB a c t u a l  

t r a j e c t o - y  pa rame te r s .  

- 

7.2 Comparison Between A c t u a l  and P r e f l i g h t  P r e d i c t e d  Trajectories 

A comparison i s  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 e m e t r y  d a t a )  and t h e  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 S-IB s t a g e  

p r e d i c t e d  t r a j e c t o r y  i s  t h e  same as t h a t  p r e s e n t e d  i n  t h e  C h r y s l e r  

Corpora t ion  Techn ica l  Note TN-AP-67-255, AS-204/LM-1 Launch Veh ic l e  

O p e r a t i o n a l  F l i g h t  T r a j e c t o r y  (Revis ion  l ) ,  d a t e d  J u l y  25,  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  i s  p r e s e n t e d  i n  Douglas 

Report  No. SM-46977C, S-IVB-204 S tage  F l i g h t  T e s t  P l a n ,  d a t e d  

January  1 7 ,  1968. F i g u r e s  are p r e s e n t e d  comparing t h e  a c t u a l  and 

p r e d i c t e d  v a l u e s  of a l t i t u d e ,  s u r f a c e  range ,  c r o s s r a n g e  p o s i t i o n ,  c r o s s -  

range  v e l o c i t y ,  i n e r t i a l  - :e loci ty ,  a x i a l  a c c e l e r a t i o n ,  i n e r t i a l  i l i g h t  

p a t h  e l e v a t i o n  a n g l e ,  and i n e r t i a l  f ? . i g h t  p a t h  azimuth a n g l e  f o r  t h e  

S-IB,  S-IVB, and o r b i t a l  ph,.ses of  t h e  f l i g h t .  F i g u r e s  7-1 throur,il 7-20 

compare t h e  a c t u s 1  and p r e d i c t e d  h i s t o r i e s  f o r  each  t r a j e c t o r y  pa rame te r ,  

and f i g u r e s  7-21 through 7-24 p r e s e n t  a h i s t o r y  of t h e  d i f f e r e n c e s  between 

t h e  p r e d i c t e d  a d  a c t u a l  t r a j e c t o r y  parameters d u r i n g  S-IVB f l i g h t .  

Tab le s  7-1 through 7-6 show c o n d i t i o n s  a t  c e r t a i n  s i g n i f i c a n t  i v e n t  

times. 

The a c t u a l  t r a j e c t o r y  of  t h e  AS-204 f l i g h t  was v e r y  c l o s e  t o  t h a t  

p r e d i c t e d .  During t h e  S-IB p o r t i o n  of t h e  f l i g h t ,  t h e  t r a j e c t o r y  can be 

c h a r a c t e r i z e d  as s low,  h i g h ,  and s h o r t  and t o  t h e  r i g h t  of t h e  p r e d i c t e d  

7-1 
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pa th .  S-IB t r a j e c t o r y  paramccers are shown i n  f i g u r e s  7-1  through 7-13. 

A t  S-IB!!S-iVil s e p a r a t i o n  s i g n a l  the a l t i t u d e  was 2,195 f t  h i g h e r  than 

i t s  p r e d i c t e d  va lue .  This i s  shown i n  t a b l e  7-2. The d e p a r t u r e  from 

p r e d i c t e d  crossrange p o s i t i o n  and v e l o c i t y  during t h e  S-IB f l i g h t ,  shown 

i n  f i g u r e s  7-3 and 7-4, w a s  small compared w i t h  expected t h r e e  sigma 

d e v i a t i o n s .  The cause of  t h e  d e v i a t i o n s  was most l i k e l y  t h e  combination 

of  small  yaw engine misalignment and h i g h e r  than p r e d i c t e d  azimuth winds 

a t  t h e  40,000-ft l e v e l .  Table 7-1 and f i g u r e  7-8 show t h a t  t h e  maximum 

dynamic p r e s s u r e  was (18 p s f j  lower than  p r e d i c t e d  and occurred 2 . 5  s e c  

ear l ie r  than p red ic t ed .  

The S-IVB s t a g e  t r a j e c t o r y  i s  p resen ted  i n  f i g u r e s  7-14 through 7-25. 

The t 2 a j e c t o r y  w a s  c l o s e  t o  p r e d i c t e d  throughout t h e  S-IVB p o r t i o n  of  t h e  

f l i g h t .  Observed d e v i a t i o n s  from p r e d i c t e d ,  shown i n  f i g u r e s  7-21 through 

7-24, are caused p r i m a r i l y  by a 20-src l a te  engine mixture  r a t i o  (EMR) 

s h i f t  and by p i t c h  and yaw s t e a d y - s t a t e  t h r u s t  v e c t o r  misalignments.  

example of t h i s  i s  t h e  t a r p  i n c r e a s e  i n  range over  t h e  p r e d i c t e d  va lue  

s t a r t i n g  a t  a range time of approximately 500 sec. This  r e s u l t s  from t h e  

higher- than-predicted a c c e l e r a t i o n  l a t e  j.n S-IVB f l i g h t  caused by t h e  

l a t e  EMR s h i f t .  

One 

A s  shown i n  t a b l e  7-3, S-IVB guidance c u t o f f  occurred 4.87 s e c  earlier 

than p r e d i c t e d .  This ear ly  gu’iclnce c u t o f f  w a s  a l s o  Drimari ly  caused by 

t h e  l a t e  EMR s h i f t .  

impulse caused t h e  guidance system t o  a t t a c h  t o  t h e  d e s i r e d  o r b i t  a t  a 

smaller s u r f a c e  range, c ros s range  p o s i t i o n ,  and c ross range  v e l o c i t y .  The 

i n e r t i a l  v e l c c i t y ,  i n e r t i a l  f l i g h t  p a t h  e l e v a t i o n  ang le ,  and a t t i t u d e  

were very c l o s e  t o  t h e i r  p r e d i c t e d  v a l u e s  a t  cutoff‘ .  

t r a j e c t o r y  cond i t ions  and o r b i t  elements a t  o r b i t  i n s e r t i o n  i s  p resen ted  

i n  t a b l e s  7-4 -.i-d 7-5. From t a b l e  7-4 t h e  t r a j e c t o r y  a t  o r b i t  i n s e r t i o n  

can be c h a r a c t e r i z e d  as s h o r t ,  h igh ,  and s l i g h t l y  f a s t .  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 

t h r e e  sigma t o l e r a n c e s  ( s e e  s e c t i o n  6 ) .  

The l a t e  EMR s h i f t  and t h e  carresponding i n c r e a s e  i n  

A summary of  

An o r b i t  was achleved which had an apogee a l t i t u d e  of 119.7 nmi, 0.8 nmi 

h i g h e r  than p r e d i c t e d ,  and a p e r i g e e  a l t i t u d e  of 85.1 nmi, 0 . 1  nmi h i g h e r  

7- 2 
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than predic ted ,  

a l t i t u d e ,  i n e r t i a l  v e l o c i t y ,  i n e r t i a l  f l i g h t  path e l e v a t i o n  angle ,  and 

i n e r t i a l  f l i g h t  path azimuth angle  f o r  t h e  t i m e  per iod from o r b i t  i n s e r -  

t i o n  t o  S-IVB/LM s e p a r a t i o n  ale presented i n  f i g u r e s  7-26 and 7-27. The 

a l t i t u d e  a t  S-IVB/LM s e p a r a t i o n  was approximately 3,000 f 

p r e d i c t e d ,  whi le  t h e  i n e r t i a l  \ . e l o c i t y  and t h e  i n e r t i a l  f l i g h t  pa th  angles  

a r e  c l o s e  t o  t h e i r  p red ic ted  va lues .  

i n  a l t i t u d e  a t  S-IVB/LM skFara t ion  w a s  t h e  change i n  apogee a l t i t u d e ,  

n e a r  which LM s e p a r a t i o n  LLcurred, caused by a h igher  than p r e d i c t e d  

per igee  v e l o c i t y  a t  i n s e r t i o n .  

1.6 f t / s e c  h i g h e r  than p r e d i c t e d  ( t a b l e  7-5) die t o  h i g h e r  than p r e d i c t e d  

S-IVB cutof f  impulge. 

Differences between a c t u a l  and p r e d i c t e d  va lues  of  

h i g h e r  than 

The primary cause of t h e  d i f f e r e n c e  

The per igee  v e l o c i t y  d e v i a t i o n  w a s  

7.3 Powered F l i g h t  Simulated Tra jec tory  Evaluat ion 

Using a five-degrees-cf-freedom t r a j e c t o r y  simulatT.on program, p r o p u l s i m  

system parameter h i s t o r i e s  were ad jus ted  s o  t h a t  an S-IVB Lra jec tory  

could be generated t o  match c l o s e l y  t h e  observed t r a j e c t o r y  (appendix 3 ,  

Observed Tra jec tory) .  T h e  s imula t ion  program used a d i f f e r e n t i d l  correc-  

t i o n  technique which determined t h e  necessary  adjustments ,  befoxe and 

a f t e r  mixture r a t i o  s h i f t ,  t o  t h r u s t  and weipht: flow from t h e  e i g i n e  

a n a l y s i s  ( s e c t i o n  9 )  and p i t c h  and yaw engine thriisr: misalignment angles  

from t h e  c o n t r o l  system a n a l y s i s  t o  match t h e  observed tra:-xcory. 

adjustments were determined by minimizing i n  a leas t - squares  sense  tile 

weighted 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 v ,  ear th- f ixed  

v e l o c i t y  azimuth apgle ,  and s l a n t  range d i s t a n c e  from t h e  launch s i te  

between the  observed and s imula ted  t r a j e c t o r i e s .  

These 

Dif fe rences  between tne observed and s imulated t r a j e c t o r i e s  are presenL2d 

i n  f i g u r e  7-28. The average and maximum d e v i a t i o n s  between t h e  a c t u a l  

and s imulated t r a j e c t o r i e s  are: 

Parame t e I Average 
Deviat ion 

A l t i t u d e  ( f t )  72.6 

Earth-f ixed v e l o c i t y  ( f t / s e c )  0.91 

S l a n t  range d i s t a n c e  ( f t )  9.00 

Earth-f ixed  v e l o c i t y  azimuth angle  (deg) 0.026 

Maximum 
Devi a t  ion 

-237.0 

2.6 

-0.06 

-30.0 
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To obtain a match of the observed t r a j ec to rv  i t  w a s  necessary t o  i j u s t  

t h e  l eve l s  of t h r u s t  and weight flow determined by engine ana lys i s .  

Before t h r u s t  cutback t h e  t h r u s t  and weight f lob  determined by engine 

ana lys i s  were increased b y  0.15 percent and 0.13 percent ,  respec t ive ly ,  

a f t e r  cutback the  engine a n a l y s A j  t h r u s t  and weight flow were decreased 

by 1.67 percent and 1.27 percent ,  respect ively.  The corresponding 

chwge i n  s p e c i f i c  ilrrpulse over t he  values determined from engine 

ana lys i s  were a decrease of  0.42 percent  a t  the  re ference  mixture r a t i o  

<.W) and no change a t  the  high EMR. 

HistorLes of simulated thrust and w e i g h t  flow are presented 

f i g u r e  7-29. The average values  f o r  these parameters are: 

Parameter 

Total  average t h r u s t  (1bE) 

Total  average weight flow (lbm/sec) 

Total  average s p e c i f i c  impulse (sec) 

Average th rus t  at high mixture r a t i o  ( lb f )  

Average weigh:: flow a t  high mixture r a t i o  
(lbm/sec) 

Average s p e c i f i c  impulse at high mixture 
r a t i o  (sec)  

Average th rus t  at reference mixture r a t i o  
( Ibf )  

Average weight flow at  reference mixture 
rat i o  (lbm/sec) 

Average s p e c i f i c  impulse a t  reference 
mixcure r a t i o  (sec) 

Predicted 

in 

A c t  ua 1 

213,692 

500.81 

426.83 

223,811 

525.66 

425.77 

184 , 752 

429.70 

429.96 

216,063 

508.23 

425.15 

224,233 

527.65 

424.85 

184 , 890 

432.36 

427.16 

These r e s u l t s  ind ica te  tha t  t he  t h r u s t  and weight flow were very c lose  t o  

predicted during high EMR operation. During RMR operat ion the  t h n s r  w a s  

s l i g h t l y  higher  than predicted,  but t h e  weight flou w a s  0.74 percent  

higher tha9 predicted,  thus decreasing the  s p e c i f i c  impulse by 

0.65 percent from the predicted value. 

The maximum inaccuracies  i n  the  simulated propulsion parameters due t o  

the observed t r a j ec to ry  anc s imulat ion mcertainties are est imated t o  be 
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0.2 percec t  from t h r u s t  and weight flow and (3.3 percent  f o r  s p e c i f i c  

impulse. 

i g n i t i o n  a - d  c u t o f f  weight. As a r e s u l t ,  t h e  t o t a l  inaccuracy i n  t h r u s t ,  

weight flow, and s p e c i f i c  impulse i s  0.3 percent  i n  each. 

An a d d i t i o n a l  inaccuracy is added by t h e  u n c e r t a i r t y  i n  t h e  

The p i t c h  and yaw t h r u s t  misalignment angles  as e s t a b l i s h e d  by c o n t r o l  

system and t r a j e c t o r y  a n a l y s i s ,  compare favorably.  The va lues  obta ined  

are given below. 

Parameter Control  Analysis  Simulated 
Value Value 

P i t c h  t h r u s t  misalignment (deg) 0.21 0.2 

Yaw t h r u s t  misalignment (deg) 0.36 0.5 

A p o s i t i v e  p i t c h  misaligllrcent produces a nose-above-commanded a t t i t u d e ,  

and a p o s i t i v e  yaw misalignment produces a nose-left-of comanded 

a t t i t u d e  (looking downrange). 

The s t e a d y - s t a t e  t h r u s t  vector as determined by f l i g n t  s i m u l a t i c t  w a s  

l o c a t e d  relative to  t h e  v e h i c l e  as shown below: 

PITCH PLANE 

POSlTION 
F P L A N E  I11 

I VEHICLE i CENTERLINE 

I 

----- 

THRUST VECTOR i- ~~~~'~ 
RELATIVE TO 
ENGINE 

YAW PLAYE 

I- VEHICLE CEi 'TERLINE 

r------ ------ 1 
POSIT ION 
PLANE IV 

POSITION PLANE 11 &( 
.* 

I 
I 

THRUST VECTOR 
RELATIVE TO 
ENGINE 

The s imulated S-IVB s t a g e  weights  and p r e d i c t e d  va lues  are: 

P r e d i c t e d  Simulated 

Engine Start  Command (lbm) 296,170 297,050 

Engine Cutoff Command (ILm) 70,423 70,150 
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T h e s e  w e i e h t s  bere der ived from t h e  ci.mposite b e s t  e s t i m a t e  i g n i t i o r .  and 

cu tof f  weight ( secc ion  8, Mass C h a r a c r e r i s t i c s ) .  

determined by f i n d i n g  t h e  p o i n t  on 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  l i n e  

( f i g u r e  8-S), t h a t  has t h e  h i g h e s t  p r o b a b i l i t y  of being e q u a l  t o  t h e  

b e s t  e s t i m a t e  va1:ie f o r  i g n i t i o n  and cutoiTf weight. 

p r o p e l l a n t  u o i g h t s  of 65,676 ibm a t  ESC and 65,703 lbm at ECC presented 

i n  s e c t i o n  15 and t h e  b e s t  estimate of t h e  l i q u i d  oxygen to  l i q u i d  

hydrogen r a t i o s  presented t h e r e ,  f l i g h t  s imula t ion  r e s u l t s  i n d i c a t e  t h e  

The weights  were 

Using t h e  non- 

following p r o p e l l a n t  consumptions. 

Actual  

P r e d i c t e d  

k v i a t i c n *  

ESC 

134,078 37,296 

193,273 37,440 

805 -144 

ECC 

Actual  

Predic ted  

D e  v i  a t  ion * 

LH2 

2,987 1,46@ 

3,282 1,501 

-29 5 -41 

- LOX - 

TOTAL COtVSUPiED 

LOX LH2 - - 
Sc t u a l  191 $91 35,836 

Oredicted 189,991 35,939 

Deviation* 1,100 -103 

*Deviation equals  a c t u a l  minw predic ted .  

Total 
P r o p e l l a n t s  

(lbm) 

231,374 

230,713 

661 

T o t a l  
ProFel lan  ts 

(lbm) 

4,447 

4,783 

-335 

T o t a l  
P r o p e l l a n t s  

( 1bm) 

226,927 

225,930 

9 70 
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r h e  f l i g h t  s imula t ion  v e r i f i e s  t h e  4.9 sec d i f f e r e n c e  between p r e d i c t e d  

and a c t u a l  guidance cu tof f  time. Components of the  s h o r t  burntime are: 

Cont r ibu tor  Burntime Componect 
(sec) 

Slow S-IB/S-IVB s e p a r a t i o n  v e l o c i t y  +0.2 

High S-IVB i n i t i a l  p r o p e l l a n t  weight 

ti igb-stop engine  o p e r a t i o n  

+l. 6 

-0.3 

Late cutback time -4.7 

Low s t o p  engine opera t ion  -2.1 

T o t a l  -5.3 
- 

The to ta l  of t h e s e  components is i n  c l o s e  agreement wi th  t h e  d i f f e r e n c e  

observed f o r  t h e  S-IVB burn. 
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TABLE 7 - 1  
CONDITIONS AT MAXIMUM DYNAMIC PRESSURE 

PAKAMETER 

Range time ( r )  

Dynamic pressure (4) 

Alt i tude  ( h )  

Mach number ( M) 

Ambient pressure (Pa) 

P i t ch  angle  of (a) 
at tack 

Yav angle of attack ( 7 )  

U N I T S  

sec 

l b f / f t 2  

f t  

- 

l b f / f t 2  

deg 

deg 

PREDICTED 

74.00 

682.8 

40,495 

1 .54  

413.9 

-0.52 

-0.04 

ACTUAL 

71.50 

664.6 

37,633 

1 .43  

458.7 

-2.30 

1.32 

DEVIATION 

- 2 . 5 0  

-18.2 

-2,862 

-0 .11  

44 .8  

-1.79 

1.36 

Deviation = Actual - predicte \ i  
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TABLE 7-2 
CONDITIONS AT S-IB/S-IVB SEPARATION SIGNAL 

PARAMET E R 

Range t i m e  

Downrange d i s t a n c e  

Vertical d i s t a n c e  

Crossrange d i s t a n c e  

Downrange v e l o c i t y  

V e r t i c a l  v e l o c i t y  

Crossrange v e l o c i t y  

R e l a t i v e  v e l o c i t y  

I n e r t i a l  v e l o c i t y  

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  angle  

I n e r t i a l  f l i g h t  pa th  
azimuth angle  

A 1  t i tude 

Range 

Dynamic p r e s s u r e  

P i t c h  angle  of a t t a c k  

Yaw angle  of a t t a c k  

UNITS 

sec 

f t  

f t  

f t  

f t / s e c  

f t / sec  

f t Isec 

f t /sec 

f t l s e c  

deg 

deg 

f t  

f t  

l b f  I f  t2 

deg 

del3 

PREDICTED 

143.44 

207,346 

207,295 

-160.0 

5,648.7 

3,498.8 

2.40 

6,644.5 

7,775.0 

27.161 

75.644 

208,312 

205,485 

8.98 

-0.99 

-0.06 

ACTUAL 

143.50 

207,186 

209,492 

833.3 

5,621.7 

3,520.9 

8.86 

6,633.3 

7,761.4 

27.394 

75.709 

210,507 

205,305 

8.34 

-1.12 

-0.16 

D E V I A T I O N  

0.06 

-160 

2,197 

993.3 

-27.0 

22.1 

6.46 

-11.2 

-13.6 

0.233 

0.065 

2,195 

-180 

-0.64 

-0.13 

-0.10 

Deviat ion = Actual - predic ted  

7-9 



Sect ion  7 
T r a j e c t o r y  

TABLE 7-3 
C O N D I T I O N S  AT S-IVB E N G I N E  CUTOFF COhlMAND 

P AKANE'T E K 

Range t i m e  ( t )  

Downrange d i s t a n c e  ( Z E )  

V e r t i c a l  d i s t a n c e  (X,) 

Crossrange d i s t a n c e  (Y,) 

Downrange v e i o c i  t y  (i,) 
V e r t i c a l  v e l o c i t y  (X,) 

Crossrange v e l o c i t y  (?E) 

Rela t ive  v e l o c i t y  (VE) 

I n e r t i a l  v e l o c i t y  (VI) 

I n e r t i a l  f l i g h t  pa th  (yl '1 
e l e v a t i o n  angle  I 

I n e r t i a l  f l i g h t  pa th  (y2 '1 
azimuth angle  I 

A 1  t i tude (h) 

Range (SI 

UNITS 

soc  

f t  

f t  

f t  

f t l s e c  

f t l s e c  

f t l s e c  

f t l sec  

f t I s e c  

deg 

de g 

f t  

f t  

P RE D I CT ED 

598.21 

5,949,9 35 

-307,511 

297,610 

23,311.0 

-6,743.3 

1,740.8 

24,329.8 

25,661.1 

-0.003 

85.691 

535,406 

5,886,281 

- 
ACT U AL 

593.34 

5,857,127 

-280,041 

287,303 

23,340.0 

-6,639.2 

1,731.1 

24,327.6 

25,658.7 

-0.009 

85.496 

536,164 

5,791,547 

DEVIATION 

-4.87 

-92,806 

27,470 

-10,307 

29.0 

104.1 

-18.7 

-2.2 

-2.3 

-0.006 

-0.195 

758 

-94,734 

Deviation = Actual - p r e d i c t e d  
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TABLE 7-4 
CONDITIONS AT ORBIT INSERTTON 

PARAMETER 

Range t i m e  ( t )  

Downrange d i s t a n c e  (Z,) 

V e r t i c a l  d i s t a n c e  (X,) 

Crossrange d i s t a n c e  (YE) 

Downrange v e l o c i t y  ( i ~ )  
Vertical v e l o c i t y  (iE) 
Crossrange v e l o c i t y  (YE) 

R e l a t i v e  v e l o c i t y  (V,) 

I n e r t i a l  v e l o c i t y  (VI) 

I n e r t i a l  f l i g h t  path (yl ') 
e l e v a t i o n  angle  I 

I n e r t i a l  f l i g h t  path (y2 ') 
azimuth angle  I 

A 1  t i  tude (h 1 

Range (SI  

~~ 

UNITS 

sec 

f t  

f t  

f t  

f t l s e c  

f t /sec 

f t l s e c  

f t Isec 

f t /sec 

de g 

de g 

f t  

f t  

PREDICTED 

608.21 

6,184,060 

-3 76,64 7 

315,294 

23,253.5 

-7,010.6 

1,776.2 

24,351.5 

25,682.8 

0.009 

86.111 

535,489 

6,124,868 

ACTUAL 

603.34 

6,090,385 

-347,7 7 7 

304,706 

23,287.6 

-6,905.5 

1,747.8 

24,352.7 

25,683.9 

0.005 

85.914 

536,231 

6,028,912 

LEVI AT ION 

-4.87 

-93,6 75 

28,870 

-10,588 

34.1 

105.1 

-28.4 

1.2 

1.1 

-0.004 

-0.197 

742 

-95,956 

Deviat ion = Actual - p r e d i c t e d  
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-652,205,935 

TABLE 7-5 
o u r r  E L T ~ M E N T S  AT INSERTION 

-652,106,984 

PAKAElE T E l! 

Range t i m e  ( t >  

Semi-major a x i s  (a> 

Apogee a l t i t u d e *  (h*) 

Perigee a l t i t u d e *  (hp) 

Apogee v e l o c i t y  (V,) 

Per igee v e l o c i t y  (Vp) 

E c c e n t r i c i t y  i e )  

I n c l i n a t i o n  ( i )  

Period (P> 

I n e r t i a l  v e l o c i f y  (VI> 

I n e r t i a l  f i i g h t  path (yl ’> 
e l e v a t i o n  an:? e I 

Descending Node ( 9N> 

Conic energy (C3) 

UhITS 

Deviation = Actual - p r e d i c t e d  

s e c  

nmi  

nmi  

n m i  

f t l s e c  

f t l s e c  

- 

deg 

min 

f t /sec 

de g 

de g 

f t  Isec 2 2  

PREDICT EL) 

b08.21 

3,545.9 

118.9 

85.0 

25,438.9 

25,683.3 

0.0048 

31.615 

88.27 

25,683.2 

0.009 

119.054 

ACTUAL 
-- 

603.34 

3,545.7 

119 .7  

85.1 

25 ,A35.0 

25,684.0 

0.0049 

31.627 

88.28 

25,683.9 

0.005 

119.060 

-- 
UEV I AT I ‘3N 

-4.87 

-0.5 

0 . 8  

0.1. 

-3.9 

0.7 

0.0001 

0.012 

0.01 

0.7 

-0.004 

0.006 

98,951 

“Measured with r e s p e c t  to a mean e a r t h  r a d i u s  of 3,443.94 nmi. 
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TABLE 7-6 
ORBIT ELEMENTS AT S-IVB/LM SEPARATION 

Rar ge time ( t >  

Semi-maj o r  a x i s  < a >  

Apogee a l t i t u d e *  (hA> 

Perigee a l t i t u d e *  (hp) 

Apogee v e l o c i t y  (VA> 

Perigee v e l o c i t y  (V,> 

E c c e n t r i c i t y  ( e >  

I n c l i n a t i o n  (i> 

Period (P>  

I n e r t i a l  v e l o c i t y  (VI> 

I n e r t i a l  f l i g h t  pa th  ( y  ’> 
e l e v a t i o n  angle  

Descending node ( 

Conic energy (C3) 

UNITS 

sec 

nmi 

nmi 

nmi 

f t l s e c  

f t / s e c  

- 

de g 

m i n  

f t l s e c  

deg 

deg 
2 2  f t  j s e c  

Deviation = Actual - p r e d i c t e d  

P RED1 CTED 

3,235.00 

3,546.3 

116.3 

88.5 

25,458.8 

25,659.5 

0.0039 

31.615 

88.28 

25,459.1 

-0.016 

118.844 

-652,269,279 

ACTUAL 

3,235.24 

3,546.5 

116.8 

88.4 

25,456 .O 

25,661.1 

0. Or ’ rO  

31.628 

88.29 

25,456.2 

-0.013 

118.818 

-652,089,729 
-- 

C E V I A T I O N  

0.24 

0 .2  

0.5 

-0.1 

-2.8 

1 .6  

0.0001 

0.013 

0.001 

-2.9 

-0.003 

-0.026 

199,541 

*Measured with r e s p e c t  t o  a mean e a r t h  r a d i u s  of 3,443.94 nmi 
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TIME FROM RAhGE ZERO (SEC) 

Figure  7-1.  S-I6 Stage Alt i tude History 

~- 

F i y r e  7-2.  S-I6  Siage Surface h n g e  Y-istory 
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.- 

T I E  FROM WSE ZERO (SEC) 

Figure 7-3. S - IB  Stage Crossrange Po-Ition History 
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Figure 7-4. S-IB Stage Crossrange V e l d t y  H I s t c r y  
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Figure 7-5. S-I6 Stage Inertial Velocity i i i s tory  
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Figure 7-8. S-IB Stage Dynamic Pressure H i s t o r y  
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160 
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Figure 7-9. S - I B  Stage Mach Number H is tory  
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TIME FROM RANGE ZERO (SEC) 

160 

Figure 7-12. S - I B  Stage Yaw A t t i t u d e  Angle H i s t o r y  
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Sec t ion  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-204 second f l i g h t  s tage  (S-IVB-204, 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 are "bes t  estimate" va lues .  

8.2 Mass P r o p e r t i e s  D i spe r s ion  Analysis  

Figures  8-1 through 8-4 p r e s e n t  a compariscn of t he  p r e d i c t e d  veh c l e  

mass c h a r a c t e r i s t i c s  and t h r e e  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  m a s s  c h a r a c t e r i s t i c s  f o r  the AS-204 second f l i g h t  s t a g e  du r ing  

S-IVB powered f l i g h t .  The p r e d i c t e d  d i s p e r s i o n s  were determined from a 

s t a t i s t i ca 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  1-4 are 

r e fe renced  r e l a t i v e  t o  time from Engine S t a r t  Command r a t h e r  than event .  

With t h e  except ion of t he  r o l l  moment of i n e r t i a ,  . 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  p r e d i c t e d  t h r e e  sigma d i s p e r s i o n  bands. 

Figure 8-3 shows the a c t u a l  r o l l  moment of i n e r t i a  t o  be g r e a t e r  than 

t h e  maximum p r e d i c t e d  d i s p e r s i o n .  I n v e s t i g a t i o n  showed t h e  p r e d i c t e d  

r o l l  moment of iner t ia  va lues  were i n  e r r o r  due t o  an erroneous r o l l  

r a d i u s  of g y r a t i o n  f o r  t he  S-IVB-204 dry s t a g e .  The r e s u l t i n g  e r r o r  i n  

t h e  p r e d i c t e d  r o l l  moment of iF.ertia was approximately -4,000 s l u g - f t  

which when c o r r e c t e d  would cause the  p r e d i c t e d  nominal and t h e  a c t u a l  

values  to agree i n  c l o s e  proximity.  

2 

8 . 3  Second F l i g h t  Stage B e s t  E s t i m a t e  I g n i t i o n  and Cutoff Masses 

The " b e s t  estimate method" i s  a t h r e e  dimensional  s t a t i s t i ca l  a n a l y s i s  

of d a t a  from f i v e  mass measurement s y s t e m s .  This 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  f ron which t h e  most probable  va lues  and 

a c c u r a c i e s  f o r  i g u i t i o n  and c u t o f f  masses are determined. 

Two measurement sys tems p rov ide  unique va lues  f o r  i g n i t i o n  mass and t h r e e  

measurement - ;:ems provide unique va lues  f o r  c u t o f f  mass w h i l e  two 

systems provide a l inear  r e l a t i o n s h i p  between them. The b e s t  estimate 

method combines t h e  unique va lues  with t h e  l i n e a r  r e l a t i o n s h i p s  t o  

cottpute t h e  most probable  va lue  for i g n i t i o n  and c u t o f f  mass. 

8- 1 
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The f i v e  measurement s y s t e m s  used i n  de t e rmin ing  t h e  b e s t  es'.imate 

masses a r e :  (1) FU v o l u m e t r i c  ( 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 ,  2nd (5 )  t r a j e c t o r  r e c o n s t r u c t i o n .  Measure- 

ment sys tems (1)  th rough ( 4 )  are d e s c r i b e d  i n  s e c t i o n  15  and 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  i s  d e s c r i b e d  i n  s e c t i o n  7 .  

F igu re  8-5 is 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  

i g n i t i o n  and c u t o f f  mass. 

297,035 5 6 3 8  l b m  and t h e  c u t o f f  mass w 

The second f l i g h t  s t z g e  i g n i t i o n  mass w a s  

70,225 +178 lbm. 

8.3.1 Best E s t i m a t e  Program Inpu t  

Table  8-2 p r e s e n t s  a summary of t h e  v a l u e s  used i n  d e t e r m i n i n g  t h e  b e s t  

estimate i g n i t i o n  and c u t o f f  mass. For t h e  unique  measurement sys t ems ,  

t h e  LOX, LH2, and n o n p r o p e l l a n t  mass v a l u e  and d i s p e r s i o n  are used  f o r  

computat ion.  The l i nea r  r e l a t i o n s h i p  v a l u e s  are p r e s e n t e d  as u t i l i z e d  

€ o r  b e s t  estimate a n a l y s i s .  

8-2 
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ACTUAL 

T I E  FROM ENGiNE START C O M N D  fSEC) 

Ffgure 8-2. AS-204 Second Fl ight  Stage Vehicle Horizontal Center o f  Gravity 

- ACldAL 
PREDICTED ------ 

TIME FROM EXINE START C O W 0  (SEC) 
*SEE PARAGRAPH 8.2  

Flgure 8-3. AS-204 Second Flfght Stage Vehicle Roll Momenr o f  I n e r t i a  
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9. ENGINE SYSTEM 

The main propuls ion s y s t e m  of t h e  S-IVB s t a g e  of tiis .\S-2U4 launch v e h i c l e  

c o n s i s t e d  of a 225,000-lbf-thrust  Rocketdyne 5-2 engine,  SIN 5-2025, shown 

schemat i ca l ly  i n  f i g u r e  9-1 w i t h  the a s s o c i a t e d  p r o p e l l a n t  d w t i n g  and 

cond i t ion ing  s y s t e m s .  As a r e s u l t  of tile a n a l y s i s  of t h e  engine and s t a g e  

acceptance tes t s ,  t h e  fol lowing 60-sec t a g  va lues  irere e s t a b l i s h e d  wi th  

t h e  engine c o n s t a n t s  p re sen ted  and were used i n  t h e  f l i g h t  p r e d i c t i o n .  

TAG VALUES 

T h r u s t  (F) 223,013 l b f  

Engine mixture  r a t i o  (EMR) 5.552 

S p e c i f i c  impulse (I  ) 424.8 sec 
SP 

ENGINE CONSTANT5 
~~~~~ ~ 

LOX flowmeter 4.9178 c y c l e s l g a l .  

LH2 flowmeter 1.7382 c y c l e s l g a l .  

LOX boot s t r a p  o r i f i c e  0.272 s q  i n .  

LH2 boot s t r a p  o r i f i c e  0.463 sq i n .  

LOX t u r b i n e  bypass n o z z l e  1.080 sq  i n .  

The engine was equipped wi th  a C.G$O. - sec  s tar t  tank d i scha rge  va lve  

(STDV) de l ay  t i m e r  i n  t h e  engine c o n t r o l  c i r c u i t ;  however, a c t u a t i o n  of 

t h e  STDV, which determines t h e  f u e l  J-ad d u r a t i o n ,  was c o n t r o l l e d  by a 

s t a g e  timer (ESC +1 s e c )  througri th? f u e l  i n j e c t i o n  temperature bypass 

c i r c u i t .  There were no engine u,,>difi c a t i o n s  t h a t  a f f e c t e d  performance, 

except  f o r  t he  a d d i t i m  of  a poppet o r i f i c e  t o  t h e  main o x i d i z e r  va lve  

(MOV) opening system which provided a more r ap id  s tar t  t r a n s i e n t .  

S i g n i f i c a n t  engine e v e n t s  du r ing  the  S-IV3 powered f l i g h t  phase of t h e  

AS-204 mission were as fol lows:  

9-1 
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Yeference T i m e  ( s e c )  

Event  P e r c e n t  
Devia t i a n  Range Zero P r e d i c t i o n  ES c 

Engine S t a r t  Command 0 144.905 147 .1  -2.195 
(ESC) 

Engine Cutof f  Command 448.422 593.331 591.508 +1.823 
(ECC)  

Comparisons are made t o  t h e  p r e d i c t e d  p r o p u l s i o n  sys t em performance as 

p u b l i s h e d  t o  I l a r s h a l l  Space F l i g h t  Cen te r  (MSFC) i n  Douglas l e t t e r  

h3-860-KCBO-4.23.9-L-1729, d a t e d  28 June  1967. 

9 . 1  E;i:Z,ine Chillcic.wn and Cond i t ion ing  

9.1.1 Engine Tlirbopump Chil ldown 

The e n g i n e  LOX and LH2 turbopumps were a d e q u a t e l y  c h i l l e d ,  and t h e  

t empera tu res  and p r e s s u r e s  were w i t h i n  t h e  r e q u i r e d  band a t  Engine S t a r t  

Command (pa rag raphs  11 .4  and 12 .2 ) .  

9.1.2 T h r u s t  Chamber Chil ldown 

Thrus t  chamber ch i l ldown ( f i g u r e  9-2) wzs adequa te  t o  p r e v e n t  e x c e s s i v e  

LH2 pump back p r e s s u r e ,  and t h e  LH2 pump p e r f o r m u c e  w a s  s a t i s f a c t o r y  

d u r i n g  t h e  eng ine  s ta r t  t r a n s i e n t  w i t h  no  i n d i c a t i o u  o f  s t a l l  

( f i g u r e  9-3) .  F u r t h e r  i n f o r m a t i o n  on t h e  ch i l l down  o p e r a t i m  is  presenced  

i n  t a b l e  9-1 and pa rag raph  5.5.3.1. 

9.1.3 Engine S t a r t  Sphere  Chil ldown and Loading 

Engine s ta r t  s p h e r e  ch i l l down  and l o a d i n g  m e t  t h e  r equ i r emen t s  f o r  e n g i n e  

s t a r t  ( f i g u r e s  9-4 and 9-5) .  F u r t h e r  i n fo rma t ion  is p r e s e n t e d  i n  

s e c t i o n  5.  

9 . 1 . 4  Engine C o n t r o l  Sphere  Chil ldown and Loading 
~ ~~ 

Engine c o n t r o l  s p h e r e  conditio1iir.g xzs adequa te ,  and a l l  o b j e c t i v e s  were 

accomplished.  S i g n i f i c a n t  c o n t r o l  s p h e r e  performance d a t a  are p r e s e n t e d  

i n  t a b l e  9-2 and f i g u r e  9-4. 
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9 . 2  S t a r t  sphere Performance 

9 . 2 . 1  Uuring Engine Uperation 

T h e  J-2 engine s t a r t  sphere cond i t ions  a t  S-IL-fi Engine S t a r t  Command of 

the AS-204 f l i g h t  were 1 , 3 4 2  p s i a  p r e s s u r e  and 273 .5  deg K temperature 

with h mass of 3 . 6 2  lbm ( f i g u r e s  9 - 4  and 9-6) as compared t o  p r e d i c t e d  

va lues  of 1,300 p s i  p r e s s u r e ,  2 8 5  deg R temperature ,  and 3 . 4 7  lbm mass. 

The d e v i a t i o n  produced a n e g l i g i b l e  e f f e c t  on t h e  start  t r a n s i e n t .  

S t a r t  Tank Discharge Valve (STDV) Command occurred a t  ESC +1.004 s e c ,  

and tne p r e s s u r e  decay i n i t i a t e d  a t  ESC +1.195 sec .  T h e  blowdown w a s  

terminated by t:le STDV c l o s u r e  a; ESC; +1.720 sec. Approximately 2 . 8 4  lbm 

of GH2 were discharged during t h e  0.57 s e c  blowdown wi th  ten. . inal  condi- 

t i o n s  as shown i n  f i g u r e  9 - 6 .  The blowdown w a s  0.04 sec s h o r t e r  than 

t n e  blowdown during t h e  S-IVS f i r r t  s t a r t  of  t h e  AS-501 mission. The 

d i f f e r e n c e  was due t o  r ap id  response of t h e  STGV and a 0.02 s e c  r educ t ion  

i n  i g n i t i o n  phase c o n t r o l  t imer d u r a t i o n .  Although a l l  i n d i v i d u a l  

dev ia tLons  were w i t h l n  al lowable t o l e r a n c e s ,  reasons f o r  t h e  d e v i a t i o n s  

and t h e  e f f e c t  of a t o l e r a n c e  stack-up on t h e  s t a r t  t r a n s i e n t  are being 

i n v e s t i g a t e d .  A s  a r e s u l t  of t h e  r e i a t i v e l y  s h o r t  blowdown, t h e  t e r m i n s l  

cond i t ions  d i f f e r e d  from t h e  S-IVB-501 c o n d i t i o n s  as shown i n  f i g u r e  9 - 6  

Although restart w a s  n o t  r e q u i r e d ,  t h e  s t a r t  sphe re  was  r e f i l l e d  w i t h  

hydrogen from t h e  f u 4  i n j e c t i o n  manifold and pump d i scha rge  area a t  

ESC +2 s e c  when t h e  t r a n s i e n t  p r e s s u r e  i n  those  regions exceeded t h e  

r e s i d u a l  p r e s s k r e  i n  t h e  s ta r t  sphere.  S ince  t h e r e  was no planned 

restart  f o r  t h i s  mission,  t h e  mod i f i ca t ions  normally made t o  gua ran tee  

res tar t  r e l i a b i l i t y  wcre no t  made f o r  S-IVB-204. These mod i f i ca t ions  

jnc lude  r e p l a c i n g  t h e  0.1 sq  in .  o r i f i c e  w i t h  a 0.055 sq in. 

o r i f i c e  i n  t h e  r e f i l l  l i n e  from t h e  f u e l  pump d i scha rge  area and a vent 

and r e l i e f  valve s e l e c t e d  and c a l i b r a t e d  t o  r e l i e v e  a t  approximately 

1.300 p s i a .  A s  a r e su l t  c i  t h e  l a r g e r  (0.1 sq i n . )  r e f i l l  o r i f i c e ,  

t h e  S-IVB-20h start  tank r e f i l l e d  f a s t e r  and c o l d e r  t han  S-IV3-501, 

reaching e q u i l i b r i u m  w i t h  t h e  f u e l  i n j e c t i o n  manifold p r e s s u r e  a t  

ESC +4 sec ( f i g u r e  9 - 7 1 ,  as compared t o  ESC +10 sec dur ing  t h e  S-IW-501 

f i r s t  burn. Although the  i n i t i a l  temperature  f o r  r e f i l l  was h i g h e r  
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because  of t h e  s h o r t  blowdown, t h e  S-IVB-204 r e f i l l  t . enpe ra tu re  was approxi -  

n a t e l y  8 deg c o l d e r  t han  S-IVB-501 ( f i g u r e  9-6). The topp ing  p o r t i o n  of t h e  

r e f i l l  c y c l e  ( c h a r a c t e r i z e d  b y  i n c r e a s i n g  p r e s s u r e  and d e c r e a s i n g  

tempera ture  was t e r m i n a t e d  a t  ESC +45 sec  (compared t o  ESC +74.37 s e e  

f o r  S-i’JB-jdl)  when t h e  s t a r t  t a l k  p r e s s u r e  was i n  e q u i l i b r i u m  

(1,185 p s i a )  :;it11 t h e  f u e l  pump d i s c h a r g e  p r e s s u r e  ( f i g u r e  9-7).  AS 

can bt- , een  i n  f i g u r e  9-6, t h e r e  was n e g l i g i b l e  d i f f e r e n c e  i n  t empera tu re  

when t h e  t o p p i r ?  p rocess  was t e rmina ted  ( t h e  p r e s s u r e  d i f f e r e n c e  was due 

t o  pump o p e r a t i n g  c h a r a c t e r i s t l c s )  ; t h e r e f o r e ,  t h e  most noteworthy ef f e e t  

of t h e  e n l a r g e d  o r i f i c e  i s  t h e  qu ickness  of t h e  r e f i l l .  Th i s  i n f o r m a t i o n  

has s i g n i f i c a n t  p o t e n t i a l  i n  f u t u r e  miss ion  p l ann ing .  

While a restayt was n o t  r e q u i r e d ,  -..- r echa rge  c a p a b i l i t y  as d e f i n e d  by 

Rocketdyne w a s  de te rmined .  F igu re  9-8 shows t h a t  t h e  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  performance r eg ion .  The e f f e c t  of t h i s  d e v i a t i o n  

on a p lanned  restart  i s  be ing  s t u d i e d .  A t  ESC +50 sec ,  t h e  s ta r t  t a n k  

p r e s s u r e  was w i t h i n  t h e  s a f e  s ta r t  envelope  (above 1,200 p s i a )  a t  a 

r e l a t i v e l y  low t empera tu re  ( f i g u r e  9-6). The p r e s s u r e  con t inued  t o  

increase as h e a t  was absorbed  f r o p  t h e  w a l l s  and su r round ings  d u r i n g  t h e  

remainder  of  t h e  burn.  The e f f e c t  of  t h e  l o n g e r  d u r a t i o n  can be seen 

by comparing t h e  p r e s s u r e  a t  e n g i n e  c u t o f f  f o r  S-IVB-204 and 

S-IVB-501. 

9 .2 .2  During O r b i t  

The c c n d i t i o n s  i n  t h e  s ta r t  t a n k  a t  5-2 eng ine  c u t o f f  d u r i n g  t h e  AS-204  

miss ion  were 1,365 p s i a  p r e s s u r e ,  194 deg R t empera tu re ,  and 5.20 lbm 

mass. Heat i n p u t  from t h e  su r round ings  c a j s e d  a t empera tu re  and c o r r e -  

sponding  p r e s s u r e  i n c r e a s e ;  however, as d u r i n g  t h e  S-IVB-203 and 

S-IVB-501 m i s s i o n s ,  t h e  measured t empera tu re  d i d  n o t  i n d i c a t e  r e a s o n a b l e  

agreement w i t h  p e r f e c t  g a s  laws ( f i g u r e  9-9).  The c l o s e  p rox imi ty  of t h e  

u n i n s u l a t e d  s t a r t  t a n k  t empera tu re  t r a n s d u c e r  t o  t u r b i n e  c r o s s o v e r  d u c t  

exposed t h e  t r a n s d u c e r  t o  a h igh  t empera tu re  (approximate ly  1,200 deg  R )  

a t  Engine Cutof f  Command. Comparisons o f  t h e  s tar t  t a n k  and c r o s s o v e r  

d u c t  t empera tu res  showed t h a t  t h e  r e g i o n  of l a r g e  s t a r t  t a n k  t empera tu re  

r i s e  r a t e  cur responded t o  t h e  r e g i o n  of l a r g e  c r o s s o v e r  d u c t  t empera tu re  

decay rate.  A s  t h e  c r o s s o v e r  d u c t  t empera tu res  s t a b i l i z e d  so d i d  t h e  

9-4 
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s t a r t  tclnk t empera tu re .  I t  w a s  t h u s  concluded t h a t  t n e  t r a n s d u c e r  

was measuring ve ry  l o c a l  c o n d i t i o n s  and was n o t  i n d i c a t i v e  of hydrogen 

gas  bu lk  t empera tu re .  P e r t u r b a t i o n s  i n  t h e  g f o r c e s  on t h e  s t a g e  such  

a s  induced  by v e n t i n g  o r  p r o p e l l a n t  dumping, were r e f l e c t e d  i n  the  

t empera tu re  measurement a s  shown i n  f i g u r e  9-9 the reby  i n d i c a t i n g  t h e  

l a c k  of  c o n v e c t i o n  induced  mixing i n  t h e  z e r o  g environment .  Assuming 

t h e  p r e s s u r e  measurenent  t o  be  c o r r e c t ,  a b u l k  t empera tu re  w a s  c a l c u l a t e d  

us ing  p e r f e c t  g a s  l a w s .  The r e s u l t s  a r e  shown i n  f i g u r e  9-9. A s  

i n d i c a t e d  ir. pa rag raph  9.2.1,  t h e  st.irt t a n k  v e n t  and r e l i e f  v a l v e  w a s  

n o t  c a l i b r a t e d  as i t  would be  f o r  a r e s t a r t a b l e  e n g i n e ;  t h e r e f o r e ,  t h e  

f l o w r a t e  d u r i n g  r e l i e f  c o n d i t i o n s  w a s  unknown and no  t empera tu re  d e t e r -  

mina t ions  were made a f t e r  t h e  e s t i m a t e d  t i m e  of r e l i e f .  The r e l i e f  

s e t t i n g  o f  t h e  v a l v e  w a s  h i g h  (1,390 p s i a  r e l i e f  and 1 ,330  p s i a  reseat 

a t  ambient  room t empera tu res ,  t h e r e b y  a l l o w i n g  t h e  p r e s s u r e  t o  exceed t h e  

s a f e  s t a r t  enve lope  (1,410 p s l a ) .  No d a t a  were a v a i l a b l e  a t  t h e  t i m e  of 

t h e  r e l i e f ,  b u t  e x t r a p o l a t i o n  o f  t h e  p r e s s u r e  rise rate  t o  t h e  i n d i c a t e d  

r e l i e f  l eve l  r e s u l t e d  i n  an  e s t i m a t e d  r e l i e f  a t  ECC +3,852 sec. The 

f l o w r a t e  through t h e  r e l i e f  valve w a s  s u f f i c i e n t  t o  p r e v m t  any s i g n i -  

f i c a n t  p r e s s u r e  i n c r e a s e  i n  t h e  d u r a t i o n  o f  r e c o r d e d  d a t a .  

9 .3  C o n t r o l  Sphere  Performance 

9.3.1 DurinE Engine Opera t ion  

J u s t  p r i o r  t o  5-2 Engine S t a r t  Command, t h e  c o n d i t i o n s  i n  t h e  eng ine  

he l ium c o n t r o l  s p h e r e  were 3,044 p s i a  p r e s s u r e ,  278 deg  R t empera tu re ,  

and 1.98 lbm mass. A t  Engine S t a r t  Command, t h e  he l ium c o n t r o l  s o l e n o i d  

va lve  was e n e r g i z e d ,  i n i t i a t i n g  he l ium f low th rough  t h e  eng ine .  A s  

p r e d i c t e d ,  t h e  c o n t r o l  s p h e r e  p r e s s u r e  d e c r e a s e d  400 p s i  d u r i n g  t h e  

p e r i o d  of h i g h  f l a w r a t e  a s s o c i a t e d  w i t h  t h e  1 sec f u e l  l ead .  However, 

t h e  purge c o n t r o l  v a l v e  c l o s u r e  d i d  n o t  o c c u r  u n t i l  approximate ly  0.5 sec 

la te r ,  a l l o w i n g  t h e  p r e s s u r e  t o  d e c r e a s e  an a d d i t i o n a l  40 p s i .  The purge  

c o n t r o l  v a l v e  c l o s u r e  d e l a y  is normal ,  b u t  t h e  d u r a t i o n  h a s  been non- 

p r e d i c t a b l e  Rocketdyne h a s  r eco rded  d e l a y s  as long  as 0 . 7  s ~ _ :  d u r i n g  

s:atic tests.  The he l ium consumption was s l i g h t l y  h i g h e r  t h a n  p r e d i c t e d  

because  of t h e  lower r e f i l l  t empera tu re  o f  t h e  s t a r t  t a n k  
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(pa rag raph  9 . 2 . 1 ) .  T h e  p r e s s u r e  a t  Engine Cutof f  Command was 1 ,680  p s i a  

a s  compared t o  thcx p r e d i c t e d  v a l u e  of 1,800 p s i a ;  and t h e  he l ium mass 

remain ing  was 1.595 lbm, a s  coi a r e d  t o  t h e  p r e d i c t e d  v a l u e  o f  1 .655 lbm. 

The he l ium consumption L ~ ~ S  0 .465  lbm as compared t o  t h e  p r e d i c t e d  

0 .33  l b m .  De te rmina t ion  of he l ium mass when c o n d i t i o n s  are n o t  s t a t i c  

is  n o t  precise  because  t t le  e f f e c t s  of  t h e  s t a r t  t a n k  r e f i l l ,  o r b i t a l  

heati : ig,  and he l ium out - f low on t h e  c o n t r o l  s p h e r e  t empera tu re  measure- 

ment. The 1 sec  blowdown a f t e r  c u t o f f  w a s  as p r e d i c t e d .  F i g u r e  9-10 

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

9 .3 .2  During O r b i t  

A t  t h e  c o n c l u s i o n  of  tile 1 sec p o s t  c u t o f f  blowdown, t h e  t e m p e r a t u r e  and 

p r e s s u r e  i n  t h e  c o n t r o l  s p h e r e  were 193 deg R and  1,585 p s i a ,  

r e s p e c t i v e l y .  The c o n t r o l  s p h e r e  t e m p e r a t u r e  t r a n s d u c e r  s e n s a r  is  

l o c a t e d  i n  a r e g i o n  o f  h i g h  v e l o c i t y  and s e n s e s  t o t 2 1  t e m p e r a t u r e  d u r i n g  

r a p i d  blowdowns; t h e r e f o r e ,  t h e  b u l k  t e m p e r a t u r e  must b e  e s t i m a t e d .  The 

t r a n s d u c e r  is a l s o  a f f l i c t e d  w i t h  t h e  l o w  g h e a t  t r a n s f e r  problems of 

t h e  s t a r t  t a n k  t e m p e r a t u r e  t r a n s d u c e r  ( p a r a g r a p h  9 .2 .2) ,  a l t h o u g h  n o t  as 

d r a s t i c a l l y .  

f i g u r e  9-11 shows t h e  p r e s s u r e  b u i l d u p  f rom engine c u t o f f  t o  t h e  i n i t i a t i o n  

o f  t h e  p r o p e l l a n t  dump test due t o  h e a t  i n p u t .  The measured tempera- 

Lure d a t a  and d a t a  c a l c u l a t e d  u s i n g  p e r f e c t  g a s  laws are a l s o  shown. 

There  WLS PO i n d i c a t i o n  o f  l eakage .  

The p r e s s u r e  d a t a  are c o n s i d e r e d  more r e l i a b l e  and 

9 .4  

Engine performance f o r  t h e  pcwered f l i g h t  p o r t i o n  of t h e  S-IVB-204 m i s s i o n  

was c a l c u l a t e d  by u s e  of computer  programs AA89 and G105-1. The ave rage  

of t h e  r e s u l t s  of  t h e  two programs,  which is c o n s i d e r e d  t o  be  t h e  b e s c  

c c r r e n t  estimate of e n g i n e  per formance ,  was c a l c u l a t e d  by computer  

program PA49 . Revised t a g  va!.ues based  on f l i g h t  d a t a  were g e n e r a t e d  

by computer program G-307 (Rocketdyne PAST 641) and used i n  - 4 8 9 .  The 

z e s u l t s  of t h e  PA49 pr2gram were used  i n  d e t e r m i n i n g  t h e  b e s t  estimate 

of  s t a g -  p r o p e l l a n t  consumption.  Computer program UT23A was used  t o  

i n v e s t i g a t e  i n t e r n a l  eng ine  per formance .  Computer program PA53 was used 

5-2 Engine Performance A n a l y s i s  Methoes and I n s t r u m e n t a t i o n  
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t o  compute s t a r t  and c u t o f f  t r a n s i e n t  performance.  A d e s c r i p t i o n  of t h e  

o p e r a t i o n  and a comparison of  t h e  resdl ts  of each  program i s  p r e s e n t e d  

i n  t a L l e  9-3. Data i n p u t s  t o  t h e  computer programs w i t h  t h e  a p p l i c a b l e  

b i a s e s  are shown i n  t a b l e  9-4. 

9 .5  5-2 Engine Performance 
~ ~~~ 

The S-IVB s t a g e  5-2 e n g i n e  m e t  a l l  o b j e c t i v e s  d u r i n g  t h e  AS-204 mis s ion .  

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  are p r e s e n t e d  i n  

f i g u r e  9-12 through 9-17 f o r  eng ine  mains tage  o p e r a t i o n .  The e n g i n e  

p r o p e l l a n t  i n l e t  c o n d i t i o n s  are d i s c u s s e d  i n  sec t i . t r t s  1 0  and 11. 

The eng ine  performance l e v e l  . 
program G307 (PAST -b41  deck)  a t  s t a n d a r d  Z t t i t u d e  c o n d i t i o n s  was as 

f o l l o w s  : 

STDV +60 sec as de termined  by computer 

P e i c e n t  
Stage* Engine D e v i a t i o n  

P a r  ame t e r Fl ight .  Acceptance Acceptance A c t u a l  t o  P red  

Thrus t  ( i b f )  222,000 225,013 224,366 +O. 46 

EMR 5.536 5.552 5.56 +0.29 

S p e c i f i c  impulse  ( s e c )  424.6 424.8 422.8 +O. 05 

*Used f o r  f l i g h t  p r e d i c t i o n .  

A ? l o t  of  these and o t h e r  performance v a l u e s  i s  shown i n  f i g u r e  9-18. 

A l l  v a l u e s  were w i t h i n  t h e  t h r e e  sigma run-to-run d e v i a t i o n s .  The 

composi te  v a l u e s  f o r  s t e a d y  s ta te  performance w i t h  a comparison t o  t h e  

p r e d i c t e d ,  s s  w e l l  a$ t h e  o v e r a l l ,  e n g i n e  ave rage  performance from t h e  

90-percent  performance l eve l  (chamber p r e s s u r e  = 618 p s i a  - i n c l u d i n g  

b i a s  - by d e f i n i t i o n )  t o  Engine Cutof f  Command (ECC) are p r e s e n t e d  i n  

t ab l e  9-5. The v a r i a t i o n  of  t h e  s i t e  I w i t h  mix tu re  r a t i o  i s  shown i n  

f i g u r e  9-19. The s t a g e  p r o p e l l a n t  and impulse sumnary i s  p r e s e n t e d  i n  

t ab le  9-5. Dev ia t ions  i n  burn t imes  w e r e  due t o  t h e  l o n g e r  than  p r e d i c t e d  

o p e r a t i o n  w i t h  t h e  PU valve c l o s e d  which was a r e s u l c  o f  l o a d i n g  e r r o r s  

and eng ine  performance v a r i a t i o n s .  A i l  v a l u e s  were w i t h i n  t h e  p r e d i c t i o n  

accuracy  of 1 p e r c e n t .  

SP 

9- 7 



S e c t i o n  9 
Engine System 

9 . 5 . 1  S t a r t  T r a n s i e n t  

The  5-2 eng ine  per formance  d u r i n g  t h e  s t a r t  t r m s i e n t  was s a t i s f a c t o r y .  

A summary of eng ine  per formance  d u r i n g  t h e  s t a r i :  t r a n s i e n t  i s  p r e s e n t e d  

i n  t h e  f o l l o w i n g  t a b l e  : 

Paramete r  

Time of  STDV Command 
(sec from ESC) 

Acceptance J--'! 51: ;ne 
Test t.i?,. onk F l i g h t  

1.004 0.621 1.3 

T i m e  from ESC t o  90 p e r c e n t  3.49 3 .9 ' .  3.36 
per formance  l e v e l *  ( s e c )  

T h r u s t  r ise r a t e  t i m e * *  
(set) 

2.05 2 .79  1 .91  

T o t a l  impu i se  t o  90 p e r c e n t  187 ,751  268,300 168,756*** 
per formance  l e v e l *  ( l b - s e c )  

*Defined as chamber p r e s s u r e  = 418 ps i ; .  

**Time f rom i n i t i a l  t h r u s t  r i s e  a f t e r  STDV t o  90 p e r c e n t  
per formance  l e v e  1 

c o n d i t i o n s  
***Based on s t a b i l i z e d  t h r u s t  a t  n u l l  PU and s t a n d a r d  a l t i t u d e  

Engine 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 l v e  p o s i t i o n  € o l l c w i n g  a 

1 sec f u e l  l e a d .  T>,e f u e l  l e a d ,  PU v a l v e  p o s i t i m ,  and main o x i d i z e r  

v a l v e  ope7e:ion were s a t i s f a c t o r y  and a good s t a r t  was o b t a i n e d .  T h r u s t  

b u i l d u p  t o  t h e  90 p e r c e n t  per formance  l e v e l  (chamber p r e s s u r e  = 618 p s i a )  

was w i t h i n  t h e  maximum and miniuum t h r u s t  l i m i t s  shown i n  f i g u r e  9-21, 

Thrus t  b u i l i u p  d u r i n g  f l i g h t  w a s  f a s t e r  t h a n  d u r i n g  t h e  acceptaf icc  tes t .  

Th i s  was p robab ly  l a r g e l y  due t o  t h e  s h o r t e r  main o x i d i z e r  val '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 .  T h i s  r e s u l t e d  i n  more go ing  

t o  t h e  t h r u s t  chamber and less go ing  to  t h e  g a s  g e n e r a t o r  d u r i n g  thE 

e a r l y  phases  o f  t h r u s t  b u i l d u p  d u r i n g  f l i g h t .  A l so  t h e  second st;,$e 

ramp time was s h o r t e r  d u r i n g  f l i g h t  which caused  t h e  t h r u s t  b u i l d u p  t o  

be f a s t e r  d u r k g  t h e  l a t e r  phdses  of t h e  s t a r t  t r a n s i e n t .  The t o t a l  

implse  d u r i n g  s t a r t  ( t o  t h e  90 p e r c e n t  per formance  l e v e l )  was g r e a t e r  
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than  the engine l o g  5ook va lue  and much l e s s  than t h e  acceptance Lest 

va lue .  These t o t a l  impulse values  were approximately p r o p o r t i o n a i  t o  

the  t h r u s t  r i s e  times and were t h e  resclt  of t h e  va r ious  MOV opening 

times on t h e  t h r e e  tests. 

Tile S-IVB-204 f l i g h t  s tar t  t r a n s i e n t  t h r u s t  Luildup was very s imilar  t o  

t h a t  observed during t h e  S-IVB-501 f l i g h t  f i r s t  burn s ta r t  t r a n s i e n t .  

9.5.2 S teady-S ta tc  Operation 

The 5-2 engine performed s a t i s f a c t o r i l )  du r ing  t h e  s t e a d y - s t a t e  p o r t i o n  

of er I ne b u m .  Figures  9-12 through 9-1, con ta in  p l o t s  of s e i r z t e d  

d a t a  ed as i n p u t  va lues  t o  t h e  engine performance computer prog'rams. 

Sec t ions  li and 1 2  con ta in  a d i s c u s s i o n  of t h e  engine turbopump i n l e t  

cond i t ions  ; f i g u r e  9-21 p r e s e n t s  thd computed performance parail.eters. 

None of t he  engine in s t rumen ta t ion  showed any evidence of eny engine 

performance s h i f t s .  

- 

Table 9-5 coi2pares average pcrformance va lues  wi th  p r e d i c t e d  performance 

va lues  du r ing  c losed  PU va lve  and r e f e r e n c e  mixture  r a t i o  ope ra t ion .  A l l  

va lues  were w i t h i n  t h e  1 percent- accuracy of t h t  p r e d i c t i o n .  Seve ra l  

va lues  i n  t h e  o v e r a l l  performance column exceeded t h e  p r e d i c t i o n  due t o  

t h e  20 s e c  d e v i a t i o n  between a c t u a l  and p r e d i c t e d  cutback t i m e  

( s e c t i o n  15) .  Although w i t h i n  3 p r e d i c t i o n  accuracy,  t h e  f u e l  f l o w r a t e  

e x h i b i t e d  a r e l a t i v e l y  high d e v i a t i o n  (0.7 p e r c e n t )  during c l o s e d  PU 

va lve  ope ra t ion .  The d e v i a t i o n  w a s  due t o  t h e  inc reased  f v e l  pre.;sliriza- 

t i o n  f lowra te  ti.hicri i nc reased  t h e  f u e l  tank p res su re .  The inc reased  

p r e s s u r i z a t i o n  f l u w r a t e  w a s  caused by all o r i f i c e  change i n  t h e  p r e s s u r i -  

z a t i o n  system p r i o r  t o  f l i g h t  ana i t s  e f f e c t  was no t  included i n  the  

p r e d i c t i o n .  

The. a c t u a l  engine performance t a g  va lue  t r e n d s  were very c l o s e  t o  those  

p r e d i c t e d  based on s t a g e  acceptance tes t  ( f i g u r e  9-45). The major 

d i f f e r e n c e  was due t o  a v a r i a t i o n  i n  LOX f l a w r ? t e ;  however, t h e  e f f e c t ?  

on o v e r a l l  consumption were compensating. 

Englne t h r u s t  v a r i a t i o n s  du r ing  t h e  f l i g h t  are p resen ted  i n  t a b h  3-6 

and are compared t o  t h e  F r e d i c t s d  va lues  and t o  Contract  End Item (CEI) 

t h r u s t  v a r i a t i o n  l i m i t s .  Th rus t  o s c i l l a t i o n s  betwem ESC +60 sec End 

engine cutback, along with o s c i l l a t i o n s  du r ing  t h e  f i n a l  70 sec of burn,  
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are presented i n  f i g u r e  9-22. Since t h e  cutback t i n t  was 355 sec from 

Engine S t a r t  Comnand, t h e  t h r u s t  l ia i ts  between engine cutback +60 sec 

and ECC -70 s e c  C ~ ~ I A -  be def ined.  A l l  p a r m e t e r s  w e r e  u i t n i n  t h e  

s p e c i f i e d  l i m i t s  f o r  t h e  th-3 given t i m e  per iods.  

D:iring the f i n a l  70 sec of t u r n ,  which are c r i t i ca l  t o  guidance, the 

mean t h r u s t  s l 5 p e  was -87.4 l b f / s e c  and t h e  maximum o s c i l l a t i o n  about 

t h i s  s l c p e  was 21,400 l b f .  

t h e  per iod vas -742 i b f j s e c .  

The maximum rate of change of t h r u s t  dur ing  

The m a x i m u r  rate of  chande of t h r u s t  was p r e d i c t e d  t o  be -175 l b f / s e c ,  

p r imar i ly  a f - m c t i m  of the PC s y s t e m  n o n - l i n = . a r i t i e s  and is not  

comparable to t h e  a c t u a l  observed rate of -74; l b f / s e c  which vas t h e  

r e s u l t  of an unpredicted LOX p r e s s u r i z a t i m  c y c l e  which occurred a t  

approximately ESC +420 sec. 

t h r u s t  e x c l u s i v e  of  t h e  p r e s s u r i z a t i o n  c y c l e  e f f e c t s  and PU valve  

c tback e f f e c t s  w a s  -83 l b t l s e c .  

The comparable actual rate of change of 

9.5.3 Cutoff T r a n s i e n t s  

The 5-2 engine performance dur ing  t h e  engine c u t o f f  t r a n s i e n t  w?s satis- 

fac tory .  

engine,  and t h r u s t  decrease  to 11,250 l b f  ( 5  percent  r a t e d  t h r u s t  v:s 

githir .  t h e  maximum al lowable ti= of  800 mi l l i seconds  ( m s ) .  

formance during t h e  c u t o f f  transient is presented  i n  t h e  fo l lowing  table: 

The time l a p s e  hetween engine c u t o f f ,  as rece ived  zt  t h e  5-2 

Engine per- 

Parameter 

Tine f o r  t h r u s t  decrease t o  
11,250 l b f  ( m s )  

PU valve p o s i t i o n  a t  Engine 
Cutoff Comand (deg) 

Thrust  a t  Engine Cutoff 
Comand ( l b f )  

Actual tot31 i n p u l s e  ( lb-sec)  
To 5 percent t h r u s t  
T o  zero  t h r u s t  

Tota l  impulse t o  5 percent  
t h r u s t  ad jus ted  t o  n u l l  PU 
valve pbsit ior.  ( J A -  s e c )  

5-2 Engine 
Fldght Acceptance Log Book 

45 3 577 371 

-11.8 -23.5 0 

183,332 174,845 199,261 

38,538 34,017 -- 
45,170 -- -- 
41,886 38,767 32,456 

9- 10 

--- - 



Sect ion  9 
Engine System 

The t h r u s t  aecrease  t i m e  dur ing f l i g h t  w a s  between t h e  va lues  obtained 

from the  acceptance tes t  aad t h e  engine l o g  book and was considered 

s a t i s f a c t o r y .  The t Q t a l  impulse t3 5 p e r c e n t  t h r u s t  ciuring f l i g h t  was 

g r e a t e r  t t n n  Curing t h e  acceptv lce  t es t ,  p a r t l y  because of higher- t h r u s t  

a t  cu tof f  during f l ig l - t .  Also duriqg f l f g h t  -he main o x i d i z e r  valve 

(MOL') s t a r t e d  c l o s i n g  la ter  and slower than during t h e  acceptance test .  

This w a s  most l i k e l y  d u e  t o  a colder M@V actuator temperature dur ing  

f l i g h t .  3ata from f l i g h t ,  acceptance,  and l o g  book tests were a_djus:ed 

to a common cutof f  t h r u s t  which woul; occur w i t h  t h e  PU valve i n  t h e  n u l l  

p o s i t i o n .  The d i f f e r e n c e  i n  MOV a c t u a t o r  temperature could n o t  be 

accow-ted f o r  due t o  lack  of ins t rumenta t ion ;  however, i f  t h e  MOV 

a c t u a t o r  temperature at c u t o f f  on S-IVB-204 f l i g h t  w a s  approximately t h e  

same as a t  S-1C.B-501 f i r s t  burn cu tof f  and t h e  S-IVB-204 l o g  book MOV 

a c t u a t o r  temllerature w a s  approximately t h e  same as t h e  v a l u e s  repor ted  

i n  t h e  S-IVB-209 and S-IVB-jO5N l o g  books, t h e  to ta l  impulse valies t o  

5 percent  t h r u s t  f o r  t h e  f l i g h t  and l o g  book a d j u s t e d  t o  460 deg R would 

.-gee w i t h i n  1,000 lbf-sec.  

a f t e r  a d j u s t i n g  to a common c u t o f f  t h r u s t  are most l i k e l y  due t o  t h e  

d i f f e r e n c e  i n  MOV a c t u a t o r  temperature which a f f e c t e d  MOV c l o s i n g  t i m e s .  

Therefore ,  t h e  d i f f e r e n c e  i n  t o t a l  impulse 

The c u t o f f  impulse to z e r o  t h r u s t  computed from a c t u a l  t r d j e c t o r y  d a t a  

w a s  45,918 lbf-sec which w a s  i n  rdasonably good agreement wi th  t h e  

45,457 lb f -sec  p r e d i c t e d  t r a j e c t o r y  and t h e  '15,470 lb f -sec  computed from 

engine tKrust  da ta .  Figure 9-23 s h o w  t h e  t h r v s t  chamber p r e s s u r e ,  t h e  

t n r u s t  decrease,  and t o t a l  impulse during t h e  c u t o f f  t r a n s i e n t .  

Figure 9-24 compares t h e  p r e d i c t e d  v e l o c i t y  ga in  dur ing  t h e  c u t o f f  

t r a n s i e n t  t o  t h e  actual v e l o c i t y  ga in  as determined by t r a j e c t o r y  

ana1ys.i.s a d  engine a n a l y s i s .  

9.5.4 Podered F l i g h t  Simulated Tra jec tory  Evaluat ion 

Using a five-degrees-of-freedom c-rajectory s imula t ion  program, propuls ion 

system parameter h i s t o r i e s  were adjus ted  so t h a t  an S-IVB t r a j e c t o r y  

could be generated to c l o s e l y  match t h e  observed t r a j e c t o q  (appendix 3, 

Observed Tra jec tory) .  The s imula t ion  program employed uses  a d i f f e r a -  

t i a l  c o r r e c t i o n  technique which determines t h e  necessary adjustments  t o  

9-11 
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t h r u s t  and weipht flow from t!ie engine a n a l y s i s  and p i t c h  and yaw 

engine t h r u s t  misalignment angles  from che c c n t r o l  s y s t e m  a n e l y s i s  t o  

match t h e  observed t r a j e c t o r y .  These adjustmeits were determined by 

minimizing, i n  a leas t - squares  sense ,  Lhe weighLed 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 ,  e a r t h  f i x t d  v e i o c i t y  azimuth a n g l e ,  

and s l a n t  range d i s t a n c e  from t h e  launch s i t e  betvzen t h e  observed and 

s imulated t r a j e c t o r i e s .  

To o b t a i n  a match of t h e  obscrved t r a j e c t o r y  i t  w a s  necessary t o  a d j u s t  

t h e  l e v e l s  of t h r u s t   an^ weight flow from those  determined by engine 

aTalys is .  Before t h r u s t  cutback t h e  t h r u s t  and weight flow determined 

by engine a n a l y s i s  were increased  by 0.15 p e r c e n t  and 0.13 p e r c e n t ,  

r e s p e c t i v e l y ,  a f t e r  cutback t h e  engine a n a l y s i s  t h r u s t  and weight flow 

were decreased by 1.67 percent  and 1.27 p e r c e n t ,  resGect ively.  The 

corresponding change i n  specif ic  impulse over  t h e  v a l u e s  determiner; from 

engine a n a l y s i s  w e r e  a decrease  of  0.42 percent  a t  t h e  r e f e r e n c e  F i x t u r e  

ratio (RMR) and no change a t  t h e  high EMR. 

HistlJries of s imulated thrust =?d weight flow are presented  i n  

f i g u r e  7-32. The average va lues  f o r  t h e s e  2arameters  are presented  i n  

paragraph 7.3. 

These r e s u l t s  i n d i c a t e  t h a t  t h e  t h r u s t  and weight flow were very d o s e  t o  

p r e d i c t e d  during high EMR o p e r a t i c n .  During lUfR o p e r a t i o n  t h e  t h r u s t  w a s  

s l i g h t l y  h igher  t h a n  p r e d i c t c d ,  bu t  t h e  weight flow w a s  0.74 percent  

h igher  than predic ted ,  t h i s  decreas ing  the  s p e c i f i c  impulse by 

0.65 percent  from t h e  p r e d i c t e d  value.  

9.6 P r o p e l l a n t  Dump T e s t  

The p r o p e l l a n t  dump test and r e l a t e d  o r b i t a l  v e n t i n g  are covered i n  

s e c t i o n  26. 

9.7 Component Operation 

9.7.1 Main LOX Valve 

The main LUX valve  opened and c losed  s a t i s f a c t o r i l y .  

d a t a  were as fol lows:  

-- 
The opening t i m e  

9-12 
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P r e f  l i n h  t 

S p e c i f i c a t i o n  Checkout Acceptance F l i g h t  

F i r s t  s t a g e  :ravel time 50 225 39 49 84" 
(ms) 

F i r s t  s t a g e  plzLeau t i m e  365 575 377 446 407** 
(ms) 

Second s t a g e  t r a v e l  t i m e  1,390 240 1,415 1,996 1,926 
(ms) 

T o t a l  cime (ms) 1,805 2140 1,831 2,491 2,417 
-- 

*Ma.:icum p o s s i b l e  value.  Actual  value may be s l i g h t l y  

**Mininur;l p o s s i b l e  value.  Actual  va lue  may be s l i g h t l y  

less 

g r e a t t r  

The f l iq! , t  d a t a  were taken from 12 sample p e r  sec d a t a  which w a s  t h e  b e s t  

a v a i l a b l e ,  bu t  somewhat a f f e c t e d  tLe ilccuracy of t h e  r e p o r t e d  t i m e s .  

However, d i t h  c a r e t 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  obtained.  During f l i g h t ,  t h e  f i r s t  s t a g e  p l a t e a u  t i m e ,  

second s t a g e  t r z - r e l  t i m e ,  and t o t a l  opening t i m e  were less than du r ing  

t h e  acceptaiice test. A s  a r e s u l t ,  t h r u s t  bu i ldup  was f a s t e r  du r ing  f l i g h t  

t han  du r ing  t h e  acceptance test. 

The given s p e c i f i c a t i o n  t i m e s  are f o r  a dry v a l v e  a t  ambient temperature .  

During t h e  p r e f l i g h t  checkout when t h e s e  same c o n d i t i m s  e x i s t e d ,  a l l  

valve opening times were w i t h i n  s p e c i f i c a t i o n s ,  as shown i n  t h e  preceding 

t a b l e .  The opening times were l c n g e r  du r ing  acceptance and f l i g h t  due t o  

a c o l d e r  va lve  a c t u a t o r  temperature  when LOX w a s  i n  t he  engine.  

The main LOX va lve  c l o s i n g  t i m e  du r ing  f l i g h t  w a s  176 m s  -ampared t o  

165 m s  dur ing  t h e  acceptance test. Also t h e  v a l v e  s t a r t e d  c l o s i n g  18 m s  

l a te r  ( r e l a t i v e  t o  Engine Cutoff Command) du r ing  f l i g h t .  These l a te r  

and slower v a l v e  c l o s i n g  times were most l i k e l y  due t o  a c o l d e r  va lve  

a c t u a t o r  temperature  du r ing  f l i g h t .  

(ambient tei.lperatu.'e, t h e  valve c l o s i n g  t i m e  w a s  120 ms which w a s  

w i t h i n  t h e  s p e c i f i c a t i o n  o f  120 215 m s .  

During p r e f l i g h t  checkout 
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9 .7 .2  Pumus m d  Turbines  

The LH2 and LOX pumps and t u r b i  e s  performed s a t i s f a c t o r i l y  throughout  

t h e  eng ine  f i r i n g .  The pump speeds  and d i s c h a r g e  p r e s s u r e s  and tempera- 

t u r e s  responded a s  expec ted  t o  PU s y s t e m  cu tback  and a l s o  t o  eng ine  i n l e t  

c o n d i t i o n s .  The p r e s s u r e  and t empera tu re  i n c r e a s e s  a c r o s s  t h e  pumps were 

s a t i s f a c t o r y .  Temperatures  and p r e s s u r e s  f o r  bo th  t u r b i n e s  responded as 

expec ted  t o  PU s y s t e m  cu tback .  The p r e s s u r e  and t empera tu re  d rops  a c r o s s  

t h e  t u r b i n e s  were nominal .  The LH2 and LOX pump and t u r b i n e  d a t a  are 

shown i n  Agures 9-15 and 9-16. 

9.7.3 PU Valve 

The PU va lve  performed s a t i s f a c t o r i l y .  A t  Engine S t a r t  Command, t h e  PU 

v a l v e  was a t  z e r o  deg which w a s  w i t h i n  t h e  r e q u i r c d  r ange  o f  C 5 2  deg.  

The PU v a l v e  remained i n  t h e  n u l l  p o s i t i o n  ( z e r o  deg)  d u r i n g  t h e  s ta r t  

t r a n s i e n t  u n t i l  PU a c t i v a t i o n  a t  ESC +6 sec. A t  t h a t  t i m e  t h e  v a l v e  

s t a r t e d  c l o s i n g ,  r each ing  t h e  f u l l y  c l o s e d  p o s i t i o n  (33.9 deg) a t  

ESC +7.5 sec.  The v a l v e  remained i n  t h e  f u l l y  c l o s e d  p o s i t i m  ( h i g h  EMR) 

u n t i l  PU v a l v e  cu tback  a t  ESC +325.1 sec. PU v a l v e  cu tback  o c c u r r e d  

s l i g h t l y  l a t e r  than  t h e  p r e d i c t e d  t i m e  o f  ESC +3d5 sec p r i m a r i l y  due t o  

t h e  h i g h e r  t han  p r e d i c t e d  f u e l  f l o w r a t e  and s l i g h t l y  h i g h e r  t h a n  p r e d i c t e d  

i n i t i a l  LOX load .  A f t e r  cu tback  t h e  v a l v e  opened t o  approx ima te ly  

-3.1.5 deg,  where i t  remained u n t i l  e n g i n e  c u t o f f .  

v a l v e  s t a r t e d  c l o s i n g  t o  t h e  n u l l  p o s i t i o n ,  b u t  d i d  n o t  r each  n u l l  due 

t u  d e a c t i v a t i o n  of  t h e  PU sys tem.  PU v a l v e  r e sponse  t o  PU sys t em commands 

is f u r t h e r  d 'scussed i n  s e c t i o n  11. P l o t s  of PU valve performance are shown 

i n  f i g u r e  9-14. 

A f t e r  c u t o f f ,  t h e  PU 

9.7.4 Gas Genera to r  

The g a s  g e n e r a t o r  (GG) per formance  w a s  adequate .  The GG chamber p r e s s u r e  

and LH2 t u r b i n e  i n l e t  t empera tu re  i n d i c a t e d  nominal  v a l u e s  b e f o r e  and 

a f t e r  EMR cutback .  The GG f l o w r a t e s  and mix tu re  r a t i o  were nominal ,  and 

s u f f i c i e n t  energy  was d e l i v e r e d  t o  t h e  t u r b i n e s  t o  a s s u r e  s a t i s f a c t o r y  

o p e r a t i o n .  P l o t s  of GG performance are shown i n  f i g u r e  9-25. 
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9 . 7 . 5  Engine Driven Hydraul ic  Pump 

The engine d r iven  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  du r ing  engine 

burn. The average power r e q u i r e d  by t h e  pump was 5 horsepower. 

9 .8  Engine Sequence 

The engine s t a r t  and c u t o f f  sequences were s a t i s f a c t o r y  and were 

compatible with t h e  engine l o g i c  and f l i g h t  tes t  plan.  Table 9-7 shows 

the t i m e s  of t h e  s i g n i f i c a n t  f l i g h t  e v e n t s  compared t o  t h e  nominal times. 

Figure 9-26 shows t h e  engine power rise as c o n t r o l l e d  by t h e  sequence o f  

even t s .  Some i n c o n s i s t e n c i e s  are n e c e s s a r i l y  introduced i n t o  the  

sequencing because d i f f e r e n t  sou rces  of d a t a  must be used t o  o b t a i n  

sequence t i m e s .  Valve opening o r  c l o s i n g  can be obtained from e i t h e r  

microswitches o r  po ten t iome te r  p o s i t i o n s .  I n  a l l  c a s e s ,  valve opening 

o r  c l o s i n g  t i m e s  were ob ta ined  from one source  o r  t h e  o t h e r ,  bu t  n o t  a 

combination of t h e  two, i n  o r d e r  t o  e l i m i n a t e  as many i n c o n s i s t e n c i e s  

as p o s s i b l e .  

The s t a r t  sequence of e v e n t s  f o r  S-IVB-204 appears  t o  be b e t t e r  t han  f o r  

any p rev ious  S-IVB s t a g e  flown. 

t h e  nominal t i m e s  and i n  t h e  c o r r e c t  o rde r .  The main f u e l  v a l v e  opening 

t i m e  and t h e  GG opening t i m e  appear  t o  be s l i g h t l y  l o n g e r  than nominal, 

and as h a s  been observed on a l l  previous S-IVB f l i g h t s ,  t h e  main LOX 
va lve  opening t i m e  w a s  l onge r  than t h e  nominal which w a s  based on a c t u a l  

ambient cond i t ion .  A l l  o t h e r  e v e n t s  vere very n e a r  nominal. 

Almost a l l  of t h e  e v e n t s  occur  very n e a r  

A l l  engine c u t o f f  even t s  except  main f u e l  valve open dropout occurred 

very n e a r  nominal time. 

have been la te .  Some doubt about t h e  v a l i d i t y  of t h e  main f u e l  v a l v e  

opening and c l o s i n g  t i m e s  e x i s t s  because i t  w a s  necessa ry  t o  obtai i i  t h e  

t iming f o r  t h e  f u e l  va lve  from microswitch d a t a  i n s t e a d  of  po ten t iome te r  

p o s i t i o n  p l o t s .  

Tne main f u e l  va lve  open dropout appears  t o  
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TABLE 3-6 
E N G I N E  THRUST VARIATIONS 

TIME PERIOD 

PARAMETER 

V a r i a t i o n  i n  mean t h r u s t  
l e v e l  ha rdove r  or t h r u s t  
band c e n t e r l i n e  v a r i a t i o n  
a t  ECC -70 s e c  ( l b f )  

O s c i l l a t i o n s  abo , i t  mean 
t h r u s t  l eve l  o r  . h r u s t  
v a r i a t i o n  band ( l b f )  

Rate o f  change of t h r u s t  
( i b f  / s ec '  a l l  f r e q u e n c i e s  

Rate of  change o f  t h r u s t  
( l b f / s e c )  c) -0.1 cps 

T h r u s t  a c c e l e r a t i o n  
( I b f  /sec/sec) a l l  f r e q u e n c i e s  

Thrus t  a c c e l e r a t i o n  
( l b f / s e c / s e c )  0 -0.1 c p s  

T h r u s t  band s l o p e  ( l b f / s e c )  

V a r i a t i o n  of t h r u s t  band 
s l o p e  ( l b f  /sec> 

- 

LIMITS 

Allowable 

A c t u a l  

Allowable 

A c t u a l  

P r e d i c t e d  

Allowa; l e  

A c t u a l  

P r e d i c t e d  

Allowable 

A c t u a l  

P r e d i c t e d  

Allowable 

A c t u a l  

Allowable 

A c t u a l  

Allowable 

A c t u a l  

P r e d i c t e d  

Allowable 

A c t u a l  

FINAL 70 ssc 
OF S-IVB 2'JRN 

=-- 4 

+/IO ,000 t o  -5,500 

+'' 580 

- + l o ,  000 

- +1,400 

- +625 1 
+503 y -2,000 

-742 

-175 

.L5OU -1 800 

-83 I 
-175 

+350, -500 

+349 
I 

+125,  -300 

-4 

+58! -700 

-87.4 

-72.3 

+30, -669 

+15. i 
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Figure 9-2. Thrust Chanher Chilldown 

DISCHARGE FLOW (1000 GPM) 

Figure 9-3. LH2 Pump Performance r u r i n g  Engine S t a r t  
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S e c t i o n  1 0  
S o l i d  Rockets  

10. SOLID ROCKETS 

Thz s o l i d  rocke t  motors on t h e  AS-204 launch xrehicle performed s a t i s f a c -  

t o r i l y  and accomplished t h e i r  i n t ended  purpose .  Tile S - I B  w a s  s e p a r a t e d  

from t h e  S-IVB s t a g e  by t h e  r e t r o r o c k e t s ,  and t h e  S - I V B  p r o p e l l a n t s  were 

s e t t l e d  p r i o r  t o  eng ine  s t a r t  by t h e  u l l a g e  r o c k e t s .  

10. i Ke t ro rocke t s  

T h e  f o u r  r e t r o r o c k e t s  mounted on t h e  S - I B  s t a g e  pcr iormed s a t i s f a c t o r i l y  

and s e p a r a t e d  t h e  S-IB s t t ige  from t h e  S-IVB s t a g e .  The p r e s s u r e  b u i l d u p  

f o r  a l l  f o u r  r e t r o r o c k e t s  began w i t h i n  0.02 sec of  each  o t h e r  a t  r a n g e  

z e r o  p l u s  143.58 sec (RO +143.58 s e c ) .  The chamber p r e s s u r e  p r o f i l e s  

( f i g u r e  10-1) f o r  t h e  f o u r  r o c k e t s  were very  s imilar  and t h e  maximum d i f -  

f e r e n c e  i n  b u m  times w a s  0 .04  sec. Table  10-1 p r e s e n t s  performance para-  

meters f o r  t h e  i n d i v i d u a l  r o c k e t  motors .  All performance pa rame te r s  were 

c l o s e  t o  t h e i r  nominal v a l u e s .  

Motor B (D0154, Pos 11-111) e x h i b i t e d  a small p r e s s u r e  o s c i l l a t i o n  of 

approximate ly  75 p s i  d u r i n g  t h e  f i r s t  0 .5  sec o f  f i r i n g .  Usua l ly  t h e  cham- 

b e r  p r e s s u r e  d a t a  shows a v a r i a t i o n  of approximate ly  40 p s i  ( 2  p e r c e n t  of 

maximum p r e s s u i ? )  which is a t t r i b u t e d  t o  d a t a  n o i s e  s i n c e  i t  e x i s t s  b e f o r e ,  

d u r i n g ,  and a f t e r  f i r i n g .  The o s c i l l a t i n g  motor B d a t a  d u r i n g  t h e  f i r s t  

0.5 sec of  f i r i n g  appeared  t o  be v a l i d  s i n c e  t h e  o s c i l l a t i o n s  were h i g h e r  

t han  t h e  nominal  n o i s e  l eve l  b e f o r e  and a f t e r  f i r i n g .  However, t h e s e  low 

ampl i tude  p r e s s u r e  o s c i l l a t i o n s  ( 4  p e r c e n t  o f  maximum p r e s s u r e )  produced 

no d e t r i m e n t a l  e f f e c t  on t h e  motor  performance.  

10.2 Ul l age  Rockets  

U l l age  r o c k e t  performance was s a t i s f a c t o r y .  The U l l a g e  Rocket  I g n i t i o n  

Command w a s  g iven  a t  RO +143.306 sec, w i t h  t h e  j e t t i s o n  comniand a t  

RO +155.521 sec. These times, r e l a t i v e  t o  Engine S t a r t  Command, were v e r y  

c l o s e  t o  p r e d i c t e d .  Tab le  10-2 p r e s e n t s  t h e  i n d i v i d u a l  r o c k e t  motor p e r -  

formance pa rame te r s  as d e f i n e d  i n  t h e  Th i Jko l  Chemical Company Model 

. S p e c i f i c a t i o n ,  ----.-- SP-544A, d a t e d  29 November 1965. A comparison o f  t h e s e  d a t a  

w i t h  nominal  performance l i m i t s  i n d i c a t e s  t h a t  t h e  t h r e e  motors  performed 

w i t h i n  d e s i g n  s p e c i f i c a t i o n s .  F igu re  10-2 p r e s e n t s  t h e  t h r u s t  p r o f i l e s  

d u r i n g  f i r i n g .  

- 
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S e c t i o n  11 
O x i d i z e r  System 

11. OXIDIZER SYS TEN 
~~ 

The o x i d i z e r  svstem performed adequa te ly  th roughou t  boos t  and pctlrered 

f l i g h t .  The LOX t a n k  was s a t i s f a c t o r i l y  p r e p r e s s u r i z e d  p r i o r  t o  l i f t o f f .  

Fol lowing e n g i n e  s t a r t  t h e  u l l a g e  p r e s s u r e  was ma in ta ined  w i t h i n  t h e  

p r e s c r i b e d  c o n t r o l  band. Cold he l ium supp ly  and r e g u l a t i o n  were adequa te .  

The r e c i r c u l a t i o n  ch i l l down  sys t em a d e q u a t e l y  c!iil Led t h e  LOX pump. LOX 

supp ly  t o  t h e  e n g i n e  d u r i n g  t h e  f i r i n g  p e r i o d  was s a t i s f a c t o r y ,  and t h 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  (XPSP) w a s  above minimun l i m i t s  a t  a l l  

t i m e s  . 
11.1 LOX Tank P r e s s u r i z a t i o n  C o n t r o l  and I n t e r n a l  Environment 

~ ~~ ~~ ~~~ 

The LOX t ank  p r e . ; s u r i z a t i o n  systerr .  ( f i g u r e  11-1) s a t i s f a c t o r i l y  

ma in ta ined  p r e s s u r e  i n  t h e  LOX t a n k  th roughou t  :he f l i g h t .  A 1 1  p a r t s  

of tile sys t em performed c l o s e  t o  t h e i r  d e s i g n  s p e c i f i c a t i o n s .  

11.1.1 P r e p r e s s u r i z a t i o n  

LC .. p r e s s u r i z a t i o n  w a s  i n i t i a t e d  308 sec p r i o r  10 e n g i n e  s ta r t  

,onpl i shed  f ram ground s u p p o r t  equipment (GSE) c o l d  h e l i t m  

! ; J .  h e  makeup c y c l e  w a s  r e q u i r e d  t o  m a i n t a i n  t h e  LOS t a n k  u l l a g e  

p r e s s u r e  b e f o r e  th2  u l l a g e  t empera tu re  s t a b i l i z e d .  A f t e r  t h e  makeup 

c y c l e ,  t h e  c l l a g e  p r e s s u r e  g r a d u a l l y  i n c r e a s e d  as t h e  LOX v e n t  v a l v e  and 

LOX u l l a g e  p r e s s u r e  s e n s e  l i n e s  were purged w i t h  ambient  hel ium. A t  

t h i s  t i m e ,  t h e  LOX v e n t  and r e l i e f  v a l v e  opened momentar i ly  and t h e  

u l l a g e  p r e s s u r e  dec reased  t o  42.3 p s i a .  A second r e l i e f  o c c u r r e d  j u s t  

p r i o r  t o  l i f t o f f ,  a g a i n  a r e s u l t  of groufid s u p p l i e d  purge.  

The purge  w a s  t e r m i n a t e d  a t  l i f t o f f ;  the u l l a g e  p r e s s u r e  t h e n  s t a r t e d  t o  

d e c r e a s e  as t n e  r e s u l t  of: u l l a g e  coo l ing .  The u l l a g e  p r e s s u r e  con t inued  

t o  d e c r e a s e  u n t i l  9 sec p r i o r  t o  e n g i n e  s t a r t .  From t h i s  time t o  e n g i n e  

s t a r t ,  i t  i n c r e a s e d  from 38.1 t o  40.G p s i a  as t h e  s t a g e  d e c e l e r a t e d  and 

t h e  l i q u i d  compressed t h e  u l l a g e .  T h i s  phenomenon w a s  a l s o  observed  on 

t h e  S-IVB-201 and -202 f l i g h t s .  

The p r e p r e s s u r i z a t i o n  f i v w r a t e s  were c a l c u l a t e d  from t empera tu re  and 

p r e s s u r e  d a t a  o b t a i n e d  a t  t h e  LOX v e n t  i n l e t .  C a l c u l a t i o n  showed t h a t  

11-1 
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3.5 l b m  of he l ium were used t o  p r e p r e s s u r i z e  and niaintaiil t h e  LOX tank 

u l l a g e  p r e s s u r e  p r i o r  t o  Engine S t a r t  Command (ESC) .  The c o l d  gaseous  

he l ium l e a v i n g  t h e  tiSE h e a t  exchanger  warned t o  approximate ly  420 deg R 

by t h e  t i m e  i t  reached  t h e  LOX v e n t  i n l e t .  

S i g n i f i c a n t  LOX t ank  p r e p r e s s u r i z a t i o n  d:lltc, are p r e s e n t e d  i o  f i g u r e  11-2 

and are compared t o  p rev ious  test d a t a  i n  t a b l e  :1-1. 

1 1 . 1 . 2  P r e s s u r i z a t i o n  

Opera t ion  of t h e  LOX tank  p r e s s u r i z a t i o n  sys t em w a s  n e a r  nominal .  During 

5-2 eng ine  o p e r a t i o n  t h e  LOX tank  u l l a g e  p r e s s u r e  c y c l e d  w i t h i n  t h e  

c o n t r o l  band seven  t imes  i n  418 sec.  Except  f o r  a p e r i o d  immediately 

a f t e r  e n g i n e  s t a r t ,  t h e  u l l a g e  p r e s s u r e  was ma in ta ined  w i t h i n  a p r e s s u r e  

c o n t r o l  range  t h a t  ag reed  c l o s e l y  w i t h  t h e  p r e s s u r e  s w i t c h e s .  A f t e r  

e n g i n e  s t a r t ,  t h e  p r e s s u r e  d e c r e a s e d  r a p i d l y  t o  a minimum of 3 4 . 8  p s i a  

a t  ESC +20 sec, a l t h o u g h  :he o v e r c o n t r o l  v a l v e  had opened when t h e  pres- 

s u r e  dec reased  below 37.4 psia .  C h a r a c t e r i s t i c a l l y  t h e  p r e s s u r e  

r ecove red  a f t e r  t h i s  t r a n s i e n t  and c y c l e d  normal ly .  The d e c r e a s e  w a s  a 

restilt of t h e  l o w  i n i t i a l  pressurant mass f l o w r a t e  i n t o  t h e  LOX t ank  

caused  by t empera tu re  c r a n s i e n t s  a t  t h e  bypass  o r i f i c e  and p r e s s u r e  

t r a n s f n n t s  a t  t h e  h e a t  exchanger  o u t l e t .  As soon as t h e  t empera tu res  and 

press .res s t a b i l i z e d ,  t h e  u l l a g e  p r e s s u r e  r ecove red  and c y c l e d  sa t i s -  

f a c t o r i l y .  The p r e s s u r e  d u r i n g  t h i s  t r a n s i e n t  p e r i o d  w a s  s u f f i c i e n t  t o  

meet :he minimum NPSP requ i r emen t s .  

The LOX t a n k  u l l a g e  t empera tu res  show a s t r a t i f i e d  p r o f i l e  g e n e r a l l y  

w i t h i n  29 deg  R o f  t h o s e  which o c c u r r e d  d u r i n g  t h e  S-IVB-202 f l i g h t  and 

S-IVB-204 accep tance  test. 

The LOX t a n k  p r e s s u r i z a t i o n  t o t a l  f l o w r a t e  v a r i e d  as i t  normal ly  does  

because  of t h e  v a r i a t i o n  i n  t h e  bypass  f l o w r a t e .  

rrormal because  t h e  bypass  o r i f i c e  i n l e t  t empera tu re  changes as i t  f o l l o w s  

t h e  c o l d  he l ium s p h e r e  tempera ture .  S i g n i f i c a n t  LOX t a n k  p r e s s u r i z a t i o n  

d a t a  aze p r e s e n t e d  i n  f i g u r e  11-3 and are compared t o  p r e v i o u s  f l i g h t  

d a t a  i n  t a b l e  11-2. 

This  v a r i a t i o n  is 

LOX v e n t i n g  d u r i n g  o r b i t a l  phase  i s  covered  i n  pa rag raph  26.4.1. 
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'[he LOX p r e s s u r i z a t i o n  module o u t l e t  t empcra tu re  and p r e s s u r e  

( f i g u r e  11-3) d i s p l a y e d  norriial p r o f i l e s  th rough the s t a r t  t r a n s i e n t  and 

d u r i n g  eng ine  o p e r a t i o n .  'The p r e s s u r e  was main ta ined  w i t h i n  the s p e c i -  

f i e d  400 +zJ p s i a  d u r i n g  powered f l i g h t .  

1 1 . 2  Cold HeXm S u p p l y  

During a p o r t i m  of  t e r m i n a l  countdown and S-IB b o o s t ,  t h e  c o l d  he l ium 

s p h e r e  p r e s s u r e  t r a n s d u c e r  ( U O O l O ;  behaved e r r a t i c a l l y .  Before  and a f t e r  

t h i s  p e r i o d ,  th2  p r e s s u r e  w a s  s t a b l e ,  b u t  ttie l e v e l  was n o t  v a l i d .  

Using o t h e r  s p h e r e  p r e s s u r e s ,  a o i a s  w a s  c b t a i n e d  and a p p l i e d  ciuring 

S- IB  b o o s t  and S-IVB burn .  T h i s  b i a s  w a s  used  t o  o b t a i n  t h e  he l ium 

usage and s p h e r e  c o n d i t i o n s  a t  s i g n i f i c a n t  times shown . t a b l e  11-3 and 

f i g u r e  11-4. 

Between Engine Cutof f  Command and RO +3,525 sec, t h e  c o l d  he l ium p r e s s u r e  

and ave rage  t empera tu re  dec reased  t o  750 p s i a  and 42.9 deg R ,  

r e s p e c t i v e l y ,  i n d i c a t i n g  a mass l o s s  of 23 lbm d u r i n g  t h i s  p e r i o d .  

Apparent mass l o s s e s  have occur red  on p r e v i o u s  f l i g h t s ,  b u t  are  b e l i e v e d  

to b e  t h e  r e s u l t  of i n s t r u m e n t a t i o n .  The p r e s s u r e  and t empera tu re  

subsequen t ly  i n c r e a s e d  and were 1 ,268  p s i a  and 64.4 deg R a t  t h e  i n i t i a -  

t i o n  of  c o l d  he l ium p a s s i v a t i o n  (RO +10,349 sec). These v a l u e s  i n d i c a t e  

an a p p a r e n t  m a s s  g a i n  of 1 0  lbm between RO +3,525 and R3 +10,349 sec 

and s u b s t a n t i a t e  t h e  t h e o r y  t h a t  mass l o s s e s  are t h e  r e s u l t  o f  

i n s t r u m e n t a t i o n .  

11 .3  5-2 Heat Exchanger 

Tt.e 5-2 h e a t  exchanger  i n l e t  t empera tu re  began t o  d e c r e a s e  inmed ia t e ly  

a f t e r  eng ine  s t a r t  as t h e  l i n e  w a s  be ing  coo led .  The t empera tu re  

decrease w a s  i n t e r r u p t e d  s e v e r a l  times ( f i g a r e  11-5) because  o f  f l owra te  

v a r i a t i o n s  d u r i n g  L n d e r c o n t r o l  and o v e r c o n t r o l .  The t empera tu re  reachecl 

a -, ,:mum of  45 deg R approximate ly  237 sec a f t e r  Engine S t a r t  Command. 

There- i f ter  t h e  t empera tu re  i n c r e a s e d ,  re-ching 63 deg R a t  e n g i n e  c u t o f f .  

The h e a t  exchanger  o u t l e t  t empera tu re  i n c r e a s e d  t o  P68 deg R d - i r ing  t h e  

11-3 
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6 0  s e c  warmup t r a n s i e n t .  Tempera tures  d u r i n g  t h e  f l i g h t  were 16 t c  

5G deg K h i g h e r  tii.,.n t h o s e  r eco rded  d u r i n g  a c c e p t a n c e  t e s t i n g .  ?‘his 

d i f f e r e n c e  i s  g e n e r a l l y  a t t r i b u t e d  LO t h e  absence  of convec t iv2  h e a t  

t r a n s f e r  l o s s .  S i g n i f i c a n t  5-2 h e a t  exchanger  performance d a t a  a r e  

p r e s e n t e d  i n  t a b l e  11-4. 

F igu re  11-5 compares t h e  LOX t a n k  i n l e t  t e m p e r z t u r e  and t h .  t h e o r e t i c a l  

gas  mix tu re  t empera tu re .  T h e  t h e o r e t i c a l  mix tu re  t empera tu re  i s  t h e  

t empera tu re  t h a t  would be o b t a i - n d  by comple te  mixing of  t h e  c o l d  bypass  

gas  and t h e  h o t  gas from t h e  J 1 e n g i n e  h e a t  exchanger .  T h i s  comparison 

g i v e s  an i n d i c a t i o n  of t h e  h e a t  t r a n s f e r  t o  or from t h e  p r e s s u r i z a t i o n  

l i n e s  betweon t h e  mixing p o i n t  and t h e  v e n t  i n l e t .  I t  a l s o  shows t h a t  

t he  sys t em s t a b i l i z e d  on ly  a f t e r  an ex tended  p e r i o d  of o v e r c o n t r o l  o r  

u n d e r c o n t r o l  o p e r a t i o n .  

11 .4  LOX Chil ldown 

The LOX pump c h i l l d c m  sys t em per formed a d e q u a t e l y .  A t  Engine S t a r t  

Command t h e  NPSP a t  t h e  pump i n l e t  was above t h e  minimum requ i r emen t  of 

11.8 p s i .  

R e c i r c u l a t i o n  ch i l l down  w a s  s t a r t e d  588 sec p r i o r  t o  l i f t o f f  and w a s  

t e r m i n a t e d  s h o r t l y  b e f o r e  e n g i n e  start .  To remove any bubb les  t h a t  

might  have c o l l e c t e d  under  t h e  p r e v a l v e  d u r i n g  c h i l l d o w n ,  i t  w a s  

commanded open a t  ESC - 3 . 6  sec w h i l e  t h e  ch i l l down  pump w a s  s t i l l  runn ing .  

The ch i l l down  s h u t o f f  v a l v e  w a s  c l o s e d  b e f o r e  e n g i n e  c u t o f f .  

A f t e r  p r e p r e s s u r i z a t  i on ,  t h e  u l l a g e  p r e s s u r e  v a r i e d  b- i th  t h e  normal  makeup 

c y c l e s  u n t i l  l i f t o f f .  During t h i s  t i m e  i n t e r v a l ,  t h e  LOX pump i n l e t  p r e s -  

s u r e  and r e t u r n  l i n e  p r e s s u r e  fo l lowed  t h e  u l l a g e  p r e s s u r e  t r e n d .  A f t e r  

l i f t o f f  t h e  u l l a g e  p r e s s u r e  d e c r e a s e d ,  w h i l e  t h e  ch i l l down  sys t em p r e s -  

s u r e s  - c r e a s e d  r a p i d l y  as a r e s u l t  of t h e  i n c r e a s i n g  vehi -c le  a c c e l e r a -  

t i o n .  T \ e  LOX pump i n l e t  p r e s s u r e  i n c r e a s e d  beyond 60 p s i a  a t  10 sec 

a f t e r  l i f t c f f  t h u s  exceed ing  t h e  r ange  of the t r a n s d u c e r .  T h e r e a f t e r  t h e  

LOX pump i n l e t  p r e s s u r e  was c a l c u l a t e d  by a d d i n g  t h e  ch i l l down  pLwp 

developeu head and l i q u i d  head  p r e s s u r e s  (de t e rmined  from p r e d i c t e d  

11-4 
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v e l i i c ' e  a c c e l e r a t i o n  d a t a )  t o  ?; .e  u1la;;:c p r e s s u r e .  AS tlie 1,~)s pump i n l e t  

p r e s s u r e  i n c r e a s e d  d u r i n g  L.r~ost: i t  a l s o  d i v e i g e d  from tiit! r e t u r n  l i n e  

p r e s  s u r  e be c aus  e t ti e pump i 11 1 e t t r an  s d u c  e r was 1 o c a t  e d a p 11 r o :.; i md t e 1y 

69 i n .  lower  than  the r e t u r n  l i n e  p r e s s u r e  t r a n s d u c e r  and was s u b j e c t e d  

t o  a l a r g e r  l i q u i d  head which i n c r e a s e d  w i t h  a c c e l e r a t i o n .  A t  app rox i -  

mate ly  5 .9  s e c  p r i o r  t o  S-IVB ESC the S-IB inboa rd  eng ines  were c u t  o f f  

c a u s i n g  t h e  LON pump i n l e t  p r e s s u r e s  and r e t u r n  l i n e  p r e s s u r e  t o  d e c r e a s e  

( f i g u r t  1 1 - 6 ) .  These p r e s s u r e s  d e c r e a s e c  f u r t h e r  a t  S-IB ou tboa rd  eng ine  

c u t o f f  (ESC - 2 . 7  s e c )  . Opening of  t h e  p r e v a l v e  a t  approx ima te ly  t h e  same 

t i m e  caused  a loss of ch i l l down  plimp developed  h e a t  a d  an a d d i t i o n a l  

p r e s s u r e  d e c r e a s e .  

During the ch i l ldown  p r o c e s s  t h e  LOX was subcoo led  throughout  t h e  

r e c i r c u l a t i o n  sys tem w i t h  16.6 deg K of s u b c o o l i n g  a t  t h e  pump i n l e t  

a t  Engine S t a r t  Command. 

The NPSP a t  t h e  LOX pump i n l e t  r eached  42.0  p s i  a t  l i f t o f f ,  a f t e r  which 

t i m e  i t  i n c r e a s e d  w i t h  i n c r e a s i n g  pump i n l e t  p r e s s u c e  t o  a maximum v a l u e  

of  64.6  p s i  a t  S - I 3  i n b o a r d  e n g i n e  c u t o f f .  A f t e r  this time i t  dropped 

c o n t i n u o u s l y  t o  a v a l u e  of 22 .6  p s i  a t  S-IVB Engine S t a r t  Command. 

The ch i l l down  sys tem t e m p e r a t u r e s  i n c r e a r  d s l i g h t l y  p r i o r  t o  l i f t o f f  as 

a r e s u l t  o f  bu lk  h e a t i n g .  The ch i l l down  sys tem t e m p e r a t u r e s  con t inued  t o  

i n c r e a s e  s l i g h t l y  d u r i n g  t h e  f i r s :  few seconds  of b o o s t ,  t h e n  d e c r e a s e d  

d u r i n g  t h e  remain ing  p e r i o d  o f  b o o s t .  By e n g i n e  s t a r t ,  t h e  h e a t  i n p u t s  

had g r a d u a l l y  d e c r e a s e d  t o  t h e  l e v e l s  p r e s e n t e d  i n  f i g u r e  11-7 ,  which 

con:: 2r.s s i g n ;  f i c a n t  ch'lldown d a t a .  These same h e a t i n g  t r e n d s  \./ere 

obse rved  .'.uriag t h e  S - ? V B - Z O l ,  -202, and -203 f l i g h t s .  3 t h e r  compara t ive  

d d t a  aye  p r e s e n t e d  i t l  t a b l e  11-5. 

11.5 Engine LOX Sup21y 

The LOX supp ly  sys t em ( f i g u r e  11-8) d e l i v e i e d  t'ie n e c e s s a r y  q u a n t i t y  of  

I X X  t o  the m g i n e  pump i n l e t  througiiou: eng ine  cdera:i.cn and ma in ta ined  

t h e  p r e s s u z e  snd tempi i -p ture  cond;+iops w i t h i n  ;1. range  t h a t  p r m i d e d  a 

LOX p'irnp NPSP rbove  t h e  mirimum requ i r emen t s ,  a l t i ioLgh,  i n  g e n e r a l  i t  w a s  

0 . 7  p s i  less than p r z d i c t e d .  F i g u r e  11-9 p r e s e n t s  ti,e d a t a  and t h e  

c a l c u l a t e d  per fozmancr ;  t a b l e  11- 6 cornpards tile J-IVP-204 s t a g e  d-;n and 

cdlcLi1.ated p e z f s r r a p c e  w i t h  t h a t  from p r e v i o u s  test,. 

11-5 
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. 1  llie T f ? , V ,  pump i n l e t  t empera tu re  and p r e s s u r e  were p l o t t e d  i n  the e n g i n e  

LOX pump o p e r a t i n g  r e g i o n  ( f i g u r e  11-10> and showed t h a t  t h e  LOX pump 

i n l e t  c o n d i t i o n s  w e  re sat  is f a c t o r y  th roughou t  e n g i n e  ope rii t i on. 

I n  f i g u r e  11-11 the  LOX pump i n l e t  t e m p e r a t u r e  i s  p l o t t e d  a g a i n s t  t h e  

mass remain ing  i n  t h e  t a n k  d u r i n g  e n g i n e  o p e r a t i o n  and compared t o  t h e  

S-IVB-204 accep tance  t e s t  d a t a .  The d a t a  used  f o r  comparison have been 

b i a s e d  t o  t h e  LOX pump i n l e t  t e m p e r a t u r e  obse rved  a t  Engine S t a r t  Commaiid 

of  S-IVB-204 f l i g h t  t o  c o r r e c t  f o r  i p s t r u m e n t  e r r o r ,  d i f f e r e n t  h e a t i n g  

d u r j  p r e s s u r i z a t i o n ,  and o t h e r  t es t  t o  t e s t  v a r i a t i o n s .  

11-6 



S e c t i o n  11 
O x i d i z e r  System 

TABLE 11-1 
LOX TANK PREPRESSURIZATIOV DATA 

PARAMETER 
> -- 
P r e p r e s s u r i z a  t i  on du ra  t i m  ( s e c )  

Vuniber of  makeup c y c l e s  

Prep res s u r i  z a t  i o n  he  li urn 

F lowra te  ( lbm/sec)  

Mass added t o  LOX t ank  d u r i n g  
p r e p r e s s u r i z a t i o n  (lbm) 

Mass added t o  LOX cank d u r i n g  
makeup c y c l e s  (lbm) 

Ullage p r e s s u r e  

A t  p r e p r e s s u r i z a t l c n  i n i  t i a  t i o n  
(psis) 

A t  p r e p r e s s u r i z a t i o n  
t e r m i n a t i o n  ( p s i a )  

A t  l i f t o f f  ( p s i a )  

A t  Engine S t a r t  Command ( p s i a )  

Events  (sec from l i f t o f f )  

P 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  

? r e p r e s s u r i z a t i o n  t e r m i n a t i o n  

Engine S t a r t  Command 

1 

0.22 t o  0 .25 

3.2 

0.26 

15.4 

40 .3  

42.3 

40.0 

-163 

-149 

145 --- 

S-IVB-203 
FLIGHT 

68 

5 

0 .57 t o  1 .05  

40 

1 5  

15.2 

39.2 

39.0 

38.7 

-263 

-195 

145  

N/A = Not a v a i l z b l e .  

*To ta l  mass added d u r i n g  p r e p r e s s u r i z a t i o n  and d u r i n g  makeup c y c l e .  

s-IVB-202 
FLIGHT 

3 

15 

1 

N /A  

3.8* 

N /A 

1 6 . 4  

40.5 

43.0 

41.0 

-162 

-147 

145  I 

11-7 
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TABLE 1 1 - 2  
LOX T h Y K  PPESSURIZATION DA’TA . 

PARAMET E R 

\lumber of  secondary  flow i n t e r v a l s  

P res su re  c o n t r o l  band 

Minimum ( p s i a )  

Maximum ( p s i a )  

J l l a g e  p r e s s u r e  

A t  Engine S t a r t  Command ( p s i a )  

Minimum d u r i n g  s t a r t  t r a n s i e n t  
( p i a )  

A t  Engine Cutof f  Command ( p s i a )  

P r e s s u r a n t  t o t a l  f l o w r a t e  

During u n d e r c o n t r o l  ( lbm/sec)  

During o v e r c o n t r o l  ( lbm/sec)  

Saxir LOX t ank  ven t  i n l e t  
t empera ture  (deg  R) 

S-IVB-204 
FLIGHT 

7 

37.7 

39.6 

40.0 

34.9 

39.3 

0.27 t o  0.31 

0.37 t o  0.42 

513 

S-IVB-203 
FL I GH’T 

3 

37.0 

39.2 

38.7 

37.0 

3?. 2 

0.30 t o  0.39 

0.40 t o  C.45 

335 

s “B-202 
FLIGHT 

7 

37.8 

40.2 

L l . 0  

34.6 

38.5 

0.26 t o  0.33 

0.39 t o  0.45 

47 7 

11-8 
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.At liftoff ( p s i a )  

XC Engine S t a r t  Loimand (psf -a)  

A t  Engine C u t o f i  Cornand ( p s i a )  

hveragt remperature 

A t  l i f t o f f  (deg R) 

A t  Engice S t a r t  Command (deg R )  

A i  Engine Cutoff Colllmand (deg R) 

Helium mass 

A t  Engine Star:  Command (lbm) 

A t  Lngine Cutoff Command (lbm) 

Usage c a l c u l a t e d  from sphere 
condi t ions  (lbm) 

Usage c a l c u l a t e d  by i n t e g r a t i o n  
of f lowrate  (lbm) - 

7,958 

2,927 

1,179 

40.9 

40.4 

i8.9 t G  56.2 

334 

175 

1 5  9 

149 

s- I vu-'0 3 
FLICH 1 

3,150 

1 ,640  

1,350 

39.5 

39.0 

31.8 t o  28.2 

340 

2 30 

11 0 

110 

Sect ion  11 
O x i d i i e r  S y s t e m  

3,060 

3 ,a53 

1,200 

39.2 

39.0 

48.A t: 55.6 

360 

187 

153 

15 3 

11-9 
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* 

335 

P.lRi'2 :E': E .Y 
-- - -____ 

F 1 ov r a e t h rough h e  a t  e xch an g e r 

48  

475 

During ove rcon t ro l  ( l b d s e c )  

Dur ing  undercontrol  ( lbm/sec) 

k a t  exchanger i n l e t  temperature 

During o v e r c o n t r o l  (deg R) 

i h r j n g  undercontrol  (deg R )  

Yinimum (deg R )  

heat exchznger o u t l e t  t empera tu re  

A t  end of 60 sec t r a n s i e n t  
(deg R) 

During o v e r c o n t r o l  (deg R) 

During Undercontrol (deg R) 

A t  Engine Cutoff Command (deg P) 

Heat exchanger o u t l e t  p r e s s u r e  

During o v e r c o n t r o l  ( p s i s )  

During unde rcon t ro l  ( p s i a )  

Average LOX ven t  i n l e t  p r e s s u r e  

During o v e r c o n t r o l  ( p s i a )  

During unde rcon t ro l  ( p s i a )  

0.19 

0.07 

45 t o  60 

50 t o  7 5  

46 

Yaximum LOX ven t  i n l e t  temperature 
(deg R) 

- - - 

968 

981 t o  1 ,003  

990 +o 1,054 

952 

334 t o  347 

363 t o  402 

67 

/.: 8 

513 

*Transducer DO955 was f a u l t y  on S-IVB-203. 

S - I V B - L O ? ,  
FLIGHT 

0.18 

O.C, 

33 t o  5 1  

39 t o  54 

36 

?4c) 

88C LO 900 

850 t o  910 

933 

332 t o  344 

380 t o  390 

0.20 

0.08 

35 t o  55 

40 t o  7 5  

35 

850 

875 t o  935 

870 t c  880 

840 

340 t o  355 

403 to  410 
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I SPSP 

A t  EEgine S t a r t  Command ( p s i )  

Yinirnum requ i r ea  a t  engine 
s t a r t  ( p s i )  

.At opening of Frevalve ( p s i )  

LOX pump i n l e t  c o n d i t i o n s  a t  
Engine S t a r t  Command 

P r e s s u r e  ( p s i a )  

Temperature (deg R) 

Amount of subcool ing (deg R) 

Average flow c o e f f i c i e n t  
( s e c 2 / i n .  2-f t 3 )  

Heat abso rp t ion  rate (Btu/hr)  

S e c t i o n  1 (tank t o  pump i n l e t )  

S e c t i o n  2 (pump i n l e t  t o  b l eed  
va lve )  

S e c t i o n  3 (oleed valve t o  tank 
i n l e t )  

T o t a l  

Chilldown f l owra te  

Lh p re ss u r  i zed ( gpm) 

P r e s s u r i z e d  (gpn) 

S / A  = Fot a v a i l a b l e .  

22.6A 

12.5 

43.01 

39.5 

165.1 

16.6 

20.4 

5,000 

18,000 

6,03C 

29,001 

3 6 . 3  

38. > 

2 3 . 0  

12.8  

s /A 

39.0 

164.5 

16.7 

12.2 

1 , 2 7 0  

20,000 

5,000 

26,500 

K /A 

43.4 

24.5 

1 2 . 8  

X / A  

41.0 

165.0 

17.3 

10.0 

3,500 

22,000 

4,500 

30,000 

N/A 

44.3 
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Cii  i 1 Idown p UT+) p re 5 s u r e  
d i f f e r e n t i a l  

Cnpres su r i zed  ( p s i )  

P r e s s u r i z e d  ( p s i )  

Events  ( s e c  from l i f t o f f )  

Chi l ldown i n i t i a t i o n  

P r e v a l v e  c l o s e d  

P 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  

P r e v a l v e  Oper. C ~ m m ; a J  

P r e v a l v e  c l o s e d  s i g n a l  d ropou t  

? r e v a l v e  open s i g n a l  p i ckup  

Delay between p r e v a l v e  Open 
Comund and p i ckup  of open 
s i g n a l  

Chi l ldown s h u t o f f  v a l v e  c l o s e d  

Engine S t a r t  Command (K0021) 

S t A  

10.5 

-588.032 

-582.016 

-163.232 

140.269 

131.288 

143.088 

2.819 

568.071 

14G. 905 

s-IYB-'03 
FL I G H I  

:< j X 

8 

-658 

s / A  

-263 

s /A 

S /A 

148 .3  

9 / A  

144.0 

143 .9  
--- 

S ,'A 

7 

-b72 

\. I .,I r? 

-110 

S / A  

S / A  

SIX 

N/X 

145.2 

154.6 

S / A  = S o t  a v a i l a b l e .  

11-12 
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l'A13LE 31-6 
LOX PUrlP ISLET COX1)I1'IOS DATA 

S t a t i c  p r e s s u r e  a t  e n g i c e  
S t a r t  ( p s i a )  

Temperature  a t  e n g i n e  s t a r t  
(deg  R) 

(deg K) 
Temperature  a t  e n g i n e  c u t o f f  

S"SP 

Kequi ied  a t  h g i n e  S t a r t  
Command ( p s i )  

A i ? i i i l a b l e  a t  Enginc S t a r t  
Command ( p s i )  

?laxir.um d t i r j ag  f i r i a g  ( p s i )  

Piinimiim d u r i n g  f i r i n g  (psi) 

A t  Engine C u t o f f  Command (psi) 

LOX r e e d  d u c t  

A t  h igh  E h R  

P r e s s u r 2  drop  ( p s i )  

F lowra te  ( lbm/Pec)  

Aftez EMR cu tback  

F r e s s u r e  d rop  ( p s i )  

F lowra te  ( lbm/sec )  

S - I VB - 2 0 4 
FLIGHT 

39. u 

165 .1  

1 6 6 . 3  

12 .8  

22 .6  

27.0  

21 .8  

2 4 . 8  

2 .3  

445 

* 
36 > 

* C a l c u l a t i o n  i n a c c i i r a t e .  

**No cu tback .  

S-IVB-203 
TLIGHT 

~ 

39.0 

164.5  

166.7 

1 2 . 8  

2 3 . 0  

28.5 

25.0 

25.3 

7 

396 

** 
** 

1 

S-LVB-2C)L 
FLIGHT 

1 6 5 . 0  

165 .8  

1 2 . 8  

24 .5  

2 b . 8  

21.1  

23.5  

3 . 1  

448  

2 .o 
356 

11-1 3 
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GSE i S l A t E  
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NOTE 
SEE FIGURE 3-1 FOR 
LEGEND 

Figure 11-1. L3X Tank Pressur iza t ion  System 

VENT 
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- 
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Y - -  
I 

ENGINE START COMMAND 
1 

I 1 

ir d LOX TANK, VENT I N L E T  TEMPERATURE (C0016j 

50 

40 

30 

20 

10 

0.5- 

0.4 

n 
0 

5- 
M 
v 3 . 3 '  
w 5 0.2 
zz 
0 

0.1 

0 

1 1 

LOX TANK ULLAGE, PR 

rr 

I 
I 

I I I I I 

1 1 1 
LOX TANK PREPRESSURI ZATION FLOW RATE (CALCULATED) 

1 LOX TANK PREPRESSURIZATION 
IN IT IATED 

I 

-MAKEUP CVCLE 

I 1 I 1 I J 
45C 

0- 

Figure 11-2.  LOX Tank Conditions During Prepressur izat ion and Boost 
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7! 

7( 

6 '  

61 

5 

5 

4 

4 

COLD HELIUM SPHERE TEMPERATURES 
1 1 

II '4 
NO. 4 ( C 0 2 1 0 ) ~  I .  a1 

TIME FROM ENG!NE START COMMAND (SEC) 

F i g u r e  11-4. Cqld  H e l i u m  Supply 
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8 

8 
8 

q!!J 8 J 8 8 

8 8 
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MCTE 

SEE FIGURE ; - I  C O R  

LEGEND 

1 
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Figure 11-8. LOX Suppl:l System 
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S e c t i o n  1 2  
F u e l  System 

1'. FUEL S\iSTE?1 

'The f u e l  sys tem performed a s  des igned  and s u p p l i e d  LH2 t o  t h e  e n g i n e  

wi th i r ,  t h e  l i m i t s  d e f i n e d  i n  t h e  e n g i n e  s p e c i f i c a t i o n .  

1 2 . 1  P r e s s u r i z a t i o n  C o n t r o l  a n i  I n t e r n a l  Environment 

The LH2 t ank  p r e s s u r i z a t i o n  s y s t e m  ( f i g u r e  12-1) o p e r a t e d  i n  a l l  t h r e e  

phases  ( p r c p r e s s u r i z a t i o n ,  pr imary  p r e s s u r i z a t i o n ,  and s t e p  p r e s s u r i z a -  

t i o n )  and s a t i s f a c t o r i l y  c o n t r o l l e d  t h e  LH2 t m k  ulla;e p r e s s u r e  f o r  t h e  

d u r a t i o n  of t h e  powered f l i g h t  phase .  

- 

1 2 . 1 . 1  P r e p r e s s u r i z a t i o n  

The LH2 t a n k  w a s  s a t i s f a c t o r i l y  p r e p r e s s u r i z e t '  b i t h  he l ium f r m  GSE 

conso le  model 438. F i g u r e  12-2 p r e s e n t s  t h e  p r e p r e s s u r i z a t i o i i  d a t a ;  

t a b l e  12-1 compares S-IVB-204 d a t a  w i t h  t h a t  from S-IVB-202 f l i g h t .  The 

LH2 p r e p r e s s u r i z a t i m  command was r e c e i v e d  c t  113 sec p r i o r  t o  l i f t o f f .  

The LH2 t a n k  p r e s s u r i z e d  s i g n a l  w a s  r e c e i v e d  46  sec la te r  when t h e  LH2 

t a n k  u l l a g e  p r e s s u r e  r eached  33 .7  p s i a .  The u l l a g e  p r e s s u r e  con t inued  

t o  i n c r e a s e  as t h e  u l l a g e  warmed, r e a c h i n g  36 .4  p s i a  a t  l i f t o f f  and 

39.2 p s i a  by Engine S t a r t  Command. 

1 2 . 1 . 2  P r e s s u r i z a t i o n  

During eng ine  o p e r a t i o n ,  LH2 t a n k  p r e s s u r i z a t i o n  w a s  s a t i s f a c t o r i l y  

accompl ished  by GH2 b l e e d  from t h e  5-2 e n g i n e  ( f i g u r e s  9-1 and  12-1).  

Data are p r e s e n t e d  i n  f i g u r e  12-3 and compared t o  p r e v i o u s  tes t  d a t a  i n  

t a b l e  12-2. Between Engine S t a r t  Command and ESC +2.7 sec ,  GH2 b l e e d  

from t h e  e n g i n e  f lowed i n t o  t h e  LH2 t a n k  through t h e  narmal  p r e s s u r i z a -  

t i o n  o r i f i c e ,  t h e  c o n t r o l  p r e s s u r i z a t i o n  o r i f i c e ,  and t h e  s t e p  p r e s s u r i -  

z a t i o n  o r i f i c e .  T h i s  GH2 b l e e d ,  however,  p roduced  no  n o t i c e a b l e  i n c r e a s e  

i n  u l l a g e  p r e s s u r e  d u r i n g  t h i s  p e r i o d .  

When t h e  c o n t r o l  and s t e p  p r e s s u r i z a t i o n  flow p a t h s  were c l o s e d ,  t h e  

u l l a g e  p r e s s u r e  began a normal  d e c r e a s e  t o  a minimum of 35.4 p s i a  a t  

ESC +300 sec. The minimum t a n k  p r e s s u r e  w a s  3.8 p s i a  above t h e  p r e s s u r e  

r e q u i r e d  t o  i n i t i a t e  t h e  o v e r c o n t r o l  mode. The u l l a g e  p r e s s u r e  w a s  

h i g h e r  t han  i t  was on t h e  S-IVB-204 a c c e p t a n c e  t es t  because  of  two 
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subsequent mod i f i ca t ions :  a 60 pe rcen t  i n c r e a s e  i n  t h e  undercontrol  

o r i f i c e  s i z e  and the  a d d i t i o n  of a nylon bag around t h e  d i f f u s e r .  

During S-IVB powered f l i g h t  t h e  G H 2  p r e s s u r i z a t i o n  f l o w r a t e s  were very 

n e a r  p r e d i c t i o n s .  From Engine S t a r t  Command t o  Engine Cutoff Command , 
357 l b m  of GH2 were added t o  the  u l l a g e .  The c o l l a p s e  f a c t o r  i n c r e a s e d  

from 0.82 t o  0.88 during s t e a d y - s t a t e  high engine mixture  r a t i o  (EMR) 

o p e r a t i c ? ;  i t  i nc reased  t o  1.0 approximately 50 s e c  a f te r  EMR cutback 

du r ing  the  s t e p  p r e s s u r i z a t i o n  mode. This  w a s  caused by t h e  ven t ing  of 

LH2 through the  nonpropuls ive ven t  (NPV) and is d i scussed  i n  t h e  

fol lowing paragraph. 

12.1.3 LH2 Tank Venting During Burn 

LH2 tank ven t ing  occurred du r ing  t h e  l as t  115 sec of powered f l i g h t  

( f i g u r e  12-4). The vented GH2 f l o w r a t e  v a r i e d  between 0.466 and 

0.596 lbm/sec during t h e  v e n t i n g  p e r i o d ;  however, t h e  d a t a  do no t  

i n d i c a t e  whether t h e  GH2 w a s  vented through t h e  vent  and r e l i e f  va lve  

o r  through t h e  r e l i e f  valve.  Based upon Douglas product ion t e s t i n g ,  

t h e  crack p r e s s u r e  f o r  t h e  v e n t  and r e l i e f  v a l v e  and t h e  r e l i e f  va lve  

were 38.5 p s i a  and 39.5 p s i a ,  r e s p e c t i v e l y .  The LH2 tank u l l a g e  p res -  

s u r e  was 39.2 p s i a  when t h e  v e n t i n g  began, and t h e  c a l c u l a t e d  GH2 flow- 

rate could have been vented by e i t h e r  of  t h e  two va lves .  

I t  is be l i eved  t h e  r e l i e f  was through the  vent  and r e l i e f  va lve .  I f  

t h e  vented GH2 had passed through t h e  vent  and r e l i e f  va lve ,  t h e  s t r o k e  

o f  t h e  va lve  main p i s t o n  should have been s u f f i c i e n t  t o  cause a l o s s  of 

t he  c losed  va lve  p o s i t i o n  i n d i c a t i c n .  The l o s s  of t h e  c losed  va lve  pos i -  

t i o n  i n d i c a t i o n  w a s  never  r ece ived ,  however. Test d a t a  on t h e  v a l v e  

i n d i c a t e  t h e  c losed  valve p o s i t i o n  microswitch may not  be t r i p p e d  i f  t h e  

tank p r e s s u r e  r ise rate is less than 0.2 p s i / s e c .  During f l i g h t ,  t h e  

p r e s s u r e  rise rate was 0.116 psilsec.  

of 39.2 p s i a  w a s  found t o  be w i t h i n  t h e  va lve  c rack  p r e s s u r e  range when 

The i n d i c a t e d  high r e l i e f  p r e s s x r e  

12-2 
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the accuracy of i n s t rumen ta t ion  is cocs ide red .  The quqted c rack  p res -  

sures have an accuracy range of 59.6 p s i  w n i l e  t t e  u l l a g e  pressures 

have an accuracy of approximately +1.0 p s i a .  

LH2 vent ing during the  o r b i t s 1  pnase is covered i n  paragraph 26.4.2. 

12.2 LH2 Chilldown 

The LH2 chilldown s y s t e m  performed s a t i s f a c t o r i l y .  A t  Engine S t a r t  

Command the  n e t  p o s i t i v e  sucz ion  p r e s s u r e  (NPSP) a t  t h e  pump i n l e t  was 

w e i l  above t h e  minimum requirement of 6 .5  p s i .  

System temperatures  and pressures  and LH2 flowratc-, as noted i n  

f i g u r e s  12-5 and 12-6, were used t o  determine p r e s s u r e  drops and h e a t  

i n p u t s .  

Chilldown was i n i t i a t e d  a t  598 s e c  p r i o r  t o  l i f t o f f .  

s u r i z e d  chil ldown, s a t u r a t e d  cond i t ions  e x i s t e d  throug1.out t h e  chil ldown 

system. 

t i o n  and inc reased  (off-scale-high)  a f t e r  p r e p r e s s u r i z a t i o n  as vapor 

condensed and vas rep laced  by l i q u i d  from t h e  tank.  The l i q u i d  e n t e r i n g  

the  s y s t e m  was s u f f i c i e n t l y  subcooled a f t e r  p r e s s u r i z a t i o n  t o  absorb a l l  

t h e  h e a t  i npu t  t o  t h e  system wi thou t  vapor i z ing .  This  a l s o  e x p l z i n s  the  

i n c r e a s e  i n  pump i n l e t ,  b l eed  va lve ,  and r e t u r n  l i n e  temperatures  at t h e  

i n i t i a t i o n  of p r e p r e s s u r i z a t i o n .  These temperature  i n c r e a s e s  fol lawed 

the  s a t u r a t i o n  curve u n t i l  t h e  LH2 e n t e r i n g  t h e  tank became s u f f i c i e n t l y  

subcooled t o  absorb t h e  iDput from t h e  tank t o  t h e  r e s p e c t i v e  t r ansduce r  

l o c a t i o n  wi thou t  reaching s a t u r a t i o n  temperature .  

During unpres- 

The chil ldown f lowra te  s t a b i l i z e d  b e f o r e  LH2 tank p rep res su r i za -  

When steady s t a t e  c o n d i t i o n s  were acilieved a f t e r  p r e p r e s s u r i z a t i o n ,  sub- 

cooled LH2 a t  the  pump i n l e t ,  5iced va lve .  arid r e t u r n  l i n e  e x i t  i n d i c a t e d  

subcooled l i q u i d  throughout the c .h i l ld?wt .  - y s t e m .  

A f t e r  l i f t o f f ,  chil ldown pump out I:.. . -,igine pump i n l e t ,  b l e e d  valve, 

and chil ldown r e t u r n  l i n e  temperatur..’: showed a dec rease  whi-ch cont inued 

u n t i l  engine s ta r t .  The pump i n l e t  t empera tu re  w a s  39.4 deg R a t  l i f t o f f  

and decreased du r ing  boost t o  38.1 deg R a t  eng ine  s t a r t .  This dec rease  

was g r e a c e r  than i t  was on S-IVB-201 and S-IVB-203 f l i g h t s  because t h e  

h e a t  i npu t  rate from the  tank t o  t h e  LH2 pump i n l e t  p r i o r  t o  l i f t o f f  w a s  

h ighe r  f o r  S-IVB-204 f l i g h t .  
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During p r e s s u r i z e d  ch i l ldown p r i o r  t o  l i f t o f f ,  t h e  NPSP was 19 .4  p s i .  

I t  i n c r e a s e d  d u r i n g  b o o s t ,  as t h e  a c c e l e r a t i o n  h e a d  i n c r e a s e d  and t h e  

sys tem t empera tu res  d e c r e a s e d ,  t o  a maximum of  31.8 p s i  j u s t  p r i o r  t o  

b o o s t e r  i nboa rd  e n g i c e  c u t o f f .  A t  S-IVB eng ine  s t a r t  i t  was 2 0 . 2  p s i ,  

which was w e l l  above t h e  minimum requi rement  of  6 . 3  p s i .  Heat l eakage  

i n t o  t h e  f u e l  sys tem is  shown i n  f i g s i r e  12-6 and i s  compared w i t h  t h e  

co r re spond ing  o r e - l i f t o f f  d a t a  from S-IVB-201, -202, and -203 f l i g h t s  i n  

t ab le  12-3. 

During b o o s t ,  t h e  b l e e d  va lve  and r e t u r n  l i n e  t empera tu res  a l s o  dec reased  

due t o  d e c r e a s i n g  h z a t  i n p u t s .  J u s t  p r i o r  t o  eng ine  s t a r t ,  t h e  t o t a l  

heaL :?put r a t e  t o  t h e  sys t em was approx ima te ly  27,000 B tu /h r .  

12 .3  Engine LH2 Supply 

The eng ine  LH2 supply  sys t em ( f i g u r e  12-7) p rov ided  LH:! t o  t h e  eng ine  

w i t h i n  s p e c i f i c a t i o n s  throughout  t h e  e n g i n e  f i r i n g  p e r i o d .  The minimum 

avai lable  NPSP d u r i n g  eng ine  o p e r a t i o n  o c c u r r e d  a t  c u t o f f  and was above 

t h e  a l l o w a b l e  minimum NPSP a t  cha t  t i m e .  F igu re  l ? - 8  p r e s e n t s  t h e  d a t a  

and c a l c u l a t e d  per formance;  t a b l e  13-4 compares t h e  daca  t o  t h a t  of 

p rev ious  tes ts .  

The LH2 pump i n l e t  s t a t i c  p r e s s u r e  was 39.8 p s i a  a t  e n g i n e  s tar t .  I t  

then  fo l lowed the  u l l a g e  p r e s s u r e ,  r e a c h i n g  a minimum of  ?4.0 p s i a  a t  

ESC +300 sec. The pump i n l e t  s t a t i c  p r e s s u r e  ag reed  c l o s e l y  w i t h  

p r e d i c t e d  v a l u e s .  The LH2 pump i n l e t  t empera tu re  has 38.1 deg R a t  

eng ine  s t a r t .  I t  dec reased  t o  37.6 deg R a f t e r  t h e  start t r a n s i e n t ,  t hen  

i n c r e a s e d  w i t h  t i m e  duri i lq  e n g i n e  o p e r a t i o n  t o  40.1 deg R a t  Engine Cu to f f  

Command. LH2 pump i n l e t  p r e s s u r e  and t empera tu re  d u r i n g  e n g i n e  o p e r a t i o n  

are p r e s e n t e d  i n  f i g u r e  1.2-9 which shows t h a t  t h e  eng ine  LH2 pump i n l e t  

c o n d i t i o n s  wo,re  m e t  s a t i s f a c t o r i l y  throughout  e n g i n e  o p e r a t i o n .  

F i g u r e  12-10 i s  a p l o t  of t h e  pump i n l e t  t empera tu re  as a t u n c t i o n  of t h e  

p r o p e l l a n t  mass remain ing  w i t h i n  t h e  LH2 t ank  and i n c l u d e s  S-IVB-204 

accep tance  d a t a  f o r  comparison. 

b i a s e d  t o  t h e  LH2 pump i n l e t  t empera tu re  obse rved  a t  Engine S t a r t  Command 

The d a t a  used f o r  comparison have  been  
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of S - I V B - ~ O ~  f l i g h t  t o  c o r r e c t  f o r  i n s t r u m e n t a t i o n  e r ro r ,  d i f f e r e n t  

h e a t i n g  d u r i n g  p r e s s u r i - z a t i o n ,  and o t h e r  t e s t - t o - t e s t  v a r i a t i o n s .  As 

t h e  f i g u r e  shows, t h e  d a t a  from t h e  two tests a g r e e  c l o s e l y .  

12 .4  LH2 Behavior  During O r b i t  

The LH2 began LO move t o  t h e  forward  end o f  t h e  t ank  a f t e r  Engine Cutof f  

Command. The f i r s t  i n d i c a t i o n  of l i q u i d  a t  t h e  forward  bulkhead  was 

no ted  a t  approximate ly  ECC +120 sec ,  as i n d i c a t e d  by t h e  NPV t empera tu res  

which a b r u p t l y  dropped t o  s a t u r a t i o n  w h i l e  t h e  u l l a g e  t e m p e r a t u r e s  

remained r e l a t i v e l y  rligh. The l i q u i d  a n i  gas  t empera tu re  p robes  i n  t h e  

LH2 tank  i n d i c a t e d  t h a t  t h e  main l i q u i d  mass con t inued  t o  m i g r a t e  t o v a r d  

t h e  forward dome d u r i n g  t h e  n e x t  720 sec (from RO +720 sec t o  

RO +1,440 sec). An i n v e r s e  t empera tu re  s t r a t i f i c a t i o n  o f  t h e  u l l a g e  

g a s  became a p p a r e n t  a t  approx ima te ly  3,300 sec a f te r  Engine Cu to f f  

Command and became i n c r e a s i n g l y  pronounced. The i n v e r s e  t empera tu re  

s t r a t i f i c a t i o n  i s  he r e s u l t  o f  t h e  r e l o c a t i o n  o f  t h e  l i q u i d  t o  t h e  

forward  end  o f  the  t ank  and,  t h e r e f o r e ,  c o r r o b o r a t e s  t h e  movement o f  

t h e  LH2. The i n i t i a l  l i q u i d  d i sp lacemen t  was a p p a r e n t l y  induced  by 

c u t o f f  d i s t u r b a n c e s .  The movzment cf t h e  main l i q u i d  mass t o  t h e  

forward  dome w a s  p robab ly  clue p r i m a r i l y  t o  en t r a inmen t  i n  t h e  u l l a g e  

gas  moving towards t h e  v e n t  and s e c o n d a r i l y  to  d r a g  f o r c e s  o n  t h e  

v e h i c l e .  
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TABLE 1 2 - 1  
LH2 T A J K  PREFRESSUKIZATION Li.ZTA 

PARAMETER 

P r e n r e s s u r i z a t i o n  d u r a t i o n  ( s e c )  

Helium mass added (lbni) 

U l l age  p r e s s u r e  

A t  p 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  !psis) 

A t  p r e p  r e s s u r i z a t  i o n  t e r m i n a t i o n  ( p s i a )  

A t  l i f t o f f  ( p s i a )  

A t  Engine S t a r t  Command ( p s i a )  

Rate of i n c r e a s e  a f t e r  p r e p r e s s u r i z a -  
t i o n  (ps i /min )  

Events  (sec from l i f t o f f )  

P 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  

Prep  r e s s u r i z a  t i o n  t e r m i n a t  i o n  

Engine S t a r t  Command 

S-IVB-2G4 
FLIGHT 

~ 

4 1.0 

25 .0  

1 6 . 2 4  

33.7 

36.4 

3 9 . 2  

1.58 

-113.0 

-67.0 

144.9 

--. 

S-IVB-202 
%LIGHT 

6 7 . 0  

35.0 

15 .8  

3 6 . 5  

3 7 . 7  

A1.0 

1 . 3 1  

-110.0 

- 4 3 . 0  

1 4 4 . 6  
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Pressure switch s e t t  i n &  

Lower ( p s i a )  

Upper ( p i a )  

Ullage p r e s s u r e  

A t  Engine S ta r t  Command ( p s i a )  

A t  Engine Cutoff Command ( p s i a )  

G n 2  p ressurant  f lowrate  

Undercon t r o l  ( lbm/sec)  

Overcontrol (lbm/.cec! 

S t e p  before  cutback ( i b d s e c ;  

S t e p  a f t e r  cutback (lbmjsec) 

Total. GP2 auazd (lbm) 

Events (sec Lrom ESC) 

S t e p  p r e s s u r i z a t i o n  

Rel ie f  va lve  opening 

33.5 

31.6 

39.2 

3.3.7 

0.61 
* 

1.27 

1.13 

357.0 

350.2 

333.0 

s- LVB--'O' 
FLIGHT 

28.5 

30.5 

51.0 

41.2 

0.35 

6 - 5 7  

1.18 

1.05 

281.0 

300.0 
** 

*The overcvnt ro l  node w a s  n o t  requl red  during S-IVB-204 
powered f l i g h t .  

**Relief vslxe d i d  n o t  3pen. 
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-1 -- 

A t  Engine S t a r t  Cornn,srid ( p s i )  

!linLmum r e q u i r e d  a t  eng ine  s t a r t  ( p s i )  

;Lt opening o f  p r e v a l v e  ( p s i )  

Fuel pump inlelr co r .d i t i ons  a t  Engine 
Start Command 

Presscre ( p s i a )  

l empera tu re  (deg X) 

Amount of s u b c o o l i n g  (deg K) 

2 , .  2 3 
lve rage  f l o w  c o e f f i c i e n t  (se: / i n .  - f t  ) 

F u e l  q u a l i t y  i n  s e c t i o n s *  2 and 3 
( l b n  g a s / l b a  mix tu re )  

?I ax imum au  r i I: g un p re s s u r i ze d c h i 1 Id own 

Heat a b s o r p t i o n  rate d u r i n g  u n p r e s s u r i z e d  
c n i 1 Id cwn 

S e c t i o n  1* (B tu /h r )  

S e c t i o n s  2 ar,d 3* ( B t d h r )  

T o t a l  ( B t u / h r )  

S / x  = S o t  a v a i l a b l e .  

20.18 

6.3 

20.5: 

39.83 

38.08 

5.110 

17. i 

0.957 

25,500 

31,500 

57,030 

1 3  5 

t . .:3 

s / x  

36.5 

39.0 

3.8 

15.9 

0.022 

25,000 

16,000 

4 i ,  000 

21.8 

b .  3 

><!A 

41.0 

38.2 

5.5 

10.8 

0.06 

24,000 

40,000 

64 ,000  

*Sec t ion  1 is t ank  t o  pump i n l e t ;  s e c t i o n  2 is pump i n l e t  t o  b l e e d  
v a l v e ;  s e c t i o n  3 is b leed  va lve  t o  tank .  
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S e c t i o n  1 (Utu/ i l r )  

S e c t i o n  2 ( i3 tu /hr )  

S e c t i o n  3 ( B t u / t i r >  

r o t a 1  !8 tu / i l r )  

:ii i 1 idown f low rat e 

U n p r e s s u r i z e d  (gpm) 

P r e s s - J r i z e d  (gpm) 

:h i l ldown pump p r e s s u r e  d i f f e r e n t i a l  

h p r e s s u r i z e d  ( p s i )  

P r e s s u r i z e d  ( p s i )  

:vents  ( s e c  from l i f t o f f )  

Chi l ldown i n i t i a t i o n  

P r e v a l v e  c l o s e d  

P 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  

P r e v a l v e  Open Command 

P r e v a l v e  c l o s e d  s i g n a l  d r o p o u t  

P r e v a l v e  open s i g n a l  p i c k u p  

D e l a y  be tween p r e v a l v e  Open Command and 
p i c k u p  of open s i g n a l  

Chi i ldown s h u t o f f  v a l v e  c l o s e d  

Engine  S t a r t  Command (K0021) 

27,500 

27,500 

5,000 

60,OOrJ 

86 

145 

N/A 

7.8 

-598.107 

-582.170 

-112.409 

140.269 

141.288 

143.088 

2.819 

568,O:i 

144.905 

3L, OUU 

3,009 

24,000 

57,000 

111 

148 

N /A 

7.5 

-650 

-652 

-112 

S/A 

N /A 

142.6 

N i A  

144 

143.9 
- 

~~ ~~ 

31, UUU 

tJ ,c90 

17,ULIO 

5.(, ,000 

89 

147.5 

6.7 

5.5 

-869 

-591 

-110 

N/A 

N /A 

143 

N / A  

145.2 

144.6 

< / A  = Not ava i1 : lb le .  
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PL'iKk'lET E K 

P m i p  i n l e t  c o n d i t i o n s  

S ta tLc  p res su re  a t  e n g i n e  s t a r t  ( p s i a )  

Per lperz ture  a t  s iLg ice  s t a r t  (deg  K )  

! i ? n g e r s t _ r e  .-It erigice c u t o f f  (deg  K )  

I 
i 

SPSF 

3irqii ired a t  ei lgine s t a r t  ( p s i )  

A v a i l a b l e  a t  Engine S t a r t  Command ( p s i )  

!laximum d u r i n g  f l i g h t  ( p s  i )  

FIinimum d u r i n g  f l i g h r  ( p s i )  

A t  Engine Cu to f f  Command ( p s i )  

LH2 f e e d  d u c t  

A t  h igh  ESIR 

P r e s s u r e  d rop  ( p s i )  

F lowra te  ( lbm/sec )  

A f t e r  ENR cutback** 

P r e s s u r e  d rop  ( p s i )  

F l o s r a t e  (:bm/sec) 

*Sot c a l c u l a t e d .  

S - l  V'B-20.i 
FL I G H'T 

39.8 

38.1 

4 0 . 1  

6 . 3  

20.2 

22 .0  

1 4 . 5  

14 .5  

0.8 

76 

0.7 

72 

3e .5  

39.G 

38 .8  

6 . 3  

13.5 

25 .0  

10.0 

10 .0  

* 
SO 

- 
- 

L1 .0  

38.2 

4 0 . 1  

6 .3  

21.8 

22 .0  

7 .3  

15.0 

1.1 

79 

1. ". 

72 

**On S - I V B - L O 3  f l i g h t ,  t h e r e  w a s  no  EMR cu tback .  
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i 
i GSE STAGE 
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wc PSlG 
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i I 

GROUIID FILL VALVE 
CMITROL 6 PREPRES 
FVYPOANAX 
W 31 PSIA YN 

5.107 
m€a OSis 

FLIUITCONTROL 
FV W P f l A N A I  
W 31 PPAYII 

Kola/ 

KO611 

NOTE : 
SEL FIGURE 3-1 FOQ 
LEGEND 

3 DESICCANT 

FRO4 A C l U A l I O I (  
C 3 l T R X  WDULES 

VENT L RELIEF VALVE ORECTIONAL 
CRACK B PSlA CCllTRX 

llma 
w 

CRACK 10 PSlA MU 
RfSEAT I7 PSlA YIN 

LH2 TANK 

e 10 ENGINE 

I 
Figure 12-1. LH2 Tank Pressurization System 
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NOTE : 
SEE FIGURE 3-1 FOR 
LEGEND 

CROUNO 
SUPPLY 
PUkCt 

P 
LHZFILL 
AN0 
DRAIN 
ID00 CPL' 
MAX 

NDNPROPULSIVE I "CN7 

LHZ PROBE I 
LLVEL 

IINCHES FROY 

78.5 
55 
60 
87 ;z 583 PREVALV! 

166 

TO LOX 

cw52 
two1 
COO5' 
'.0007 
C b W  
cw34 
C0285 
COO35 
C0184 
COO36 
to213 
COO31 
C0282 
c201 I 
C l O l O  
ClW9 
ClWI 
c 2 a :  
c1m 
CW38 
KO616 
cw39 

2111 
303.583 
312.44 
314.44 
316 44 
311.44 
320.44 
322.44 
350 
383.14 
417 

1 i  
TO FROM 
f lGlNE fffilllf 

Figure 12-7. LH2 Supply System 
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SECTION 13 - 
AUXILIARY PROWLS ION SYSTEfl 



S e c t i o n  1 3  
- 1 u s i l i a r y  P r o p u l s i o n  Sys teln 

13. AUXILIARY PROPULSION SYSTEFI 

The a u s i l i a r y  p r o p u l s i o n  sys t em ( A P S )  d a t a  d u r i n g  o r b i t a l  f l i g h t  i r l d i c a t e  

t h a t  t h e  two LZPS modclles o p e r a t e d  normally.  T h e  i n d i v i d u a l  e n g i n e s  per -  

formed as  expec ted ,  and t h e  d a t a  agreed  w i t h  t h e  eng ine  m a n u f a c t u i e r ' s  

t es t  d a t z  o b t a i n e d  a t  s i m u l a t e d  a l t i t u d e  c o n d i L 1 m s .  

sequences  of t h e  s i x  eng ines  i n d i c a t e  t h a t  t h e  modules were f u n c t i o n i n g  

a s  r e q u i r e d  t o  per  form t h e  a t t i t u d e  c o r r e c t i o n s  d e s i r e d .  

The p u l s i n g  

Approximately 1 sec a f t e r  S-IB ou tboa rd  eng,:i?.p c u t o f f ,  t h e  APS was 

a c t i v a t e d  t o  p rov ide  r o i l  c o n t r o l  d u r i n g  t h e  S-IVB-204 poweiec! f l i g h t .  

R o l l  c o - i t r  -2qu i r ed  79 p u l s e s  each from e n g i n e s  1-3 and 2-3 t o  c o r r e c t  

f o r  a p o 3 i t i v e  rol.1 d i s t u r b a n c e .  

During S-IVB ?owere3 f l i g h t ,  APS nodu le  No. 1 consumed 2.7 i b m  o f  

p r o p e l l a n t  and provided  COO l b f - s e c  o f  impulse  which r e s u l t e d  i n  a 

s p e c i f i c  impulce o f  222 sec. During t h e  same p e r i o d ,  APS module No. 2 

consumed 3.0  lbm of  p r o p e l l a n t  and provided  591  l b f - s e c  o f  impu l se ,  

whi=h r e s u l t e d  i n  a s p e c i f i c  impulse  o f  197 sec. 

A t  S-IVB e n g i n e  c u t o f f ,  t h e  A X  p i t c h  and yaw c o n t r o l  were a c t i v a t e d  t o  

m a i n t a i n  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 .  A f t e r  t h i s  t i m e ,  t h e  two 

APS modules f u n c t i o n e d  t o  compensate f o r  induced  d i s t u r b a n c e s  and t o  

manewer  t h e  v e h i c l e .  F i g u r e  13-1 shows t h e  APS and a s s o c i a t e d  i n s t r u -  

menta t ion .  

13.1 AF'S Module No. 1 

The module N o .  1 o x i d i z e r  sys tem,  f u e l  sys t em,  and he l ium p r e s s u r i z a t i o n  

sys tem o p e r a t e d  no rma l ly ;  and no d i f f i c u l t i e s  were encoun te red .  

F i g u r e  13-2 and t a b l e  :"-I p r e s e n t  t h e  be l lows  e x t e n s i o n ,  o x i d i z e r  

and f u e l  q u a n t i t i e s  and t e m p e r a t u r e s ,  and t h e  he l ium p r e s s u r i z a t i o n  

d a t a  f o r  t h e  f l i g h t .  The agreement  between t h e  two methods o f  

c a l c u l a t i n g  he l ium usage  s u b s t a n t i a t e s  t h e  accu racy  of t h e  be l lows  

e x t e n s i o n s  as w e l l  as t h e  he l ium s p h e r e  c o n d i t i o n s .  

The c v e r a l l  mix tu re  r a t i o  f o r  nodule  K O .  1 w a s  1 .60  t o  1 ( o x i d i z e r  t o  

f u e l ) ,  which a g r e e s  w e l l  w i t h  t h e  expec ted  nominal o f  1 .55 t o  1. A f t e r  
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achieving a l t i t u d e  r e fe rence  p res su re ,  the r e g u l a t o r  o u t l e t  p r e s s u r e  

:.'as nominal, varying from 1 9 7  to  139 p s i a .  The d e s i r e d  range is  

196 - +3 p s i a .  

13.2 APS hlodule No. 2 

The module No. 2 o x i d i z e r  s y s t e m ,  f u e l  system, and helium p r e s s u r i z a t i o n  

system a l s o  operated normally and wi thou t  d i f f i c u l t i e s .  Figure 13-2 

and t a b l e  13-1 p resen t s  t h e  be1:ows ex tens ion ,  o x i d i z e r  and f u e l  

q u a i i t i t i e s  and temperatures ,  and t h e  helium p r e s s u r i z a t i o n  d a t a  from 

t h e  f l i g h t .  Although the  f u e l  q u a n t i t y  po ten t iome te r  d a t a  were n o i s y ,  

t he  d a t a  l e v e l  was e a s i l y  d i s t i n g u i s h e d .  A s  i n  t h e  case of module No. 1, 

t h e  helium usage :?as determined by two methods which agreed very w e l l ,  

t hus  s u b s r a n t i a t i l i g  t he  accuracy of t h e  bel lows e x t e n s i o n s  and the  

heiic;? sphe re  conditior,s  recorded. 

The o v e r a l l  mixitirc r a t i c  of  module No. 2 du r ing  f l i g h t  was 1.55 to  1, 

which a g r e e s  w e l l  w i t h  t h e  expected nominal of 1.65 t o  1. A f t e r  

achieving a l t i t u d e  r e f e r e n c e  p r e s s u r e ,  t h e  r e g u l a t o r  o u t l e t  p r e s s u r e  

f o r  t h i s  module v a r i e d  from 194 to  196 p s i a  tvhicl-1 w a s  w i t h i n  t h e  

196 - +3 p s i a  requirement.  

13.3 Engine Performance 
~~ ~~ ~ 

Since the  minimum i n p u l s e  b i t  d u r a t i o n  of t h e  APS eng ines  is 0.065 s e c ,  

d a t a  used i n  t h e  e v a l u a t i o n  ,If eng ine  performance must b e  recorded 

cont inuously.  

meeting t h i s  requirement were the  engine chamber p r e s s u r e s .  By i n t e -  

g r a t i n g  t h e  chamber p r e s s u r e  (P,) and m u l t i p l y i n g  by t h e  t h r g s t  

c o e f f i c i e n t  (Cf) and t h e  t h r o a t  area (At ) ,  t h e  t o t a l  impulse for each 

pu l se  of an engine w a s  determined. 

The only A P S  eng ine  d a t a  from t h e  S-IVB-204 f l i g h t  

The s p e c i f i c  impulse of the AF'S modules was c a l c u l a t e d  by d i v i d i n g  t h e  

t o t a l  impulse of a module during a per iod  o f  cont inuous d a t a  by t h e  

p r o p e l l a n t  consumption of t h a t  module du r ing  t h e  same pe r iod  ( t a b l e  13-2). 
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Since no d a t a  were ob ta ined  du r ing  p o r t i o n s  of the mis s ion ,  t he  t o t a l  

impulse supp l i ed  by the  APS during these  pe r iods  was c a l c u l a t e d  

u t i l i z i n g  the  p r o p e l l a n t  consumption and an average s p e c i f i c  impulse 

of 213 s e c .  Figure 13-3 shows t h e  accumulative t o t a l  impulse of  each 

module as a f u n c t i o n  of mission time. The v a l u e s  shGwn i n  t h i s  f i g u r e  

i n c l u d e  both the  impulse c a l c u l a t e d  from a v a i l a b l e  d a t a  and t h a t  

approximated by t h e  aforementioned method. Nodule No. 1 s u p p l i e d  

8,330 lb-sec,  and module No. 2 s u p p l i e d  7,650 lb-sec.  

The f i r s t  p u l s e s  on engines  1-3 and 2-3 i n d i c a t e d  s t e a d y - s t a t e  chamber 

p r e s s u r e s  of  100 t o  104 p s i a .  These l e v e l s  were a t t a i n e d  with p r o p e l l a n t  

supply p r e s s u r e s  of approximately 205 t o  210 p s i a  which are a r e s u l t  o f  

system lockup with t h e  r e g u l a t o r s  r e f e r e n c e d  t o  sea l e v e l  p re s su re .  

A f t e r  t h e  supply p r e s s u r e  had s t a b i l i z e d  t o  a l t i t u d e  cond i t ions  

( r e g u l a t o r  r e fe renced  t o  a l t i t u d e  p res su re )  of apprdximately 190 p s i a ,  

t h e  s t e a d y - s t a t e  chamber p re s su res  were i n  t h e  9 3  t o  95 p s i a  range,  a s  

expected. No degradat ion i n  chamber p r e s s u r e s  w a s  noted throughout 

t h e  powered f l i g h t  o r  o r b i t a l  c o a s t  phase. 

chamber p r e s s u r e  traces a t  va r ious  t i m e s  du r ing  t h e  f l i g h t .  These 

traces are of minimum p u l s e s ,  approximately 55 m s  i n  d u r a t i o n  (10 p e r c e n t  

chamber p r e s s u r e  t o  10 p e r c e n t  chamber p r e s s u r e ) .  

t h e  t h r u s t  l e v e l  o f  the engines  throughout t he  mission and the  impulse 

of  the engines  as a f u n c t i o n  of p u l s e  width.  

Figure 13-4 shows t y p i c a l  

Figure 13-5 shows 

13-3 
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TABLE 13-1 
APS DATA 

1.1Ol)ULE 1 

~ 

3 x i d i  z e r  

Bellows exLension ( i n . )  

Temperature  (deg  R) 

Mass (1b.n) 

Usage (lbrn) 

Fuel  

Bellows e x t e n s i o n  ( i n . )  

Temperature  

Mass (lbm) 

Usage (lbm) 

Helium 

P r e s s u r e  ( p s i a )  

Temperature  (deg  R) 

Mass (lbrn) 

Usage (lbrn) 

Usage c a l c u l a t e u  by change in 
volume (lbrn) 

I N  I T I  ALLY 

9.85 

552 

39.2 

-- 

9.78 
I 

546 

23.8 

-- 

2,990 

551 

0.293 

-- 

-- 

AT 
22,680 SEC 

4.18 

535 

16 .8  

22.3 (57%) 

4 -05  

542 

9 .c) 

13.9 (58%) 

2 , 200 

535 

0.228 

0.065 

0.066 

MODULE 2 

I N I T I A L L Y  

9.85 

540 

39.5 

-- 

9.78 

539 

23.9 

-- 

2,980 

5 40 

0.297 

-- 

-- 
- - -- 

AT 
22,680 SEC 

4.54 

526 

18.4 

2 1 . 1  (53%) 

4.22 

537 

10.3 

13.6 (57%) 

2 , 210 

527 

0.232 

0.065 

0 .O63 



SPECIFIC IMPULSE UNITS MODULE NO. 1 - 
F i r s t  o r b i t  (Guaymas through 
Canary Is1 ands)  sec 223 

MIDULE NO. 2 

216 

204 
Second o r b i t  (Guaymas through 
Reds tone )  

Th i rd  o r b i t  (Guaymas through 
Bermuda) 19  3 

sec 

sec 

115 

2 30 

Average* s p e c i f i c  impulse  I sec 1 227 I 220 

*Based on  o v e r a l l  p r o p e l l a n t  consumption and t o t a l  impulse.  

i 

t 
13-5 i 
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APS GSE 
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I9 I I I I 1 0 0 I I I I O  IO 0 0 0 I 9 I I 9 19 IO 9 I O  I I 1 3 OI(I0UtR 

IA494?2- 509 

I TRANSFERIFlLLl 

ICOlWI I 
(EX IT  WIRI I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 ANOVEN1 PRESSURE MODULE 
IA49998-506 

QUAD CHECK VALVE ENGlNt  P N's 
l A 3 9 5 9 1 - 9 3  

I 
I I IOXIDUER 

WELIUYFILL 

W171 
C0176' 

I 
K172-2  I I I - l l !  

I :  
Dax5 
(m91 

IEM601-505 
HELIUM PRESSVRE SEGULATO? I 

I 
I 
I 

I APSMODULE 1 ISHOWNI 
APS MODULE 2 
!DEVIATIONS NOTE0 ( X X X X )  : 

! I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NOTE. 
!X )  ITEM N U M B E R S  FRW 

PARTS LIST TABLE 3-1 
SEE FIGURE 3-1 FOR 
LEGEND 

I 
I 
I 
I 

I C O l l O -  

m3 - ; loM61 

Figure 13-1. Auxiliary Propulsion System and Instrumentation 
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I1 25 50 75 i no  1 2 5  150 175 200 725 250 

TIME FROM LIFTOFF (100 SEC) 

Figure 13-3. APS Total Impulse 
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S c c t i o n  1 4  
Pneumatic Control  and Purge Sys t en  

14. PSEU?L;LTIC COSTXOL XYD PIXGE SYSTEY - 
The pneumatic c o n t r o l  and purge system ( f i g u r e  14-1) performed s a t i s f a c -  

t o r i l y  throughout t k e  f l i g h t .  The helium supply t o  eke system w a s  

adequate f o r  bo th  pneumatic va lve  c o n t r o l  and purging;  t h z  r e g u l a t c d  

p r e s s u r e  w a s  maintained w i t h i n  accep tab le  l i m i t s ;  and all conponents 

funct ioned normally. Only two problems were observed: 

a. A high r e g u l a t o r  o u c l a t  p r e s s u r e  du r ing  t h e  countdown 

demonstratior.  test  (CDDT) was c o r r e c t e d  by r e p l a c i n g  t h e  

r e g u l a t o r .  

b. O r b i t a l  h e a t i n g  caused tne supply p r e s s u r e  t o  reach 

3,310 p s i a  a f t e r  t h r e e  g r b i t s .  

i n  paragraph 14.2. 

T h i s  problem is  d i sc - i s sed  

14.1 Ambient Helium Supply 

Ambient helium sphe re  c o n d i t i o n s  a t  s i g n i f i c a n t  t i m e s  and helium con- 

sumpticn du r ing  boost  and burn are shown i n  t a b l o  14-1. 

14.2 P n e m a t i c  Con t ro i  

T'ne pneumatic cor . t rol  s y s t e a  performed s a t i s f a c t o r i l y  ( f i g u r e  14-2), and 

w a s  more than  hdequste t c  meet tne requirements  of t h e  AS-204 mission. 

The pneumatic c o n t r o l  hel ium r e g u l a t o r  o u t l e t  p r e s s u r e  w a s  h i g n  (approxi- 

mately 580 p s i a )  du r ing  t h e  CDDT, and t h e  r e g u l a t o r  w a s  r ep laced .  During 

t h e  launch cou~ idown  LH2 load ing  o p e r a t i o n ,  t h e  o u t l e t  p r e s s u r e  o f  t h e  

new r e g u l a t o r  i nx rcased  t o  approximately 600 p s i a  a f t e r  t h e  chil ldown 

s h u t o f f  v a l v e s  here opened. 

r e g u l a t o r  o u t l e t  p r e s s u r e ,  and :he r e g u l a t o r  subsequent ly  ope ra t ed  

s a t i s f a c t c r i - y  a t  a p r e s s u r e  of 530 to 565 p s i a .  

high pneumatic usage, t h e  r e g u l a t o r  c ikcha rge  p r e s s u r e  dropped t o  as 

low as 409 p s i a .  

tests and are considered normal. 

The v a l v e s  w e r e  cycled t o  d e c r e a s e  the 

During p e r i 2 d s  of 

These moinentary d rops  have occurred d u r i 3 g  d l  prev ious  

The s t a g e  pneumatic helium usage was s i g n i f i c a n t l y  lower than  7 r e d i c t e d .  

Th i s ,  p l u s  t h e  unpred ic t cd  c r b l t a l  rreatu?, r e s u l t e d  i n  a h i g h e r  t h a n  

p r e d i c t e d  supply p r e s s u r e .  Xost of t h e  a n t i c i p a t e d  usage w a s  f o r  v e n t  

va lve  a c t u a t i o n s .  H romparison based on t h e  observed hea tup  alrd t h e  

14-1 
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absence  of  v e n t  v2?ve l eakag?  d u r i n g  a c t u a t i o n  ao,rees  c l o s e l y  w i t h  

S-IVB-204 d s t a  ( f i g u r e  26-b).  Curing  t h e  peri .od betwe2n Engine Cutof f  

Command (RO +593 s e c )  and s p h e r e  blowdown i n i t i a t i o n  (RO +10,349 sec!,  

t h e  supp ly  t empera tu re  i n c r e a s e d  from A61 t c  5 2 3  deg R and t h e  p r e s s u r e  

i n c r e a s e d  f r o m  3,050 t c  3,310 p s i a .  These changes  i n d i c a t e  a mass loss 

of 0 .63  lbni d u r i n g  t h i s  9 , 7 5 6  s e c  p e r i o d .  

lL.3 Aqbient  Helium Purges  

All s t a g e  and GSE pu rges  were s a t i s f a c t o r i l y  accomp1ishe.l t h roughou t  t h e  

countdown. The s i z e s  and f l o w r a t e s  of t h e  pu rge  o r i f i c e s  are l i s t e d  i n  

t a b l e  3-2 .  

The LOX c h i l l d o m  motor  c o n t a i n e r  pu rge  p r e s s u r e  w a s  ma in ta ined  w i t h i n  

t h e  d e s i g n  r ange  througt.out b o o s t  and b u r n .  The e n g i n e  pump purge  

p r e s s u r e  (DO'J53) was normal  

14-2 
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PNEUMATI~ CONTROL' SPHEF~E TEMPERAT~RE (~02'3;) 
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F i g u r e  14-2. P n e u m a t i c  C o n t r o l  and P u r g e  S y s t e m  P e r f o r m a n c e  
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15. PROPELLAN'I' UTILIZATION SYSTEM 

T h e  p r o p e l l a n t  u t i l i z a t i o n  (PU) system s u c c e s s f u l l y  m e t  t he  loading 

accuracy requirement of  t he  s tage and s a t i s f a c t o r i l y  accomplished propel-  

l a n t  management during burn. The b e s t  estimate p r o p e l l a n t  m a s s  va lues  

a t  l i f t o f f  were 194,111 lbm LOX and 37,361 lbm LH2 as compared w i t h  t h e  

d e s i r e d  mass va lues  of 193,273 lbni LOX and 37,440 lbm LH2. These va lues  

are w e l l  w i t h i n  t h e  r equ i r ed  2 1 . 1 2  pe rcen t  s t a g e  loading accuracy.  

A f t e r  v e l o c i t y  cu to f f  the usable  p r o p e l l a n t  r e s i d u a l s  were e x t r a p o l a t e d  

t o  ciapletion. This e x t r a p o l a t i o n  k d i c d t 2 s  t h a t  a LOX d e p l e t i o n  would 

have occurred i .46 sec a f t e r  v e l o c i t y  c u t o f f  w i t h  an LH2 r e s i d u a l  of 

144 lbm. This  y i e l d s  a p r o p e l l a n t  u t i l i z a t i o n  e f f i c i e n c y  of 99.94 p e r c e n t .  

The PU va lve  w a s  p o s i t i o n e d  a t  n u l l  du r ing  eng ine  s tar t  and remained 

t h e r e  u n t i l  t h e  PU s y s t e m  w a s  a c t i v a t e d  at ESC +6.0 sec. Following PU 

a c t i v a t e  the  va lve  moved t o  t h e  LOX r i c h  s t o p  u n t i l  PU va lve  cutback,  b t  

ESC +325.1 sec, which occurred 20.1 sec l a t e r  than t h e  p r e d i c t e d  cutback 

time of ESC +305 sec. The extended o p e r a t i o n  a t  the LOX r i c h  s t o p  (high 

EMR) w a s  p r i m a r i l y  caused by a h ighe r  than p r e d i c t e d  LH2 f l o w r a t e  and a 

s l i g h t  LOX overload caused by a c a l i b r a t i o n  d e v i a t i o n .  

Although s l o s h i n g  was observed on t h e  nass s i g n a l s  and PU summing p o i n t  

e r r o r  s i g n a l ,  t h e  redesigned forward shaping network s u c c e s s f u l l y  

a t t e n u a t e d  the  e f f e c t s  of t h e  s l o s h  on t h e  s i g n a l  f ed  t o  t h e  PU v a l v e  

servo.  

15.1 PU Mass Sensor C a l i b r a t i o n  

The p r e f l i g h t  p r o p e l l a n t  mass a t  t h e  f u l l  p o i n t  c a l i b r a t i o n  was d e t e r -  

mined from t h e  S-IVB-204 a c c e p t m c e  f i r i n g  f u l l  l oad  by t h e  flow i n t e g r a l  

a n a l y s i s  method. The capac i t ance  va lue  corresponding t o  t h e  f u l l  load 

masses were measured d a t a  du r ing  acceptance f i r i n g .  

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  p o i n 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 t a .  

sponding capac i t ance  was determined by adding t h e  mean d e v i a t i o n  between 

vendor a i r  capac i t ance  and measured empty capac i t ance  on a l l  s t a g e s  t h a t  

have been acceptance f i r e d ,  t o  t h e  S-IVB-204 s t a g e  vendor a i r  

capaci tance.  

The co r re -  
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SEWSOK 

LOX 

LH2 

'The f o l l o w i n g  t a b l e  p r e s e n t s  a summary of  the  PU mass s e n s o r  c a l i b r a t i o n  

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

BOTTOM OF INKEK 
ELEMENT 

FULL LOAD POINT 

MAS s CAPAC ITA? C E  MAS s CAPACITANCE 
(Ibm) ( P f )  (Ibm) ( p f )  

1 9 3 , 2 7 3  412 .4s  1 , 2 7 0  282.23 

37 ,440  1,153.02  206 972 .27  

15.2 Propel  anc Mass H i s  . o ry  

P r o p e l l a n t  masses were . b t a i n e d  from f o u r  mass neasurement s y s t e m s  a t  

s i g n i f i c a n t  f l i g h t  e v e n t s  arm are p resen ted  i n  t a b l e  15-1. Table  15-1 

a l s o  p r e s e n t s  tlle p r e d i c t e d  p r o p e l l a n t  masses and t h e  b e s t  e s t i m a t e  pr'..- 

p e l l a n t  masses which were determined from t h e  b e s t  estimate s t a g e  mass 

a n a l v s i s  as desc r ibed  i n  : ec t ion  8. T L  b e s t  es t imat i  p r o p e l l a n t  mass2s 

are de r ived  from t h e  t o t a l  b e s t  estimate s t a g e  mass by s u b t r a c t i n g  tne 

nonpropel lant  masses (dry s t a g e ,  u l l a g e  gases ,  e t c . )  from t h e  t o t a l  b e s t  

estimate s t a g e  mass a t  i g n i t i o n  and c u t o f f .  The remaining p r o p e l l a n t  

mass i s  then d iv ided  i n t o  LOX and LH2 according t o  t h e  average p r o p e l l a n t  

mixture r a t i o  as determined by t h e  PU vo lumet r i c  and flow i n t e g r a l  

methods a t  t h e  s p e c i f i c  f l i g h t  event  t i m e .  

The f o u r  p r o p e l l a n t  mass measurement systems r ep resen ted  are (1) f l i g h t  

flor; i n t e g r a l ,  ( 2 )  PU i n d i c a t e d  ( c o r r e c t e d ) ,  ( 3 )  PU vo lumet r i c ,  and 

( 4 )  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 d e s c r i p t i c n  of t h e s e  measurement 

systems is  as fol lows : 

a. The f l i g h t  flow i n t e g r a l  method c o n s i s t s  of determining t h e  LOX 

and LH2 mass f l o w r a t e s  and i n t e g r a t i n g  as a f u n c t i o n  of t ime t o  

o b t a i n  t o t a l  consumed mass dur ing  engine burn.  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  eng ine  flowmeter data ,  

t h r u s t  chanber p r e s s u r e ,  engine i n f l u e x e  equa t ion ,  and eng ine  

t a g  t a l u e s .  

method, is determined by adding t o  t h e  t o t a l  mass consumed, t h e  

s t a t i s t i c a l  weighted average p r o p e l l a n t  r e s i d u a l s  a t  engine 

The i n i t i a l  f u l l  l oad  mass, us ing  t h e  flow i n t e g r a l  

1 -. 

i s 
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b. 

C .  

d .  

c u t o f f ,  t h e  f u e l  p r e s s u r a n t  added t o  t h e  u l l a g e ,  and t h e  p rope l -  

laxit 10s t t o  b o i l o f  f .  

The PU i n d i c a t e d  ( c o r r e c t e d )  s y s t e m  measures  p r o p e l l a n t  mass 

from raw PU probe o u t p u t  which i s  reduced a c c o r d i n g  t o  t h e  pre-  

f l i g h t  ?low i n t e g r a l  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  accep-  

t a n c e  f i r i n g  f low i n t e g r a l  n o n l i n e a r i t y  and PU f l i g h t  dynamic 

e f f e c t s .  

The p r o p e l i a n t  masses as de termined  by t h e  PU v o l u m e t r i c  masses 

are d e r i v e d  from raw PU probe  o u t p u t  d a t a  which is  reduced  

acco rd ing  t o  p r e f l i g h t  v o l u m e t r i c  c a l i b r a t i o n  s l o p e s  and a d j u s t e d  

f o r  f l i g h t  dynamics e f f e c t s  and v o l u m e t r i c  tank- to-sensor  

n ismatch .  

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 de te rmines  v e h i c l e  m z s s  

changes from obse rved  t r a j e c t o r y  d a t a .  A d e t a i l e d  d e s c r i p t i o n  

of  t h i s  method is  p r e s e n t e d  i n  s e c t i o n  7 .  

9roIli t a b l e  15-1, t h e  f l i g h t  f low i n t e g r a l ,  t h e  PU v o l u m e t r i c  and 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  p r o p e l l a n t  masses and consumption a g r e e  

f a v o r a b l y  w i t h  t h e  b e s t  estimate v a l u e s .  The PU i n d i c a t e d  ( c o r r e c t e d )  

mass is  752 lbm less a t  ESC and 114 lbm more a t  ECC t h a n  t h e  b e s t  estimate 

v a l u e ;  t h e  t o t a l  consumption is 866 lbm less tl-un b e s t  estimate 

consumption. 

T h e  : * r e d i c t e d  t o t a l  p r o p e l l a n t  inass i s  646 lbm l e s s  t h a n  t h e  b e s t  estimate 

a t  ESC and is  260 lbm more t h a n  t h e  b e s t  estimate a t  ECC. The p r e d i c t e d  

t o t a l  p r o p e l l a n t  mass consumption is 906 lbm less than  t h e  b e s t  e s t i m a t e .  

15 .2 .1  ? r o p e l l a n t  Loading 

P r o p e l l a n t  l o a d i n g  w a s  accomplished a u t o m a t i c a l l y  by t h e  l o a d i n g  computer. 

Tab le  15-2 p r e s e n t s  a t a b u l a t i o n  of t h e  LOX, LH2 and t o t a l  p r o p e l l a n t  mass 

a: l i f t o f f .  The d e s i r e d  and b e s t  estimate v a l u e s  are shown i n  a d d i t i o n  

o t h e  mass v a l u e s  de te rmined  by t h e  v a r i o u s  measurement sys t ems .  The 

d e v i a t i o n  o f  each  va lue  from t h e  b e s t  estimate i s  a l s o  shown. 

The l c a d j n g  computer va lues  a t  l i f t o f f  were 100.00 p e r c e n t  f o r  LOX and 

100.06 p e r c e n t  f o r  LH2 which were :Jell w i t h i n  t h e  0.5 p e r c e n t  l o a d i r g  

computer acca racy  . 
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T h e  p o s t f l i g h t  b e s t  e s t i m a t e  t o t a l  l i f t o f f  mass was 759 lbm LIreater than  

d e s i r e d ,  the LOX mass w a s  838 Ibm g ea t e r  than  d e s i r e d ,  and LH2 pass was 

79 lbm less t h x  d e s i r e d .  

Both LOX and LH2 were we l l  w i t h i n  t h e  guar - . i t eed  l o a d i n g  accuracy  of 

- +1.12 p e r c e n t .  

15 .2 .2  P r o p e l l a n t  Res idua l s  

;he p r o p e l l a n t  r e s i d u a l s  were computed a t  Sngine  r u t o f f  Command by means 

of t h e  p o i n t  l e v e l  s e n r o r s  anu t h e  PU mass s e n s o r s .  lwo l e v e l  s e n s o r s  

i n  each t a n k  were a c t i v a t e d  d u r i n g  t h e  eng ine  b u m  and were used f o r  

r e s i d u a l  computa t ions  ( l e v e l  s e n s o r s  Nos. LO006 and LO005 in t h e  LOX 

t a n k ,  NO032 and LOO02 in t h e  LH2 t a n k ) .  

The p o i n t  l eve l  s e n s o r  r e s i d u a l s  were g e n e r a t e d  u s i n g  t h e  eng ine  consump- 

t i o n  d a t h  LO e x t r a p o l a t e  from each  l e v e l  s e n s a r  a c t i v a t i o n  t o  Engine 

Cu to f f  Command. An average  leve l  s e n s o r  r e s i d u a l  was c m p u r e d  frcm two 

l e v e l  s e n s o r s  f o r  each  p r o p e l l n i i t  t a n k .  The f i n d i  p r o p e l l a n t  r e s i d u a l  

masses a t  eng ine  c u t o f f  are t h e  weighted  ave rage  of t h e  l e v e l  sensol- 

and PU mass sensor r e s i d u a l s .  These v a l u e s  are c o n s i d e r e d  t h e  most 

a c c u r a t e  d e t e r m i n a t i o n  o f  p r o p e l l a n t  r e s i d u a l s .  Tab le  15-3 summarizes 

th ,  r o p e l l a n t  r e s i d u a l  da ta  de termined  by t h e  PU mass s e n s o r  and t h e  

p c i n t  l eve l  s e n s o r s .  

T o t a l  masses a t  ECC were 3,141 lbm LOX and 3 ,466 lbm LH2. Tnese t o t a l  

masses i a c l u d e  unusab le  masses of 516 lbm LOX and 760 lbm Lrt2. The 

c s a b l e  masses a t  ECC were 2,625 lbm LOX and  706 lbm LH2. By e x t r a p o l a t i n g  

t o  d e p l e t i o n  c u t o f f  a t  p r o p e l l a n t  f l o w r a t e s  of 352 lbm/sec  LOX and 

75.6 lbm/sec  LH2,  LOX d e p l e t i o n  c u t o f f  would o c c u r  7.46 sec a f t e r  ECC w i t h  

a PU r e s i d u a l  of 144 lbm LH2. Th i s  r e s i d u a l  is w e l l  withj.1 t h e  maximum 

a l l o w a b l e  r e s i d u a l  of  575 lbm. 

15 .2 .3  PU E f f i c i e n c y  

U t i l i z i n g  t h e  e x t r a p o l a t e d  f l o w r a t e  dnd r e s i d u a l  o f  s e c t i o n  15 .2 .2  PU 

e f f i c i e n c y  i s  de termined  t o  be 99.94 p e r c e n t .  This  v a l u e  is w i t h i n  t h e  

99.50 p e r c e n t  s p e c i f i c a t i o n  vd lue .  
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15.2.L.1 E n f l i g n t  3ynazics  E f f e c t s  

Tile e f fec t  of i n f l i g h t  dynamics on Pi' pass l r i d i ca t ion  is shok-n i n  

f i g u r e s  15-3 througn 15-6. 

The c e n t e r  of  g r a v i t y  (CG) o f f s e t  c o r r e c t i o n  is caused by t i i , l n g  of  t h e  

p r o p e l l a n t  l e v e i  d u r i n g  boos t  and S-IVB burr.. 

show tns p r e d i c t e d  CG o f f s e t  ve r sus  t h e  p o s t f l i g h t  c o r r e c t i o n  for t h e  

LOX and IN2 mass s e n s o r s ,  r e s p e c t i v e l y .  Good agreement between t h e  

p r e d i c t e d  and p o s t f l i g h t  data was ob ta ined  for both mass sensoys.  

F igu res  15-3 and i5-1 

The tank d e f l e c t i o n  PL' nass c o r r e c t i o n  is  caused by tank s k i n  temperature  

v a r i a t i o n s  and d i f f e ren t i : l  t a l k  p r e s s u r e  d i f f e r e n c e s  from t hose  

experienced du r ing  accep tacce  f i r i n g .  Figures  15-5 acd 15-6 p r e s e n t  a 

comparison of the p r e d i c t e d  and actt-1 f l i g h t  e v a l u a t i o c  c o r r e c t i o n s  f o r  

t h e  LOX and L t i Z  m a s s  sensors, The p r e d i c t e d  LOS d a t a  shous good agree- 

Pent -;fth t h e  p o s t f l i g h t  e v a l u a t i o n .  The s l i g h t l y  lower a c t u a l  co r rec -  

t i o n  Llr t h e  h ighe r  LOX mass va lues  is a t t r i b u t e d  t o  a lower u l l a g e  

presscre than preciicted. 

s u b s t a n t i a l l y  less than p r e d i c t e d  die t o  a cons ide rab ly  c o l d e r  s k i n  

temperature  than p r e d i c t e d  p r i o r  t o  l i f r o f f .  

tempera:ure d i d  no t  rise LO t h e  expected va lue  d u r i n g  boost .  

K a s s  c o r r e c t i o n  d e v i a t i o n  from p r e d i c t e d  is -65 l b m  a t  S-IVB s t a g e  

Engine Sciirt  Command. 

The a c t u a l  LH2 s e n s o r  c o r r e c t i o n  is 

Consequently,  t h e  s k i n  

The a c t u a l  

I 
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l5.L.5 P:L' ' ~ s n l i r i e a r i t y  Analysis  

Figures  15-9 an6 1 5 - l i l  presenc a cozparison 2 f  ;ne LOS and i n 2  rnass senso r  

senso r  n o n l i n e a r l t i e s  as determined Ly ti:e ?C v o i u n e t r i c  and f ?ox  

i n t e g r a l  net:-ods. ihe v o l m e t r i c  n u n i i n e a r i t i e s  icers ob ta ined  by 

n o r a a l i z i n g  t h e  v c l u x t r i c  t o t a l  f l i g h t  c o r r e c t i o n s  t o  t h e  f l i g h t  

f u l l  p r o p e l l a n t  l oad  and r e s i d u a l  p r o p e l l a n t  masses. Tine p r e d i c t e d  

flow i n t e g r a l  n o n l i n e a r i t y  w a s  ob ta ined  from smoothed acceptance 

f i r i n g  da ta .  

l i n e a r i  ties f roin the  f l i g h t  f 10.1 h , e g r d  a n a l y s i s .  

-- 

The flow i n t e g r a l  a c t u a l  d a t a  are smoothed non- 

The s m a l l  d e v i a t i o n  between t h e  p r e d i c t e d  and a c t u a l  vo lumet r i c  non- 

l i n e a r i t i e s  is caused by t h e  PU miss s e n s o r  f l i g h t  dynamics e f f e c t .  The 

d e v i a t i o n  betueen t h e  p r e d i c t e d  and a c t u a l  f low i n t e g r a l  n o n l i n e a r i t i e s  

is czused p r i m a r i l y  by t h e  d i f f e r e n c e  be t seen  acceptance f i r i n g  and 

f l i g h t  a n a l y s i s .  

The LOX d a t a  e x h i b i t s  g e n e r a l l y  good t r e n d  agreement between t h e  volu- 

metric and f l o v  i n t e g  .1 d a t a  wh i l e  

are c u r r e n t l y  beicg i n v e s t i g a t e d .  

15.3 PL' System Response 

t h e  LdZ d a t a  d i f f e r  cons ide rab ly  

The PC va lve  vas  p o s i t i o a e d  a t  n u l l  

t h e r e  u n t i l  PL' a c t i v a t e  a t  ESC +6.0 

the  LOS r i c h  s t o p  a t  a c t i v a t i o n  due 

du r ing  eng ine  s ta r t  and remained 

sec .  The PL: va lve  w a s  commanded 

t o  t h e  planned LOX overioad ahid 

remained t h e r e  m t i l  PU va lve  cutback a t  ESC +325.1 sec. 

and 

t o  

The PC va lve  reached t h e  LOX r i c h  s t o p  aE ESC: +7.8 s e c  as compared t o  

t h e  p r e d i c t e d  t i m e  of ESC +10.5 s e c .  

and a c t u a l  valve p o s i t i o n  s h p e  fol iowing PU a c t i v a t i o n  was d u e  t o  a 

T h i s  d e v i a t i o n  between t h e  p r e d i c t e d  

15-6 



Sect ion  15 
P r o p e l l a n t  U t i l i z a t i o n  System 

1. Loading d e v i a t i o n  

2. Updated 5-2 engine i n f l u e n c e  
c o e f f i c i e n t s  and a u x i l i a r y  d r i v e  

d i f f e r e n c e  between t h e  method used t o  a c t i l s t e  t h e  PL s y s t e m  i n  t h e  simu- 

l a t i o n  model and t h e  a c t u a l  implementation of  PU a c t i v a t i o n  i n  f l i g h t .  

This d i f f e r e n c e  was removed i n  t h e  r e c o n s t r u c t i o n  by a c t i v a t i n g  t n e  

PU s y s t e m  2.5 see earlier i n  t h e  s imula t ion  model. 

the  a c t u a l  valve p o s i t i o n s  on t h e  LOX r i c h  s t o p  vas due t o  an e r r o r  i n  

the  p r e d i c t i o n ,  however t h i s  produces no f lowra te  d e v i a t i o n s  a t  t h i s  

p o s i t  ion.  

The LOX weight e r r o r  was reduced by high engine mixture r a t i o  o p e r a t i o n  

and produced PU valve cutback 20.1 sec la ter  than t h e  p r e d i c t e d  cutback 

time of  ESC +305 sec ( f i g u r e  15-11). 

A f t e r  t h e  PU valve  cutback t r a n s i e n t ,  the  average PU valve  l e v e l  w a s  

1 deg h igher  than predic ted .  

s i o n s  between t h e  recons t ruc ted  and p r e d i c t e d  PU v a l v e  p o s i t i w .  h i s t o r i e s .  

The d i f f e r e n c e  between 

The fol lowing t a b l e  summarizes t h e  d isper -  

-3.5 

+5.0 

DEVIATION DESCXPTION 
CUTBACK TIME 

DEVIAT IOK 
( s e d  

VALVE POSITION 
SHIFT 
(deg) 

+11.5 I -2.5 

TOTAL +20.0 +1.2 

6 .  P r o p e l l a n t  environment 
devi  a t  i ons 

7. Simulat ion d e v i a t i o n  
.- 

--- 

0 

4-0.5 

-1.0 

0 

+1.5 

+0.2 

0 

Considering t h e  above f a c t o r s ,  the  p r e d i c t e d  cutback time would i n c r e a s e  

by 20.0 sec and t h e  mean l e v e l  of valve p o s i t i o n  a f t e r  t h e  cutback 

t r a n s i e n t  would i n c r e a s e  1 . 2  deg. 

t h e  a c t u a l  valve response and t h e  p o s t f i r i n g  r e c o n s t r u c t i o n  

(g igure  15-11). 

This g i v e s  a close comparison between 

The above d i s p e r s i o n s  are J i s c u s s e d  in  the fol lowing s e c t i o n s .  
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15.3.1 Loading Devi a t  ion 

Loading devia t ions  are t h e  d i f fe rence  tetween the  3U s y s t e m  ind ica ted  

loads at l i f t o f f  and the  des i red  loads a t  l i f t o f f .  The loading devia- 

t i ons  w e r e  -20 lbm LOX (-0.01 percent) and +43 lbm LH2 (M.11 percent) .  

"he combined e f f e c t  of these  loading devia t ions  decreased cutback t i m e  

by 3.5 sec. The mean l e v e l  of t he  valve pos i t i on  a f t e r  cutback is not  

a f f x t e d  by these loading deviat ions.  The accompanying t a b l e  gives  

the  propel lan t  loads used f o r  t h i s  ana lys i s .  

PROPELLANT LOADING 

Desired f u l l  load 

Indica ted  f u l l  load (PU f i n e  mass 
reading) 
Indica ted  r e s i d u a l  (PU f i n e  mass 
reading) 
PU consumed m a s s  

Actual f u l l  load at ESC (best estimate) 

Actual r e s idua l  (statistical average) 

Consumed mass 

LOX 
(lbm) 

193,273 

193,253 

3,264 

189,989 

194,065 

3,141 

190,924 

37,440 

37,483 

1,616 

35,867 

37,294 

1,466 

35,828 

15.3.2 

The 5-2 engine inf luence  Zoef f ic ien ts  and t h e  a u x i l i a r y  d r i v e  horsepower 

were updated subsequent to t h e  f l i g h t  predict ion.  

a c t u a l  f l i g h t  w a s  t o  alter propel lan t  f lowrates  such t h a t  cutback 

occurred 5.0 sec later and the  mean l e v e l  of t h e  valve pos i t i on  a f t e r  

the  cutback t r a n s i e n t  w a s  0.5 deg bigher.  

Updated 5-2 Engine Inf luence Coeff ic ien ts  and hux i l i a ry  Drive 

The e f f e c t  on the  

15.3.3 Engine Tag Values 

Revised va r i ab le  engine t ag  values  r e su l t ed  i n  propel lan t  f lowrates tbat  

var ied  from predicted propel lan t  f lowrates.  The combined f lowrates  hrd no 

15-8 
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e f f e c t  on PU valve cutback. The new t ag  values s h i f t e d  t h e  mean value 

of t h e  valve pos i t ion  a f t e r  t h e  cutback t r a n s i e n t  down 1.0 deg. 

15.3.4 PU Sys t en  Nonlineari  ties 

The predic ted  and a c t u a l  fiow i n t e g r a l  mismatch n o n l i n e a r i t i e s  a r e  

compared i n  f igu res  15-12 and 15-13. The a c t u a l  mismatch w a s  obtained 

by normalizing curves of PU coarse ind ica ted  mass versus GO105 flow 

i n t e g r a l  mass. The c a l i b r a t i o n  l i n e  w a s  a l s o  the  a c t u a l  c a l i b r a t i o n  as 

ca lcu la ted  from the  actual and ind ica ted  i n i t i a l  loads and res idua ls .  

The predicted LOX mismatch n o n l i n e a r i t i e s  were revised due t o  a change 

i n  the nonl inear i ty  from the  probe c a l i b r a t i o n  poin t  (187,633 lbm) t o  the  

f u l l  load point.  The revised non l inea r i ty  agrees  very w e l l  w i t h  t h e  

a c t u a l  mismatch below 100,000 lbm. The LH2 mismatch non l inea r i ty  dev ia t e s  

f rmi  t h e  pred ic ted  nonl inear i ty  up t o  ESC +400 sec (5,000 lbm). From 

ESC +400 sec t o  ECC, t h e  LH2 non l inea r i ty  is very c lose  to  predicted and 

caused l i t t l e  change i n  the  shape of the PU valve pcs i t ion .  

The combined eEfect  of the  a c t u a l  flow i n t e g r a l  mismatch n o n l i n e a r i t i e s  

w a s  t o  reduce cutback time by 3.2 sec. There w a s  no valve pos i t i on  l e v e l  

change a f t e r  t he  cutback t r a n s i e n t  because of t h e  c lose  agreement between 

the  pred ic ted  and a c t u a l  n o n l i n e a r i t i e s  a f t e r  the  ESC +400 sec. 

15.3.5 Mass/Capacitance Cal ibra t ion  Deviations 

Cal ibra t ion  devia t ions  as determined by the  b e s t  estimate method a t  Engine 

S t a r t  Command w e r e  +0.42 percent  LOX and -0.50 percent  LH2 thus causing 

the  i n i t i a l  LOX m a s s  t o  be overloaded 792 lbm and the  i n i t i a l  LH2 m a s s  t o  

be underloaded 146 lbm. Cal ibra t ion  devia t ions  a t  Engine Cutoff Command 

were -0.06 percent LOX and -0.40 percent  LH2. 

between ESC and ECC were +0.48 percent  LOX and -0.10 percent  LH2. 

s lope  devia t ions  caused the  des i r ed  br idge gkin r a t i o  (BGR) of 4.8:l.O t o  

ac tua l ly  be 4.81:l.O. 

reference mixture r a t i o  (RMR) of 4.7:l.O. 

The s lope  devia t ions  

Those 

This change had l i t t l e  e f f e c t  on t h e  des i red  

The. LOX equiva len t  c a l i b r a t i o n  e r r o r  between the  mass/capacitance end 

poin ts  was +0.58 percent.  This LOX equivalent  c a l i b r a t i o n  e r r o r  would 

cause a 12.7 s e c  increase i n  cutback t i m e  and a +:.5 deg s h i f t  i n  valve 

p o s i t  ion. 
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15.3.6 P r o p e l l a n t  Environment Deviat ions 

The e f f e c t  of t h e  d i f f e r e n c e s  between t h e  p r e d i c t e d  and 3 c t u a l  pump i n l e t  

c o a d i t i o n s ,  p r e s s u r i z a t i o n ,  and b o i l o f  f r a t e s  f o r  t h e  S-IVB-204 f l i g h t  

was to i n c r e a s e  cutback by 11.5 sec and s h i f t  t h e  mean level of  v a l v e  

p o s i t i o n  a f t e r  t h e  cutback t ; m s S e n t  +0.2 deg. 

d e t a i l s  of increased  engine performance. 

Reference s e c t i o n  9 f o r  

15.3.7 Simulation Deviation 

T h i s  d e v i a t i o n  is due t o  t h e  f a s t e r  t r a v e l  of t h e  PU va lve  a f t e r  PU 

a c t i v a t e  a t  ESC +6.0 sec. The f a s t e r  travel of the  PU va lve  w a s  caused 

by a d i f f e r e n c e  between t h e  rrrethod 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  Implementation of PU a c t i v a t i o n  i n  f l i g h t .  

This d i f f e r e n c e  w a s  removed i n  t h e  r e c o n s t r u c t i o n  by a c t i v a t i n g  t h e  PU 

system 2 . 5  sec earlier i n  t h e  s imula t ion  model. 

15.3.8 Sloshing 

The redesigned forward shaping network ( s l o s h  f i l t e r )  s u c c e s s f u l l y  

removed t h e  e f f e c t s  of p r o p e l l a n t  s l o s h i n g  on t h e  PU valve.  

s l o s h i n g  wi th in  a 0.2 t o  1.0 Hz range w a s  p r e s e n t  on t h e  mass s i g n a l s  

and t h e  PU summing p o i n t  e r r o r  s i g n a l .  However, t h e  added f i l t e r  a t tenu-  

a t i o n  removed t h e  s l o s h  e f f e c t s  on t h e  s i g n a l  fed  t o  t h e  PU va lve  servo.  

P r o p e l l a n t  

15.3.9 PU Error  S igna l  

The te lemetry summing p o i n t  e r r o r  s i g n a l  had a b i a s  of -0.3 v o l t s .  This 

b i a s  w a s  a l s o  p r e s e n t  on t h e  acceptance test data .  

s i g n a l  was used as an input  t o  t h e  PU e l e c t r o n i c s  mathematical  model t o  

genera te  a PU va lve  response t h a t  matched t h e  a c t u a l  PU va lve  response.  

The agreement between t h e  a c t u a l  and generated response v e r i f i e s  PU 

valve response t o  t h e  summing p o i n t  e r r o r  s i g n a l .  

The b iased  error 

15.3.10 PU Thrust  V a r i a t i o n  Response 

C E I  t h r u s t  v a r i a t i o n  l i m i t s  f o r  cutback and t h e  f i n a l  70 sec of engine 

burn are presented  i n  t a b l e  9-6. 

PU valve cutback t i m e  t o  t h e  CEI l i m i t s  shows t h e  achieved +20.1 sec 

v a r i a t i o n  was w e l l  w i t h i n  t h e  al lowable +56 or  -SO sec. 

A comparison of t h e  v a r i a t i o n  i n  a c t u a l  

15-10 
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Figure 9-22 shows t h e  t h r u s t  h i s t o r y  du r ing  t h e  f i n a l  70 sec of burn. 

The t h r u s t  va lues  are compared wi th  t h e  C E I  t h r u s t  v a r i a t i o n  l i m i t s  i n  

t a b l e  9-6. Late cutback caused p a r t  of t h e  t h r u s t  cutback t r a n s i e n t  t o  

occur  du r ing  t h e  l a s t  70 sec. T h e r e  were no  t h r u s t  v a r i a t i o n s  caused by 

t h e  t o t a l  PU s e n s o r  n o n l i n e a r i t i e s .  Had t h e  f l i g h t  gone t o  d e p l e t i o n  

c u t o f f ,  t h e r e  would have been a 1,500 l b f  t h r u s t  t a i l o f f  and a 1 deg 

va lve  t a i l o f f .  

15.3.11 Conclusions 

The S-IVB-204 Pti system performed s a t i s f a c t o r i l y  f o r  l oad ing  and througL- 

ou t  f l i g h t .  A s  a r e s u l t  of t h i s  e v a l u a t i o n  two minor changes w i l l  be 

made i n  the  p r e d i c t i o n s  f o r  f u t u r e  f l i g h t s .  The PU s i m u l a t i o n  model 

w i l l  be r e v i s e d  t o  provide a more a c c u r a t e  r e p r e s e n t a t i o n  of PU va lve  

response fol lowing a c t i v a t i o n .  Again as on t h e  S-IVB-501 f l i g h t ,  c o l d e r  

LH2 tank s k i n  temperatures  were observed prelaunch thus  modifying t h e  

tank d e f l e c t i o n  n o n l i n e a r i t i e s  from t h a t  experienced du r ing  t h e  acceptance 

f i r i n g .  
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TABLE 15-2 
PROPELLANT LOADING SUMNARY 

PROPELLANT LOAD 

Desired 

PU Loading Computer 
(Uncorrected) 

PU Indicated Correcte, 

Fl ight  Flow Integral 

Volumetric 

Trajectory 

Best Estimate 

DEVIATION FROM BEST 
ESTIMATE 

Desired 

PU Loading Computer 
(Uncorrected) 

PU Indicated Corrected 

Flight Flow Integral 

Volumetric 

Trajectory 

193,273 

193,273 

193,333 

194,000 

194,163 

194,111 

-838 (0 .43%) 

-838 (0.43%) 

-778 (0.40%) 

-111 (0.06%) 

+52 (0.03%) 

37,440 

37,4611 

37,392 

37,367 

230,713 

230,737 

230,725 

231,367 

37,282 231,445 

37,361 

+79 (0.21%) 

+lo3  (0.28%) 

+31 (0.08%) 

+6 (0.02%) 

-79 (0.21%) 

231,374 

231,472 

-759 (0.33%) 

-735 (0.32%) 

-747 (9.323 

-105 (0.05%) 

-27 (0.01%) 

-98 (0.04%) 
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INDICATED LOX MASS (1000 LBM) 

Figure 15-1. Total  F l i g h t  LOX Sensw Correct ion as Determined by ‘he Volumetric Method 

I 

INDICATED LH2 MASS (1000 LBMj 

Figure 15-2. Tota l  F l i g h t  LH2 Sensor Correct ion 5s Determined by :he Volumetric Method 



Figuptrr 15-3. LOX R1 krs Sensor Correction %e to C.G. tffset 
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G M 60 80 100 120 140 i 6u !9n m 
INDICATED LOX MUS (1000 LEN) 

- 
.-igure 15-5. Fl ignt IndicaLed PU Correction Dw to LOX Tank Deflection 

IYDICATED LH2 M S S  (1000 LPM) 

‘igure 15-6. f l i g h t  Indicated PU Correction Due to LH2 Tank Deflection 

15-17 



Sestian ;5 
Prepellant U t i l i z a t i o n  System 

1 ".o 

1000 

800 

- 
f 
2 600 

5 
5 
z m  
8 

> 

PI 

z 

L 

200 

0 

-200 
0 20 40 60 80 100 120 140 160 180 200 

INDICATED LOX W S  (1000 L6M) 

~~ ~ ~~ ~~~~ 

Figure 15-7. LOX Tank-to-Sensor Mismatch as Determined by the Volumetric Method 
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INDICATED LH2 MASS (1000 LBM) 

Figure 15-8. LH2 Tank-to-Sensor Nismatch as Determined by the Volumetric Method 
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Figure 15-11. F l i g h t  PU Valve Pos i t ion  H is to ry  
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Figure 15-12. PU System LOX Mismatrh [ jonl incnr?ty 

200 I 
FLOW INTEGRAL PYEDICTED7 

\ /e--- - FLOW INTEGRAL ACTUAL 7 
0' '\ 

100 . 

/' 

\- 
- 0- - 

0 5 10 15 20 25 30 35 40 

INDICATED LOX MASS (loo0 LBM) 

Figure 15-13. PU System LH2 Mismatch Non l inear i ty  
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16 * S-IB/S-IVB SEPARATION DYNANICS 

Sepa ra t ion  of t h e  S-IVB s t a g e  from the  S-IB s t a g e  w a s  accomplished satis- 

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  time period.  F i r s t  a x i a l  motion between t h e  

s t a g e s  occurred 0.09 sec a f t e r  t h e  s e p a r a t i o n  command. Complete separa- 

t i o n  w a s  accomplished 0.97 sec a f t e r  t h e  s e p a r a t i o n  command. Small S-IB 

and S-IVB angul-r  v e l o c i t i e s  and la te ra l  a c c e l e r a t i o n s  u t i l i z e d  2.0 i n .  

of t h e  a v a i l a b l e  83 i n .  of l a te ra l  clearance. The S-IB p i t c h ,  yaw,  and 

r o l l  rates remained below 0.3 deg p e r  sec durir-g s e p a r a t i o n .  The maxi- 

mum S-IVB r o t a t i o n a l  rates were s l i g h t l y  l a r g e r  t han  t h e  S-IB 

( 5 . 5  deg/sec).  

16.1 Sepa ra t ion  Distance 

A l l  were w e l l  below the maximum -1lowable 

Complete s e p a r a t i o n  of t h e  S-IVB s t a g e  from t h e  S-IB s t a g e  

rates. 

occurs  when 

t h e  S-IVB s t a g e  engine nozz le  b e l l  clears t h e  S-IB s t a g e  s e p a r a t i o n  

plane.  The a x i a l  d i s t a n c e  r e q u i r e d  f o r  complete s e p a r a t i o n  is 217 i n . ,  

and t h e  la teral  clearance a v a i l a b l e  is 83 i n .  (when t h e  S-IVB engine i s  

i n  a n u l l  p o s i t i o n ) .  T i m e s  of e v e n t s  s i g n i f i c a n t  t o  t h e  S-IB/S-IVB 

s e p a r a t i o n  are l i s t e d  i n  t a b l e  16-1. From extensometer and a c c e l e r a t i o n  

d a t a  t h e  t i m e  of f i r s t  axial  n o t i o n  and t h e  ax ia l  s e p a r a t i o n  h i s t o r y  Irere 

r econs t ruc t ed .  Figure 16-1 c o n t a i n s  t h e  p r e d i c t e d  s e p a r a t i o n  h i s t o r y  and 

t h e  s e p a r a t i o n  h i s t o r i e s  r e c o n s t r u c t e d  from extensometer and a c c e l e r a t i o n  

da ta .  Figure 16-2 p r e s e n t s  t h e  r e l a t i v e  v e l o c i t y  between t h e  stages. 

16.2 Stage Acce le ra t ions  and Angular V e l o c i t i e s  

The a c t u a l  l o n g i t u d i n a l  a c c e l e r a t i o n s  of t h e  S-IB and S-IVB s t a g e s  are 

shown i n  f i g u r e  16-3. The r e c o n s t r u c t e d  a c c e l e r a t i o n  h i s t o r i e s  were 

ob ta ined  from S-IB and S-IVB accelerometer  d a t a .  

t o  t h e s e  a c c e l e r a t i o n  h i s t o r i e s  t o  compensate f o r  t h e  t i m e  l a g  i n h e r e n t  

i n  t h e  accelerometer  d a t a .  Retrorocket  chamber p r e s s u r e  d a t a  was used t o  

determine t h e  t i m e  b i a s .  

A t i m e  b i a s  was a p p l i e d  

The S-IB and S-IVB angu la r  v e l o c i t i e s  during s e p a r a t i o n  are shown i n  

f i g u r e  16-4. 

yaw, and r o l l  rates were approximately zero.  The S-IB angu la r  v e l o c i t i e s  

remained small du r ing  t h e  s e p a r a t i o n  i n t e r v a l ,  neve r  exceeding 0.3 deg 

per sec. 

Prior t o  t h e  f i r s t  motion between t h e  s t a g e s ,  t h e  p i t c h ,  

The S-IVB r o l l  angu la r  v e l o c i t y  d i d  n o t  exceed a l e v e l  of 

16-1 



Sec t ion  16 
S-IBIS-IVB Stage Separat io;> Dynamics 

+0.5 Leg p e r  s e c  during s e p a r a t i o n .  

v e l o c i t i e s  reached t h e  l e v e l s  of  4 . 3  deg per sec a t  t h e  t i m e  of separa- 

t i o n  completion. These va lues  f o r  t he  S-IB and S-IVB s t a g e  angular  

v e l o c i t i e s ,  a t  Separat ion Command, were less  than t h e  design maximum 

rates of one deg p e r  s e c .  

S-IVB p i t c h  and yaw angu la r  

The S-IVB s t a g e  l a t e ra l  a c c e l e r a t i o n s  du r ing  s e p a r a t i o n  are shown i n  

f i g u r e  16-5 ,  

te lemetered accelerometer  d a t a .  The p i t c h  l a t e ra l  a c c e l e r a t i o n  during 

s e p a r a t i o n  v a r i e d  from 0.25 t o  -0.1 f t l s e c  . The yaw l a t e ra l  accelera- 

t i o n  v a r i e d  during s e p a r a t i o n  between 0.30 t o  -0.10 f t f s e c  . The S-IB 

la teral  a c c e l e r a t i o n s  remained e s s e n t i a l l y  ze ro  du r ing  t h e  s e p a r a t i o n  

i n  t e r v a l  . 

These a c c e l e r a t i o n  h i s t o r i e s  were ob ta ined  from t h e  

2 

2 

16.3 Clearance Distance 

The la te ra l  c l ea rance  used du r ing  s e p a r a t i o n  was 2.0 i n .  P r e f l i g h t  

s t u d i e s  i n d i c a t e  t h a t  t h e  p r o b a b i l i t y  of exzeeding t h i s  l a t e ra l  displ-ace- 

ment i s  0.72 as shown i n  f i g u r e  16-6. This i n d i c a t e s  t h a t  less than t h e  

average usage occurred on t h i s  f l i g h t .  The pa th  of  t h e  S-IB i n t e r s t a g e  

l i p  during s e p a r a t i o n  i s  shown two-dimensionally i n  f i g u r e  16-7. During 

s e p a r a t i o n ,  a p o i n t  of t h e  S-IVB engine b e l l  between p o s i t i o n s  I11 and I V  

u t i l i z e d  2.0 i n .  of t he  a v a i l a b l e  83 i n .  of l a t e ra l  c l ea rance .  
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Sect ion 1 7  
Data Acquis i t ion  System 

17. DATA ACQUISITION SYSTEM 

1 7 . 1  Launch Phase 

1 7 . 1 . 1  Data Acquis i t ion  System Object ive 

The objecti-:e of t h e  Data Acquis i t ion  Systeil; (DAS) was t o  g a t h e r  

information descr ib ing  s t a g e  r n v i r o m e n t s  and t h e  performance of s t a g e  

ii t a t  i o n  
-- 

s y s t e m s .  The measurements c o l l e c t e d  a r e  s p e c i f i e d  i n  t h e  I n s  

Program and Components L i s t  (IP&CL) (Douglas A i r c r a f t  Drawing ,357 
-- 

"AS" change). 

converted i n t o  teiemet.q format and t r a n s m i t t e d  t o  ground s t a t i o n s  

l o c a t e d  throughout t h e  r ' l i g h t  path.  

The! Fnformation acquired from t h e  measurements w a s  

The e v a l u a t i o n  of t h e  DAS performed i n  t h i s  s e c t i o n  s h a l l  be from 

ground holci through t h e  te rmina t ion  OF S-IVB engine burn p l u s  IO s e c  

(RO 6 0 3  s e c )  and s h a l l  b e  r e f e r r e d  t o  as t h e  launch phase. 

17.1.2 Summary of  Terformance 

The performance of t h e  DAS was very good throughout t h e  launch phase. 

All systems performed as designed, and no system malfunct ions were 

observed. Ten measurements were d e l e t e d  p r i o r  t o  l i f t o f f  b u t  t h e  

measurement f a i l u r e s  dui ing  t h e  launch phase sere very low. A summariza- 

t i c n  of cfie AS-204 launch v e h i c l e  measurements is presented  below: 

Measurements ass igned 

Checkout measurements 

Prelaunch measurement 

Measurement i n o p e r a t i v e  due t o  s t a g e  c o n f i g u r a t i o n  

Measurement monitored by S-IB s t a g e  

Xeasurements d e l e t e d  p r i o r  t o  l i f t o f f  

T o t a l  a c t i v e  measurements a t  l i f t o f f  

Measurement f a i l u r e s  during launch phase 

Launch phase measurement e f f i c i e n c y  (phase I) 

515 

11 

1 

1 

5 

1c 
487 

6 

98.8% 

A d e t a i l e d  p r e s e n t a t i o n  d f  t h e  measuret:ents s t a t u s  is  presented  i n  

t a b l e  17-1. 
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17.1.3 Ins t rumen ta t ion  System Performance 

The performance of t he  in s t rumen ta t ion  s y s t e m  was very good throughout 

t h e  launch phase.  There here s i x  measurements c l a s s i f i e d  a s  launch 

phase f a i l u r e s .  There were two measurements which were p a r t i a l  

successes .  Ten measurements were considered as malfunct ions p r i o r  t o  

t h e  s t a r t  of the automatic  countdown sequence and t h e r e f o r e  d e l e t e d  from 

CPIF c o c s i d z r a t i o n  i n  the  in s t rumen ta t ion  system performance. 

Item h of t a b l e  1 7 - 1  l ists  t h e  measurements d e l e t e d  p r i o r  t o  the  auto- 

mat ic  countdown sequence. Evaluat ion of tha d a t a  f o r  t h e  launch phase 

a t  A3 i n d i c a t e  t h a t  t h e  €oLlowing d e l e t e d  measurements performed sstis- 

f a c t o r i l y  and p resen ted  usable  in fo rma t ion :  COO40-406, COO56-406, arid 

90121-419. Measurement f a i l u r e s  a r e  p re sen ted  i n  d e t a i l  ir, t a b l e  17-2 .  

Measurements cons ide red  as p a r t i a l  success  are d e l i n e a t e d  i n  t a b l e  17-3; 

and neasurements which were not  f a i l u r e s  but  cons ide red  as measurement 

anomalies are covered i n  t a b l e  17-4. 

17.1.4 T e l e m e t r y  System Performance 

17.1.4.1 Pu l se  Code Modulation System 

The performance of t h e  p u l s e  code modulation (PCM) system dur ing  t h e  

launch phase w a s  e x c e l l e n t .  

and t h e i r  ou tpu t s  p rope r ly  i n t e r l a c e d  as a t t e s t e d  by t h e  reduced d a t a .  

A l l  d a t a  w a s  recovered on t h e  ground and p resen ted  f o r  e v a l u a t i o n  

without  problems. 

A l l  m u l t i p l e x e r s  were p rope r ly  synchronized 

PCM w a s  u t i l i z e d  as t h e  p r i m e  d a t a  sou rce  i n  t h e  e v a l u a t i o n  of  t h e  DAS. 

17.1.4.2 Pu l se  Amplitude Modulation System 

The performance of  t h e  p u l s e  amplitude modulation (PAM) system w a s  

e x c e l l e n t  throughout t h e  launch phase. There were no system component 

malfunct ions and synchron iza t ion  w a s  e x c e l l e n t .  The PAM e v a l u a t i o n  was 

based upon d a t a  s t r i p o u t s  of selective measurement channels  r eques t ed  

f o r  t h e  v e r i f i c a c i o n  of PCW d a t a  t h a t  were considered ques t ionab le .  The 

PAY t o  PCM d a t a  comparison xas dur ing  t h e  p e r i o d  of remote analog 
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c a l i b r a t i o n  s y s t e m  (RACS) and i t  i n d i c a t e s  t h e  l e v e l s  t o  be w i t h i n  t h e  

d e s i g n  l i m i t s .  The a n a l o g  d a t a  n o i s e  l e v e l s  are w i t h i n  t h e  normal 

o p e r a t i n g  c h a r a c t e r i s t i c s  of t h e  PAN systems. 

17.1.4.3 Frequency Modulat ion System 

The performance of  t h e  f requency  modula t ion  (FM) system was v e r y  good 

d u r i n g  t h e  launch  phase.  The v o l t a g e  c o n t r o l l e d  o s c i l l a t o r s  (VCO) t h a t  

make up t h e  FM s y s t e m s  performed w i t h i n  t h e  r equ i r emen t s  se t  f o r t h  i n  

t h e  f l i g h t  test  p l a n  w i t h  t h e  e x c e p t i o n  of CF3-6 which showed a VCO 

f requency  s h i f t  of approximate ly  p l u s  5.2 p e r c e n t .  L i n e a r i t y  o f  t h e  

channel  w a s  n o t  a f f e c t e d  and t h e r e  was no i n t e r f e r e n c e  w i t h  a d j a c e n t  

channe l s .  VCO c e n t e r  and bandedge f r e q u e n c i e s  are p r e s e n t e d  i n  

t a b l e  17-5. 

A l l  measurements a s s i g n e d  t o  t h e  F'M sys tems were a c c e p t a b l e  t o  t h e  

u s i n g  t e c h n o l o g i e s .  

17.1.4.4 S i n g l e  S ideband System 

The s i n g l e  s ideband  (SS) sys t em performed v e r y  w e l l  d u r i n g  t h e  l aunch  

phase  and a l l  data w a s  s u c c e s s f u l l y  reduced.  The SS t r a n s l a t o r  cali-  

b r a t e d  as s p e c i f i e d  and a l l  c a l i b r a t i o n  s i g n a l s  were c l e a n  a n a  e a s i l y  

d i s t i n g u i s h a b l - e  f o r  t h e  launch  phase e v a l u a t i o n .  

Measurement E0082-401, Vib-LOX Turbo Pump-Lateral, w a s  d e l c t e d  from t h e  

active measurements l i s t  p r i o r  t o  l i f t o f f  and i t  is  d e l i n e a t e d  i n  

t a b l e  17-2. Measurement E0084-401, Vib-LH2 Turbo-Latera l ,  w a s  i n v a l i d  

from RO +298 sec and is covered  i n  t a b l e  17-3. Measurements B0009-427, 

Acous-Sta 1212, Pos 11, O c t  7 - Ext, L'010-427, Acous-Sta 1212 Pos I1 

Oct 8 - Ext ,  B0012-427, Acous-Pos I1 (50 - 3,c)OO cps )  - Ext, showed 

momentary d e c r e a s e  i n  d a t a  ampl i tude  a t  l i f t o f f  and war  RO +50 sec. 

measurements a r e  a c c e p t a b l e  b u t  t h e  anomaly is d i s c u s s e d  i n  t a b l e  17-4. 

The 

The v i b r a t i o n  m u l t i p l e x e r  (model 245) sampl ing  rate and p e r i o d  were as 

s p e c i f i e d  w i t h  no d i s c r e p a n c i e s  observed .  

The SS t r a n s l a t o r  1 ,700  Hz c a l i b r a t i o n  s i g n a l  f requency  was 1 ,690  Hz 
measured a t  RO +129 sec. 
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17.1.4.5 Tape Recorder Assembly 
- 

The tape r eco rde r  performance du r ing  t h e  launch phase was very gaod. 

The tape r eco rde r  recorded a l l  analog data  on f a s t  r eco rd  and played i t  

back on command. PCM d a t a  on slow record i s  eva lua ted  as p a r t  of t he  

o r b i t a l  phase. 

F a s t  record w a s  i n i t i a t e d  a t  RO +136 sec and 26 sec of d a t a  was 

recorded. Fast  record playback was commanded a t  RO +597 s e c .  

Measurement K0153-411, Event - Ready t o  Record i n d i c a t i o n ,  w a s  n o t  a c t i v e  

p r i o r  t o  t h e  F a s t  Record Command because t h e  r e c o r d i n g  t a p e  w a s  advanced 

be fo re  l i f t o f f  t o  reduce t h e  analog d a t a  r eco rd ing  t i m e .  Th i s  w a s  

necessary s i n c e  t h e  f a s t  r eco rd  c i r c u i t  c o n f i g u r a t i o n  and t h e  programming 

of t h e  f l i g h t  sequence would f a s t  record d a t a  i n  excess  of  t h e  playback 

t i m e  and t h e  s i g n i f i c a n t  S-IBIS-IVB s e p a r a t i o n  d a t a  wouiJ be l o s t .  

Reduction of t h e  120 k c  frequency i n d i c a t e  wow t o  be 15.9 Hz a t  

0.195 i n - I s e c  peak-to-peak. F l u t t e r  frequency w a s  5,317 Hz a t  

0.523 i n . / s e c  peak-to-peak amplitude.  

17.1.4.6 C a l i b r a t i o n  Assembly 

The t e l eme t ry  c a l i b r a t o r  assembly performed a l l  i n f l i g h t  c a l i b r a t i o n s  as 

commanded by t h e  sequencer.  C a l i b r a t i o n  s t e p s  observed were a t  t h e  

c o r r e c t  l e v e l s  and t h e  c a l i b r a t i o n  sequencers  were i n  proper  synchroni- 

z a t i o n .  

17.1.5 Radio Frequency System 

The performance of t h e  r a d i o  frequency (FF) system w a s  very good through- 

out  t h e  launch phase.  The RF system ou tpu t  power from a l l  t r a n s m i t t e r s  

except  one m e t  t h e  minimum design requirements .  

was s l i g h t l y  low p r i o r  t o  launch and t h i s  was documented by f a i l u r e  and 

r e j e c t i o n  r e p o r t  (FARR) A259718. The r e p o r t  w a s  d i s p o s i t i o n e d  as 

accep tab le  p r i o r  t o  l i f t o f f .  

FM/FM t r a n s m i t t e r  No. 3 

The d a t a  from No. 3 l i n k  which were reduced from C I F  d a t a  t a p e s  were 

observed t o  be no i sy  from RO +300 sec through +550 s e c .  However, d a t a  

17-4 
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reduced from BDA d a t a  tapes do not  r e f l e c t  t h e  same n o i s e  over  t h e  

comparable pe r iod  and the  problem i s  a t t r i b u t e d  t o  ground a c q u i s i t i o n  

of t h e  f l i g h t  da t a .  

RF blackout  due t o  flame a t t e n u a t i o n  w a s  observed du r ing  S-IBIS-IVB 

s e p a r a t i o n  a t  RO +143.5 sec f o r  two sec.  

The performance va lues  f o r  t h e  RF sys t ems  are p resen ted  i n  t a b l e  17-6. 

17.1.6 S i g n a l  S t r e n g t h  

RF s i g n a l  s t r e n g t h  from t h r e e  s t a t i o n s  has  been reviewed i n  o r d e r  t o  

demonstrate t h e  a c q u i s i t i o n  of s a t i s f a c t o r y  d a t a  du r ing  t h e  launch phase. 

F igu re  17-1 summarizes a l l  d a t a  r ece ived  f o r  S-IVB PCM/F'M 1 r i g h t  hand 

c i r c u l a r  p o l a r i z e d  (CP1-RHCP) (232.9 MHz). Data from t h e  o t h e r  RF l i n k s  

fo l low similar p a t t e r n s  b u t  a t  h i g h e r  l e v e l s .  

Comparison of t h e  a c t u a l  d a t a  with t h e  p r e d i c t e d  s i g n a l  s t r e n g t h  l e v e l s  

a t  TEL-4 shows t h e  a c t u a l  l e v e l  t o  be w e l l  above t h a t  p r e d i c t e d .  

The s i g n a l  s t r e n g t h  r ece ived  by GBI was n o t  i nc luded  i n  t h e  coverage 

p r e d i c t i o n  because of ove r l app ing  coverage; however, t h e  d a t a  w a s  

reviewed and demonstrates  s a t i s f a c t o r y  performance of t h e  s t a g e  RF 

s y s t e m .  A 10  sec drop i n  power i s  a t t r i b u t e d  t o  ground equipment prob- 

l e m s  as is supported by t h e  con t inua t ion  of TEL-4 d a t a  and t h e  n a t u r e  

of t h e  d i s c o n t i n u i t y .  

S i g n a l  s t r e n g t h  i n  f i g u r e  17-1 r ece ived  a t  BDA i s  ques t ionab le  because 

reviewed d a t a  p l o t s  included r e s o l v a b l e  d a t a  where s i g n a l  s t r e n g t h s  were 

i n d i c a t e d  lower than -120 dbm. It is n o t  expected t h a t  t h e  BDA r e c e i v i n g  

s t a t i o n  could provide such s e n s i t i v e  r ecep t ion .  Some decommutated d a t a  

from BDA was reviewed t o  confirm the  adequacy of t h e  r ece ived  s i g n a l  

s t r e n g t h .  This  review revea led  a one sec d a t a  dropout a t  RO +330 sec 

f o r  RF l i n k  CF3. This dropout i s  not a t t r i b u t e d  t o  t h e  s t a g e  antenna 

s y s t e m  because of  cont inued coverage a t  RO +330 sec f o r  a l l  o t h e r  RF 

l i n k s .  The decommutated d a t a ,  i n  g e n e r a l ,  cont inued t o  be clear u n t i l  

approximat2ly RO +780 sec a t  which t i m e  d a t a  stopped. This  review 

concluded t h a t  t h e  RF s i g n a l  s t r e n g t h  r ece ived  a t  BDA w a s  adequate .  
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17.1.7 Electromagnetic Compatibi l i ty  

The d a t a  a c q u i s i t i o n  system d i d  n o t  i n t e r f o r e  w i t h  o t h e r  s t a g e  systems 

i n  t h e  areas of e lec t romagnet ic  compat ib i l i ty .  The re ference  channel 

levels,  MOO69-404 and MoO71-411, were w i t h i n  t h e  I +8 b i t  counts l i m i t  

when evaluated between RO -60 sec t o  S-IVB cutof f  +30 sec. KO chilldown 

i n v e r t e r  n o i s e  which exceeded 2 percent  was encountered on t h e  measure- 

ments during chil ldown i n v e r t e r  opera t ion .  

17.2 O r b i t a l  Phase 

17.2.1 Summary of Performance 

The d a t a  a c q u i s i t i o n  system performance w a s  very  good. 

performed w e l l  w i t h  t h e  except ion  of t h e  PCM transmitter which underwent 

a power drop a t  k0 +1,100 sec; however, no l o s s  of PCM d a t a  w a s  observed. 

Measurement f a i l u r e s  f o r  o r b i t a l  phase is presented  i n  t a b l e  17-1. 

s u m a r i z a t i o n  o f  t h e  SA-204 launch v e h i c l e  measurements is presented 

below: 

All components 

A 

Tota l  active measurements a t  l i f t o f f  487 

Measurement f a i l u r e s  during launch phase 6 

2 Measurement f a i l u r e s  dur ing  o r b i t a l  phase 

T o t a l  measurement e f f i c i e n c y  98.33% 

17.2.2 I n s  trumentatioii  Sys tern Perfonnance 

The performance of t h e  instr iunentat ion system was e x c e l l e n t .  There 

w e r e  s i x  measurement f a i l u r e s  dur ing  t h e  launch phase and two during 

the o r b i t a l  phase. The two o r b i t a l  phase f a i l u r e  measurements u t i l i z e d  

patch-type f i b e r  g l a s s  temperature t ransducers  (P/N 1A68589-503) which 

are s u s c e p t i b l e  t o  debonding. 

during t h e  o r b i t a l  phase. 

Comparable e x t e r n a l  s k i n  temperatures  were approximately 330 deg R 

whereas t h e  of f - sca le  high temperatures i n d i c a t e d  i n  excess  of 640 deg R. 

Measurement COO80 came back on scale and i n d i c a t e d  an acceptab le  

temperature l e v e l  a t  RO +1,010 sec. However, t h e  sudden o f f - s c a l e  t o  

Both measurements w e r e  of f - sca le  high 
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o n - , c p d e  temperature change i n  approximately 2 s e c  confirms an open 

c i r c u i t e d  s e n s o r .  

f a i l u r e  cannot be  confirmed. 

COO79 w a s  a l s o  open c i r c u i - e d ,  a l though t h e  t i m e  of 

The f i b e r  g l a s s  patch-type temperature  t r ansduce r s  have been reworked on 

vel-icle 502 and r ep laced  w i t h  t h e  new ceramic patch t r ansduce r s  a t  

Kennedy Space Center. 

17.2.3 Telemetry System Performance 

Telemetry s y s  t e m  performance nTas as fol lows : 

a. 

b .  

C. 

d. 

e. 

PCM System. Although t h e r e  \.'as a reduc t ion  i n  PCM/FM 

t r a n s m i t t e r  o u t p u t  power, good PCM d a t a  were ob ta ined .  N o  

synchron iza t ion  problenis i n  d a t a  r educ t ion  and no m u l t i p l e x e r  

synchron iza t ion  problems w e r e  observed. 

PAM System. Performance of  t h e  PAM system w a s  good. No 

component malfunct ions were observed and synchron iza t ion  w a s  

good. A 1  and A2 m u l t i p l e x e r  PAM d a t a  were shown merged w i t h  

t h e  PCM d a t a  p l o t s  a t  RO +5,400 sec. Reduced BO m u l t i p l e x e r  

d a t a  of  e x c e l l e n t  q u a l i t y  were observed. 

FM System. The FM systems performed very :-ell. Measurements 

ass igned t o  t h e  FM system p resen ted  good d a t a .  

S i n g i e  Sideband System. 

were n o t  r equ i r ed  f o r  e v a l u a t i o n  du r ing  t h e  o r b i t a l  phase 

per iod.  However, based upon p i l o t  t one  and service channel 

v e r i f i c a t i o n  a t  RO +6,000 sec, the  s i n g l e  s ideband system w a s  

considered o p e r a t i o n a l .  

Tape Recorder. Tape r eco rde r  performance i n  hand l ing  PCM d a t a  

w a s  very good. Analog d a t a  r eco rd ings  are d i scussed  i n  

s e c t i o n  17. PCM d a t a  played back from t h e  a i r b o r n e  t ape  

r eco rde r  were merged w i t h  ground recorded realtime PCM d a t a .  

Merged PCM playback d a t a  were observed i n  e v a l u a t e d  d a t a  p l o t s  

a t  t h e  fol lowing times: 

The s i n g l e  s ideband s y s  t e m  measurements 

RO +9,i20 sec t o  RO +10,380 sec 

RO +10,670 sec t o  RO +10,930 sec 

RO +13,820 s e c  t o  Id +15,930 sec 
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P O 1  playback d a t a  t imes beyond t h e  o r b i t a l  phase pe l iod  a r e  

c a l l e d  o u t  s i n c e  no o r b i t a l  per iod recorded PCPI d a t a  were 

reduced. 

Very l i t t l e  PCM playback d a t a  were expected from Tananarj-7e f o r  

t h e  f i r s t  r e v o l u t i o n .  The a i r b o r n e  r eco rde r  r eco rd ing  t ape  w a s  

a t  the  end s t c p  a t  t h e  end of  f a s t  record.  The tape was 

advanced p r i o r  t o  l i f t o f f  t o  allow approximately 30 s e c  of 

analog d a t a  t o  be  recorded. This was necessa ry  t o  r ecove r  the 

analog d a t a  of t h e  s t a g e  s e p a r a t i o n  p e r i o d  w i t h i n  t h e  s h o r t  

playbac!c t i m e  of 25.8 sec. 

t h e  t ape  end s t o p ,  only 206 sec of PCM d a t a  could be recorded 

between Bsrmuda and Tananarive. The s t iu r t  r eco rde r  playback 

d a t a  from Tananarive were n o t  d i sp l ayed  on t h e  d a t a  p l o t s  

because realtime d a t a  were a v a i l a b l e .  The PCM playback d a t a  

from Tananarive du r ing  t h e  second r e v o l u t i o n  were n o t  recover- 

a b l e .  The pu l se  t r a i n  d i d  n o t  r e t u r n  t o  ze ro  and t h e  b a s e l i n e  

contained low frequency n o i s e .  This problem w a s  a t t r i b u t e d  t o  

poor recording q u a l i t y  r e s u l t i n g  i n  a poor s igna l - to -no i se  r a t i o .  

PCM d a t a  from the  a i r b o r n e  tape r e c o r d e r ,  recorded a t  Guaymas 

du r ing  t h e  f i r s t  r e v o l u t i o n ,  were extremely no i sy  and have not 

been reduced. 

d i f f i c u l t i e s  du r ing  t h e  f i r s t  o r b i t .  However, t h e  a c q u i s l t i o n  

and r educ t ion  of  playback PCM d a t a  shown merged i n  d a t a  p l o t s  

a t  t h e  t i m e s  mentioned above confirm p rope r  o p e r a t i o n  of the  

a i r b o r n e  t a p e  r eco rde r .  

With 25.8 s e c  of playback t i m e  from 

This w a s  caused by ground ' s t a t i o n  r eco rd ing  

17.2.4 RF System Performance 

The o v e r a l l  performance of t h e  RF system during t h e  o r b i t a l  phase w a s  

very good. 

A t  RO +1,100 s e c  t h e  PCM t r a n s m i t t e r  ou tpu t  power dropped from 26.8 watts 

t o  13.6 watts.  A t  RO +1,200 sec, t h e  ou tpu t  power i n c r e a s e d  t o  19 wat ts .  

A t  the end of t h e  o r b i t a l  phase e v a l u a t i o n  p e r i o d ,  t h e  power was 

12.4 w a t t s .  A malfunct ion i n  the  d c  t o  dc conve r t e r  ' n  t h e  power 

a m p l i f i e r  i s  suspected.  Although t h e  malfunctior,  reduced t h e  power 
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a m p l i f i e r  o u t p u t  below t h e  minimum requi rement  o f  25 wa t t s ,  t h e  o r b i t a l  

phase d a t a  d i d  n o t  show s i g n i f i c a n t  d e g r a d a t i o n .  

reduced from t h e  PCM/FM d a t a  l i n k  when observed  a t  KO +22,680 sec ,  

which i s  beyond t h e  dump exper iment  p e r i o d ,  

Good PCY l a t a  were 

FM/FM t r a n s m i t t e r  No. 3 o u t p u t  power, which was f a i l u r e  and r e j e c t i o n  

r e p o r t  (FARR) tagged a t  24.8 wat ts  and d i s p o s i t i o n e d  as a c c e p t a b l e  

b e f o r e  l aunch ,  ma in ta ined  good vutpuf  power leve l .  

s t a y e d  a t  24.8 w a t t s  th roughout  t h e  o r b i t a l  phase .  

The o u t p u t  power 

The o t h e r  t h r e e  t r a n s m i t t e r s  - FM/FM t r a n s m i t t e r  No. 1, FM/FM t r a n s m i t t e r  

No, 2 and t h e  SS/FM t r a n s m i t t e r ,  ma in ta ined  e x c e l l e n t  o u t p u t  power 

throughout  t h e  o r b i t a l  phase.  

The power leve ls  'or t h e  RF sys tem d u r i n g  t h e  o r b i t a l  phase  a r e  

p r e s e n t e d  i n  t a b l e  17-7. 

17.2.5 S i g n a l  S t r e n g t h  

RF s i g n a l  s t r e n g t h  levels from r e v o l u t i o n s  1 and 2 o v e r  Carnarvon,  

Canary I s l a n d ,  and Corpus C h r i s t i ,  Texas,  were above p r e d i c t e d  l e v e l s .  

The d a t a  rev iewed were f o r  CP1-RHCP (232.9 MHz). Data from t h e  o t h e r  

RF l i n k s  f o l l o w  similar p a t t e r n s  b u t  a t  h i g h e r  levels.  

17.2.6 E lec t romagne t i c  C o m p a t i b i l i t y  

The d a t a  a c q u i s i t i o n  sys tem d i d  n o t  i n t e r f e r e  w i t h  o t h e r  s t a g e  systems 

i n  t h e  areas o f  e l e c t r o m a g n e t i c  c o m p a t i b i l i t y .  
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T.'ijLE 1 7 - 1  [Shee t  1 of 2) 
FIE AS U REME N T  STATU S 

1. T o t a l  number measurements l i s t e d  i n  IPdrCL (Dwg 13435.57, "AS" chg) 515 

2 .  Measurements f o r  checkout  on ly  

l:q141-411 

KO 142 -4 1 7  

KO 14 3- 403 

K0144-4C4 

KO 145- 404 

K0146-404 

K0147-404 

K0148-404 

K0149-404 

K0150-404 

K0169-404 

Event - R / S  1 P u l s e  Sensor  

Eve r t  - R/S 2 P u l s e  Sensor  

Event - U 1 1  Rkt 1 Ign PIS 1 

Event - U11 Rkt 1 Ign  PIS 2 

Event - U 1 1  R k t  2 Ign  P I S  1 

Event  - U 1 1  Rkt 2 Ign  P I S  2 

Event - U 1 1  Rkt 3 Ign  PIS 1 

Event  - U11 R k t  3 I g n  P /S  2 

Event  - Ul lage  J e t t i s m  1 P I S  

Event - Ul lage  J e t t i s o n  2 PIS 

Event  - EBW P u l s e  Senso r  Off Ind  

3 .  Measurement used f o r  p re l aunch  on ly  

D0545-407 Press - Common Bulkhead Int-H/W 

4 .  I n a c t i v e  measurement 

K0152-404 Event - R t  Gyro Whl Speed OK Ind 

5. Measurements moni tored  by S-IB 

CO375-492 Temp - Ceat  F lux  A f t  I n t e r s t a g e  3 

D0153-423 P r e s s  - Chamb Retrc Rkt Pos I V - I  

D0154-421 P r e s s  - Chamb . . i t r o  Rkt Pos 11-111 

D015.5-420 Press - Chamb Re t ro  Rkt Pos 1-11 

DO15 I -422 P r e s s  .- Chamb Retm Rict Pos iII-IV 

6. Measurements d e l e t e d  p r i o r  t o  l i f t o f f :  

11 

1 

1 

5 

10 

COO40-436 Temp - LOX Tk P u s  1 

COO41-406 Teiirp - LOX Tk POS 2 
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CCO42-4Q6 

"0043-406 

c0055-4(itJ 

COO56-406 

COG 7 2 - 4 0 5  

C013S-4C.G 

DO 12 1- 4 15 

EO9 82 - 4 G -3- 

Temp - !.e:< Tk Pos 3 

'i'enp - !As Tk Pos 'i 

Temp - LOX Tk t ' l l age  Gas 1 Percect. 

temp - LOX Tk U l l a L e  Gas 20 Percent  

Temp - F u r i  Tk \:all Ex te rna l  & 

TemF - LOX Tk i ' l i age  

P r e s s  - Exte rna l  X t t  I n t e r s t a g e  1 

V i s  - LOX Turbo Pump - Lateral 

- 

7 .  ?leasurements a c t i v e  for  f l i g h t  e v a l u a t i o n  

8.  Launch phase measurement fz i i lures  

B0016-425 Press - Cold Hzliun Sphere 

WO45-403 P r e s s  - Engine Xctuhtctr Yab- Diff  

D0062-424 P r e s s  - LH2 Circ R e t  Line Tk In le t  

DO122-419 P r e s s  - Ext A f t  l n t e r s t a g e  2 

30124- 419 P r e s s  - Ext Aft  I n t e r s t a g e  4 

W158-402 P r e s s  - I n t e r s t a g e  I n t e r n d  e 

4. O r b i t a l  phase measurewnt  f a i l u r e s  

487 

6 

2 

COO79-409 

COO80-439 

Temp - Fuel Tank E x t e r n a l  5 

Temp - Fuel Tack E s t e r n a l  6 
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TABLE 17-5 (Shee t  1 of 3 )  
FM V C O  FREQUENCY 

I R I G  
CHANNEL 

~~~ ~ 

6 

7 

8 

9 

10 

11 

12 

1 3  

1 4  

15 

NOMINAL 
~~ 

C 
f 

~- 

1,700 

2,300 

3,000 

3,900 

5,400 

7,350 

10,500 

14,500 

22,000 

30,000 

f b e  
~ 

1,828 

1,572 

2,473 

2,127 

3 ,  '225 

2,775 

4,193 

3,607 

5,805 

4,995 

7 ,901 

6,799 

11,288 

9,712 

15,588 

13,412 

23,650 

20,350 

32,250 

27,750 

SYSTEM 1 

P R E F L  i GHT 

C 
f 

1,699 

2 , 3 0 1  

3,000 

3,900 

5,402 

7,342 

10,492 

14,488 

21,983 

30,002 

- 

be 

1,828 

1 ,570 

2,475 

2,127 

3,226 

2,772 

4,195 

3,608 

5,804 

4,993 

7,898 

6,794 

11,284 

9,722 

15,576 

13,405 

23,641 

20,331 

32,245 

27,748 

I N F L I G H T  

C 
f 

-- -- 

1,699 

2,301 

3,000 

3,900 

5,399 

7,342 

10,492 

14,488 

21,978 

20,004 

b e  

1,827 

1,570 

2,475 

2,127 

3,226 

2,772 

4,195 

3,606 

5,804 

4,993 

7,898 

6,794 

11 ,283 

9,720 

15,575 

13,405 

23,575 

20,228 

32,249 

27,748 

f = c e n t e r  f requency  

fbe = bandedge f r e q u e n c i e s  

C 

17-20 



S e c t i o n  1.7 
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TABLE 17-5 (Shee t  2 of  3 )  
FM VCO FKEQUENCY 

SYSTEM 2 

I R I G  
CHANNEL 

3 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

1 4  

1 5  

NOMINAL 

C 
f 

7 30 

1 , 7 0 0  

2 , 3 0 0  

3 ,000  

3 ,900  

5 , 4 0 0  

7 , 3 5 0  

1 0 , 5 0 0  

1 4  , 500 

22 ,000  

36 ,000  

f b e  

785 

675 

1 , 828 

1 , 5 7 2  

2 ,473  

2 ,127 

3 ,225 

2 ,775  

4 , 1 9 3  

3 ,607 

5 ,805  

4 ,995 

7 , 9 0 1  

6 , 7 9 9  

1 1 , 2 8 8  

9 , 712 

1 5 , 5 8 8  

13 ,412  

23 ,650  

20 ,350  

32 , 250 

27 ,750  

PREFLIGHT 

C 
f 

--- 

7 30 

1 , 7 0 0  

2 , 3 0 1  

3 ,000 

3 , 9 0 4  

5 , 3 9 8  

7 , 3 4 4  

1 0 , 4 8 8  

1 4 , 4 8 8  

21 ,993  

29 ,983  

-- 
f C 

be 

be 

785 

675 

1 , 8 2 8  

1 , 5 7 2  

2 ,477  

2 , 1 2 7  

3 , 2 2 4  

2 , 7 7 4  

4 ,197 

3 , 6 0 4  

5 ,804  

4 ,992  

7 , 8 9 5  

6 , 7 9 4  

1 1 , 2 9 8  

9 ,702  

1 5 , 5 8 5  

13 ,395  

23 ,652  

20 ,335  

32 ,233  

27 ,715 

I N F L I G H T 

C 
f 

7 30 

1 ,700  

2 , 3 0 3  

3 ,000  

N / A  

5 , 3 9 8  

7 ,345  

1 0 , 4 9 0  

14 ,492  

2 1  , 990  

29 ,983  

- 
= c e n t e r  f r equency  
= bandedge f r e q u e n c i e s  

b e  

785 

6 74 

1,82S: 

1 , 5 7 1  

2 ,477  

2 ,127  

3 ,224  

2 , 7 7 4  

N/A 

N/A 

5 , 8 0 5  

4 , 9 9 4  

7 , 8 9 5  

6 , 7 9 4  

1 1 , 2 8 1  

9 , 6 9 6  

1 5 , 5 8 3  

1 3 , 3 9 8  

23 ,657  

2U ,333 

32 ,232 

27 , 715 
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S e c t i o n  1 7  
Data A c q u i s i t i o n  System 

TABLE 17-5 (Sheet 3 of 3) 
FM VCO FREQUENCY 

-- 
I R I G  

CHANNEL -- 

6 

7 

8 

9 

10 

11 

1 2  

13 

1 4  

15 

N f J M I  NAL 

1,700 

2,300 

3,000 

3,900 

5,400 

7,350 

10,500 

14,500 

22,000 

30,000 

1,828 

1,572 

2,473 

2 , 1 2 7  

3,225 

2,775 

4,193 

3,607 

5,805 

4,995 

7,901 

b ,  799 

11,288 

9,712 

15,588 

13,412 

23,650 

20,350 

32,250 

27,,50 

Y / A  = Data Not Available 

SYSTEM 3 

P KE FL I GHT _ _  
C 

f 
-- 

1,706 

N / A  

N / A  

3,906 

5,400 

7,344 

10,49C 

14,500 

21,695 

30,015 

f c 
i b c  

fbe  

1,835 

1,578 

N /A 

N / A  

X / A  

N /A 

4,202 

3,603 

5,807 

4,995 

7,103 

6,791 

11,279 

9,702 

15,596 

13,413 

2 3 , 6 4 3  

20,325 

32,275 

I N F L L G H T  -- 
C 

f 

N / A  

N / A  

N / A  

N /A 

5,397 

7,34(- 

LO, 490 

14,500 

21,970 

30,015 
2 i ,  750 

= c e n t e r  frequency 
= bar.dedge f requencies  

- 
be 

N / A  

N / A  

N / A  

N / P  

h / A  

N / A  

N / A  

N /A 

5,803 

4,992 

7,900 

6,789 

1 1 , 2 7 8  

:3,699 

15,592 

13,413 

23,645 

20,335 

32,275 

27,750 
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*The ouLpct power -.i.=s bels; tile aiciznm poh-er r e q u i r m e n t  of 1 5  w a t t s  
and t'>-RR t 2 g  259748 was L;ritten.  :ne FXIZR Lag ~ i h s  d i s ; , o s i t i o n e u  as 
rcceptable $e ore launcii. 
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Section 17 
Data Acquis i ' ion  System 

VSWR 

T/?f h t e u n a  KO. i 

T/:4 r?ntenna No. 2 

T/M Antenna No. 3 

T/H Antenna No. 4 

IXSERTIOh' 'LOSS 

T/M Antenna No. 1 

T/H Antenna So, 2 

T/X Antenna So. 3 

T/M Antenna So. 4 

36.4 1%' 

30.0 v 

2 i - s  w* 

16.4 w 

20.7 v 

18.4 w 

0.5 s 

16.4 w 

0.4 3 

22.9 w 

0 . 6  w 

17.8 L' 

0.3 w 

1.39:l 

1,37:1 

1.38:: 

1.29:l 

5 . 2  db 

5.6 d3 

5.2 db 

6.0 a% 

:tu +8.774 sec  

38.0 w 

31.; k' 

24.8 Y* 

12.4 w 

27.: w 

18.G v 

0.6 w 

17.4 w 

G.4 Y 

21.6 w 

0.6 w 

17.2 w 

0.3 u 

1 . 4 3 : l  

1.35:l 

1.40:l 

1.31:l 

5.3 db 

5.6 db 

5.3 db 

6 .1  cib 

*The o u t p u t  puwer w a s  below t h e  ninimum requ i r emen t  of 25  vc;rts axd FARR 
tag A253718 was w r i t t e n .  
b e f o r e  h u n c h  a t  Kennedy Space Center .  

The FARX t a g  was d i s p o s i t i o n e d  & a c c e p t a b l e  

17-24 



I N
 

0
 
h 

Section 17 
D

ata Acquisition System 

0
 

17-25 



11 
,_ -. 
. .. 

. . -_ . . .- 
- 



Sect ion  18 
E l e c t r i c a l  System 

It). ELECTKICAL SYSTEM 

18.1 Launch Phase 

The e l e c t r i c a l  c o n t r o l  s y s t e m  and t h e  e l e c t r i c a l  pcwer system performed 

s a t i s f a c t o r i l y  throughout t h e  laucch phase of f l i g h t .  

18.1. i 

The o p e r a t i o n a l  i n t e g r i t y  of t h e  s t a g e  e lec t r ica l  contrc 1 system i s  

v e r i f i e d  i n  s e c t i o n  4.0 cf t h i s  eva lua t ion .  A 1 1  responses  t o  swi tch  

s e l e c t o r  corfiands were s a t i s f a c t o r y .  

E l e c t r i c a l  Control  S y s  tern 

18.1.1.1 5-2 Engine Control SyJten 

All 5-2 engine  event  neasureinents 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 properly t o  t h e  engine s t z r t  and c u t o f f  commands. 

start w a s  i a i t i a t r d  at RO +144.905 see wi th  engine v e l o c i t y  c u t o f f  

i n i r i a t e d  I+ 50 +5!33.344 sec. 

descr  .-- . 

w i t b  ; : r i f  i e d  incremental  times. 

Engine 

4 -  

The t e l e w t r y  event  measurements which 

.. ?erfor.nance occurred i n  t h e  proper  s e q u e n t i a l  order and 

18 2 Control  Pressure  Switches 

A review of t h e  event  and p r e s s u r e  measurements v e r i f i e d  t h a t  each c o n t r o l  

p r e s s u r e  swi tch  funct ioned proper ly  dur ing  che launch phase. L i s t e d  

below are those  measurements and a d e s c r i ? t i o n  of t h e i r  psrformance. 

- 

The engine pump purge r e g u l a t o r  backup p r e s s u r e  swi tch  is 

t a i n  t h e  snqine pump purge r e g u l a t o r  p r e s s u r e  between 105 t o  130 p s i a  

when enabled by t h e  engine pump purge c o n t r o l  v a l v e  command. 

i n g  measurements i n d i c a t e  t h a t  t h e  command w a s  n o t  e x e r c i s e d  d u r i n g  f l i g h t  

and t h e  p r e s s u r e  switch remained de-energized. 

used t o  main- 

The follow- 

K0105-404 Event - Pump Purge Reg Bkup De-en 

D0050-403 Press - Eng Pump Purge Regulator  

The LH2 tank f l i g h t  c o n t r o l  p r e s s u r e  switch r e g u l a t e d  t h e  LH2 bypass 

c o n t r o l  v a l v e  when t h e  LH2 tank p r e s s u r i z a t i o n  c o n t r o l  swi tch  enable  

command w a s  on, 

a t  l i f t o f f  and increased  to  39 p s i a  f o r  engine s t a r t .  The command was 

The f u e l  tank  was pressur ized  t o  approximately 36 p s i a  

18-1 
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Sect ion 18 
E l e c t r i c a l  System 

E 

given during mainstage and t h e  pressure switch remained energized as the 

u l lage  pressure  w a s  beyond the  31 t o  34 p s i a  opera t ing  l i m i t s  of t he  

pressure  switch.  

K0184-404 Event - Fuel Tk F l t  Cont Press  Sw 

D0177-410 Press - Fuel Tank Ullage EDS 1 

D0178-410 Press - Fuel Tank Ullage EDS 2 

The LH2 tank ground f i l l  va lve  and repress p r e s s u r e  switch w a s  used t o  

con t ro l  pressur iza t ion  p r i o r  t o  l i f t o f f  and w a s  not  ope ra t i cna l  during 

f l i g h t .  

The LOX prepress  and f l i g h t  con t ro l  pressure switch cont ro l led  the  hea t  

exchanger bypass valve and t h e  cold helium supply shutoff  valves  during 

LOX tank f l i g h t  pressure system commands. The LOX tank vas pressurized 

t o  approximately 42 p s i a  at l i f t o f f  and decreased t o  40 p s i a  a t  engine 

start. 

maintained a 37 t o  40.8 p s i a  pressure i n  t h e  LOX tank during 5-2 engine 

operat ion.  

The following measurements v e r i f i e d  t h a t  t h e  pressure switch 

K0102-404 Event - LOX Repress F l i g h t  Sw-En 

D0179-424 Press - Oxid Tank Ullage EDS 1 

D0180-424 Press  - Oxid Tank Ullage EDS 2 

The LOX chilldown pump helium purge c o n t r o l  r egu la to r  backup pressure  

switch is  used ta  r egu la t e  t h e  WX pump purge c o n t r o i  valve during t h e  

LOX chilldown pump purge c o n t r o l  valve on command. 

remained energized during t h e  laurch  phase as t h e  regula tor  backup 

pressure  w a s  beyond the  opera t ing  limits of the  pressure switch.  

The pressure switch 

K0131-403 Event - LOX Chilldown Purge Sw De-en 

D0103-403 Press  - H e  Press  t o  LOX Mot Cntr  

c 

The contr91 belium regula tor  backup pressure  switch r egu la t e s  t he  c o n t r o l  

helium shutoff  valve to maintain a 490 - +25 t o  600 - +15 p s i a  pressure.  The 

regula tor  discharge pressure remained wi th in  t h e  oFerat ing limits of the  

pressure switch throughout t he  launch phase of f l i g h t .  

D0014-403 Press  - Control  H.1 Reg Discharge 



Sect ion  18 
E l e c t r i c a l  System 

The cold helium r e g u l a t o r  backup pressure  switch opens t h e  cold helium 

supply shutof f  va lves  when t h e  cold helium backup p r e s s u r e  2xceeds 

465 +10 -15 p s i a .  The fol lowing measurements i n d i c a t e  t h a t  t h e  pressure 

switch w a s  de-energized as t h e  a c t u a t i o n  p r e s s u r e  was n o t  a t t a i n e d .  

K0156-404 Event - LOX Tk Reg Bkup P r e s s  - En 

D0225-403 P r e s s  - Cold H e l i u m  Cont Vlv In1 

The LOX and LH2 o r b i t a l  c o a s t  vent  low p r e s s u r e  switches and t h e  LH2 

o r b i t a l  c o a s t  vent  high p r e s s u r e  switch were i n s t a l l e d  but  were not  

made o p e r a t i o n a l  f o r  f l i g h t .  No d a t a  is  a v a i l a b l e  t o  e v a l u a t e  t h e i r  

performance. 

18.1.1.3 A P S  Electrical  Control  System 

A review of t h e  APS feed v a l v e  and chamber presst i re  d a t a  v e r i f i e u  t h a t  

t h e  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  des ign  l i m i i s  dur ing  

t h e  launch phase. 

DO0 78-414 

D0079-414 

D0080-414 

DO08 1- 4 1 5  

D0082-4 15 

D0083-415 

K0132-404 

KO 1 3  4- 404 

KO 135- 40 4 

P r e s s  - A t t  Control  C,iamber 1-1 

P r e s s  - A t t  Cont ro l  Chamber 1-2 

P r e s s  - A t t  Control  Chamber 1-3 

P r e s s  - A t t  Cont ro l  Chamber 2-1 

P r e s s  - A t t  Cont ro l  Chamber 2-2 

P r e s s  - A t t  Cont ro l  Cnamber 2-3 

Event - A P S  Eng 1-1/1-3 Fd Vlv - Op 

Event - A P S  Eng 2-1/2-3 Fd Vlv - Op 

Event - A P S  Eng 2-2 Fd Vlv - Op 

18.1.1.4 Chilldown Shutoff  Valves 

The L W  and LH2 chilldown shutof f  v a l v e s  responded t o  t h e  chil ldown 

s h u t . - s  p i l o t  valve commands and operated proper ly .  

K0136-409 Event - F u e l  SOV C h i l l  System - C 1  

K0137-409 Event - Fuel  SOV C h i l l  System - Op 

18-3 
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K0138-424 Event - Oxid SOV C h i l l  System - 3p 

K0139-424 Event - Oxid SOV C h i l l  System - C1 

18.1.1.5 V e i ' t  Valves 

The following 'neasurements i nd ica t e  t h a t  the  LOX and LH2 vent  valvcs 

responded t o  t n e i r  respec t ive  commands during the  launch phase and 

operated properly.  

K0001-410 Event - Fue Tznk Vent Valve - C1 
K0002-424 Event - Oxid Tank Vent Valve - C 1  

KOO16-404 Event - Oxid Tank Vent Valve 1 - Op 

K0017-410 Event - Fuel Tank Vent Valve 1 - Op 

18.1.1.6 F i l l  and Drain Valves 

The LOX and LH2 f i l l  and d r a i n  valves  were commanded c l o s e  through t h e  

umbil ical  p r i o r  t o  l i f t o f f  and remained closed throughout f l i g h t .  

K0003-427 Event - Fuel  F i l l  Valve - Closed 

K0004-427 Event - Oxid F i l l  Valve - Closed 

18.1.2 Electrical Power System 

The e l e c t r i c a l  power system performed s a t i s f a c t o r i l y  throughout t he  

launch phase of f l i g h t .  

18.1.2.1 F i inh t  Batteries 

A l l  b a t t e r i e s  performed wi th in  the expected limits as v e r i f i e d  from t h e  

load p r o f i l e s  and temperature d a t a  shown i n  f igu res  18-1 through 18-4. 

18.1.2.2 Chilldown I n v e r t e r  

The chilldown i n v e r t e r s  performed s a t i s f a c t o r i l y  and were turned off 

j u s t  p r i o r  t o  engine start. A t  l i f t o f f ,  t he  LOX i n v e r t e r  temperature 

was 520 deg R and the  Lt12 i n v e r t e r  temperature w a s  515 deg R. 

tsmperatures remained f a i r l y  constant  u n t i l  t u rno f f ,  

- 

The 

18-4 
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Meas. 
No. 

M0026-404 

MOO 2 7- 404 

MOO 2 8-40 4 

MOO29-404 

?.lo 0 40- 40 4 

M0041-404 

MOO44-404 

M0045- 404 

MOO46-404 

MOO47-404 

Acceptable Actual  
Ranne Value Measurement Nomenclature - 

Volt - Phase A-B F u e l  Chldwn Inv 56 +4 vrms 56.5 vrms - 
56 +4 vrms 57.0 m n s  - Volt - Phase A-B LOX Chldwn Inv 

400 +10 Hz 401.4 Hz - Freq - Fuel  Chilldown I n v e r t e r  

400 +10 Hz 400.0 Hz Freq - Oxid Chilldown I n v e r t e r  - 

56 +4 vrms 57.0 vrms Volt - Phase A-C LOX Chldwn Inv. - 

Volt - Phase A-C Fuel Chldwn Inv 56 - +4 vrms 57.0 vrms 

Volt - Phase A1-B1, LOX Chldwn Inv 56 +4 vrms 56.0 vrms 

Volt  - Phase A1-C1, LOX Chldwn Inv 56 +4 vrms 56.0 v r m  

- 

- 
Volt - Phase A1-B1, LH2 Chldwn Inv 56 +4 vrms 56.5 vrms -- 

Volt  - Phase A1-C1, LH2 Chidwn Inv  56 - +4 vrms 57.0 vrms 

18.1.2.3 5 Volt  E x c i t a t i o n  Modules 

A l l  t h r e e  5 vdc e x c i t a t i o n  modules performed s a t i s f a c t o r i l y  d u r i n g  the  

launch phase. Actual  output  va lues  are l i s t e d  below: 

Meas. 
No. 

Measurement Nomenclature 
- 

Accep t a b  l e  Actua l  
Range Value 

MOO 2 4- 4 11 Volt  - 5 Volt  E x c i t a t i o n  Mod Fkd 5.00 - +0.025 vdc 5.02 vdc 

MOO6 8-4 11 Volt  - 5 Volt E x c i t a t i o n  Mod Fkd 2 5.00 - +0.025 vdc 5.02 vdc 

Volt  - 5 Volt  E x c i t a t i o n  Mod Aft 5.00 +0.025 vdc 5.01 vdc M0025-404 - 
MOO42-411 Freq - 5 Volt Exci ta t ior i  Mod A f t  2,000 5200 HZ 1,980 HZ 

MOO 4 3- 4 11 Freq - 5 Volt E x c i t a t i o n  Mod Fkd 2,000 5200 Hz 1,980 Hz 

18.1.2.4 S t a t i c  Inverter-Converter 

The s t a t i c  inver te r -conver te r  operated w i t h i n  des ign  l i m i t s  throughout t h e  

f l i g h t .  The inver tex  temperature  bas 534 deg R a t  a c t i v a t i o n  and 5'6 deg R 

a t  i n v e r t e r  power t u r n o f f .  
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Me as , 
No. Ne as u rernen t Nomenc 1 a t u  r e  Acceptable 

Ranne 
Actual  
Value 

Y 

b10001-411 Volt - S t a t i c  Inv-Conv 115.00 - +3.45 vrms 114.50 vrnis 

M0004-411 Volt  - S t a t i c  Inv-Conv 
5 Volts  DC 

MOO 12-4 11 Freq - S t a t i c  Inv-Conv 

4.9 +0.2 vdc 5.97 vdc - 

400 - +6 Hz 401 Hz 

MOO23-411 Volt  - S t a t i c  Inv-Conv 21.0 +1.5, -1.0 vdc 21 .50  vdc 
2 1  Vo l t s  DC 

18.2 L . p i t a 1  Phase - 
18.2.1 E l e c t r i c a l  Control  System 

The s t a g e  e l e c t r i c a l  c o n t r o l  s y s t e m  responded t o  a l l  f i f t y - t h r e e  switch 

s e l e c t o r  c r ’ l i t a l  commands. S y s t e m  performance was as fol lows:  

a .  Con-rol P r r \ s s u r e  Switches.  No commands were given t o  enab le  

the  c c n t r o l  f u n c t i o n s  of t h e  p r e s s u r e  swi t ches .  The p r e s s u r e  

swi t ch  p o s i t i o n s  r e f l e c t e d  t h e i r  r e s p e c t i v e  environmental  

pressures. 

b .  Aux i l i a ry  Propuls ion System. The A P S  e lec t r ica l  c o n t r o l  s y s  t e m  

responded t o  s t a g e  commands t o  p rov ide  p i t c h ,  yaw, ana r o l l  

c o n t r o l .  

c. Chilldown Shutoff Valves. The chil ldown s h u t o f f  v a l v e  open 

command w a s  exe rc i sed  e a r l y  i n  t h e  o r b i t a l  phase. The LOX 

and LH2 chil ldown s h u t o f f  v a l v e s  responded t o  t h i s  command and 

ope ra t ed  properly.  

d. Vent Valves. The LOX and LH2 v e n t  v a l v e  commands were 

exe rc i sed  throughout t h e  o r b i t a l  phase. The v a l v e s  responded 

t o  2ach cormand and ope ia t ed  p rope r ly .  

18.2.2 E l e c t r i c a l  Power Sys t e m  

Components i n  t h e  e l e c t r i c a l  power s y s  tern func t ioned  as f a l l o w s  : 

a. F l i g h t  Batteries. A l l  b a t t e r y  c u r r e n t s ,  v o l t a g e s ,  and temptra- 

t u r e s  were w i t h i n  the  expected design l i m i t t .  B a t t e r y  c u r r e n t  

and v o l t a g e  p r o f i l e s  a r e  shown i n  f i g u r e s  1-8-5 through 18-8. 

L 

a 
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b.  Volt E x c i t a t i o n  Modules. The 5-VDC e x c i t a t i o n  modules operated 

s a t i s f a c t o r i l y .  The c u t p u t s  a r e  l i s t e d  below.  

Actual 
Value 

Acceptance 
Ranre Pie as u r e  men t Nomen c 1 a t u  re Me as . 

No. c 

F10024-411 Volt  - 5 Volt  E x c i t a t i o n  Mod Fwd 5.000 +0.025 VDC 5.025 VDC - 

P.10068-411 Volt - 5 Volt E x c i t a t i o n  Mod Fwd 2 5.000 +0.025 I'EC 5.025 VDC - 
MOO25-404 Volt - 5 V c l t  E x c i t a t i o n  Mod Aft  5.000 - M . 0 2 5  W C  5.010 VDC 

MOO42-404 Freq - 5 Volt  E x c i t a t i o n  Mod Aft 2000 - +ZOO Hz 2000 Hz 

MOO43-411 Freq - 5 Volt E x c i t a t i o n  Mod Fwd 2030 - +ZOO Hz 2000 Hz 
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S e c t i o n  111 
E le L t r i c a 1  System 

- 660 C0103 - 
610. - 

I-. 

,'i 
560 ---------- ~~~ 

150 - - 
MU019 I 

h 

n. - 
1 z 100- 

TRANSFER TO 
INTERNAL POWER (RO -28) 

v 

I- z 
5 0 -  1 

CL 3 
V 

0 I 

TIME FROM RANGE Z ~ K J  ( S E C )  

Figure 18-1. Forward Battery Nc. 1 (Launch Phase) 

- 
V 

5 
n 
v 

40 

30 

20 

10 

TIVE FROM RANGE ZEW (SEC) 

Figure 18-2. Forward Battery No. 2 (Launch Phase) 



S = - c i o n  I8 
Electricai System 

- 660 COlO4 
a 

2 610- 

!z 5 560. 
0 1 
5 

510. 1 

C 

3 

I- 
1 

T I M  FROn RANGE ZERO (SEC) 

I- z Y 

p: 
7 u 
a50 

Figure 18-3. A f t  Battery No. 1 (Launch Phase) 

70 

60 I 

50 

u 
0 W v 

I 
I 
J 

2 
0 
v 

2 610 
3 

5 
560 

510 
5 e 

C0105 

I 
I 

I I 
L L L  

TIME FROM RANGE ZERO (SEC) 

Figure 18-4. Aft Battery No. 2 (Launch Phaze) 



Section 18 
Electrical System 

F i w r e  18-5. Forward Battery No. 1 (Orbital Phase) 

620. 
C0103 

----.I- ----a - ...--------- ---.,---- 
560- 

530 

4401 A n 
600 800 lo00 3000 5000 7000 9OOO 15,000 20,000 25,000 

TIME FROM RANGE ZERO (SEC) 

Figure 18-6. Foruard Battery No. 2 (Orbltal Phase) 

18-10 



Section 18 
Electrical System 
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S e c t i o n  19 
Range S a f e t y  System 

19 .  R M G E  SAFETY SYSTEM 

The range s a f e t y  s y s t e m  w a s  no t  r equ i r ed  f o r  p r o p e l l a n t  d i s p e r s i o n  du r ing  

f l i g h t .  A l l  i n d i c a t i o n s  showed t h a t  i t  ope ra t ed  p rope r ly  and would have 

s a t i s f a c t o r i l y  terminated an e r r a t i c  f l i g h t .  

19.1 C o n t r o l l e r s  

The c o n t r o l l e r s  are designed t o  d i s t r i b u t e  command s i g n a l s  f o r  eng ine  

c u t o f f ,  exploding br idgewire  (EBW) charge and f i r e ,  and t o  d i s t r i b u t e  

power t o  t h e  rar.ge s a f e t y  components. Performance w a s  s a t i s f a c t o r y  

t h ro ughou t range s a f e  t y ope rat ion.  

19.2 F i r i n g  Units  Monitors 

The fol lowing measurements i n d i c a t e  t h a t  t h e  f i r i n g  u n i t s  were no t  

charged throughout f l i g h t .  

M0030-411 Volt  - F/U 1 EBW Range Sa fe ty  

M0031-411 Volt - F/U 2 EBW Range S a f e t y  

19.3 Receivers S i g n a l  S t r e n g t h  

An RF carrier was r ece ived  by t h e  s t a g e  u n t i l  t h e  range s a f e t y  system 

w a s  s a f e d  a t  approximately 630 s e c  a f t e r  l i f t o f f .  

;io. 1 low l e v e l  s i g n a l  s t r e n g t h  w a s  3.56 vdc a1.4 range s a f e t y  receiver 

No. 2 low l e v e l  s i g n a l  s t r e n g t h  was 4.00 vdc. The high l e v e l  s i g n a l  

s t r e n g t h  measurement f o r  range s a f e t y  r e c e i v e r  No. 2 e x h i b i t e d  r a p i d  

v a r i a t i o n s  a f t e r  RO +120 sec and a s h i f t  i n  level a t  RO +420 sec. The 

r ap id  v a r i a t i o n s  are a t t r i b u t e d  t o  v e h i c u l a r  r o l l  a t t i t u d e  changes 

causing a t r a v e r s e  of antenna n u l l  p a t t e r n .  The level s h i f t  is due t o  

downrange a c q u i s i t i o n  and look ang le  from t h e  ground s t a t i o n .  

t h i s  t i m e ,  t h e  range s a f e t y  system operated p rope r ly  as shown by i t s  

response t o  t h e  s a f e  command. 

Range s a f e t y  r e c e i v e r  

During 

N0056-411 Misc - Sec R/S Rcvr 2 H/L S i g  S t r  

N0057-411 Misc - Sec R/S Rcvr 1 L/L  S i g  S t r  

N0062-411 Misc - Sec R/S Rcvr 2 L/L S i g  S t r  
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Sect ion 20 
F l igh t  Control 

20. FLIGHT CONTROL 

The t h r u s t  vec tor  cont ro l  (TVC) system responded s a t i s f a c t o r i l y  to  

instrument un i t  (IU) a t t i t u d e  command s i g n a l s  providing p i t ch  and yaw 

cont ro l  during S--IVB powered f l i g h t  and during t h e  f i r s t  80 s e c  of LOX 

dump during t h e  propel lan t  removal test. Transients  experienced during 

S-IB/S-IVB separa t ion ,  a t t i t u d e  e r r o r  and r a t e  gain change, guidance 

L de changes, and during t h e  f i r s t  80 s e c  of LOX dump were w e l l  wi th in  

the  c a p a b i l i t i e s  of the  cont ro l  system. Low frequency and amplitude 

o s c i l l a t i o n s  (approximately 0.35 cps  and 0.12 deg peak-to-peak of 

ac tua tor  def lec t ion)  were observed during powered f l i g h t .  

frequency o s c i l l a t i o n s  have been experienced by t h e  cont ro l  sys  t e m  on 

previous f l i g h t s  and a re  a t t r i b u t e d  t o  a combination of propel lan t  

s losh ing  and l i m i t  cycle  operat ion r e s u l t i n g  from n o n l i n e a r i t i e s  induced 

by gimbal bear ing f r i c t i o n .  S t a b i l i t y  s t u d i e s  have ind ica ted  t h a t  these 

o s c i l l a t i o n s  would be  expected during S-IVB burn f o r  t h e  AS-204 mission. 

S imi la r  low 

The aux i l i a ry  a t t i t u d e  cont ro l  system (AACS) 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  during powered f l i g h t ,  and s a t i s f a c t o r y  p i t ch ,  yaw, and 

r o l l  cont ro l  during e a r t h  o r b i t .  During powered f l i g h t ,  Ligh frequency 

and magnitude o s c i l l a t i o n s  (between 1 7  and 22 cps and 3.3 deg/sec peak- 

to-peak maximum) were cbserved on thc r o l l  rate gyro. 

were predominant during a 40 s e c  interval following guidance i n i t i a t i o n  

and appeared t o  a f f e c t  r o l l  con t ro l  system operat ion by allowing t h e  r o l l  

a t t i t u d e  e r r o r  t o  increase  s i g a i f i c a n t l y  beyond t h e  normal system deadband 

f o r  the  observed f l i g h t  condi t ions.  The high frequency rate s i g n a l s  

damped t o  a r e l a t i v e l y  low amplitude following the  noted 40 s e c  t i m e  

i n t e r v a l  and r o l l  cont ro l  system opera t ion  appeared nom& f o r  t he  

remaindzr of the  f l i g h t .  

amplitude could have resu l ted  i n  a diverging r o l l  a t t i t u d e  e r r o r  and 

p o t e n t i a l  l o s s  of a t t i t u d e  cont ro l ,  

A l l  o r b i t a l  maneuvers were accomplished a s  planned, and vzh ic l e  . i t t i t u d e  

control  w a s  v e r i f i e d  u n t i l  l o s s  of s igna l  a t  Tananarive during the  

seventh revolu t ion  (RO +36,078 s e c ) .  

(LVDC) da ta  and IU a t t i t u d e  cont ro l  d a t a  ind ica ted  an uncontrol led 

These o s c i l l a t i o n s  

Sustained undamped o s c i l l a t i o n s  of a h igher  

Launch vehic le  d i g i t a l  computer 
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Sect ion  20 
F l i g h t  Control  

S-IVB/IU a t  a c q u i s i t i o n  of s i g n a l  a t  HawRii during :he seventh revolu t ion  

(30 +38,082 s e c ) .  

AS-204 mission w a s  4.5 h r .  The cLust! c: loss of a t t i t u d e  c o n t r o l  between 

Tancnarive and Hawaii has  n o t  been determined; however, f l i g h t  d a t a  i n d i -  

c a t e s  t h a t  d e p l e t i o n  of AACS p r o p c l l m t s  may have occurred. 

l n e  required d u r a t i o n  of a t t i t u d e  c o n t r o l  f o r  t h e  

Limited LH2 and LOX s l o s h i r g  was observe6 or. t h e  PU s e n s o r  f i n e  mass d a t a  

during powered f l i g h t .  The s l o s h  f requenciec  snd anpl icudes were 

comparable to  t h a t  experienced durir?g previous f lFgn ts ar:d appeared 

normal during both S-IB and S-IVF burn  phases .  P r o p c l l a n t  s l o s h i n g  d id  

n o t  have an apprec iab le  e z f e c t  on att i tr i le c o n t r o l  system o p e r a t i o n  

during powered f l ig l i  t . 
20.1 A t t i t u d e  Control  (Powered F l i g h t )  

The TVC system and the  AACS responded sa t i s faL. to : - i ly  t o  I U  guidance 

commands and prcvided s a t i s f a c t c r y  a t t i t u d e  c o n t r o l  du:.ing powered f l i g h t .  

20.1.1 Thrust  Vector Control  System Performance (Po-?.?red F l i g h t )  

P i t c h  and yaw guidznce com.ands an3 corresponding v e h i c l e  a t t i t u d e s  

(p la t form gimbal angles)  during S-IVB powered f l i g h t  are shown i n  

f i g u r e s  20-1 and 20-2 r e s p e c t i v e l y .  The a c t u a l  v e h i c l e  a t t i t u d e  

c o r r e l a t e s  w e l l  wi th  t h e  commanded a t t i t u d e  i n d i c a t i n g  normal contro; 

system opera t ion .  

s e p a r a t i o n ,  i n t r o d u c t i o n  of the t h r u s t  misalignment c o r r e c t i o n  term 

i n t o  t h e  guidacce equat ions  , a t t i t u d e  e r r o r  and rate g a i n  change, 

i n i t i a t i o n  and te rmina t ion  of t h e  A r t i f i c i a l  Tau Guidance Mode, Chi 

T i l d e  Guidance Mode, Chi Freeze,  and 5-2 c u t o f f .  These c o n t r o l  system 

t r a n s i e n t s  were expected and appeared normal during each of these  

i n t e r v a l s .  

TVC system t r a n s i e n t s  were experienced a t  S-IB/S-IVR 

A t t i t u d e  e r r o r s  generated i r .  t h e  LVDC, angular  rates obtained from 

c o n t r o l  rate gyros,  and a c t u a t o r  p o s i t i o n s  during powered f l i g h t  

a r e  presented i n  f i g u r e s  20-1, 20-4 and 20-5 r e s p e c t i v e l y .  These 

d a t a  i n d i c a t e  normal TVC system opera t ion .  

c o n t r o l  system parameters during powered f l i g h t  are summarized i n  

t a b l e  20-1. The most severe  t r a n s i e n t s  experienced during powered 

Maximum values  of 
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Sect ion 2C 
F l i  gh t Control  

f l i g h t  were a t  S-TB/S-IVB s e p a r a t i o n  and a t  i n i t i a t i o n  of t h e  I t e r a t i v e  

Guidance Mode (IGM) . 
of t h e  c o n t r o l  system. Another s i g n i f i c a n t  c o n t r o l  system t r a n s i e n t  

occurred fol lowing a t t i t u d e  e r r o r  and r a t e  ga in  change (approximately 

RO +286 s e c ) .  This t r a n s i e n t  w a s  l a r g e r  than t h a t  experienced during 

previous f l i g h t s  and is  a t t r i b u t e d  p r i m a r i l y  t o  t h e  magnitude of the  

AS-204 ga in  change. 

These d is turbances  were w e l l  w i t h i n  t h e  c a p a b i l i t i e s  

Low frequency and amplitude o s c i l l a t i o n s  (approximately 0.12 deg peak-to- 

peak maximum a c t u a t o r  d e f l e c t i o n  a t  0.35 cps) were observe..: i n  t h e  p i t c h  

a x i s  durirzg S-IVB powered f l i g h t .  These o s c i l l a t i o n s  were 1 2 a d i l y  

d i s c e r n a b l e  on t h e  p i t c h  a c t u a t o r  pas-cion, servo  a m p l i f i e r  command 

c u r r e n t ,  d i f f e r e n t i a l  p r e s s u r e ,  and p i t c h  ra te  gyro measurements u n t i l  

approximately 145 sec a f t e r  Engine S t a r t  Command. A t  t h i s  t i m e ,  t h e  

a t t i t u d e  e r r o r  and r a t e  ga in  ciisnge reduced t h e  a c t u a t o r  p o s i t i o n  

amplitude from 0.12 deg peak-to-peak t o  approximately 0.06 deg peak-to- 

peak. 

Nonlinear analog s imula t ions  were employed t o  determine t h e  e f f e c t s  of 

gimbal b e a r i n g  f r i c t i o n  and i n i t i a l  s l o s h  condi t ions  on t h e  t h r u s t  v e c t o r  

c o n t r o l  system. The fol lowing cases were considered f o r  comparison w i t h  

t h e  c o n t r o l  system response during f l i g h t .  

a. An i n i t i a l  s l o s h  condi t ion  and a nominal v a l u e  of gimbal 

bear ing  f r i c t i o n .  (Gimbal bear ing  f r i c t i o n  i s  known t o  

induce c o n t r o l  system l i m i t  cycl ing.)  

b .  A nominal v a l u e  of gimbal b e a r i n g  f r i c t i o n  and zero  i n i t i a l  

s l o s h  condi t ions .  

c. An i n i t i a l  s l o s h  condi t ion  and zero gimbal bear ing  f r i c t i o n .  

The r e s u l t s  of case (a) i n d i c a t e d  t h e  presence of low frequency and 

amplitude o s c i l l a t i o n s  on t h e  a c t u a t o r  p o s i t i o n  similar t o  those 

experienced during f l i g h t .  

absence of any o s c i l l a t i o n s  on t h e  a c t u a t o r  p o s i t i o n .  

i n  an a c t u a t o r  response i d e n t i c a l  t o  t h a t  experienced during f l i g h t ;  

t h e r e f o r e ,  t h e  r e s u l t s  of t h e  nonl inear  analog s imula t ions  i n d i c a t e  t h a t  

The r e s u l t s  of case (b) i n d i c a t e d  the  

Case ( c )  r e s u l t e d  

20-3 
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Sect ion  23 
F l i g h t  Control  

the low frequency o s c i l l a t i o n s  occurr ing  e a r l y  during S-IVB-204 powered 

f l i g h t  can be a t t r i b u t e d  pr imar i ly  t o  p r c p e l l a n t  s l o s h i n g .  The r e s u l t s  

of case (c )  a r e  presented i n  f i g u r e  20-6, and 20-7. As i n  f l i g h c ,  t h e  

low frequency and amplitude o s c i l l a t i o n s  were reduced a t  a t t i t u d e  e r r o r  

aiid r a t e  g a i n  change. 

during t h e  S-IVB-201 powered f l i g h t .  

P t t r i b u t e d  tc s l o s h i n g  e a r l y  i n  powered f l i g h t  and c o n t r o l  s y s t e m  l i m i t  

cyc le  o p e r a t i o n  dde t o  gimbal bea.ii;g f r i c t i o n  l a te  i n  t h e  burn per iod .  

S imi la r  a c t u a t o r  o s c i l l a t i o n s  were a l s o  experienced 

The o s c i l l a t i o m  on AS-201 were 

The a t t i t u d e  c o n t r o l  system reyponse w a s  s imulated during powered f l i g h t  

t o  determine t h e  n a t u r e  of t h e  experienced t r a m i e n t s  and t o  v e r i f y  

s a t i s f a c t o r y  c o n t r o l  system opera t ion .  The i n i t i a l  condi t ions ,  t h r u s t  

v e c t o r  misalignment and s teady  s t a t e  r o l l  torque used i n  t h e  s imula t ion  

is presepted i n  t a b l e  20-2. A comparison of a c t u a l  and s imulated p i t c h  

a t t i t u d e  e r r o r s ,  angular  rates, and a c t u a t o r  F o s i t i o n s  is shown i r  
f i g u r e  20-8. Corresponding information i n  t h e  yaw plane  is presented 

i n  f i g u r e  20-9. 

i n  p i t c h  and -0.36 deg i n  yaw. The resu lLs  i n d i c a t e  t h a t  TVC system 

response t o  g u i a a m e  comniat~& w a s  s a t i s f a c t o r y  . 

The e f f e c t i v e  t h r u s t  v e c t o r  misalignment was 0.21 deg 

20.1.2 Auxil iary A t t i t u d e  Control  System Performsrce (Powered F l i g h t )  

The AACS provided s a t i s f a c t o i y  r o l l  c o n t r o l  during S-IVB powered f l i g h t .  

High frequency o s c i l l a t i o n s  (between 1 7  and 22 cps and 3 . 3  deg/sec 

peak-to-peak maximurn) were observed on t h e  p i t c h ,  yaw and r o l l  rate gp-os  

during S-IVB powered f l i g h t .  

t h e  p i t c h  and r o l l  ra te  gyros dur ing  a 40 sec i n t e r v a l  f c l l o w i n s  S-TVB 

guidance i n i t j a t i o n  as shown i n  f i g u r e  20-4. Ijuring t h i s  i n t e r v a l ,  t! s 

r o l l  a t t i t u d e  e r r o r  inczeased from approximately C.0 deg t o  2.3 ' . A 

r o l i  a t t i t u d e  e r r o r  of t h i s  magnitude would rLormally b e  i n d i c a t ;  )f a 
re1at i ; re iy  l a r g e  r o l l  d i s turbance  accompanied by h igh  frequency c- 

continuous AACS o p e r a t i o n ,  depending on t h e  v e h i c l e  angular  r a t e .  

d r t a  i n d i c a t e d  a r e l a t i v e l y  low and unexpected AACS r o l l  engine duty 

c y c l e  during t h i s  in te rva l .  The S-IVR AACS responded s a t i s f a c t o r i l y  t o  

IU s p a t i a l  a m p l i f i e r  commands; however t h e  high frequency rate s i g n a l  

The o s c i l l a t i o n s  were most s i g n i f i c a n t  on 

F l i g h t  
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Sect ion  20 
F l i g h t  Control  

appeared t o  circumvent expected s p a t i a l  a m p l i f i e r  opera t ion .  Inves t iga-  

t i o n  has  i n d i c a t e d  t h a t  t h e  high frequency s i g n a l  e f f e c t i v e l y  i n c r e a s e s  

t h e  r o l l  c o n t r o l  deadband and allows t h e  a t t i t u d e  e r r o r  t o  i n c r e a s e  

beyond the  design deadband of  - +1 deg, The high frequency r o l l  ra te  

experier.ced on As-204 damped t o  a r e l a t i v e l y  small amplltude approxi- 

mately 40 sec a f t e r  guidance i n i t i a t i o n ,  a f t e r  which t i m e  the  s p a t i a l  

a m p l i f i e r  funct ioned as  expected t o  redi-ce che r o i l  a t t i t u d e  e r r o r  t o  

w i t h i n  the desirer :  deadband. A s u s t a h e r i  high frequency s i g n a l  from t h e  

r o l l  rate gy-o during powered f l i g h t  could r e s u l t  i n  a d iverg ing  r o l l  

a t t i t u d e  er. ' and p o t e n t i a l  l o s s  of r o l l  cont ro l .  The o r i g i n  of t h e  

noted high A .quency s i g n a l s  and t h e  e f f e c t  on t h e  c o n t r o l  system are 

being i n v e s t i g a t e d  f u r t h e r .  S i m i l a r  high frequency s i g n a l s  have been 

observed during previous f l i g h t s ,  p a r t i c u l a r l y  AS-201, and AS-203. The 

magnitudes of o s c i l l a t i o n s  experienced during t h e s e  f l i g h t s  were n o t  of  

s u f f i c i e n t  magnitude t o  a f f e c t  o p e r a t i o n  of t h e  r o l l  c o n t r o l  system. 

S i m i l a r  t o  AS-204,  t h e  high frequency s i g n a l s  experienced on As-201 and 

AS-203 were predominantly on the  p i t c h  and r o l l  r a t e  gyros.  

A t t i t u d e  c o n t r o l  engines  I and I11 wese t h e  only e n g i w s  r e q u i r e d  t o  

f i r e  f o r  r o l l  :!;titude c o r r e c t i o n  during poweied f l i g h t .  The r o l l  a t t i -  

tude e r r o r  and a t t i t u d e  c o n t r o l  engine f i r i n g s  are prese,ited i n  

f i g u r e  20-3 .  The r o l l  angular  rate i: a w n  i n  f i g u r e  2 0 4 .  The 

frequency of engine f i r i n g s  was h i g h e r  than t h a t  experienced dur ing  

previous Cl ights .  This i s  a t t r i b u t e d  t o  a h i g h e r  s teady  s ta te  r o l l  

torque (approximately 27 f t - l b f  i n  a clockwise d i r e c t i m )  , r e o u l t h g  

from J-2  engine exhaust  gas s w i r l .  

experienced previous ly  was 20 f t - lb f  (AS-202)  . 
and impulse usage f o r  r o l l  c o n t r o l  during powered f l i g h t  :Jere approxi- 

mately 2 . 7  l b f  and 600 lb f -sec  f o r  each module, r e s p e c t i v e l y .  

2.7 'hf r e p r e s e n t s  approximately 4 . 3  p e r c e n t  o f  t h e  t o t a l  p r o p e l l m t s  

a v a i l a b l e  f o r  a t t i t u d e  c o n t r o l .  

p r e d i c t e d  usage b u t  w i t h i n  t h e  expected range of p r o p e l l a n t  usage f o r  

r o l l  c o n t r o l  during powered f l i g h t .  

11 I V  

The h i g h e s t  s teady  s t a t e  r o l l  torque 

P r o p e l l a n t  requirements 

The 

This q u a n t i t y  is  h i p h e r  thnn t h e  mean 

Roll  c o n t r o l  system s imula t ions  were conducted i n  conjunct ion w i t h  TVC 

system s imula t ions  during powered i l i p . k t .  A comparison of actual and 
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simulated r o l l  a t t i t u d e  I r r o r s  and angular r a t e s  during powered f l i g h t  

are presented i n  f igure  20-10. As indicated,  operat ion of t h e  r o l l  

s c q t r o l  system uas s igp  

t ions  r e su l t i ng  i n  an unexpected r o l l  a r t i t u d e  e r r o r  excursion. 

icant l -y  a f fec ted  by t h e  high frequency o s c i l l a -  

The steady s ta te  r o l l  ac t i t ude  e r r o r  during power€d f l i g h t  w a s  approxi- 

natelj' 0.5 deg as opposed t o  the  expected nominal 1.0 deg. This is 

attribuEed to  a r a t e  b i a s  of approximately 0.1 deg/sec. 

20.2 A t t i w d e  Control- Orbi t  

The 

and 

A l l  

auxi l ia ry  a t t i t u d e  cont ro l  system provided s a t i s f a c t o r y  p i t ch ,  yaw 

r o l l  cont ro l  during o r b i t .  

o r b i t a l  maneuxrs and i n e r t i a l  a t t i t u d e  holds  were accomplished as 

planned and a t t i t u d e  cont ro l  vas v e r i f i e d  t u i t i l  l o s s  of s i g n a l  a t  

Tananarive during the  seventh revolut ion (RO +36,07& sec)  . 
Following t h e  f i r s t  80 sec of LOX dump during t h e  propel lan t  removal tes t ,  

a t t i t u d e  cont ro l  -;as successfu l ly  t ransfer red  from the  TVC system t o  the 

&cs as FlaMed. 

20.2.1 S-IVB 5-2 Engine Cutof; 

An i n e r t i a l  a t t i t u d e  hold vas i n i t i a t e i  j u s t  p r i o r  t o  S-ICE 2-2 engine 

cutoff  and rnaintahed u n t i l  approximately 90 sec a f t e r  cutoff .  

i n e r t i a l  a: t i t u d e  hc ld  w 3 s  i n i t i a t e d  for nose cone separa t icx .  

l a r g e  p i tch  and yaw disturbances and subsequent high AACS engine duty 

cycles were experienced following i n i t i a t i o n  of t h e  LOX vent  a t  

TB4 M.2 sec.  

nozzle w a s  al igned to  p a s s  throxgh *\e veh ic l e  center  of g rav i ty  following 

LEM separat ion.  The durat ion of t h e  LOX vent  w a s  40 sec. The AACS 

impulse usage durilig the  t i m e  i n t e r v a l  (RO +593 t o  RO +536 sec) was 
621, 1,107,  1,118, and 7 lbf-sec from engines IF, 111, 11111, and IIIIv, 

respectively.  

and the impulse usagn- is included i n  t a b l ?  20-3, 

The 

Rela t ive ly  

These dis turbances were expecred s i rce  the LOX vent  

The engine f i r i n g  h i s t o r y  is included fc f lgu re  20-11 

Approximately 124 lbf-sec of t h e  621 lbf-sec p i t c h  i m p d s e  usage w a s  

required t o  s t o p  a r b  i,.i ;-id pi tch  :-ate of 0.2 deg/aee. The remaining 
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impulse  usage (497 lbf-sec) t h a t  w a s  required t o  cont ro l  the average 

d is turb ing  moment of 366 f t - lb f  (nose down; w a s  a t t r i b u t e d  pr imari ly  t o  

the  LOX vent.  Similar  t o  the p i tch  cont ro l  reqcireuients , approximately 

124 lbf-sec of  impulse usage w a s  required to  s t o p  a t  i n i t i a l  yaw r z t e  of 

0.2 deg!sec. 

an average yaw mment of 1,605 f t - lb f  (nose l e f t )  which cap b e  a t t r i b u t e d  

t o  venting dis turbances.  

cone separa t ion  occurred. 

during t h i s  i n t e rva l .  

The remaining yaw impulse usage or' 2,164 Lbf-sec prsduced 

Approximately 11.5 sec a f t e r  S-IVB cu to f f ,  nose- 

Rela t ive ly  s m a l l  d is turbances were experienced 

Nose cone separa t ion  d i s t u r b a x  and the maneuver t o  l o c a l  ho r i zon ta l  

folloLing S-l;."o cgtof f were simulated t o  de te rn jne  c h a r a c t e r i s t i c s  of  

d i s turb ing  forces  and ve r i fy  s a t f s f a c t o r y  con t ro l  system perfcrmance. 

The s i L d a t i o n  i cd ica t ed  that m a x i m u m  p i tch ,  yaw and r o l l  d i s tu rb ing  

moments dvring the  nose cone separa t ion  w e r e  20 f t - lb f  (nose down), 

220 f t - lb f  (nose l e f t ) ,  and 125 f t - lbf  (counter CLodk-ise), respec t ive ly .  

These disturbances were adequately cont ro l led  by t h e  a t t i t u d e  con t ro l  

system. The comaqded, ac tua l  and simuiated platform gimbal angles  

during the  r a t ed  time i n t e r v a l  are presented i n  f i g u r e  20-12. 

simulated p i t ch  and yaw a t t i t u d e  gimbal angle  compare favorably with 

the a c t u a l  gimbal angles ,  i nd ica t ing  normal AACS performance. The 

acmal and simulated r o l l  gimbal angles  de not  i n d i c a t e  good c o r r e l a t i o n  

due to t h e  d i f f i c u l t y  i n  s imulat ing yaw/rol l  i n t e rac t ion .  

The 

20.2.2 

The spacec ra f t  LEM adapter  (SLA) panels w e r e  deployed a t  approximately 

RO +1,194 sec t o  enable LEM separa t ion  which occurred a t  approximately 

RC) +3,235 sec. 

experienced f.Jllcwing t h e  SLA panel  deployment. 

hdnts during t h i s  i n t e r v a l  were 9s f Alows: 

Spacecraf t  LEM Adapter Panel Deployment 

P c s i t i v e  an6 negat ive yaw and r o l l  dis turbances w e r e  

AACS impulse require-  

102 l b f  -sec to  co r rec t  f o r  pos i t i ve  dis turbance 

73. lbf-sec to  co r rec t  f o r  negat ive dis turbance 

4 
20-7 
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90 lbf-sec t o  co r rec t  f o r  pos i t i - l e  distui-Lance 

85 lbf-sec t o  co r rec t  f o r  negative dis turbance 

20.2.3 LEM Separation 

Guidance cowmands were frozen a t  RO +3,000 sec  t o  mifiimize dis turbances 

during LEM separa t ion  which occurred approximately RO +3,235 sec. 

Disturbances during L E M  separa t ion  were r e l a t i v e l y  small. 

180 sec a f t e r  LEM separa t ion ,  a maneuver w a s  i n i t i a t e d  t o  a l i g n  the  

veh ic l e  with the  l o c a l  hor izonta l  and ' e s t ab l i sh  an o r b i t a l  p i t ch  rate. 

Commanded and a c t u a l  veh ic l e  a t t i t u d e s  during t h i s  i n t e r v a l  are presented 

i n  f igu re  20-13. Att i tude  e r r o r s  and angular rates f o r  t h i s  t i m e  period 

are shown i n  f igu res  20-14, and 20-15, respec t ive ly .  liiese da ta  i n d i c a t e  

s z t i s f a c t o r y  cont ro l  system perfon-lance during L E M  separa t ion  and the  

maneuver t c  the  l o c a l  hor izonta l .  "lie AACS f i r i n g  h i s t o r y  and impulse 

usage during t h i s  i n t e r v a l  are included i n  f igu re  20-11 and t a b l e  20-3 

respec t  i?;e l y  . 

Approximately 

20.2.4 C h i  Freezr and Manp,uver t o  Retrograde At t i t ude  

Guidance commands were frozen a t  KO +5,485 sec placinr, t he  veh ic l e  i n  an 

i n e r t i a l  hold.  

which t i m e  the  vehic le  had a t t a ined  a nose up a t t i t u d e  of 60 deg with 

r e spec t  t o  t h e  l o  a1 hor izonta l .  

f i c a n t l y  as the  vehic le  angle  of a t t a c k  increased during t h r  t i  ... e period 

a f t e r  which t h e  guidance commands were frozen. 

increased a :itude control  sys tem engine f i r i n g s  i;. the  p i t ch  plane 

(engine I ), during the  t i m e  i n t e r v a l  i n  

which the  guidance commands we:e frozen w a s  approximately 860 L f - s e c .  

This represents  an average control  moment of approxinately 16.7 f t-lbf 
required t o  co r rec t  f o r  aerodyiamic and gravi ty  grad ien t  dis turbances 

dur!ng t h i s  t i m e  i n t e rva l .  

the  maneuver to  retrt-grade a t t J t u d e  are shown i n  f lgures  20-16 Jnd 

20-1 7 respect ively.  

A re t rograde  maneuver w a s  i n i t i a t e d  a t  RO +6,355 s e c  a t  

Aerodyna i c  m o m e m t s  i x r e a s e d  s ign i -  

This w a s  evidemed by 

Impulse usage from epgine 2 
P P 

Atr-itude errors and angular rates during 

20 -8 

we L. 
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20.2.5 Propel lant  Dump T e s t  

The propel lan t  dumn tes t  is covered i n  paragraph 26.6. 

20.2.6 

--- 

Propel lant  Requirements f o r  At t i tude  Control 

Propel lant  requiremcnts f o r  a t t i t u d e  cont ro l  during powered f l i g h t  were 

higher  than the G tan predicted usage bu t  wi th in  the expected usage range. 

Orb i t a l  propel lant  requirements f o r  a t t i t u d e  cont ro l  w e r e  h igher  than 

predicted dl r lng  t h e  f i r s t  two LH2 vents and during t h e  ch i  f reeze  period 

p r i o r  t o  t k e  p i t ch  maneuver t o  re t rograde a t t i t u d e .  The a c t u a l  and 

predicted prop- l lan t  usage f o r  a t t i t u d e  cont ro l  are presented i n  

f i g u r e  2C-18 for module I and module 11. 

The high propel lan t  usage can be a t t r i b u t e d  pr imari ly  t o  the following: 

a. A hLgh steady state roll torque durfng powered f l i g h t  r e s u i t t c  

i n  hLgh usage ( t h e  r o l l  torque was higher  than the mean predicted 

but  less than the  predicted t h y c e  sigma). 

b . Highdr than expected vented f lowrates and subsequent dis turbance 

during t h e  f i r s t  two LH2 vents  r e su l t i ng  i n  a high rate of usage 

during the * i m e  of these  vents.  

c. Aerodynamic e f f e c t s  w e r e  not  included i n  the  A P S  propel lan t  

consumption predict ion.  A t  l a r g e  angles of a t t ack ,  the  aero- 

dynamic moments produced by t h e  open SLI panels are s i g n i f i c a n t .  

Thus, during t h e  retrograde maneuver l a r g e  aerodynamic moments 

resu l ted .  

on the predicted propel lan t  consumption. 

Figure 20-18 includes t h e  revised aerodynamic e f f e c t s  

Platform gimbal angles obtained from the L V X  and vehic le  a t t i t u d e  

e r r o r s  and angular rates obtained from the I U  i n d i c a t e  the  S-TT.’B/JU l o s t  

a t t i t u d e  cont ro l  between Tananarive and H a w a i i  o f  the  seventh revolut ion.  

Platform gimbal angles (compressed data)  during a p o r t i m  of t h i s  t i m e  

i n t e r v a l  are shown i n  f igu re  20-19. 

Tanmarive (RO +36,078 sec)  indicated normal a t t i t u d e  cont ro l  operation. 

At t i tude  e r r o r s  and angular rates during t h i s  i n t e r v a l  are shown i n  

f igures  20-20 and 20-21. 

Loss of s i g n a l  of I U  d a t a  a t  

Acquisit ion of s i g n a l  of I U  da t a  a t  H a w a i i  

20-9 
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(RO +38,082 sec)  indicated an uncontrolled S-IVB/IU. At t i tude  e r r o r s  

and angular rates f o r  t h i s  t i m e  per iod are shown i n  f igures  20-22 and 

20-23.  S p a t i a l  amplif ier  command s igna l s  t o  t h e  a t t i t u d e  cont ro l  engines 

during the  seventh revolut ions over Tananarive and H a w a i i  are shown i n  

f igu re  2 0 - 2 4 .  

20-23,  i nd ica t e  t h a t  the  a t t i t u d e  cont ro l  system w a s  not  responding t o  

command s igna l s  over H a w a i i .  

At t i tude  cont ro l  parameters shown i n  f igu res  20-22 and 

Inves t iga t ion  ind ica t e s  t ha t  t he  most probable cause o f  loss of  a t t i t u d e  

cont ro l  is deple t ion  of a t t i t u d e  con t ro l  propel lants .  

po la t ion  of AACS propel lan t  usage from approxirnately 27,000 sec t o  

deple t ion  ind ica t e s  t h a t  p ropel lan ts  i n  module I and module I1 would be 

depleted a t  approximately 45,000 and 41,000 sec, respect ively.  Increased 

aerodynamic d i s  turbaaces a t t r i b u t e d  t o  the decaying o r b i t  would coil tr i-  

bute  t o  an earlier deplet ion.  I n  addi t ion ,  guidance comnands were frozen 

approximately 33,450 sec which terminated the  o r b i t a l  p i tch  rate and in- 

creased AACS cont ro l  requirements due t-o increased aerodynamic d is turb-  

ances. 

depleted earlier than t h e  t i m e  obtained using a l i n e a r  extrapolat ion.  

Predict ions based on f l i g h t  da t a  i n d i c a t e  t h a t  S-IVB and I U  b a t t e r y  

power necessary t o  operate  the a t t i t u d e  cont ro l  system would be adequate 

beyond the  t i m e  of a t t i t u d e  cont ro l  loss. 
not  ava i lab le  t o  confirm deple t ion  of AACS propel lan ts ,  f l i g h t  da t a  

ind ica t e  t h a t  propel lant  deple t ion  w a s  probable. 

A l i n e a r  ex t ra -  

As a result, i t  is reasonable t h a t  AACS propel lan ts  would have 

Although s u f f i c i e n t  d a t a  is 

The AACS impulse usage is  summarized i n  tab le  20-3. 

f i r i n g  h i s to ry  during realtime d a t a  coverage is presented i n  f igu re  20-11. 

The AACS engine 

20.2.7 Propel lant  Sloshing 

S-IVB PU system f i n e  m a s s  d a t a  ind ica ted  tha  presence of LOX and LH2 

s losh ing  during S-IVB powered f l i g h t .  Propel lant  s loshing w a s  similar 

t o  t h a t  experienced during previous f l i g h t s  and d id  not have an appre- 

c i ab le  e f f e c t  on the  a t t i t u d e  cont ro l  system. 

Predicted and ac tua l  LH2 and LOX s losh  frequencies during powered f l i g h t  

.I 



Sect ion 20 
F l igh t  Control 

a r e  shown i n  f igu re  20-25. 

predicted LH2 f i r s t  mode na tu ra l  frequency as experienced during previous 

f l i g h t s .  The observed LOX s losh ing  frequency w a s  v e q  near t h e  predicted 

LOX second mode na tu ra l  frequency. 

LH2 s loshing occurred p r i m a r i l y  near the 

LH2 s losh  amplitudes are shown i n  f igu re  20-26. 

observed at t h e  PU sensor  w a s  comparable t o  t h a t  experienced during 

previous f l i g h t s .  

sensor  w a s  4 in .  zero-to-peak. 

tank w a l l  w a s  19 in .  zetc-to-peak. The LOX s losh  amplitude observed on 

the  LOX PU sensor  is Shawn i n  f igu re  20-27. 

amplitude w a s  0.65 in .  

The LH2 s losh  amplitude 

The maximum LH2 s losh  amplitude observed a t  the  PU 
The maximum s losh  amplitude a t  the  

The maximum LOX s losh  

20-11 
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TABLE 20-2 
SIMULATED FLIGHT CONUTTIONS 

PARAMETER 

I n i t i a l  P i t c h  A t t i t u d e  E r r o r  ( P o s i t i v e  
Nose Up) 

I n i t i a l  Y a w  A t t i t u d e  E r r o r  ( P o s i t i v e  
Nose Right) 

I n i t i a l  P i t c h  Rate ( P o s i t i v e  Nose Up) 

I n i t i a l  Y a w  Rate ( P o s i t i v e  Nose Right)  

I n i t i a l  P i t c h  Actuator  P o s i t i o n  
( P o s i t i v e  Steers Nose Down) 

I n i t i a l  Y a w  Actuator  P o s i t i o n  
( P o s i t i v e  S t e e r s  Nose L e f t )  

P i t c h  E f f e c t i v e  Thrust Vector j a l ign -  
ment ( P o s i t i v e  S t e e r s  Nose Down) 

Yaw E f f e c t i v e  Thrust  Vector (Misalig7.i- 
ment ( P o s i t i v e  S t e e r s  Nose L e f t )  

I n i t i a l  P i t c h  Angle of Attack 
( P o s i t i v e  Nose Up) 

I n i t i a l  Yaw Angle of Attack ( P o s i t i v e  
Nose Right) 

Steady S t a t e  Ro l l  Torque ( P o s i t i v e  CW 
Looking Forward) 

VALUE 

-0.1 

-0.15 

0.10 

0.19 

0.0 

0.0 

+0.21 

-0.36 

-0.992 

+O. 056 

27.0 
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W 
v, 
0 z 
+ 
v 

TIME FROM RANGE ZERO (SEC) 

Figure 20-1. Pi tch Comnanded and Actual Vehicle A t t i  tude During S-IVB 
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Figure 20-8. P i t c h  At t i tude  Er ror ,  Angular Rate, and Actuator Pos i t ion  
during S - I V B  Powered F l i g h t  
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Figure 20-9. Yaw Att i tude Error,  Angular Rate, and Actuator Posit ion 
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Hydraulic System 

21. HYDRAULIC SYSTEM 

21.1 Hydraulic System Operation 

The S-IVB hydraul ic  sys t em performance was wi th in  predicted values  and 

the  e n t i r e  s y s  tern operated s a t i s f a c t o r i l y  throughout f l i g h t .  All r e d l i n e  

l i m i t s  were m e t  p r i o r  t o  l i f t o f f .  There w e r e  no o r b i t a l  thermal cycles 

and no l o s s  of sys t em f l u i d  due t o  overboard venting as a r e s u l t  of 

r e se rvo i r  f l u i d  thermal expansion. 

which is wi th in  the 0.4 t o  0 . 8  gpm allowable range. 
System i n t e r n a l  leakage w a s  0.72 gpm 

Pi tch  ac tua tor  t r a n s i e n t  loads during engine start were neg l ig ib l e  as 

were the  loads throughout the f l i g h t .  Proper operat ion of t h e  p i t c h  

ac tua to r  dynamic pressure feedback mechanism is indica ted  by the  

ac tua to r  d i f f e r e n t i a l  pressure traces. The hydraul ic  servoactuators  

responded properly t o  incoming instrument u n i t  s i g n a l s .  Good correla-  

t i o n  w a s  observed between t h e  S-IVB ac tua to r  pos i t i on  da ta  and t h e  

instrumer . i sc tua tor  command da ta  throughout the powered f l i g h t .  

A SUUUII; 

of f .  presented i n  table 21-1. System temperatures, r e se rvo i r  

oil 

21-4. 

- e m  pressure measurements ob ta inad during var ious  phases 

6 .  L and ac tua to r  pos i t ions  are shown i n  f i g u r e  21-1 through 

21.2 Prelaunch 

During countdown the aux i l i a ry  hydraul ic  pump w a s  switched t o  t h e  coas t  

thermal mode a t  3.5 h r  p r i o r  t o  l i f t o f f ,  j u s t  p r i o r  t o  propel lan t  loading. 

Thermal cyc l ing  occurred approximately ten t i m e s  dur ing t h i s  period f o r  a 

t o t a l  pump operat ing t i m e  of approximately 2.1 hr .  

a t  the pump i n l e t  (COGSO) were 20 t o  30 deg F f o r  pump en and 75 t o  

80 deg F f o r  pump o f f .  

79 deg F. 

65 deg F. 

The aux i l i a ry  hydraul ic  pump w a s  turned on the  f l i g h t  node a t  approxi- 

mately RO -11 min. 

recorded: 

Actuation temperatures 

The accumulator w a s  precharged t o  2,425 p s i a  a t  

Reservoir o i l  l e v e l  ( aux i l i a ry  pump o f f )  w a s  87 percent a t  

Af te r  s t a b i l i z a t i o n ,  t h e  following measurements were 

System pressure (W041) 3,610 p s i a  

Reservoir pressure (D0042) 170 p s i a  

21-1 
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Reservoir o i l  l e v e l  (L0007) 27 percent 

Pump i n l e t  temperature (C0050) 45 deg F 

Reservoir o i l  temperature (C0051) 56 deg F 

21.3 Boost and Powered Fl ight  

During boost  the  pump i n l e t  o i l  t empera ture  rose  s t e a d i l y  as aux i l i a ry  

pump operat ion warmed t h e  o i l .  Accumulator gas and ac tua to r  cy l inder  

temperature remained low during boost bu t  s t a r t e d  to  rise as soon as 

the engine dr iven pump s t a r t e d .  The main pump discharge pressure s e t t i n g  

w a s  approximately 15 to  25 p s i  h igher  than the aux i l i a ry  pump. Reservoir 

f l u i d  l e v e l  rose t o  30 Fercent a t  the end of engine burn due t o  the  

increased f l u i d  temperature. 

occurred a f t e r  t h e  F l igh t  Mode Off Command. 

accessory power pad opera t ion  w a s  approximately 4.9 hp. 

The reversion to  93 percent  s t a t i c  l e v e l  

Pump power ex t r ac t ed  during 

Engine de f l ec t ions  were nominal throughout the  powered f l i g h t  and during 

the  pass iva t ion  experiment. 

S-IVB Burn Mode On, the p i t c h  and yaw ac tua to r  pos i t ions  (GOO01 and 

GOOO2) w e r e  o f f s e t  M . 2  and 9.0 deg respec t ive ly .  During t h e  powered 

f l i g h t ,  o f f s e t s  of M.3 and -0.6 deg i n  the p i t c h  and yaw planes were 

o b s e n  3. A t  engine cutoff  t he  ac tua tors  re turned t o  t h e i r  o r i g i n a l  

o f f s e t  pos i t ions  he ld  p r i o r  t o  engine start.  The ac tua to r  pos i t i ons  

were o f f s e t  from n u l l  during powered f l i g h t  due t o  the displacement of  

t he  v f h i c l e ' s  cen ter  of grav i ty  o f f  the  vehic le ' s  vertical  axis, due t o  

5-2 engine i n s t a l l a t i o n  tc le rances ,  t h r u s t  misalignment, and uncompensated 

gimbd clearawes and t h r u s t  s t r u c t u r e  compression e f f e c t s .  

P r io r  t o  the  event  F l i g h t  Control Computer 

The maximum de f l ec t ion  of the p i t ch  ac tua tc r  w a s  -0.64 deg occurr ing a t  

t i m e  RO +147.3 seL. 

posi t ion.  

displacement of -0.96 dcg which is an excursion of 0.36 deg from its 

o f f s e t  pos i t ion .  The p i t c h  ac tua tor  loads during t h i s  a c t i v i t y  caused 

the d i f f e r e n t i a l  pressure (DC044) t o  rise t o  -900 ps i .  This produced 

an ac tua tor  torque of 126,000 in-lb which is 26 percent  of the  torque 

avai lable .  

This was a displacement of 0.94 deg from its o f f s e t  

A t  t i m e  RO +162.5 sec the yaw ac tua to r  de f l ec t ed  t o  a maximum 

The yaw ac tua to r  d i f f e r e n t i a l  pressure measurement (DO045) 
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is suspected ab n o t  working commencing a t  S-IVB engine s t a r t .  

frequency wi th  an amplitude of approximately 0.12 deg peak-to-peak was 

observed superimposed on t h e  p i t c h  a c t u a t o r  c o n t r o l  s i g n a l  from 150 to 

290 sec a f t e r  l i f t o f f .  The p i t c h  a c t u a t o r  d i f f e r e n t i a l  pr. :ssure 

responded t o  t h i s  e x c i t a t i o n  u n t i l  RO t430  sec. 

A 0.35 cps  

Refer  t o  f i g u r e s  21-1 through 21-4 f o r  h i s t o r y  o f  t h e  above mentioned 

parameters during boos t  and powered f l i g h t .  

21.4 Temperatures During O r b i t a l  Coast 

A f t e r  S-IVE engine cu tof f  t h e  main pump i n l e t  o i l  temperature cont inued 

t o  rise due t o  t h e  t r a n s f e r  of h e a t  from t h e  LOX t u r b i n e  housing t o  t h e  

pump manifold. 

during o r b i t a l  coas t .  

I n l e t  temperature peaked a t  185 deg F a t  RO +3,500 sec 

21.5 P r o p e l l a n t  Dump Tes t  

The p r o p e l l a n t  dump tes t  d a t a  is covered i n  paragzaph 26.5. 

21-3 
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Stage S t r u c t u r e  and Environment 

2 2 .  STAGE STRUCTURE AND ENVIRONMENT 

2 2 . 1  Explosive Ordnance Equipment 

A l l  exploding bxidgewirr i n i t i a t e d  ordnance systems performed 

- 

requi red .  The s tage s e p a r a t i o n  system, w h i . 3  u t i l i z e s  a dua l  

a s  

mild 

de tona t ing  f u s e  assembly, funct ioned cin command and e f f e c t e d  a complete 

disconnect ion of t h e  S-IVB s t a g e  from S-IB s t a g e .  

rocke ts  and f o u r  r e t r o r c  zke ts  J-1 f i r e d ,  thus  accomplishing a normal 

s e p a r a t i o n  seouence. 

The t h r e e  u l l a g e  

Approximately 12 s e c  fol lowing s e p a r a t i o n ,  t h e  t h r e e  u l l a g e  rocke ts  and 

t h e i r  f a i r i n g s  were j e t t i s o n e d .  

zero of t h e  vol tages  t h a t  monitor u l l a g e  r o c k e t  chamber pressure .  These 

v o l t a g e s  are measured by s t r a i n  gage type p r e s s u r e  t ransducers  which 

have a b u i l t  i n  o f f s e t  of 0.3 v o l t s .  

is 0.3 v o l t s .  

t h e  v o l t a g e  drops t o  zero. 

The j e t t i s o n  i n d i c a t i o n  was a drop t o  

When p r e s s u r e  is  z e r o ,  t h e  v o l t a g e  

When t h e  f s i r i n g  is j e t t i s o n e d ,  t1.d c i r c u i t  opens and 

The s a f e t y  and a m i n g  device ,  an element of t h e  range s a f e t y  systei.i, w a s  

cycled e l e c t r i c a l l y  from ARMED t o  SAFE p s i t i o n  several t i m e s  d u r i r g  

ter . 31 countdown and funct ioned as required.  

22.2 

An e v a l u a t i o n  of s t r a i n ,  a c c e l e r a t i o n ,  pressure ,  and temperature datc. 

from t h e  S-IVB s t a g e  f o r  t h e  AS-204 t r a j c c t o r y  i n d i c a t e d  adequate 

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  t h e  s t a g s  f o r  t h e  condi t ions  encountered. 

F l i g h t  Load Conditions and S t r u c t u r a l  I n t e g r i t y  

Body bending moments were less than the  maximum p r e d i c t e d  v a l u e s  due t o  

comparatively moderate wind s h e a r s  and gus ts .  

a c c e l e r a t i o n  a t  S-IB s t a g e  inboard engines cu tof f  (IECO) w a s  i d e n t i c a l  t o  

t h e  p r e d i c t e d  a x i a l  a c c e l e r a t i o n ,  which v e r i f i e d  the  computer p r e f l i g h t  

a x i a l  loads  f o r  t h e  S-IVE s t a g e .  Axial  loads  computed from f l i g h t  s t r a i n  

gage d a t a  a r e  i n  agreement with p r e f l i g h t  computed a x i a l  l o a d s  from l i f t -  

o f f  t o  approximately 80 s e c  of f l i g h t  t i m e .  Beyond t h i s  f l i g h t  time, the  

a x i a l  loads  computed from s t r i n g e r  s t r a i n  gage d a t a  appehred t o  be low 

apparent ly  due t o  thermal e f f e c t s  on t h e  s t r u c t u r e  from aerodynamic 

hea t ing  and t o  an approximate i n t e g r a t i o n  resu1';ing fror.. t h e  l i m i t e d  

number o f  instrumented s t r i n g e r s .  

The maximum vehic' e a x i a l  

22-1 
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Measurea a x i a l  s t r a i n s  i n  the a f t  s k i r t  s t r i n g e r s  were genera l ly  as 

predic ted  f o r  both s t r i n g e r  s i d e  mounted and top mounted s t r a i n  gages. 

The measured s t r a i n s  revealed incremental i n t e r n a l  s t r a i n s  from s t r u c t u r a l  

expansions and contractioiis  r e s u l t i n g  from aerodynamic hea t ing  between 

zpproximately 60 and 120 s e c  of f l i g h t  t i m e .  These thermally induced 

strains w e r e  evaluated and ex t r ac t ed  ana ly t i ca l ly  from t c t a l  measured 

strains i n  order  t o  more accurately compute corresponding f l i g h t  body 

bending moments and a x i a l  loads.  

analyses including thermal e f f e c t s ,  ind ica ted  t h a t  pos i t i ve  mareins of 

saf c ty ex i s t ed  ia tSe s t r i n g e r s  . 
Recorded s k i n  pressure d i f f e r e n t i a l s  a t  the  forward and a f t  s k i r t s  

P re f l igh t  and p o s t f l i g h t  d e t a i l e d  

revealed a h igher  than design crushing pressure ad jacent  t o  t h e  a f t  elid -i 

of the forward s k i r t .  This crushing pressure w a s  l oca l i zed  near  t he  t 

s k i r t  f lange and extended annular ly  around the s k i r t .  Analysis has 3 
shown the f r a m s  and s t r i n g e r s  a t  the  a f t  end of t he  forward s k i r t  are 

j -.. 

9 - 
s t a b i l i z e d  l o c a l l y  by t h e  adjacent  pressurized LH2 tankage, and t h a t  

i n s t a b i l i t y  d id  no t  occur. 

Recorded maximum temperatares of the  S-IVB s t age  s t r u c t u r e  subjected t o  

aerodynamic hea t ing  ind ica ted  t h a t  f l i g h t  temperatures d id  not  exceed 

maximum design t r a j ec to ry  temperatures. 

The LH2 tank and LOX tank u l l age  pressures  d id  no t  exceed corresponding 

design u l l age  pressures.  The d i f f e r e n t i a l  tankage pressures  ac t ing  on a 
3 t he  common bulkhead were as 

cornon bulkhead remained s u b s t a n t i a l l y  constant a c  less than one ps ia  as 

expected. The i n t e r n a l  pressure  of the $ 

predicted.  

22.2.1 Body S t r a ins  

S ix teen  axial s t r a i n  gages were instal led on ex te rna l  h a t  s t r i n g e r s  of 

:he S-IVB s t age .  The gages w e r e  loca ted  a t  veh ic l e  s ta  1261 of the  a f t  I 

3 
s k i r t .  Eight measurement loca t ions  a t  the s t a t i o n  were approximately 5 

3 ‘3 equal ly  spaced around the  circumference. Two s t r a i n  gages were in s  t a l l e d  

22-2 
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a t  each measurewnt locat ion.  h e  gage w a s  mounted t o  the s i d e  of the 

s t r i n g e r  near  the n e u t r a l  ax i s ,  and the o the r  gage w a s  mounted t o  the  

top of the  s t r i n g e r .  The dual s t r a i n  gage i n s t a l l a t i o n  permitted the 

evaluat ion of strains a t  the s t r i n g e r  neu t r a l  ax i s  and hence more 

accurate ca lcu la t ions  of s t r i n g e r  a x i a l  loads and body bending moments. 

The dual  gage i n s t a l l a t i o n s  a l s o  provided d a t a  from whi& s t r i n g e r  

i n t e r n a l  bending moments could be evaluated. 

temperature compensated . 
All s t r a i n  gage da ta  w e r e  

The recorded da ta  f r o s  the  s t r a i n  gages appeared t o  be v a l i d  throLShout 

S-IB s t a g e  powered f l i g h t  where critical body bending and axial loads 

occur. Af te r  approximetely 70 sec of f l i g h t  t i m e  the  s t r a i n  traces 

general ly  ind ica ted  s t r a i n  changes a t t r i b u t a b l e  i n  p a r t  t o  d i f f e r e n t i a l  

s t r u c t u r a l  expansion or contract ion from aerodynamic heating. The 

s t r a i n  da t a  allowed the  evaluat ion of margins of s a f e t y  including 

ac tua l  f l i g h t  thermal e f f e c t s  from the  AS-204 t ra jec tory .  

The s t r a i n  h i s t o r i e s  f o r  Lhe 16 gages on the  a f t  s k i t t  are presented i n  

f igures  22-1 through 22-4. 

a t r a i n s  Save been adjusted tt the computed co r rec t  s t r a i n  corresponding 

t o  the one & a x i a l  h a d  conditior;. This adjustment w a s  necessary s i n c e  

the i n i t i a l  s t r a h  readings had d r i f t e d  considerably due to  the  combined 

e f f e c t s  of added pavload 2nd propel laz t  weights,  p rope l lan t  cryogenic 

temperatcres, and tankage u l lage  pressur iza t ions .  The adjustment t o  each 

measured s t r a i n  a t  me g loading just p r i o r  t o  l i f t o f f  was appl ied 

uniformly t o  the  ccrresponding s t r a i n  t r a c e  throughout f l i g h t ,  SO t h d t  

measured s t r a i n  increments during f l i g h t  w e r e  not  a f fec ted .  

ments of s t r a i n  on the  S-IW s t age  due t o  bending moments f r o n  ground 

winds were computed and found t o  be r e l a t i v e i y  smail. Ground wind 

induced s t r a i n s  have been neglected i n  t h e  adjustments t o  s t r a i n  t races .  

A t  range zero (RO) -10 sec, all measured 

The incre- 

The maximum and minimum s t ra in  envelopes i n  f igures  22-1 through 22-5 

show the ana ly t i ca l ly  predicted limits of s t r a i n  based on the AS-204 
vehic le  programmed t ra jec tory .  F l igh t  test measurements, adjusted t o  
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the i n i t i a l  one g condi t ion,  are shown super:mposed i n  the f igu res  to  

ind ica t e  the degree of co r re l a t ion  between predicted and meanred  E Ixains. 

The maximum and minimum s t r a i n  envelopes include the  e f f e c t s  of maximum 

ana ly t i ca l  aerodynamic gus ts  and wind shears .  The enveloves a l s c  ir.clude 

t5e tolerance of - +7 percent  f o r  the  telemetry s y s t e m  and - +3 percent  f o r  

predicted engine th rus t .  The predicted s t r a i n s  f o r  the top mounted 

gages were computed using c o e f f i c i e n t s  derived from t h e  s t r u c t u r a l  

q u a l i f i c a t i o n  test resul ts  of t h e  S-IVB/IB-SD396 a f t  s k i r t .  

The s t r i n g e r  s i d e  mounted gages on the  a f t  s k i r t  provided s t r a i n  h i s t o r i e s  

s u b s t a n t i a l l y  as predicted.  The s i d e  gage s t r a i n  traces i d e a l l y  would 

converge approximately t o  a common value a t  IECO, s i n c e  a t  t h i s  f l i g h t  

tine a i r loads  should be near ly  non-existent and body bending neg l ig ib l e .  

The non-convergence of t he  measured s t r a i n s  a f t e r  70 sec is apparent ly  

due i n  p a r t  t o  d i f f e r e n t i a l  s t r u c t u r a l  expansion or cont rac t ion  from 

aerodynamic heat ing.  However, t h e  heat ing d id  not  s i g n i f i c a n t l y  a f f e c t  

the evaluat ion of f l i g h t  body bending moments which peaked a t  72 sec of 

f l i g h t  t i m e .  

evaluat ions of body bending, s i n c e  t h i s  gage ind ica ted  excessive response 

to  teape-ature e f f e c t s  throughout S-IB s t a g e  powered f l i g h t .  Gage No. 38 

was mounted on s t r i n g e r  No. 3, and t h i s  s t r i n g e r  w a s  i n i t i a l l y  cooled 

due t o  the proximity of t h e  LH2 c h i l l a w n  re tu rn  duct. S t r i n g e r  No. 3 ,  

a f t e r  l i f t o f f ,  w a s  aerodynamically heated a t  r.n acce le ra t ed - ra t e  due t o  

being adjacent  t o  ar~ aux i l i a ry  propulsive UFI t protuberance. 

r e f l e c t e d  t h i s  unique thermal environmeni of s t r i n g e r  No. 3. 

Gage N o .  38 ( f i g u r e  22-1) w a s  no t  used i n  subsequent 

Gage No. 38 

An abnormality i n  the  s t r a i n  readings duri.n:; f l i g h t  is indica ted  i n  

f igu re  22-2 by the t r a c e  of s i d e  mounted gage No. 52. This gage 

zesponled excessively a t  engine i g n i t i o n  buf returned to  normal values  

a t  approximately 40 sec .  This temporay,, e x c x s i v e  la teral  bending 

s t r a i n  i n  s t r i n g e r  No. 103, on which gage No. 52 w a s  mounted, has  

been specula t ive ly  r e l a t e d  t o  i c e  deposit:;, 0:" s t r u c t u r a l  i r r e g u l a r i t i e s .  

The anomaly is of ana ly t i ca l  s ign i f icance ,  but  d id  not  a f f e c t  s t r u c t u r a l  

i n t e g r i t y  s i n c e  ind ica ted  s t r a i n  levels arc. reLat ively low. 

22-4 
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The s t r i n g e r  top mounted gages on t'le a f t  s k i r t ,  f igures  22-3 and 22-4, 

31so provided s t r a i n  da ta  s u b s t a n t i a l l y  as predicted.  The top gages were 

displaced from the Lt r lngcr  neu t r a l  a x i s  and were rzsponsive t o  l o c a l  

s t r i n g e r  bending. Gage No. 43, f igu re  22-3,  ind ica ted  excessive s t r a i n  

increases  a f t e r  approximately 70 sec .  This gage w a s  mounted on s t r i n g e r  

No. 30 which w a s  ad jacent  t o  the main tunnel and theref3re  sub jec t  t o  

excessive aerodyndmic heat ing.  It is concluded the high s t r a i n s  from 

gage No. 43 a t  IECO were thermally indiiced and r e su l t ed  from d i f f e r e n t i a l  

s t r u c t u r a l  expansions and cont rac t ions .  Detai led stress anaiyses 

including thermal e f f e c t s ,  both p r e f l i g h t  and p o s t f l i g h t ,  i ad i ca t ed  

pos i t i ve  margins of sa fe ty .  Conversely, the  lower than average s t r a i n s  

from gage No. 4 9 ,  f igu re  22-4, are a t t r i b u t e d  t o  less than average aero- 

dynamic h e a t i t g  of the s t r i n g e r  on which the  gage was mounted. 

Figure 22-5 i l l u s t r a t e s  the  e f f e c t  of aerodynamic hea t ing  on s t r i n g e r  

s t r a i n s .  The s t r a i n  d a t s  from gages No. 38 and No. 44 have been p l o t t e d  

t o  show t y p i c a l  t rends  f o r  s i d e  munted  gagcs, and the  broken l i n e  curves 

show the  txaces a d j - s t e d  to  remo-\re temperature e f f e z t s  . The adjustments 

result from the  asscmption t h a t  without aerodynamic hestiqg,  the  

measured s t r a i n  t r aces  would i d e a l l y  decrsase t o  zero s t r a i n  (zero  th rus t )  

a t  S-IB s t a g e  separa t ion  (RO +I41 sec ) .  

s t r a i n  traces, a f t e r  cor rec t ion  t o  the one g c o n d i t x n ,  d id  nct decrease 

t o  zero s t r a i n s  a t  RO +141 sec arid the  r e s idua i  s t r a i n s  were assuned tc 

be measurements of t h e r m a l l y  induced - t r a i n s .  hesidual  compressive 

s t r a i n s  a t  RO +141 see were subt rac ted  from neasured s t r a i n s  a t  IEIX, 

(RO +139 sec)  t o  show f l i g h t  s t r a i n s  independently of temperature ezfec ts .  

S imi la r ly ,  r e s idua l  tens icn  s t r a i n s  were addi t ive  t o  show f l i g h t  s t r a i n s  

without i n t e r n a l  temperature e f f e c t s .  These adjustments were assumed 

constant  from I E C O  (RO +139 s2c) Lack t o  RO +12@ sec ,  and t o  decrease 

l i n e a r l y  t o  zero s t r a i n  adjustment a t  RO +60 sec.  

d i s t r i b u t i o n  corresponds with the s t n c t u r s l  temperature rise which 

began a t  approximately RO 6 0  s e c  and s t a b i i i z e d  a t  h igher  temperatures 

near  120 s e c  of f l i g h t  time. These adjustments t o  remove temperature 

e f f e c t s  were appl ied t o  a l l  s i d e  gage s t r a i n  da ta  t o  allow more accurate  

Hcwever, t h e  ac tua l  neasured 

This s t r a i n  adjustmect 
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c a l c u l a t i o n s  of body bending moments arld s t a g e  a x i a l  loads .  However, 

thermally induced s t r a i n s  a r e  r e a c t e d  i n t e r n a l l y  by the  s t r u c t u r e ,  and 

henc: these  increments of s t r h i n  w e x e  included i n  d e t a i l e d  s t r i n g e r  

stress analyses .  

22.2.2 S t r i n g e r  S t r a i n s  

The l o c a l  s t r i n g e r  bending moments and a x i a l  loads  f o r  the  a f t  s k i r t  a t  

s t r a i n  measurement s t a  1261 are shown j.n t a b l e  22-1. The t a b l e  compares 

t h e  s t r i n g e r  maxi-mum f l i g h t  l c a d s  der ived  from s t r a i n  gage d a t a  t o  

corresp,snding s t r i n g e r  l o c a l  des ign  loads .  A t  t h e  naximum aq conditior, ,  

t h e  f l i g h t  l o a d s  are less than t h e  des ign  loads.  For t h e  IECO condi t ion ,  

comparison of the f l i g h t  l o a d s  t o  t h e  c r i t i c a l  design aq loads  i n d i c a t e s  

p o s i t i v e  margins a f  s a f e t y ,  s i n c e  t h e  e l e v a t e d  temperature a t  t h e  IECO 

conditior,  reduces t h e  al lowable compressive y i e l d  stress by only 

3 percent .  

I t  i.as corcputed t h a t  s t r a i n s  a t  t h e  n e u t r a l  axes were wi th in  approxi- 

mately 5 p e r c e n t  of t h e  s t r a i n s  a t  t h e  s t r a i n  gage l o c a t i o n s  f o r  s i d e  

mounted gages. 

22.2.3 Axial Loads 

The s t r a i n  d a t a  measured a t  s t a  1261 during f l i g h t  were used f o r  

computing t h e  f l i g h t  a x i a l  load h i s t o r y  presented  i n  f i g u r e  22-6. 

measured s t r a i n  d a t a  w a s  converted t o  s t r i n g e r  n e u t r a l  axis s t r a i n s ,  

and a d j u s t e d  t o  remove t h e  i n t e r n a l  s t r a i n s  induced by d i f f e r e n t i a l  

expansions and c o n t r a c t i o n s  from aerodynamic h e a t i n g .  From t h e s e  

ad jus ted  d a t a ,  t h e  a x i a l  f l i g h t  loads  a t  s t a  1261 were computed. This 

a x i a l  load  h i s t o r y  is shawn compared t o  p r e f l i g h t  computed a x i a l  loads .  

The divergence of  t h e  f l i g h t  measured p l o t  above 80 sec of f l i g h t  time 

is a t t r i b u t e d  t c  thermal e f f e c t s  on the  s t r u c t u i e  from aerodynamic 

h e a t i n g  and t o  t h e  l i m i t e d  number of  instrumented s t r i n g e r s  which 

prevents  a f u l l  i n t e g r a t i o n  of s t r i n g e r  loads.  

The 

t 
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Axial  load f a c t o r s  measured during powered f l i g h t  a r e  presented i n  

t a b l e  22-2. 

IECO. This w a s  t h e  va lue  p r e d i c t e d ,  and was g r e a t e r  than the  des ign  

l i m i t  a x i a l  l c a d  f a c t o r  of  4.17g a t  IECP as  expected. Deta i led  stress 

a n a l y s i s ,  tnc luding  the  e f f e c t s  of S--Iv~-204 s t a g e  f l i g h t  measured 

temperatures,  i n d i c a t e d  p o s i t i v e  margins of s a f e t y  f o r  t h e  4.33g a x i a l  

l o  ad condi t ion.  

The maximum a c c e l e r a t i o n  of 4.33g occurred a t  S-IE s t a g e  

22.2.4 Body Sending Moments 

The s t r a i n  d a t a  measured J u r i n g  F l i g h t  w a s  a l s o  used i n  computing t h e  

body bendiqg moment h i s t o r y ,  as shown Ln f i g u r e  22-7. The measured 

s t r a i n  d a t a  a t  t h r e e  s t r i n g e r  l o c a t i o a c  was converted t o  s t r i n g e r  n e u t r a l  

a x i s  s t r a i n s ,  and a d j u s t e d  t o  remove i n t e r n a l  s t r a i n s  induced by aero- 

dynamic hea t ing .  From t h e s e  a d j u s t e d  d a t a ,  t h ?  maximum bending moments 

a t  s t a  1261 from f l i g h t  loads  were computed. 

moment h i s t o r i e s  are shown compared t o  p r e f l i g h t  computed design l i m i t  

moments, and t o  maximum p r e d i c t e d  va lues  f o r  t h e  AS-204 t r a j e c t o r y  a t  

t h e  maximum aq condi t ion.  

s u b j e c t e d  t o  r e l a t i v e l y  small aerodynamic loading  as compared to maximum 

des ign  values .  

test r e s u l t s ,  a r e  summarized as fol lows f o r  four  S a t u r n  I B  v e h i c l e s .  

I n  f i g u r e  22-7, t h e  f l i g h t  

The curve shcws t h e  S-In-204 s t a g e  w a s  

The maximum bending moments a t  s t a  1261 based on f l i g h t  

TIME OF MEASURED MAX MEASURED BODY 
VEHICLE MAX M!IMENT MOMENT AT STA 1261 

(sec from RO) ( i n .  -1b) 

AS-201 

AS-202 

SA-203 

AS-204 

80 

80 

70 

72 

20,060,000 

6,700,000 

6,500,000 

13,700,000 

DESIGN MAX MOMENT 
AT STA 1261 

( in .  -1b) 

54,600,000 

54,600,000 

54,600,000 

54,600,000 

-- 

The l a r g e s t  -ody bending a- sta  1261 occurred i n  v e h i c l e  AS-201, and 

t h e  corresponding design maximum bending moment w a s  54,600,000 in . - lb ,  

assuming t h e  wors t  expected f l i g h t  condi t ions .  

f l i g h t  measured bending moments r e f l e c t  t h a t  t h e  launchings were 

conducted under faborable  high a l t i t u d e  wind s h e a r  condi t ions .  

The r e l a t i v e l y  l o w  
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22 .2 .5  F res su res -Sk t r t s  and I n t e r s t a g e  

For t h e  S - I n - 2 0 4  s t a g e ,  t he  f i i g h t  measured maximum d i f f e r e n t i a l  

p re s su res  of t he  forward and a f t  s k i r t s  and i n t e r s t a g e  a r e  p re sen ted  

ir. t a b l e  22-3 .  Burs t ing  and crushing p r e s s u r e s  are p resen ted  s e p a r a t e l y .  

Corresponding va lues  o f  p r e d i c t e d  and des ign  p r e s s u r e s  a r e  given. 

F o r  the forward s k i r t ,  t h e  maximum measured S u r s t i n g  p r e s s u r e s  were 

g r e a t e r  than p r e d i c t e d  b u t  less than t h e  l i m i t  design va lue .  However, 

t he  maximum measured crushing p r e s s u r e  was - 0 . 4 2  p s i d ,  which exceeded 

the  l i m i t  design p r e s s u r e  of - 0 . 3 4  ps id .  

was a l o c a l i z e d  cond i t ion  a t  the  a f t  end of t he  forward s k i r t .  The 

crushing p r e s s u r e  was induced by t h e  outwardly extending a f t  f l a n g e  of 

t h e  s k i r t .  The p res su re  peaked approximately a t  t h e  f l a n g e  and diminished 

t o  a n e g l i g i b l e  q u a n t i t y  a t  approximately 10 i n .  forward of  t h e  f l ange .  

The crushing p r e s s u r e  d i s t r i b u t i o n  extended annu la r ly  around t h e  forward 

s k i r t ,  however, t he  frames and s t r i n g e r s  a t  t h e  a f t  end of t h e  forward 

s k i r t  were s t a b i l i z e d  l o c a l l y  by t h e  a d j a c e n t  p r e s s u r i z e d  LH2 tankage, 

and i n s t a b i l i t y  d i d  no t  occur .  Hence, due t o  t h e  l o c a l  n a t u r e  of t h e  

nega t ive  p r e s s u r e  d i f f e r e n t i a l ,  i t  w a s  determined t h a t  p o s i t i v e  margins 

of s a f e t y  e x i s t e d  f o r  t he  forward s k i r t  s t r u c t u r e .  

This measured c rush ing  p r e s s u r e  

The a f t  s k i r t  and i n t e r s t a g e  f l i g h t  measured d i f f e r s n t i e l  b u r s t i n g  

p res su res  were as p r e d i c t e d .  

than p red ic t ed .  however, t h e  peak crushing p r e s s u r e s  occurred 

earlier i n  f l i g h t  than expected. 

The measured c rush ing  p r e s s u r e s  were less 

2 2 . 2 . 6  Temperatures - S t r u c t u r a l  

A summary of raximum measured s k i n  temperatures  f o r  t h e  major s t r u c t u r a l  

assemblies  s u b j e c t  t o  aerodynamic h e a t i n g  i s  g iven  i n  t a b l e  2 2 - 4 .  

t m p e r a t u r e s  were measured f o r  t h e  7 t r i n g e r s .  

f o r  t h e  thermal des ign  t r a j e c t o r y  are a l s o  shown. 

temperatures d i d  n o t  exceed design t r a j e c t o r y  v a l u e s .  

s u p p o r t s  o t h e r  evidenr 

No 

Maximum s k i n  t m p e r a t u r e s  

The f l l g h t  measured 

This comparison 

t h a t  s t r u c t u r a l  i n t e g r i t y  w a s  maintained.  
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2 2 . 2 . 7  LH2 a n i  LDX Tank Ullag;:  P re s su res  

The rrnxf.mum LH2 c l l a g e  p r e s s u r e s  recorded w e 36 p s i a  prelaunch and 

39 p s i a  post launch during S--IVB s t a g e  burn.  These v a l u e s  compcre w i t h  

the  design l i m i t  u l l a g e  p r e s s u r e  o f  3Q p s i a  f o r  t h e  LH2 tank. 

The design l i m i t  u l l a g e  p r e s s u r e  f o r  t h e  LOX tank i s  54 p s i a ,  whereas 

the  maximum u l l a g e  p r e s s u r e  recorded du r ing  prelaunch w a s  43  p s i a ,  and 

the  maximum post launch recorded p r e s s u r e  w a s  40 p s i a  du r ing  S-IVB s t a g e  

burn.  

22 .2 .8  Common Bulkhead P r e s s u r e  Environment 

The common bulkhead i n t e r n a l  vacuum p r e s s u r e  measured d u r i n s  prelaunch 

and through powered f l i g h t  and o r b i t a l  c o a s t  ranged from 0.1 p s i a  t o  

0 . 8  p s i a .  Thjs favorably corresponds t o  expected v a l u e s  o f  less than 

1.0 p s i a .  

The u l l a g e  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 du r ing  prelaunch 

powered f l i g h t ,  and s i g n i f i c a n t  o r b i t a l  c o a s t  are shown i n  f igr l res  22-8 

and 22-9. A p o s i t i v e  d i f f e r e n t i a l  p r e s s u r e  i n d i c a t e s  t h e  LOX tank ullao,e 

p r e s s u r e  exceeds t h e  LH2 t ank  u l l a g e  p res su re .  A t  t h e  apex o f  t h e  common 

bulkhead t h e s e  d i f f e r e n t i a l  u l l a g e  p r e s s u r e s  are the  p r e s s u r e s  a c r o s s  

t h e  bulkhead a f t e r  allowances f o r  t h e  l i q u i d  hydrogen head. 

i n  t h e  f i g u r e s  are curves showing t h a  limit s t r u c t u r a l  c a p a b i l i t y  of  

t h e  common bulkhead. These l i m i t  curves  have been c a l c u l a t e d  t o  i n c i u d e  

the l i q u i d  hydrogen head e f f e c t s .  

Also i nc luded  

The maximum n e g a t i v e  d i f f e r e n t i a l  p r e s s u r e  occurred du r ing  t h e  f i r s t  

v e n t i n 2  per iod fol lowing S-IVP eng ine  c u t o f f .  

dec l ined  more r a p i d l y  than t h e  LH? u l l a g e  p r e s s u r e  over  a 35 sec t i m e  

span causing a nega t ive  p r e s s u r e  a c r o s s  t h e  common bulkhead. 

nega t ive  d i f f e r e n t i a l  p r e s s u r e  reached a maximum of  -14.0 p s i d  b e f o r e  

t h e  LOX ven t  w a s  c losed  a t  635 sec a f t e r  l i f t o r f .  This nega t ive  p r e s s u r e  

compares s a t i s f a c t o r i l y  wi th  t h e  l i m i t  nega t ive  d i f f e r e n t i a l  c a p a b i l i t y  

of -23 .2  p s i d  a t  t h i s  per iod o f  ope ra t ion .  

The LOX u l l a g e  p r e s s u r e  

The 
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The l a r g e s t  p o s i t i v e  d i f f e r e n t i a l  p r e s s u r e  p r i o r  t o  o r b i t a l  c o a s t  occu r red  

du r ing  i n i t i a l  P r e s s u r i z a t i o n  of t h e  LOX t ank  wh i l e  t h e  hydrogen t a n k  was 

vented  and s t a b i l i z e d  a t  a s a t u r a t i o n  p r e s s u r e  Condi t ion .  Tne r r e s .  re 

o b t a i n e d  w a s  +24.2 p s i d ,  and t h i s  was expec ted  s i n c e  sequenc ing  p e r m i t s  

p r e s s u r i z a t i o n  t r  t h e  LOX tank  v e n t  and r e l i e f  v a l v e  s e t t i n g  of 44 p s i a  

w h i l e  t h e  hydrogen t ank  i s  u n p r e s s u r i z e d .  The measured p o s i t i v e  

d i f f e r e n t i a l  p r e s s u r e  was below t h e  bulkhead l i m i t  s t r u c t u r a l  c a p a b i l i t y  

as shown i i l  f i g u r e  22-8. 

The s i g n i f i c a n t  u l l a g e  d i f f e r e n t i a l  p r e s s u r e s  d u r i n g  o r b i t a l  coa, '  were 

as shown i n  f i g u r e  22-9. LH2 p r e s s u r e  deer$ - sed  t o  z e r o  a t  6,700 sec and 

remained a t  s d b s t a n t i a l l y  z e r o  p r e s s u r e  f o r  t h e  d u r a t i o n  of o r b i t a l  c o a s t .  

The LOX l i q u i d  dumping began a t  8,750 s e c  fo l lowed by p a r t i a l  gaseous  

v a l v i n g  a t  8,840 sec. The valve c h s e d  a t  8,900 sec. Subsequent  v e n t i n g  

reduced  t h e  common bulkhead d i f f e r e n t i a l  p r e s s u r e  t o  +2 p s i d  and t h e n  t o  

s u b s t a n t i a l l y  0 p s i d ,  t o  complete  t h e  LOX dumping. The maximum measured 

d i f f e r e n t i a l  p r e s s u r e  w a s  +27.0 p s i d ,  which w a s  below t h e  l i m i t  s t r u c t u r a l  

c a p a b i l i t y  o f  t h e  common bulkhead.  

22.3  Forward S k i r t  Pane l  T r a n s i e n t  S t r a i n s  

S i x t e e n  dynamic s t r a i n  measurements of forward s k i r t  Fk in  p a n e l s  were 

made to  e v a l u a t e  t h e  e f fec t  o f  dynamic l o a d s  on s t r u c t u r a l  i n t e g r i r y  as 

d i s c u s s e d  i n  s e c t i o n  24.4 A supplementary  load  a n a l y s i s  w a s  conducted 

t o  de t e rmine  p a n e l  stresses on t h e  forward s k i r t  a t  v a r i o u s  times be tween 

72 and 92 sec i n  connec t ion  with dynamic s t r a i n  transients. 

moments were de termined  from d a t a  o b t a i n e d  from s t r i n g e r  molmted s t r a i n  

gages  o n  t h e  a f t  s k i r t .  The a f t  s k i r t  t r a n s i e n t  bending  moments a f t e r  

RO +72 sec were s m a l l e r  t h a n  a t  maximun aq c o n d i t i o n  ana are n o t  shown 

on f i g u r e  22-7. The d a t a  showed, however, t h a t  t h e r e  were bending  

moment f l u c t u a t i o n s  and a n e u t r a l  a x i s  r o t a t i o n  d u r i n g  t h e  t i m e  i n t e r v a l .  

The stress c a l c u l a t i o n s  i n d i c a t e d  t h a t  t he  forward s k i r t  p a n e l s  which 

showed dynamic s t r a i n  t r a n s i e n t s  u s u a l w  were on t h e  compression s i d e  of 

t h e  v e h i c l e  a t  t h e  co r re spond ing  t i m e .  

The bending  
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TABLE 22-1 
LOCAL STRINGER BENDING MOMENT AND AXIAL LOAD 

i i F T  S K I R T  S T A  1261 

C O W  RES S I ON 

+ MOMENT AS SHOWN 

I ON 

AXIAL LOA3 

- COMPRESSION 
+ TENSION 

AXIAL LOAD 

*The stringer design moment a t  IECO w a s  not evaluated s ince  i t  was kcown 
by quantitative analysis to  b e  lcss than that a t  max aq design c.ondition. 

99 1 1  



Sect ion  22 
Stage  S t r u c t u r e  and E n v i  J n m e n t  

FLIGHT TIME 
3F MEASURED 
LOAD FAC'iOR 

bet> 

0 . 2  

1 3 9  

14  2 

15  2 

533  

T-ABLE 22-2 
AXIAL LOAD FACTORS DURING POWERED FLIGHT 

FLIGHT TIME 
OF PREDICTED 
LOAD FACTO): 

(set) (g) 
- 

1 . 2 5  0.2 

4.33* 1 4  0 

2 .18  145  

0 .15  160 

3 . 2  525 

MEASUREC I LOAD I'ACTOR CONDI'TION 
I 
I 

- - 
PREDICTED FL 1G'. MEAS URED DZSIGN L I M I T  

AP TIME AP TIME IP TIME 
STRUCTURE 

m- 

Fwd S k i r t  2.22 f l  2.45 57 4.0 6 s  

A f t  S k i r t  1 . 2  71 1 . 2  7 1  2 .5  7 2  

In te rs tage  1 . 2  7 1  1 . 2  7 1  2 .5  72  

(8) 

1 . 2 9  

L .33  t 2.05  

S-IB L i f t o f f  

S-iB I E C O  

S - I B  OECO 

S-IVB I g n i t i o n  j 0 .73  

S-IVR ECO I 2 .59  

* S I B  I E C O  (AS-204 des ign  load €actor i s  4.17 g a t  RO +l39 sec) . 

TABLE 22-3 
MAXIPIUM DIFFERENTIAL PRESSURES OF FORWARD AND 

AFT S K I R T S  AND INTERSTAGE 

(B) C r u s h i n g  P r e s s u r e s  ( p s i d )  vs T i m e  (set) f r o m  R a n g e  Z e r o  
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S t a g e  S t r u c t u r e  and E n v i r m m e n t  

AFT S K I R T  STA 1561 
S I O L  MGE NUMER 
3 8 - - - - - -  

T I E  FROM RANGE ZERO (SEC) 

Figure 22-1. Axial  S t r a i n  Verscs F l i g h t  Time-Side Cage Nos. 38, 40. 12, ana 45 

I I 
HAXIMJM-BASED ON 

AS-204 CONTROL A!dALYS!S 
..... I :- 
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0 2c 40 60 30 100 1 :I) 140 
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IO 

Figure 22-2. Axial  S t r a i n  Versus F l i g h t  .Time-Side Gage Nos. 46, 48, 50, and 52 

2 x 4  



Section 2 2  
Stage Structure and Environmen: 
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T i m  FROM RANGE ZERO (SEC) 

a g  S ~ I R T  STA 1261 
TOP GAGE NUNSLQ 
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45--- 

3 

~~ ~ 

Figure 22-3. Axial Strain Versus F l i g n t  Time-Top Gage aos. 39, 41, 43, and 45 

AFT SKIRT STA 1261 
TOP GAGE NUPBER 
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49--- 
51 
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r lgure 22-4. Axial Strain Versus f l i g h t  Tine-Top Gage Nos. 47, 49, 51. and 53 
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Sect ion  23 
Environmental Control  SysLems 

23. ENVIRONMENTAL CONTROL SYSTEMS 

23.1 Forward S k i r t  Thermocondi t i o n i n g  Sys t e m  

The thermoconditioning systerr opera ted  normally during f l i g h t .  A l l  

parameters were w i t h i n  t h e i r  desi.gn l i m i t s .  

The S-IVB h e a t  t r a n s f e r  f l u i d  e x i t  temperature (measurement COO26-601) 

decreased from 59 deg F a t  l i f t o f f  t o  57-6  de2 F a f t e r  RO +lo6 sec,  and 

then increased  t o  61.2 deg F a t  RO +560 sec .  

long t e r m  t rend  o r  major d i s turbance  i n  the  e x i t  temperature,  except  

t h a t  a t  approximately RO +5,760 sec the  e x i t  temperature dropped 

l i n e a r l y  wi th  t i m e ,  roughly 20 deg F over  an  85 sec per iod.  This 

temperature decay followed a s i m i l a r  l i n e a r  decay i n  t h e  metlianol/water 

c o n t r o l  t enpera t u r e  (measurement COO15-C 0 1 )  . 

There w a s  no apparent  

The S-IVB e x i t  coolan t  p r e s s u r e  was 29.5 p s i a  a t  l i f t o f f  and increased  

t o  30.5 p s i a  during t h e  f i r s t  135 sec c f  f l i g h t .  

w a s  a drop t o  28 p s i a  followed by a gradual  i n c r e a s e  t o  79.5 Tsia by 

RO +560 sec. From t h a t  p o i n t  on u n t i l  RO +17,300 sec, t h e  e x i t  p r e s s u r e  

s tayed  i n  t h e  28 t o  29 p s i a  range. 

t h e  e x i t  p r e s s u r e  decreased t o  approximately 1 3  p s i a .  

A t  RO +150 s e c ,  t h e r e  

Between RO +17,300 and RO +38,000 sec, 

The S-IVB coolant  f lowra te  a t  l i f t o f f  w a s  8.2 zpm, increased  t o  8.5 gpm 

i n  40 sec, decreased t o  8.3 by RO +60 sec, and remained a t  t h i s  va lue  

through RO +850 sec. From t h i s  p o i n t  onwards u n t i l  RO +5,460 sec t h e  

f lowra te  s t a y e d  i n s i d e  t h e  8.3 - +0.2 gpm range. A t  RO +5,460 sec, t h e  

f l o w r a t e  decreased l i n e a r l y  with t i m e  t o  3.4 gpn. t o  approximately 

RO +5,470 sec and then ins tan taneous ly  r o s e  t o  8.3 gpm. It s t a y e d  a t  

8.3 gpm u n t i l  RO +5,760 sec anr' then increased  i n  a l i n e a r  f a s h i o n  t o  

approximately 8.9 gpm a t  RO'+5,t'45 sea:* ;.: t h i s  t i m e  t h e  f l o w r a t e  

abrupt ly  decreased t o  8.3 gpm, gr&..*a.! 11, .inerdased t o  approximately 

8.5 gpm by RO +6,400 sec and remained cc::nstant a t  t h a t  va lue  u n t i l  a t  

least RO +17,275 sec. Between RO +17,L75 sec and RO +38,090 s e c ,  t h e  

flow decreased t o  6.0 gpm, an3 remained cons tan t  u n t i l  approximately 

RO +38,315 sec where i t  ins tan taneous ly  decreased t o  3.0 gpm and thereupon 

l i n e a r l y  increased  back to 6.0 gpm a t  RO +38,370 sec where i t  then 

remained cons tan t  u n t i l  d a t a  runout. 

23-1 



Sec t ion  23 
Environmental Con t ro l  Systems 

23.2  Common Bulkhead Vacuum Monitoring System - 
A s a t i s f a c t o r y  i n t e s n a l  bulkhead p r e s s u r e  w a s  maintained throughout t h e  

f l i g h t ,  A t  l i f t o f f  t he  p r e s s u r e  (D0208-407) was 0.80 ysia. During 

t h e  f i r s t ,  second, and t h i r d  o r b i t ,  t h e  i n t e r n a l  p r e s s u r e  was, 

r e s p e c t i v e l y ,  0.27, 0.46, and 0.67 p s i a .  
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Sect ion  24 
Acoust ic ,  Vibra t ion  and Dynamic 

S t r a i n  Measureuznts 

2 4 .  ACOUSTIC,  VIBRATION AND DYNAMIC STRAIN MEASL!P.S?ENTS 

Thi r ty  v i b r a t i o n  and s i x  a c o u s t i c a l  measurements v e r e  munitored on t h e  

S-IVB s t a g e .  The measurements were s i m i l a r  o those on t h e  AS-203 

f l i g h t .  

another  provided no val?'d d a t 9  a f t e r  RO +298 s e c .  

One v i b r a t i o n  measurenent was inoi; ,;ative pr!.or t o  launch and 

I n  genera l ,  t h e  a c o u s t i c  an? v i b r a t i m  environsients were comparable t o  

those measured on t h e  AS-203 f l i g h t .  

Ten v i b r a t i o n  measurements were d e l e t e d  L:-om t h c  o r i g i n a s  measurement 

progran t o  provide te lemetry channels f o r  t h e  a d d i r i o n  of 16 dynamic 

s t r a i n  measurements on forward s k i r t  s k i n  pane ls .  

l o c a t i o n s  d u p l ' c a t e d  those used during the forward s k i r t  pene l  f l u t t e r  

q u a l i f i c a t i o n  tes t  . 

The s t r a i n  gage 

All s i x t e e n  measurements showed t h a t  pane l  f l u t t e r  d i d  n o t  occur and t h t  

t h e  dynamic s t r a i n  l e v e l s  due t o  random p r e s s u r e  f l u c t u a c i o n s  in t h e  

boundary l a y e r  were s i g n i f i c a n t l y  lower t.han those  measured during t h e  

q u a l i f i c a t i o n  tes t .  

w a s  a l s o  s i g n i f i c a n t l y  less. 

The d u r a t i o n  of t h e  maximum levels d.ir ing f l i g h t  

24.1 Data Acqgis i t ion  and Reduction 

A l is t  and l o c a t i o a s  of the  a c o u s t i c  and v i b r a t i o n  measurements monitored 

during t h e  f l i g h t ,  inc luding  composite l e v e l s  during s p e c i f i c  f 1-'ght 

per iods ,  i s  presented i n  t a b l e  24-1 and f i g u r e  24 1 r e s p e c t i v e l y .  For 

comparison purposes,  t h e  maximum level from similar m a s u r e a e n t s  made 

dur ing  t h e  A S - L O ~  f l i g h t  a r e  also presented i n  the  t a b l e .  

s t r a i n  measurements a r e  presented  i n  t a b l e  24-2 and t h e  measurement 

l o c a t i o n s  i n  f i g u r e  2 4 - 3 3 .  

The dynamic 
A 

Three s e p a r a t e  te lemetry s y s t e m  were used. t o  a c q u i r e  t h e  da ta :  

FMIFM, and SSB/PM. 

and averaging c i r c u i t ,  was used t o  provide a c o u s t i c a l  l e v e l s  f o r  

f requencies  above 2,400 cps.  

frequency v i b r a t i o n  (5 t o  440 cps) and dynamic s t r a i n  (5 t o  660 cps)  

data .  

t h e  d a t a  from t h e  SSB/FM system which has  a nominal frequeslcy range 

PAlY/W 

The PAM/FM system, i n  conjunct ion w i t h  a f i l t e r i n g  

The FM/FM system was used t o  provide low 

Both systems provided extended frequency information t o  eupplement 

24-1 
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of 30 t o  3,030 cps.  The p r e f l i g h t  sweep c a l i b r a t i o n  showed t h e  low 

frequency r o l l o f f  f o r  t h i s  bSB/FM s e t  w a s  b e t t e r  than nrrmal and, 

t h e r e f o r e ,  40 cps i n f o r m Z i o n  was r e c m e r a h l e  on t h i s  f l i g h t .  

A t i m e  shar ing  arrangeme; L was u t i l i z e d  t o  o b t a i n  a g r e a t e r  number of 

mea-urerrents than t h e  number of a i l a c a t e d  teleine t r y  channels.  Tiiis 

method of a c q a i s i t i o n  provided d a t a  f o r  3 sec out  of every 12 sec 

commuLation period. T i m e  s h z r i n g ,  however, prevented t h e  a c q u i s i t i o n  

J f  maximum response amplitudes and s p e c i f i c  events  ( l i f t o f f ,  s e p a r a t i o n ,  

e t c . )  f o r  sme of t h e  l.leasurements. The time shared  channels are 

r z f l e c t e d  i n  t h e  t i m e  h i s t o r y  plots by es t imated  levels between t h e  

t i w  i n t e r v a l s  a f  t h e  a c t u a l  measured da ta .  

Tlze d a t a  from the  SSB/FM and FM/FM measuremetts were c o r r e c t e d  f o r  d a t a  

a c q u i s i t i o n  s y s t e a  and d a t a  r e d u c t i o c  f i l t e r  r o l l o f f  c h a r a c t e r i s t i c s .  

The c q r r c c t i o n s  w e  2 appl ied  t o  the spectrum p l o t s  and t o  the overall 

levels i n  t a b l e s  24-1 and 24-2 .  Eecause there w a s  no convenient way 

to  c o r r e c t  the  t i m e  h i s t o r y  p l o t s ,  t h e  l e v e l s  show. may d i f f e r  from t h e  

values  shown i n  t h e  t a b l e s .  

s p a c t r a l  d e n s i t y  (PSD; p l o t s  from t h e  SSB/FM measurements are t o  b e  

disregarded because t h e  system &id n o t  provide v a l i d  d a t a  below t h i s  

frequency . 

The levels below 40 cps i n  t h e  power 

Both analog and d i g i t a l  techniques were u t i l i z e d  i n  reducing t h e  da ta .  

The f i n a l  a n a l y s i s  c o n s i j t e d  of both ins tan taneous  and root-mean-square 

(rms) composite t i m e  h i s t o r y ,  and one-third oc tave  band and PSD spectrum 

p l o t s  ( f i g u r e s  24-2 through 24-49)  . 
24 .2  Vibrat ion Environment 

'l%e primary sources  of v i b r a t i o n  s x c i t a t i o n  on the S-TVB s t a g e  were t h e  

H - 1  engine exhaust n o i s e  a t  launch, unsteady aerodynamic flow condi t ions  

during t ransonic  f l i g h t ,  boundary l a y e r  turbulence during m a x  q ,  J - 2  

e t g i n e  combus t i c n  & d e r  processes  during S - I n  powered f l i g h t ,  and 

s t a g i n g  t r a n s i e n t s  a t  s e p a r a t i o n  and S-IVB engine  i g n c t i o n  and c u t o f f .  

ibenty-nine v i b r a t i o n  pickups were l o c a t e d  on the S-IVB s t a g e  t o  

determine t h e  response amplitudcs of t h e  c t a g e  s t r u c t u r e  an2 ComFonents 

t o  these  e x c i t a t i o n  sources .  

j 4 - 2  



Sect ion  24 
Acoust ic ,  ViSrat ion and Dynamic 

S t r a i n  Measurements 

The measurements were grouped i n t o  engine,  t h r u s t  s t r u c t u r e  , at: t LOX dome, 

a f t  i n t e r s  tage  and s k i r t ,  1.H2 tank c y l i n d e r ,  and forward s k i r t  measure- 

ments. 

24.2.1 Engine Measurements 

The engine measurements w e r e  monitored on t h e  combustion chaiiber dome 

and on t h e  f l a n g e  above t h e  LHL and LOX turbopump ;iousings. 

ment s y s t e m  a t  t h e  LOX turbopump was found t o  b e  i n c p e r a t i v e  p r i o r  t o  

launch and t h e r e f o r e  d e l e t e d  from t h e  measurement program. The LH2 

turbopump measurement d id  n o t  prcv ide  v a l i d  d a t a  a f t e r  RO +298 sec due 

t o  an ins t rumenta t ion  malfunction. The d a t a  w e r e  usable  pri.or to t h i s  

t i m e .  

cen t  lower than those measured on t h e  AS-203 f l i g h t .  

h i s t o r y  and spectrum l e v e l s  are shown i n  f i g u r e s  24-2 and 24-3. 

The m-.asure- 

The. v i b r a t i o n  amplitudes on t h e  engine were approximately 15 per- 

Composite t i m e  

24.2.2 Thrust  S t r u c t u r e  Measurements 

The measurements on t h e  t h r u s t  s t r u c t u r e  w e r e  l o c a t e d  on the s t r i n g e r  

a t  t h e  base  of t h e  a u x i l i a r y  h y d r a u l i c  pump and on t h e  LH2 and LOX 

f e e d l i n e s  a t  t h e  support  b r a c k e t  mounted on t h e  gimbal block.  These 

l o c a t i o n s  provided t h e  v i b r a t i o n  i n p u t  d a t a  froin t h e  t h r u s t  s t r u c t u r e  t o  

t h e  comFonents. The d a t a  are shown i n  f i g u r e s  24-4 through 24-8 The 

PSD p l o t s  showed t h a t  a t  l i f t o f f  most of t h e  energy w 8 s  concentrated a t  

about 100 cps and during S-IVB powere4 f l i g h t  t h e  spectrum c o n s i s t e d  of 

many peaks a t  h igher  d i s c r e t e  f requencies .  

comparable t o  those measured on t h e  AS-203 f l i g h t .  

The v i b r a t i o n  l e v e l s  w e r e  

24.2.3 Aft  LOX Dome Neasurements 

The measurements on t h e  LOX dome were l o c a t e d  on t h e  LH2 and LOX feed- 

l i n e s ,  a t  t h e  j u n c t u r e  of t h e  dome, and on t h e  LOX t a l k  vent  va lve .  The 

d a t a  are shown i n  f i g u r e s  24-9 through 24-13. The d a t a  from t h e  LH2 

f e e d l i n e  measurements i n d i c a t e d  t h a t  t h e  t ransducer  systems were n o t  

i n s t a l l e d  i n  t h e  sane manner as t h e  AS-203 f l i g h t  measurements, i .e. ,  

t h e  measurements i n  t h e  t h r u s t  and r a d i a l  d i r e c t i o n s  are interchanged.  
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The AS-203 f l i g h t  Teasurements were suspected of being crosswired when 

t h e  d a t a  showed t h e  l i E t o f f  l e v e l s  i n  t h e  t h r u s t  d i r e c t i o n  were h igher  

than those i n  t h e  r a d i a l  d i r e c t i o n ;  however, t h e r e  was no confirming 

information a t  t h a t  t i m e .  The AS-204 f l i g h t  d a t a  showed t h e  expected 

condi t ions  a t  l i f t o f f .  The r a d i a l  d i r e c t i o n  l e v e l s  are h igher  tnan t h e  

t h r u s t  d i r e c t i o n  ( f i g u r e s  2 ' - 9  and 26-10). 

The v i b r s t i o n  amplitudes a t  these  l o c a t i o n s  were corcparable t o  tt.> 
measured on t h e  AS-203 f l i g h t .  The h igher  amplitudes on t h e  LOX V E : -  

valve a f t e r  S-IVB engine cu tof f  ( f i g u r e  24-13) are due t o  gas flow i r  

t h e  vent  tube dur ing  vent ing .  

24.2.4 Aft I n t e r s t a g e  and S k i r t  Neasurements 

The a t t a c h  p o i n t s  of t h e  r e t r o r o c k e t  between p o s i t i o n  p lane  I1 and I11 

and A P S  module N o .  1 were each monitored wi th  t h r e e  measurements. The 

d a t a  from t h e s e  measurements are shown i n  f i g u r e s  24-14 through 24-19. 

The maximum amplitudes are expected t o  e x i s t  dur ing  launch; however, due 

t o  t h e  time s h a r i n g  arrangement, t h r e e  of t h e s e  meascrements d i d  n o t  

provide d a t a  dur ing  t h i s  t i m e  i n t e r v a l .  

measuremnts  are estimted to be 10 times t h e  level of t h e  PSD p l o t s  a t  

RO +6.9 sec. F igures  24-14 through 24-16 show no d a t a  a f t e r  s e p a r a t i o n  

f o r  t h e  r e t r o r o c k e t  measurements because t h e  t ransducer  wi r ings  are 

severed a t  t h i s  t i m e .  

comparable to those on t h e  AS-203 f l i g h t .  

The l i f t o f f  levels f o r  t h e s e  

The v i b r a t i o n  ampli tcdes  a t  both components were 

24.2.5 LH% Tank Cylinder  Mehsurements 

Four measurements were l o c a t e d  on t h e  W.2 t a n k  c y l i n d e r .  

s t a  1436, 45 deg a p a r t ,  can be c l a s s i f i e d  as t h e  v i b r a t i o n  response of 

an unloaded tank  s t r u c t u r e  and one st t h e  co ld  helium sphere  as t h e  

v i b r a t i o n  input  t o  a 100 lbm component. 

f i g u r e s  24-20 through 24-23. The d a t a  shows t h e  v i b r a t i o n  c h a r a c t e r i s t i c s  

for mass l3ading.  

Three at 

The d a t a  are shown i n  

The ampiitudes f o r  the unloaded tank s t r u c t u r e  were comparable a t  launch 

and approximately 40 percent  lower dur ing  t r a n s o n i c  f l i g h t  (near  mach 1 )  

than those measured cn t h e  AS-203 f l i g h t .  

providicg low frequency d a t a ,  these  measurements were used t o  e v a l u a t e  

Due t o  t h e  c a p a b i l i t y  of 

24-1 
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the  1 7  cps o s c i l l a t i o n  noted on the  r a t e  gyro. The t h r e e  measurements 

showed s i g n i f i c a n t  o s c i l l a t i o n s  dur ing  the  t i m e  i n t e r v a l  of RO +I64 s e c  

t o  R:' +204 sec. 

to-peak. 

v i b r a t i o n  da ta .  

The maximum amplitude noted was approximately 1 g zero- 

S imi la r  o s c i l l a t i o n s  were n o t  observed i n  the AS-203 f l i g h t  

24.2.6 Forward Ski rt Xeasurements 

The seven neasurements on t h e  forward s k i r t  included two a t  t h e  LH2 v e n t  

v a l v e  assemhiy, two a t  t h e  base of a te lemetry antenna,  and t h r e e  on t h e  

f i e l d  s p l i c e  n e a r  p o s i t i o n  

are shown i n  f i g u r e s  24-24 through 24-30. 

showed t h e  same c h a r a c t e r i s t i c s  f o r  measurements on che forward s k i r t  

as those on p a s t  f l i g h t s .  The maximum levels occurred a t  l i f t o f f  and 

dur ing  t t e  t r a n s o n i c  per iod  of f l i g h t  (near  mach 1). The v i b r a t i o n  

amplitudes dur ing  S-IVP powered f l i g h t  were negligib3.e. 

p lane  11. The d a t a  from t h e s e  measurements 

The comDosite t i m e  h i s t o r i e s  

The LH2 v e n t  valve measuremerlts i n d i c a t e d  an  increase i n  l e v e l  dur ing  

t h e  later p o r t i o n  of S-IVB powered f l i g h t .  The i n c r e a s e  i n  level w a s  

a t t r i b u t e d  t o  vent ing.  

24.3 Acoustic Environmedt 

The a c o u s t i c  environment w a s  produced by t h e  H-1 Ecgine exhaust  n o i s e  a t  

launch, unsteady flow condi t ions  d u r i n g  t h e  t r a n s o n i c  per iod of f l i g h t  

(near  mach l ) ,  and by boundary l a y e r  tu rbulence  dur inz  high dynamic 

pressures .  Two microphones were l o c a t e a  on t h e  a f t  s k i r t  a t  sta 1212 

n e a r  p o s i t i o n  p lane  I1 t o  measure t h e  i n t e r n a l  and e x t e r n a l  environment. 

Each t rFnsducer  system had a d u a l  output  c a p a b i l i t y  wi th  t h e  d a t a  s i g n a l  

beiow 3,000 cps t ransmi t ted  by SSB/FM and t h e  d a t a  l e v e l  f o r  t h e  seventh 

(2,400 t o  4,800 cps) and e i g h t h  (4,SOO t o  9,600 cps)  octave bands t rans-  

m i t t e d  v i a  PAMIFM. 

M S  composite t i m e  h i s t o r y  and cne-third octave band p l o t s  f o r  s p e c i f i c  

f l i g h t  per iods  are shown i n  f i g u r e s  24-31 and 24-32. 

l e v e l s  were s l i g h t l y  h igher  a t  l i f t o f f  and t h e  f l u c t u a t i n g  p r e s s u r e s  were 

lower i n f l i g h t  than those measured on t h e  AS-203 f l i g h t .  

€ l i g h t  l e v e l s  may be due t o  t h e  lower dynamic p r e s s u r e s  experienced on 

t h e  AS-204 f l i g h t .  

The sound p r e s s u r e  

The lower in- 
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The e x t e r n a l  measurement exhib i ted  t h e  same unexpected c h a r a c t e r i s t i c s  

i n  t h e  d a t a  as those on t h e  AS-203 f l i g h t .  The o v e r a l l  sound p r e s s u r e  

l e v e l  during launch appears reasonable ,  although t h e  spectrum was not  

of  t h e  expected shape. Severa l  d a t a  s i g n a l  dropouts  were observed during 

launch and S-IB powered f l i g h t .  A s  on t h e  AS-203 f l i g h t ,  t h e  f l u c t u a t i n g  

pressures  maintained a high leve?. long a f t e r  max q. The aforementioned 

s i m i l a r i t i e s  between t h t  two f l i g h t s ,  al though h ighly  p e c u l i a r ,  nay b e  

a t t r i b u t e d  t o  a l o c a l  phenomenon. Therefore ,  use o f  t h e  d a t a  from t h i s  

measurement should be tempered w i t h  the  knowledge t h a t  t h e  measured d a t a  

were pec i l l i a r  t o  a small 1-ocalized area.  

24.4 Dynamic S t r a i n  Measurements 

S ix teen  dynamic s t r a i n  measurements w e r e  made t o  d e t e c t  t h e  p o s s i b l e  

e x i s t e n c e  and degree of s k i n  panel f l u t t e r  i n  the  forward s k i r t  during 

supersonic  f l i g h t .  The s t r a i n  gages w e r e  i n s t a l l e d  on approximately 

every 7th panel of t h e  forward s k i r t ,  a t  s ta  1576, o r i e n t e d  i n  t h e  

t h r u s t  a x l s ,  l o c a t e d  midway between s t r i n g e r s  and 4 in .  forward of  t h e  

panel  t r a i l i n g  edge. The i n s t a l l a t i o i i  d u p l i c a t e d  t h a t  used i n  t h e  panel  

f l u t t e r  q u a l i f i c a t i o n  test p e r f c m e d  i n  t h e  Arnold Engineering Development 

Center t r a n s o n i c  wind tunnel  on a f u l l  scale segment of  t h e  S-IVB forward 

sk i r t .  A t ransducer  l o c a t i o n  ske tch  and a comparison of RMS composite 

t i m e  h i s t o r i e s  of t h e  measurements are shown i n  f i g u r e s  24 - 33. P S D  

p l o t s  and samples of  t h e  ins tan taneous  wave forms f o r  s e l e c t e d  f l i g h t  

per iods  and RMS composite t i m e  h i s t o r i e s  are shown i n  f i g u r e s  24 - 34 

through 24 - 4 9 .  

s o n i c ,  and supersonic  per iods  of f l i g h t  are p r e s e n t i d  i n  table 24-2 .  

The composite dynamic s t r a i n  l e v e l s  a t  l i f t o f f ,  t ran-  

The t i m e  h i s t o r y  of  t h e  composite dynamic s t r a i n  levels from most 

measurements followed t h e  same t rend  as t h e  v i b r a t i o n  levels rneasured 

on t h e  forward s k i r t  w i t h  maximum levels occurr ing  a t  l i f t o f f  and t h e  

next  h i g h e s t  l e v e l s  occur r ing  during t r a n s o n i c  f l i g h t .  

has  also been observed i n  t h e  a c o u s t i c  d a t a  from previous f l i g h t s .  

During t h e  t i m e  i n t e r v a l  of  RO +71 sec, t o  RO i-42 sec, however, seven 

measurements showed s h o r t  dura t ion  t r a n s i e n t s  which c o r r e l a t e  i.l t i m e  of 

A similar t r e n d  

-urrence with v e h i c l e  bending moments induced by angle  of a t t a c k  

v a r i a t i o n s  due t o  changes i n  wind d i r e c t i o n  and speed. 

24-6 
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The s t r a i n  response s p e c t r a  and wave forms were compared w i t h  those 

der ived from t h e  wind t u n n e l  t es t  d a t a  t o  determine whether t h e  dynamic 

s t r a i n  t r a n s i e n t s  t h a t  occurred du r ing  supe r son ic  f l i g h t  couid b e  

a t t r i b u t e d  t o  pane l  f l u t t e r .  The dominant response modes (320 t o  600 Hz) 

i n d i c a t e d  by t h e  f l i g h t  d a t a  were observed i n  the  wind tunne l  d a t a  when 

t h e  pane l s  were responding t o  t h e  random f l u c t u a t i n g  p r e s s u r e s  i n  +he 

boundary l a y e r  du r ing  pe r iods  when pane l  f l u t t e r  w a s  no t  occu r r ing .  

wave i'orm of t h e  f l i g h t  d a t a ,  which is s imi la r  t o  t h e  wind tunne l  d a t s  

du r ing  p e r i o d s  when pane l  f l u t t e r  w a s  no t  occu r r ing ,  w a s  t h a t  of narrow 

band random v i b r a t i o n .  Th i s  wave form is  t y p i c a l  of panel  response t o  

a c o u s t i c  n o s i e  o r  p r e s s u r e  f l u c t u a t i o n s  due t o  random tu rbu lence  i n  t h e  

boundary l a y e r .  

The 

When pane l  f l u t t e r  w a s  i n d x e d  i n  t h e  wind t u n n e l  t h e  p a n e l  response w a s  

c h a r a c t e r i z e d  by a s i n g l e  dominant mode (below 250 Hz) w i t h  

a p e r i o d i c  wave form, almost s i n u s o i d a l ,  and w i t h  peak s t r a i n  l e v e l s  

more than t h r e e  t i m e s  h ighe r  t han  those  measured du r ing  f l i g h t .  Th i s  

s i n g l e  mode high l e v e l  t ype  of pane l  response is c o n s i s t e n t  w i t h  t h e  

g e n e r a l l y  accepted d e s c r i p t i o n  of pane l  f l u t t e r .  

d i d  n o t  occur d u r i n g  f l i g h t  i t  is concluded t h a t  pane l  f l u t t e r  d i d  n o t  

S ince  t h i s  response 

occur.  

The c l o s e s t  approximation of a p e r i o d i c  s i g n a l  d u r i n g  f l i g h t  occurred on 

measurement SO092 a t  RO +85 sec; however, t h e  peak dynamic s t r a i n  l e v e l  

was on ly  about 20 p e r c e n t  of t h e  maximum v a l u e s  measured i n  t h e  wind 

tunne l .  The PSD p l o t  i n  f i g u r e  24-40 shows two dominant response modes 

a t  f r equenc ie s  of approximately 400 Hz and 600 Hz which are much h i g h e r  

i n  frequency than t h e  f l u t t e r  mode observed i n  t h e  wind tunnel .  

The dynamic s t r a i n  t r a n s i e n t s  du r ing  supe r son ic  f l i g h t  can b e  exp la ined  

as fol lows.  The wind t u n n e l  test  showed t h a t  w i t h  mach number, d i f -  

f e r e n t i a l  p r e s s u r e ,  and dynamic p r e s s u r e  h e l d  c o n s t a n t ,  t h e  dynamic 

s t r a i n  l e v e l s  due t o  f l u c t u a t i n g  p r e s s u r e s  i n  t h e  boundary l a y e r  in- 

creased as t h e  compression loads  app l i ed  t o  t h e  pane l  were i n c r e a s e d .  

The maximum dynamic s t r a i n  l e v e l s  occurred when t h e  panel  compression 

load was equa l  t o  o r  g r e a t e r  t han  t h e  s t a t i c  buck l ing  load .  The com- 

p r e s s i o n  loads  on t h e  forward s k i r t  panels  were es t ima ted  from bending 

24- 7 
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moments based on s t a t i c  s t r a i n  measurements on t h e  S-IVB a f t  s k i r t ,  

paragraph 2 2 . 3 .  The compression loads  on the  pane l s  t h a t  e x h i b i t e d  t h e  

maximum dynamic s t r a i n  t r a n s i e n t s  w e r e  e s t ima ted  t o  be nea r  s t a t i c  buck- 

l i n g .  The e f f e c t s  of d i f f e r e n t i a l  p r e s s u r e  were included i n  t h e  e s t i -  

mation of t h e  s t a t i c  buck l ing  load .  

S ince  pane l  f l u t t e r  w a s  induced i n  t h e  wind tunne l  when c r i t i c a l  buckl ing 

loads  were a p p l i e d  du r ing  approximately t h e  same dynamic p r e s s u r e  and 

mach number range t h a t  e x i s t e d  du r ing  f l i g h t  between RO +71 and 

RO +92 sec, i t  i s  concluded t h z t  t h e  abs-nce of pane l  f l u t t e r  du r ing  

f l i g h t  w a s  due t o  t h e  t h i c k e r  boundary l a y e r  and /o r  t h e  h ighe r  s t a t i c  

d i f f e r e n t i a l  p r e s s u r e .  

I n  summary, i t  is  concluded t h a t  pane l  f l u t t e r  d i d  n o t  occur and t h a t  

t h e  f a t i g u e  l i f e  of t h e  forward s k i r t  p a n e l s ,  as demonstrated i n  t h e  wind 

t u n n e l  q u a l i f i c a t i o n  t e s t ,  w a s  n o t  impaired by t h e  p r e s s u r e  f l u c t u a t i o n s  

i n  t h e  boundary l a y e r  d u r i n g  supe r son ic  f l i g h t .  
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Figure 24-1. Acoustic and Vibrat ion Measurement Locations 
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25. tiERO/THERMODYNAMIC ENVIRONMENT - 

The aerc/thermodynamic instrumentat ion consis ted of pressure  t ransducers  

t o  measure ex te rna l  pressure d i s t r i b u t i o n  and i n t e r n a l  compartment pres- 

sures ,  and temperature t ransducers  t o  measure s t r u c t u r a l  temperatures,  

s e l ec t ed  corcponent temperacures, and propel lan t  heat ing.  I n  general ,  the  

ua ta  w 2 r e  wi th in  s tage  design limits and the  measurement ob jec t ives  were 

s h i i s f a c t o r  i l y  accomplished. 

25.1 Aerodynapic Pressure Environment 

Figure 25-1 shows the  loca t i cns  of t he  S-IVB-204 aerodynamic pressure  

measurements. Figures 25-2 through 25-25 present  comparisons between 

a n a l y t i c a l  o r  wind tunnel  d a t a  and f l i g h t  da ta  f o r  :he forward s k i r t ,  

a f t  s k i r t ,  i n t e r s t a g e ,  and the APS and LH2 feed l ine  f a i r i n g s .  F l i g h t  

da t a  are general ly  i n  good agreement with t h e  a n a l y t i c a l  and wind tunnel  

da t a  f o r  zero angle-of-attack (a). Thir, is  as expected s i n c e  t h e  angle- 

of-attack during boost w a s  less than 2 deg. 

25.1.1 Forward S k i r t  

Fikures 25-2 through 25-5 present  a comparison of t h e  f l i g h t  d a t a  

(reduced t o  c o e f f i c i e n t  form based on the  f l i g h t  ambient pressure  and 

mach number) and wind tunnel  pressure c o e f f i c i e n t  da t a  from Chrysler 

Corporation Space Divis ion TN-Ap-66-112, dated October 1966. Figures  

25-2 through 25-4 show good c o r r e l a t i o n  between t h e  f l i g h t  and wind 

tunnel  da ta .  The f l i g h t  d a t a  pressure  c o e f f i c i e n t s ,  f i g u r e  25-5, appear 

t o  be high. 

f lange  and was a loca l ized  high pressure area as shown i n  f i g u r e  25-6. 

This discrepancy w a s  caused by the  LH2 tank and s k i r t  s p l i c e  

Figure 25-7 presents  t h e  pred ic ted  and measured d i f f e r e n t i a l  pressures  

( i n t e r n a l  pressure minus l o c a l  ex te rna l  pressure) .  

cated bu r s t ing  and crushing f l i g h t  pressure d i f f e r e n t i a l s  were 2.45 and 

0.42 p s i ,  respec t ive ly .  The predicted values  show 2.21 p s i  bu r s t ing  

and 0.25 p s i  crushing pressure d i f f e r e n t i a l s .  

rise around the  LH2 tank and s k i r t  s p l i c e  f lange was  responsible  f o r  the 

s l i g h t  crushing d i f f e r e n t i a l .  The crushing d i f f e r e n t i a l  t ape r s  o f €  t o  

zero approximately 10 in .  f o m s r d  of t he  f lange and appears t o  be uniform 

The maximum indi-  

The loca l i zed  pressure 

25-1 



Section 25 
Aero/Thermodynamic Environment 

both circumferent ia l ly  and longi tudina l ly ;  therefore ,  no design problem 

is indicated (reference paragraph 22.2.5). Without t h i s  p r e s s u r e  rise, 

no crushing pressure would be present .  

burs t ing  d i f f e r e n t i a l s  occur before  the  predicted values.  Since the 

pressure  coe f f i c i en t  dependency on mach number w a s  v e r i f i e d  by f l i g h t  

da ta  ( f igu re  25-2 through 25-4), t h i s  apparent time s h i f t  is  a t t r i b u t e d  

t o  the  d i f fe rence  between the  a c t u a l  f l i g h t  t r a j ec to ry  and the  predicted 

t r a j ec to ry .  Figure 25-8 i l l u s t r a t e s  tho e f f e c t  t h a t  t he  d i f fe rence  

between the  p r e f l i g h t  and f l i g h t  t r a j e c t o r y  had on the  forward compart- 

ment i n t e r n a l  pressure.  The da ta  presented i n  t h i s  f i gu re  ( i n t e r n a l  

p r e s s u r e  mints f reestream pressure)  i l l u s t r a t e  t h a t  t h e  d i f fe rence  i n  

f reestream pressure  between two t r a j e c t o r i e s  does not  account f o r  t he  

burntime pressure  occurring ea r ly  and f a l l i n g  out of t he  predicted band. 

This i nd ica t e s  t h a t  the  d i f fe rence  between the  p r e f l i g h t  and f l i g h t  mach 

number h i s t o r i e s  i s  the cause of t he  t i m e  s h i f t  of the  peak bu r s t ing  

pressure . 

Peak values  f o r  the f l i g h t  

25.1.2 Aft S k i r t  and In t e r s t age  

Figures 25-9 through 25-11 present  t he  pressure coe f f i c i en t  comparison 

f o r  the  a f t  s k i r t  and in t e r s t age .  

compare favorably except f o r  measurement D0120. 

loca t lon  between the  LH2 feedl inz  f a i r i n g  and t h e  APS on the  a f t  s k i r t ,  

apparently measured the  pressure changes brought about by the f l1.w 

disturbances introduced by these two protuberances; however, t he  da t a  

appear t o  be good. 

s ta  994 (DO122 and D0124) d id  not  appear t o  f-nction properly. 

was Ir3rked as a f a i l u r e  s i c c e  i t  did not  respond as expected. 

measured high throughout most of the f l i g h t  which w a s  no t  c 

with the t rends set by the rest of t he  a f t  s k i r t  and in t e r s t age  da ta .  

The f l i g h t  m d  predicted values  

This measurement 

Two of the  three  measurements located a t  v e h i c l r  

DO122 

DOi24 

i s t e n t  

Figure 25-12 presents  a comparison of t he  predicted and the  measured 

d i f f e r e n t i a l  pressures  ( i n t e r n a l  pressure minus l o c a l  externrrl p ressure) .  

The maximum indicated burs t ing  d i f f e r e n t i a l  pressure was 1 .2  p s i  and t h e  

crushing d i f f e ren tLa l  pressure was 0.05 p s i .  

1 .2  p s i  and 0 p s i  burs t ing  and crushing d i f f e r e n t i a l s ,  resjjectively.  

Predicted values were 

25-2 
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The f l i g h t  and predic ted  values showed good co r re l a t ion .  Figure 25-13 

is a comparison between the  predicted and f l i g h t  i n t e r n a l  pressure minus 

freestream pressure.  

design load t i m e  period (RO +40 t o  RO +80 sec ) .  

The va lues  a l s o  show good co r re l a t ion  wi th in  t h e  

25.1.3 Auxil iary Propulsion System 

Figures 25-14 through 25-17 present  a comparison of t h e  pred ic ted  and 

measured pressure  d i f f e r e n t i a l s  ( i n t e r n a l  pressure  from t h e  a f t  s k i r t  

and i n t e r s t a g e  region minus t h e  l o c a l  pressure  over t h e  APS f a i r i n g ) .  

The comparison shows good co r re l a t ion  on t h e  c y l i n d r i c a l  por t ion  of t h e  

APS. The predicted values  are genera l ly  conservat ive on the nose 

f a i r i n g .  

pressures ,  f i g u r e  25-18, a l s o  shows good co r re l a t ion .  

A comparison between t h e  pred ic ted  and measured APS base 

25.1.4 LH2 Feedline Fa i r ing  

Figures 25-19 through 25-25 present  a comparison of the  pred ic ted  and 

a c t u a l  d i f f e r e n t i a l  pressures  ac t ing  on the  LH2 feed l ine  f a i r i n g .  The 

measured d i f f e r e n t i a l s  were ca lcu la ted  i n  the manner described f o r  t he  

A P S .  

pressures  are genera l ly  conservative.  

The f i g u r e s  show t h a t  t he  a n a l y t i c a l l y  pred ic ted  d i f f e r e n t i a l  

25.2 Thermodynamic S t r u c t u r a l  Heating Environment 

Locations of temperature measurements on t h e  AS-204 e x t e r i o r  s t r u c t u r e  

are shown i n  f i g u r e  25-26. A l l  s t r u c t u r a l  temperature measurements 

performed s a t i s f a c t o r i l y  during f l i g h t .  

measurements on t h e  s t r u c t u r e ;  one on the  forward s k i r t  (20081), e igh t  

on t h e  l i q u i d  hydrogen tank (COO75 through C0080, C0106 and C0107), 

nine on the  a f t  s k i r t  (C0178 through C0185 and C0045), and th ree  on t h e  

APS f a i r i n g  (C0224 through C0226). 

There were 21 temperature 

A l l  recorded s t r u c t u r a l  temperatures w e r e  w e l l  below design temperatures 

a s  was expected from t h e  r e l a t i v e l y  cool  t r a j e c t o r y  flown. 

maximum s t r u c  t u r a l  temperatures taken from the  da t a  are tabulated i n  

t a b l e  25-1. 

L i f to f f  and 
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Analyt ical  s imulat ions of t he  temperature da t a  were based on the  a c t u a l  

f l i g h t  t r a j ec to ry ,  boundary l aye r  t r a n s i t i o n  from turbulent  t o  laminar 

a t  the time TW/TAW = 0.5, and a Reynolds analogy f a c t o r  of 0.833. The 

flow wi-; assumed t o  pass i n i t i a l l y  through a conical  bow shock. 

flow on the forward s k i r t  w a s  determined by the  Prandtl-Meyer re la t ion-  

sh ips .  

A i r  

A l l  o ther  areas were based on a pressure coe f f i c i en t  of zero. 

Atmospheric p rope r t i e s  were determined from meteorological da t a  tdken 

a t  the  t i m e  of launch. 

Heating rates on the  surface surrounding the  APS (C0178 through COl85) 

were simulated by using aerodynamic hea t ing  rates which w e r e  50 percent 

g rea t e r  than t h a t  experienced i n  undisturbed regions of t he  s t age  

(h/ho = 1.5). 

ana lys i s  of these areas. 

This value corresponds t o  t h e  value used i n  the  design 

The f l i g h t  da t a  presented were obtained from PCM d i g i t a l  p l o t s .  

simulated temperatures agreed reasonably w e l l  with t h e  da ta .  

the temperatures simulated during the subsonic por t ion  of the  f l i g h t  

did not show the  drop t h a t  w a s  experienced by most of the  measurements. 

A l l  previous Saturn I B  f l i g h t  da t a  exhibi ted a similar cooling t renu 

from RO +10 t o  RO +GO sec which w a s  no t  dupl icated by a n a l y t i c a l  

simulation. 

The 

However, 

25.2.1 Forward S k i r t  

The temperature h i s to ry  of the  measurement located on the  forward s k i r t  

(C0081) is given i n  f i g u r e  25-27. 

Temperature s imulat ion w a s  made using a three  dimensional hea t  t r ans fe r  

model. The hea t  t r a n s f e r  coe f f i c i en t s  were based on flow determined by 

Prandtl-Meyer r e l a t ionsh ips  and boundary l aye r  t r a n s i t i o n  a t  the  t i m e  

when T /T 
RO +130 sec.  

separa t ion  (RO +146 see)  when re t rorocket  impingement produced approxi- 

mately 10 deg R rise i n  temperature. The simulated maximum temperature 

was approximately 40 deg R higher than the data .  

= 0.5. Maximum temperature of 609 deg R occurred at w AW 
The temperature decl ined a f t e r  RO +130 sec  u n t i l  s t age  
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25.2.2 LH2 Tank 

There were e igh t  temperature measurements on the LH2 tank ex te rna l  

surface.  A l l  of the ind ica ted  temperatures a t  l i f t o f f  were between 

300 and 375 deg R ( f igu re  25-28). 

505 deg R during boost.  The a n a l y t i c a l  s imulat ions were programmed t o  

start  with the  same temperature d i s t r i b u t i o n s  a s  the  sensors  (assuming 

thermal equi l ibr ium condi t ions) .  

higher (25 t o  35 deg R) than t h e  da ta .  

The temperatures never exceeded 

Temperature s imulat ions were sonewhat 

25.2.3 - Aft S k i r t  

There were n ine  temperature measureuents on the  a f t  s k i r t .  A l l  measure- 

ments were located i n  regions where the  s t r u c t u r e  w a s  covered with 

0.010 in .  Korotherm. Figure 25-27 s h w s  t h e  temperature h i s t o r y  of 

measurement COO45 which w a s  located i n  a protuberance hea t ing  area, 

h/ho = 1.5 and under 0.010 i n .  Korotherm. 

w a s  582 deg R and t h e  s imulat ion w a s  approximately 30 deg R higher .  

Figures 25-29 and 25-30 show temperature h i s t o r i e s  f o r  measurements 

(C0178 through COl85) located near  t he  APS f a i r i n g s .  Two measurements, 

located on each s i d e  of both APS f a i r i n g s ,  were staggered s ta t ionwise  

t o  be i n  alignment with the  r o l l  rocket-engine cen te r l ines .  

ments neares t  the s k i r t l i n t e r s t a g e  junc t ion  (C0178, C0180, C0182 and 

C0184) were i n  t h e  immediate v i c i n i t y  of an i n t e r n a l  frame which acted 

as a hea t  s ink  s o  t h a t  the  temperatures measured were r e l a t i v e l y  low. 

Measurements f u r t h e s t  forward (C0179, C0181, C0183 and COl85) were 

thermally removed from any frames. Measurements (C0178 through COl81) 

neares t  the APS f a i r i n g s  showed maximum temperatures 15 t o  20 deg R 

higher than those (C0182 through COl85) located an add i t iona l  s t r i n g e r  

away, as expected. Temperature s imulat ions of t he  measurements adjacent  

t o  t h e  APS f a i r i n g s  were made using a constant  protuberance hea t ing  

f a c t o r ,  h/ho = 1.5. 

tu re s  f o r  design. 

The peak sensor  temperature 

The measure- 

This assumption was a l s o  used i n  der iv ing  tempera- 

Peak temperatures adjacent  t o  the. APS f a i r i n g s  ranged from 572 t o  

605 deg R. The peak simulated temperatures were very c lose  for t he  
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measurements (C0178 through COl81) l o c a t e d  n e a r e s t  t h e  A P S  f a i r i n g s .  

Simulst ions were based on t h e  des ign  h e a t i n g  f a c t o r  of h/ho = 1.5  and 

d i d  n o t  a t tempt  t o  .account f o r  t h e  decrease i n  h/ho away from t h e  

f a i r i n g s  . 
Sensors around t h e  APS were i n s t a l l e d  on t h e  s k i n  next  t o  one of t h e  

s t r i n g e r  l e g s  r e s u l t i n g  i n  lower i n d i c a t e d  s k i n  temperature  than would 

be experieiiced i f  t h e  measurements were e q u a l l y  spaced between t h e  

s t r i n g e r s .  No at tempt  w a s  made t o  s i m u l a t e  t h e  temperature  rise due t o  

r e t r o r o c k e t  impingewnt .  

25.2.4 APS F a i r i n g  

A l l  t h r e e  temperature measurements on t h e  APS f a i r i n g  s t a r t e d  at approxi- 

mately 535 deg R, f i g u r e  25-31. Measurement C0225, loca ted  on t h e  

c e n t e r l i n e  of t h e  centerbody j u s t  a f t  of t h e  nose r a d i u s ,  ?rovided t h e  

h i g h e s t  temperature  dur ing  AS-204 boos t  f l i g h t ,  632 deg R. 

temperatures  of C0225 and C0226 (570 and 567 deg R r e s p e c t i v e l y )  were 

s u b s t a n t i a l l y  lower than  C0225 because t h e r e  w a s  more i n t e r n a l  s t r u c t u r e  

i n  t h e  v i c i n i t y  of t h e  t ransducer .  Temperature s i m u l a t i o n  of C0225 does 

not  i n d i c a t e  t h e  response rate shown by t h e  f l i g h t  d a t a  between RO +80 

and RO i 1 6 0  sec; however, t h e  peak temperature  agrees  w e l l  w i t h  t h e  d a t a .  

The s imulated temperature  responses  of C0224 and C0226 were c o n s i s t e n t l y  

15 t o  20 deg R h igher  than t h e  d a t a .  

The maximum 

25.3 Thermodynamic Component Heating Environment 

25.3.1 Auxi l ia ry  Propuls ion  System O r b i t a l  Temperatures 

O r b i t a l  temperatures f o r  t h e  APS were determined by t e n  measurements 

(C0258 through C0267) mounted i n t e r n a l l y  on v a r i o u s  components, on t h e  

p r o p e l l a n t  t r a n s f e r  l i n e s ,  and on t h e  f a i r i n g .  The al lowable o p e r a t i o n a l  

l i m i t s  f o r  t h e  APS p r o p e l l a n t s  and components are 480 deg R minimum and 

585 deg R maximum. 

Table 25-2 l ists  t h e  h i g h e s t  and lowest recorded temperatures  dur ing  t h e  

f i r s t  t h r e e  o r b i t s  f o r  a l l  i n t e r n a l l y  mounted sensors .  A l l  recorded 

temperatures were w i t h i n  al lowable va lues .  
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Figure 25-32 shows .-he ;lata from a l l  t h r e e  f a i r i n g  measurements (C0224, 

C0225 and C0226) superimposed on t h e  a n a l y t i c a l l y  p r e d i c t e d  maximum and 

minimum values  u s e d  f o r  APS design.  

a n a l y t i c a l  va lucs .  

A l l  f l i g h t  d a t a  f a l l  w i t h i n  t h e  

Two measurements wereyselected f o r  c o r r e l a t i m  based on f l i g h t  parameters .  

C0225 mounted * n t e r n a l l y  on t h e  outboard ( top)  p o r t i o n  of t h e  f a i r i n g  

along t h e  APS c e n t e r l i n e  was s e l e c t e d  t o  v e r i f y  t h a t  t h e  e x t e r n a i  f a i r i n g  

s u r i a c o  o p t i c a l  p r o p e r t i e ;  remained w i t h i n  t h e i r  expected range,  

f i g u r e  25-33, and C0260, f i g u r e  25-34, l o c a t e d  on t h e  main o x i d i z e r  

t r a n s f e r  l i n e  n e a r  t h e  rear sLpport  b r a c k e t  was s e l e c t e d  s i n c e  t h i s  

regior,  was one of t h e  c r i t i c a l  thermal areas dur ing  t'-e des ign  phase of 

t h e  A P S .  F l i g h t  d a t a  f o r  both measurements, C0225 and CU260, compare 

f a i r l y  w e l l  wi th  t h e  a n a l y t i c a l l y  p r e d i c t e d  va lues .  

d a t a .  

a. 

b. 

C .  

25.1.2 

The fol lowing is  an e v a l u a t i o n  of t h e  S-IVB-204 component h e a t i n g  f l i g h t  

Forward and Af t  - S k i r t  Compcjnents 

A l l  d a t a  monitored thronghout t h e  f l i g h t  f o r  t h e  b r i d g e  uodules ,  

p r o p e l l a n t  u t i l i z a t i o n  and s i a t i c  i n v e r t e r  assemblies ,  c h i l l -  

down i n v e r t e r s  and b a t t e r i e s  appear t o  be v a l i d .  

A l l  component temperatures  were w i t h i n  acceptab le  l i m i t s  dur ing  

t h e  f i r s t  t h r e e  o r b i t s .  The temperature of t h e  LOX c h i l l -  

down i n v e r t e r ,  C0139, equaled its low temperature  l i m i t  of 

470 deg R a t  approximately RO +15,800 sec. 

The ground hold temperstures  of t h e  a f t  s k i r t  components ranged 

from 1 5  t o  50 deg R cooler  t h a n  those  monitored on S-IVB-501 as 

a r e s u l t  of a c o o l e r  purge gas  i n l e t  temperature.  

25.3.3 Bridge Modules 

There were s i x  instrumented b r i d g e  modules, t h r e e  mounted on cold p l a t e s  

i n  t h e  forward s k i r t  of t h e  v e h i c l e ,  and t h r e e  mounted on a f t  s k i r t  

f i b e r g l a s s  panels .  

less cont inuously throughout t h e  f l i g h t .  

c h m  i n  f i g u r e  25-35 f o r  t h e  f i r s t  20,000 s e c  of f l i g h t .  The u n i t s  

Each module d i s s i p a t e d  approximatel-] - 1 2  watt o r  

Temperature h i s t o r i e s  a r e  
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mounted on the  co ld  p l a t e s  ranged from 510 t o  521 deg i3 a t  l i f t o f f  and 

reached temperatures ranging from 518 t o  528 deg R a t  t h e  end of t h e  

t h i r d  o r b i t .  

temperature from 448 t o  503 deg R a t  l i f t o f f  wi th  t h e  c o l d e s t  module 

loca ted  on t h e  pa,lel f u r t h e s t  from t h e  purge gas i n l e t  manifold.  A t  

t h e  end of t h e  t h i r d  o r b i t ,  t h e s e  t h r e e  modules ranged i n  temperature 

from 421 t o  479 deg R. The module exper ienc ing  t h e  c o l d e s t  temperature ,  

C0237, was loca ted  on a p a n e l  oppos i te  a LOX dome segment n o t  covered 

wi th  aluminized mylar. 

395 deg R upper and lower temperature l i m i t s .  

Three modules mounted on a f t  s k i r t  pane ls  ranged i n  

These temperatures  were w e l l  w i t h i n  t h e  620 t o  

25.3.4 P r o p e l l a n t  U t i l i z a t i o n  and S t a t i c  Inverter-Converter  Assemblies 

These u n i t s  were mou-.ted on a forward s k i r t  co ld  p l a t e  and operated 

cont inuously up t o  o r b i t  i n s e r t i o n .  

d i s s i p a t e s  approximately 36 watts,  and t h e  s t a t i c  inver te r -conver te r  

assembly d i s s i p a t e s  approximately 18 watts. 

are shown i n  f i g u r e  25-36 f o r  t h e  f i r s t  17,000 sec of f l i g h t .  

and i n v e r t e r  assemblies  were 534 deg R and 528 deg R ,  r e s p e c t i v e l y ,  a t  

l i f t o f f  and decreased t o  502 deg R and 506 deg R a t  t h e  end of  t h e  t h i r d  

o r b i t .  The assemblies  remained w i t h i n  t h e  500 t o  570 deg R temperature 

l i m i t s  throughout t h e  f l i g h t .  

The p r o p e l l a n t  u t i l i z a t i o n  assembly 

The temperature h i s t o r i e s  

The PU 

23.3.5 Chilldown I n v e r t e r s  

The chil ldown i n v e r t e r s  were mounted on an  a f t  f j b e r g l a s s  pace1 and were 

operated from approximately 600 sec p r i o r  t o  l i f t o f f  u n t i l  approximately 

150 sec a f t e r  l i f t o f f .  

f i g u r e  25-36. 

were 481 t o  496 deg R. 

from 525 deg R when they were s h u t  of’, t o  470 deg R a t  t h e  end of 

17,000 s e c  of f l i g h t .  These temperatures were w i t h i n  t h e  upper and 

lower temperature l i m i t s  of 610 deg R and 470 de? R. 

Temperature h i s t o r i e s  are presented i n  

P r i o r  t o  be ing  energized on t h e  ground, t h e i r  t e m e r a t u r e s  

They experienced temperature extremes ranging 

25.3.6 B a t t e r i e s  

The t h r e e  b a t t e r i e s  mounted on t h e  forward s k i r t  and two b a t t e r i e s  

mounted on t h e  a f r  s k i r t  of t h e  v e h i c l e  experienced temperatures canging 
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from 536 t o  549 deg R a t  l i f t o f f .  A t  the. end of the  t h i r d  o r b i t  t h e  

b a t t e r i e s  ranged i n  temperature from 536 t o  617  deg R.  The temperatures 

experienced by the 1 . a t t e r i e s  dur ing  t h e  f l i g h t  a r e  presented i n  

f i g u r e  25-37 and were w i t h i n  the  acceptab le  l i m i t s  of 525 and 625 i e g  R. 

25.4 Thercariynamic P r o p e l l a n t  Heating Environment -- 

25.4.1 Boost F l i g h t  

The n e t  h e a t  t r a n s f e r r e d  t o  t h e  LH2 dur ing  boost W B S  a n a l y t . . c a l l y  

determined using t h e  recovery temperature and tan? w a l l  h e a t  t r a n s f e r  

c o e f f i c i e n t  h i s t o r i e s  based on t h e  f l i g h t  t r a j e c t o r y .  The a n a l y s i s  

r e s u l t s  toge ther  wi th  t h e  minimum and maximum des ign  v s l u e s  are shown 

i n  f i g u r e  25-38. I n i t i a l  LH? tank s k i n  t e r p e r a t u r e s  from f l i g h t  d a t a  

were used along wi th  t h e  maximum valu?s  of i n s u l a t i o n  thermal cc:c- 

d u c t i v i t y  (as  a f u n c t i o n  of temperature) as determined from S-IVB loading  

and acceptance f i r i n g  test d a t a .  The wetted areas were determined by 

us ing  t h e  LH2 mass h i s t o r y .  The h e a t  t r a n s f e r r e d  through h e a t  s h o r t s  

( i . e . ,  h e a t i n g  pa ths  o t h e r  than t h z  c y l i n d r i c a l  tank)  w a s  taken from a 

r e c e n t  S-IVB p r o p e l l a n t  h e a t i n g  a n a l y s i j .  A s  shown, t h e  t o t a l  L€:2 

h e a t i n g  va lue  is w i t h i n  t h e  design range. 

25.4.2 O r b i t a l  F l i g h t  

The LH2 and LOX tank h e a t i n g  rate h i s t o r i e s  duri1.g t h e  o r b i t a l  f l i s h t  

are presented i n  f i g u r e s  25-39 and 25-40. 

r h e  a c t u a l  AS-204 f l i g h t  t r a j e c t o r y .  The genera l  assumptions used i n  

t h e  ana lyses  are presented i n  t a b l e  25-3. 

The p r i d i c t i o n s  are based on 

Figure 25-59 p r e s e n t s  t h e  LH2 tank l i q u i d  r e s i d u a l  and u l l a g e  h e a t i n g  

rates. The LH2 h e a t i n g  curve was generated assuming t h a t  t h e  LH2 t m k  

i n t e r i o r  walls were f u l l y  w e t  u n t i l  t h e  r e s i d u a l  i n  t h e  tank w a s  

vaporized. Ullage h e a t i n g  is considered t o  be n e g l i g i b l e  when t h e  

tank w a l l s  are wet. 

t h a t  t h e  LH2 tank i n t e r i o r  walls were completely dry. 

LH2 h e a t i n g  r a t e s  presented ,  t h e  t r a n s i t i o n  from a f u l l y  wet wall  t o  a 

completely dry w a l l  condi t ion  was es t imated  t o  take  p l a c e  a t  approxfe- 

mately 3,000 sec f r c j m  engine c u t o f f .  

The u l l a g e  h e a t i n g  curve was generated assuming 

Based on t h e  

25-9 



Section 25 
AeroIThermodynamic Environment 

Figure 25-40 presents  the  LOX tank l i q u i d  r e s idua l  and gas r e s idua l  

(oxygen and helium) heat ing rates. 

r e s idua l  heat ing rates, the  LOX tank i n t e r i o r  wal l s  were assumed t o  be 

f u l l y  w e t  u n t i l  t he  LOX r e s i d u a l  w a s  dumped. 

r e s idua l  heat ing w a s  considered t o  be negl ig ib le .  

dumped a t  approximately 8,000 sec  from engine cu to f f .  

dump, the  tank w a l l s  were assumed t o  be completely dry. 

I n  order  t o  determine t h e  LOX 

During t h i s  period the  gas 

The LOX r e s i d u a l  was 

Following LOX 

The f u l l y  w e t  i a t e r i o r  w a l l s  assumfcion f o r  t he  LH2 and LOX r e s idua l  

hea t ing  rates implies t h a t  the  tank walls were w e t  o f t e n  enough t o  

maintain t h e  i n t e r n a l  sur face  e s s e n t i a l l y  a t  the  l i q u i d  cryogenic 

temperature. 

w a s  used i n  the  u l l age  and gas hea t ing  ca lcu la t ions .  

An average pressure af 2.5 p s i a  i n  t h e  LH2 and LOX tanks 
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LOCAT ION 
(SENSOR NO.)  

Forward S k i r t  

COO31 

LH2 Tank 

COO75 
COO76 
COO77 
C O O 7 8  
COG79 
COO80 
C0106 
CG107 

Aft  S k i r t  

Korotherm) 

COO45 
*C0178 
C0179 

*C0180 
C0181 

*C0182 
C0183 

*C0184 
C0185 

(0.01-0.015 

A P S  F a i r i n g  

C0224 
C0225 
C0226 

TABLE 25-1 
AS-204,'s-IVB SlKUCTURAL TEMPERATUKE DATA (BOOST) 

SEN S 0 K T LMP E RAT U P.E 

I N I T I A L  
(deg R) 

523 

354 
366 
372 
297 
297 
314 
338 
3 38 

5 1 2  
52 5 
520 
528 
517 
522 
522 
520 
523 

5 32 
5 34 
537 

609 

487 
485 
503 
485 
472 
485 
492 
504 

582 
575 
596 
5 85 
605 
560 
575 
572 
5 85 

5 '0 
6 32 
567 

704 (2 )  

575 (2) 
582 (2) 
582 (2) 
528 (1) 
515 (1) 
580 (2)  
595 (2) 
598 (2) 

621 (1) 
616 (2) 
632 (1) 
606 (2) 
630 (2) 
590 (1) 
627 (1) 

633 (1) 
599 (1) 

623 (2) 
713 (2) 
619 (2) 

ESTIMATED 
MAXIMUM 

STRUCTURAL 
T EWE RATU RE 

640 

Same as Sensor  
Same as Senso r  
Same as Sensor  
Same as Senso r  
Same as Sensor  
Same as Senso r  
Same as Sensor 
Same as Sensor  

Same as Senso r  
Same as Senso r  
Same as Senso r  
S a m e  as Senso r  
Sane as Sensor  
Same as Senso r  
Same as Sensor  
Same as Sensor 
Same as Senso r  

575 
650 
5 75 

* A l l  L.H. measurements are n e a r  a frame. 

(1) -43-202 u n i n s u l a t e d  a f t  s k i r t .  

(2) AS-203 o n l y  o t h e r  f l i g h t  w i t h  same APS measurements. 

REMARKS 

Af t  30" I--1V 
Ctr 30" I--1V 
Fwd 30" I- -1V 
Ctr c n  I V  
C t r  30" 1 x 1 - - 1 V  
C t r  on I1 
A f t  30" 1 1 1 - - 1 V  
Fwd 30" 1 1 1 - - 1 V  

L.H. 
R.H. 
L.H. 
R.H. 
L.H. 
K. H. 
L.H. 
R.H. 

Inbd APS ill  
Inbd A P S  #1 
Inbd APS 12 
Inbd APS #2 
Outbd APS #l 
Outbd APS #l 
Outbd APS 82 
Outbd A P S  112 
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Sect ion 25 
Aero/Thermodynamic Environment 

TABLE 25-3 (Sheet 1 of 2) 
PROPELLANT HEATING ANALYSIS ASSUMPTIONS 

E l l i p t i c a l  Orbi t  = 80 x 100 nm 

Orbi t  i n c l i n a t i o n  = 31.6 deg 

Vehicle o r i en ta t ion :  

Velocity vector :  from 0 sec  t o  5,282 s e c  

Retrogr :de: 5,282 s x  t o  7,900 sec  

Gravity Gradient: 7,900 sec  t o  8,950 sec  

Retrograde: 8,950 sec t o  15,856 sec  

Forward s k i r t  ' - i a l  sur face  

60 in .  black p a i n t :  E = 0.9; a = 0.9 

60 in .  white pa in t :  E = 0.87; a = 0.42 

Forward dome: 

External  sur face  emiss iv i ty  (E)  = 0.92 z inc  chromate 

Radiates t o  60 deg F cold p l a t e s  and 2quipment 

Insu la t ioq  (poiyurethane foam) thickness  - 1/2 in .  

Cyl indr ica l  tank: 

External  sur face  E = 0.87; a = 0.43 

Insu la t ion  (polyurethane foam) thickness  = 1 i n .  

Aft dome : 

From a f t  j o i n t  t o  s ta  No. 273 

External  sur face  E = 0.92 (z inc  chromate) 

From s t a  2 7 3  t o  s t a  241 

External  sur face  E = 0.05 (aluminized mylar) 

External  i n su la t ion  = 1 in .  of f i be rg la s  

From s t a  241 tcj S ta  187 

External  sur face  E = 0.92 ( z inc  chromate) 

Below the  T / S  j o i n t  

External  sur face  E = 0.92 (z inc  chromate) 

In t e rna l  i n su la t ion  (above common bulkhead): mostly 1 / 2  i n .  of 
polyurethane foam 
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Section 25 
Aero!Thermodynamic Enviroment 

TABLE 25-3 (Sheet 2 of 2) 
PKOPLLLANT HEATING ANALYSiS ASSUMPTIONS 

Aft s k i r t  extenia l  surface : 

E = 0.9 and a = 0 .9  (black paint) 

Polyurethane foam s p e c i f i c  heat = empirical values 

density = 5.2 l b / f t 3  

cocductivity = maximum values 

LH2 and LOX tank residutis  ( i n i t i a l l y )  

LH2 = 1,463 l b  

LOX = 2,815 l b  
from Weights Section 
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Section 25 
AeroIThermodvnamic Environment 

LH2 AFT AFT 

= INTERNAL KASUREKNT 
EXTERNAL KASUREIFENT 

@ AUXILIARY PROPULSION SYSTEM 

@ LH2 CHILLDOWN RETURN 

@ ULLAGE ROCKET 

@ RETGOROCKET @ LOX VENT 

@ WUGE SAFETY ANTEPlNA 

@AUXILIARY TUNNEL 

@ LH2 F I L L  AND DRAIN LINE 

@ TELEPETRY ANTENNA 

@ MAIN TUNNEL, M.P.U. 

@ LH2 CHILLDOWPl PUMP 

@ LH2 FEED LINE 

F i g u r e  25-1. Pressure  Measurement L o c a t i o c s  



Section 25 
Aero/Thermodynamic Environment 

FREE STREAM M H  NWISR I ._: 

Figure 25-2. Fornard S k i r t  Local Pressure Coefficients-Vehicle Station 1653 

FREE STREAM MACH NUMBER (M-) 

Figure 25-3, Forward S k i r t  Local Pressure Coefficients-Vehlcle Station 1618 
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Aero/Thermodynr,mic Environment 
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FREE STREAM MACH NUMBER (M,) 

Figure 25-4. Forward S k i r t  Local Pressure Coefficients-Vehicle Stat ion 1583 

FREE STREAM MACH NUMBER (M,) 

i 

Figure 25-5. Forward S k i r t  Local b e s s u r e  Coefficients-Vehicle Stat ion 1547 
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Sectiun 25 
Aero/Thermodynamic Environment 

TIME FROM RANGE ZERO (SEC) 

Figure E-?. Forward S k i r t  Internal Pressure Minus Local Pressure on Surface 

0 
T I K  FROM RANGE ZERO (SEC) 

Figure 25-8. Forward Skirt Internal Pressure Minus Free Stream Pressure 

25-19 



Sectioii 2 j  
Aero/Thermod;namic Environment 

0.4 

0.2. 

0. 

-0.2 

-0.4 

- 

. 

0 WIND TUNNEL DATA 
( a  = 0') I 
FLIGHT DATA BAND 

- 
0 0 .2  0.4 0.6 0.8 1 .o 1.2 1.4 1.6 1.8 2 .o -0.6 

FREE STREAM MACH NUEBER (M_) 

Figure 25-9. A f t  S k i r t  Local Pressure Coefficients-Vehicle Stat ion 1224 

FREE STREAM MACH N'JWER (M-) 

Figure 25-10. A f t  Interstage Local Pressure Coeff idents-Vehicle S ta t ion  1177 
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FREE STREAM MACH NUMBER (Id,) 

Section 25 
Aerc’Ti 2rmodynamic Ervironment 

Figure 25-11. A f t  Interstage Local Pressure Coefficients-Vehicle S ta t ion  994 

f 

TIME FROM RANGE ZERO (SEC) 

Figure 25-12. A f t  S k i r t  and Interstage In terna l  Pressure Minus Local Pressure on Surface 
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Section 25 
AerofThermodynamic Environment 

IIlE FRCll RAWM ZERO (SEC) 

Figure i5-13. A f t  S k i r t  and Inteistage Internal Pressure Minus Free Stream Pressure 

FAIRINS STATION IAN.) 
~~~ 

Fi;ure 25-14. Auxiliary Propulsim Systaln Fairing Lccal Dt f ferent ia l  Pressure: M, = 1.08, a = 0" 
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I 

IC 

+ DO167 

0 00148 
-PREFLIGHT PREC,";ED 

c 
.- 

I 
0 

PAX -PL) 
MI:( -PL) 

I 
I 
I I 

3 ! 0 ~ 1 1 2 8  

0 001 3C 

D014' 
@ W147 
QOOlC I 
-PRErLIW I 

I 

i i 

Figure 25-15. Auxi l iary Propulsion Cysten Fai r ing Lczal D i f f e r e n t i a l  Pressure: M_ = 1.33, o = 0" 

- 
rigurn 25-16. Auxi l iary Propulsion System Fair ing Local U i f f f r e n t i a l  Pressure: M_ = 1.51, a = 0' 
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Aerc /Therm0 lynamic Environment 

0 20 30 40 50 60 70 

FAIRING STATI(r( (IN.) 

MAx-PL) 

RIN-PL) 

Figure 25-17. Auxiliary Propulsion S_vstem Fairing Local Di f ferent ia l  Pressure: M- = 1.76. o = 0" 

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1 .e 1.9 2.0 

FREE STREAM MCH NUFBER (Mm) 

i 

I 
, 

Figure 25-18. AF'S Fair ing Base ?ressurea a - 0' 
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AeroIThermodynamic Environment 

0 10 20 30 40 5c 63 70 80 

FAiRING S T A T I W  ( I N . )  

Figu-e 25-19. LH2 Feedline Fai r ing Local D i f f e r e n t i a l  Pressure: M_ = 1.20. a = 0" 

t 

F 

\ '. 

G 10 20 33 40 50 60 70 80 

F N R I I I G  STATION ( I N . )  

- -  
Figure 25-20. LH2 Feedline Fair ing Local Gi f ferent ia l  Pressure: Km = 1.27. a = 0' 
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-2 

-4 

-6 
0 10 20 30 40 60 70 80 

FAIRIG STATIO8 ( iN.1  

MAX - PL 

HIN - PL 

1 

,,iZ Feedline Fairing Local Di f ferent ia l  Pressure: M_ - 1.40, a = 0" F< - 

4 

2 

(I 

-2 

-4 

-6 

FAIRING STATION ( IN. )  

HAA - PL) 
MIN - P:) 

Figure 25-22, LH2 Feedllne Fairing Local Dl f ferent la l  Pressure: M- = 1.45, a = Oo 
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AeroIThermodynamic Environment 

0 10 20 30 40 50 60 70 80 

FAIRING STATION ( IN.)  

Figure 25-23. LH2 Feedline Fa i r ing  Local D i f f e r e n t i a l  Pressure: M, = 1.50, a = 0' 

0 10 20 30 40 50 63 70 80 

FAIRING STATION ( IN.)  

- PL) 
WIN - PL) 

- -  - .- - - 
F i .  -.*. LH2 Feedline Fa i r ing  Local D i f f e r e n t i a l  Pressure: M, = 1.60, a = 0' 
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Section 25 
Aero/Thermodynamic Environment 

DAC STA 

286.15 200.E5 2'3.85 675.70 55 7 0  

@ AL..ILIAGY PROP?ILc'ON SYSTEM 

@ d12 CHILLDOWN RETURN 

0 ULL 4G€ ROChET 

@ RETOROrhET @LOX VENT 

@ L y .  F ILL  AN) DRAIN LINE 

@ TELEMETRY ANTENNA 

@MAIN T W E L ,  C.P.U. 

@WGE SAFETY PSJTEW: Q u-12 CHILLm?:  P W  

@AUXILIARY T W E L  O W 2  F E D  LINE 

Figurp 25-25. Teinpcrature Measurement Locations 

P y 
4 
3 
-i 
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Section 25 
AeroiThewodynamic Environment 

LOCATIhi 1 SENSOR bYM 

FORWARD SKIRT COO81 0 
AFT SKIRT 1 COO45 

SIMULATION h h o  
1 .o -- - 1 . 5  

Figure 25-27. Forward and Aft Skirt Skin Temperatures 

k 

0 20 40 60 90 100 120 140 160 180 200 
TIME FROM RANGE ZERO (SEC) 

Figure 25-58. LH2 Tank Sensor Temprrature 
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Section 25 
Aero/Thermodynaaic Environment 

i 

.AT I ON 

0 20 40 6c, 80 100 120 1 ‘lo 160 1 ao 200 

TIME FROM RANGE ZERO (SEC) 

Figure 25-29. A f t  S k i r t  Sensor Temperatura H is tor ies  (Near APS 1) 

c C0185 
El C0181 

U 0 C@180- - - - 
0 COl84---- 

L = 1 . 5  
hn 

ILAT I ON 

Figure 25-30. A f t  S k i r t  Sensor Tenperature H is tor ies  (Nesr APS 2 )  
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AeroIThermodynamic Environment 

SENSOR SYMBOL SIN: ATION 

CO225 0 
C0124 0 ---- 
C0226 A ---- 

0 20 4 0  60 80 100 1 20 140 160 180 

TIME F B M  RANGE ZERO (SEC) 

Figure 25-31. APS Fa i r ing  Temperatures. Doost 

TIME FROM RANGE ZERO (1000 SEC) 

Figure 25-32. APS F a i r i n g  Temperatures, Orb i t  
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500 
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0 2 4 6 8 10 12 14 16 18 

TIME FROM RANGE ZERO (1000 SEC) 

-- - 
Figure 25-33. APS F a i r i n g  Temperature 

NOTE : *PROPELLANT FLOW EFFECT$ WOULD 
INCREASE ANALYTICAL VALUES 

0 FLIGHT DATA 

ANALYTICALLY PREDICTED - 
560 

540 

520 

I N  THIS REGION 

500 
0 2 4 6 0 10 12 14 16 18 

TI :S FROM RANGE ZERO (1000 ii;) 

Figure 25-34. APS Ox id izer  Transfer  Line T'?sperature 
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0 coi33 
0 C0234 
A C0235 
0 c0236 
v CO-37 
0cJ238 UPPER TERERATURE LIUIT 620 O R  

ON COL3 FLATES 

ON AFT PANELS 

-1 0 1 2 5 4 5 6 7 8 9 10 11 12 12 14 15 16 17 15 19 20 
T 1 e  FW!4 M6E ZfRO (10@9 SEC) 

Figuri 25-35. BridIp m u l e s  Telnperature Yistories 

9 8 8 @ 
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500 
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Figure 25-36. PU Static Inverter and Chilldown Inverters Temperature Histories 
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Figurz  25-38. T o t a l  LH2 Propellan+ deat ing 

c 
# 

2 5- 36 



Section 25 
AeroIThermodynamic Environment 

rD
 

m
 

-
-
 

I \ 

0
 
0
 

w
 

25-3 7 



Section 25 
Aero/Thermodynamic Environment 

I
 

0
 

0
 

In
 

d. 
0
 

c
3
 

0
 

N
 

.- 

-t 0 r 
0
 

(llH
/fl18 

0001) 31W
 SN

IM
H

 

25-38 





S e c t i o n  26 
P r o p e l l a n t  Dump Test 

26.  PROPELLA?!T DUMP EXPERIMENT 

The Saturn V S-IVB p r o p e l l a n t  management schemes have no t  been f u l l y  

developed f o r  a l t e r n a t e  mis s ions ,  o r b i t a l  c o a s t  p e r i o d s ,  and t r a n s l u n a r  

c o a s t  pe r iods  [be fo re  and a f t e r  s p a c e c r a f t  (SC) s e p a r a t i o n ] .  Addition- 

a l l y ,  t o  minimize the  p r o b a b i l i t y  of S-IVB/IU and SC re-contact  during 

the Sa tu rn  V mission and t o  minimize t h e  p r o b a b i l i t y  of S-IVE/I.U i m p a c t  

on t h e  luna r  s u r f a c e  may r e q u i r e  dumping the S-IVB s t a g e  p r o p e l l a n t  

r e s i d u a l s .  

ment problems, a p r o p e l l a n t  dump experiment w a s  conducted on t h e  S-IVB 

s t a g e  af ter  LM-1 s e p a r a t i o n .  The experiment c o n s i s t e d  p r i m a r i l y  of 

dumping t h e  S-IVB LOX and LH2 p r o p e l l a n t s  through t h e  5-2 engine a p p r o x i -  

mately one and one-half hours  a f t e r  LM-1 s e p a r a t i o n  from t h e  LV. I n  

a d d i t i o n  t o  dumping p r o p e l l a n t s ,  t h e  pneumatic c o n t r o l  sphe re  w a s  vented,  

and t h e  S-IVB co ld  neliurn b o t t l e s  were dumped through t h e  LOX tank. 

To support  t h e  s o l u t i o n  of  t h e s e  Saturn V p r o p e l l a n t  manage- 

LOX dump w a s  s u c c e s s f u l l y  completed as planned a t  approximately 

RO +8,800 sec. LH2 dump was completed as programmed fol lowing LOX dump, 

although a l l  LH2 had been vented p r i o r  t o  t h e  scheduled dump. Blawdown 

of t he  cold helium spheres  w a s  i n i t i a t e d  as planned a t  approximately 

RO +10,350 sec, b u t  w a s  n o t  of s u f f i c i e n t  d u r a t i o n  t o  s a t i s f y  test  

requirements.  The pneumatic sphe re ,  w a s  vented a t  t h e  s t a r t  of t h e  

4th r e v o l u t i o n  and w a s  a l s o  of i n s u f f i c i e n t  d u r a t i o n  t o  s a t i s f y  

t e s t  requirements.  

Although experimental  requirements  f o r  t h e  pneumatic c o n t r o l  system and 

co ld  helium sphe res  were t e c h n i c a l l y  not  m e t ,  s u f f i c i e n t  information was 

obtained t o  i n s u r e  success  on f u t u r e  missions.  Detail d e s c r i p t i o n s  of 

experimental  r e s u l t s  are provided i n  t h e  fol lowing s e c t i o n s .  

2 6 . 1  P r o p e l l a n t  Dump 

A t  ECC +8,181 sec an experiment w a s  conducted t o  determine t h e  e f f e c t i v e -  

nes s  of t h e  engine as a dev ice  t o  dump r e s i d u a l  p r o p e l l a n t s  from the 

r e s p e c t i v e  tanks.  Although a wide v a r i e t y  of engine and s t a g e  modifica- 

t i o n s  t o  make t h i s  ope ra t ion  f e a s i b l e  were considered,  i t  was determined 

26-1 



Sec t ion  26 
P r o p e l l a n t  Dump Test 

t h a t ,  f o r  a Sa tu rn  I B  v e h i c l e ,  t h e  r e q u i r e d  p r o p e l l a n t  a anps could be 

achieved with no mod i f i ca t ions  except  t h e  p r o v i s i o n  of t l  1 e l e c t r i c a l  

c o n t r o l  necessa ry  f o r  independent p e r a t i o n  of t h e  main e i g i n e  p r o p e l l a n t  

valves .  

A t  t h e  i n i t i a t i o n  of t h e  p r o p e l l a n t  dump experiment,  i t  was estimated 

t h a t  t h e  LOX mass w a s  2,553 lbm w i t h  an u l l a g e  p r e s s u r e  of  26.3 p s i a  

and t h a t  t h e  con ten t s  of t h e  f u e l  t ank  were completely gaseous a t  

e s s e n t i a l l y  0 p s i a .  

1,890 p s i a  and, based on t h e  i n d i c a t e d  temperature ,  t h e  mass w a s  

1.44 lbm. The 0.155 lbm d e v i a t i o n  from t h e  c u t o f f  va lue  w a s  due t o  

temperature measurement i n a c c u r a c i e s  as d i scussed  i n  paragraph 9.3. 

9 

The engine hel ium c o n t r o l  sphe re  p r e s s u r e  w a s  

The p r o p e l l a n t  dump experiment w a s  i n i t i a t e d  a t  ECC +8,18lsec by 

e n e r g i z i n g  t h e  mainstage c o n t r o l  s o l e n o i d  va lve  (MCSV) and t h e  helium 

c o n t r o l  s o l e n o i d  va lve  (HCSV). This allowed helium t o  f i l l  t h e  eng ine  

c o n t r o l  system, i n c l u d i n g  t h e  200 cu i n .  accumulator,  w i~ ich  accounted 

f o r  t h e  i n i t i a l  high sphe re  p r e s s u r e  decay as shown i n  f i g u r e  26-1. The 

main o x i d i z e r  v a l v e  w a s  a l s o  opened a t  t h i s  t i m e  a l lowing LOX t o  flow 

from t h e  tank. The LOX dump d u r a t i o n  w a s  120 sec and d e t a i l s  of  t h e  LOX 

flow are d i scussed  i n  paragraph 26.1.1. During t h e  120 sec, t h e  helium 

p r e s s c r e  decayed due t o  flow through t h e  system b leed  and t h e  LOX piimp 

i n t e r m e d i a t e  seal  purge. The decay rate agreed c l o s e l y  w i t n  t h e  predic-  

t i o n  as shown i n  f i g u r e  26-1, which a l s o  shows t h e  e f f e c t  of t h e  decay 

on t h e  r e g u l a t o r  d i scha rge  p res su re .  

de-energizing t h e  MCSV the reby  c l o s i n g  t h e  main LOX valve.  

t h e  c o n t r o l  sphe re  p r e s s u r e  w a s  750 p s i a  and t h e  r e g u l a t o r  d i scha rge  

p r e s s u r e  was 368 p s i a  which w a s  t h e  va lve  c l o s i n g  p res su re .  A s  shown 

i n  f i g u r e  26-2, t h e r e  w a s  p o s i t i v e  va lve  c los ing .  

The LOX dump w a s  terminated by 

A t  t h i s  t i m e ,  

The HCSV was scheduled t o  be de-energized 1 sec a f t e r  t h e  MCSV. This  

delay accounted f o r  t h e  70 p s i  c o n t r o l  sphe re  p r e s s u r e  decay seen  i n  

f i g u r e  26-1 due t o  opening of the LOX dome purge c o n t r o l  valve when the  

MCSV was de-energized. The f u e l  dump was i n i t i a t e d  10 sec la ter  by 

ene rg iz ing  t h e  i g n i t i o n  phase c o n t r o l  so l eno id  va lve  (IPCSV) and t h e  

HCS’J. The c o n t r o l  system w a s  aga in  r e f i l l e d ,  bu t  t h e  r c g u l s t e d  p r e s s u r e  
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was 280 p s i a  as t h e  c o n t r o l  s p h e r e  p r e s s u r e  had decayed t o  630 p s i a .  

The main f u e l  v a l v e  w a s  opened a t  t h i s  t i m e  as shown i n  f i g u r e  26-2. A s  

s t a t e d  p r e v i o u s l y ,  t h e r e  was no f u e l  t o  dump s o  t h e  exper iment  w a s  

e s s e n t i a l l y  a demons t r a t ion  o f  t h e  engi i le  c a p a b i l i t y .  The f u e l  dump was 

t e rmina ted  as programmed a t  180 sec.  During t h a t  t i m e  t h e  he l igm p r e s -  

s u r e  decayed as shown i n  f i g u r e  26-1 due t o  f low through t h e  t h r u s t  

chamber and GG o x i d i z e r  i n j e c t o r  purges  and t h e  LOX pump i n t e r m e d i a t e  

seal  purge .  The r e g u l a t o r  was i n e f f e c t i v e  when t h e  s p h e r e  p r e s s u r e  

decayed below 250 p s i a .  The r a p i d  p r e s s u r e  decay  con t inued  t o  130 p s i a  

when, a s  p r e d i c t e d ,  t h e  pneumat ic  f o r c e  i n  t h e  LOX c , le purge  c o n t r o l  

v a l v e  cou ld  no  l o n g e r  m a i n t a i n  t h e  v a l v e  i n  t h e  open , > s i t i o n .  The v a l v e  

w a s  c l o s e d  when t h e  s p h e r e  p r e s s u r e  had decayed t o  100 p s i a .  Below 

100 p s i a  t h e  p r e s s u r e  c a n t i n u e d  t o  decay ,  b u t  a t  a g r e a t l y  reduced  ra te ,  

due t o  t h e  LOX pump i n t e r m e d i a t e  seal purge.  The rate o f  change i n  

sys t em p r e s s u r e  d u r i n g  t h i s  p e r i o d  w a s  0.0667 p s i / s e c .  

expe r imen t  w a s  t e r m i n a t e d  by de -ene rg iz ing  t h e  IPCSV, t h e r e b y  c l o s i n g  

t h e  main f u e l  valve. A t  t h i s  t i m e  t h e  sys t em p r e s s u r e  was 90 p s i a  and ,  

as shown i n  f i g u r e  26-2, t h e r e  w a s  p o s i t i v e  valve c l o s i n g ,  s u c c e s s -  

f u l l y  conc lud ing  t h i s  exper iment .  Assuming a minimum requi rement  f o r  

v a l v e  o p e r a t i o n  o f  50  p s i ,  t h e  f u e l  dump cou ld  have  con t inued  f o r  

600 a d d i t i o n a l  seconds .  

t h e r e  was no  n o t i c e a b l e  e f f e c t  because  of t h e  low p r e s s u r e .  

The 

The HCSV w a s  de-energ ized  1 sec l a t e r ,  b u t  

26 .1 .1  LOX Dump 

The LOX t a n k  dump was performed as p lanned ,  w i t h  v e r y  l i t t l e ,  i f  a n y ,  

l i q u i d  remain ing  a t  t h e  end of  t h e  programmed 120 sec. LOX t a n k  u l l a g g  

p r e s s u r e ,  LOX r e s i d u a l ,  dump t h r u s t ,  and dump f l o w r a t e  are shown i n  

f i g u r e  26-3. 

t r a n s d u c e r .  

A l so  shown is  t h e  d a t a  from t h e  low range  chamber p r e s s u r e  

The LOX dump t h r u s t  p r o f i l e  w a s  o b t a i n e d  u s i n g  low range  a c c e l e r o m e t e r  

d a t a  (A0005) and c a l c u l a t e d  v a l u e s  of vehicle mass. This p r o f i l e  was 

then  n u m e r i c a l l y  i n t e g r a t e d  t o  y i e l d  a dump t c t a l  impulse  of approx i -  

mate ly  49,000 lb - sec .  The impulse  c o n t r i b u t e d  by t h e  i n g e s t e d  u l l a g e  

gas  was approx ima te ly  5,200 lb-set-, based  on a c a l c u l a t e d  s p e c i f i c  
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impulse of 56 sec and t h e  change i n  u l l a g e  gas  inass du r ing  gas i r igest ion.  

The average LOX s p e c i f i c  impulse was then determined t o  b e  approximately 

1 7  sec ( t o t a l  impulse c o n t r i b u t e d  by t h e  l i q u i d  d iv ided  by t h e  t o t a l  

m a s s  of l i q u i d  dumped). The  r e s i d u a l  LOX f l o w r a t e  curve w t s  *hen 

generated by d i v i d i n g  the  t h r u s t  p r o f i l e  (excluding u l l a g e  gas t h r u s t  

during gas i n g e s t i o n )  by t h i s  average LOX s p e c i f i c  impulse. 

AS shown ir. f i g u r e  26-3 t h e  dump p e r i o d  may be  divided i n t o  t h r e e  

d i s t i n c t  phases:  (1)  a chil ldown pisdse, (2 )  a s t e a d y - s t a t e  phase,  and 

( 3 )  a gas i n g e s t i o n  phase. During t h e  f i rs t  3 sec of t h e  chil ldown 

phase,  t h e  low t h r u s t  l e v e l  i n d i c a t e d  a l l  gas  flow through t h e  LOX 

i n j e c t o r .  However, t h e  u l l a g e  p r e s s u r e  remained c o n s l a n t  du r ing  t h i s  

phase, i n d i c a t i n g  t h e  gas flow was p r i m a r i l y  GOX b o i l o f f  i n  t h e  engine 

feed system, with l i t t l e  i f  any u l l a g e  gas l o s s .  This  a l s o  i n d i c a t e s  a t  

least  a p a r t i a l l y  s e t t l e d  tank cond i t ion  a t  ciump i n i t i a t i o n .  During t h e  

remainder of t he  chil ldown pe r iod  t h e  dump t h r u s t  i nc reased  r a p i d l y ,  

i n d i c a t i n g  an i n c r e a s e  i n  f l owra te  as two-phase flow was e s t a b l i s h e d .  

A t  LOX dump i n i t i a t i o n  p l u s  35 sec s t e a d y - s t a t e  l i q u i d  flow w a s  e s t ab -  

l i s h e d  and v e r i f i e d  by system cond i t ions  and t h r u s t  l e v e l .  

For t h e  next  20 s e c ,  t h e  dump t h r u s t  and f l o w r a t e  remained c c n s t a n t  a t  

approximately 75 7 l b f  and 45.3 lbm/sec,  r e s p e c t i v e l y .  During t h i s  

s t e a d y - s t a t e  phase,  tfle dump f lowra te  is  l i m i t e d  by t h e  pressure drop 

through the  engine syscem hardware. A t  LOX dump i n i t i a t i o n  p l u s  55 sec, 

gas i n g e s t i o n  began as shown by t h e  r ap id  dec rease  i n  t h r u s t  due t o  t h e  

decreasing f lowra te .  During the  gas  i n g e s t i o n  phase,  t h e  LOX f lowra te  

i s  l i m i t e d  t o  t h a t  provided by t h e  h y d r o s t a t i c  head r e s u l t i n g  from dump 

t h r u s t .  

1 3  sec la ter ,  the  u l l a g e  gas  i n g e s t i o n  rate was small du r ing  t h i s  -sec 

pe r iod .  From dump i n i t i a t i o n  p l u s  68 sec t o  dump t e rmina t ion ,  u- 

gas  w a s  i nges t ed  through t h e  engine a t  an average rate of  1.8 lbmisec 

and con t r ibu ted  approximately 100 l b f  t o  t h e  t o t a l  dump t h r u s t .  A t  t h e  

t e rmina t ion  of LOX dump t h e  t o t a l  t h r u s t  was very n e a r l y  100 l b f ;  t h i s  

i n d i c a t e s  l i t t l e  i f  any l i q u i d  was f l o d n g  and t h a t  a l l  of t h e  l i q u i d  

mass was dumped. This  conclusion i s  f u r t h e r  v e r i f i e d  by u l l a g e  

ccnd i t ions  fol lowing dump ( r e f e r e n c e  t a b l e  26-1). 

Since t h e  u l l a g e  p r e s s u r e  d i d  no t  begin t o  dec rease  u n t i l  

'W 

.. 
x 
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An:.lysis of t h e  LOX dump is  c o n t i n u i n g .  K e s u l t s  'rom t h e  mensurrd 

ctlamher p r e s s u r e  d u r i n g  dump are be ing  i n v e s t i g a t e d  t o  f u r t h e r  de t e rmine  

dump c h a r a c t e r i s t i c s .  Data  from f u t u r e  f1igh;:s shou ld  c l a r i f y  t h e  

remaining areas of i n t e r e s t .  

26.1.2 LH2 Dump 

Because of  t h e  t h r e e  LH2 t a l k  v e n t i u g s  :ha t  o c c u r r e d  a f t e r  Engine Cu to f f  

Command, t ' re  LY2 tank s a f i n g  was Lq.(.complished p r i o r  t o  t ' r e  LH2 t a n k  dump 

as d i s c u s s e d  i n  pa rag raph  26.4.2.  

26.2 Ch Helium Dump 

Cold he l ium dump was accompiished by opening  t h e  c o l d  he l ium s h u t o f f  

v a l v e s  and a l lowipg  t h e  c o l d  he l ium t o  fl.ow o u t  tn rough t h e  open LQX 

t a n k  v e n t  and ,  t h u s ,  demons t r a t e  a backup t o  t h e  n o m a 1  method of dumping 

hel ium. The normal  method w i l l  u s e  s q u i b  v a l v e s  t o  expose  t h e  s p h e r e s  

t o  space and reduce  t h e  s p h e r e  p r e s s u r e  t o  approx ima te ly  0.0 p s i a .  The 

S-IV3-204 r e s u l t s  i n d i c a t e  t h a t  he l ium dump can  b e  s a t i s f a c t o r i l y  

accompl ished  by t h e  backup method. 

- 

During t h z  f i r s t  C7 sec of dumping, c o l d  he l ium f lowed i n t o  t h e  LOA t a n k ,  

p r e s s u r i z i n g  i t  f ror .  a p r o x i m a t e l y  0 t o  3 .13  p s i a .  A f t e r  r e d c h i n g  t h i s  

maximum, t h e  u l l a g e  p r e s s u r e  s h o ~ l , ~  3ave  s lowly  d e c r e a s e d  t o  3 p s i a ;  

however, t h e  i n d i c a t e d  p r e s s u r e  o n l y  dec reased  t o  2.16 p s i a  ( f i g u r e  26-4).  

T h i s  area of  i n t e r e s t  is  d i s c u s s e d  i n  pa rag raph  26.4.1.  

A t  t h e  end of  c o l d  he l ium s p h e r e  dump, t l  e s p h e i e  p7:essare. and a v e r a g e  

t empera tu re  were 35 p s i &  and 30 deg R ,  r e s p e c t i v e l y ,  i n d i c a t i n g  a 

r e s i d u a l  mass of approx ima te ly  11 lbni ( f i g u r e  26-5). The exper iment  

r equ i r emen t  is  a maximum s t e a d y - s t d t e  p r e s s u r e  of 100 p s i a  o r  

less;  t h e  maximum a l l o w a b l e  p r e s s u r e  a t  30 deg R i s  5.5 p s i a .  F l o w r a t e  

' q t e g r a l  c a l c u l a t i o n s  d u r i n g  e n g i n e  burn  (149 lbm) and d u r i n g  c o l d  he l ium 

dump (161  lbm) i n d i c a t e  t h a t  24 Lbm remained i n  t h e  s p h e r e  a f t e r  t h e  

exper iment .  Data accuracy  is  n g t  s u f f i c i e n t  t o  a l l o w  a d e f i n i t e  

c o n c l u s i o n ,  b u t  i n d i c a t i o n s  are that:  t h e  dump requ i r emen t s  were n o t  m e t .  

On f u t u r e  dumps of t h i s  t y p e ,  l o n g e r  dump p e r i o d s  w i l l  s a t i s f y  t h e  

r equ i r emen t s .  
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on predic te - i  leakage,  t h e  pressure  w a s  expected t o  b e  1,730 p s i a  

a t  blowdown i n i t i a t A  I ( f i g u r e  26-6) and t o  decrease t o  1,210 p s i a  during 

t h e  preprogrammed 5 min blowdown. The p r e s s u r e  was a c t u a l l y  3,310 p s i a  

i n i t i a l l y  and had decreased t o  1,550 p s i a  when p r e s s u r e  d a t a  were l o s t  

a t  273 sec a f t e r  t h e  start  of t h e  btowdown. 

358 deg R when t h e  temperature d a t a  w e r e  l o s t  a t  266 sec i n t o  t h e  blow- 

down. Ext rapola t ing  t h e  temperature and p r e s s u r e  curves t o  300 sec 

yie lded  392 deg R ar.d 1,500 p s i s ,  r e s p e c t i v e l y ,  corresponding t o  a 

r e s i d u a l  m a s s  of 5.96 lbm ( f i g u r e  26-7). 

The temperature was 

A f t e r  t h e  blowdown, t h e  sphere  temperature  a;. p r e s s u r e  increased  to 

516 deg R and 1,830 p s i a ,  r e s p e c t i v e l y ,  by RO +22,500 sec. Since  t h e  

experiment requirement i s  a m a x i m u m  pos t  dump p r e s s u r e  of 1,500 p s i a ,  

pass iva t ion  of t h e  sphere w a s  n o t  t e c h n i c a l l y  accom;>lished. P a s s i v a t i o n  

111 be guaranteed on f i l tu re  missions by i n c r e a s i n g  t h e  d u r a t i o n  of t h e  

sphere blowdown. 

26.4 Vent Systems 

26.4.1 LOX Tank Venting 

The LOX tank o r b i t a l  vent ing  o?era t iuns  were s a t i s f e c t o r i l y  accomplished. 

The only d e v i a t i o n s  from nominal performance occurred a f t e r  t h e  co ld  

helium Jump when t h e  u l l a g e  p r e s s u r e  decay rate w a s  much lower than 

expected and t h e  vent  valve c losed  i n d i c a t i o n  picked up approximately 

800 sec a f t e r  the  c l o s e  coamand. 

Success. 

Nei ther  of t h e s e  impaired t h e  mission 

Three programmed vents  occurred during o r b i t ,  as shown i n  f i g u r e  26-8. 

The f i r s t  vent occurred immediately a f t e r  5-2 engine cu tof f  and dropped 

the  u l l a g e  pressure  from 39.2 t o  13.5 p s i a  i n  40 sec. The second vent  

began s h o r t l y  a f t e r  p r o p e l l a n t  dump (RO +9,094 sec) and terminated a f t e r  

the  cold helium dump (RO +11,651 sec). Tine t h i r d  vent  began a t  

RO +14,217 s e c  and ended a t  FO +16,983. sec. 

t u r e ,  and mass d u i n g  o r b i t  are shown i n  tab le  26-1. 

Ullage p r e s s u r e ,  tempera- 

During t h e  co ld  h r l  [I dunp t h e  LOX tank u l l a g e  pressure  i n d i c a t e d  t h a t  

the  vent path was p a r t i a l i y -  '- 2 - : u r t h e r  a n a l y s i s  revealed t h a t  t h e  
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ven t  e f f e c t i v e  flow area w a s  a t  maximum when t h e  u i l a g e  p r e s s u r e  begar. 

t o  decay ,  and then  dec reased  du r ' n% t h e  remainder  of tile d u q .  S ince  

t h e  v e n t  va lve  w a s  f u l l y  open duri.ig t h i s  p e r i o d  ( i h e  open i n d i c a t i o n  

d i d  n o t  drop  d x t  and no a'>norr..al pneumatic  gas  usage o c c u r r e d ) ,  t h e  

r e s t r i c t i o n  m y  nave been due t o  t h e  fo rma t ion  of s n o q  oi- s o l i d  oxygen 

i n  t h e  v e n t  s y s t e n .  

E-Jidence e x i s t s  t h a t  t h i s  fo rma t ion  may have a c c u r r e d  a t  t h e  v e n t  va lve .  

Khen t h e  v e n t  v a l v e  w a s  comianded c l o s e u  a t  t h e  end of t h e  c c l d  hei ium 

dulnp (RO +11,651 sec),  t h e  open i n d i c a t i o n  dropped P u t ,  b u t  t n e  c l o s e d  

i n d i c a c i o n  was n o t  r ece ived .  Pickup c t  che c l o s e d  p o s i t i o n  microswi tch  

occur red  somecime between l o s s  of s ig r - a1  a t  t h e  ?ecs tone  T iack ing  Ship  

(approximate ly  RO +12,026 s e c )  md t h e  i n i t i n l  c c n d i t i o n  s c a n  a v e r  

Ascension I s l a d  Tracking  S t a t i o n  (apFroximate ly  RO +12,536 sec) . T t e  

b lockage  may have formed around t h e  v e n t  v a l v e  p i s t m ;  witen t h e  valve 

w a s  commanded c l o s e d ,  t h e  valvc! Lay n u t  have c l o s e d  complz te ly .  A s  t h e  

oxygen fo rma t ion  changed s ta te ,  t h e  v a l v e  f i n a i l v  c l o s e d .  T h i s  t h e o r y  

is suppor t ed  by tile u l l a s e  p r e s s u r e  ( f i g u r e  2 6 - 8 ) .  which began t o  

i n c r e a s e  due t o  h e a t i n g  a t  KO +11,651 sec, i i l d i c a t i n g  p a r t i a l  s e a l i n g  

had occur red .  By RO +12,785 sec, t h e  r ise  rate i n c r e a s e d  t o  2.3 p s i a ,  

i n d i c a t i n g  t h a t  a complete  seal hati p robab ly  occur red .  

The r e s t r i c t i o n  *ras a b s e n t  when t h e  v e n t  v a l v e  w a s  commanded open f o r  t h e  

t h i r d  v e n t  a t  RO +14,217 sec. The v e s t  e f f e c t i v e  f low area w a s  normal ,  

and t h e  u1la : -e  p r e s s u r e  dec reased  r a p i d l y  from 2 .5  p s i a  toward 0 p s i a .  

26.4.2 LH2 Tank Vent ing  

Al te r  S-IVB powered fligh:, f i v e  LH2 cank v e n t s  were programmed 

( f i g u r e  26-9). The m a s s  of GH2 vented .  based  on an a31 g a s  f low a r a l y s i s ,  

was 1 , g K 2  lbm which a g r e e s  w e l l  w i t h  t h e  sum of t h e  b e s t  e s t i m a t e d  l i q u i d  

r e s i d u a l  and t h e  pcessurAnt  i n  t h e  t a n k  a t  t h e  end of powered f l i g h t .  

By t h e  end of  t h e  t b i r d  v e n t  t h e  tank  had beer? comple t e ly  s a f e d ,  which 

had n o t  bee3  expzc ted .  Th i s  w a s  due t o  h i g h e r  t han  expec ted  b o i l o f f  

rates and h i g h e r  t h m  expec ted  vented  f l o v r a t e s  du r ing  t h e  f i r s t  and 

second v e n t s .  The high l c v e l  of  v e n t  f l o w r a t e  was due t o  c o l d e r  t han  
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expected temperatures a t  t h e  nonpropulsive vent  nozzles  caused by 

l i q u i d  enrrainment i n  t h e  vented gas. According t o  t h e  all-gas-veated 

a n a l y s i s ,  t h e  e n t r a i n e d  l i q u i d  became s a t u r a t e d  gas  by t h e  t i m e  i t  

reached t h e  nozzles  and, thus ,  l i t t l e  o r  no l i q u i d  w a s  vented overboard. 

The b o i l o f f  r a t e  w a s  g r e a t e r  than expected, apparent ly  due t o  u l l a g e /  

l i q u i d  hea t  t r a n s f e r .  The c o n t r i b u t i o n  of each of t h e s e  f a c t o z s  t o  t h e  

subsequent ear ly  s a f i n g  is c u r r e n t l y  under i n v e s t i g a t i o n .  

26.5 Hydrauiic System Operation 

The a u x i l i a r y  h y d r a u l i c  pump w a s  a c t i v a t e d  p r i o r  t o  t h e  LOX dump exper i -  

ment t o  provide gimbal cont ro l .  I m e d i a t e l y  a f t e r  t h e  a u x i l i a r y  

hydraul ic  punp s t a r t ,  t h e  i n l e t  o i l  temperature dropped t o  t h e  r e s e r v o i r  

temperature level. Accumulator gas  and r e s e r v o i r  o i l  temperatures  

increased  by s m a l l  amomts as t h e  h y d r a u l i c  pump warmed t h e  o i l .  

r e s e r v o i r  o i l  l e v e l  dropped t o  a minimum of 32 percent  a f t e r  pump start 

as 92 cu in .  o i l  volume w a s  pumped i n t o  t h e  accumulator. When t h e  pump 

w a s  stopped t h e  r e s e r v o i r  w a s  r e f i l l e d  t o  t h e  90 percent  l e v e l .  

Actuator  temperatures dropped t o  a minimum of 12 deg F during o r b i t a l  

coas t .  

phase i s  sholm i n  f i g u r e s  26-10 and 26-11. 

The 

Fluid  temperature and r e s e r v o i r  o i l  l e v e l  a c t i v i t y  during t h i s  

During '-he dump experiment t h e  maximum excurs ions  of t h e  p i t c h  and yaw 

a c t u a t o r s  were -0.85 deg a t  t h e  t i m e  RO +8,834.8 sec an3 -1.20 deg a t  

RO +8,825.9 sec, r e s p e c t i v e l y .  The p i t c h  a c t u a t o r  d i f f e r e n t i a l  p r e s s u r e  

developed a torque of 14,000 in.-lib during t h i s  a c t i v i t y .  

Figure 25-12 i n d i c a t e s  

during t h e  experiment. 

t h e  exte;lt of t h e  p i t c h  and yaw a c t u a t o r  a c t i v i t y  

26.6 A t t i t u d e  Control  

A t  approximately RO +8,438 sec, a maneuver w a s  i n i t i a t e d  t o  p o s i t i o n  t h e  

s t a g e  i n  a nose down a t t i t u d e  f o r  p r o 2 e l l a n t  dump. The v e h i c l e  w a s  a l s o  

Tql led 85 deg such t h a t  a cons tan t  r o l l  rate (0.28 deg/sec)  during 

p r o p e l l a n t  dumping would provide maximum te lemet ry  coverage as t h e  

v e h i c l e  passed over  Carnarvon. 
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S e c t i o n  26 
P r o p e l l a n t  Dump Test 

The 5-2 e c g i n e  provi( led s a t i s f a c t o r y  c o n t r ~ l  d u r i n g  t h e  f i r s t  80 sec of 

LOX dump d u r i n g  t',e 13ropel lant  removal tes t .  'The AACS provided  c o n t r o l  

f o r  t h e  cemainc'zr of t h e  mis s ion  as plariiied. 

The commanded m d  a c t u a l  p i t c h ,  yaw, and r o l l  v e h i c l e  a t t i t u d e  a r .g les  

d u r i n g  t h e  p r o p e l l a n t  removal t es t  are p r e s e n t e d  i n  f i g u r e  26-13. 

Veh ic l e  a t t i t u d e  e r r o r s  and a n g i l a r  rates d u r i n g  t h i s  i n t e r v a l  are 

p resen ted  i n  f i g u r e s  26-14 and 26-15, r e s p e c t i v e l y .  Pi . tch and yaw 

a c t u a t o r  p o s i t i o n s  are shown i n  f i g u r e  26-16. The c o n t r o l  sys tem 

response  compared f a v o r a b l y  w i t h  t h e  nominal  p r e d i c t e d  r e sponse  d u r i n g  

LOX dcmp. l i g h t  resalts i n d i c a t e  t h a t  t h e  TVC sys tem p rov ided  adequa te  

vehic'.e con.ro1 when LOX w a s  be ing  dumped through t h e  eng ine  t h r u s t  

chamber. Th? maximum a t t i t u d e  e r r o r s  and ra tes  expe r i enced  d u r i n g  t h e  

dump exper iment  are as f o l l o w s :  

P i t c h  -5.3, deg,  +0.3 d e g l s r c  

Fab -5.5 deg ,  -0.25 d e g l s e c ;  

Ro l l  + 2 . 3  deg,  -0.28 d e g l s e c .  

26.7 Data A c q u i s i t i o n  System 

The d a t a  aco1,isitio.i sys tem performed s a t i s f a c t o r i l y  d u r i n g  t h e  dump 

exper iment  p e r i o d  which i s  d e f i n e d  as from RO +8,774 sec t o  

RO +17,270 sec ( l a s t  d a t a  from Tel-4 p r i o r  t o  C lose  Helium C o n t r o l  Vent 

Command). 

One e v e n t  measurement d i d  n o t  perform as expec ted  d u r i n g  t h e  dump e x p e r i -  

ment pe r iod .  Measurement K0002-424, Event - O x i d i z e r  Tank Verrt Valve - 
Closed ,  d i d  n o t  respond when t h e  LOX Tank Vent Closed Command w a s  

i n i t i a t e d  a t  RO +11,651.35 sec. However, s i n c e  measurement LOO16-404, 

Event - O x i d i z e r  Tank Vent Valve 1 - Open, dropped o u t  on r h e  cloc3 

conlmand, t h e  v a l v e  d i d  i n d i c a t e  c l o s i n g .  Due t o  l o w  p r e s s u r e  i n  t h e  LOX 

tank  (2 p s i a ) ,  a p r e s s u r e  i n c r e a s e  cou ld  nr>t be e s t a b l i s h e d .  The f a i l u r e  

of t h e  measurement t.0 i r d i c a t e  c l o s e d  is  b e l i e v e d  t o  be  caused  by 

s l u g g i s h  o p e r c t i o n  of  t h e  microswi tch  assembly.  

temporary s,nce prLper  c l o s i n g  w a s  observed  a t  RO +16,981.22 sec when 

t h e  LOX Tank Vent Valve Closed Command was i n i t i a t e d  n e a r  t h e  end of  

t h e  exper iment .  

The m a l f u n c t i o n  WPS 
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Sect ion 26 
Propel lan t  Jump Test 

The reduced PCM da ta  did not  e x h i b i t  any synchronization problems i n  

da t a  reduction or mult iplexer  synchronization d i f f i c u l t i e s .  The PAM 

sys tem performance was s a t i s f a c t o r y .  A and A mult iplexer  da t a  were 

shown merged with the  PCM data .  Several  B mult iplexer  channels were 

evaluated t o  ve r i fy  the Bo mult iplexer  PAM l ink .  

observed on the  FM system. The FM channels f o r  forward and r e f l e c t e d  

powers f o r  TMl antenna and TM4 antenna exhib i ted  proper c a l i b r a t i o n  

l e v e l s  during f l i g h t  ca l ib ra t ions .  

1 2 

0 
No d i f f i c u l r i e s  w e r e  

There were no requirements t o  evnluate  the  s i n g l e  sideband system d a t a  

during the  dump experiment. 

The a i rborne  t a p e  recorder  performea very w e l l  dur ing t h e  dump experi- 

ment. 

PCM da ta  p lo t s .  Phyback da ta  t i m e s  are spec i f i ed  i n  sec t ion  17. 

Flayback PCM da ta  are merged with realtime da ta  i n  t h e  evaluated 

The RF system maintained good power levels beyond t h e  dump experiment 

per iods as indica ted  by d a t a  observed at RO +22,680 sec. 

m i t t e r ,  which exhib i ted  a reduct ion i n  power during t h e  o r b i t a l  per iod,  

showed 14 w a t t s .  

The PCM trans-  

26.8 E l e c t r i c a l  System Performance 

The electrical  con t ro l  and electrical  power s y s t e m s  cperated satis-  

f acco r i ly  t o  provide the  necessary con t ro l  funct ions and electrical  

power during the  dump experiment. The LOX Tank Vent Valve Event ind ics -  

t i o n  d id  not  f u l l y  respond t o  the  c lose  command which w a s  exercised a t  

RO +11,651.35 sec. (For add i t iona l  information, see sec t ion  18.) 

However, i t  operated properly during the  subsequent LOX Vent Valve 

Cowmand. 

Data a f t e r  t he  dump experiment were analyzed t o  evaluate  t h e  launch 
f 

vehic le  o r b i t a l  coast  l i f e t ime .  Forward No. 1 ba t t e ry ,  which provi.des c 

% 
f 

power t o  the  TM sys tem,  decreased below tha  l e v e l  required t o  operate  e 
4" the  sys t em on the  f i f t h  revolut ion.  The vo; tage w a s  29 vdc a t  Tel -4  

(RO +22,680 s e t ) ,  dropped t o  1 7  vdc L t  Hawail (RO +27,150 sec)  and 

w a s  i nd ica t ing  0 vdc a t  Guaynas (RO +27,800 sec). 3 
'.z 1 
<i 

22 

The ba t t e ry  vol tages  

Y )s 
A: 
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S e c t i o n  26 
P r o p e l l a n t  Dump Test 

f o r  forward No. 2 ,  a f t  No. 1, and a f t  No. 2 were a t  normal l e v e l s  a t  

RO +27,150 sec. However, s i n c e  t h e  TM b a t t e r y  v o l t a g e  w a s  below 

t h e  level r e q u i r e d  t o  o p e r a t e  t h e  sys tem,  no  d a t a  are a v a i l a b l e  t o  

de t e rmine  t h e  l i f e  of t h e s e  t h r e e  b a t t e r i e s  a f t e r  RO +27,150 sec 

( 7  h r  32 min) . 
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Sect ion  26 
P r o p e l l a n t  Dump Test 

TABLE 26-1 
LOX TANK ULLAGE CONDITIONS DURING ORBIT 

EVEN'; 

Engine c u t o f f ,  s tar t  of 40-sec vent 
( f i r s t  vent)  

End of 40-sec vent  

S t a r t  of LOX dump 

End of LOX dump 

Vent valve commanded open (second 
vent )  

S ta r t  of cold helium dump 

End of cold helium dump; vent  va lve  
commanded c losed ,  open i n d i c a t i o n  
dropout 

Closed i n d i c a t i o n  pickup 

Vent valve commanded open ( t h i r d  
vent )  

Vent valve commanded c losed  

593 

633 

8,775 

8,895 

9,055 

10,350 

11,651 

* 

14,218 

16,981 

39.2 

13.5 

26 3 

2i. 9 

21.4 

0.1 
(approx) 

2.1 

2.3** 

2.5 

0 
(approx) 

APPROXIMATE 
TEMPERATURE 

(deg R) 

2 38 

145 

164 

160 

160 

100 

154 

164** 

180 

170 

320 

240 

660 

566 

576 

18 

1 4  

14** 

14 

0 

*The c l o s e  i n d i c a t i o n  was picked up sometime between t h e  l o s s  of s i g n s 1  st 
Redstme Tracking Ship and t h e  i n i t i a l  condi t ion  scan over Ascension I s l a n d  
Tracking S t a t i o n .  

is unknown. 
**These values  are only approximate because t h e  exac t  time of s i g n a l  pickup 
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Section 26 
Propellant Dump Test 

120i--T- 

- loo -50 0 50 100 150 200 2 50 300 350 400 

TIME FROM INITIATION rJF PROPELLANT DUMP TEST (SEC) 

F igure  26-2. Engine Valve Performance During Propel 1 ant  Dump Test  



Section 26 
Propellant Dump Test 

TFRMINATED 
L 

1000 I I 1 
LOX DUMP THRUST (CALCULATED) 

h 

0 
w 
v) 

9 m 
J 
v 

w 

TERM I NATE D 
0 

n 
5 
m 
J 
Y 

v) 

3 

0 
TIME FROM I N I T I A T I O N  

3000 I 
LOX RESIDUAL 
(CALCULATED) 

-US INGESTION 
STARTED WHEN 
LOX RESIDUAL 

OF LOX DUMP (SEC) 

~~ 

Figure 26-3. LOX Tank Dump (Sheet 1 o f  2 )  
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P r o p e l l a n t  Dump Test 
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Figure 26-3. LOX Tank Dump (Sheet 2 o f  2 )  

26-16 e 



S
ectio

n
 26 

P
ro

p
ellan

t D
um

p 
T

est 



Section 26 
Propellant Dump Test 

26-18 

0
 

i.' 
v
)
 

U
- 

N. 
0
 

.
.

 
-

0
d

o
o

 
m

u
o

~
v

-
a

 
.~

 
o

o
d

d
d

 



Section 26 
Propellant Dump Test 

C C 

c
,
 

L
 
0
 

E
n 
c
 

L
 
3
 
0
 

aJ 
0
 

c
 

tu 
E

 
L
 

0
 

ce 
L
 

aJ aJ L 
W

 
r
 

m
 

0
 
L
 

c
,
 

S
 

0
 

V
 

0
 

c, 
tu 
E

 
3
 

a, 
c
 

-
r
 

n
 

e
l- 

n
 

n
 

F
 

.c
 

n
 

rg
 

I 
L

o
 

(
u
 

aJ 
L
 
3
 

m
 

L
L

 
.c
 

26-19 



Section 26 
Propellant Dump Test 

650- 

600 
e n 

v 

k' 550 a 
3 5 500 
r x  

450: 

1 I b- PNEUMTIC CONTROL SPHERE 
- -. PASSIVATION INITIATED 

1 

I I I I ! 
PNEUMATiC CONTROL REGULATOR DISCtlARGE PRESSURE (C0014) 

I I I 

T I M  FROM LIFTOFF ( 1 0 0  SEC) 

.- 

Figure 26-7. Pneumatic Control System Conditions During Prope l lan t  Dump Test  
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Figure 26-10. Hydraulic System Parameters During Orbital  Coast and Propellant Dulrp 

f TIME FROM RANGE ZERO (10L3 SEC) 

Figure 26-11. Hydraulic Reservoir O i l  Level During Orbital  Coast and Propellant Dump 
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Figure 26-12. Hydraul ic  Actuator Posi t ions During Propel lant  Dump 
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Figure 26-13. Comnanded and Actual Vehicle Attitude During LOX and 
LH2 Propellant Dump 
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Appendix 1 
Mass C h a r a c t e r i s t i c s  (WS-11) 

1. ?MSS CHARACTERISTICS (WS11) 

This  a rpend ix  p r e s e n t s  t h e  mass breakdown silmmary, t h e  mEss charac-  

ter is t ics  sunmar?, and the p r o F e l l a n t  d a t a  h i s t o r y  ( tab les  XP 1-2 ,  

AP 1-3, and AP 1-4) a s  c a l c i i l a t e d  by t h e  YSYl compater  program f o r  t h e  

AS-204 second f l i g h t  s t a g e  (S-Ii'B s t a g e ,  Iti. and s p a c e c r a f t )  

Table  AP 1-1 d e f i n e s  t h e  terms and a b b r e v i a t i o n s  used i n  t h e  p r i n t o u t s ,  

and f i g u r e  id' 1-1 p r e s e n t s  t h e  S-IVB s t a g e  s t a t i o n  numbers. 

The mass breakdown, t a b l e  AP 1-2, is  an i t emized  l i s t  of major  components 

( i n c l u d i n g  a l l  g a s e s ,  p r o p e l l a n t s ,  e tc . )  g i v i n g  mass, c e n t e r s  o f  g r a v i t y  

and momats  of  i n e r t i a ,  i n c l u d i n g  a s u i m a t i o n  f o r  t h e  i n d i c a t e d  t ine.  

Table  AP 1-2 also p r e s e n t s  a j e t t i s o n e d  i t e m  sumzry  a t  t h e  a p p r o p r i a t e  

t i m e s .  The mass c h z r a c t e r i s t i c s  summary, t a b l e  AP 1-3, is  a t i m e  

l i s t i n g  of  t h e  S-IVB-204 second f l i g h t  s t a g e  mass c h a r a c t e r i s t i c s .  The 

p r o p e l l a n t  d a t a  h i s t o r y  is a t i m e  l i s t i n g  of masses, c e n t e r s  o f  m a s s ,  

s u r f a c e  l e v e l s ,  l i q u i d  volumes ar.d d e n s i t i e s  f o r  bo th  o x i d i z e r  and f u e l .  

A l l  m s s  c h a r a c t e r i s t i c  pa rame te r s  are t ime r e f e r e n c e a  t o  AS-204 v e h i c l e  

range  z e r o  and p r o g r e s s  c h r o n o l o g i c a l l y  from range  z e r o  t3 S-IVB-204 

l o s s  o f  telemetry s i g n a l .  



Appendix 1 
?lass C h a r a c t e r i s t i c s  (WS-11) 

TERM 

JAC 
j t a t i o n  

< A r m  

Items 
Jet  ;isoned 

t teps 
Renaining 

Y Arm 

I Y Y  

IXX 

AP 1-2 

TABLE A€' 1-1 (Sheet 1 of 2)  
L ~ W ' U T E R  PROCRAM WSll PRINTOUT 
ABBREVIATIONS .hi D DEFINITIONS 

DEF 2; 1 TI ON 

- 

Distance along t h e  x a x i s  from ail a r b i t r a r y  

S-IVB s t a g e  re ference  zero.  The zero s t a t i o n  

1s i s c a t a d  s o  t h a t  t h e  S-IVB s t a g e  engine 

gimbal pcirL is  s t a t i o n  1c)O.O. P o s i t i v e  va lues  

i n c r e a s e  i n  t h e  forward d i r e c t i o n  and i e g a t i v e  

values a r e  a f t  of s t a t i o n  zero.  

Distar,ce along t h e  c e n t e r l i n e  of t h e  S-IVB 

s t a g e  Erom t h e  c e n t e r  of g r a v i t y  of t h e  i t e m  

under cons idera t ion  t o  DAC s t a t i o n  zero.  

A l i s t i n g  of a l l  items being considered a t  t h e  

c u r r e n t  computing t i m e  t h a t  w i l l  no t  be 

considered a t  t h e  next  computing t i m e .  

A l i s t i n g  of a l l  i t e m s  being considered a t  t h e  

c u r r e n t  computing t i m e  t h a t  w i l l  be considered 

a t  t h e  next  computing t i m e .  

Distance from t h e  c e n t e r  of g r a v i t y  of t h e  i t e m  

under cons idera t ion  t o  t h e  c e n t e r l i n e  of t h e  

S-IVB s t a g e  along an a x i s  perpendicular  t o  t h e  

c e n t e r l i n e  and co inc id ing  wi th  p o s i t i o n  I1 and I V .  

Pt ls i t ion II is  p o s i t i v e  and p o s i t i o n  I V  i s  

negat ive.  

P i t c h  Moment of I n e r t i a  of any i t e m  o r  t o t a l  about an 

a x i s  through i ts  own c e n t e r  of g r a v i t y  and p a r a l l e l  t o  

t h e  y ax is .  

Rol l  Moment of I n e r t i a  of any i ? e m  o r  t o t a l  about an 

a x i s  through i ts  own c e n t e r  of g r a v i t y  and para l le l .  t o  

t h e  x a x i s .  

~ ~~ 

UNITS 

Cn . 

In. 

gone 

gone 

In. 

2 Lbm-in. 



Appendix 1 
Mass C h a r a c t e r i s t i c s  (WS-11) 

TERM 
~ ~~ 

l i m e  

r o t a 1  
J e t t i s o n e d  

r'?tal 
iiemaining 

Z Arm 

I Z Z  

--- 

TABLE AP 1-1 (Sheet 2 of 2 )  
COMPUTER PROGRAM WSll PRIXTOUT 
ABBREVIATIUpiS A?!9 nEFINITIGhS 

DLFINITION 

T i m e  is re fe renced  t c  range t i m e .  A l l  computing w a s  

done i n  t h e  pounds, i nches ,  and pound-inch squared 

system of u n i t s .  ( I tems below t h e  TOTAL R E M A I N I N G  

l i n e  were converted t o  o t h e r  u n i t  systems.) Pound 

mass is de f ined  as 1132.174 s l u g s .  

A summation of t h e  i t e m s  remaining a t  t h e  c u r r e n t  

computing t i m e .  

A summation of t h e  i tems remaining a t  t h e  c u r r e n t  

computing t i m e .  

Discance from t h e  c e n t e r  of g r a v i t y  of i t e m  under 

c o n s i d e r a t i o n  t o  t h e  c e n t e r l i n e  of t h e  S-IVB s t a g e  

a long  an axis pe rpend icu la r  t o  t h e  H and L axes and 

c o i n c i d i n g  with p o s i t i o n s  I and 111. P o s i t i o n  I is 

nega t ive  and p o s i t i o n  I11 is  p o s i t i v e .  

Yaw Moment of I n e r t i a  of any itexri o r  t o t a l ,  about an 

a x i s  through i t s  own c e n t e r  of g r a v i t y  and p a r a l l e l  t o  

t h e  2 a x i s .  

Sec 

None 

None 

In.  

L Lbm-in . 



Appendix 1 
Mass Characteristics (WS-11) 

X ARM 
S T A - I N 1  

c z 0 . 4 ~  
200.69 
223.71 
1091.70 
1047.80 
796.90 
O * f l : Z o  
699.00 
?30.40 
241 .92  
318.60 
112.94 
434.35 
616.41 

494.30 
248 .59  

88.bO 
127.20 
662.70 

- 

i ~ n . 0 0  

TABLE AP 1-2 (Sheet 1 of 6 )  

Y ARM 
I S T A - I N  

.O 

.O 

. 2  

.O 

.O 
1.2 
3.8 
2.9 
6.6 

.O 

.O 
3.2 

.O 

.o 

100.1 
.O 

-t?Z.O 
14.2 

.O 

-39.2 

S - I B  LIFT-OFF 
vi- 1 ARM 

STA-1%)  

.o 

.O 
- e 4  

.O 
. I :  

.o 

-1.9 
-8.5 
-2.4 

.o 

.o 

.o 

.o 

-27.n 

6.5 

-42 .5  

.C 

9.3 
14.6 

$0 

FROST 
SEPAHATION PKG 
CLLAGE ROCKETS 
NOSE COf4f 
SLA RlNG 
LUNAR fl3OULE 
ADAPTER 
INSTRUMYT U Y I T  

LOW I N  T A W  
LOX ULLAGE GAS 
L J X  BELOW TANK 
CHZ I N  TANM 
L H ?  ULLAGE SAS 
LlCZ 8 E I ” Y  “ANK 
COI.Oh 1’. 

4Fj t ;  - 4’47 
G X 2 - 2  - .  T*NK 
i€PVfCE : X H S  I E N V  C O W  FLU10 

scnz04 ORV s i c  

I XX 
( L B - I Y Z )  

.16926009+07 

.57396969+06 

.76382521+07 

.53660007+06 

.93377241+08 

.35~8i~n3+07 

.4436?558+08 

.69703033+08 

.27045029+09 

.oonooooo 

.oooonono 

.ooonnooo 

.oononooo 

.~8180535+06 

.19871582+06 

.58934476+05 

.24902577+07 

.43S48299+05 

.O000OOOO 

-661 14800+06 

I TOTAL R E M A I N I Y G  

1 MASS X ARM Y ARM L ARM I x x  I V V  I ( L B M )  f S T A - I N )  l S T A - I W l ( S T A - I N 1  ( L E - I N 2 1  t i n - w )  
I T E M  

100.00 
34.12 
399.00 

lO67.00 
91 .OO 

3 R 5 9  .OO 

23277.14 
193703.00 

30.00 
367.00 

37266.00 
147.00 
48.00 

3 1530. no 

4605.00 

316.00 

5.00 
30 00 
43.00 

129.00 

I L L  
( L B - I N 2 1  

MASS BREAKDOWN SUMMAR” 

T I K  RO +000.36 SEC 

FAOS r 
SEPARATION PK6 

TUTAL JErTISPNEO 

-00  420.60 .O - 0  .16141900-01 .13801660-01 .13801660-01 
34.12 2W.69 .a .n .57390069+06 .40582613tOb .405B2613+36 

34-12 2On.69 .O .O .37396971+06 .40582bl7+06 .40582617+06 

f S L U G - F T 2 )  ( S L U G - F T 2 )  
.67593549+02 

( S L U G - F T Z I  
.10816932+06 

(SLUG-FTZ) 
.87593549+02 

I V Y  
( L O - I N Z )  

.14472090*07 

.40582613+06 

.38351247+07 

.?6831259+06 

.104h8163tO9 

.62222207+08 

.37674437+08 

*29174384+0? 

.10234451+10 . nooooooo 

.oooooooo 

.46407650+0b 

.11723452+09 

.30@00000 

.2 3972 394+06 

.1006966C+07 

.00000000 

.59060907+05 

.247n8ooo+nr 

.33193332+06 

I T E M  

U L l  AGE ROChETS 
NOSE c n v E  
SLA RING 
LUNAR M3PULE 

IYSTRUf lYT  U N I T  
S46204 DRY S T G  
LOX I N  TAYK 
LOX ULLAGE GAS 
LnK B E L J U  TANK 
LH) I N  TANh 
L U ?  ULLAGE CAS 
LHZ eEinw TANK 
COLD H E L I U M  
APS PROPELLANT 

S E R V I C E  I f F M S  

ADAPTER 

G H ? - S T A R T  TANK 

E U V  Cl.lVT F L U I D  

( S L U G - F T Z I  
.26769473+07 

UASS 
( L w )  

389.43 
1067.00 
91 .00 

31530.00 

4605.00 
23477.14 
193698.09 

34.92 
367.00 

37246.19 
166.67 

48 .00  
316.00 
129.00 

30.00 

3359.00 

5.00 

43.no 

ITEM REMAINING 
I L L  

( L B - I N 2 )  

.14472090+07 

.40582613+3h 

.38351247+07 

.20b40584+0? . ZbA31259*oL 

.10687309*09 

.hl762645+01) 

. 33036084+0n  

.102~5238*10 

.nooooooo 

.nooonnoo 

.4666YO26+06 

.11723432*09 

. ~ 0 0 0 0 0 @ 0  . 7 330545 I *g6 

.34174996+06 

.47060489+05 

. ~ m o o o o o  

.25966n91+05 

.33193332*36 

.12400870+11 

(SLUG-F T 2 )  
.26766047+07 

-- 

223.71 
1094.70 
1oc7.eo 
796.90 
n 4 ~ . z n  
699.00 
330.40 
241.94 
318.65 
114.94 
434 .66  
61 6 . 8 0  
168.00 
494.30 
248.59 

48 .40  
1?7.20 
662.70 

.2 

.O 

.O 
1.2 
3.8 
2.9 
6.6 

.o 

.O 
3.2 

.O 

.O 
-39.2 
100.1 

.n 
-22.0 
14.2 

.O 

T i l r A L  RE3AINIYG I 297102.44 

Ap 1-4 

350.59 I .8 

1 ARU 
ST4-1Nl 

-.c 
.o 
.O 
.z 

-1.9 
-8.5 
-2 .4  

.0 . 0 
6.5 

.O 

.o 
- 4 2 . 5  
-27.6 

.o 
14.6 
9 .3  

.@ 

-.4 



Appendix 1 
Mass Characteristics (WS-11) 

I x x  
f L E - I N Z )  

.61?29991+0? 

.3S80 1 5@3+07 

.53660007+06 

.933?7741+00 

.44363550+08 

.69?03033+08 

.2?045029+09 

.oooooooo 

.19021582+06 

.oononono 

.oooonono 

.249025?7+0? . oOOonooO 

.66116800+nb 

.9000'l000 

.58934*76+05 

.?8100535+06 

.4354S299+05 

.49742299+09 

( S L U G - P I 2 1  
.10?36381+06 

TABLE AP 1-2 (Sheet 2 of 6) 

.co00000(! . nooooono 

.zc7e8ooo+n7 .47060419+a5 

.ooooonon .nooooooo 

.33193332+06 .33193332+01 

.23972394+06 .23305451+Ob 

.10069664+0? .344?4996+06 

.59060907+0S .25966091+O5 

.12400843+11 .123992Sb*11 

( S L U G - I  12 I ( s L u c - c T 2 l  
.2676S989*07 .26762562+07 

MASS BREAKDOWN SUMMARY 

ADAPTER 
INSTRUHYT U N I T  
S48204 ORV STG 
LOX IN TANK 
L O X  ULLAGE GAS 
L O X  BELOW TANK 
LMZ IN TANk 
LM? ULLAGE GAS 
LM2 BELC~W TANK 
COLD M E L l U Y  
APS PRf lPELLANT 
CMZ-STAPT TANK 
SERVICE ITEMS 
ENV C O W  F L U I D  

TOTAL R E M A I N I N G  

1; 
3.8 -1.9 
2 . 9  -0 .5  
6.6 -2.4 . 0 

3.2 6.5 
.O .o 

3859.00 
4605.00 

23477.14 
193698.04 

34.97 
361.00 

37246 -00 
166.86 
28 .oo 

316.00 
129.00 

5.00 
30.00 
63.00 

29703S.46 

.O 
-39.2 
100.1 

.O 
-22.0 

14.2 

.O 
- 4 2 , s  
-27.8 

.@ 
14.6 

9.3 
.O 

.8 

.O 

-.4 

I T F H  I MASS 
I ( L B H I  

X AUM 
( S T A - I N !  

.O 

.O 
3.2 

.O 

.O 
-39.2 
100.1 

00 
-22.0 

14.2 
.O 

.O 

.O 
6 . 5  

.O 

.O 
-42 9 5 
-27 .8  

.O 
14.6  
9.3 

.n 

I V Y  
( L e -  IN2 J 

.30994292+07 

. 2 6 8 3 1 2 5 9 + 0 ~  

.62222207+00 

.29174384+07 

.10468163+0V 

.316?443?+08 

.10234451+10 

.oooooooo 

.46407650+0b 

.ooononoo 

.118175c?+nV 

X ARM 
S T A - I N )  

223.71 

1047.80 
796.80 

1094.70 

e48 .  20 
699.00 
330.40 
241 .VI 
318.65 
114.94 
432.67 

4 9 4 . 3 ~ 1  

616.01 
148.00 

248.59 
00.40 

121.20 
662.70 

350.62 

S - I V t  90% OF THRUST TIM RO +148.20 SEC 
I vv 

(LI-IN2 1 
I Tfh i  

ULLAGE ROCKETS 

SLA RING 
NOSE CONE 

LUNAR MODULE 
ADAPTER 
INfTRljP!T U N I T  
C:&iU* UHT STG 

Y ARM 
( S T A - I N  

.2  

.O 

.O 
1.2  
3.8 
2 . 9  
6.6 

.O 

.O 
3.2 

.O 

-39.2 
100.1 

.O 
-22.0 

14.2 
.O 

.9 

-- 

.n . -  

.4249854b+D? -2 1 .3S881503+0? 
.O .53660007+Qb 
.2 .93377241+08 

-1.9 .44163558+00 
-8.5 .69703033+08 
-2.4 .27045029+@9 

.o .oooooooo 

.o .onoonono 

.o , .oooonooo 

.n . iboonnoo 

6 . S  .21441875+06 

-42.5 .?121?492+05 
-27 8 9 7709 11.56+06 

e 0  .248949@7+07 
14.6 .nooonooo 
9 . 3  .43540299+05 

e 0  .66116~00*0b 

IS; I N  ii% 
L'?* :I1 I AGE GAS 

L M 2  I h  TANK 
LM? ULL4GE GAS 
LW2 8EL:'W TANK 
COLD MEL!UM 
APS PROPELLANT 

SERVICE I T E M S  
ENV CON1 F L U I D  

LOX etLcu ?:.,:; 

CM2-STA.RT TANK 

TOTAL R E M A I N I Y C  .12389626+1l  

(SLUG-FT2) 
. 2 6 ? 4 1 7 ? 0 + ~ 1  

.12391227+11 

(SLUG-FT2)  
.26745234+07 

fSLUf.-FT2) 
.10695815+06 

PROPULL?-VT UTILIZATIOW CUT-BACK T I E  RO +470.00 SEC ITEMS REMAININ 
ILL 

(L8-IYZl 

.28840584+0? 
-- 
.26831259*06 
.106~?309+0~ 
.6176244S+o8 
.33036604*08 
. 1 0 2 4 ~ 2 3 8 * 1 0  . oooonono 
.ooooonoo 
.50483932*06 
.59?31089+08 .oooooono 

.20160?53+0b 

.21899449+0b 

.4S632534+05 

.oooooooo 
~ 2 5 9 6 6 0 9 1 + 0 5  
.33193332+Ob 

I Y V  
( L R -  IN2 1 

.291?4384+0? 

.10468163+09 

.3?6?443?+01 

.26811259+06 

.62222207+08 

.10234451*10 

- c3335;30 
. ~ 0 2 0 1 1 9 0 + 0 6  
.59731889+08 

. ononooon 

.mono000 

.2403sese+07 . ooonoooo 

.20966642+0b 

.63965225+06 

.5906090?+05 

.31193332+06 

.10210597*11 

( S L V t - T i L )  
.22038559+0? 

I x x  
(LE-IN2 I 

.35081503+07 

. 5 3 6 6 0 0 0 7 + 0 ~  

.933?7241+08 

.44363558+08 

.69103@33+00 

.27045029+39 . oooooono 
OOOOGOOO 

.21441075+06 

.00000000 

.'I12 12 '42+05  

.49662389+06 

.24146958+07 

.4354 S299+0 S 

.48942526+09 

.105637S8+06 

. oooooono 

.oooon~no 

:661160@0+06 
-. 

(SLUG-FTZ)  

NOSE cn:dE 
SLA R1VG 
LUNAR W O U L E  
ADAPrER 
INSTRUHNT U N I T  
S4R204 DRY S T 5  
LOX 1N TANK 
LOY U L L ~ G E  GAS 

LHZ I N  TANK 
LW2 ULLAGE GAS 
LM2 B E L O W  TANK 
COLD MELIUM 
APS PROPELLANT 
CH2-START TANK 
SERVICE I T F M S  

LOX BELOW TANK 

ENV cnw F L U I D  

1067.00 
91 .00  

3859.00 
4605. 00 

23477.14 
49V50.25 

232.75 
397.00 

10936.26 
339.39 

58.00 
200.73 
125.09 
7.00 

30.00 
43.60 

31530.00 

1094.70 
1047.10 
'191.90 
048.20 
699.00 
330.60 
195.13 
z 6 n . v ~  
114r94 
332172 
511.96 
148.00 
494.30 
248.59 

127.20 
662 e 70 

8 ~ ~ 4 0  

1.9 1 -,6 

AP 1-5 



START ENGINE MIXTURE 

I T E M  

NOSE CU’JE 
SLA RING 
LUNAR H O W L €  
ADAPTER 
IYSTRUMNT U N I T  
548206 ORV S T C  
LOX IN TANK 
L O 1  ULLAGE GAS 
LOX BELOW TANK 

LHZ ULLAGE C A S  

C O L D  HEL IUM 
APS PROPELL INT 

L n t  IN TANK 

LWZ BELOW TANK 

GH2-START TANK 
SERVICE I T E M S  
ENV CON1 F L U 1 0  

TJTAL  REMAINIUG 

RATIO SHII 

MASS 
( L B M )  

1067.00 
91.00 

3 1 5 3 0 . 0 0  
3859.00 
4605.00 
23477.14 
39802.00 
246.72 
391.00 

351.57 

192.61 
124.81 

9083, oo 

58.00 

?.no 
30 00 
43.00 

114984.85 

NOSE CONE 
SLA R I N G  
LUNAR MOCULE 
ADAPTER 
INSTMUMNT LJNIT 
S4R204 D R Y  STC 
LOX I N  TANK 
LDX ULLAGE GAS 
LOX BELOW TANK 
LW7. I N  TANK 
LHZ ULLAGE GAS 
L H 2  BELJY TANK 
COLO H E L I U M  
APS PROPELLANT 
CHZ-START TANK 
SERVICE ITEMS 
ENV CON1 F L U I C  

X ARM 
( S T 4 - I N )  

1094 70 
1047.80 
796.90 
8411.20 
699.00 
3 3 0 . 4 0  
190.71 
257.88 
114.94 
3 1 1 . 8 1  
5 n 4 .  69 
1*8.00 
494.30 
248.59 
d8.40 

127.20 
662 10 

449.13 

1067 00 
91 -00  

31 530.00 
3859.00 
4605.00 
23477.14 
19967.00 

278.44 
397.00 
5024.00 
379.23 
58.00 
174.18 
124.18 
7.00 

30.00 
43.00 

T I M  RO +492.90 SEC 

V ARM L ARM 
( S T A - I N ) l S ~ A - I N l  

.O .O 

.o .O 
1.2 .2 
3.8 -1.9 
2.9 -8.5 
b-b -2.4 

.O . 0 

.o .o 
3.2 b . 5  

.O .O 

.O .O 
-39.2 -42.5 
100.1 -27.8 

80 .O 
-22.0 14.6 
14.2 9.3 

.O .O 

2.1 -.9 

TABLE AP l.-2 (Sheet 3 of 6 )  
MASS BREAKDOWN SUMMARY 

START E n R SHIFT 
I T E M S  REMAINING 

I X X  
( L e -  I N 2  1 

I vv I Z L  
f LB-INZ) (LE-IN2 1 

X ARM 
S T A - I N 1  I I T E M  

1094.70 
1047.80 
796.90 
848 20 
699. no 
3’30.40 
180.51 
251.59 
114.94 
306.06 
469.55 

494 30 
248.59 
68.40 
127.20 
661 -70 

iba.on 

MASS 
( L ~ M I  

IE RO + 
V ARM 
STA-!?! 

2.6 I -1.1 .48886036+09 TOTAL R E 4 A I N l N G  91111.18 507.51 

(SLUG-FTZ1  
.10S515bb+Ob 

.O 

.O 
1.2 
3.8 

6.6 
.O 
.O 

3.2 
.O 
.O 

-39.2 
100.1. 

.O 
-22.0 
14.2 

.O 

2.9 

.81059022*10 .01030 58+16 

(SLUG-FTZ I (SLUG-FT2) 
.17495786+07 .17489643+01 

-- 

1.90 SEC 

2 ARM 
5 T A - I N l  

TIWE RO +593.34 SEC 

X ARM V ARM 2 ARM 
S T A - I N )  l S T A - I N ) ( S T A - I N )  

.O 1094 .?0 0 0  

1047.80 .O .o 
?9b 90 1.2 -2 
848.20 3.8 -1.9 
699.00 2.9 -8.5 
330.40 b.6 -2.4 
1b4.89 .O .o 
245.56 .O .o 
114.94 3.2 b.5 
218.93 .O .o 
4 7 5 .  so .O - 0  
148.00 -39.2 -42.5 
494.30 100.1 .*27.8 
248 59 .O e 0  

88 .40  -21.0 14.6 
127.20 14.2 9.3 
bbZ.?D .O .o 
597.16 3.4 -1.4 

.O 

.O 

.2 
-1.9 
-8.5 
-2.4 

.O 

.o 
6.3 

r O  
.O 

-42.5 
-27.8 

.O 
14.6 
9.3 

.o 

I xx I V Y  
( L B - I N 2 1  ( LR- IN2 I 

.35881503+07 .29174364+0? 

.53b60007*06 .26831259+06 

.93377241+08 ~10lb8163+09 

.44363558+08 -b2222207+08 

.69703033+08 .37b7+43?*08 

.27045029+09 .l0234451+10 

. 0 0 0 0 0 0 ~ 0  

.214416?5+0b ~50201190*0b 

.oo9ooono .109342bO+O8 

.Ot0000FO .oooooooo 
31212492+05 .28966642*Ob 
.38842862*06 .50029bbO+Ob 
.23860283*07 r23730502tO7 
.oooonono .oooooooo 
.43548299+05 .590b090?+05 

.oooooooo 

.oooooooo 
.oooonuoo 

.6611680n+o6 .33193332+06 

.4@841688+09 .55603179+10 

(SLUC-FT21  ( S L U G - F T Z I  
.lC541993+06 ~12001394+07 - 

I x x  
( L B - I Y Z  I 

.35881503+0? 

.53660007+06 

.9337?2LI+O6 

.44363558+08 

.69?03033+08 

.2~045029+09 

.oooonono 

.00000000 

.214418?5+06 

.oooooonn 

.oooooooo 

.71212492*05 

.476535?4+06 

.24093732+0? 

.000011000 

.43548299+05 

.bbll6800+0b 

I S L U G - F T Z I  

ITEMS REHAINII 

I L L  
I LE-I N2 1 

ISLUG-CT21  
.2018tJ385+07 

.35881503+0? 

.53660007+06 

.93377211+08 

.44363558*08 

.b9703033+08 

.2?045029+09 . nooonooo 
.oooooooo 
.21441075+06 
.oooooooo 
.oooooooo 
.?1212492*05 
.43092074+06 
.239728?0+0? . imoooono 
.m*a299+05 
.6blla800+01 

.29114384+0? 

.10468163+09 

.3767443?+08 

.oooooooo 

.oooooooo 

.SO201190*0b 

.407540b1+01 . ooonoooo 

.28966642+06 

.23062571*0? 

.onononoo 

.59060907+05 

r26831259+Ob 

.62222207+08 

.inz344si+io 

.55502651+0b 

e 31193332+0b 

.29840584+01 

.Zb831259+0b 

.1068?309+09 

.61?62445*08 

.33036684*08 

.102*5238+10 

.onoooooo 

.oooooooo 

.50483932+06 

.40754061+08 

.oooooooo 

.28160753+06 

.19002160+O6 

.45303546+05 . onoooooo 

.259bb091+05 

.33193332+0b 

S- IVB ENGINE CUTOI 

I T E M  

NOSE COVE 
SLA R I N G  
LUNAR MJDULE 
ADAPTER 
INSTRUMYT U N I T  
S46204 ORV S T G  
LOX I N  TANh 
LOX ULLAGE GAS 
LOX RELOW TANW 
LH1. I N  TANK 
LH2 ULLAGE GAS 
LH2 BELOW TANK 
COLO H E L I U M  
APS PRIIPELLANT 

SERVICE ITEMS 
ENV CON1 F L U 1 0  

GH2-START TANK 

- 
TOTAL R E M A I N I N G  

C O W 0  

MASS 
( L e n )  

1067.00 
91 e00 

3859.00 
31530.00 

4605 .no 
23477.14 
2641 .OO 

308.00 
397.00 

1427.00 
405 .00  
58-00 
157.00 
113.60 
7.00 
30.00 
43 .00  

702 2 3.74 

ITEMS REMAININ 

1t2 
I L O - I N 2  

.tnn40584+0~ 

.26831239+06 

.10687309*09 

.617bZ445+08 

.33036684+08 

.102*5238+10 

.oooooooo 

.oooooooo 

.50483932+Ob 
10934260*08 

.28160753+Ob 

.1712840l+Ob 

. oooooono 

.45090779+05 

.onoooono 
25966091+05 
.33193332+01 

m5557~200+10 

(SLUG-FT21 
.11994?08+07 
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Mass Characteristics (WS-11) 

1094.70 
1047.80 
796.90 
848.20 
699.00 
330.40 
164.65 
243.52 
114.94 
278e6b 
475.39 
148.00 
494.30 
248059 

66.40 
127.20 
662.70 

TABLE AP 1-2 (Sheet 4 of 6 )  
MASS BREAKDOWN SUMMARY 

.O 

.O 
1.2 
3.8 
2 . 9  
6.6 

.O 

.O 
3.2 

.O 

.O 
-39.2 
100.1 

.O 
-22 .0  

14.2 
.O 

TIM RO +594.74 SEC 

I T E M  MASS X ARM V ARM L ARM 1x7 I V V  I L L  
( L 6 M l  (STA- IN1 ( S T A - I N ) ( S T A - I N )  (LE-IYtl ( L B - I N Z )  ( L O - I N 2  I 

NOSE CONE 10b7.00 1094.70 .O .o .3Sm1503*07 .29174384*07 . Z I ~ ~ O S W O ~  

TOTAL JETTISONED 1158.00 1091.01 .O .o .41247504+07 .3370208n+07 .33368320+07 

(SlUG-FfZ) (SLUG-FTZI  ( S L W - F T Z )  
.89021b41+03 .72742593+03 .72022206+0S 

SLA R I N G  91.00 1047.80 .O - 0  .¶3bbOOO7*~6 .268312S*+Cb .26831259+06 

- 

S- IVB END OF THRUS 

I T E M  

X ARM 
( S T A - I N )  

796.90 
848020 
699.00 
330.40 
1b4.62 
24SeS1 
114.94 
278.42 
475.29 
148r00 
494.30 
248 S9 

127.20 
m.*n 

DECAY 

MASS 
( L E M )  

V ARM 
( S T A - I N  

1.2 
3.8 
2.9 
6.6 

.O 

.O 
3.2 

.O 

.O 
-39.2 
10001 

00 

14.2 
-22 .0  

.2 
-1.9 
-8.5 
-2.4 

.O .(, 
6.S 

.O 

.o 
-42.) 
-27.8 

e 0  
14.6 
9 . 3  

,931 
.443 
e691 
.270 
,000 
,000 
-190 
.ooo 
.ooo 
-589 
-388 
-236 
-000 
.435 

X ARM V ARM 
I S T A - I N  1 I( S T A - I N  ~ 

L ARM 
S T A - I N )  

NOSE CONE 
SLA R I N G  
LUNAR MODULE 
AOAPTER 
INSTRUWNT U N I T  
S4BZ04 DRY STG 
LOX I N  TANK 
LOX ULLAGE GAS 
LOX ECLOY TANK 
LHZ I N  TANK 
LHZ ULLPGE GAS 
LH2 RELOY TANK 
COLC HELIUM 
APS PRUPELLANT 

SERVICE lTtHS 
ENV CON1 F L U 1 0  

GH2-START TANV. 

1067.00 
91 .00  

31 530.00 
3659.00 

23477.14 
25?1,00  

367.00 
14C0 -00 
405.00 

48.00 
157.00 
123.56 

7.00 

4605.00 

308 00 

30.00 
43.00 

.O 

.O 

. z  
-1.9 
-8.S 
-2.4 

.o 

.O 
beS 

.O 

.O 
-42.5 

.O 
14.6 
9 . 3  

.O 

-21.8 

~~ 

.29174384+07 

.268312S9*0b 

.10468163*09 

.62222207*08 

. 3 7 t + r 4 4 ~ + 0 0  

. i n z 3 r 4 s t * l o  

.00000000 

.oooooooo 

.46407650+01 

.107248S1*08 

.23972394*06 

~- .23742974+07 

. onoooooo 

.50029bS9+06 

.00000000 .oooooooo .oooooono 

.43548299+OS .59060907+0S .2S966091*OS 

.bbl l68n0+06 .33193332+06 .33193332+06 

.3S881503+07 

.¶36boOO7*Ob 

.93377241*08 

.443635S8*08 

. t9703033*08 

.270*5029+09 

.oooonooo 

.oooooooo 

.19821582*06 

.oonooono 

.oooaoooo 

.S8934+7b*oS 

.30#42861+01 

.238S2720+07 

(L I TEM 'XX I vv 
l-IN21 I (LI-IN21 

I zz 
( L I - I N I I  

LUNAR MODULE 
AOAPTER 
INSTRUMNT UN!T 
S46204 ORV STG 
LOX I N  TANK 
LOX ULLAGE GAS 
LOX 8ELOY TANK 
LHZ I N  TANK 
LWZ ULLAGE G?Z 

COLD H E L I U M  
APS PROPELLANT 

SERVICE ITEMS 
ENV CON1 F L U I D  

LHZ m n w  TAN;. 

GW2-START TANK 

31 S30.00 
38S9.00 
4605.00 

23477.14 
2503.75 

232.2s 
3b7.00 

1375.66 
404.83 

48.00 
1S7.00 
122.31 

30 00 
7.00 

4 3 r ~ ~  

17241+08 
)35S8+08 
l3033+08 
1S029*09 
moo0 
l0000 
! 1 S82*06 
IGon0 
l0000 
)4476+05 
12861+06 
.0239*01 
l0000 
10299*0S 
,b800+06 

.10468163*09 
ob2222207*08 
.37674437+08 
.102344S1*10 
.oooooooo 
.oooooooo 
.46407bS0*06 
.10S36300+08 . 00000000 
.23972394+06 
.50C:96S9+86 
*23SOlb0*+07 
.oooooooo 
.S9ObO907*OS 
.3319333z*a6 

.lOb07309*09 

.b176244S+o8 

.33n36684*08 

.1024S230*10 

.oooooooo 
v 00000000 
.46669026*Ob 
.10S36300*0@ 
.00000000 
.23305451*01 
.17128400*06 
.446182S2*OY 
e00000000 
.2S966011*09 
*33193332+06 

AP 1-7 
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ITEUS RUU\INJY 

TABLE AP 1-2 (Shee t  5 of 6 )  
MASS BREAKDOWN SUMMARY 

I v v  
t L8-1N2 

I TEM 111 
I L8-lN2 

ADAPTER 
INSTRUMNT UNIT  
S4B204 ORV STC 
LOX I N  TANK 
LOX ULLAGE GAS 
LOX BELOW TANK 
LHZ 1M TANK 
LHZ ULLAGE CAS 
LHZ BELOW TANK 
COLD HELIUM 
APS PROPELLANT 
GUZ-START TANK 
S E R V I C E  ITEMS 
ENV CON1 F L U I D  

3859.00 
4bOS.00 

23477.14 
2086 .OO 

650.00 
367.00 . 00 . 00 . 00 
157.00 
83.00 

1-00 
30 00 
43.00 

8 
6 
3 
1 
2 
1 
2 
4 
1 
4 
2 

1 
6 

'7. 
19 . 
10. 
13. 
15. 
4. 
'2. 
'0 . 
18. 
14 . 
I8 . 
18. 
17. 
'2. 

'0 
IO 
10 
'4 
I6 
14 
!1 
'8 

5.9 
2.9 
6.b 

.O 
00 

3.2 
SO 

.O 
-39.2 
100.1 

-0  
-22.0 

14.2 
.O 

-1.6 
-8.5 
-2.4 

.O 

.O 
6.5 

00 
.O 

-42.5 
-27.0 

00 
14.6 
9.3 

00 

.77637619+08 

.3767C437+08 

.102344S1*10 . 00000000 

.oooooooo 

.4b407650+06 

.00000000 

.oooooooo 

.00000000 

.50029659+Ob 

.15949672+07 

.oooooooo 

.59060907*05 

.33193332+06 

.74?20742+08 

.33036684*08 

.1024S230+10 

.oooooooo 

.00000000 

.46669OZb+Ob 

.oooooooo 

.oooooooo 

.oooooooo 

.1712O400*06 

.30280757*OI 

.2596b091*09 

.33193332+04 

.25536055*10 

ISLUG-FT2) 

.ooooonoo 

.55117039*04 

.10939669+09 
,69703033+00 
.27045029+09 
.oooonooo 
.00000000 
.19021502+06 
.oooooono 
.oooooooo 
.00000000 
.30842861+0b 
.16023396+07 
.oooooooo 
.43548299+05 
.661168O0+06 

b0 
!O 
r0 

f SLUC-FTL I (SLUG-FT2) I .90059784+05 I ~55271611*06 

T I E  RO +8894.55 SEC END LOX D W  

I T E M  X ARM I V ARM 
ST#-IN) ( S T A - I N :  

I V Y  I f L 8 - I N Z )  
MASS 
( L D M I  

ADAPTER 
INSTRUMNT UNIT  
548204 DRY STC 
LO% I M  TANK 
LOX ULLAGE GAS 
LOX BELOW TANK 
LHZ I N  TANK 

LHZ bELOW TANK 

APS PRClPELLANT 

S E R V I C E  I T E M S  
E Y V  CON1 F L U I D  

1.142 ULLAGE CAS 

c o L n  HELIUM 

CWZ-START TANK 

.10939669+09 

.69703033+08 

.27045029+09 

.OOOOOOOO 

.oooooooo 

.20603088-02 

.00000000 . oooono3o . 00000000 

.38842861+06 

.159820*7+07 

.oooooooo 

.23548299+05 

.66116B00+06 

.74720742*O8 

.33036584*08 

.10215238+10 . 00000000 

.nooooooo 

.485~"147-02 

.ono~-,oo 
o00000000 
.OOO( 0000 
.l7128400*01 
.3020261b*OY 
.oooooooo 
.25966091+oS 
.33193332+Ob 

.77637619*08 

.37674437*08 

.10234451+10 

.oooooooo 

.00000000 

. 4 e z w 3 b ~ - e z  . onoooooo 

.oooooooo 

.oooooooo 
e50029659*06 
.15900514+07 
.oooooooo 
.59060907*05 

3859 00 
4605.00 

23677.14 . 00 
557.00 

00 . 00 . 00 . 00 
157.00 
82.79 

7.00 
30.00 
43.00 

32817.9) 

-1.6 
-8.5 
-2.4 

.O 

.O 
6.5 

.0 

.O 
-42.5 
-27.8 

.O 
14.6 
9.3 

.O 

157.52 
245.36 
1 I c.94 
262.21 
470.78 

246.59 

662 70 

I TOTAL REMAINING 

END OF PROGM 

I TEM MASS 
[Lnni  

,OOO.W 
1 &RM 
STA- IN:  

-1.6 
-8.5 
-2.4 

.O 

.O 
6.5 

.O 

.O 
-42.5 
-27.8 

.a 
14.6 

.O 
9 .f 

-3.2 

ITEMS REMAININ 
1 xx irr 111 

( 1 8 - I N 2  I f L8-1N2 I (LO-IkZ) 

.10930669+09 .77637619+08 .74720742+08 

.69703033+08 .37674+37+08 .33036684*08 

.27045029+09 .In234451*10 .10245238*10 

.oooonooo .00000000 .oooooooo 

.00000900 .oooooooo .oooooooo 

.20603088-02 .48237365-02 e4B509067-02 

.0000@000 .oooooooo .onoooooo 

.00000000 .oooooooo .oooooooo 
.00000000 .00000000 .00000000 

.47189094-02 .60779618-02 .20808809-02 

.1216172*+07 .1210576?+07 .22903030*05 

.oooooooo .OCB00000 

.435*8299*05 .59060907*05 ~259bbO91*0S 

.bbllh800*01 r33193332+06 .33193332*06 

.45169711*09 .234791jb*10 .23C01189*10 

.oonooooo 

ADAPTER 
INSTRUMYT UNIT  
S4B204 ORV STC 
LOX IN TANK 
LOX ULLAGE CAS 

LHZ I N  TANK 
LHZ ULLAGE GAS 
LWZ BELnW TANK 
COLD HELIUM 
APS PROPELLANT 

S E R V I C E  I T E M S  
EHV CON1 F L U I D  

LOX m o w  TANK 

GWZ-START TANK 

3859.00 
4605 00 

23477.14 . 00 . 00 
00 

.oo . 00 

.oo . 00 
63 00 

7.00 
30 00 
43.00 

837. 
6991 
3301 
157. 
245. 

262. 
4701 

494, 
218. 

8 8 .  
127. 
662 

l i e r  

148. 

- 

!O 
IO 
,O 
12 
I6 
16 
!1 
' 8  
10 
IO 
19 IO 

!O 
'0 - 

5.9 
2.9 
6.6 

.O 

.O 
3.2 

.O 

.O 
-39.2 
100. t 

S O  

-22.0 
14.2 

.O -- 



Appendix 1 
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I T E M  

TABLE AF’ 1-2 (Sheet 6 of 6) 
MASS BREAKDOWN SUMMARY 

M A S S  
! L B M )  

.2 
-1  - 6  
-8.5 
-2.4 

.O 

.o 
6 .5  

.O 

.O 
-42.5 
-27 B 

.O 
14.6 
9.3 

.O 

-1.4 
P 

LUNAR HOOULE 
A O P P T E W  
INSTRUHNT UWIT 

LOA 1N TANK 
L O X  ULLAGE C A S  
LOX SELDU TANK 
LHZ IN TANK 
!.HI. ULLAGE GAS 
LHZ B E l W  TANK 
COLD HELIUM 
PPC, PROPELLANT 
G H Z - S T A R T  TANK 
S E R V I C E  I T E M S  
ENV CONT FLUID 

s4e204 O R V  S T G  

I T E M  M A S S  X ARM V ARM Z ARM I x x  
i i w )  (STA-IN) ISTA-IN)ISTA-IN) ( L B - l v z )  

LUNAR MDOULE 31530.00 796.90 1.2 - 2  .9 j j77241+08 

T O T A L  REYAINIVG 

I V Y  1t2 
(LB-IN21 ( LE-IN2 1 

.104681b3+09 .1068?j09*09 

31 530.00 
3859.00 

23477.14 
2475.26 
260.74 
367.00 
1067.04 

402.62 

157.00 
106.16 
7.00 

30.00 

68434.97 

4605.00 

48.00 

TOTAL JETTISONEO 

-- 
X A R M  
S T A -  I N  1 

31530.00 796.90 1.2 .2 .933?7241+08 .10468149+09 

796.90 
837.20 

330.40 
16*.5b 
245.50 
114.94 
275.n6 
47*.01 
lC8.00 
496.30 
248 59 

l 2 7 . 2 0  
667 70 

591.43 

699 a 00 

8n.bn 

(SLUG-FTZ) 
.20154551+05 

OEPLUVSLA PANELS 
I T E M S  R E M A I N I N G  

TIME RO t1193.52 SEC 

(SLUC-FTZ) 
.22594461+05 

1.2 
5.9 
2.9 
6 - b  

.O 

.O 
3.2 

.O 

.O 
-39.2 
100.1 

.O 
-22.0 

14.2 
.O 

3.6 

I T E M  

ADAPTER 
INSTRUHNT UNIT 
S48204 ORV STG 
LOX I N  TANK 
LOX ULLAGE CAS 
L O X  m o n  TANK 
LWZ I N  TANK 
LHZ ULLAGE C 
LH2 BELDY T A i h  
COLD MELIUM 
APS PROPELLANT 
CH2-START TANK 
S E R V I C E  I T E M S  
ENV CON1 FLU10 

TOTAL REYAINING 

MASS X ARM V A R M  Z ARM I x x  I vv 
( L B M )  (STA-IN) (STA-IN) lSTA-IN) (LB-IN21 I L8- IN2 1 

3859.00 831.20 5.9 -1.6 .10939669*09 .?7637619+08 
4605.00 699.00 2.9 -8.5 .69703333+08 .376?4437+08 
23477.14 330940 b.6 -2.4 .27045029+09 .1n23445 l+ lo  

2370.56 164.35 .O .o .oOOonooO . ooooooon 
365.44 245.47 .O .o .oooonooo .00000000 
367.00 114.94 3.2 6.5 .19821snz+06 .46407650+06 

7 5 7 . 0 ~  470.96 .O .O .oooooooo .00000000 
40.00 i+e,oo -39.2 -42.5 .58934476+05 .23972394+0b 

101.36 24e.59 .O .n .19s66664+07 .19+?6638+0? 
7-00  88.40 -22.0 14.6 .00000000 . ononoooo 

30.00 127.20 14.2 9.3 .~35*n299+05 .59060907+0~ 

342.98 263.32 .O .o .00000000 .26122065+07 

157.00 494g30 100.1 -27.8 .388428bl+06 .50029659+06 

43.00 662170 .O .O .bb116800+06 .33193332+06 

36530.50 419.31 5.b -2.9 .~5494906+09 .2S8?7925*10 

.9337724i+oe 

. tmo3033+oa 

.27045029+09 
, onoonoon . oonnnooo 

.oooooono 

.10939669+09 

.19821582+06 

- 00000000 
.589344?6+05 
.38842861+06 
.20494333*07 . ooonnono 
.43548299*05 
.661168n0*06 

(SLUG-FTZ) 
.98196238+05 

.10468163*59 

.77637619+08 

.3?t ?443?*08 

.10234~51+10 . 00000000 

.oooooooo 
46407650+06 

.81531221+07 

.oooooooo 

.239?2394+06 

.50029659+06 

.20400038+0? . onnoODon 

.59060907+Q5 

.33193332+06 

(SlUt-FT2) 
.55854931+0b 

51827212*10 

AP 1-9 
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Mass Characteristics (WS-11) 

TABLE AP 1-3 (Sheet 1 of 2) 
MASS CHARACTERISTICS SUMMARY 

T I M E  
(SEC) - 

,360 

I eo00 

38.000 

88.000 

100.000 

143.300 

143.500 

143.5CO 

144.900 

145.900 

167.000 

148.200 

150.000 

155.520 

155.520 

160.000 

170 .ooo 

176.000 

180.000 

190.000 

198.200 

200.000 

2 10.000 

220.000 

230.000 

240.000 

L50.000 

260.000 

270 .ooo 

280 .ooo 
290.000 

300.000 

308.000 

3 10 -000 

320.000 

330.000 

340.000 

350.000 

360.000 

3’0.000 

380.000 

390.000 

400.000 

410 .ooo 

4io.000 

430.000 

436.000 

440.000 

4 5 0.000 

MASS 
( L B M I  

297241.26 

291215.61 

291208.45 

297158.22 

277166.16 

297146.12 

297136.55 

297102.44 

297035.46 

296901.27 

29b295.98 

295685.43 

294743.01 

291853.14 

291631.14 

289285 t 69 

284050.32 

zeo909.10 

218814.95 

273579.58 

269216.58 

268343.99 

2b3107.43 

251870.86 

252614.29 

247397.71 

242161.15 

236926. 57 

2 3 1688.01 

226451.43 

221214.87 

2 l59?8.21 

211189.04 

210741.73 

205505.16 

200261. 58 

195032.02 

189795.44 

184558.88 

179322.30 

174085.73 

168849.16 

163612.60 

158376.02 

153139.45 

147902.88 

1447b0.94 

142666.31 

137*29r?I 

I S T A - I N 1  3= I S T A - I N  

350.53 

350.53 

350.54 

350.54 

350.55 

350.57 

350.58 

350.59 

350.62 

350.58 

350.59 

350.57 

350.57 

350.60 

350.69 

350.73 

350.89 

351.03 

351.14 

351.45 

351.82 

351.91 

352.45 

353.10 

353.05 

354.71 

355 rn 69 

356.77 
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Mass Characteristics (WS-11) 
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Appendix 2 
F l i g h t  Test Recons t ruc t ion  (PA43) 

1. FLIGHT TEST RECONSTRUCTIOE (PAL91 - 
This appendix con ta ins  t h e  d i g ; t a l  p r i n t o i i t  o f  cJmFuter pr3gram PA4S 

which is a compilat ion of computer programs GlG5 2 d  AAS9. These 

conputer  p r o g r a m  a:e employed i n  t h e  p ropu l s ion  s y s  t e m  performance 

r econs t -uc t ioa  of  t h e  S- .v’B-204 s t a g e  f l i g h t .  

and assGciated p l o t s  are p resen ted  i n  s e c t i o n  9. 

The perfornance a n a l y s i s  

Table -4P 2-1 d e f i n e s  t h e  p r i n t o u t  symbol-s; t z b l e  AP 2-2 is t h e  d & i t a l  

p r i n t o u t  f o r  engine burn. 

E 



Appendix 2 
Fl igh t  Test  Reconstruction (PA491 

FS U6 1 

W D O T T l  

WWTOl 

brDGTP1 

EMR 1 

ISP 1 

LMSLTB51 

YSUBF1 

FsuB2 

WDOTT2 

WDOM2 

! 'WTF2 

EMR 2 

ISP 2 

MSuB02 

MSUBF2 

AP 2-2 

TABLE AP 5-1 
PROC-P-QI PA49 PRINTOUT SYl93OLS 

S t a g e  t h r u s t  from 
AA89 . lb f )  

Total f lowrate  from 
AA89 (lbrr/sec) 

LOX lowrate from 
AA89 (lbr. /sec) 

LH7 f lowrate  from 
AI.89 (lbrn!sec) 

'.ngine mixuure r a t i o  
Croo. AA89 

Spec i f ic  impulse from 
AA89 (sec) 

LOX m a s s  on board from 
AA89 (lbrn) 

LH2 mass on board Erom 
.SA89 (lbrn) 

Stage t h r u s t  5rm G105 
( Ib f )  

Total  f lowrate  from 
6105 (lbm/sec) 

LOX f lowr i t e  from 
G105 (lbm/sec) 

LH2 f l c v r a t e  r'rom G105 
( l L m / s e c )  

Engine mixture ratio 
from 3105 

Spec i f ic  impulse f rcic 
GI05 (sec) 

LOX mass G I  board f r o r  
G105 

LH2 m a s s  on boar3 from 
6105 (lbmj 

FSUB 3 

kWTT3 

WDOT03 

WWTF3 

EMR 3 

ISP 3 

MSUB03 

MSUB F3 

THkJST 

T F L W  

r) now 

F n o d  

*Em* 

?SP* 

0 bms 

P YASS 

Predicted s t age  t h r u s t  
( l b f )  

Predicted t o t a l  f lowrate  
(lbm/sec) 

Predicted LCX f lowrate  
(lbm/sec) 

Predicted LH2 flowrate 
(lbm/secj 

PL-dicted engine mixture 
ratic 

Predicted s p e c i f i c  irrpuise 
( s e d  

Predicted LOX mass on beard 
(lbm) 

Predicted LH2 m a s s  on board 
(lbm) 

Composite s t age  t h r u s t  
(1bf) 

Composite t o t a l  f lowrate  
(lbm/sec) 

Composite LOX f lowrate  
(Ibm/sec) 

Composite LE2 f lowrate 
(lbm/sec) 

Composite engine mixture 
r a t i o  

Composite s p e c i f i c  
impulse (sec) 

Composite LOX m a s s  on board 
( I b d  

Compxite LH2 m a s s  or. board 
( lbm) 



Appendix 2 
F l i g h t  Test Reconstruction (PA49j 

TAiZE AP 2-2 ( C ~ = P + _  1 ~f 6 )  
ENGINE PERFORMANCE PROGRAM 

2i7858.080 
503.2b6 
635.161 

5.471 
425.806 

19078V.b70 
36161.806 

219891.973 
640.b65 

8 O . b b J  
5 .393 

425.863 
368SO. 107 

216b3b.490 
5 I b .  369 
80 563 
5.35# 

4Zb.5*6 
lV1253.385 

521.2 1 1  

b31.071 
78.7'0 

5.61. 
1V1211.1¶0 

3b839.lUb 

.OL'  ' 

. a 3  
1.32- 

.U' J 

. S I 2  

.3U3 
r 9 3 1 8 3 . 3 0 )  

3 7 C 4 3 . 0 U J  

901bb..lrL 
.O?U 
.ow 
. O D 0  

93834.528 

37393.033 
1 ~ 3 ~ 7 3 . 3 3 ~ 1  

. 0 G O  

.512 

.ooo 

.on0 
193713.000 

. w o  

. o  0 

.o I D  

.o IO 

.030 
193783.0 10 

37393.0 0 

211v96.v80 
517.V90 
431. I46  

5.480 
625.145 

190353.48J 
367b7.463 

LZ~SIP.ISO 
517-1118 

8 l . 6 6 2  
5.358 

625.721 
19082b.390 

225123.455 
64J.Plb 
10.885 

5.56.5 
425.673 

3b777.056 

521.37b 
633.376 

1V. l  8 
5.blV 

IV0170.130 
36757.6 a 3  

. O D 1  
b.122 
.003 
.3L3 
.33u 

191L72.610 
31330.052 

.0F0 
* . 0 : 0  
b.122 

.3co 

.go0 
!93782.690 

6. 122 
.o.o 

6.112 
- 0  J O  

193182. bSO 
37390.214 

tzn7?8.120 
521.111 

113.634 
5.635 

62b.216 
18lb?9.200 

522.51 8 
638.9Yb 

7V.211 
5.45. 

188561.770 
36350.770 

2.315 
35.18.353 

98.8'5 
53.341 
b7.S?5 

3 b l  .b69 
1037h5.791 
37c1~3.C-9 

29.003 
CZI9.?2.353 

523.CJ9 
bC3.756 

83.807 
c23 .348  

r86691 .bb) 
33ir35.7bC 

47.958 
bb.bh6 

22253.531 
99.029 
W.Vlb 
1.289 

221.135 
153L66.2-3 
j73b2.513 

222131.143 
52 3. V7V 
~ ~ 2 . 8 0 2  

5.497 
bZ6 .6T5  

185Vb9.650 
35954 .*IS 

72?3%?.19b 
523.308 

#O.b8V 
3.4b3 

623 .a00 
l8bb19.110 

>270:5.bOJ 
463.513 

10.92'. 
5.532 

624.011 
3q3b5.467 

5Zb.258 
44?*064 

80.215 
5.680 

35V63.303 
ieb34t..i~+o 

52.183 
1.JZJ 

233 .631  
37359.732 

42.b88 
1.092 

'93755.110 
37335.2Gb 

1 . J J . l  25.503 
1 2 2  3 0 4 . 5 3 J  

5Zb.6S'Y 
444.80) 

83.bb5 
b23.558 

11427b.253 
355632.873 

ISOVb2.3.3 
282.368 

b'.3b3 
3.253 

455.081 
31313.072 

337.1 i 7 
236. 7113 

C I . V + O  
4.736 

193581.600 
37351.215 

222686.170 
524.971 

5.501 
42b.196 

355b7.17b 

rrr.990 

I 8 3  m. 083 

222394.b33 
bCC.ra5 

00.b78 
5.548 

623.881 
35559. IDS J 

01-95> 
. U j . V I . l  

r93b63.5LJ 
37,s;. : 2 :  

30.003 
L22827.633 

52  - 693 
b.5.7S5 

83.753 
a23.788 

182J50.03> 
3 ) O i l .  2 12 

I*'.  '.. 
611.975 
3S7.8iV 

5.186 
430.221 

192720.67~ 
3 7 2 r z . 3 n 3  

1513*0.01C 
b 3 0 . 0 8 .  

73.3.1* 
C.677 

433.u95 
193259.020 

22312b.0?0 
525.2b1 

80.632 
5 .688  

1#19*S.CSO 
426.276 

222771.565 
665.191 

VO.87S 
S.Sb3 

624.1 I5 
55152.882 

525.126 
443. o r 5  
80.1/9 

5 . 5 . ~ 5  
181VJl.bbO 
3512.. 138 

35.555 
L 2 3 3 O I .  7% 

526.69; 
Z23?15.050 

52b.Vb8 
*bo. 0 1  2 

5 .532  
bZb.r72 

119254.173 
36736.308 

223133.2W 
5.6.777 
80-630 

5.513 
426.526 

17C767.780 

5Lb.bbl 
bbS.VV3 
80.047 

5.522 
1TPb71.150 

34123.120 

1 8 n o w . i r 3  
457.657 
3b5.252 

4.v57 
621.772 

IVZJb8.060 
3l lbb.VQb 

lVb775.8FO 
bbl.18b 

76.VllV 
6.637 

b29.964 
lV2807.140 

1 9 J O V .  771 
37l.7.? 
76.Pl7 

5.ObI 
430.765 

37177.2*5 

4rb.736 
358.751 

7s.s 0 _ _ _  
4.112 

?.2081.0'0 
37156.7-1 

? 2 6 : 0 2 . 7 ~ 0  
5Z7.615 

80.603 
5-53. 

4 2 b  774 
1 1 7 5 1 ~ . 7 5 0  

19? 15 1.94 1 
376.634 

7 1 . 5 ! 7  
a .985 

b10.52b 
37100.222 

456-132 

7b.bI1 
6 .752  

I v25 IC. 5 IO 
3 7 D l V .  0'3 

365.15-t 

7Zb31b.250 
527.b34 

80.005 
5.506 

kZL.6b1 
175280.010 

223511-352 
6b7.461 

81.073 
5.593 

423.175 
33V35.473 

52O.ObS 
44b.174 
1O.lt6 

5.519 
175199.370 

33939.1~0 

2i7197.4c I 
419.987 

79.351 
0.991 

b?6.213 
37WO.lb3 

520.688 
619.3.b 

lb.l .1 
5.375 

IV2.992.203 
37330.5-1 

212565.060 

629.66% 
5.**0 

* Z D . Z * I  
191583.1,'J 
37010.355 

6 5 9 . l R l  

53.005 
L 26 120.9ZJ 

W l . : b '  
.68.291 

dC.Cb3 
.2*. 135 

113lZ7.590 
33b20.510 

224610.130 

06b.112 
1.556 

6?5.  84b 
172540.020 

33516.697 

5!8.495 
2 2 4 3 8 0 . 1 3 0  

577.b16 
8O.btW 

S.?Ob 
6 2 6 .  5*5 

173dbb.380 

521.228 
646. I15 

80.226 
172950.590 5.>30 

33100.96 1 

7lbJb2.190 
b71.531 
b30.077 

5 670 
6 2 5 . 1 9 8  

191195.9?0 
36910.636 

Z19Cc4.b33 
540.01 I 

00.171 
5.098 

4?5.89b 
30919.1b* 

A2 2-3 



Appendix 2 
Flight Test Reconstruction (PA49) 

TABLB AP 2-2 (Sheet 2 of 6 )  
ENGINE PERFORMANCE PROGRAM 

55.053 
12b219.0UO 

525.951 
Cb¶.C8* 
23.770 

bdb.3 I 

L73893.83d 
33217. 355 

lO5.000 
223973.350 

525. ?5b 
bC5.398 

2247b2.085 
4b7.7b5 
@O.YbS 

5.585 
b25.9bO 

33122.b43 

5?8.354 
bb5.9Pb 

@0.23?  
5.SH 

170720.850 
33092.952 

225354.290 
>z8.7ni 
45b.873 

5.55b 
b27.5b2 

17029b.OIO 
33107.700 

2228Ob.450 
>15.97l 
CbS.I27 

5. 509 
423.101 

Ib79lb.410 
29039.1~1 

52b.953 
b I C . # > V  
80.576 

5.564 
1603b7.2bO 
29319.76Z 

_ _ .  
09.925 
C25.035 

1485bP.Pb9 
2s1i2.1,2 

llJ.00n 
123b02.32u 

523.511 
0bb.LLV 
80.957 
625.093 

1453bb. 023 
28767.931 

50.000 
t 2 * > 3 9 . 2 s 5  

527.2bP 
+bo. b7f 
13.b95 

b2 b. b20 
lbOb55.bR3 
32013.710 

224309.b2J 
b+7.991 
CD.832 

5.501 
b74.895 

32716.531 

S28.558 
4bb.457 
00.313 
5.5r3 

lb8b79. 890 
32115.543 

22b279.990 
529.010 
CC7.229 

5 . 5 5 0  
b25.3b2 

1b0051.1?0 
32701.017 

22CSI9.900 
527.919 
10.577 
5.s25 

bZb.3b7 
1bOSb0.290 

223834.525 
525.735 
45b.lb7 

5. b97 
477.450 

1b5bO5.9bO 
Zlb31.371 

?242 15.940 
525.17b 
91.051 
5. 475 

b2g.704 
146231.210 

22ilb3.b33 
b65.ba3 
110.855 
5.53* 

4ib.271 
28b50.551 

52b.bb7 
6bZ.715 
83.h 17 
5.b1b 

14bllb.+80 
28b12.2~5 

115.005 
dZbO7b.15~ 

525.3e: 
4bb.307 
11.381 

515.03- 
l4b117.010 
28362.971 

b5.3DJ 
1237b5.223 

521.897 
bbO.b37 
aJ.bS1 

r Z C . 5 8 1  
IbbblO.103 
3250P.686 

12bbOI-S70 
129.090 
bbb.837 

5.5b7 
425.b17 

lb510S.b3C 
32294.Slb 

?ZbS82.540 
527.457 

80.5lrl 
5.533 

b2b.470 
lbb329.210 

224223.b05 
4Cb.515 

80.U3.) 
5.575 

425.16' 
32310.b25 

22b399.8bO 
Wb.9d2 
bb5.bl9 

1.503 
427.10b 

143b52.8h3 
28222.578 

51O.b .C 

bb3.9.5 
10.0!5 
5.b b 

lb3879.9.0 
20233.7"b 

'11.211 

.25.8?8 
5.4b8 

143998.880 

70.003 
823S42.230 

527.Ob1 
bb7.lbO 
83.672 
CZb.712 

lbbl1b.763 
32405.51b 

52b.573 
bbb.226 

5.530 
lb6397.3tO 
31871.329 

a0.w 

1'2b532.b20 
528.2b1 

P1.433 
5.498 

575.P71 
'C1753.310 

22bSb2.8bJ 
4b7.382 
ll.LO5 

5.53a 
42 5. OF 1 

27131.023 

S28 .o 1% 
bbb.5.U 
00.b23 
5.C4b 

iblbbl.bf9 
2779b.310 

22368b.600 
527.bIO 
b4b.145 

5.Sbl  
b24.404 

Ib3555.0C0 
318U1.19i 

221247.0bO 
528.817 
80.109 
5.520 

425.02b 
lbbO3l.ObO 

?23bhb.b13 
4bb.Ob5 
10.835 

b24.558 
31905.055 

5.55a 

75.003 
d212bP.L3J 

525.836 
bbb.02; 
8.. 1.3 

52.-733 
ibl301.2bJ 
31351.435 

1:5.003 
224935.bOO 

525.7>2 
bbS.599 
01-170 

b?5.U98 
139e53.235 
27553.~11 

223171.930 
527.078 
b4b.111 

5.551 
425.758 

1b1321.550 
31482.030 

2:blIl.bSO 
SZb.039 
8O.bPb 

5.501 
425.19b 

lb1858.420 

2dbo I* .a73 

no.891 
4b7.41- 

1.551 
425.245 

31499.b33 

22hbb7.200 
5kb. 17b 
4bb.175 

5.502 
430.711 

130905.420 
27b33.229 

.22b356.070 
527.445 
81.3C7 
5.478 

b2b.302 
139577.5bO 

529.139 
bCI.590 
80.505 
S.bP0 

?39411.9,!0 
27306.9.3 

130.003 
~2SJ¶1.db3 

528.71 T 
b.5-313 
01.236 

. d S . I 1 7  
137*23.92J 
271411.212 

135.030 

525.121 
*45. J23 
UI.lY3 
625.176 

135103.YV3 
2b7*3.e53 

:2*3Si-iao 

22bI13 J 
527 1 
+b-' -15  

5 553  
42b. C7V 

!5909b. 100 
31075 ae?  

iZb273.S30 
S70. LE4 
WI.blb 
5.S78 

5i.. 937 
159631.820 

724277.123 
447. b93 

5.55b 
b2b.b35 

31J93.357 

ao.aeL 
?212b2.580 

529.3*0 
Y1.361 
5.S18 

-7b.421 
137290.700 

225037.273 
bbB.111 

81.111 
5.>28 

2701 475.323 1.559 

529.451 
bb7.b.d 
00.555 
s.519 

1371bO.b.9 2b975.9: b 

225.: ..b23 
i 7.9.8 
bC7.728 

5.551 
b2b.bOO 

lSb855.bI0 
3ObbI.703 

22b337.bSO 
571.563 
10.b93 
5.527 

b25.Obl 
157335.180 

?Zb979.333 
4*7.913 
80.971 

5.552 
bZ5.bb3 

37b17.33) 

5i8.bl4 
4b7.5.5 
a0.519 
5.539 

157295.790 
30b5O - 37b 

12b138.900 
52b-3"8 
01.211 
5.471 

1350?8.3bO 
516.571 

52'). b95 
4b3.955 
00.5LO 
5.b63 

13b92b.720 
2b55b.911 

I 

527.25b 
bbS.b39 
80.d32 

5.CS3 
132133.990 
2b158.0il 

527.1 9 
**3.13I 
80.293 

S.4110 
1304b2.059 
257.9.0'10 

52b.779 
bb3.3 15 

00.374 
9.486 

120231.18b 
<53bO.lbl 

i.o.no9 
'211'3.203 

525.802 
444.703 
111.1bT 

bdS.j>I 
1323b1.991 
2b333.101 

22550b.bb0 
S25-0I5 
b45.007 

5.49b 
b28.Ob7 

132301.b53 
10175.b25 

528.968 
bb7.3Jb 
8O.b/8 
5.533 

155053.910 
302b2..bOb 

223023.5b0 
527.C3b 

5.491 
b2b.313 

13202T- 990 

e1.170 

72152l.#RO 
52C.bS9 
10.775 

145.003 
>21205.383 

524. 1 5  > 
*45. 601 

b1.125 
425.353 

139731.bb7 
25934. b b b  

05.003 
IZ4114.0~3 

527.5bI 
44b.351 

lD.025 
b24.9b6 

.53922.7?3 
29992.525 

211b(lb.b5J 

bbb.sc7 
S.4P7 

b22.b79 
130074.903 
,!57bb.772 

525.197 
72SO!W.l70 

525.b02 
81.12b 
5.4b2 

b25.967 
1305a9.862 

2ZSObb.ObO 
520.054 
44b.bBb 
5.531 

42b.b37 
152378.9511 
298A.084 

224589.055 
4bO.bOb 

90.803 
5.538 

425.757 
29813.2.' 

527.4r4 
bbb.OQ8 
OO.bJ2 
S.5L7 

152013.bl0 
29836.9~1 

213b11.890 
5Zb.121 
bb4.531 

5.101 
C?b.SW 

1216bb.470 
15350.188 

1211!3.270 
525.565 

11.021 
5.470 

425.973 
128371.821 

iZb220.730 
527.117 

10.014 
5.513 

b25.940 
I snbn7.209 

527.227 
4bb.O+b 
00.031 
>.5:9 

150579.b).O 
2942?.3r7 

22b7b5.670 
520.432 
4bb.25b 



Appendix 2 
Flight Test Reconstrcction (PA49) 

TAELE AP 2-2 (Sheet 3 of 6)  
ENGINE PERFORMANCE PROGRAM 

155.003 
123911.293 

523.33) 
bb5.99.l 

80.997 
b25.301 

12b219.202 
izldb. 39J 

22b222.510 
52b. V b 3  
10.9bb 
S.CS7 

62 5.999 
I2(llb5.159 

5Zb.553 
bb2.213 
80.356 

s.b(II 
lZbO?1.111 
24931.917 

223932.315 
>Zb.lZO 
bb5.I.I 

12b297.200 
52b.011 
83.75b 
5.b93 

b1b.152 
:03821.bb2 

22353b.205 
bb5.525 
*O.*71 
5.531 

b?b.PbZ 
25093.551 

52 b. 2 79 
rbb.771 

I O .  539 
5.935 

rO3bSb.739 
20Ibb.992 

5.517 
615.935 

1033b3.262 
20873.171 

' I J .  o i l 2  
-231lS9.354 

5 1 8 . 3 Y 8  
h.5.7.Y 

13.12: 
.13.933 

- 3 1  !.5.3b' 
2 3 o 7 3 . 4 Y j  

222192.010 
515.001 
bbb.bI5 

5.521 
*21.501 

123111.023 
m a l  .be0 

22bl3O.lbO 
527.7b3 

5.b9b 
b2b.b37 

'23912.810 

e i .010  

521.316 
bb5.9Vb 
80.363 
5.5ue 

1237LI.POI 
24523.271 

2230?1.713 
5Zb.29. 
bCS.bI1 

5.517 
b25.11U 

:01112.9*0 
1Vbb2.903 

r'21212.3PO 
52b. 139 
10.71- 
5.s05 

CZb.007 
10159b.?39 

1bY.013 
12bb63.0313 

52a.591 
4r5.lbP 

83 .950  
425.173 

r21121 .532  
26313.992 

22b719.b10 
525.52 3 
bb7.536 

5.525 
b25.2bZ 

121152.799 
21133.22b 

22b139.b20 
52O.bPb 

lo .???  
5.531 

bZb.bS0 
12:b77.b77 

521.317 
b47.bS: 
OO.>>b 

5.5.,1 
12152b.713 
LblIb.2Ob 

121631.1~0 
525.3bb 
bbb. I T 0  
5.533 

b25.111 
90183.3b3 
20055.157 

i2bobO.SSo 
3?*.131 

5.500 
bZb.bb6 

PO3bI. Ibl 

no.005 

120.093 
123769.290 

521.02 I 
bbb.-l# 

1 O . I I b  
.23.123 

973Ul.717 
111b1 .b57 

221231.120 
525.59b 
4-7.213 

5-52? 
bZb.b3b 

2372b.117 
Il8*25.bn9 

22b595.2bO 
125.179 
bb7.151 

5.535 
b25.361 

9bI5 7.39 1 
l9ObI. 105 

72b255.2bO 
~20.309 
09.971 
5.507 

62b.b81 
1194*1.3bl 

22b950.513 
bb7.535 
ni.15r 
5.517 

b1).79b 
237bb.227 

521.513 
bbb.931 
80.bbb 
5.517 

119107.bJ9 
23735.636 

175.000 
LZb771.030 

529.277 
bb4.713 
11.017 

425.101 
111359.097 
23593.7b1 

225.000 
L23837.655 

516.902 
Cbb.5 t1  
81.03J 

b23.bb7 
95u7Q.Zl9 
19b57.513 

72b171.bOO 
529.0 I b 
89.9bl 
5.517 

bLb.bb7 
117203.173 

521.755 
b*8.08b 
90.619 
5.51b 

117ub7.2b9 
2319b.bUO 

22bbVO.170 
3h.995 
bbb.bOl 

5.536 
bZb.b31 

~ b 3 2  2 0 7  
19Zb0.713 

180.000 
~'21059.790 

12l.AbG 

133.005 
L23970.1bi) 

521.390 
bbb.b$J 

Bil .9*5  
623.57 L 

YZBbI.b93 
19553.511 

2269¶0.170 
527.5bb 
10.881 
5.511 

b2b.bbS 
Ilb9Ob.4Ob 

221301.63) 
bbb.091 
11.12b 

5.517 
b25.178 

22921.127 

52b.900 
'b7.0.3 
00.595 
5.513 

11b0?0.005 
2211'.b37 

22blb7.505 
52b.952 
bb7.591 

5.542 
b.Zb.202 

92107.7bO 
10033.2bb 

/i>Sb3.130 
S20.513 
10.111 
5.512 

62b.ibO 
92bb2.095 

521.780 
bb7.25? 

I O . I L 2  
I.527 

92.7*.bVI 
I dC37.67U 

bb4.blS 
10.99b 

;25.191 
rl51iZ.IOb 

23091.108 

23S.503 
?bJI7.PbU 
529.0U7 
Sbb.193 
80.976 

b23.507 
90S10.201 
lIob9.bO7 

223bCb.1bO 
519.007 
8O.Ib2 
S.522 

b7b.l.b 
90b73.511 

526.98 1 
bb5.5 1 

10.5.0 
5.5>0 

~12571.b71 
22 b7?. ?,IO 

527.b:I 
bb3.191 
10.037 
5.s2a 

07937.53, 
17991.2b1 

123390 .850  
525.733 
10.721 
>ab11 

b20.133 
181lO.ab3 

226293.770 
5ib.123 
*bS.125 
5.117 

625.b02 
llJ025.bPb 
i2092.4b5 

2239S2.54~ 
4b5.115 
11.1bY 
5.51s 

*29.103 
2211b.258 

5Zb.bVI 
bb5.7b5 
00.5b5 
5.5195 

1103bb.411 
22070.b33 

1YS.OOO 
ri3609.1b3 

515.908 
bb5.175 

10.195 
62b.Ub 

101*0~.302 
7111b.651 

223037.91J 
52bI Oh9 
b6b.b-9 

5.133 
423.125 

I!53Ieb31 
1 7b 10.922 

223182.19J 
bbb.bb3 
10.9b7 
5.5bb 

b23.193 
17b31.113 

9Zl . lUb 
bbb-lab 
10.090 
5.112 

15162.981 
11513.532 

223329.100 
527.213 
80.111 
5.910 

bZb.Ib5 
IS95b.b53 

52b.523 
bb+.9?b 
10.513 

5.5 5 
.31115~1~7 
21bL2.351 

2211b0.110 
321.9'0 
bbb .16 1 
3.131 

b21.129 
13117.115 
1 1OB.ITO 

2232*7.110 
Ir7.651 
e0.702 
5.52b 

-7b.157 
13770.321 

521.2bb 
bb7.119 
0O.OIB 

1.910 
11527.19B 
1?175.951 

723377.550 
525.9b7 
bb5.359 

5.517 
bZbeb32 

1055?I.171 
21217.b01 

22blb2,1\0 
52b.lb7 

I O .  .bb 
s.503 

CZb.ZO? 
lOb050.543 

223210.013 
bb5.55V 
10.89J 

5.528 
496,137 

21300.337 

52b.325 
445.159 

C0.5b1 
5.510 

105I.b.05b 
li23b.*bb 
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Appendix 2 
Fl ight  Test Reconstruction ( P A 4 9 1  

TABLE AP 2-2 (Sheet 4 of 6 )  
ENGINE PERFORMANCE PROGRAM 

Z Z S I ~ ~ . ~ R ?  
5 2 c . 0 ~ 2  
bbb.0'1 
5.535 

bZb.b?U 
OIOPb.903 
Lb79b.859 

222911.113 
523.bOb 
-b1.733 
5.bOb 

b 2 l . b O l  
518i8.179 
I2 t29.210 

521.1Q2 
rb1.bb0 
19.bbb 

r Z 3 5 1 1 . 7 T O  
577 .167  

RJ.673 
5.5"8 

. Z 5 . 1 3 6  
192?.?.459 

223980.921 
b6b.025 
*O.9C2 

5 .552  
b2b .877  

lW8.915 

5 2 1 . 3  3 
.sb.O$Z 

1 0 . 1 ~ 3  
5.5'2 

1PJ5a.0'7 
lb3bO.Pb3 

'22b55.030 
528.bb3 

13.113 
5.599 

425.332 
SbOlb.3bb 

22212b.370 
P 2 5 . 1 9 3  
bb5aIbl 

5 . 5 7 5  
b23.bJ8 

7bOs2.097 
15V82 215 

22356b.250 
525.510 
11.557 

5 . 5 1 2  

77016 .155  
~ 2 5 . n ?  

3229bb.33) 
bCb.bI3 
80.102 
5.551 

b 2 3 . * 7 i  
: 9312 .e31 

?225+1.670 
528.27b 
80.13. 
5.593 

425.287 
5.bZP.111 

223b50.1b.1 
b69.125 
19.901 

5.503 
423.3b1 

11961. I 1  7 

22j390.1.)i 
bbb.5.5 
80.91)) 
5.555 

b7b.U35 
19bOb. IS3 

12?b54.010 
5rb.859 
W.b31 
5.501 

b25.710 
7rm.iro 

2225b5.375 
577.171 
80.081 
5.510 

S?S.Z81 
523P1.072 

223529.b71 
bb7.>5b 
80.176 

5.578 
b2b.019 

115bl.356 

527.b41 
b t b . 5 i l  
79.525 
3.574 

52177. b39 
Ilb15.1r2 

215.003 
,23016.073 

5Lb.08L 

83.  t.> 
c23.1ZJ 

727b1.993 
15617 770  

C+b..l> 

325.003 
,L21)5J.937 

525.391 
-'J.U52 
80.089 

-22. bO4 
50369.361 
11382.2bd 

212219.290 
52b.518 
Obb.13Q 

5.531 
bZ2.05b 

72101.3UI 
15159.111 

22352b.430 
57b.079 
8J.620 

5 .513  
473.1f13 

125-9.2b1 

?2110b.350 
52b.bBb 
80.011 
5.5s9 

C25.bOl 
50153.195 

221bb7.723 
6.7. be5 

10.0PB 
5 .533  

6Zb.B38 
1113b.91\ 

723b0.160 
52b.131 

5.5c3 
CZb.3i7 

1031 1.391 

nn.608 

?227?i.V..1 
46b.bbl 

I O . V l d  
5.521 

b22.151 
1 bl9b.Obd 

521.0.7 
bbS.5V7 
10.310 

5 . 5 r l  
10122.7~1 
Ib732.bl5 

223ObS.Lb) 
bbl.bO6 

60.111 
5.353 

622.9b5 
13721.b77 

222367.205 
bb7.1bC 
79.922 
5.133 

bZ2.18b 
13320.703 

521.2 79 
bbb-ll? 
11.011 

5.5b2 
bSbO2.120 
10255.74 

/23bIJ.270 
S Z Y . 5 2 7  
10.698 

5.519 
C?b.Z*O 

bn982.bR3 

521.5v9 
bb7.513 
00.3bO 
5.5-0 

67816.bbl 
11325.621 

70b773.130 
521.859 
80 111 
5.502 

42 1. b11 
bSb02.310 

521.919 
bbb.019 
00.3*8 
5.559 

bSbb4.Sbb 
1391). 35b 

140.000 
225bI.b33 

>2l-Ob2 
305.191 
10.L02 

62 i .b5 .  
bjbh8.578 
1011b.3h 

191b*b.7sO 
527.054 
10.131 
5.5bb 

428.417 
43bb7.12b 

723'137.358 
5 2 ? + 1 * V  

40.613 
5.523 

4Zb.163 
b58b3.001 

3b5.000 
22397.9-3 
527.20J 
37brb3l 
79.959 

't22.497 
b1*35.78b 
P19b. S33 

22bW3.350 
52b.b.0 
bbl.bb1 

5.559 
b2b.319 

b319b.285 
135b3.113 

223Ch..lbO 
528.401 
10.672 
5.532 

42b.Ol5 
b3b32.551 

529.091 
bbb.910 
80.3~9 
5.5bY 

b34J1.381 
13511.1b1 

222031.173 
LCb.219 
79.1.1 
b.)Vb 

22 I .*9S 
~sn1.7~3 

22b5h.990 
523.bS3 
bb8.bW 

5.515 
b2b.bbI 

blO~I.bO3 
1313b.313 

rZ2?bS.l~0 
521.903 
110.359 

5.571 
425.bOb 

bl3bO.7lb 

224032.Ib3 

80.b51 
5.591 

423.58.1 
131'4.b9.9 

648.715 
191B80.180 

8 0 .  \Ob 
5.657 

*/V.O?b 
38002. 1 ; .  

515,912 
515.951 
b3b.092 
7b.501 
5.609 

3117b.bS3 
903b.270 
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Appendix 2 
Flight Test Reconstruction (PA49) 

TABLE K 2-2 (Sheet 5 of 6 )  
ENGINE PERFORMANCE PKOGKAM 

355.UJb 
I l O l h 3 . 6 b J  

5 U 2 . 4 - C  
3bb.223 

7 9 .  I82 
*L*.. J 

3737b.53* 
9C17.535 

lUi851.795 
355.b37 

75 .025  
C.bIIZ 

b29.395 
6817.195 

b3t. 7 1 8  
355.lBC 
75.121 

6.73b 
18Ob1.794 
47b2.bb8 

b P r . 2 5 8  

7b.179 
5 .3  18 

lbbb5.U30 
8631.9R3 

rz3.1~0 
21211 3 @ 3  

b l l . 1 3 0  
79.25* 
b.833 

6 2 b . b l l  
9 6 9 5 . 1 ~ 7  

183718.520 
67Q.49b 
75.161 

b.734 
b 3C. On2 

1 r 2 7 5 . ~ %  

19c; h.lOO 
699.321 
79.~70 

5.3*0 
'a29. b2b 

36llh0.783 

205358.323 
b30.035 

78.b2 .J  
. .?L 

627.Ob: 
0295.875 

b30.1!1 

75.C51 
6.748 

16 2 E ? .  7t12 
6 3 8 1 . 9 d 5  

353.a.a 
Lub330 .350  

b39. ' 
401.131 

5.112 
-27.952 

3b353.453 
82E3.3JI 

1 0 P 8 ~ 7 . 9 8 d  

70.252 
5.1.7 

4 2 9 . 7 ? 5  
36822. I 5 0  

1n7.176 
103306.3bO 

bZb.35b 
356.653 

4.731 
429.1'13 

1e57c .472  
b408.975 

1 8 3 3 1 2 . 5 8 0  
229.615 
75.053 

C. 72b 
b3O.bC3 

1b501.118 

I 8 c l a 7 . 3 1 3  
355 .058 
.. 0 7 5  
6 . O d l  

b635. ,I. 
4,S.)rSl c25.13d 

35301.605 
0031.0n9 

3b5.00U 
L97928.3UJ 

Qb7.523 
301 ¶ b 7  

I i . 5 ) c  
121.146 

31115.381 
82b 5.483 

1 9 9 7 b 9 . 1 t J  
S37.b18 
307.917 

4.97' 
627.293 

34539.192 
71b7.279 

1 8 n m 9 . 9 ~ 0  
*55.b72 

77.537 
5.02 I 

.29.790 
37u2*.b19 

153.bZI 
589.951 

75.871 
5.. 2 

32639.857 
7834.173 

~29.885 
312.9FC 
74.9Pb 

4.7,'2 
16505.331 
4031.557 

18b403.920 
b".892 
353.97b 

4.130 
630.993 

1671 7 .b10  
b U c 8 . 2 E Z  

103170.780 

75.024 
1.71s 

473.3R7 
1b729.372 

421.871 
186339.09) 

35b .8bI  
7b.8b7 

* . e 7 7  
429.82?. 

4055.00d 
6' 

IC95 
4 *  I 

1 . 5 ~ 9  
. B O ?  
8.132 

373.003 
i 9 5 . 8 3 . 5 7 0  

.53.?5 
360.291 

75.71Y 
*2 ; .721  

31395.353 
78b3.17b 

-23.003 
! 83574.  OU3 

b25.173 

7 6 .  ?b8 
3 5 0 . ~ 1 7  

1 3 1 ~ 5 . 3 1 1  
628.1b5 

4035.381 

1 9 3 8 5 8 . 2 4 0  
63b.073 
37r .922  

b . B95 

12?32 b3b 
7675.397 

c z r . 2 3 2  

451.528 

15.17b 
b.913 

3J732.992 
1442.b1.3 

3 7 7 . i 5 5  
in3119.2'0 

42b.bO8 
7b.892 
6. b9b 

430.075 
I2959.?73  

L8?310.933 
3 3.173 

76.64; 

628.10b 
350.527 

7 4 . 9 t z  
b.717 

12133.236 
3621.b34 

1830b7.070 
625.785 
351.900 

6.717 
b30.57b 

IS%! .51b 
3 0 1 8 . 0 4 2  

3 75 .OOO 
1 9 I ~ O l . Z L O  

466.943 
357. b 9 1  

76.22. 
C28.lOL 

21128.091 
lb75.Ub6 

ld700b.610 
445.790 

78.412 

6 iP .d77  
29017. b??  

..n50 

1911*2.82 ' 
370.1b9 

75.955 
6.1b3 

7118.b01 
628.823 

4bb.640 
3b8.9U3 

75.718 
6.8C8 

2885b.376 
7J55 .789  

I 9 1 1 18. b2 3 
635.209 
369.1bb 

6.d39 
629.538 

30931 -321 
701~7.195 

183155.3bO 
421.257 

4.b96 
b3O.Obb 

1119C.JP3 

7 6 . ~ 0  

l83b8b.953 
353.306 

76.85'  
b . 3 8 3  

6.?9. 6 5 5 
3 2 9 6 . 2 0 1  

b28.2U6 
351.6bZ 

76.940 
4 . ? l b  

139b5.002 
3242.212 

83381.350 
c2 5. 898 
352.373 

4.717 
b30.1bO 

13205.213 
3LbB.Zll  

380.OUD 
i88951.2i3 

430.225 
3 3 8 . d Z 3  

75.872 
628.350 

27400. I 1  1 
7091.5 2 J 

385.03J 
:81.)83.593 

%11.9b? 
l > i . l 4 5  

?5.b9? 
110 .500  

25311! .SbS 
bi07 .5ni  

630.000 
r834la.SPJ 

4ib.17) 
353.712 

75.17) 
.zm.76+ 

P564.284 
3273.320 

435.303 
~ 0 3 5 0 0 . 7  I 3  

b25.520 
3 S 9 . ¶ 1 7  
7b.7.2 

6 2 8 . 7 4 5  
7302.b58 
2893.625 

188b36.120 
636. 692 
3b6.008 

b. 199 
430.651 

~ 9 1 3 3 . 5 0 1  
b701.206 

18b790.243 
b39.580 

7 .071 
..e22 

529.9U5 
2 7 2 1 3 . 8 5 i  

188197.225 
355.011 

15.273 
6. lb? 

.L9. '13J 
$731.326 

411.133 
3b2.9-6 

7 5 . b c 9  
4.810 

27J27.57b 
bb71.085 

8295b.070 
*25.b58 
352.307 

4 .715  
b23.090 

11661.579 
2088.52b 

I ~ ~ D C Z . ~ ~ O  
c z 7 . 0 ~ ~  

7'r.852 
6.708 

430.323 
9510.632 

1831ab.e33 
352.935 

76.b97 
6.b86 

428.921 
2916.00+ 

4 i i . n r  
351. b19 
7b.88b 

4.712 
9 l9b .980  
20b2.907 

I O ~ S O B . C ~ O  
633.631 
358.589 

6. 759 
629.316 

27339.59b 
b317.17b 

18b3*b.540 
636.386 

75.L?* 
c.731 

b29.93b 
75635.711 

63b.3 15 
35b.%!O 

75.585 
4.750 

2521 1.577 
6288.259 

183L72.OJO 
626.291 
352.5 lb  

b.718 
429.b91 

5575.2?3 
2599.021 

187b*b.900 
677.237 
7b.853 

6.715 
b29.998 

7bbb.097 

I e 3 3 e b . j P 3  
3q3.161 

76.631 
4.670 

629.21 9 
1576.058 

627.9,s 
351 .OVO 

74.720 
6.71b 

7219.53b 
.-C3.974 

460 ,co 
oa3305,bbj 

4 2 5 . 8 3 1  
1 0 5 * 0 ? .  73 I 

358.621 
7 5 . l b 3  

4 . 7 2 3  
. 79.011 

59i2 .797  

233.824 
3%. b+ I 

75. r 6  
5.7*9  

23614.599 
593b.35b 

l83072.1 : 
*'? .mi  
3>2.59b 

6.715 
6 2 1  -12 

79b9.819 
2 i 2 9 . 7 1 3  

?85aSb.110 

75.bP3 
b.7b5 

b29.971 

.?2.809 

2 3 0 !  0.271 

~ 7 . 7 2 0  
3 = 2 . 3 , 3  

76 .SL5  
4.721 

5bb2.178 
2135.231 

8 

i a 621.352 
352.5~2 

74.36. 
6.726 

389b.626 
172b.953 

645.000 
:83232.310 

q2b.927 
345.312 

7b.S07 

105110.031 
35a .522  
75.133 

4.709 
6?9 .607  

5589.372 

631.729 
355.3'  ? 

4 . 7 ? 5  
21b25.3Lb 

552b.b50 

15.328 

1'3593.300 
620.817 
3 - 2 . S 4 2  

1*.71b 
4 3 0 . 1 3 5  

0212 .an0 
1 7 5 0 . 1 ~ 6  

1851b1.130 
630.070 
r 5 5 . 9 l b  

b.160 
630.186 

5552.51b 
2 3 7 i 2 . 1 d  

1808*9.t'O 
517.139 

7s. 7b9 
4 .7% 

b29.9B3 
b139. IIb 

I 8 16 I 2.8 1 .I 
352.583 
74.621 
4.bbl 

bt9.398 
1776 575 

62 
6 3 E  
213 

1.7b2 
.535 

1.659 

46U.103 

*L5.911 
3b5.707 

S28.7bb 
3291.51. 
1902.03 7 

1829111.773 

76.511 

C i l 0 . 0 t J U  
l8bbL?.>70 

629.948 
3 5 3 . 1 * 1  

I5.Ob' 
.o.n*I 

$2$I.*b8 
5 Y 5 9 . 0 5 5  

. .- 
1849b6.550 

bZ1.+5I 
155.503 

4 .737  
430.232 

22000.262 
5171 a 0 8 9  

184260.350 
630.57C 

75.1bO 
S.735 

~30.055 
20052.122 

1 0 b l r 5 . 5 4 1  
34b.032 

74.971 
s . b 4 5  

b29.SZ2 
5198.bbr 

631.192 
354.97b 

75 .217  
4.73b 

19862.791 
5113.513 

181J52.640 
619.913 
351.855 

180539.050 
621.312 

1b.692 
b.730 

619.946 
10.7.631 

18:17z.100 
352.07b 
76.3b4 
..b53 

677.203 
I5?9 .J91  

62b.7bb 
351.b3: 

74.2 .I 5 

7803.361 
1' 92.5 55 

4; 4.162 

a. 
-t -4 
4 
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Appendix 2 
F l i g h t  Test Keconstruction (PA49)  

TABLE AP 2-2 (Shee- 5 of 6) 
E N G i i G  PERFORMANCE PROGRAM 

AY 2-8 
- -  

5rl.L'J.I 
i82950.4i3 

*25.6'. 6 
345.b91 
7e.493 

b28.773 
125b.352 
1dQ5.303 

lU2557. 500 
419.175 
350.1b1 

4.716 
+30.525 
5069. ?79 
1500.850 

183cbb. 93J 
bl9-856 
36?. 15b 

6.1.5 
r36.319 

503S.173 
1193.290 

l l0530.550 
42b.390 
76.b87 

c.727 
629.946 

30: 2.227 

4ans iz . i60  
bZ5.357 

74. b74 
6.706 

l i P . V S 3  
2977.071 

I805l?.800 
623.610 
72.675 
k.bOk 

429.962 
29+2.038 

18C5ll.bSO 
423.300 
76.716 
5.b66 

c29.942 
2932.970 

1826111.675 
351.999 

76.299 
6.659 

e28.739 
1531 -81  

182750.185 
352.005 

74.313 
4.659 

429.b6Z 
i526.if'. 

113215.1r71 
352.057 
76.231 

4.65) 
632.537 

15lb.bSb 

1f3008.15 I 
3?2.283 

86.075 
4.b5P 

432.3bP 
I514.bl3 

42b.660 
311.1.+6 

74.ZL3 
4.720 

27bd.112 
1415.010 

4Lb.7*.? 
3rb.255 
74.157 
4.b19 

2617.640 
1409.9, b .. 
127.0 4 
3C5.  !2r 1 
75.l.b 
6.biO 

2b88.061 14b7.9sS 
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Appendix 3 
Observed T r a j e c t o r y  (AA83) 

1. OBSERVED TRAJECTORY (AA83) 

Th i s  appendix  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  AS-204 ob . rved 

t ra jec’ :ory from guidance  r e f e r e n c e  re lease (RO -4.956 s e c )  t o  S-IVB/LM 

s e p a r a t i o n  (RO +3,235.242 sec) .  The t r a j e c t o r y  d e t a  was o b t a i n e d  from 

v a r i o u s  r a d a r  t r a c k i n g  h i s t o r i e s ,  e x p l a i n e d  i n  t a b l e  AP 3-1, w h i l e  t h e  

aerodynsmlc d a t a  i s  based  on t h e  f i n a l  i i i e teoro logica l  summary of 

appendix  5. 

Table  AP 3-2 p r e s e n t s  t h e  d e f i n i t i o r  of symbols f o r  t h e  t r a j e c t o r y  

parameters f u r n i s h e d  i n  t a b l e s  AP 3-3 and AP 3 - 4 .  A l l  t r a j e c t o r y  pa ra -  

meters are c o n s i s t e n t  w i t h  ? r o j e c t  Apol lo  Coord ina te  System S t  snda rds .  

Table  AP 3-3 p r e s e n t s  t h e  obse rved  t r a j e c t o r y  f o r  t h e  powered f l i g h t  

phase o f  t h e  mis s ion .  Veh ic l e  r a d a r  pa rame te r s  were c a l c u l a t e d  f o r  KSC 

h u n c h  complex 3 3 3 ,  Cape T e l  4 ,  Grand Bahama, Grand Turk,  and Bermuda, 

s i t es  one th rough  f i v e ,  r e s p e c t i v e l y .  T a b l e  AP 3-4 p r e s e n t s  t h e  observed  

t r a j e c t o r y  f o r  t h e  o r b i t a l  phase  of t h e  f l i g h t .  Veh ic l e  r a d a r  pa rame te r s  

were c a l c u l a t e d  f o r  Bermuda. Apo l lo  Sh ip ,  Canary I s l a n d ,  Tananarive, and 

Carnarvon,  s i t es  one through f i v e ,  r e s p e c t i v e l y .  

AP 3-1 



AGpendix 3 
Observed Trajectory ( u 8 3 )  

T.IBLE AP 3-1 
TFUiCKINL' KISTORP 

STAT I GK TIME FROM RASGE ZERO 

Cape Kennedy 

Patrick 

Grand Bahama 

Grand Turk 

Bermuda 

Glotrac I 

E-Band Radar Stations 

0 sec to 468 sec 

42 sec to 467 sec 

112 sec to 493 sec 

328 sec to 473 sec 

347 sec to 700 sec 

Glotrac Station 

0 sec to 469 sec 

0 D 0 P Station 

0 D 0 P Transmitter 0 sec to 385 sec 



Appendix 3 
Observed Trajectory (U t331  

'1'~~31.k: AP 3-2 (Sheet 1 of 3 )  
LIST OF SYMMOLS (PROGKAM M 8 3 )  

ALPtt4 SB WIND 

BETA SB W I N D  

A SB I 

A * S B i  
(i=l thru 5) 

DD-,. SB E 
DD-Y SB E 

DD-Z SB E 

DENSITY 

D * S B i  
(i=l thru  5) 

D-X SZ, GS 

D-Y SB GS 

D-Z SB GS 

D-XI 

D-ETA 

D- %ETA 

D-X SI3 s 
D-Y SI3 S 

D-z SB s 

D-X SB SFE 

E-Y SB SFE 
D-2 SB SFE 

O N  
SYMBOL 

h 

a 
W 

A*i 

.. 
X 
..I' 
Y 
..e 

ze 

'a 

D*i 

i . gs 
Y . gs 
Z 

gs 

5 

n 
r. 

s i 

yS 
i s 

ism 
!SFE 

DEFINlTION 

Height of vehic le  above the Fischer  E l l ip so id  o t  1960 
( f t )  

Wind angle-of-at tack i n  p i tch  plane (deg) 

Wind angle-of-attack i n  yaw plane (deg) 

2 Total  i n e r t i a l  acce le ra t ion  (f:/sec ) 

Rddar azimuth angle measured i n  the plane tangent t o  the 
e a r t h ' s  sur face  a t  radar  s t a t i o n  i, pos i t i ve  clockwise 
from north t o  the perpendicular p ro jec t ion  of the slant 
range vector  onto the tangent plane 

Component of acce lera t ion  vec tor  of vehic le  i n  ear th-  
f ixed  rigli i-handed Cartesian coordinate  system (same 
or i en ta t ion  as s, yE, zE) ( f t / sec*)  

3 Ambient a i r  densi ty  ( s l u g s / f t  ) 

Slant  range d is tance  from radar  s t a t i o n  i t o  vehic le  ( f t )  

Components of g r a v i t a t i o n a l  ve loc i ty  vector ,  In  space- 
f i x e d  coordinate system (same or i en ta t ion  & Xs, Y,, Zs) 
( f t/sec) 

Components of i n e r t i a l  platform ve loc i ty  vector ,  i n  
space-fixed coordinate system (same o r i e n t a t i o n  as XI, 
ETA, ZETA) ( f t / s e c )  

Components of volec l ty  vec tor  of vehic le ,  i n  space-fixed 
Coordinate sys t em (same o r i en ta t ion  BB Xs, Ys, Zzs) 
( f  t / sec)  

Components of ve loc i ty  vec tor  i n  space-fixed ephemeris 

SFE' 'SFE' %FE) coordinate system (same o r i en ta t ion  as X 
( f t / s e c )  



Appendix 3 
Observed Trajectory (AA83) 

D-X SB E 
D-Y SB E 

D-Z SB E 

E * S B i  
( i=1  thru 5) 

(AMW. ZB 1 

(:I\MHA SI1 2 

c m  (11) PB 

GAMMA (21) PE 

MACH NUMBER 

Mu 

PRESSURE 

DYN. PRESS. c 

W G E  

MNGE ANGLE 

RE YN/L 

RHO 

REL HUMID 

SOUND VEL 

Tm *"*ATURE 

!e 

:e 

'e 

E*i 

Y l  

'2 

l1 
Y '  

y%' 

MACH 

P 

'a 

Q 

S 

0 

2E/L 

P 

"S 

TEMP 
-- 

T A X E  AF' 3-2 (Sheet 2 of 3) 
LIST O F  SYMBOLS (PKO(:RNi M 8 3 )  

- -. ------ 

DEFINITION 
-- --- - . ~  - - - .. ..- - - -_  ---__ - .  

Components of veloci ty  vector of vehicle ,  i n  earth-flxrd 
right-handed Cartesian coordinate system (same 
or ien ta t ion  as %, YE, $) ( f t / s ec )  

Radar e levat ion angle measured pos i t ive  up from plane 
tangent t o  the ear th ' s  surface a t  radar s t a t i o n  i to  the 
radar s l a n t  range vector  ( f t )  

Elevation angle of earth-fixed veloci ty  vector  from loca l  
horizontal  measured pos i t ive  above the plane (de,:) 

Azlmutli angle of ear th-f lxrd veloc.1 t y  v w t o r  iwsl t ive liast 
of locrll Notth (deK) 

Angle between apace-fixed vvloci ty vector and plane 
normal to vector from geoceritric center  of ear th ,  
pos i t ive  above plane (deg) 

Angle measured pos i t ive  clockwise from north t o  project ion 
of space-fixed ve loc i ty  vector  iv plane ttormal to  radius 
vector  (deg) 

Mach number (dim nsionlerss) 

Longitude of vehicle  (des)  

Ambient air  pressure  (. b f / f t  ) 

Dynamic preeeure (lbf/fn:  ) 

2 

2 

Surface range ref erencer! to  ~ p l i ( ~  r I CCI I ear t l i  of 
inH tantnneoue avertiHc r'  d L U H  ( f t )  

Angle measured frrm cen:er of ear th  between launch s i t e  
and subvehicle poi t  t (dctg) 

Reynolds number per  un i t  length (dimensionless? 

Latitude of vehicle  (deg) 

Relative Humidity (pe m a t )  

Local veloci ty  of souaid ( f t / s ec )  

Ambient a i r  temperatule (c!eg R) 
-.- -- 

AP 3-4 
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PRINTOUT 
SYMBOL 

TI ME 

VI SCC s I TY 

V SB E 

V SB I 

V SB RM 

I' SB W 

V SB W 

X SB GS 
Y SB GS 
2 SB GS 

XI 
ETA 
ZETA 

X SB S 
Y stl s 
2 SB s 

X SB SFE 

Y SB SFE 

2 SB SFE 

X SB E 

Y SB E 
Z SB E 

COMMON 
SYMBOL I DE F 1 N I TI ON 

Time from Range Zero (sec)  

Viscosi ty  ( lb - sec / f t  2 ) 

Magnitude of earth-f ixed ve loc i ty  vec tor  of veh ic l e  
(f  t/sec) 

Magnitude of space-fixed ve loc i ty  vector  of veh ic l e  
( f t /sec) 

Magnitude of r e l a t i v e  ve loc i ty  vector  of vehic le  
( f t /eec)  

Wlnd dlrectLon oztniuth, p m l t l v e  c . lockwlHc .  from North; 
d l  rec t lon  .LH 0 de% when w lrid 16 coinl np, from North !de&) 

Magnitude of wind ve loc i ty  vector  ( f t l s e c )  

Components of g r a v i t a t i o n a l  pos i t i on  vec tor ,  i n  space- 
f i x e d  coordinate system (same o r i e n t a t i o n  as Xs, Ys, Zs) 
( f t )  

Components of i ne r t i a l  platform displacement vec tor ,  i n  
space-fixed coordinate system (same o r i e n t a t i o n  as %, 
YE, ZE a t  i n s t a n t  of launch ( f t )  

Component of pos-ition vec tor  of veliic3e, i n  apace-fixed 
coordinate syotem (some o r i e n t a t i o n  i w  l&, YE, ZK ; I t  

inHtont of launch ( f t )  

Components of pos i t i on  vec tor  i n  space-fixed ephemerls 
coordinate system. 
ax i s ,  Xsm is through ve rna l  equinox, YSFE con'pletes a 

Z S ~  i a  nor& along e a r t h ' s  r o t a t i o n a l  

plane is i n  equa to r i a l  
% k K Y S F E  right-handed sys tern, 

plane ( f t )  

Components of pos i t i on  vec tor  of vehic le ,  i n  earth-fixed 
right-handed Cartesian coordinate  system. ZE is d i rec t ed  
along f i r i n g  d i r ec t ion ,  XE is normal t o  ho r i zon ta l  plane 
and o r i g i n  is on e l l i p s o i d  a t  launch s i te .  YE completes 
the right-handed Cartesian coordinate system (f t )  

AP 3-5 



AQQCndiX 3 
O b s e r v e d  T r a j e c t o r y  (AA83) 

TABLE Ap 3-3 (Sheet 1 of 13) 
OBSERVED TRAJECTCRY, POWERED FLIGHT 

TIME 
I X C  I 

V S E L  
IFT /YC I 

x 58 L 
(FEET I 

Y S d E  
( F t E T  I 

Z S B t  
(FEET I 

D-X Sa L 
t FT /StC 1 

D- l  Sa E 
( F T / Y C )  

D-2 Sr, E 
I * T / Y C I  

Du-X SE E 
!F T/5SYI 

W-Y SB E 
IF T/SLQl 

DC-2 5J E 
(FT/SSO 1 

A ~ T l l r U l t .  
I F E t T  1 

v Sb I 
lFT/SECl 

X 5d S 
(FELT 1 

Y SJ s 
I F t i T  I 

2 9 s  
IF tLT  I 

u-x sa 5 
IFTISEC I 

0 - Y  So 5 
lFT/sECl  

u-2 sa s 
IF T / U C  I 

v su I 
IFT/SECl 

IWS. 1 

v sa RM 
IF I/SEC I 

L S d b  

RANGE G A W A  SI3 1 
(FEET I t W G .  ) 

SAYMA SE 2 
IDES. ) 

SAMMA(2I) PR 
lDE6. 1 

X SE 55 
.TEE1 1 

Y SB 65 
(FEET I 

2 sa 65 
(FEET 1 

a-x se 9s 
IFT/KCI 

3-1 SB 65 
iFT/S€c I 

1-2 SE GS 
l ~ l / K C l  

*no 
IDEG. I 

X N S I T Y  
ISLIFT31 

JYN PRESS 0 
ILE/FT21 

LI 
.3bOU 

1.2288 
113.3 

.O 
.O 

1.228 

FTOFF - T81 
ll3.254b 

1341.6500 
111.8 

2283.2 
6783.3 

a771 
414.363 

1276.060 
4.190 

71.247 
4.3b3 
-.oooo 

37607.8 
66.71~0 

.120b 

212.2012 
1342.3272 
207.7 

4125.5 

.5213 89.6331 
39.870 .OS24 

124,6238 
90.0001 

-655.150 
-.646 

.155 

-,245 
.049 

-171.23~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I d  

I 1  

12 

I5 

I* 

15 

1 
2 

A SB I 
lFT/SsOI  

X SB SFE 
(FEET 1 

Y SB SFE 
IFLET I 

2 SE SF€ 
IFLET I 

0-X Sa SFE 
IFT/SEC b 

.010 
-007 

1236.999 .0065 
-580s -0129 __.._ 

-73.2608 -80.5650 
- .~uY ~21.1631 

-0039 2117.8518 
.oooo F5.0160 

.043 

.0001) 
113.2 
171.9597 
u9.9569 

1001551.5 lto35715.1 
313.8350 311.6563 
-1.3770 -5.H20 

-7670 8Y.9132 5.0000 
43.1b23 

212.4 
.I 7143269.8 .ow1 

9935910.3 .273 
485.%3 110.6464 
1251.103 .0009 

20.6512 .0615 
-6.5526 -8’J.%50 
-.29H 521.7675 

.ON7 2110,6239 

.oooo 80.6a50 

313.8350 311.*563 
-1.3713 -5.H06 

1001553.6 4035724.* 

.4 12704 * e 
43.1bZ 62.307 
-.OW 414.116 

e 0 0 0  1216.152 

,393 
-320.700 

-.e76 
.Ob7 

28.5319 
.0023 

2.2130 
362.2015 

258.6784 
5183859.2 

-7.1091 

9.- 6.  97- - .046 72.329 
-.om 43.650 

.ooou -.OQ00 

92.330s r8.7683 
89.8799 -2715 

212.3 37608.7 

BlIMmERtFERWEWE W n l  
112.9700 .3184 90.0000 

IW1.63W 32.126 .oooo 
113.2 l6%0382.000 .ooo 

- 0  7130924.5 .ooo 
.O 99358h3.0 .ooo 
.ooo -519.996 .oooo 

411).590 1236.771 .0007 
1275.976 .oooo .0021 

4.186 -9O.UOoO -80.%50 
71.242 -.S173 521.1607 
4.175 .OW7 2117.W17 
-.OD00 .oooo 85.0320 

37607.9 1008551.6 4035’115.2 
48.7678 313.8350 311.6563 

,1203 -1,3770 -5.H2O 

. .OOOD .000, 
37611.9 

W.1675 
IgO8560.8 6035751.1 

313.8350 311.4563 
-1.3559 -5.5367 

5183O92.7 
258.670. 
-7.1061 

335.3819 
89.9769 

-3602. -5 
-5.330 

,521 
-Wl.755 

-.737 
-.DO6 

28.5319 
.OO23 

10.5327 
342.9515 

258.67W 
-7,1053 

33.9959 
89.9511 

5183901.5 

4.9560 
.0000 

3 113.2 
-6363 

555.4597 
1341.9167 
95 .6  

6191.9 
19086.1 

93.916 
613.664 

2. 
43. 

16952953. 
7169567, 
99W075, 

464. 
1268. 

15. 
4. -. 

I510 89,8195 
la 4,0591 
IO0 1229.WO 
I -.093 

.MO 
k0 175 .W5 
a 5  -.0%9 
’118 ,0929 
,099 -80.5650 
,635 523.7826 
IMP 2085.5235 

6 .o 
5 .o 
6 . O W  
7 .mu 
8 .ooo 
9 .ooo 
13 ,0110 
11 .ouo 1zia.270 

7.726 
76.098 
95.513 

-.Do00 

68.7671 
.79*6 

37613.1 

~ - -  
12 .oooLl 
13 113.0 
14 .ooou 
I5 89.9C29 

1008562.0 4035758.2 
313.8350 311.4561 
-1.3518 -5.5357 W6E ZERO 

112.9700 .TI184 90.0000 

112.0 16957.q05.000 120.201 
2054.0 7137052.3 -.US2 
6323.9 9935863.0 ,027 

-.426 -520.442 48.5289 
414.369 1236.583 .0031 

1276.047 .oooo .oow 

1311.6394 32.126 .oooo 
1 .0110b 
2 .oooo 
3 113.2 
6 .o 
5 .o 
6 ,000 
7 .ooo 
c .ooo 

1173.8071 
1350.9202 
1156.5 
8261.9 

25469.5 
151.630 
413.253 

1277.191 
8.427 

56.131 
153.587 

-.oooo 
46.1608 

1.7360 

2100.3325 
1362.9986 
2013.5 

10327.1 
31863.4 

37650.0 

216.304 
413.129 

1200.729 
8.406 

17.016 
218.862 

-.OD00 

48 7663 
3.1435 

3766d.2 

6.Wl 89.6782 
66.658 6.5177 

lb9508U. 000 2272 ;961 
7155%0 -2 -.SI8 
9936372 9 1.821 

-6#13;981 
-9.702 

-276 
BO2 -6a2.1 

-1.015 
-3W.206 242.1*31 

-.097k 1288.783 
-4039 73.8724 9 ,000 

10 .ooo 
I 1  .QUO 
12 .O)I)OD 
13 113.0 
14 .ouou 
l a  09.9829 

4.186 -90.0000 -@0.5650 
71.242 -.9074 521.1607 
Y.175 .0037 2117.8b17 
-.0000 .OOOO 85.0320 

48.7678 313.8350 311.6563 
9 I205 -1.3770 -5.5420 

37607.9 1008551.6 4035715.2 

-.loa 
-2.8065 .SO71 -8O;sb50 521.2626 

.I366 2040.5082 
nnnn a7 QsqO 

1008579 
.1--.. -..--. 

~. Jl3.  .6 8352 6035819.2 31104563 

-1.3167 -5.5270 

FIRST n o w  
112.9730 .SI84 

1341.6394 39.729 
111.5 1695770U.000 

2136.9 7137198.9 
6579.1 9935862.9 

-.443 -520.660 
414.3a0 1236.576 

1276.050 .0000 
4.186 -90.0000 

71.242 -.9070 
4.175 ,0037 
-.oooo .0000 

48.7678 313.8350 
a1203 -1.3770 

37607.9 1uO8551.6 9 

90.0000 
.oooo 

130.005 
-.035 

-022 

18.8193 
45.849 

88,9586 
9.2265 

3654,822 
-1.172 
6.359 

310.%67 
-.Ob57 
1,5273 

-aO.5650 

64.0545 
89.90 19 

-10030;585 
-15.503 - .SO8 

-803,838 
- 1 . m  
-.t5t 

ii:siSi ,0022 
28.5319 

1973,950Y 52.h895 
50 5615 341.6120 

258.6785 
-7.0884 

1590539 5184081.1 

5 .o 
6 .OuO 
7 .OLIO 
8 .ooo 
9 7.603 

so;uei3 
,0053 
.0100 

-80,5150 
52l.lhOb 

2117.8617 
85.0320 

311 :e563 
-5.5420 

1035715 2 

-547.577 
1113.67& _. .~ . 

105 ~8710  
-1.2013 
1 -8206 10 .CbY 

11 ,050 
12 .ooou 

-1953 
.oooo 

313.8158 
1008601 e 3  40 15 l l ? . O  

14 ..6120 
15 89.9b29 

311.1)565 
-5.5139 

-~ 
-1.2biI 

PP 3-6 
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TABLE AP 3-3 (Sheet 2 of 13) 
OBSERVED TRAJECTORY, POWERED FLIGHT 

16089.2235 
1707.7297 

81.6574 
12.1067 

53P5.756 

19.968 
-1.027 

381.7741 
.2W9 

2021.2910 ?>.5767 73.2658 
56.201 2P.3407 87.8185 

16943580.000 19651.315 -48633.558 
7205988.4 23.U69 -8Y.777 
99YPOOl.l 645.330 -3.'. .G8' 

-10.469 768.6575 -1769.981 
1657.420 1.8142 -3.P05 
Yl1.3311 61.4033 -2.196 

.9?85 -e0.5590 ze.s3~5 

.4670 Y77.4937 .OOlY 
-727Y 1166.94Y2 432.1569 
.a000 27.1Y97 326.5396 

313.9335 311.67% 258.6773 
-.4677 -5.3197 -6.9322 

3190.19;2 72.U425 7,.938L 

10080117.2 4036119.Y 5183858.9 

1 2 a . 0 ~ 0 0  
2 2Y9.5L6b 
3 3365.8 
Y -8.1 
5 50.7 
6 290.2W 
7 .293 
8 11.872 

3309.4685 
1389.0169 
3330.7 
12393.2 
m a 6 .  I 
287.683 
413.773 
1289.006 
13.123 
41.735 
291.036 

-.ouoo 

48.7810 
5.0610 

37810.8 

END ROLL 
YS47.4304 
1406.6631 
4498.2 
13924.5 
43072.3 
344.712 
YlY.758 
1399.171 

11.336 
358.910 
3U8.720 

.oooo 

48.8279 
6.8229 

37991.3 

50.2530 
47 * 150 

169U7372.OO0 
1165108.0 

15952.5 
22776.; 
72206.7 
752.362 
u17.135 

1Y75.221 
15.147 
277.150 
7?9.2*9 

9 14.983 
111 -251 

-.9092 
2.4186 
,2612 
.oooo 

-80. 56un 
515.3008 
1065.1652 

-_ 
IA 2.1ch 
I.? . O O U  
13 3370.0 
lu 62.9522 
15 89.127U 

-.io00 
42612.8 
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1.6133 
933.3b54 
-80,3191 
632.W71 
9.0990 

72.2667 
77.b367 

-231Y30.700 
-502.641 
-509.602 
-3851.642 

-9.eo9 
-15.095 
28.6001 

.oooo 
%.5900 
310.b16Y 

258.Mla 
-5.6635 

511’176b. 7 

0 382.8 
5 23007.0 
6 lb18.Wb 
7 10.100 
8 1176.682 
9 30.013 

1280621.8 
-920.6 

179.381 
27bO .?29 
I O M  .2?22 

1 ,2878 
-2890 

2.0863 
.DO00 

314.9751 
1.8939 

10001%.8 

10 ,011 
1. 12.707 
I2 .Ob30 
13 61390.7 
11 72.9530 
15 61.9871 

1 90.0000 
2 2262.Wl 
3 65394.4 
6 632.7 
5 29Y54.4 

7 9.651 
8 1406.896 
9 31.3u7 
10 -.251 
11 U9.292 
12 .080b 
13 71722.8 
14 72.0416 
15 65.7503 

5 1772.402 

65414.~510 
32Y5.7267 
b4834.1 
3%2@. 1 
151058.7 
175Y.307 
418.915 
2698.456 

280. 820 
2257.860 

9.1143 

-.oooo 
59.2831 
44.8151 

92663.3 

1 95.0000 37066.b370 
84.9% 

169Y9316.000 
7310689.b 
9981150.5 

175.100 
32- 322 
1% .1750 

.1701 

.0490 
2.6211 

.oooo 
315. b909 
2.9438 

995115.4 

49.2662 
32.9759 

71523.833 
189.006 

11510. (110 
15b1.3668 

2,6258 
517. 1028 
-80.Y549 
392,1208 
72,9322 

.oooo 

31 I .8900 
-4.4557 

4022409.4 

72. 302d 125.0000 
8 0 . 1 0 0 ~  Y905.6314 

-160776.b10 r147954.8 

14d282.87OF 
5987.1229 

146290 -4 
54035.6 
284754.5 
2940 -864 
$05.413 
5199.290 

,000 
,0001: -.001 ,000 .oooo 

296.0530. .3204 -.oooo .oooo 
350,7301: 94.648 4905.631 6.5630 

258.bb25. 72.3350 66.6271) 319.937Y 
-b.2373: 51.5099 us. 9729 7.4680 

si56nsi.o poz7.n 212764.0 971136.2 

116995.0880 
111.761 

169512lb.000 
7431965.4 
100378U1.8 

-120.996 
5W9. 132 
2U77.4933 

.oooo 

37.8760 
30.1655 

127319.507 
233.203 

35450.21 1 
2167.28Y3 

,5901 :11;1i2 
1201.5830 -18.883 
-80.2180 21.6289 
481.1460 ,0000 
1.2329 47.1198 

.OOOO 327.6853 

312.8469 258.b3b9 
-3.3326 -5.2939 

39871’16.6 5088024.9 

72.2810 
76.7YY1 

-271537.720 
-601.597 
-678.909 
-Ylb9.650 

74685.4710 
3549.4134 
73996.8 
41711.0 
165200. 4 
i909.270 
415.585 
2963.160 
10.211 
264.399 
2545.671 

-.oooo 
60.6313 
45.5061 

104521.4 

. . ~ ~  
2 2552.1722 
3 74653.0 
Y 475.5 
5 37133.1 
6 1930.377 

-527.980 689.6 
-2t8: 829 > 17644. 6 
-3213.325 , 2990.178 

-7.611 9 7.851 
-9.340 : 3888.95b 
28.5620: 38.U9 

7 7.310 
8 1669.~03 
9 32.077 
10 -.@I? 
11 55.836 
12 ,1016 

14 72.7330 
15 63.5519 

13 83379.5 

AP 3-8 
___I - . -  I L 



Appendix 3 
Observed Trajectory (AA83) 

TABLE Ap 3-3 (Shtet 4 of  13) 
OESERVED TFAJECTORY, POWERED FLIGHT 

3-16 OUTBOARD ENGINE CCIOFF - 783 137379.9000 36.3264 72.2981 : 
125.663 29.4900 76.365>: *42.2500 200012.5900 19n3~5.0~00 32.8855 72.3097 

16950363.000 138~18.150 -29;782,660 . 5.2t59 7760.3622 61.394 27.6218 75.7056 
7467373.8 234.3Yl -',64.7)2 *LO-~-15.3 202328.4 169455bi.000 167760.570 -348180.430 
10050791.2 42843,222 -778.675 : 8d2.5 60933.5 7547453.5 220,084 -818.367 

-225.584 2571.7997 -C228,3,6 :200157.5 389975.0 10087410.7 61540.8bS -1073.462 
-564.386 2496.4239 -4715.985 5921.W'I -.@658 -il.?45 . 3549.770 3474.382 

2703.8980 1355.0225 -ii.n57 : 8*ba9 3Y5.086 7042.655 -1.8744 -13.352 
3210.2523 1731.0313 -27.305 28,64,60* 5605.873 6927.901 

.oooo 481.*531 . o o o o t  .6~3 .ooo .OOOO -79.9762 28.6969 

.OOOO -80.1574 

.oooo 
.oooo 329,8269: 52.0~11 6635.266 6.5299 ,3332 9.9456 

.OOOO 309.7176 
.oooo 

. O O O O  429.8494 5.0078 1.7928 31.4713. .2JO .ooo 

.543b -.ooou .oooo 966199.4 3978103.5 50700U3.7 
321.0715 3i3.09S2 253.6305{286537*8 312OL2.0 959372.3 3951175.0 5015884.3 
8.4585 -3.0893 -5.0854, 72,2353 68.5173 324.5659 313.8449 2sn.6iii 

45.6936 YO. 9990 11.1898 -2.4189 -4.5032 

1 13o.oLio0 
2 5418.9381 

4 728.3 
5 138312.7 
6 3181.3Yd 
7 7.940 
8 4366.745 
9 38.058 
10 .ouu 
11 104.331 
12 .376u 
13 dIYOb9.7 
14 72.3Ulo 
15 4Y.7>03 

1 125.OUOU 
2 5973.5568 

3 i b 3 m . a  

lb3839.1800 
6513.3932 

161458.3 
56055.3 
31198'- 7 
3125.095 
402.627 
5700.524 

,000 
.a00  

5418,938 
-.01)00 

67 0 2706 
43.1961 

180382.3200 
7081.4806 

Z3e311.3 

160357.9000 34.7658 
133.717 28.7158 

ib94n9it).o~o 150035.550 - 
7498233.0 231.376 
10064900.5 50030.150 

-338.894 2374,7493 
6431.583 -.e850 
2941.6542 1523.3792 

.OOoO 469-6695 

.oooo -80.0892 

I ;-IB/S-IVB SEPARI \ T I O N  S IGYAL 
205305.2300 

5.638 
16944835.000 

61427.0 7556270.7 
39ab55.9 10091424.1 

5444 .434 -596.860 

6944.001 3200.5789 
.ooo .ovoo 
.on0 .oooo 

b633.279 6.5860 
-.oooo .oooo 

b8. 6 188 324.9720 
40.7708 11.9836 

394.774 '1045.508 

320221.1 953311.8 

~. 
LlU5U6.7600 
7761.3854 

206659.7 

32.6209 
27,3944 

170885.060 
217.667 

64111.220 
2499,3251 
-1.9181 

1736.1518 
-79.9557 
422.3059 

.2796 

.oooo 
3948145.1 

313.9307 
-2.3466 

72.381 1 
75.7092 

-354100.Q30 
-835.162 

-1104.040 
-4755.452 
-13.520 
-28.024 
28.7027 

.oooo 
8.3372 

x16.9n6h 
5009710.0 

258,6089 
-4.4307 

J i797bu.1 
4 7b5.7 
5 lb1582.7 
6 33b8.6UZ 
7 7.94u 
8 4933.137 
9 37.270 
IG .033 
11 114.337 
12 .43YU 
13  241712.0 
14 72.2714 
15 48.0480 

177535.5- 
5d058.0 
3418JO 06 

3304.435 
399.293 

6250 .493 
,000 
.ooo 

,973.557 
-.oooo 

67.8318 
260458.5 

42.3389 

5 i 62i9 ,9496 21i0235: .197 
,0000 323.7520: Y*ob8 

.562b 
.oocll 

961233.2 7967976.4 5C 9717 6 
322.3690 31 3,3761 259 :0232{2946+l.0 

Y. 5228 -2,8282 -4.8600: 72.2304 
45.3168 

T I L T  ARREST S - I B / S - I V B  PHYSICAL SEPARATION 
210836.7700 205788.5500 

7760,3634 5.240 
206978.3 16944795.000 
61462.4 7556895.4 
399266.1 lOOQ1712.1 
3441 .7L1 -599.1 '1 
394.709 7094.723 

6994.200 3199.3935 
,000 .oooo 
,000 .oooo 

. -. 
72.32040 143.5YOU 
76.0082: 6632.0392 

-315914.440 : 2098!6.9 
-728.25') 833.9 

-4494.874 : 3518.2b9 
-12.425 8.828 
-23.568 : 5621.878 
28.6662 -27.981 

.oooo: .2:5 

-n95.863 207676.8 

20.sm: 3.678 

258.6228. 72.2300 

323.3437: .563Y 

-4.8979: 45.2934 

5048601.6 ,295217.6 

1 135.257U 
2 6003.3505 
3 180632.4 
4 767.8 
5 162857.4 
b 3378.282 

181260.3400 161615.7500 34.6870 
7111.9580 134.125 28.6718 

i703a7.4 i09u8~25.000 1506~6.970 
50160.6 7499691.4 231.133 
343443.8 10065659.4 50423.758 
3313.669 -366.426 2380.0484 
399.002 6~58.937 -.936l 

32.6020 
27.3774 

171112.650 
217.480 

6%?62,990 
2999,3641 
-1.9342 

1736.2367 
-79.9542 

6632.039 6.5891 421.7520 2787 

.noon .noon 

72.3821 
75.7095 

-354528.140 
-836.379 
-1110.565 
-4758.293 
-13.533 
-28.Q76 
28.7031 

7 7.913 
8 4Yb2.597 
9 37.3b8 
10 .Olb 
11 114.742 
12 .442Y 
13243210.0 
14 72.2700 
15 47.9620 

1 135.9060 
2 6076.9759 
3 182832.3 
4 772.9 
5 166099.8 

62eo.iiI 2954;;898 1532;45Ss 
.on0 .OOOO -80,0854 
.ooo .OUOO 968.4861 

0503.350 5.6591 .9175 
.OOOO .oooo .oooo 

42.2925 9.5796 -2.8143 

267982.4 960~78.6 3967369.9 
67.0586 322.44@7 313.3915 

._.~_ ._._. 
320801)- 7 9532W.Y 

68.6257 325.0005 
40,7575 11.5050 

258,6087 
-4.6351 

PROPELLANT LEVEL SENSOR A C i U A T I O N  
183485,3900 i6Ue14.9700 
7189.2799 135.190 

- 782 
34.4913 
28.5699 

152195.840 
230.492 

51425.025 
2393.4758 
-1.0499 

1555.4667 
-80.0759 
965,4048 

.8404 

.oooo 
3965955.5 

313.~3oe 
-2.7790 

S - I V B  ENGINE START C O W N O  
215499.6200 213024.9800 

7743.5226 1.933 
211467.0 16943999.000 
61978.7 7566108.5 
uoa351.1 10095~9i.u 

32.3273 
27.1295 

1793811.970 
219.732 

66533.978 
2499,6213 
-2.0386 

1736,8326 
-79.9327 
413.9i54 

.2206 
,0003 

3944778.0 
319.0266 
-2.2660 

72.3924 
75.7191 

-3607n8.570 -- 54,223 
-114'1.848 
-4799.635 
-i3,nr, 
-28.~347 
28.7091 

.oooo 
6.7897 

303.9239 

258.6064 
-4.5690 

5002822.4 

18tl545.1 16948582.000 

341541.5 10067586.3 
5e419.5 7504103.3 

3337.195 -3~35.459 
398.633 6528.334 

- .~ 
b 3k2;8U6 
7 7.933 
8 5037.286 
9 37.846 
la -.Oil 
11 115.711 
1L ,4510 
13247016.9 
14 72.2665 
15 47.7451 

~ - ~. - .~._ 
3401.222 -652.733 

7031.663 
6945,391 3180.8052 
334.189 6355.311 2986.31 00 

,000 .DO00 
.ooo .oooo 

b078.976 5.7493 
.0005 .oooo 

271854.8 96fl3UO. 0 
07.9256 322.6234 
42.1755 9.7236 

5-16 INBOARD ENGINE CUTOFF 

.030 .oooa 

.a00 .oooo 
6612,012 6.6311 

-.oooo .oooo 
329361.5 ~ 952206.8 

68.7254 325.4273 
YO, 5262 11.8100 

I 138.9700 
2 6494.9634 
3 193441.9 
4 796.3 
5 182075.5 
6 3523.032 
7 8.0U5 
8 5396.850 
9 40.925 
I U  . o w  
11 119.160 
12 .CY48 
13~65653.7 
14 72.2505 
15 46.7333 

194226.5300 
7562.6957 

190945.5 
59636.5 
367559.1 
3451,995 
396.410 

6717.215 
.ooo 
.coo 

694Y.983 
-.oooo 
68.2263 
41.6101 

290799.0 

197917.8600 
7640.7117 

194513.6 
65049.1 
374529.1 
3467 e681 
395.926 

0796,979 
.ooo 
,000 

b5~0. 719 
-.0000 

68.3215 
41.4165 

297403.0 

180569.4300 
139.733 

16947266.000 
7524610.5 
10076471.7 

v75.793 
6862.982 
31'1.2546 

.oooo 

.C130Q 
6.2045 

.OOI lO  

323.5292 
10.4211 

957371 -2 

33.6300 
28.1239 

159628.120 
215853.7300 213578.2200 
7742.1858 1.905 

211807.8 16943937.000 
62018.1 7566811.' 
409045.5 36096209.6 
3398 a 120 -635.262 
394.183 7030.627 

69U5.420 3179.3365 
.ooo .oooo 
.ooo .oooo 

32.3065 
27.1106 

174639.200 
214.523 

66707.622 
2499.6374 

-2,0364 
1736.8595 
-79.9311 
91 3.3326 

,2172 
.ouoo 

3944536.7 
314.0335 
-2.2603 

31.2469 
187148.S80 26.1885 

205.707 
75411.136 
2507.7461 
-1,9315 

1751.1885 

385.0064 
,0980 

-79.8488 

.oooo 
3932S05.0 

319.379Y 
-1.9789 

72.393'5 
75.72Cl 

-3612f8.690 
-855.595 

-1150.735 
-4802.791 
-13.729 
-28.907 
zn.7095 

.oooo 
6.6907 

303,7060 

258.6062 
-4.3640 

72.4341 

5002328.4 

226.132 
56357: 807 
2458.0096 
-1.6045 

1666.2618 
-80.0291 
949.1932 

.5454 

.oooo 
395900% 7 

313.6247 
-2.6078 

6610 i I 3 2  si6342 
-.oooo .oooo 

330014.3 952129.9 
680 7328 325.4600 
40.5006 11.8332 

186098.2100 
78.105 

16996761.000 
7531725.2 
1058fl227.9 

-503.489 
6933.468 
3170.8060 

.0005 

.oooo 
6.3194 

.oooo . m o o  
956398.9 3956569.7 

323.8995 313.6929 
10.6615 -2.5488 

233190.4800 
7725.1789 

228441.0 
63985.2 

241276.5800 
20.638 

169409~2~000 
7601885.4 

443828.0 10111953.9 
3267.101 
392 200 

6989.323 
. O t O  
,000 

0581.6*3 
-.oooo 

69.Gb53 
39.6592 

362492.6 

1 140.OU00 
2 6520.719~ 
3 1Y7OUY.3 
4 804.1 
5 187685.0 
6 354U.190 
7 8.lb9 
8 5476.017 
9 7.448 
10 .ab2 
11 67.356 
12 .5u99 
13272155.3 
14 72.2u54 
15 46.3991 

-337649,140 :231786.8 
-788.669 * 891.4 
-1013.44'1 243759.2 
-4644.900 3349.049 
-13.051 : 9.022 
-26.050 5665.847 
28.6867: -20.571 

-764.120 
7021.079 
3130.3313 

-Y960.412 
-14.410 
-32.0 15 

-1;7102 
1690.7439 
-80,0127 
943.2486 

.9685 

.OGOO 
00009 -.131 

13:0954: 17.192 
314 ,5099' .6611 

5026835.7 b363b9.4 
258-61*0* 72.2095 
-4:b168: 43.5576 

258i5972 
-4.1153 12.9690 

AP 3-9 



Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3  (Shee t  5 of 13) 
OBSERVED TRAJECTORY, POWERED F L I G H T  

250039.8800 26q316.4100 30.2073 72.4561: 175.0000 313320.7000 386088,7800 26.0673 
7709.7997 24.177 25 3255 75.7172. 6815.8473 8010.6559 25.523 21.9162 

L Y 4 % 5 . 4  16936299.000 199729:810 -410072.300 :399712.0 3~006.5 16913188.000 P50971.490 

72.70115 
75.7561 

-519503.940 

1 155.OuOO 
2 6615.444d 

4 933.1 
5 272312.0 
6 3254.659 
7 7.349 
8 5759.44% 
9 -18.274 
10 - 459 

a 2-8269.7 

11 19.948 
12 

65936.9 7637086.5 189,227 -999,713 1098.4 73614.7 7780363.7 103.026 
47.)UJl. 0 10127553.5 84238.615 -1471. 310 :591579.6 624800 a 0 lClBl133.1 121 162.209 
3167,094 -893.483 2525.4720 -5117.776 2861.714 2774.282 -1~25.125 2596.6032 

3L8.135 7063.045 -3.4576 -15.109 : 16.506 386.682 7273.297 -3.0099 
7"84.039 3112,0562 1781.0823 -35,376 : 61'6.660 75Q4.962 3039.5382 1914.2625 

,000 .OOOO -79.7654 28.755d. -18.987 .ooo .OOOO -79.4177 
.ooo ,0000 359.1973 .OOOO: 1.250 .ooo .OOOO 354.5049 

ob15.444 7.1223 ,0427 1,5175. 91.872 0815.847 7.3806 ,0011, 
-.oooo .oooo . o O O O  283.1099: 1.057Y -.oooo .oooo ,0000 

395010.0 r*6260.0 3920432.9 4952393,5 *@99256.7 527003.7 945609.8 3871280.6 
69.3395 328.8150 314.7321 258.5680: 72.1606 70 rn 0877 336.1535 316,2295 
38.8942 i@.0?2i -1.7027 -3.0694: 38.341* 35.9014 1n.1288 -.6399 

-1330,767 
-2332.083 
-5744.797 
-18.030 
-51,395 
28.8521 

.oooo 

281 ,4788 

258.5487 
-2.9018 

. n s a  
4846844.6 

. 
ULLAGE ROCKET JETTISON 
251708.7500 272257.7200 

240167.2 16935831.000 - - ~ .  
66138.4 7640760.4 187;36; 
482687.0 10129171.0 85163.326 

7715.1017 24.344 

3157.865 -906.958 2527.3989 
387.643 7067.056 -3.5853 
7094.353 3110.4774 1784.3371 

,000 .OD00 -79.7566 

l8o.ouou 
72.457g 6876.4~92 
75.7145. 

-413537.780 : 
-1007.588 . 
-1489.801 : 
-5134.127 
-15.182 : 
-35.740 
28.7582: 

.oooo: 
1.4009* 

282.0920: 
4949756.3 

258.5870: 
-?,.8439: 

3280I6.6500 
8080.6237 

313627.1 
75556.9 
662600.5 
2673 m 937 
390.123 
7615.403 

.ooo 

.ooo 
b876.469 

-.oooo 

70.2161 
35.2027 

560567. 9 

416514.6000 
25.661 

1690572*.000 

10204278.7 
7816073.8 

25.0416 
21,0783 

263997.070 
91.216 

130921.J88 
-1561.100 2613.6150 

7331.22i -1.72C9 
3018.716t 

.oooo 

.ooco 
7.2036 

.oooo 
338.1142 
19.0143 

947829.5 

'2.8040 
75,7977 

-548618.180 
-1422.819 -.̂ 600.609 

-5900.915 
- 1  R .  792 

9 
z8.8769 

.0290 
290.3595 

258.5376 
-2.6639 

.con0 

4819131. 0 

1 155.5200 
2 h619.6561 
3 249979.9 

30 1002 
25:za70 

201043.560 
523883.7 
1196.9 

422737.0 
2766.852 
22.850 

6286.395 
-18.963 

1 250 
2, . '9 . -4.3 
72.1b21 

532549.0 

37.4577 

936.8 
5 275309.3 

.ooo .oooo 
0619. b56 7.1525 

.0090 .oooo 

69.3052 328.9950 
38.7725 14.1851 

39d401.5 946653.6 

GUIOPNCE 1NIT:ATION 
1a4753.SO00 294759.6900 

7817.5601 24.762 
258490.2 16932047.000 
67663.3 7668749.8 
530863.9 10141932.9 
3082.539 -1009.154 
584.123 7105.163 
7173.888 3099.0320 

.ooo .OO.O 
,000 .oooo 

6659.004 7 .  3938 
-.oooo .oooo 
69.5465 330.3821 
38.1629 15.0313 

266476.6900 297799.3000 
7nz3.446~ 24.745 

26Ol21.O 16931509.000 
67866.7 7672515.3 
514667.3 30143074.5 

424225.1 9~4010.0 

3072.345 -1022.792 
363.675 7110.940 
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A p p e d i x  3 
Observed T r a j e c t o r y  (AA83) 

TABLE AP 3-3 (Sheet 6 of 13) 
OBSERVED T W E C T C R Y ,  POWERED FLIGHT 
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Appendix 3 
Observed T r a j e c t o r y  tKA83) 

TABLE Ap 3-3 (Sheet 7 of 13) 
OBSERVED TRAJECTORY, POWERED FLLAHT 
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Appendix 3 
Observed Trajectory (AA83' 

TABLE AP 3-3 ( S h e e t  8 of 13) 
OBSERVED TRAJECTORY, POWERED FLIGHT 
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Appendix  3 
Observed  T r a j e c t o r y  (AA83) 

TABLE AF' 3-3 ( S h e e t  9 of 13) 
OBSERVED TRAJECTORY, POWERED n I G H T  
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 10 of 
OBSERVYD TRAJECTORY, POWERE3 
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12910.103 
2065.1430 

-1.5990 EO 280; 485.0000 
-1.U998 81:0492! 17162 .!520 

1107873.600 -34017110 300 258267. 
22053.348 -15101'309 : 137855.0 

1010666.550 -103949:372 3152793.0 
3318,179. -14424.210 : -3444.743 

4968.U935 -877,SQS 16779.359 
-70.7055 30.6214 -25.641 

2082.2113 .0030' 5.673 
.oooo ,0002: 55.095 

i85.10*2 -a9.95~ . 1059.650 

0000 nn.m33:  9.9305 
31133241:5 2100110.9 J7143U8.2 

2.3966 253,1856: 7Y.A321 
5.2960 13.6201: 3.9871 

1 
2 
3 

460.0000 591578.:100 
15762,2665 17095.3090 
336855.8 233128.9 
213040.8 250115.5 

3ZC9901r8 39042U3.1 
-2850.327 -3537.796 

927.031 931.931 
15674.666 16699.257 
-23.02f .ooo 

5.061) ,000 

8.8351 -.ool?o 
73.9630 73.6UlI 

5.8252 5.67YZ 

49.669 15762.266 

3318976.2 3352805.3 

81.0981 
iw#. 6410 60.198 -1.5699 81.7491 

579727.5100 3623901.4000 -1.66- 

136243.6 159636Y8.200 1191106.'JOO -3771697.700 
27*3U7.2 iOR58284.2 27021.822 -17474.708 

U33743+.~ 109Y9246.3 1170419.000 -127675.167 
-U222.715 -12192.696 3331,3801 -15172.125 

1004.Yll 13758.308 210.3261 -100.221 
17978.092 2026.6194 3402.65- -1073.119 

.OOO .0000 -69.4U99 30,7937 
.0100 .a00 .OOoO 20u8.996O 

Y 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 Y  
1s 

.a000 

.oooo 
6,6912 

.oooo 
57.4220 

7.7252 

2932~85.9  

3301408.1000 -1.6315 
5S.YS4 -1.5313 

15197863.500 1124477.600 
10590075.0 23021,093 
10908415.0 1015918.700 

-112Y1.759 3323 3065 

2056.6522 5051.8957 
,0000 -70.4633 
,0000 2 0 7 6 ~  1012 

13072.697 ia93qa2u 

6.8179 
.oooo 

57.0251 
3@01O31. - 

7.2991 

17162;OSO 7;3502 .oooo .0002 
-.COO0 .ooo') 0000 710.9021 

73.8406 59.7878 8.9391 250.6039 
3.8582 5.6610 9,6628 17.5143 

3740297.5 1307441.5 353639239 1718458.1 

80,1)399: 430.0000 
61,1847. 17463.2090 

-3U74235.500 : 290716.1 
-15556.026 : 143224.5 

-108406,533 03787386.6 
'14573.965 : -3S76.%5 

-91 919 1088 151 
-905:UZP : 17058:284 

50.6579 -26.878 
. O O O d  5.679 

1 465.0000 589336.0100 
2 16030.8677 17363.8220 

577203.3500 
1d795.7000 

114739.4 
279368.2 

4928005.0 
-u379.2g0 

1019.920 

,000 
.a00 

17463.208 
-.oooo 

73.0795 
3.5091 

in25i.128 

3831681.0 

3708ob6.5000 
61.313 

1u902c47.700 
10927523.8 
10959341.8 - 1 ZY 68 61 9 

13937.596 
2013.3837 

.00JO 

.oooo 
7.5035 

.oooo 
60.21PP 

5.2672 

1387628.9 

-1.6767 
-1.5eio 

l207792.100 
28086.971) 

1197658.100 
3336.-*3 
215. ,116 

Sr95.3297 
-b9,16W 

2041.W8S 
,0000 
.oooo 

10.2620 
4.5115 

3563614.6 

- . . . . _ _ _  
3 322315.8 215108.7 

117747.5 254810.2 
5 3377899.2 398dJ. .Y 
6 -2965.9*0 -3670,727 
7 952.533 945.951 
8 15725.285 169Y5.008 
9 -23,291 .coo 
1 J  5.159 ,000 

li 9.01168 -.oooo 
I1 50.622 lo030.8b7 

13 3395264.0 3~29204.5  
I* 73.9963 73.6816 
45 5.UU72 5.5004 

;0002j 56;141 
716.6736 10.1612 

252 7720. 74+16% 
lU:278@ 3.6311 

202Sb29.1 p797728.1 
2uo;ea 

18.5233 
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Appendix 3 
Observed T* gjectory  (M-83) 

TACLE AP 3-3 (Sheet 11 
OBSEXJET, TRAJECTORY, POWER 

of 13) 
ED FLIGHT 

3793718.2000 
61.921 

1Y839155.205 
10997161.1 
10969378.7 

-12709.69F 
iu i i7 .nW 
2GOL.ZZYl 

.0000 

.oooo 
7.6516 

,0003 

60.63iO 
6.8790 

3 Y b e  241.6 

-1.6866 
-1.3898 

122+Y71.000 

1225368,800 
291?8,?L)7 

333Y.672b 
221.0206 

5589,1667 
-b8.9169 

2036.5587 
.oooo 
0000 

11 586e 
6:3519 

3592902:9 

-1.6707 
-1-5833 I Y95.0000 

2 17768.7919 
3 222992.9 
Y IY8736.Y 
5 3d?JJO(l.3 
6 -3713.018 
7 1116.648 
8 ITJuO.oO3 
3 -27.618 
10 5.763 
11 56.646 
12 10.3959 
lJyyU615.1 
1 Y  7Y.1990 
15 3.2051 

J?Yb19. ?LOO 
10101.1710 
92Y95.1 

2&506.8 
Y5199U9.6 

-USJO. 110 
1035.160 
16527.313 

.ooo 
,000 

17768.789 
-.9000 

73.9102 
3.1639 

3910570.2 

111Y.8'45 
19675.915 1910.1607 

,000 .0000 
.ooo .oooo 

19281 rn 135 8.6018 
-.uooo .OOOO 

7Y.1073 62.5576 
1.69s 

Y363606.3 3898567.3 

-1256.6% 
31.0Y5U 

.OOOO 

.0003 
?99.U20 

1159d91 2.h?.sL?o -7 

27,%62 3.0173 

38a0P.66.3000 
6I.ZUr- 

82.5253 
-6u02932.600 83.0085 

-218~u.23n 
-1737W.620 
-16363.U79 

-118,565 
-1290 505 

31:0?% 
.oooo 
.0003 

697.7623 

260,3539 
29.8092 

108159a ,h 

558191.0700 
20912.?SU 

-58056.5 
316006.1 

5100162.7 
-5510.881 

1128.890 
Zo162.189 

.ooo 
.ooo 

19501.260 
-.oooo 

76.1963 
1.1707 

W57M9.7 

-I - 6319 
571979~1100 

1WJb.1050 
69UY7.9 

289720 1 
U613272 9 

-689.519 
1050 590 

l b 8 0 l . b S  
.000 
.ooo 

16073.836 
-.0000 

2.0224 

1002974.1 
73.9% 

S-IYB ENGINE M)r 
570*ci1.0700 

19579.9200 
5boe.s 

292705.7 
4666701.6 

*781.272 

18957.597 
.ooo 
.ooo 

ldZr7.717 
.oooo 

73.9781 
2.1308 

1m.w 

Yosis*8 .6  

-1.6918 
-1,5980 

1211136 8 C t l  
30297:35b 

12535YC.50 
3351.5306 
226.9128 

1%,.6626 5682.6406 
.0000 -68.6YOO 
.OOOO 2027.0736 

7. ¶006 .oooo . 000 

bl.OU8 
Y . Y W  

TUAE P V I O  SHIFT 
39~0854.9000 

355i-85.. 

7 11Y5.576 
8 17621.2M 
9 -28.224 

.oooo 

62.9089 
2.6610 

3989~21.9 
1 9 . ~ 2  
3.2376 15 2.%01 

555377.8000 
21235.v550 

-66OiV .Y  
s22660.0 
5;201%3.l 

-%71.861 
1141. 702 

20*10.907 
,000 
.OOO 

19(ul3.*95 
-.oooo 

76.1d08 
.BY2 

552695.6300 
2 1 Y t . 0 ~ 0  

6552876.0 

-1lY766.9 
328.02.1 

53OY276.8 
-5a28. 079 
llyi. 92P 

20683.669 
.000 
.ooo 

U3.916.7000 
61.671 

l6W007.500 
11513036.5 
11037278.0 

-16553.065 
15321.855 

18'18.2026 
.oooo 
.oooo 
8.7166 

-1.5792 
-1.6951 

1 ~ 0 6 6 0 . ~ 0 0  
37587.252 

1 502.8300 
2 182b7.7100 
3 lY2W.5  
b 151657.1 
5 6010879.2 
6 -3932.801 
7 1162.076 
¶ 17780.pll 
9 -28.519 
1U 5 . w  
11 b6.w 
12 10.7717 
13 60185Y2.9 
14 76.2509 
15 2.7- 

-1.bpll 
-1.6010 

1250561.~00 
30962.H5 

1=9705.*00 
3329.2712 
229.6767 

5735,MM 
*.-3 
?SCL, t r O l  

,0000 
.oooo 

13 6596 
6 : O W  

-1.6956 
-1.6029 

WWY8.9 

1257786.600 
319Y2.rW8 

lZU1%.600 
3327.35W 
231.8271 

5776.3731 

2019.6191 
-68.3602 

,0000 
.oooo 

1..2332 
6.3090 

3bW88.6 

1976.0189 
.oooo .000. 

695 6- 

237.6966 
32.- 

1005190:5 

61.2697 
6.2818 

3969513.100 
6O.W) 

16709~23.~30 
111~0616.7 
10@92@3.2 

-1323O.223 
IU72 .  2Y5 
1970.5110 

6532692.6000 
622.625 

16280590.100 
115900M.3 

-16813.20e 
lk98.285 

l l O w b ~ M . 0  

1866.5911 
.oooo 
.oooo 

8.8706 
.oooo 

63.912 
1.WU 

6175952.2 

-1.M93 
-1,*1w 

1357173.800 
SM91.818 

1M3766.200 
3301.%29 
263.3113 

6331.2761 

1966. 1733 
-66.578: 

.oooo 

.oooo 
391S957.9 

22.0207 
2.8187 

aZ.U% 
83.3159 

4567550.000 
-230% .65T 

-187066,WO -16660.01* 

-123.ST 
-1W.205 

31.16-1 
.oooo 
.0004 

693.0718 
93lCn8.8 216.3628 

3s.sMo 

1 505.0000 
2 1 8 J b O . 2 6 3 0  
3 163963.0 
6 160192.6 
5 Y0495%.2 
6 -3%+.9rl 
7 1176.765 
8 17902.357 
9 -28.769 
1" 5.858 
11 55.625 
12 10.8?77 
13bO56936.Y 
16 79.2b52 
15 2.5990 

S9285.6500 
19712.Y150 
Y559U.2 

295011 -8 
6707960.8 

4 5 2 . 2 0 8  
1066.091 
19076.133 

.ooo 

.ooo 
16300.262 

-.oooo 
73.- 
2 . W 7  

Yl190891.8 

.oooo 

.oooo 
7.9513 

.DO00 

61.6391 
6.1106 

3635556.9 

zoim.sn 
-.ocoo 

76.2160 
,5300 

WY781.0 

. 
Y05%99.0000 -1.69M 81.972f 539.0300 

60,518 -1.6071 82.Sls2 20636. 6510 
14642570.600 127Y408.700 -9160323.600. 114Y1.3 
11213107.8 32616.103 -20119.98u e03S9.6 
10999097.9 1311.508.800 - 1 S S Z S O . ~ O  5690570.1 

-11502.827 3l22.3395 -15911 5@ 49U7.WO 
WbY3.736 237.5358 - l l l :S% i 1371.671 

1950.7806 fbb8.556b -1186 910 19781.169 20907.162 
.oooo -68,07* 30:97d -25.553 ,000 
,0000 2011.603O .oOn2 5.566 ,000 

a.1012 .0030 -000,  47.319 20Ysb.650 
.oooo 

7Y.2655 . 2084 

Y7290 13.2 

STOP ARTIFICIQ . TW 
1 5lO.OOOU 
2 lMb2.22hl 
3 163626.6 
0 16blYl.l 
5 Y139797.2 
6 -9139.Pbl 
7 120Y.993 
8 18177.dY8 
9 -29.060 
IO 6.271 
11 54.w5 
I 2  11.1d97 
13YlY6359.4 
1 Y  7 Y . 2 9 0 1  
15 2.1616 

5665Y0.7700 
2001Y.2660 
20920.7 

300302.5 
Y8OYOZl.8 

-5017.53U 
1002 508 

19WU ,855 
.ooo 
.DO0 

-1.3954 
-1 3289 

1370677:800 
39960 .676 

168rW36.700 
3301.2951 
267.1219 
-+08 7316 
-66:3251 

l9S5.0693 
.oouo 
.oooo 

23.0W2 
2.6458 

3955277.3 

550631.5600 
21766.1100 

510804)O.Y 
-59uo.372 
1 lb5.370 

18682;221 
-.oooo 

79.032Y 
2.1506 

6160313.2 

-__._ 
.oooo :OOJO 702:90*5 iz;Ci? 

3721637.7 36W868.7 1319109.2 Y6950Y1.5 
61.8213 15.5516 2BS.?8&< 74.6052 t31;0105 

38.015Y 3.7-3 5.8262 z3;nosg 
I 

I 515.0000 
2 18960.1590 
3 lY2'%3.5 
Y 1122Y3.7 
5 4231WY.7 
6 -4285.083 
7 1235.789 
8 18448.775 
9 -28.907 
IO 5,983 
I1 54.2Y3 

5501aZ2.90O0 
21828.1460 

-1692d1.9 
334209.3 

SU06386.7 
-5976.351 
1161.884 

2U9bl m 508 
.oil0 
,000 

2nY96.698 
-.OOOO 

74.252Y 
.2288 

47Y6236.0 

-1,3687 
-1,3060 

1373680.200 
60220 236 

149SbbO:300 
3301 5183 
Zh8:OYOP 

6927.5835 
-66,2638 

1952.9208 
.oooo 

83.07Y3 
83.5021 

-5651220.200 

-193982. 360 
-23470. 75n 

563752.5300 
z0312.1010 
-*581.5 
305837 9 

Y901Y07. I 
-5183.063 

1099.361 
19608.867 

.ooo 

_- 
12 11;3757 
136237267.8 
14 7U.3309 
15 1.9281 1.8291 
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Appendix 3 
Observed T r a j e c t o r y  (AA83) 

TABLE AP 3-3 (Sheet 1 2  of 13) 
OBSERVED TRAJECTORY, POWERED FLIGHT 

537459.4005 
24501.9330 

'YOo6Z7.6 
381663.4 
6260360.5 
-7320.925 
1284.730 

23397.3+1 
no00 
.000 

23170.774 
.r )OOO 

74.5194 
-2.0186 

5568554.3 

5454648.6900 
77.u43 

13587461.600 

111261~8.Y 
12305732.1 

-17327.799 
17232.693 
1768.2296 

.3?00 

.oooo 
10.3990 

.oooo 

66.1182 - .7979 
5073504.1 

-.all6 
-.4040 

1501036.000 
1~396.600 

1760519.700 
3239.C877 
310,1415 
7252. 8807 
-63.6419 
1896.4990 

.oooo 
,0000 

32.4977 
,8753 

4457427.7 

ay.6165 
89.9110 

-5325399.600 

-17950.~70 

-28079.380 
-259U64.460 

- 147.382 
-1729,170 

31.4232 
.oooo 
,0006 

679.4750 

136.7051 
48.4246 

711417.8 

1 
2 
3 
4 
5 
6 

d 
9 
10 
11 
12 
13 
I* 
15 

55O.ObOd 
21130.730U 
-24297.3 
218974.8 
PY11076.8 
-5219.316 
1434. 148 

20925,712 
-L7,534 
5.9*8 
60.324 
13.2472 

7u. 5529 
.2632 

491601b.Z 

545723.5400 
2~462.0770 

-2OSb65.2 
3Y4019.3 
5620d55.5 
-6269.Ac.6 
1134 .*ll 
21536.iai 

.ooo 

.ooo 
21130 ~729 

-.oooo 

74.3221 
-.3738 

YYYY917.5 

I 555.0000 - Z1463.93W 
3 -50751.0 
4 226220.8 
5 5013965.4 
6 -5304.130 
7 1464.438 
8 20731.182 
9 -30.010 
10 6.185 
11 01.743 
1~ 13.5314 
13 5~19322.6 
iu 74.5332 
15 -.5793 

5+3828.2500 
2L79s.2zno 

-237250.3 
352026.5 
5729276.8 
-6438.320 
1208.502 

21833.685 
,000 
.000 

-.oooo 

74.3563 
-.Le80 

2 1903. 034 

5055213.3 

4834l64.8000 
66.924 

140636?7.700 
11826 f52.4 
11079533.8 
-i=,sa~.si7 
16064,697 
1d54.0252 

.oooo 

.oooo 
9.3766 

.oooo 
ur6813d. 9 

64.5193 
.?717 

4937895.6000 
68.549 

.6530 

-1.0773 
-1.0312 

1406707.200 
9291 9.541 

.oooo 

.oooo 

25.7519 
2.1087 

4076513.9 

- .9658 
-.9268 

1423203.600 
443u9.916 

-65.2897 
1924.8676 

.oooo 

.OOJO 

26.9694 
1.9400 

41 360'9.6 

83.644C ~ a o . 0 ~ 0 1 )  
O*.Ol9? 23263.770~ 

-4906666.700.-19U6~0.3 
-25629.158 261873.0 
-215898.800 k552326.1 
-17251.272: -6168.915 

-1w.o17 1631.961 
-1521.08@ : 22371,503 

31.?774. -34.809 

- 0 0 0 5  70.051 
.nooC 7.498 

_..-. 
685;191: 15.0231 

700n99.n 6562045.9 
207.066< 74.7311 
50.275: -2.0051 

-.3818 
-.3758 

lCOUY53.900 
1769312.800 51772.839 

3235.839s 

84.6689 
09.9503 

-5347141.UOO 

5482229.3000 
17.968 

135662u7.800 
12326614.6 -29153;lUl 

-17Q07.301 -17985.005 
17285.46 Jii;7953 -1Yt3.089 
1763.4271 7281.1905 -1734.097 

11128925.1 -256557.270 

.OOOO -63.5545 31.9302 

.OOOO 1805.6220 .00001 
10.4384 ,0000 .0006 

66.1803 32.7682 134.0922 

.oooo .OOOO 679.2998 
5100314.2 9975483.6 722754.2 

-.A692 ,819t 97.3525 

53726U.7900 
24594.9270 

-409515.5 
38322t. 7 
6294660.4 
-73b9.649 
1289.285 

2~429.393 

.ooo 
23263.768 

-.oooo 
74.5223 
-2.0854 

.oqo 

5595872.3 

1 560.0000 542104.6800 5093283.5000 -.e589 83 585.00013 536616.1500 5596597.6000 -.2993 84.0857 
2 21805.9B50 23157.2360 70.225 -.e263 23655.8563 24985.0150 80.124 -.2501 85.1596 
3 -77950.9 -263881.5 139018n5.200 1@39660.700 -@99329i.iOn f2258y2.1 -946868.9 13r76583.500 1521090.500 -5437936.300 
9 233622.3 358107.7 11989333.3 Y5777.947 -26506.037 273126.0 38.4713.7 12413593.5 53348,005 -29900.091 

6 -5516.410 -6614.756 -16163.545 3286.9230 -17398.h29 F665"'4*o -6344.029 6412663D3 -7571.964 -17739.563 3218.7404 -18132.137 
7 1496.42L 12Z4.065 16453.890 288.4077 -136.742 i 1669.226 1Jor.802 17507.550 318,2006 -151.09n 
8 21043.548 22137.714 1827.8206 6034.8321 -1562.945 . 22726.018 23774.063 1744.8939 7400.0419 -1780.260 
9 -30.708 .ooo .OOOO -64 9542 31.30* -35.794 .ooo .OObO -63 1893 3 1 . ~ ~ ~ 8  

.oooo 10 6.513 ,000 .OOOO 1917:2011 a 0 o o q  7.316 ,000 .OOOO 1892:T248 
11 63.233 21805,984 9.7220 ,0000 .0°05 71.982 23653.855 10.6226 ,0000 .oona 
12 13.8202 -.oooo .oooo .oOOO 683.h49Z 15.3364 -.oooo .oooo .OOOO 678.7197 
13 5124320.2 515dl"Y.U 9671537.9 4198J77.8 670251.0 '5676190.7 5709952.2 5212333.2 9551889.2 779251.1 
14 74.6131 74.3901 65.1029 28.1604 193.927% 74.7601 74.5597 66.4333 33.8749 125.0583 
13 -.e716 -.9584 .3393 1,7259 53.932? -2.2808 -2.3597 -1.1611 .5902 92.7537 

5 5118398.4 5839201.1 11092952.9 1628229.000 -223606.770 11137699.6 1806014.000 -~65345.040 

. 
1 565.0000 540568.5800 5150369.9000 -,7409 e4*0u5d 5YO.0000 536240.1800 5712794.1000 -.lo93 85.1015 

3 -105917.4 -303401.2 13020326.000 1416071.500 -5080651.900 :-258059:4 -485249.6 13389039.800 1537138.100 -5528261.800 
4 241186.3 364267.8 12072105.3 U7234.217 '26996.652 e 281562.7 596295.4 12501692.0 5495U.747 -30663.610 
5 5229412.3 5950615.1 11102056.1 1662666.100 -231522.550 5779594.9 653z409.1 11146379.5 1843316.000 -27@361.260 
6 -5670.199 -0793.267 -16960.586 3277.36U3 -17545.775 -6523.557 -7779,3a6 -1AO91.205 3200.0170 -18278.109 
7 1529.108 1239.aOA 16655.674 299.0807 -139.512 * 1705,709 1325.037 17735.256 314.955" -154.037 
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23845.5890 

-337819.1 
370505.5 
6063704.2 
-6975.0117 
1255.094 
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A p p e n d i x  3 
O b s e r v e d  Trajectory (AA83) 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AF’ 3-4 (Sheet 1 of 5) 
OBSERVED TR‘JECTORY, ORBITAL PHASE 
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71 b79U3. 5 
-81c?.L* I 

1&1-.c& 
22886.-37 
-25.521 

.0252 

.0162 
169179r.900 
70925.311 

22125OU.UOO ~ ._._ 
3167.2675 -19679.170 
329.2791 -185.573 
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SOUND VEL 
l C T / S E C l  1 603.8L3L 5&713& 1300 7939597.6000 .a353 89.2691 

2 2U355.7390 256 ,1830 - . 0 0 3  .0314 89.3069 
0. SB 5 3 -968219.q -I3*5638.6 1~595529.300 1836212.100 -7370069.600 
( F E E T  ) * 450007.4 5’9lb9.1 ~105859.5 858U5.248 -48034,487 

5 7936578.5 0 5258.5 rl242469.8 2557529.300 -491936.270 
1. SE 5 6 -8997.713 -105U2.90r -19937.614 3~87.2725 -20959.835 
IOEG. ) 7 1059.894 1275.906 16194.105 329.2781 -218.990 

0 22556.241 23UO7.1OU 271.9637 761U.5772 -2851.075 
31.7877 E *  58 5 9 -25.5uo .coo 

1DEG. 1 10 1.300 .000 .0000 1895.0354 .OOOO 
11 -10.321 2’4355.739 10.9303 .OOOO .0007 
12 Ll.7574 .OOOO .oooo .OOOO 679.1813 

i: -9.332 Z b ‘ - 6 . > < ~  10.9371 .oooo ,0007 

PRESS 13 20Y1011.5 i?C72I‘0.8 13476138.9 352661182.0 42201:28.0 

B E G I .  P I T C H  47 O R B I T A L  RATE 

.OOOO -55.6683 

7136612.3000 ,027~ 
-.003 

1226023U.700 
13596764.3 
11224066.3 
-19361.973 

16861 .U96 
815.8252 

.oooo 

.0201 
1728U09.9UO 
76708.07U 

2299981.100 
3187.2bUU 
329.2794 

761U.6016 
-58.2516 

E Sd I 
1DEG. I 

v SB rlY 
lFT/SECI 

* E Y W L  
& I / F T  ) 

0. SB 2 
I F t t T  I 

L. 56 2 
IOEG. 1 

5RB 
603.3900 

~4352.6920 
-347776.6 

3047Ub.0 
6U90365.3 
-6905.5~5 
17U7.802 

23207.599 
-20.378 

1.U76 
-7.9uo 
16.5213 

107.304U 
28.402U 

1082783.5 

i l A L  INSERTION 
530231.2000 
25683.9070 

-592078.U 
41U097.7 
6850815.2 
-8207.871 
1332 .r61 

ZU300 -568 
.OOO 
.ooo 

2U352.091 
-.0900 

b?9+090.2 
286.1779 
4.7195 

85.6898 
85.9135 

_ _  
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
I2 
13 
IU 
15 

1 
7 
3 
4 
5 
6 
7 
8 
9 
10 
I1 
1; 
13 
14 
15 

~~. ~ 

2874331.7 
91.7919 
6.9280 

UY23050.~- 
200.0927 

-.*a77 

,3736910500 
256db.8UUO 

12704lUY;8 ~ 34817540.0 
286.5952 297.4669 
-15.1021 -59.8309 

8323640.4000 ,0389 

112140436.0 307.5765 

-84.219U 

la. 00 

0028911.8000 . -  
.a04 .OOUB 

1579683.900 
59338.089 

194b707.900 
3187.6990 
329.2263 

7613.3730 
. ~ . .  -61. 8063 
.OOOO 1891.0022 

10.9420 .on00 
.oooo .oooo 

1~533181.0 35863652.0 
287.0237 296.3395 
-10.0386 -57.UU33 

-0176 

700.0000 
iua55.3790 

-1137110.0 
480263.3 
830UIU0.3 
-9409.432 
1800.607 
22385.496 

-25.354 

-10.7b8 
1.201 

22.809~ 

90.9109 
5.1uo1 

750.0000 
24354.0770 

3253717.2 

-1039011.7 
575818.5 

-106ol.220 
1940.5Y6 

21810.404 
-L4.704 

1.135 
-12.209 

9u05z93.a 

-.a03 .O368 
-151Y168.U ll27085U.900 1887772.300 
539796.3 1u365181.9 911?2.002 
91552oU.7 112UU759.0 268071G.300 
-10952.831 -20701.473 3187.2767 
1263,069 15865.509 329.2775 

23200.306 11.6UU7 7619.5662 
.OOOO -5U.*320 
.OOOO 1896.1751 

10.92611 .oooo 
.OOOO ,0300 

286.4884 297.6795 
-14.5000 -54.3045 

12333u42.0 $4598508.0 

-162.265 
-1953. 640 

31.5565 
.oooo 
.a007 

678.3668 

329.1712 
-86.2167 

U2260320.0 

-21U09.776 
-231.830 
-3057.837 

31.7945 
.0000 
.a007 

679.*114 

304.9720 
-83.7603 

421G5937.0 

610.0000 
29352.7~20 

-39u351.2 
3161102.1 
62U5303.5 
-7061.010 
1757.539 

23234.206 
-26.3b3 

1.u73 
-7.9(r7 
16.9bY5 

103.9978 
24.7173 

1ii4576.1 

530203.8300 
25684.0250 

-bu7385.0 
422981.0 
7016U39.4 
-8400.859 

2k234.907 
-000 
.ooo 

2~352.781 
-.oooo 

28614228 
-U.3987 

1328.189 

663793799 

85.98UO 
86.1925 

-58998U1.400 
-33857.702 
-312796.700 
-18859.182 
-166.500 
-2019.480 

31.5880 
.0000 
.a007 

br8.4195 

126.6088 
-86.0801 

42253679.0 

.6237 

. OW8 

.a534 
53a331.9400 9510573.9000 
25685.5530 -.no9 

92.2233 
92. LO79 12857138.7 61537.791 

11178598.7 1995413.200 
-11637.350 3187.69b7 
17612.365 329.2149 
1457. ‘531 7613.4238 .I, ‘00 -61.2999 

.OO 1891.2387 
10.9Ul. .oooo 

. O O O I  .oooo 
i~38~g7s.i 35779~~0.0 

286.9937 296.U376 
-17.7988 -57.2276 

-21011U2.2 10241289;iOo 201)713~;900 
cOl811.8 15132374.6 107635.829 

10296281.3 11225231.7 3061437.600 
-12316.765 -20968.848 3187.2910 

1220.416 14813.071 329.2756 
22506.789 -792.4804 7614.5317 

~.._ 
-8817537.500 
-64319.376 

-709106.010 
-22773.757 
-214.*72 

-3751 ,240 
31.7319 

.0000 

.0007 
41977354.0 680.2606 

290.8767 
-82.2839 

10697378.4000 .Ob06 94, 44 10 
-.on= .Ob97 94,2102 

-9989409.900 
-79200.001) 
-915677.700 
-~4093.617 

-321.1)bb 
;1593;bU51 ?biY;4907 -U524.?71 

31.5417 
.JOOO 
nnn7 

.OD00 -96,8098 

.OD00 1905.6153 
10.8946 .oooo 

.oooo .ocoo 
285.6044 298-9086 
-10.6509 -51.0415 

10022781.2 33181195.0 

.OOOO -50.6127 

.OOOO 1900.3829 
10.9122 .0000 

.nonn .oooo .---- 
11101937.9 ~3903354;0--- 

286.1012 298,3110 
-12.6060 -52.6749 STAR: ORBITAL WIDAN( 

610.7330 530290.0200 
24352.8930 25684.1390 

-3Y9548.6 -653551.0 
317690.8 U2395U.3 
6202331.8 7030200.9 
-7100.332 -d422.104 
1758.618 1327.724 
23228.344 2U227.678 
-26.556 .000 

1.471 ,000 
-8.009 2~352.892 

X/NAVIGATION 
6204404.8000 .0192 

.a072 
1603250.600 
61779.097 

2000993.500 
3187.68U8 
329.2167 

14*5;33;1 7613.4580 
.OOOO -61.2U41 
.0000 1891.2659 

10.941P .on00 

86.0165 
1 
2 
3 
Y 

53950‘4.6900 
25683.9010 

-275~129.8 
b61675.U 

rl40U607.9 
-13636.573 
1173.415 

2173.). 150 
.OOO 
.on0 

24352 .U93 

5 
0 
7 
0 
9 
10 
11 
12 
13 
I* 
15 

I 
2 
3 
4 
5 
6 
7 
8 
9 
I L  
11 
1L 
13 
1U 
15 

-2026;829 
31.5913 

.oooo -231975 
~. - 
17.0022 .0000 ,0000 .oooo 

1229.91.7 0023803.5 14366320.2 35770629.0 
103.6b80 286.4504 286.9904 296.4U83 

ZY .a530 -U.3631 -17.7723 -57.2038 

.-_-. 
681.3158 

294.6899 
41815691.0 

- .~ 
-80.7519 

630.0000 
24355.5390 

-5U 1231 3 
351844.7 
6708348.7 
-7606.350 
1766.570 

23068.2U4 
-Zb.l08 

1.433 
-8.609 
18.2550 

91.9790 
16.9717 

lt4939.3 

53oU63.6400 
25666.8530 

-621 183.6 
u49415.3 
7xll180.0 
-8978.140 
1315.124 

2U030.770 

6661788.2000 .a233 
-136 .Ol34 

126U3935.900 166Y66~.600 
13205704.U 68122.552 
11204538.8 2147690.500 
-19005,763 3187.3879 
17242.481 329.2618 
1136.8126 761U.2791 

.oooo -59.7770 
,0000 1892.U433 

10.9399 .oooo 
. O O G O  .oooo 

-17.0755 -56.5792 

13930319.0 35525262.0 
286.8985 296.7268 

86.8705 
87,0328 

-628279U.900 
-37328.630 
-355232.890 
-19435.450 
-179.719 
-2226. 430 

31.6693 
.no00 

850.0000 
Y4350.6340 

-2626223.4 
775090.3 

11a20690.0 
-13057.402 
2040.158 
20452.271 

-23.168 
,651 

-14.924 

5U0905.4000 
25681.8950 

-3U63944.9 

12470307.6 
1190a3.b 

-1u907.515 
I122 e 226 

20802.203 
.000 
.OOO 

2.350.633 

11884020.7000 .0712 96.6314 
-.a02 ,0857 96,2060 

~0764u5.000 2365862.500 -ll22607V.200 
16502362.6 IY0563.190 -96535.764 

-22276.510 5187.3241 -25364.615 
12554.272 329.2717 -372.649 
-2388.9572 76IY.9672 -5175.615 

1106598U.7 3822887.300 -11628ro.900 

.oooo -43.0188 31.2268 
,0000 1911.8591 .a000 

10.8737 .oooo .OOOb 
.OD00 . O n * ”  682.5739 

289.9550 299.U775 291.6338 
-8.6074 -49.4046 -79.1890 

8057400.6 37932634.0 41621089.0 
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Appendix 3 
Observed T r a j e c t o r y  (AA83) 

TABLE AF' 3-4 (Shee t  2 of 5) 
OBSERVED TRAJECTORY, ORBITAL PHASE 

1 

3 -3507693.6 -4239990.6 6948891.600 2525227.400 -12524970 900 -8548052 
4 878097.6 773851.1 17100298.0 157026.670 -116531:157 i 1503613:7 -989019410 -32691.825 34107510000 -21244477~000 1931869.3 19326868.0 153669.560 -297229.740 5 12524108.6 13Y91591.4 10926809.8 4203609.700 -1454475 100 6 -14194.Ob9 -lb125.031 -22812,153 3187,3635 -265823195 : 17501504.0 18U11090.0 9347966.5 64385131400 -4241849,700 
7 207~,8,l 1 0 ~ 7 . ~ ~ 8  11356,075 329.2698 -4~7.8~1 -19832.215 -21978.945 -24272.662 3187.4593 -32436.489 

673.224 3663.127 329,2591 -821.611 

SLA P M L  DEPLOV)+NT 
llY3.512U 55c508.3500 20029704.0000 ,1420 110.0421 
24330.6030 25659.1350 ,002 . i m  100.9631 

,0818 98.7816: 9il0.0~00 542531.3600 13070471.6000 
2 24348.51120 25679.5410 -.002 .lo14 

a 1967?..757 19957.045 -3175.5481 7 6 1 4 . ~ 5  -b300.6~ : 2130.820 

.0000. -15.7@ 
9 3c.7892: 13932.735 13223.616 -7470.6522 7614,2976 -13033.645 ,000 .OD00 -18.2795 25.9592 

,000 ,0000 1981.0007 .oooo 
10.6uR5 .oooo .OD05 

bb, 6214 90.4408 234.0483 302.9299 281.7277 

-22.286 .ooo .OD00 -39.2650 
10 . 694 .ooo .OOOO 1919,0965 

.oooo .oooo 684::;:g -22.537 24330.602 I1 -16.208 24348.501 10.8495 

13 7982229.5 1289U39.9 7687523.4 31658300.0 41393719.0 
14 87.3084 28.1549 
15 -6.9907 23.2855 -6.4369 -47.7640 -77.6064; -18,31y9 

- s379 
54.8808 . 0000 .oouu .DO00 696.4326 12 35.8169 -.oooo .OD00 

28y .083~  3 0 ~ . ~ 2 2 ~  ~~9.291s 14762179.9 7505754.7 1235109.1 26629043.0 39410387.0 

-5.9748 25.2729 -38.0591 -68.1465 

1 
2 
3 

950.0000 
24346.1000 

-4244814.5 
982839.2 

13487017.2 
-15284.835 
2109.459 
18832.327 
-21.333 

.529 
-17, 439 
39.0669 

87.0565 
-9.1127 

9156942.1 

S44379.4700 
2567b.8460 

-5075485.3 
823722.6 

14464831.4 
-17284.766 
1008.013 
18961.045 

.ouo 

.ooo 
24341.098 

-.oooo 

63.6765 
13.0035 

2olado8.P 

14256198.8000 .0922 
,1166 

2684593.400 ' 
173490.110 

4S84330.500 
3187.3620 
329.2679 

-3950i5836 7614 . Y O 9 3  
.a000 
.oooo 

10.0223 
.oooo 

282.8679 
-U.O693 

6515441.4 

556901 I 6900 
99658.5660 

*I.**..*., 
1036225.3 
18Y96334.0 
-2zoao.111 

$63.385 
13053.378 

.ooo 

.oao 
24330.103 

-.oooo 
90.6307 
-6.2651 

1656815.3 

-.002 
5796586.200 
17637301 .O 
lOT48602.6 
-23266.385 

101 17.740 

-.002 
5796586.200 
17637301 .O 
lOT48602.6 
-23266.385 

101 17.740 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
lU 
15 

'537.664 
3484.632 329.2593 -831.449 
-755b.9703 7614.2955 -13203,876 

25.8135 .OOOO -17.8404 
.OOoo 1982.7339 .00001 

10.6430 .oooo .a005 
.oooo ,0000 696.7714 

226.7170 302.9917 281.6189 
27.0713 -37.0430 -67.9357 

1167990.3 26509198.0 39354283.0 

-35isszj 
1927.3167 

.oooo 

.oooo 

300.5465 
-46.1200 

30858841.0 

1 
2 
3 

5 
6 
7 
8 
9 
10 
11 

4 

1000.0000 
2*143.4300 

-5035353.9 
1088902.3 
14406339.2 
-16326.229 
2131.617 
17930.764 

-20.312 
.356 

-18.612 

54b448.7200 
25673.8190 

-5967'434.9 
874572.2 

15386575.2 
-18382.575 

945.188 

15U4267215000 .lo26 102.9151: 

18111477.0 189953.420 -165276 700 :-9692735*7 
10531990.5 4965049.900 -2185251:800 : 1623254.0 
-23637.622 3187.3806 -28839.861 .18252145.0 

-.002 ,1313 102.23Yq ~ ~ 5 0 ~ ~ 0 0 ~  
4623638.000 2843959.100 -15298122.900 24'i!6.1200 

8843.710 329.2b61 -549.468 : '20w2.272 
-4711.2741 7614.3803 -8359 714 2102.977 

,0000 -31.8809 29:559< 12632.548 

10 7921 .oooo ,0006: -.(I08 
.OD00 687,5293: -25.*81 

.OOGO 19Sb.5060 .OOOO. -14.307 

50.5419 

a.6124 -74*4063: -20.3178 

.oooo 
53~46z~.i 3003e935.0 ~oa~iw6.0 

281. 0028 3Olf0545 205. n917j1602-6.8 
-1.3791 -41.4723 

56JO51 1500 
25654. 0200 

.I*** b.... 

21367632.0000 
.OOP 

-1YJ2691.200 
19489791.0 
8905014.0 
-24214, n76 
2103.227 
-8206,3998 

.oooo 

.oooo 
10.6086 

.oooo 
161-9761 
23.3847 

132 3597 2 

,1534 
,1955 

3bYOPOl.200 
272268.720 -346083.320 
6868628.600 -5020398.100 

3187.4827 -33272.357 
329.2571 -908.516 
76i~,z778 -im*o.1w 
-14.1959 24.bU19 
im3.0573 .oooo, 

.oooo .ooos 

.0000 698.9345 

303.4688 280.0538 
-3b.17W 4.3101 

313-3667 

25574035r0 38901Sb5.0 

111 Ab23 
110. 6768 

-23100827.000 

imi.iis 
.ooo 
,000  

24343.429 
-.OD00 

76.831 7 
6.2012 

305??Y8. 8 

548736~9700 16628361,0000 
25670.4670 ,002 

-6912645.3 3434228.400 
920205.0 18521158.0 

16253557.7 10277759.7 
-19414.550 -23924.579 

879.375 7538,674 
16771.251 -5454.8877 

.ooo 
*on0 

243Y0.492 
-.0000 

4180304. 1 
83.0374 
1.9011 

.ooo 
,000 

2P326.120 12 
13 
14 
15 

~ . -  
42.3161 

86.8842 
-11.1204 

10325007.6 

~ . -  
42.3161 

86.8842 
-11.1204 

10325007.6 -.0000 

91.8960 
-8.4100 

563411.8100 
256V9.2050 

8819613.7 

*...***t.* 
1094815.2 
19667287r0 
-23467.904 

507.001 
lU338.384 

,000 
.ooo 

ZY32lr877 
-.oooo 
92.8906 
-10,4319 

997d528.8 

1 
2 
3 
4 
5 

lO5O.OUOO 
24340.4930 

-5d76608.6 
1195853.3 
lX79143.3 
-17314.906 
2144.913 
16972.123 
-19.225 

-175 
-19.723 
~5.5642 

86.7677 
-13.0490 

11485231.7 

-1129 
.l455 

3003325.800 * 
206416.670 
5345768.000 

3187,4000 
329.2-3 

7614.3575 
,0000 -28.2814 
,0000 1946.6568 

10.7589 .oooo 
.oooo .oooo 

278.2466 301.W98 
1.8960 -42.8210 

4181336.8 29187282.0 

22551419.0000 
.002 

-2610225.200 
19560265.0 
8Y79069.5 
-24072.132 

715.026 
-0826. 2b@9 

.0000 

.DO00 
10,5754 

.oonn 

,1633 
,2061 

3800172.600 
288731,180 
7219141.200 

3187.5012 
329.2562 -907.821 
7114.2618 -15918.760 
-11.2103 23.3883 
1002.6726 .noon, 

.oooo ,0005 
.OOOO 700.9930 

s03.w.00 zeo.nw5 
!46189e8.0 38424408.0 

-34,5011 -6e.6822 

6 
7 
a 
9 
10 
11 
12 
13 
14 
15 

2241181:5~--; 
136 ,6766 
11.5984 

1100.0000 551242.7500 17813733.0000 -1231 106.7605: 1350,OUOO 566981.9900 23734716.0000 ,1731 114.?61)3 
,2158 113.4075 2 29337.2920 25666.8010 .a02 a1590 105.060'J: 24317 3800 25144.1330 ,002 

3 -6765911.4 -7907731.2 2232600.600 3162193.100 -18284115.000 :******&* ***+****** -3808*81.400 3919545.100 -2bUy"'~70.@90 
4 13032UO.O 962457.2 1886Q906.0 2P2879.810 -226876.690 . 1829826 2 1118145.1 19561264.0 30'.19*.210 -*4*8%.010 
5 16102652.4 17062712.0 9986861.0 9726484.900 -3lW857.900 : 19395489:o 20148997.0 8022916.9 7630053.200 -6612860.500 
6 -18247.71@ -29377.023 -24126.286 3187.4204 -30834.139 . -21977.086 -24037.354 -23843.987 3187.52% '3419f.115 
7 2148.992 810.206 6207.257 329.2621 -684 639 2021,558 125.908 -674.98b 329.2540 -1068.012 
8 15959.530 15585.416 -6178.7C.40 7614.3348 -10671:%7 : i0210.581 8924.452 -9b16.3684 7611.2479 -173SZ.W6 

22.0591 

12 48.8113 -.oooo .oooo .OOOO 691.7868: b5.0269 -.0000 .oooo ,0000 703,1727 
13 12636520.6 5331193.7 3039922.1 20316605.0 40160894 0 18224061.0 11~3i453.2 33-1181.9 236@@905.0 37914222.0 

15 -14.9200 -1 -2909 6.3187 -41.1658 -71.1789: -23.8033 -12.3692 5.2782 -32.8219 -63.0525 

.0000 -8.0128 
.OOoO 2012.8573 .oooo 10 -.013 .a00 .OOOO 1957.7494 ,0000. -1.022 .ooo 

11 -20.769 24337.292 IO. 7230 ,0000 .0006* -21.906 24317.319 10.5407 .0000 ,0005 

14 86.6909 86.6164 273.1465 302.0355 283:u790: 86,6379 93,7214 127.7551 3oy.*a9i ~79.~183 

-16.071 ,000 .OJOO -21.7350 27.8865: -11.563 *OQO 

1 1150.0000 553964.7200 18991'158.0000 .I333 108.555d 1400.0000 575757.4000 24917503.0000 ,1827 116.0159 
,2217 114.6215 

3 '1700399.4 -8949132.1 1023031.010 3~~~061.300 -19848397.000 : *****.**** **.**a**** -4993213.000 4118917.500 -28229168.000 
4 1410591.6 1001177.0 191'41524.0 239342 850 -262098 000 3929539 1 1137300.2 19492020.0 321656.8:O -500401.460 
5 16874253.0 1781 1 184. 0 9660256.7 6107200 : 700 -3699252 :SO0 i 198711638: 0 2055y2~7.0 7538196.7 8010763. 900 -7515.97. 100 
6 -19121.686 -21266.589 -24242.081 3187.@411 -31724.073. -22519.682 -2452:,135 -23531.347 3187.5662 '34978.913 
7 2143.539 7388.124 4856.283 129.2609 -756.715 1965.208 343,262 -2061.837 329.2536 -1151.554 
8 148%.363 ll(344.625 -6880.2846 7611.3140 -11912.690. 8950,189 7479.654 -996E.6144 761*.2359 -18777.104 

2 24333,8290 25bb2.8300 ,002 .I719 107.5620: 24312.6300 25638.8190 .002 

-16.872 ,000 ,0000 -21.2539 26.0971. -10,135 ,000 .OOOO -4.8713 20.6604 

12 52.0571 -.oooo ,0000 .OOOO 694,1926 68,2655 -,oooo .0000 .oOOO 705.4708 
13 13777841.0 6~92603.2 1365386,O 2742365*.0 39773179.0 : 19301224.0 12276905,2 4489555.6 22652612.0 173741)39,0 
14 81.6438 88.9600 261.8016 302.5151 282.*961 86.6655 94.6157 123.4458 304.PIO1 278.7853 

1.2284 -31+1)61 -61,4210 15 -16.7C98 -3.9320 13.8037 -39,5066 -69.550% -25.5242 -14,ZYSP 

10 -.PO6 .ooo ,0000 1969.7771 .oooe -1.232 ,000 ,0000 2023.59I1 ,0000 
11 -21.746 24333.829 L0.60*1 .oooo .OOO@ -25.496 2~312,620 10.5043 .oooo .0005 

i 

. 



Appendix 3 
Observed Trajectory (AA83) 

TABLE XP 3-4 ( S h e e t  3 of 5) 
OBSERVED TRAJECTORY, ORBITAL PHASE 

2609q7*1.0000 .1922 
.a02 ,2327 

-b1602?8.300 42782F3.130 
19355215.0 338119.370 
7026650.1 8391473.900 

-23135.427 3187.5668 
-3U40.576 32'3.2523 

-10467.1126 7614.2257 
.OOO@ -1.7932 
.OOOO 2034.8805 

10. 4664 .oooo 
.uooo .0003 

120.9410 305.4586 
-1.8*54 -29.4430 

5653800. 1 216U3165.0 

G U C ! J ~ ~ . Y Y O U  
255Y0.1950 

I.,*..**.. 
1133337.1 

i lJu.5722.0 
-25412+164 

-253.800 
-3033.32z 

.000 

.GOO 
L427L.768 

-.Ooolj 

97.528c 
1%d7d33.0 

-20.551 I 

33179 li*. U O O O  .242u 
. U 0 1  ,2603 

-125b5a63.300 523453b.900 , 

1712373b.O 436843,360 
3502493. Y 1067572 3.700 

-19113.748 3107.6744 
-11272.327 32Y.2465 
-1275*.Y227 7614.1932 

122,2341 
1 2 O . x i C I .  

'40756452.000 
-1007622.R5F 

1 l@bo.UJgU 57U?35.*70U 
2 ~ * 3 0 ? . 6 5 1 ~  25033,2790 
3 ...***.-... ...*.*..I. 
4 2016171 Y 1152450.2 
5 20291105 dOd96535,o 
0 -2299L.121 -24'317.611 
7 18Y8.354 25Y.354 
a 7 t rb2 .3~3  b 0 ~ 9 . i ~  
9 -8.677 .000 
10 -1.442 .m 
11 -2b.OU3 A3G7.bAO 

..**.... ;... 
-35870.413 

-1748,597 
-.?9310.241 

.OOOO 15.5704 9,4244 
0000 2112.7192 .oooo . . 

10.2114 .oooo 
.oooo .oooo 

115.7500 309.3336 
12616074.7 15279701.9 

.no02 
724.5177 

32808744.0 

.. ~. .__ 
12 71;5025 -.0500 
1320362851.0 L3913565.9 
14 8 6 . 7 0 0 ~  95.0152 
It. -27.2339 -16.0775 

275.0463 
-49.9589 -11..6739 -19.0451 

2 7 2 e i 3 ~ 0 . 0 ~ 0 0  .2315 
. O O i  .2397 

-7305393.700 4437661.200 
19148979.0 354551.850 

6490112.3 8772183~100  
-22657.738 3187.5866 

-4806.280 329,2511 
-10967,9881 7614.2173 

.no00 1.2251 

.DO00 2046.6858 
10.4264 .oooa 

007730.2500 
25569.5080 

*I*...,..* 

11.5U534.5 
~1153494 .0  

-23178.909 
-338.134 

-4553.376 
I.,,. .OLIO 

*OoOO: -27 .1~6  24206.239 
17,6703; -2.640 ,000 

soOo4* Y4.11ob -.oooo 
36207942.0 17.0735 9 7 . 0 ~ 5 1  

7 1  0. 6oeo:2?L89U36. 0 21~33625 .0  

277.6184: -'18.9~5~ -28.2473 

34357270.0000 .2*91 
.2615 

5393915.500 . 
453355.430 

,1056430.300 
3187.6889 -35637.207 
329.2456 -1832,924 

7614,1898 -30810.283 
18.3250 

2127.1115 

122.7071 120.8237 

-42544496. oon 
-10971b4.200 **..*....**. 

1 15UU.OUOO 518910.7000 
2+302.3870 25617,5270 

4 2113199.5 1103239.5 
5 20640478.0 2115~797.0 
6 -23386.993 '25225.466 
7 1021.0U3 174.483 
8 6351.264 q518.356 
9 -7.IYU .ooo 
10 -1.652 .000 
11 -26.425 243d2.386 
12 74.7378 -.0000 
1321406083.0 1Y54u253.9 
14 66.7419 95.5425 
15 -28.9339 -17,8749 

.OG1 
-13498703~400 

lb530223.2 
2858922.9 1 

-18195.014 
-12U61.080 
-12980.2927 

.GOO0 

.oooo 
10.1655 

.OD00 

115.4004 
-16.5041 

13751435.6 I 

7.6794 
.oooo 
,0003 

727.5918 

214.5629 
-48.3152 

32C50661.0 

.oooo 

.DOC0 

31 0.2182 
-1 7,2476 

14178714.2 
. ~- . ~. 
.no00 .0000 

119.3126 305.9995 
-*.e268 -27.7415 

6823073.2 20617358.0 

35533962.0000 ,2551 123.0801 
.no1 .2617 121.1703 

.l4384106.800 5553294.200 -44318656.000 
15878375.2 469817.470 -1190894.800 

2205233.1 11437137.000 *****e****.* 
-17210.,98 3187.7035 -35315.289 

-13159.5640 7614,1882 -32293.101 
-136n~.982 329.2449 -1916.113 

.OOOO 21.0540 5.9149 

28462'435.0000 .2lOV 
. 0 0 1  .24W 

61307012600 
25502.8230 ..**..**** 

11 19542 * 5 
20886672.0 

-24856.924 
-421.325 

,000 
.ouo 

22259.543 
-.0000 

98.1941 
-29.9352 

-0036. 198 

2206.~708.0 

618528.0800 
L5576rOC10 

.*.*.**.I* 

1096425.7 
20550249.0 

-24447.542 
-50.5.087 

-7496.567 
.ooo 
.nno 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE Ap 3-4 (Sheet 4 of 5 )  
OBSERVED TRAJECTORY, ORBITAL PHASE 
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4 1760879.4 1003181.8 
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10 -3.653 ,000 ,0000 2190.5319 .oooo: -4.185 ,000 
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.uOoo 2247.7379 
9.416 

134.2249 317.5420 272,1622: 07.7772 100.5767 l l3 .29Cl  
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-4752.217 3187.7811 -17642.381 

-21802.546 329.2404 -262Y.824 
-12375.3586 7h14.2050 -45085.784 
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-22234.568 -21971.631 

144.023 -310.225 -10519;14i 
-9613.31s -13012.787 -13350.5119 

10.6ca .ooo .oooo 
-3.759 .ooo .0000 
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-120i6.621 -15509.086 
13.530 .ooo 
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.ooo 
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.ooo 
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24174.371 
-.oooo 
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.ooo 
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-.oooo 
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-12267.282 
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.ooo 
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.0001 .OOOO 758.040' 
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Y9586703.0000 .2518 119.9S3 
. D O 1  ,1346 118.227 
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.OOOO 2265.*765 .ooo 
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-1 08 15 2397 761 Q 2188 -Y8566,18\ 
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9.6349 .DO00 
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7943966.800 * 
716713.740 

~71Y7709.000 
3187 ,7979 
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Appendix 3 
Observed T r a j e c t o r y  (Ap.83) 

TABLE AP 3-4 (Shee t  5 of 5) 
OBSERVED TRAJECTORY, OKBIT4L PHASE 

70u*2D1210U 5 ~ 1  Tot.( O c O  ,2118 115 70P1 ' Jl ' r l~ .OboU 
ZS*d3.?3YO *. i . 1 ~ 5  l14:2b70 : ~*11~.5:70 ....................... eio33u~.ioo ........................ ..................................................... 33 ,052.3 -6092b.5 733205.3b0 -3167188.500 : 1 a 5 0 9 U l * '  

-953Y 6 312 37b3.789 3137,7989 -.99-?.971 : -3lU9.0~2 
-IJd*.?Ob -23219.038 329.2396 -2879.u76 . -3973.8~9~ 
-221590.377 -0033.9226 7614.2Lh3 -99847.909 - -235b5.312 

.a00 ,0000 65.'36t -21.08983 db.bt,Q 

-.uuou ,0001 . o U O ( r  1536.214r ' i70*7*bu 

1dl.nloJ 1i2,3467 ,99.9100 2b4 7402 67.6+67 
-S0.3>51 -45.3215 -2.626' -1Y:721)5: -7U.JU5, 

.ouo ,0000 4593.8285 .oooo.  - 3 . 3 0 U  
2r1r9.*12 '4.7915 . o u o o  . 0 0 P 3 .  - 3 .  I L O  

350iili7.0 30605765.0 h485997.7 159987q1.7 :91bbOU07.0 

701747.~20~ 
2547'9.J200 .......... 
LbYi34.2 
6855573.7 
-alZU.213 
-11111.219 
-2YlUb~ll9 

.no0 

.ouo 
2I1*3,V14 

- .v000 

102.0119 
-5l.YU71 

J628b305.0 

5!A02891.GOuo 
s o 0 1  

-lY962587.000 
-123008O.b 
-b210Y96.9 1 

5165.213 
-23173.696 
-92Yb,bllA 

$0000 
.oooo 

9.55Y3 
.OOC* 

112.lbY: 
-UO.9644 

31U569W.O 

.I987 
,1370 

8262723.100 , 
7U96bb.BUO 

7909118.000 
JIP?.800 'J  
329.2395 
7b;U. 2292 
68.8555 

2303.8559 
.oooo 
. O D 0 0  

1579753;l 
103.3548 
-9.997u 

72JBi'.7100 
254bO.4bYO .......... 

-1b7029.0 
'o51r232.7 

7 w  .k76 
-1*Ob.*Y3 
-23U -h. 57b 

m000 
,0110 

24llY. 527 
-.000u 

103.2655 
-07. 1 ~ 7 7  

39Y77b93.0 

GIN INLKTIAL A l l  
723619.u900 
25ubU.'. 20 .......... 

-167092.~ 
-b5132U . Y  

709.708 
-1Yob.UB8 
-259d0.536 

.OGO 
, U U O  

LYl1V. 55u 
.coo0 

1U3.2055 
-07.7591 

39*7(r(r?J.O 

b2312660. UOO0 .097* I O U . 5 0 1 4  
. D O L  .0550 103.7225 

-1720760M.00~ 0218985.900 -727795c1.000 
-79b1703.b 84843U.3dO -9196~23.~00 
-10916b30.5 2O193312.000 ****I**..*.. 

lJ005.YQb J187. TY52 -9690.1 7U 
-21255.717 329.2395 -2961.202 
-5305.1737 7b14.2rb7 -51663.669 

.OUuo 88,9052 -28.9413 

.OOUO 2333.6U12 . OOOG 
9.45b9 . o o o o  ,0001 

.no01 .onno 777  ,747 

35818670:0 --14256877;9--- 83207b5:8 
llU.7967 112.7200 254.1621 
-5b.7719 -16.8190 -6.3305 

ITUDE HOLD 
62313628.0000 .0972 

.001 .OS50 
-1720704M.000 9219122.800 
-7962blb.G dU8448.520 
-1~4lba58.5 20193639.000 

13C07.024 3:&7.7951 
-21234.7Y1 329 2; 5 
-'30.*.5996 761*.2*b' 

.OOOO . U O Q O  2333.6UVO &8.9083 
9.2569 .boo0 
,0001 . o o o o  

110.7Q05 .7207 
-5b.7728 -16.8156 

35819419.U 14257829.9 

I O U .  UP08 
103.7209 

-72778917.000 
-4196550.70C ............ 

-9688.878 
-2961.257 

-51bbJ.h:0 
-28.9220 

.@Do0 

.OCOI 
8319C2U.b 777.3803 

2%. 1624 
-b.32R? 

.O776 102,5547 
*"" 112*97803 24117,179~ 2545d.7u80 .001 .OUOb 101.8834 

~ 0 5 0 . 0 i l o o  7~~b00.250~ 63u2~7?8.0000 1 27SU.OUUU 70dld3.4LCG 5b562689.0001) 
2 2*12U.*79U 25475.~~'80 . O D 1  ,1220 

.......... ................................... 

................................. 8Y22100,800 - b 9 9 1 9 ~ ~ ~ : ~ ~ ~ :  ......................................................... 
u 2UU52IU.1 19b0ll.2 -23659U9.e 766128.440 -3957703.700 : 10'2551*5 .......... -L4U1b**7 -'009021'9 ........................ 8bu895'y20 -939u2qc*500 

'JOJo'~7CI.2 20b*6*5.7 -10663587.2 65Y5.b89 Jlb7.8G00 -17140 216 . -295U.355 2209.907 19178.5~9 3187.7933 -8188.677 
-1U58.092 -7ObU5.395 329.2395 -2952.R67 6 -10215.od4 -&dl.5>5 

7 -2537.316 -193Z.aJb -23097.699 329.2399 -29271656 : -3b38m59* 
8 -217~d.857 -2s5+i.m16 -0656.9148 7619.2322 -50798.663 -2371U.Yk9 -25315.3Y3 -*570.254'4 761U.ZY85 -51572.993 
9 L6.791 . O L O  ,0000 92.'*bll -29.6912 

0002' 173.7~91 -.oooo .0001 .00n5 778.1052 

O7.3Y01 103.*93* llU.Y227 il3.4851 251.0692 
-58.3003 -18.6OU3 -Y.0550 

-3.202 .OuO .oOoo 233b.yb72 .oooo 
-2.239 2q117.378 9.UY72 .oooo .0001 

LU.473 .ooo .0000 72.0367 -23.7922: 
lii -2.038 .a00 .oooo 2310.2102 . n o o o .  
1 1  -10.9d7 2~13d.778 9.637" .0000 
IS 13 900955B3.0 15Y.972J 4bddb969.0 -.oooo ~Z2(130b2.0 .0001 8688696:~ooo 13827~~~~:343 i UlYG7789.0 3990U592.0 364U327Q.0 153W481.5 7232264.6 

I* bb.OU9U 102.2141 111.9694 105.9219 262.7UU7 : 
15 -70.17UO -59.6179 -4U 6097 -7.!d?t -16.1955. - '9*9Lqf -nY*3835 

.Oh71 1 0 0 . 5 U 0 3  L 2aco.0~00 71~535.79OS 377208UO. u~ .I689 '11.9671. 3099.9999 7~7C77.7000 64U3n~;3.0030 
2 24ldY.OJUU 25'4'1.U9UO . :01 .I108 110.2990' 2 * l l f . . 3 3 * 0  d5157.bb90 .001 .02bl 99.9188 ..................... -1930R3a9.00~ 8581977.100 -7e?90:ri.uOJ :*...I..*.. .......... -15790580.200 ........... -73597925.000 
9 1b73335.8 125927.6 -35335!',.~ 7d7589.600 -3604523.200 * 886 9.d -3127vb.7 -10025CY5.7 881356.630 -4991620.500 . 7u3630P.7 U , 3 2 8 ~ 9 . 0  -90761MY.M ~Ab70519.000 ............ : db6766;o -3IRE336.b -10873393;o 20959711.000 ***..******* 

-b977.1;1( -5216,330 7V03.091 3187.7997 -15679.191 , -1111.829 37a3.190 15301.558 3187.7V09 -6695.592 
7 -273beU58 -1449.b32 -22891.559 329.2394 -2994.402 9 -37Y3.8L7 -1UY*.b70 -19963.69U 329.2395 -2939.439 
8 -2223U.UaU -2ubu9.4a6 -8037.4987 7619,2353 -51191.527 9 - 2 3 7 b V . 0 7 6  -2-,1%,.2~6 -3819.565'1 7614.2509 -51393.904 . ~~ .~ ~. .. -___.._ _. 
9 25.057 ,000 ioooo is.2822 -2ui9572: 26.dS5 .OOO .GO00 96.0b86 ~-3Oi3325 

.O"O .coo0 2338.6733 .JI 

..-." ii 40r78017;u 37rbqud4.0 33OU3639i6 - -  9eOU752.4--- 12730350;0-- 9 U20' 
1. ~~1.0338 102.4175 111.7612 107.9093 261.5486: 
15 - 7 1 . 8 ~ 1 7  -01.2r76 -50.2425 -9.2521 -1U.3055. -al.5531 -;I.O;87 -b0;0231 -20.3706 

3150.i1000 72ti"hl.7800 6u8320U2.0000 .03b2 98.4672 I 2850.0000 715d90.b000 5887~~771.0000 *15" 1os*n601: ZYll9.0*30 2 %  10.b3UO .001 .Oil5 98.0177 
2 LU129.71bU 25*bU.1360 .OOl .a972 

Y 1731br1.9 5S13U.9 -ub68783.b ,99050.750 -3752055 bY3335.9 -38Y54n.7 -1100b25'6.9 897817.790 -'lb38150.300 

6 -7711.3,b -3135 596 9232,175 3187.7983 -1yl92.252 : - , ~ ~ ~ : ~ ~ ~  -::;::::$ -~~::::~~~ 3187*7887 32'3.2396 -5215*283 -2971.037 
7 -29J1.150 -le01 J O  -22556.UbU 329.2395 -2956 169 
8 -22675.b98 ..2515G.;58 -7390.3251 761u12)8u -51y07:6p5 -L37b9.038 -2ubo91930 -3055.68U0 7619.2536 -51127.096 
9 

............................................. - 7 0 9 8 6 ~ ~ ~ : ~ ~ ~ :  ......................................................... ......................................... ...,....:,,. : ...................................................... 
.OPJO 78.5926 -26 5902- -2.7*1 .000 

. o o o  . roo0  2321.3322 .oooaf .7'* I 24ll0.0*2 Y.UJU5 

?*?:? ,000 .oOon -260.2787 -30.8619 

.OO"i .0001 
'OOol* 177.658Y -.a000 .0001 .OOOO 779.0995 

lU9.6792 11U.7231 241.2059 

. d o 0 0  iJLn.1665 .om0 L5.563 .ooo 
10 -3.828 
I1 -U.lbl 241.29.717 9.9992 . ? S 5 "  
12 lOl.3LIU -.00OC .UOOl 

15 -73.6287 -02,8769 -~.87ao -11.2266 

''On 774*2502: 42250P.r12.0 YOob49~b.O 37605401.0 17519673.0 5139952.9 1 3  U082860U.0 38013J13.0 33778P56.(! 10022750.2 llb28543.U Llb,,CuI lI13.Y869 
I* b7.YY51 102.0232 111.5369 109.4797 f;;:;:;;; -63.175: -72,6,34 -61.6YS8 -22.1175 1.2302 

I - IVBiLH SIPARATION 
I 19kc.QqYY 7ii5h4.4~00 bit7bC83.0000 .1156 106.3772* 52,: 2b2U 728710.6500 63335015.0000 -.0001 99.8280 

. . . . . . . . . . .  -~ 
1511j:&,? -7,b.0+9 11787;681 3187i7964 -11194.699 2523.%2 7721.635 I8061.863 3187.78UO -2736.979 

7 - 3 J u i i . 3 i 9  - 1 ~ ~ 9 . ~ 9 7  -21751.4+50 320.2399 -2964.6lf : -UlbO.Oo? -13U3.579 -1785*.83b 3213,2397 -2878.350 
8 -~J3*2,0~9 -2>409.~c+l -6021.7949 761Y.2436 -51666.c59 . -23b17.133 -2r217.UO2 -173O.YU6d 7614.2571 -50979.531 
9 .OOOO 85.4062 -28.0817' L b . 7 0 5  .UUO ,0000 253.9693 -31.u9u9 

.OooO: -2.39U .eon .OOOO 2391.1899 . o o n a  2b.339 . 000 
9.UbB9 .0000 .0001* 2.24~2 2Ull3.133 9.u311 . o r00  . n o 0 1  

I U  -3 .5 *8  .OOO 
11 -5.2L.3 24lZ,.Y,3 

.oooo 2330.1538 

-.00OC .OOOl .OOOO 779;30Ut -_. . O O O O  77b.Uo.L. 173 S ~ l 3  I< 107.b300 - .ob00 .OOOl 
13 *1*33Lb3.0 39019dq7.0 35166198.0 13151181.2 9u2>127.3 :*2*385Y1:0 9121179*.0 385025a9.0 19327693.0 3575635.8 

87.8159 103.U*50 -8:9573: -05.9351 -75.u02u +*.*Ob8 -25.0b07 
1% 
13 -76,OeGO -ub.131* -55.1923 -19 rr3.I 

111.0299 111.821J 256  5860' *3.9391 10*.U715 100.M9b5 115.5538 2t6.1371 
6,9897 

AP 3-23 



APPENDIX4 

FLIGHT SIWLATED OATA (AC77) 



Appencii:; .i 
F l i g h t  S i T u l a t e d  Data  ( A 2 7 : j  

1. FLIGHT SI?!L'LATED DATA (AC7; )  

P r e s e n t e d  i n  t h i s  appendix  is a d e t a i l e d  f ive-degrees-af - f rezdom tr2- 

j e c t o r y  s i rn i i la t ion  c o n s t r a i n e d  t o  t h e  cbse rved  c r a j e c t L r y  and employing 

a d j u s t e d  eng ine  a n a l y s i .  ?repulsion h i s t o r i e s .  Adjus tments  were 

derrernined by a d i f r e r e n t i a l  c o r r e c t i o n  t echn ique  which c o r r s l a t e d  

p e r t u r b a t i c n s  i n  t h r u s t ,  we igh t  f low, and p i t c h  and yaw t h r u s t  v e c t o r  

misal ignment  :cith t h e  r e s u l t i n g  differences i n  s l a n t  r ange  a l t i t u d e ,  

ea r th - f  ixed  v e l c c i t y ,  and e a r t h - f i x e d  v e l o c i t y  azimuth a a g i e  between ttie 

observed  and s i rnula ted  t r a j e c t o r i e s .  X complete  d i s c u s S i O i 1  of t h e  tra- 

j e c t c r y  s i m u l a t i o n  may b e  found i n  s e c t i o n  7.3, Powered F l i g h t  S imula t ed  

T r a j e c t o r y  E v a l s z t i o n .  

F i g u r e s  XP 4-1 and A? i - 2  i l l u s t r a t e  t i : =  majo:- c l j s r d i n a t e  syst?ins .  

T a b l e s  AP 4-1 and L-2 p r e s e n t  t h e  t r a j e c t o r y  pa rame te r  d e f i n i t i o n s  w h i l e  

t a b l e  AP 5-3 f u r n i s h e s  t h e  d e t a i l e d  r e c o n s t r u c t e d  t r a j e c L o r y  f ron  S-IVB 

i g n i t i o n  t o  g u i r a n c e  cornlanded c u t o f f .  The i g n i t i o n  and c c t o f i  w e i g h t s  

are based on t h e  composi te  b e s t  estiuidte i g n i t i o n  and cutoLf w e i g h t s  

as d i s c u s s e d  :P s e c t i o n  

h 

AP 4-1 



Appendix 4 
F l i g h t  Simulated Data (AC77) 

PRINTOUT 
SYMBOL 

A* 

A SB Xl4 

A SE Y?i 

A SB ZM 

CEOBD F Q X E  

D* 

ECCENTiZ 171 7.Y 

E* 

E it4 

F SB AX 

F SB AY 

F SB A2 

AVC F SB L 

F SR T 

TABLE hp 4-1 (Sheet 1 of 11) 
SYMBOL DEFINITION FDR S--IVB STAGE TRAJECTORY 
AND WAR PAPAMETERS COMPUTER PROGRAMAC77 

A* 

DEFZNTTION 

Azimuth a n g l e  measuted i n  t h e  plane 

t a n g e n t  t o  t h e  e a r t h ' s  sui-frtce n t  r a d a r  

s t a t i o n ;  p o s i t i v e  clocki . isc  fro3 ncrth 

t o  the p e r p e n d i c u l a r  p r o j e c t i o n  of the 

v e c t o r  d r o n  between t h e  v e h i c l e  ant! tlic 

r a d a r  i n  the t angent  p l a n e  (deg) 

Vehic le  accelerations i n  the ve5icle 

c o o r d i n a t e  svstem ( f t / s e c  ) 2 
aym@ 

C 

Df 

e 

E* 

Aerodynamic .*hard force ( l b f )  

S l a n t  range disc-nce between t h e  ve>.icle 

and r a d a r  s t a t i o n  ( f t )  

Eccentrjcl t y  of a ?on; c sec -.Lou 

(dlmcns i. on le s 8 ) 

E l e v a t i o n  angle mcarurcd positively up 

from a plane  tangcnL t o  t h e  eat.:ii's scr- 

face a t  the r a d a r  s i t z .  .Ingle hetween 

the p l a n e  and t h e  v e c t o r  2 r z m  between 

the dss i l e  a i d  radar  s t a t i n n  (ft) 

2 2  E/m T o t a l  energy ( f t  /scc ) 

FA @ FA @ FA Aerodynamic f o r c e s  fn t h e  vehicle 

c o o r d i n a t e  system ( l b )  X Y Z  

- 
Average l o n g i t u d i n a l  t h r u s t  ( I b f )  

Total e f f e c t i v e  m Z \ v v  tlrrii?,t ( lh f )  

FL 

FT 

AP 4-2 



Appendix 4 
F l i g h t  Simulated Data (AC77) 

T,ZBLE AP 4-1 (Sheet 2 o f  11) 

MD HADAK I'MAMETEKS COMPUTER YHOGHAM AC77 
SYMBOL DEI'LNITlON FOR S-IVU STiIGE TKA.IECT0KY 

PRINTOUT 
S Y r n O L  DEFINITiON 

F SB TX 
F SB TY 
F SB TZ 

FT * FT 9 FT P r o p u l s i v e  f o r c e s  in the vehic:le s y s t e ~ ;  

(1bf) 
X Y Z  

F SB X 

F SB Y 

F Sb Z 

Fx* Fr' Fz T o t a l  forces i n  rile w h i c l e  coordinate 

system (lbf) 

G (RHO) Component of g r a v i t y  due  t o  t h e  e t t r z c t i v e  

f o r c e  of thc e a r t h  n.easured a long  r 
2 positive down (ft/sec ) 

C 

G (PSI )  Component of g r a v i t y  due  t c  a t t r a c t i v :  

f o r c e  of the e a r t h  measured a long  the 

p e r p e n d i c u l a r  r p o s i t i v e  down 

( f t / s t c  ) 
C 2 

ALTITUDE h VehlcLc a l t i t u d e .  Distance between thc  

e p h e r o i d ' s  s u r f a c e  and v e h i c l e  measured 

along the n o m a 1  t o  thc! ~ a r t h ' s  srrfacc 

posftfvc up ( f t )  

I N CL I HAT ION I 

I 

I 
SP 

SP 
- 

Equa to r i a l  o r b i t a l  i n c l i n a t i o n  (deg) 

I SB SP S p e c i f i c  i m p u l s e  (sec) 

Average s p e c i f i c  impulse (sec) AVG I SB SP 

P r i n c i p a l  v e h i c l e  mo3onts of  i n e r t i a  
I X X '  I y y '  Izz 2 (slug-f t 1 

I SB XX 

I SB Yi 

I SB ZZ 

M Vehicle mech number I'UCH NO. 

AP 4-3 



Appendix 4 
Fl ight  Simulated Data (AC77) 

PRINTOUT 
SYMBOL 

M SB X 

M SB Y 
M SB 2 

M SB AX 

M SB AY 

M SB AZ 

NORMAL FORCE 

PERIOD 

P SB M 

PRESSURE 

Q 
Q SB M 

61 (AN 

R (PER) 

R SB C 

R SB L 

R SB M 

S (BAR*) 

TABLE AP 4-1 (Sheet 3 of 11) 
SYMBOL D E F I N I T I O N  FOR S-IVB STAGE TRAJECTORY 

AND RADAR PARAMETERS COMPUTER PROGRAMAC77 

COMMON 
SYMBOL D E F I N I T I O N  

I 

Mxs My, Mt Tota l  moments about the a x i s  of the  

vehic le  coordlnate  system ( f t - l b f )  

MA B MA B MA Aerodynamic moments i n  the vehic le  

coordinate  system ( f t - l b f )  X Y Z  

N 

P 

p. 

'a 

'PER 

r 
C 

'L 

Ek 

's* 

Aerodynamic normal force  ( l b f )  

Period of e l l i p t i c a l  o r b i t  (min) 

To ta l  veh ic l e  r o l l  rate; p o s i t i v e  r o l l  

clockwise looking forward along :he Xm 
a x i s  (deg/sec) 

Atmospheric pressure a t  the  vch lc l c  

( lb / f  t2) 

Vehicle dynamic pressure  ( l b f l f t  ) 2 

Tota l  veh ic l e  p i t c h  rate,  p o s i t i v e  nose 

up (deg/sec) 

Radius of apogee (nau t i ca l  mi les )  

Radius of per igee  (nau t i ca l  miles)  

Instantaneous d i s t ance  between the  

cen te r  of the  e a r t h  and t h e  veh ic l e  ( f t )  

Earth r ad ius  a t  t h e  launcher ( f t )  

Total veh ic l e  yaw rate; p o s i t i v e  yaw-nose 

l e f t  (dcg/sec) 

Product of t he  average earth r ad ius  and 

t h e  central  angle  t raversed  during g l i d e  

(nautical  miles)  
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Appendix 4 
F l i g h t  S imula ted  Data (AC77) 

TABLE AP 4-1 (Shee t  4 of 11) 

AND RADAR PARAMETERS COMPUTER PROGRAMAC77 
SYMBOL DEFlNITlUN FOR S-IVB STAGE TKAJECTURY 

PRINTOUT 
SYMBOL 

co!~c.fo:: 
SYNBOL DEFlSIT ZOS 

S SB F Downrange d i s t a n c e  a t  t e r m i n a l  a l t i t u d e  

(nau t i c r i l  rr,'les) 

Spherica l  earth ground range (ft) . 
Based o:i t h e  s p h c r i c a l  c a r t h  r ange  

a n ~ l c  and t h e  avcragr c a r t h  r i l d ius  

SA' 1' SAF Space  a t t c u u e t i o u  f a c t o r  masured f rom 

radar s t a t i o n  i 

TIME t C u r r e n t  s i m r r l a t j c n  t:i.-:e, measured from 

vehicle l i f t o f f  (sec! 

T SB F f t T i a c  since liiuncii a t  t h e  t e r r n i n a l  

altitude (sec) 

T (1) 

T ( 3 )  

DELTA-T (3) 

D-T (CO) 

Tl First stage time t o  go (sec)  

Second s t a ~ e  t f n w  t o  go ( c e c )  

C o r r e c t i o n  t o  T (sec)  

T3 

3 AT., 

%o Time-to-go u t c i l  eilyine cctcf f commcnd 

(sac) 

TEMP E MTU itE TR The t e c p c r a t u r s  s . - i c i f ! id  a t  zi certa:n 

a . ~ t i t u d e  (deg R) 

V 
6P 

Apoaee v e l o c i t y  of :he g l i d e  phase  o r b i t  

( f t / s e c )  

V SB E 
vl? 

Magnitude of t he  vehlclo's e z r t h  f i x e d  

v e l c c i t y  ( f t / s e c )  
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Appendix 4 
Flight Simulated Data (AC77) 

PRINTOUT 
SYMBOL 

V SB I 

V (PER) 

V SB RM 

V SB W 

WEIGHT 

WEIGHT FLOW 

AVG D-W 

s, P, 2 
D-S, 3-t', D - t  

DD-S, DD-Y, DD-2 

TABLE AP 4-1 (Sheet 5 of 11) 
SYMBOL DEFINITION FOR S-IVB STAGE TRAJECTORY 

AND RADAR PARAMETERS COMPUTER PROGRAMAC77 

X SB CC 

T SB CG 
2 SB CC 

COMMON 
SYMBOL 

V 
P e r  

W 

Q 

# 

DEFINLTION 

Magnitude of t h e  v e h i c l e ' s  

v e l o c i t y  ( f t  /see) 

i n e r t i a l  

Per igee  v e l o c i t y  of t h e  g l i d e  phase 

orb i t  ( f t / s e c )  

Magnitude of t h e  v e h i c l e ' s  v e l o c i t y  

re la t ive t o  t h e  e a r t h ' s  atmosphere 

(f t/sec) 

Wind v e l o c i t y  relative t o  che e a r t h  

(f t/sec) 

T o t a l  v e h i c l e  weight (lbm) 

Time rate of change of t o t a l  v e h i c l e  

weight (lbm/sec) 

Average time rate of change of t o t a l  

v e h i c l e  weight  ( l b d s e c )  

Components of v e h i c l e  p o s i t i o n ,  v e l o c i t y  

and a c c e l e r a t i o n s .  A s u b s c r i p t  on t h e s e  

q u a n t i t l e s  I n d i c a t e s  t h e  c o o r d i n a t e  

system in which these  q u a n t i t i e s  are 
measured. ! f t ,  f t j s e c ,  f t / s e c  , 
tt s p e c t  i ve  ly ) 

2 

 component.^ of vehic le  center of g r a v i t y ,  

wi th  XCG measured positive forward from 
t h e  v e h i c l e  re ference  p l a n e ,  

measured p o s i t i v e  r i g h t  from t h e  missile 
ccnterlile, and 2 measured p o s i t i v e  

CG 
down from t h e  v e h l c l e  c e n t e r l i n e  (in,) 

xcc* ycc' zcc 

YCc 
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Appendix 4 
F l i g h t  Simulated Data ( A C 7 7 )  

PRINTOUT 
SYMBOL 

X SB CP 

Y SB CP 

Z SB CP 

i~ n-x (V) 
D-Y (V) 

n-z (V) 

SYMBOL D E F I N I T I O N  FOR 
AND RADAR PARAMETERS 

TAi3LE AP 4-1  (Sheet 6 of 11) 
S-IVB STAGE TRAJECTORY 
COMPUTER PROGRLV AC77 

C O E l O N  
SYmOL 

x", YV, zv 

x", Y V ,  zv 

ALPIIA* (S-IVB) a' 

ALPHA (S-IB) a 

ALPHA (S-IVB) a 

ALPHA S3 F (S-IB) 5, 
P 

DEFINTTIO?; 

Components of v e h i c l e  cen ter  cf p r e s s u r e ,  

w i t h  Xcp rneaaurcd p o s i t l v c  f o m d t r d  from 

the ve':ic!e rcfercnci: p l a n e .  Ycl' 

measured y o e i t i v e  r i g h t  from t h e  n;!ssilc 

c e n t e r l i n e ,  and Zcp measured positive 

down f r o n  t h e  v e h i c l e  c e n t e r l i n e  ( t n . )  

Position coord i i l a t e s  i n  t h e  t e r m i n a l  

r a d i u s  coosdinii te s y s t m .  O r i g i n  is a t  

the e a r t h ' s  cec:er, Yv zlong t h e  d e s i r e 3  

terminal r a d l u s ,  X i n  t h e  orbit p l a n e  

i n  t h e  d i r e c t i o n  of  o r b l t t i l  n o t i o n ,  ZV 
forming a r i g h t  h a d e d  cogrdjnace 

system (m) 

V 

Veloc i ty  co0rdin;:tcs i n  terminal  reclius 

T o t a l  a n g l e  of a t t a c k .  Angle Setween 

the. center1ir.c of t he  v e h i c l e  end t h e  

v e h i c l e  air  velocity v e c r O r  (deg) 

P i t c h  angle of a t t a c k .  

t h e  p r o j e c t i o n  of t he  ve! i ic lc ' s  air 

v e l o c i t y  v e c t o r  on to  t h e  p i t c h  place 

arid t h e  c e n t e r l i n e  of t h e  vch!,clc 

Angle bet.n.ec;, 

(deg) 
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Appendix 4 
F l i g h t  Simulated Data (AC77) 

TABLE AP 4-1 (Shee t  7 of 11) 
SYMBOL DEFINITION FUR S-IVU STAGE THAJEC'1'OKY 

AND RADAR PARAMETERS COMPUTER PROGRAM ACI'7 

PRINTOUT COMNON 
SYMBOL 9 SYMBOL 

BETA (S-IVB) B 
ALPU SB Y (S-IB) u 

Y 

G A M A  (11) 

GAMMA (11) PR 

GAMMA (21) PR 

DEFINITION 

Yaw angle of a t tack .  Angle 

pro jec t ion  of the  vehic le ' s  

betgeen the 

a i r  ve loc i ty  

vec tor  onto the  yaw plane and the  center- 

l i ne  of the  vehicle  (deg) 

6 True  anomaly a t  start of g l ide  (deg) 

True anomely a t  terndnal a l t i t u d e  (dog) 

Elevation f l i g h t  path angle. Angle 

between the  e a r t h  f ixed vehic le  ve loc i ty  

and the  l o c a l  tangent plane pos i t i ve  

f o r  an ascending vehic le  (deg) 

Y 1  

y2 

ylI 

1 

y21 

Azimuthal f l i g h t  path angle. Angle 

between the  local north clockwise to  

the  pro jec t ion  of the  e a r t h  f ixed 

vehic le  -veloci ty  on the  l o c a l  tangent 

plane (deg) 

Iner t ia l  e leva t ion  f l ight ;  path angle. 

Same as y 

vehic le  ve loc i ty  (deg) 
except measured t o  h e r t i a l  2 

I n e r t i a l  e leva t ion  f l i g h t  p a t h  aaglc. 

Angle between the  i n e r t i a l  ve loc i ty  

vector  8nd the  2,' ZLI' plane. Angle 

I s  pos i t i ve  f o r  an asceriding vehicle  (deg) 

Icertial azimuthal f l i g h t  path angle 
measured i n  the  5 ', Z ' plane. Angle 

I LI 
between 2 

of the  i n e r t i a l  ve loc i ty  vector  (deg) 

clockwise to  the pro jec t ion  LI ' 
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GhVlA SB 1F 

GAWA SB 2F 

DELTA (A) 

D-DELTA (A) 

D-DELTA (A)  

SMCP 

SMCY 

E SH W 

EPS (THETA) 

EPS (PSI) 
EPS (PHI) 

RXYCE ANGLE 

Appendix 4 
Fl igh t  Simulated Data (AC77) 

TABLE AP 4-1 ( S h e e t  8 of 11) 
SYMBOL DEFINITION FOR S-IVB STAGE TRAJECTORY 
AND RADAR PARAMETERS COMPUTER PROGRAM.AC77 

COMMON 
SYhlBOL 

Y 
2f 

. 
4A 

d B  

6MCP 

6MCY 

W E 

E $ '  

n' 

DEFIRITIOX 

Iner t ia l  f l i g h t  path e levat ion angle a t  

the termin31 a l t i t u d e  (deg)  

Iner t ia l  f 11 ght p a t h  azimllth anzlc , 
a t  the tcrminal b l t - l tude  (deg) 

Veliic1.e actuator A (yaw) mid actuator 

B (pitch) 

Vehicle actuator A (yaw) and actuator B 
( p i t c h )  gimbal angle rates ,  respectively 

(deg/ses) 

P i t c h  thrust misalign:r,ent correction 

(rizdians) 

Yaw thrust misalignment correction 

(radians) 

Tabular wind azlmutl~ angle,  positive 

clockwise from nortn, a s  a function of 

s l t l t u d c  (at  t - z c r o  w i t i d  i s  coining 

from the corth) (&E) 
W 

Autopilot error s i g u a l  (dcg) 

Spherical earth range angle. The angle 

i s  measqred betveen l i  ties co,mecting 

the following three p o i n t s :  che vehicle, 

the center of t h e  esrth ,  and :he laanchet 

with the earth's  ccntar as thc vertex 

(radians j 
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Appendix 4 
F l i g h t  S i m l a t e d  Data (AC77) 

PRINTOUT 
SYMBOL 

TABLE AP 4-1 (Sheet 9 of 11) 
SYMBOL DEFINITT-ON FOR S-IVB STAGE TRAJECTORY 

AND RADAR PARAMETERS COMPUTER PROGRAMAC77 

COMMON 
SVMBOL DEFINITION 

b b  b 

D-THETA (M) QRP 'M, Vehicle p i t c h ,  yaw, and r o l l  a t t i t u d e  

D-PSI (M) QRF' Eulsr angle  rates (deglscc)  
D-PHI (MI QRP 

Commanded veh ic l e  p i t c h  Eoler  angle (dcg) 

Vehicle p i t c h ,  yaw, and ro3.1 a t t i t u d e  

E u l e r  angle  (dcg) 

% THETA SB C 

THETA (M) QRP 'HS $M# 
PSI (M) QRF' 

PHI (M) QRP 

THETA (P) 
THETA (Y) 

THETA (R) 

Mu 

MU SB F 

XI 
ETA 

ZETA 

D-XI 

D-ETA 
D-ZETA 

Y 

IJ 

f ,  ns L 

* .  in n, c ,  

For t h e  three-gimbal s t a b l e  platform,  

p i t c h ,  yaw and r o l l  angles ,  r e spec t ive ly  

(deg) 

Instantaneous vehicle longitu8.e. wherc 

Greenwich, England, is longi tude  zero.  

West of Grecnwicli is p o s i t i v e  (dcg) 

Longitude of rf (dcg) 

Vehicle p o s i t i o n  obtained by i n t e g r a t i n g  

i, h, I .  
t h e  P eystcm at t .. 0, and is f a l l i n g  

wi th  an a c c e l e r a t i o n  equal t o  g rav i ty  

at t h e  veh ic l e  pos i t i on .  

v e l o c i t y  i n  t h i s  system correspond to 

t he  p o s i t i o n  and v e l o c i t y  the veh ic l e  

would have i f  g rav i ty  were zero.  (m> 

The C,t-t,c eyr;tcm coincidcs w i t h  

Pos i t ion  and 

Vehicle v e l o c i t y  obt,lned by i n t e g r a t i n g  

4 ,  n, c (m/sec)- 
.. .. .. 
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PRINTOUT 
SYMBOL 

RHO 

RHO P R I M E  

RHO SB F 

TAU-P 

TAU SR PHI 

TAL' SB THETA 

Flight 

'l'Al3LE AP 4-1 ( S h e e t  1U of  11) 
SYMfNL DEI.'lNITION FOR S-IVU S'I'AGE 'I'RAJEC'l'OKY 

AND RADAR PARAMETERS COMPUTER PROGRAM AC77 

P 

P '  

p f  

T 

+ T 

T0 

Appendix 4 
Simulated Data (AC77) 

DE FI N I T  I ON 

Ins tan taneous  g e o d e t i c  l a t i t u d e ,  p o s i t i v e  

i n  t h e  n o r t h e r n  hemisphere (deg) 

Instant aneoua geocent r i  c 1.a t i tude ,  

p o s i t j v e  i n  t'nc n o r t h e r n  hemisphere (dcg) 

Longitude of rf (deg) 

Radar polarization look atigxe for the. i th  

rodur staL3on: 

c t i o n  of t h e  v c h i e l c  c e n t e r l i n e  on EI 

p l a n e  p e r p e n d i c u l a r  t o  t h e  radar l i n e  of 

s i g h t  and t h e  l i n e  of i n t e r s e c t i o n  of 

t h e  plane c o n t a i n i n g  Lhe radar  iine of 

s i g h t ,  p e r p e n d i c u l a r  t c j  t h e  e a r t h ' s  

s u r f a c e ,  and t h e  p lane  perpendicular  To 

t h e  r a d a r  l i n e  o f  s i g h t ,  measured p o s l t i v e  

counterclockwise from this l i n e  of 

i n t e r s e c t i o n  as vlewcd looking along t h e  

r a d a r  l i n e  of s i g h t  toward tlie v e h i c l e  

nngli: bctwccri the  p r o j c -  

(de%) 

Roll look angle n1ensutc.d ~ L - O I I I  the p o z i t i v c  

yaw axis (Y,) clockwise looking  f o m a r d  

( f i n  p l a n e  111 t o  IV) t o  t h e  t e l e m e t r y  

l i n e  of s i g h t  i n  t h e  r o l l  p1a;ie (deg).  

T o t a l  t e l e m e t r y  look a n g l e  reasured from 

t h e  p o s i t i v e  (nose) v e h i c l e  c e n t e r l i n e  t o  

t h e  telerr .etry l i n e  of s i g h t  (de&). 
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Aopendix 4 
. . i gh t  S imula ted  Data (AC77) 

PRINTOUT 
SYMa0i.d 

TABLE AP 4-1 (Shee t  11 t f  11) 
SYMBOL DEFINITION FOR S-IVB STAGE TRAJECTORY 
AND RADAR PARAMETERS COMPUTER PROCRAMAC77 

COXYON 
SYMBOL DEFINITIGN 

Aatio of W/i during t h i r d  s t a g e  opera- 
t i o n  (sec) 

Ratio of W/i Jur ing  t h i r d  s t e g e  opera- 
t i o n  (sec) 

1G ' TAU (1C) t 

3C TAU (3C) T 

TAU SB F Time s i n c e f t o  per igee  at  terminal  

a l t i t u d e  (ee.:] 
f f  

Command veh ic l e  roll, Euler angle  (deg) 

Estimate of terminal  range angle  measured 

i n  the  o r b i t  plane from the  descendzng 

node t o  t he  terminal  rad ius  vec tor  

p o s i t i v e  i n  t h e  f l i g h t  d i r e c t i o n  

(radian@) 

* 
4, 

4, 

P H I  SB C 

PHI (T) 

PSI SB c 

C H I  SB P 
CHI SB R 
CHI: SB Y 

D-CHI SB P 
D-CHI SB R 
D-CHI. SB Y 

0 ,  

X P  
XR 
XY 

Coxinnand vehic le  yaw Euler angle  (de l )  

Guidance-com,;;nclc:d body a t t i t u d e  angle 
i n  the  veh ic l e  p i t ch ,  r o l l ,  and YBW 

plane (dag) 

Guidance - commanded body a t t i t u d e  rate!  

in the veh ic l e  p i t ch ,  1011, and yaw 
plane (deg/sec) 
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ATpendi-c 4 
F l i g h t  Simulated Data (AC77) 

ee 

LL 

TAELE AP 4-2 (Sheet 1 of 2 j  
LIST OF C00iUIWTE SUBSCRIPT DEFIKITT9NX 

Coordinate system on t h e  s u r f a c e  of t h e  s p h e r o i d  r e p r e s e n t i n g  

t n e  e a r t h  and whpsr? o i l g i n  is a t  t h e  same 1atf . tude and l o n g i t u d e  

as t h e  launcher .  X p o s i t i v e  dowcrange, ee 
the s u r f a c e  of t h e  s p h e r o i d ,  p o s i t i v e  up, and Z crossrangc  

positive in t h e  r i g h t  hacded cLordina te  system. (Engl i sh)  

p e r p c n d i c u l a r  t o  Yee 

ee 

I x t a n t a n e o u s  coordir .ate system l o c e t e d  on t h e  e a r t h ' s  s u r f a c e  

under t h e  v e h i c l e  wi th  t h e  XtL, ILL p l a n e  tangent  t o  the e a r t h ' s  

s u r f a c e .  

I o r t h  . (English) 

Yosftfge d i r e c t i o n s  are st west,  YLL up, and ZLL 

Ins tan tar -eo ts  inertial c o o r d i n a t e  sys:ein c o i n c i d e n t a l  w i t h  t h e  L 

system. Velccities i n  t h i s  .cystem a r e  i r r r t i a l .  (Engl ish)  
LI 

I n s t m t a n e o u s  i n e r r i a l  c o o r d i m t c  s p s t c n  l o - a t e d  on t h e  e a r t h ' s  

sa:tfacr under tile v e h i c l e  wheic Z ' p o i n t s  north, X, ' p o j n t s  vest 

and YL' l e  along a l i n e  connect ing ti le e. r t h  ccntri and thc 

v c h i c l c .  Veluc i t fez  i n  th;s system are i n e r t i a l .  (Lngli*;h) 

L' i 
i. u 

n 

P' 

Vehicle c o o r d i n a t e s  f i x e d  a t  t h e  ctitter ci g r a v i t )  o f  :he v e h i c l e .  

X p a r a l l e l  t o  t h e  l o n g i t u d i n z l  axis of t h e  v e h i c l e  p o s i t i v e  for- 

ward, Y at t h e  z e r o  deg bank m g l e  p o s i t i o n ,  ar,d A a t  . h e  90 deg 

bank angle  p o s i t i o n .  (Engl ish)  

m 

m m 

? n e r t i a l  coozdii.ate system w i t h  i t r  o r i g i n  a t  t h e  c e n t e r  o f  :he 

earth and w i t h  its 't, 
g r a v i t y  v e c t o r  a t  lacnch through t h e  e a r t h ' s  e n t e r ,  p o s i t i v e  up. 

The X p  a x i s  is p a r a l l e l  t o  t h e  pJa.ie def ined  by tile X 
axe5 a t  launch ari! Z fomm D right-handed courd ina tc  system. 

(Met r Lc) 

axis a long  t h e  P .ne  paral le l  to t h e  local 

X 
and Y 

X 

P 
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Appendix 4 
F l i g h t  S imual ted  Data (AC77) 

S FE Space Fixed Ephemeris System. The o r i g i r i  of t h e  system is a t  t h e  

p a s s e s  ihrough t h e  XSFE Is p o s i t i v e  n o r t h ,  'S FE c z n i e r  o f  t h e  e a r t h ,  

v e r n a l  equ inox  and Y comple tes  t h e  r i g h t  h a d e d  sys tem w i t h  t h e  S FE 
-Y p l a n e  c o i n c i d e n t  w i t h  t h e  e q u a t o r i a l  p l ane .  The 

d i r e c t i o n s  of t h e  a x e s  remain f i x e d  i n  s p a c e  and t h e  o r i g i n  moves 

w i t h  t h e  c e n t e r  of t h e  e a r t h .  The referen:e equ inox  and e q u a t o r  

a r e  t h e  t r u e  v e r n a l  equ inox  and e q u a t o r  f o r  t h e  epoch of midnight  

o f  the day of  t h e  l aunch .  (Eng l i sh )  

'SFE SFE 
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Appendix 4 
Flight Simulated Data (AC77) 

TABLE AP 4-3 (Sheet 1 of 10) 
FLIGHT SIMULATED DATA 

3 

!I 

e 
7 
n 
9 
10 
1 1  
I2 
13 
1b  
15 
16 
1- 
I n  
1q 
29 
21 
? Z  
23 
2 C  

2 5  
? b  
27 
Z *  
29 
30 
3 1  

L 

F SB T A L T I T U D E  
R SR L 

X I  
E T A  
Z E T A  
0-x1 
0 - E T A  

0-ZETA 
M S8 x 
n 58 Y 
M S8 1 

I 58 xx 
I S I  YY 
I SB 11 

P 511 M 
0 58 M 
I 5 8  M 

O E L T A ( A 1  
D E L T A 1  n I 

A V c  0-Y 
TEMPERATURE 

trnnoi 
CHORO FORCE 

x ( J I  
Y i V )  
(VI 

$ 58 b 

RANGE 
RAhGE ANGLE 

D* SI 1 

E *  S8 1 
b* sn i 

I S B  a 5  
A So y *  
A 58 L* 
M 58 AX 
M S I  A v  
M S o  AI 

EPS I THkT A I 
E ~ $ I P S I  I 
t P S l P M l l  

0-ECSlTuETAl 
o - F P S ( P S I )  
0 - E P S I P H I I  

0-OCiTAlAl 
0 - 0 6 L T A I ~ l  

AVB F SI) L 
x so c p  
G I P S I  I 
v 5 1  RM 

o-I(Iv1 
u-v!vl 
b , ( V I  

F S I  Y 

G A W A  Sh 1F 
GAMMA S l  Z F  

O E T r  
BtTAlz I 
RHO 5 R  F 

1 
I 
3 
4 
5 
6 
7 
0 

IO 
I 1  
12 
13 
14 
15 
16 
l? 
18 
19 
2@ 
21 
22 
23 
24 
2 5  
2b 
21 
28 
29 
30 
31 
32 
33 
34 

1 

3 
4 
5 
b 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
I1 
I 8  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
I2 
33 
34 

I 
2 
3 
4 

5 
b 
7 
8 
9 
10 
11 
12 
13 
I 4  
I5 
16 
17 
18 
19 
20 
21 
22 
r 3  
24 :: 
27 
21 
29 
30 
3 1  
32 
33 
34 

165.300? 
7760.6301 

200565.311 
216355.514 

835.585 
5606.4540 
3504.5337 

P.037T 
5 6 3 9 5 .  bCl 

-60T.253 
251.199 
30.334b 
0.ICbI 
O.4P93 

-59.4295 
@.mi? 
0.0009 
32.5742 
72.3853 

1000.5SOb 

19.951) 
1.1554 
0.0:0’1 
a.nan3 
0.000’) 

109 .+ 323 
30.5109 
a.nno9 
0.000: 

8.onz3 

29b9bb.lbb 
bbll -6691 

3.000 
5.000 
0.000 
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Appendix 4 
Flight Simulated Data (AC77) 

TABLE AP 4-3 (Sheet 2 of 10) 
FLIGHT SIMULATED DATA 
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33 
34 
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Zb2456.4S7 
20909518.75 

0.000 
0.000 
0.000 

0.0000 
0.0000 
0.0000 
-12.424 

-12b9.104 - 14bb. Sb9 
104082.058 

2bb2531.750 
2bb4192.131 

0.0002 
-0.0091 
-0.0080 
-0slIbl 
0.0144 

-504.3302 
340.4920 
-31.4183 
-b0.9262 

0.000 
0.000 
0.000 

0.0000 

2*074*.17l 
0.79b7 

3921b7.012 
72.11b5 
41.5181 
24.5811 
-0.0285 
-0 01 15 
-2.431 

434.803 
921.159 
-0.4291 
-1.5711 
-0.4000 
0.0091 
0.0080 
-0.0000 
-0.0511 
-0.Ob31 

216472.b21 107.333 

-0.0419 
bbb3.459 

0.0000 
0.0000 
0.0000 
0.0000 

155.4503 
777b.828b 

267751.512 
2.5bE5.297 

927.706 
5?5b+21b¶ 
3?71.4981 

7.3032 
218249.10* 

-333.101 
-67a. 31 1 
30.0292 
l+rZDS 
0.5305 

-59.b295 

O.OOF? 
30.3883 
12.4493 

+22.9361 
1.7221 

79.17PL 

o.oon7 

292789.184 
5674.413b 

o m 0  
0.000 
0.000 
0 roo00 
0,0000 
0.0000 

218375.393 
-374.23) 
-b17.312 
0.0011 
0.0045 
0.0001 
0.0000 

0.0000 
25.5245 
75.78b3 
.Z?.P811 

7.0918 
28.7521 
l.?lab 
0. 00110 
0.0900 
0.0000 

0.0000 
0.0000 
0.0000 

o.nooo 

2.1612 

0.030' 
0.00"5 

l i  1.2075 
30.5755 

0.OOC' 

o.ono? 

o.ono3 

0.000') 0.00u0 0.0c00 0.0000 0.0005 0.0000 0.0000 

ZZ0b91.787 
21203947.75 

510201.359 

71719.49b 
7383.8112 
2907.6013 
385.011b 
-10.815 

-1.311 
4.137 
0.0000 
0.0000 
0.0000 
0.0c00 
0.0000 
0.0000 

23.0002 
15 -12 19 

-521.2191 
O.OC3C 
ZI.bb1b 
-2.0373 
0.0c00 
0.0000 
0.0000 

3 SO. la?* 
-0.4031 
-0.T344 

2813b0.422 

0.0000 

21958b.121 259993 - 309 
209c9s92.25 

0.000 
0.000 
0.000 

0.0000 
0.0000 
0.0000 
+ab13 
12.531 

-54.922 

211449.750 
0.7149 

381997.121 
72.1884 
41.b811 
24.2859 
-0.0349 
-0.0743 
-2.b21 
492.331 
913. 901 
-0.2168 
-1.1335 
-0.4000 
0.0021 
0.0038 
-0.0000 
0.0040 
0.0051 

214012~174 
TOb.393 
- 0 . 0 ~ 2 0  

bbSba89T 
0.0000 
0.0000 
0.0000 
o.oono 

17J.OOOJ 
7944.9295 
353b53.575 

215163-57b 
b7b2 .4b33 

0.000 
0.000 
0.000 

0.  FOUO 
0.0000 
0.0000 

22Ob19.2~1 
-755.810 
-740.110 
0.2111 
0.0011 
-0.001s 
0.0000 
0.0000 
0.0000 
23.039b 
75.7071 
421.4717 
7.bSOI 

21.821b 
-0.b8oS 
0.0000 
0.0000 
6.0000 

2~09.535 
20909539.00 

0.000 
0.000 

0 0000 
0.0000 
0.0000 
1T.915 

-2101.114 
1272.5b7 

104071~401 
Zb5b19S.lSb 
2b585bO.9Ob 

0.0070 
0.211s 
0.0103 
-0.1923 
0.1*b2 

-516.235s 
325. lTon 
-31.3237 
-10.17s2 

0.000 
0.0c0 
0.000 

0.0000 

0.000 

349011.5bS 
0.95b3 

411282.421 
'12.1bbb 
39.4939 
21.8911 
-0,015b 
-0.0131 
0 . h  

-12Ss5lS 
-41.2b1 
0.1?31 

-1.+493 
-0.4000 
-0.21 15 
-0.0101 
-0.0000 
0.0121 
-0.149b 

21121b.119 
713.001 
-0.0417 

b?bZ.kba 
0.0000 
0.0000 
0.0000 
0.0000 

159.7503 
7817.7329 

289775.5b5 

953.089 
5831 .Ob49 
3209.9199 

258013.n21 

bb5b.89b4 
0.0(10 
0.000 
0.000 

0.OOOO 
0.0000 
6.0000 

219535.4b5 
-348.345 
-b54.114 
-0.0033 
-0.0031 
-0.0000 

0.0000 
0.0000 
0.0000 

z 1 .  0842 
75.7b7b 

425.13119 
7.3196 
28.7700 

2 s 5713 

0.0000 
0 . 0 0 0 0  

0.0000 
0.0000 
0.0000 

o.onoo 

211b9515.00 
5020b2.797 
2S3940.3b5 
b7600 ,891 
7157.451s 
3119.5C04 
385.0170 
-bDm8b3 
33.113 
-1b.753 

o.ocoo 
O.OCOO 
0 .oooo 
0 .ocoo 
0 .ocoo 
0.0000 
24.1447 
75.b9S5 

-521.0414 
o.ozs5 
21.bC99 
1-304b 
O.@OOO 
0.0000 
0.0c00 

390.77bO 
-0.454b 
-0 -7Zlb 

.. 
-158.S23 
-735. b71 
25.1147 
-1.9051 

0 . ~ 0 0 3  
45.7063 
-3,3541 
o.non3 

27.3743 
72. bo81 

419.31b3 
0.1547 

79.5282 
2.1478 
o.noo3 
0.0000 
0.0003 

113.222? 
25.2937 
-3 .354J 

o.noo? 

30.0615 
1.433Y 
6.4005 

-59.4295 
0 . 0 0 0 ~  
0.0001 
29.b123 
12. bbb9 
621.4357 

0.9557 
79.7166 
2.0078 

0.030¶ 
0.0005 

111.77b5 
30.570Y 
0.0001 

o.nnn3 

o.ono3 

-0.0033 
-0.0031 
-0.lTO9 
0.0*09 

-S02.9473 
344. 1879 
-31.625b 
-b8.8429 

0.000 
0.000 
n.ooo 

0.0000 
0.0000 
0.0000 
F.0000 

0.0000 0.0000 0.0000 0.00OJ 0.0000 o.oooa 0.0000 0.0000 
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Appendix 4 
Flight Simulated Data (AC77) 

TABLE AP 4-3 (Sheet 3 of 10) 
iLIGHT SIMULATED DATA 

1 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
I2 
13 
14 
1s 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
21  
Zb 
27 
28 
29 
30 
31 
32 
33 
34 

1 
2 
3 
4 
S 
b 
7 
8 
9 
10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
28 
27 
28 
29 
30 
31 
32 
33 
34 

1 
2 
3 
4 
S 
b 
7 
8 
9 
10 
11 
12 
13 
14 
1s 
1b 
17 
10 
19 
20 
21 
22 
23 
24 
2s 
Zb 
27 
28 

31 
32 
33 
3b 

:: 

279852.0ilt 
b87b.4bdS 

o.ou0 
o.ou0 
O.PO0 

u.notlo 
O.JOU0 
C . C 5 I I O  

22215s.coe 
0. o w  
0 . 0 ~ ~ 0  

0.0000 
f.0000 
0.0000 
( 8 .  UbOC 

U.CO<'F 
Zl.llf5 
75.657b 

423.2802 
7.ZC30 
2C.@70C 
isC97b 
II.C'U@ 
0. o w n  
0.0~iIC 

c.03uo 
0.OCOC 

m w o  

r .coco 

2:21ss.c70 
212375b7.00 
bbibOS.bP2 
317627.277 

755Sm. 4 0 0  
?b 15. bC 17 
2r73.*3s5 
390.1214 
-1.743 
O.C?b 
O.Cbn 
0.0000 
0.0000 
0.0000 
0.OCOO 
0.oooII 
0 .0000 
21.0783 
7s.7977 

- = L 4 . 8 3 0 4  
0.0007 
28.71b9 
-2.0293 
0.ocon 
0.OCOJ 
0.0000 

?51.0872 
-0 -47 13 
-0.74bi 

32fo8J.742 
209119412.2S 

l ~ . O O O  
0.000 
0.000 

0.0000 

0.0000 
-0.021 

138f5.Vb2 
-8b9V. 38b 
lOlObO.71b 

ZbS0821.87! 
2652492.531 

0.0000 
0. UOOO 
c .0000 
O.oo00 
0.0000 

-52*.@304 
Zi9.1717 
-31 -2244 
-1.7430 
0.000 
0.000 

0.0ouo 

0 . 0000 

n.ooo 

41bSl4.;96 
1.1613 

5 3 2 5 4 P . 7 5 0  
72.lbZL 
31.4577 
25.540s 
n.0001 
F.0001 
-U.029 

-19.512 
25.022 
-0.3312 
-1.4783 
-6.4000 
-0.0005 
-0.0000 
-0.0000 

(. . 0000 
22ZlSS.Obb 

706.07b 
-0.061 S 
b87h.4b9 

0.0000 
0. W O O  

0 .  oocn 

o.oono 

o.awo 

Z25280.001 
2:3173bOg.25 
90 1 30 1 a 32C 
3.PW2.8bJ 
8759b. 83 1 
8307.1044 
ZCbB.bSb6 
617.blTS 

-0.Cb5 
0.015 
0.011 

o.oco0 
O.Ot?OC 
0.0006 
o.oco?, 
0.0000 
o.aeo.1 

1 b - 3S7 1 
71.109S 

-529.493e 
0.0000 

28.8715 
-3-4530 

o.oco0 
0.00F9 
0.0000 

3S2.293S 
4.b967 
4.Tm.l 
0.1981 
31.T773 

-1.1010 

4C803F. 8b7 
209F93; A75 

i 000 
0.000 
0.000 

0.0000 
0.0000 
E. 0000 
3.309 

255.blb 
-74.012 

10*020.@0~ 
Zb470SC.901 
2049Sb?.ZSO 

-0.0059 
-0.0112 
-0 .air1 
-C.l7S8 
0.112s 

-2bi. Ob38 
80.. 5193 
-3O.WOb 
-0.W57 
C.000 
F.000 
0.000 

0.9000 

1 
2 
3 
4 
S 
b 
7 
8 
9 
10 
11 
12 
13 
14 
1s 
1b 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
21 
27 
28 
29 
30 
31 
32 
33 
14 

1 
2 
3 
b 
5 
b 
7 
8 
9 
10 
11 
12 
13 
14 
15 
lb 
17 
18 
19 
20 
21 
22 
23 
ZI 
2s 
21 
27 
28 
29 
30 
31 
32 
33 
34 

A 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
12 
13 
14 
1s 
1b 
17 
18 
19 
20 
21 
22 
23 
24 
25 

28 
29 
30 
31  
32 
33 
34 

:: 

bl005+.18(1 
1.6717 

73856C.398 
rz .zms 
32.b965 
27.4530 
-0.0538 
-0. 084 3 

-C.003 
-1.11s 
1.7117 

-0.4411 
-1.b110 
-0.4oco 
0.091.. 

-0.0c00 
0.oo:r 

-0-00i8 
11219*.295 

bIC.00C 
-c .0410 

7319.781 

G.ooon 
0.0000 
*.coo0 

n.oiqi 

0.oooc 

2b4019.*20 
7319.10( 9 

0.0l~O 
o.cu0 
O.OU0 

0.00a0 
O.0OLC 
0. ObUC 

22S279.3QS 
-441.2JV 
-bVl.4 12 

-0.09 I s 
-0. c 1*S 
U.Bd00 
0.couo 

U.OD23 

i9o.oan' 
8230.428* 

48b711.490 
350809.811° 

bSOY. 495b 
2591.5167 
35.35,- 

22b15b.381 
-400. 13Y 
483.141 
75.7387 
-1.9831 
0.kOOq 

-65.2b.9 
-3.5809 
0.nocn 
23.0711 
72.998? 

14c7.1b3 

628 * c397 
c.006- 
79.1406 

4.sr*; 
p.noo- 
t.000. 
O.30F* 

11.S.561. 
24.73Ci 
-3.5110' 
O.OOO? 

0.1875 -0.0001 

22bl58.242 35b373-941 
21Lb5802.SO 209@S*20.25 
7FUTb.234 (1.000 
3433b8.2*7 0.000 
79491.393 C.oQQ 
7839.b129 o.oo00 
2474.28SL C.OoQ0 
3M.54b4 o.ooO0 
-0.456 -1,438 

0-3SI  -0.- 

478901.4bV 
1.3123 

S999b4. Sb3 
72.1751 
3 5. 7830  
2b.499V 
-0.0478 
-0.0~00 
-0.Olb 
-4 .749 
10.080 

-0.4791 
-1.5wo 
-c.4000 
0.1053 
0.0127 

-G . ('000 
-0. coo1 
0.OOSb 

SSVC*.455 
b93.800 
-0 - 04 13 

700°.071 
0.0000 

0 .oooo 
o.ocon 
n . oooo 

b31412.012 
ZW092b?.ZS 

0.000 
0.000 
0.OOO 
C.oo00 
O.oo00 
@.moa 
0.319 
2z.m 
r.m 

104013 .n9 
ZMlZJ..719 
2r292..12s 

-0.0031 
-0.GH1 
-0.Qooo 
4.1815 
0.11b2 

-301.3420 
imz.9m 

-3O.9228 
-C-0356 

0.000 
0.000 
o.OO0 

O.oQ00 

b78.M. 2 50 
1 -8bOS 

8o..u3.8ClS 
72. 273. 
31.24W 
27.77:1 
-0.0563 
-F.oIIo 
4.002 
- 0 . S l l  
1.1U 

-**37s7 
-1.S984 
4.4000 
0.05b1 
o.oo00 
-0.oooo 
-0.OOOT 

128113.871 
b80.000 
-0.0409 
7495.bb2 

c.ooO0 
0.0000 
o.oO0o 

-n.wiu 

n.OOdo 

0.  PO@ 
O.%e 
0.  EO@ 

F.0000 
0.0000 
0.0PJO 

22blSb.830 
-4h9.1 IS 
-6C3.230 
-0.1044 
-0.0 1ZP 

0.000C 
0.001C 
0.00l>0 
0 .OGuO 
19.4948 
75.914b 
103.2169 
6.b900 
28.9273 
4.164 
0.001'0 
o.onim 
*.oct>o 

0 . 0 0 ~ ~ 0  
0.00oc 
o.onc-0 

-.- . -_--- 
0.1.5 -677.SSO 

0.0000 Zb57384.594 
0.0000 ZbS90L0.2SO 
0.0000 -0.00w 

o-ocon ~ o ~ o ~ v . w ~  

o.ocou 
O.OQO0 

:9.4ssa 
75.8797 

-528. 3548 
O.OCO2 
28.7b74 
-1.94bT 
o.ocoo 
0.0003 
0.WW 

351.37bL 
-0 4799 
-0.7597 

-0.1053 
-0.0127 
-0.1731 
a. 103b 

-151 -1.14 
45b -7770 
-31.1b14 
-0.4Sb3 

O.Oo0 
0.000 
0.000 

c .OOOO 

(#.Ob47 o.zm 0.0044 

2b9304.17t 22'.453.477 38102S.137 
71S7.CWb 212924W.SO 209OW77.00 

819420.2Sr) G.000 

543390.s71 
i.4m-o 

b*a59h.W3 
72.1977 
34.204b 
21.8155 
-C . 0 4 n  
-0-0772 
-0 -00. 
-2.011 

3.78s 
-0 .  se12 
-1.8313 
-0.4oou 

C. 1-37 
-0 . 0000 

L .0073 

5970V.641 
b80.153 
-0.04 12 
7 137.090 
0. OOOb 
0.0000 
0.0000 
0 .  oooc 

o.iroo 

0.0028 

2534Cl.bLb 
lb(lC.33dT 

o.ou0 
0.000 
0. OUO 
0. unuo 
U.OOUO 
0. ow0 

224510.@~8 
-663.030 
-721. 919 

-0.0859 
-0.00- 1 

0. OObC 
0.ooc10 

13.S215 
70.bbnC 
2bSab553 

4.3b60 
29.13V4 
6.ObOP 
0.OOOC 
O.OOU0 

u.onui 

11. oono 

0.  onno 

0.OOCO 
c.o*oo 
0.CDlld 

I 42S4b -6934 
1b8l.L7>0 

0.19h4 

224 512.447 
213C237Z.SO 
107i293.344 
4260S3.133 
9b257.013 
*79bsOS49 
1C54.b221 
648.b338 

-0.023 
0.03L 
0.013 

o.oco0 
0.0000 
0.0000 
0.0006 
0.0000 
13.4863 
7b.4 123 

-527.9631 
o.ofoo 

28.979S 
-3.2079 

0.0c00 
0.0000 
0.0000 

PS3.bO47 
-0.5187 

o m o n  

4531e4.785 
201092 10.75 

0.000 
0.000 
0.000 

0 - o w  
i.0000 
O . F o 0 0  
-1.lb4 
-S?.b39 

-334. 409 
10400b.73b 

2b3423C.219 
2b35734.750 

-0.OOSb 
-0.0117 
-0.0017 
-0.18SS 

-329. 0.1133 a279 

13C 1. b5bO 
-10.8S99 
-0.0221 

O.OO0 
0.030 
0.000 

0.0000 

750183.023 
2.05Sb 

8¶MO5 .OB8 
52.325b 
29.8259 
28.49b8 
-0.OSb3 
-0.OW3 

-0.345 
0.8b8 

-0.424 1 
-1sbl4b 
-G.4000 

(1.015T 
c.00+7 
-d.3000 
o .oonT 
n.0070 

1~012~.814 
b@n.ooo 
-0.0408 
7b8b 339 
0. uooo 
0.0000 
0.0000 

-n.ooz 

n -0000 

O.OU0 
O.OI*O 

0.0000 
0 .0000 
(I.ocn0 

224452.1V5 
-397.b48 
-b4b.844 
-0.1715 
-0.1921 
0.0003 

o.n,to 

n.o:ao 
r.owo 

76.0227 

0.ool.o 
17.925s 

170.103b 
b . 0077 
28.9708 
4.0959 
(r.O@OO 
o.*ooo 
o.on(lo 

367109.39P 0.000 
134U.C91 n.wo 
8C70.1S99 c.0000 
2273.4?84 o.ooO0 
404.1000 0.0000 
-0.152 -C.bS3 
0.1W 900.391 
0.c- -01*.129 
0.0000 104032.243 
O.OC0O 2bSC233.781 
0.0000 2b55914.438 
0.0000 -0.0082 
0.0000 -0.1100 
0.00OQ -0.1937 
11.80b8 -0.1b4b 
lS.9721) 0.1015 

-527.1519 -210.9532 
0.0001 590.0031 
28.8189 -31.0134 
-2.b339 -0.1Slb 
0 . 0 ~ 0 0  c.000 

O.OGOn 0.000 
0.0000 

0.0000 n . ooo 

351.7775 
-0.4009 
-b.7732 
0.9049 33.2841 
31.71bl 4794303b.5 

0.0059 0.008b 

11b.503a 
23.2481 il.0000 
-4.5941 0.001!0 

n . o o v  o.oou0 
177.b497 157S75.171~ 

352 3. neb4 7943.14 rs 

. .~ 
-0.8111 
0.1052 
31.7S47 

118.0252 33.858b 
55033110.S 

170.2110 

2.8359 0.0211 
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Appendim 
Flight S 

: 4  
;imulated Data (A LC77) 

TABLE AP 4-3 (Sheet 4 of 10) 
FLIGHT SIMULATED DATA 

2257b1.355 
2 1 *€2479.2  5 
llbl517.2@1 
SCl5bl. 1@2 
1 V f  1 2  3.bC4 
90b9.1 1% 
L b bb. 997b 
bb4.7)Ob 
-0.~10 

0.CZY 
0.009 
0.0000 
O.OC60 
O.OOOII 
0.00c0 
0.0003 
o.occ0 
12.1ss1 
7b.5013 

-527. 919 

29.0349 
-3.0171 

o.oco3 
0.OCOO 
O.OCOO 

0.tocn 

4 1 3 3 2 8 . 2 0 3  8 2 3 7 8  1.304 

9577b7.150 

2e.babb 
29.2050 
-0.Ob09 
-0.09IP 
-c~.Ocl 
-r .235 
61.b90 

-c . 6 c w  - 1 .bo79 
-c .  bOCn 

- C  .OO56 9.CIlI 
-0.0819 -0 .OC46 

o.uo44 -c.ouoo 
-0.1177 -6 .00!2 

-351eb7bS ib954.').2*8 
I922.9lH bII#.CCO 

-0.Qlb3 r1.1.511 

2 . 1 5 7 3  

7 2 . 3 e 3 1  

0.1193 -n.:ooi 

-3o.aoi~ -C.O+P7 

9.000 @.@030 ~. 
0.000 0.0COu 25 
c.000 c.cooo 21 

0.0090 (;.0000 2'1 
28 
29 
30 c . OOC? 
31 Zr7.00tb 
32 3534.3ddE 
33 
34 :a.?57* 

zis~si.sn* 
2!40?3534.50  
1 b1CIb7.4b9 
47*5b5.3?5 
1 ! Z 309.25 5 
Yb43.53t9 0 . 0000 
LzC.177b r. 0000 
: 1s.0202 e. c~ooo 

-0.cov 0.419 
0.t1- -5 .059 
o.cc4 112.571 

O.'JCOO 103Obn.118 
0.0020 2CCZZ I* .ooo 
0.0000 ?W3931.000 

-C.l10b7 
-0.1005 
-c. 00 11 
-0.1972 
C.12b9 

-3U5.4227 
199t.1101 
-3@.hS4? 

-2.7.21 -0.0090 

5is?ti.523 
209c8574.50 

0.000 
0.000 
0.000 

lC'Y~S..'3b 
2.9Cj3 

1193653.C71 
7i.979b 
Ls.6lt-9 
31.17-2 
-0.O6QG 
-c. 1073 

- G . C ( r i  
-0.112 

I J . 5 @ 1  
-@.4177 
-1.6390 
-0.*OOC 

* . ? C O S  
o.co;i 

-r.ooao 

I 
2 
3 

20909 1!3.25 
c.000 

0.000 
n.ooo 4 

5 * 
7 
1 
9 
10 
1 1  
I2 
13 
14 
19 
1b 
17 
18 
19 

0. coo0 
0.0000 

0.05b 
o.awo 

10 
1 1  

11 
14 
!I 

12 

o.ooon 
o.occ0 
o.ooco 
8.5Clb 

820 
O.OC@O 

77.P519 

29-2CbS 

la 
11 
11 
1( 
20 
21 
22 

-0.0003 
r: .0907 

lOYlt5.8~r. 
. - -  

-527.0 
b8f..b04 
-0 .0+@4 

6584.134 
22 
23 
26 
25 
2b 
27 
28 
29 
30 
31 
32 
33 
34 

21 
24 

- -~ 
O.OCD0 
o.ocol~ 
o.occ0 

0.000 
1). 000 
0.000 

0.0000 

r..cocc 
r.ccco 
r.cooo 
0.uooo 

357.13bb 
-0-5t39 

0.0000 -0.8lb2 
124543.3242 0.154b 34.777b 
*?bl.Il+bl 31.7151 059b3171.5 

34 .C?3b 17ri 28 IN 
5ThC2556.5 

C . 0 2 3 9  

17E .S24b 

1 
2 
3 

5 
b 
7 
1 
9 
10 
I I  

6 

242999.3d5 
8108.~~7b 

c.ou0 
o.nm 
o.ooo 

2 2 ~ 4  13. 118 

C).OM,9 
0.6oC?d 
0.03oc 

-4oO.bbG 
-745.c05 
-o.can, 
-0.C053 
O.uOc'O 
0.0000 
o.oou0 
O.OE1'O 
10.921b 
7b-755b 
297.bb17 

3.910s 
20.2512 
10.11 3.2 
0.cc.10 
O.0OCC 
0.00t~U 

0.60t)0 
0.CUdc 
n.owo 

133270.4705 
9207. 5bbb 

u.4bnA 

22b414.891 

12533C2.329 
45491b.323 
1055¶1.215 

->OB. 1251 
1237.91bO 
G81.033b 

-9.013 
o.cz2 
0.COb 

0.0000 
0.000') 
0.c000 
0.0000 
0.oc00 
0.0000 
10.8919 
7b-TZSb 

-525.8bll 
o.ooo* 

29 .os 12 
-2.9530 
0.0000 
0.oc00 
0.0000 

35s.339v 
-0.5403 
-0 -8507 

0.87Q8 
31.7321 

5.484b 

zi*c 1on.in 
49 1928.230 

2non9C94.7S 
P.000 
0 .0 -0  
9.000 

0.0000 
c.0000 
0.0000 
- P . 3 b l  
37.374 

-13b.814 
103982.513 

2619Obl -6.0 
Zb207tfl- 430 

-0-001'1 
-E .OIOO 
-E .0056 
-C -1904 
C.1197 

-3b9-1210 
1727.0114 
-30.7482 
-0.OlZb 

n . ooo 
0.000 
0.000 

0 .  E000 

I I Q 9 8 2 9 . Z O t  
2.rb)i 

1E34JIL -952 
72.445b 
27.159U 
29.7205 
-0.0620 
-0.0918 
-U.POl 
4.171 

0.589 
-0.34b7 
-1. bZI9 
-0.4000 
0.0408 

-u .boo0 
-0.0003 
-0.w11 

15b*59.4?2 
b8l*.lb7 
-0.04Ob 

8inr.958 
I?. nooo 
0.c000 
c.onoc 
n . ooon 

0.0056 

221125.905 221923.d34 53Co73.258 
0841.bb/Q 21bb7583.75 209n8C13.00 

0.000 lSb~58b.156 c.mo 

1143373.01b 
3.1331 

127b644.344 
72.bb99 
23.3833 
31.4Jbd 
-0.07C 1 
- e .  10-9 
-u.o01 
-0.097 

0.473 
-0.3005 
-1.bLF3 
-0.4ooc 

0.0172 
0.0027 

-0.0005 
C.0003 

l72kuS.742 
bIIr**301 
-0 .Ob04 

8841 .443 

-r-.oooo 

o.oorc 
n.r,nco 
0.0000 
*.*oo* 

0 .  000 4 9271 S. 5.3 
o.%.'o 12C741.2b5 

u.9OuC 10121.2942 
u.a'OU0 W9.5I .4  
0.0CuO ?32.6573 

2219~1.9~1 -0.COII 
-495.C43 0.018 
-77b.CC7 0.004 

-3.077b o.ocoo 
-0.001 I 0.0000 
-D .O% C o.ocoo 
U.00OO O.OGO0 
o.r)ono 0.0c00 
U.J')UO o.occ0 
7.577b 7.5422 
77.2410 71.2203 

327.15n9 -52b.Vb32 
3.9SY8 

29.4258 
12.8107 
c.03uo 
ll.omb0 
lI.01.U0 0.0000 

0.0000 351.8221 
V.00uO -0.57b6 
O.OC@C -0.9051 

120357.20hl 0.8459 
10049.bb59 31.1CbC 

-0.1294 ii.4610 

0.000 
n.010 

0.0000 
~.OOOO 
0. 0000 
0.0b0 
-1.250 
O-IbO 

103948.849 
2593099.344 
259s871.531 

-0 - 0051 
-C.0027 
-0.L004 

-+e:. 5804 
0.0000 2074.5532 
29.2b55 -3G.0144 
-2.64@4 -0.0081 

o.ocro 0.0; 

-C.0?72 

c.  izn 

0.0000 c . ooc 

0.000 
c.oMM 

i z  
I3 

a 16 
IS 
1b 
37 
18 
19 
20 
2 i  
22 

I 23 
24 

27 
21 
2. 
34J 
31 
32 
33 
34 

1 

f fZ 

34.2931 178.3587 
b0271351.5 

* .02b1 
35.0420 

69044752.0 

E.0272 

237b77.4Y8 
8339.2RYt 

O.ODO 
0. no0 
0.ouc 

l ~ . O O I ~ O  
0 .@or0 
o.*ovo 

222037.57b 
-478.792 
-752.0>1 

-n .owz 
-U.CCO5 

o.own 
0.0000 
o.ooon 
G.01)t)O 
Y. 74114 

7b .9 116 
309.21S7 
3.93bO 
29.30h5 
1 1.2975 

rm .owe 
o .nmo 
0.0W0 

0.0000 
ti.nnou 
o.onon 

121853.Yl)kb 
94?9.93h9 

0.5133 

zz~039.3~~ 
21*ld02S.00 
134769b.567 
46b319.742 
llC445.800 
9'71.9989 
lC28.8987 
497.7569 
-0.c10 

o . o m  
o.co5 
o.oc(i0 
o.ncoo 
0.00@0 
0.000u 
0. OCPO 
0.OOCO 
9.?042 
7b.b819 

-528.22b0 
0.0000 

29.1484 
-2.8504 

0.0000 
0.0con 

25b.37b5 
-0.55 18 
-0.lbb0 
0.8629 
31.7244 

1.9219 

o.oono 

508991 -402 
20%9035.2J 

F.000 
E. 000 
C.000 
0.0000 
c.0000 

9.05G 
-'.950 
10.937 

l(13971.33q 
2b108b3.87Y 
Zbll575.78l 

-0.C042 
-0.Ob41 
-0.0010 
-0.1941 
0.1231 

-313 -4002 
leb7.9744 
-30.6993 
-0.0104 

0.003 

0. oooa 

n . ooo 
o . ooa 

o.oooa 

I ZYO.0004  
2 10427.6933 
3 12b1107.50' 
4 J14301.7P3 

b qOOP.bS59 
7 bb5.1514 
8 273.6319 

10 -489.80. 

12 16.1179s 
13 -2.8358 
14 0.4nt3 
15 -73.b21- 
1b -5.5347 
17 n.qno- 
io 7.9513 
19 75.5724 
20 422.7547 

,>.onpi 
22 'l 76.8745 
23 13.8231 
14 o.non? 

c.onoi 2: C.000' 
27 122.L81. 
28 1b.378S 
29 -5.53b7 
30 O.OOU¶ U;iOu6 -0.9249 

33 

5 isa.w.02~ 

9 2 2 2 2 m . 0 7 ~  

11 -e;9.060 

- - _ -  - 

0.83bb 35.3225 178.7117 34.5278 171.4400 31 314.034.) 11b289.3477 
b3055769.0 32 353b.4729 10346.0652 31.b904 72251FZ4.0 

0.CZ78 34 -2.7909 -0.4548 b.9531 0.0183 

2218b2.202 2222b9.18b 551351.148 
9iii.0~70 ~ i 4 0 ~ i w . z ~  zovoaasn.2s 

0.000 lb47215.719 0.000 
n.wn *ov52.z27 0.000 
0 . 9 ~ 0  126lbC.CZ8 n . ooo 
3.0000 L O + O S . ~ ~ C ~  c .oooo 
0.OOCO JY7.bCZZ 0.0000 
0.Cr)uO 5S0.5235 c . 0000 

222258.0dZ -0.C07 -3.219 
0.~17 -14q.757 -4h9.551 

- 8 3 3 . 4 4 0  F.CO2 
0 .  Ob 1 ' I  0.0000 
0.7099 O.OCOO 
0.0*'112 O.OCO0 
U.*Klll0 0 . 0 ~ 0 0  
O.COU0 0.0000 @.OSb? -0.70bJ 
(I.nOLIO 0.0000 C.70b3 -n.OOOO 
b.5933 b.5513 -0.2149 -0.219b 

0.1Zb2 -0.034b 
33*.21.3 -'25.7377 -b15.2079 17b18d.707 
S.01,' O.OOC0 2144.1093 b@n.onti 
29.455. 29.3215 -30.5713 -0.0*03 
13.7432 -1.5491 -0.0074 911l.OIO 

77.4095 77.3913 

o.nopo 0.0000 0.000 c.0000 
o.oot,o 0.0c00 0.000 o.oonu 
o.co.lo 0.0000 0.000 0 .  oooc 

E. 0000 c.0000 
o.ooon 360.2410 
n.ncnn -0.4196 

1229961.719 
3.3703 

13hZ039.000 
72.7217 

32.2314 
-c.o710 
-0.1202 
-0.001 
-r,.osz 

22.1849 

-295 -303 

I 1112935.422 

1 25.8692 
I 30.05bl 

-0.Ob48 
I -0.lOlb 

1 72.5113 

I -0.oc1 , -0.137 
0.5b4 

I -C.3706 
-1.6311 
-0.4000 
O.Ob41 

I -0.c000 
-0.0007 
0.0020 

' lb3012.L75 
I bbO.580 
I -0.0405 

I 0.0000 
I n.ooo0 
I o.oono 
I 0.0000 

n.ooio 

8 3 3 9 . 2 ~ 0  
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11 
12 
13 
14 
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1b 
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22 
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24 
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34 
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Appendix 4 
F l i g h t  Simulated Data (AC77) 

TABLE AP 4-3 (Sheet 5 of 10) 
FLIGHT SIMULATED DATA 

2?5>59.5Cb 

1752115.109 
bQCb12 . 3@ 3 

IFb98.04L9 

SbZ.:lb3 
-0.001 

O.CF3 

8.0CPO 
0.ococ 
0.OCC" 
o.occ0  
o.oco1) 
1.b4Q3 

77.5 304 
-57b.4173 

0.00G3 
29.38b.1 
-2.47i4 

O - O C G O  
o.oc0u 
0 . o o w  

:~Ol.Ic32 
-0.bC34 
-0.9156 
0.8ZbB 

21r71424.00 

I~:~IS.~:H 

!eb.icm 

n.ci7 

o . c m  

31.7cm 

l.b?lV 

2<51184.2('5 
214F 1297.01) 
lCbL155.34b 
4Q!4b5.723 
137434.215 

-11.1203 
5hl.524F 

0.011 
0.003 

o.oco0 
o.ocro 
o.0oou 
0.0000 
o.ocon 
O.GEW 
4.7t9P 
77. 7 1 11 

-528.1312 
0 - O C Q O  
29.4482 
-2.2561 
0.006n 

o.oc6o 

363.52 12 
-0.6119 
-0.9t75 
0.816s 
31.6FZO 

-1.8125 

in~93.ano 

-o.cni 

o.ooun 

13193P?.b09 
3 . 6 1 5 4  

1*4VVt,C.?19 
72.7928 
2 1 . 0 1 5 c  
33.3556 
-n.o77; 
-0.1015 

-1). 00 I 
-0.077 

'1.455 
-0.bZ05 
-3.3561 
-0 .4GOU 

0 . 0 9 5 5  
-C.COOO 
-C.0196 
-0.9014 

r.0873 

~703~7.a30 
68r.ocu 
-0-ObP3 

9392.352 
c' . oonc 
P .ouc(1 
c . onoc 
I ~ . O C O O  

I 2007 16.1SF 
10313.1713 

0.090 
o . w *  
t.CJQ 

11. nr 'c 

2 2 4 1 8 3 . 3 1 1  
ZlSQ7141.75 
ZPd'193.dYI 
48t.003.tb4 
14045b.8b7 
11615.1069 
-CbO.4938 
C21.4762 

-0.oea 
0.017 
0.002 

0.OCPLl  
0.0000 
0.0060 
O.OC80 
0.0000 
0.0c00 
3.2774 

-52b.9CO9 
0.0c00 
29.1715 
-2.2492 
0.0000 
0-OCGO 
0.0000 

78.091~ 

3 b7. 4359 
-0. b491 
-1.0144 
0.7938 
31. b79b 

-4.5cco 

58d555.180 
2C9%7a>69.00 

~ . O O O  
c . 000 

c.0000 
c.0000 
P.c'OO0 
o.bb9 
44.73b 

n.ooo 

ltc155bq.4Bc 
4 . 3 9 9 0  

1730331, - 7 8  1 
73.0085 
17.6735 
35.9:su 
-: .3882 
- C . l 3 5 9  

-1.0c1 
- 0 . 0 6 3  
I).C47 

- 0 . 5 5 4 3  
-3.3573 

0.0045 
-0.003 I 

-c.4ooo 

2 
3 . 3 

; 
b 
7 
I 
9 
10 
I 1  
1 2  
13 
14 
15 
1b 
I1 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 
30 
31 
32 
33 
34 

671.111* 
2 9 C .  $ 9 1 7  

0.0000 
c.0000 
5.654 

235C.037 
46.421 

ZSi33Lh.901 
2575039.500 

-C.0059 
-o.n8?3 
-C.O955 
-c. 1793 
0.1327 

-42i.bS4.2 
2 19 7 .  9807 
-3C, 54bZ 
-8.0069 
0.000 
0.000 
c.000 

o.0000 

in39~6.149 

0.0000 
c.0000 
5.654 

235C.037 
46.421 

ZSi33Lh.901 
2575039.500 

-C.0059 
-o.n8?3 
-C.O955 
-c. 1793 
0.1327 

-42i.bS4.2 
2 19 7 .  9807 
-3C, 54bZ 
-8.0069 
0.000 
0.000 
c.000 

o.0000 

in39~6.149 

10 
I 1  
12 
13 

. .. 
139.579 

103a~!.b21 
253R8?2.594 
2540b41.031 

-c.0044 
-C.0645 
C.OQ31 

14 
!5 
lb 
:I 
18 
19 
20 
21 
22  
23 
24 
25 
2b 
27 
28 

30 
31 
32 
33 
34 

29 

. j. ooao 

-o.oow 
-0 .0006 

bY 1 602 
bB(i.000 
-0.0403 

10313.1?2 

0.0000 

0.0000 

c .oooo 
o.oono 

-0.0013 
0.000 
0.000 
0.000 

c.0000 

31.6199 
lSCC3535.0 

r . 0 1 ~  

57257 I ~ b 9  

I) .a00 
0.000 
8.000 

r.0000 
0 .  no00 

- 13Fl.Zb9 
-752.430 

103914.700 
2562512.188 
2q44250.031 

-0.004b 
-C.O708 
C.0315 
-G.z2Sb 

-426.2541 
223t.1469 
-3C.5180 
-C.@Obb 
0.000 
0.000 
c.000 
c.0000 

20908721.~0 

c.rooo 

- s . m  

r.  1257 

178.8117 3b.6405 
8blb5905.0 

0.018b 

179.1471 

1 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
12 
13 - 14 

1b 
17 

5 1s 

; 18 

!$ 21 
; :; 

22 
i- 23 
f 24 
P 25 

Zb 
1- 2 1  
i 28 

29 
f- 30 

31 
32 
33 
34 

', 

141172 ... 359 
3.*6(14 

15*05bh.C72 
12. $637 
19.87bl 
34. 1153 
-0.0748 
-0.1363 
-').or1 

r2.452 
-0.b314 
-3 - 3631 
0.0768 
-0.0315 

-0.0046 
-0.0011 

lq213L.219 
bQI'.OCP 
-0.04c3 
9b8h.GC4 
G.00C0 

c .0000 
o.ooc0 

-a.ooi 

-n.+oco 

-n.1~oco 

n.ouon 

1 340.000' 
? 11974.4215 

115m83.125 
523144.92h 

3 3  102. q * 5  
0 lOb3l.bAb3 
7 -3 :bm5h39  
8 425.h063 
P 2 L 3 9 1 3 . 8 % 5  

11 -813.234 
12 13 .LO?) 
13 -2.8964 
14 0.bOCJ 
15 -71.3304 
1b -7.2699 

18 2.9bb) 
19 7b.8015 
20 425-127b 

22 75.4154 
23 1b.2712 
24 0 . 0 0 0 ~  

10 -549.20. 

17 o.oon3 

21 o.onoi 

25 o.noo3 
Zb o . o m  
27 125-2480 
26 12.bb9b 
29 -7.2b99 
30 0.0003 
31 634-2257 
32 3540.0001 

34 33 -0.89Ub 

iqs5n9.2~17 223903.2u5 59466n.109 1701271.813 -._ - ._ 
iOb45.0bYb 2 1 SU3184.50 20908521 ~ 2 5  4.b783 

O.CO3 2204950.9Cb C.000 1879-76.844 
0.0UO 480902.4Qb 0.000 13.0818 
0.000 1157'15.195 0.000 lb.bl30 

0.0000 11937.8418 P.0000 36.8483 
o.cono -679.87b5 P.0000 -0.0901 
1.1300 

2- -05.~43 
- :-9.604 
-8b3.252 

-n.osvo 
0.0028 
0.0000 
0 . 0 0 ~ ~ 0  
0.0000 
0.0000 
2.b3b7 
18.2969 

358.0948 
4.5074 
29.1991 
ib.14n4 
0.0000 
0.0000 
0.0000 

0.0000 
0.00v0 
0.0000 

97491.7bFb 
ll958.59b4 

h42.2579 
-O.O@b 
O.Cl8 
O.OP2 
0.0000 
O.OOF0 
0.OOOF 
0.0000 
o.oco0 
0.0000 
2. bo40 
11.2877 

-5~b-bbll 
0.0000 
29.6388 
-2.1226 
0.OCOO 
0.0000 
0.0000 

3b9.659b 
-0.bb59 
-1.0397 
0.7115 
31-6724 

0.c 
-0. 
1. 

-82. 
103879. 

2525933. 
2521b@?. 

-0.c 
-0.c 

0.c 
-0.2 
0.1 

2320.1 
-30.4 

-0.c 
0. 
0. 
0. 

0.c 

-443.q 

-0.1421 
-0.001 
-0.059 
0.457 

-0.5447 
-3.3177 
-C.4000 
0.0589 
-0.0024 
-~.OOOO 
-0.0001 
0.0012 

18a?bc.?zl 
ban. 000 

1014'1.0~0 -0.0403 

0.0000 
0.0000 
0.0000 
0.0000 

37.0299 
90187246.0 

179.271 1 35.9370 
7912pZbb.O 

0.0214 

17C.9179 

-0.OZb9 -5.8?50 0.0165 

2Ob049.bl3 
9993~4'1S4 

0.0t'O 
o . n w  
G - OGO 
o.nooo 
o.cnla0 
o . c w 0  

22b2Ul.bI15 
-529.9FC 
-814.193 

-n.ooz I 
0.0071 
n . ooot. 
8. OC'JO 

0. not10 
4.0454 
71.9105 

3SO.?Zh8 
4.2795 
29.b717 
1 * ,2 1 d l  
V.00UO 
0.0000 
n.onoo 
o.noi.0 
n.aouo 
o.nooo -0.9903 

o.ccuo 

104738.224b 0.8055 38.2710 119.0292 
1121~.70~1 31.6875 b284°357.0 

224283.713 5@1ZC4.701 
2c.90aa55.75 

0.000 
Q.000 
0.000 

0 .to06 
c.0000 
n . oooo 
0.713 

503.845 - 123. bbb 
1039C,3.202 

255108 1.625 
2552U04.750 

-C .OOb4 
-0.0919 
0.0071 
-C.2080 
C.1354 

-434.1971 
2269 ,2800 
-30.493b 
-0.00b4 
0 * 000 
8 . 000 
0.000 

0.0000 

15e70La.00U 
4.1297 

163397lm016 
72.9357 
18.7604 
35.02C9 
-0.08 Jl 

1 350.0003 
2 12319.6289 
3 lIblOb9.844 
4 518983-65? 
5 37531.905 
b 10961.2301 
7 -515.812s 
I 4b0.431b 
9 223b9'1.43' 

10 -5b3.b7V 
11 -877.922 
12 12.551b 
13 -3.8639 
14 0.4003 
15 -17.977R 
1b -7.2113 
I7  J.0003 
11 2.26'?2 
19 77.074Q 
20 423-9724 

0.0001 

23 16,6213 
24 0.0003 
25 0.0000 
26 0.000') 
27 125,1221 
26 12.0222 
29 -7.26bI 
30 0.0000 
31 4b3mb240 
32 3540.41*3 

33 34 -0.3516 

2 15.n927 

190ZSl.5t4 
10989.0033 

0.000 
0.000 
0.000 
0.0000 
0.0000 
0.0000 

223695.a47 
-564.133 
-877.937 

-0.0675 
0.0021 
-0.0000 

o.oono 
0.0000 
0.0000 
2.0222 

18.4931 
361.4396 
4.b342 
29.8b51 
lb.5131 
0.5000 
0.0000 
0.0000 

0.0000 
0.0000 

223697.813 
2 1S08039. 2 5 
2325915.500 
473001.367 
1b2302.912 
12208.T474 
-900.6002 
b63.3545 
-0.001 
0.018 
o.eo2 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1.1900 

71.4875 
-521.b110 

0.0000 
29.1018 
-2.0030 

0.0000 
0.0000 
0.0000 

372.0854 
-0, 6037 

599519.367 1812294.656 
4a96bl 

1932442.250 
?3.1553 
15.5788 
37.1298 
-0.0953 
-0.1481 
-0.001 
-0.05b 
0.4b8 

-0.~3an - 3 A005 
-8.~000 
O.Ob74 

-0.OOZO 
-0 .oooo 
-0.001b 
0.0001 

190498.625 
680.000 
-0.0403 

10989.004 0.0000 

0.0000 
0.0000 
0.0000 

20108451 
0 .  
0 .  
0. 

50 
100 
I00 
IO0 

b 
7 
I 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 

0 .  0000 
o.ooQ0 
0.0000 

-24.010 
3b.764 

1031b8.239 
2512061.719 
2513121.844 

-0.0045 
-0.04'4 

0.0020 
-0,2249 
0*1+45 

-447.997b 
2339.0051 

-30.4416 
-0.0083 
0.300 
0.000 
0.000 

o.ow0 

0.117 

-242.6561 
t.00.9599 
-0.OOb 
0.C1') 
0.003 

o.occ0 
0.OCFC 
0.0000 
O.OGOO 
O.OCtO 
0.0000 
4.0107 
77.8S94 

-529.0917 
0.0000 

-2.4c21 
0.0000 

O.0OEO 

361.3940 
-0.633 1 

29.~109 

o.ocon 

-0.12i1 

-n.0~9 
-0.Orl1 

0.446 
-0.b171 
-3.3142 

0.0910 
-0.0071 
-0.00c0 
-0.0045 

0.0007 
L84b23 219 

ber.000 
-0.0403 
9993.413 
0.0000 
c, . 0000 
0. 0000 
0.0000 

-o.*oro 

I 

22 
23 
24 
25 
2b 
27 
21 
29 
30 
31 
32 
33 
34 

010000 -1.Ob65 0.1b84 37.44T4 179.3999 
*4003.7191 
12309.9581 31.bbbO 95228246.0 

-0.i870 -4.7969 G.0202 0.3912 -3.5469 0.0184 
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Appendix 4 
F l i g h t  S i m u l a t z d  D a t a  (AC77) 

TABLE AP 4-3 (Sheet 6 of 10) 
FLIGHT SIMULATED DATA 

1 
2 
3 
4 
5 
b 
7 
0 
9 
10 
I 1  
I2 
13 
14 
15 
16 
17 
18 
19 
20 

3eo.0005 104992.555 ~238m.67b 
12t77.9751 11346.3719 21511758.75 
1972461.059 0.000 2450358.750 

603377.727 

0.000 
0.000 
0.000 

0.0000 
0.0000 
0.0000 
0.b91 

190.905 
40.948 

103856.410 
249671b.844 
2498401.375 

-0.0050 
-0 07 9 

-0.22b2 
0.1471 

-451.70bl 
2354.4349 

-30.4309 
-0.0064 
0.000 
0.000 
0.000 

0.0000 

209003e3.00 

0:0019 

192074e.672 
5.2633 

2038476.344 
73.2290 
14.510b 

-0.0999 
-0.1537 
-0.002 
-0.055 

0 . 4 7 9  
-0.5350 
-3.604b 
-0.4000 
0.0739 
-@.0029 
-O.OO@O 
-0.0007 
c.0002 

b00.000 
-0.0603 

1 1 34 6 - 373 
0.0000 

0.0000 27 
28 

30.938s 

192080.110 

o.oono 

0.0000 3: 

1 
2 
3 

390.0009 
13838 .OQOO 

2328 1711.563 

58912.727 
12419.0382 

402~16.32~ 

lb9169.619 
12504.8871 

0.000 

o.ou0 
0.0000 
0.0600 
0.0*00 

223962.598 
-603.731 
-937.1b1 
-0.9662 
0.0015 

0.0000 
0.0000 
0.0000 
0.09*5 

79.3378 
372.0R74 

5.2355 
30.1334 
16 a8472 
O.@OUO 
9.OCOO 
0.0000 

0.0000 
0.00fl0 

o.mo 

-o.nono 

b08469.930 
30908lb9.25 

0.000 
0.000 
0.000 

0.0000 
0.0000 
@.OOOO 

0.067 
8.010 
1.998 

103620.315 
24436.b2.594 
24452G3.531 

-0.0016 
-C .Obbl 
0.0011 
-0.239’ 
0. !54C 

-4b1. ::lb 
2371.9915 
-3O.klb7 
-0.0010 

o.oc0 
0.000 
0.oou 

0. oooc 

22b7973.469 
6.2148 

2 3 7 8 3 2 2 . 4 6 9  
7 3 . 4 4 9 5  
11 .b981 
4 2 . 5 9 5 0  
-0.1147 
-0.1782 
-0.002 
- 0 . 0 5 0  

0.522 
-0.4887 
-3.4735 
-0 .4000 
>.Ob61 
-0.001 1 
-0 .oooo 
- 0 . 3 7 0 4  

19b109.730 -0.0001 

680.000 
-0.0105 

12504.808 
0.0000 
5 .  uuoo 
0.0000 
0.0000 

5li825.826 
42315.159 

1 I 3 1 2.8’  ! 3 
-715.9671 
~ 9 b . s ~ O S  

22388b.18b 
-574.151 
-8R3.733 

-3.9009 
0.4007 

-78.68bb 
-7.3073 
O.OOO¶ 
1.b364 

77.3482 
425.1473 

0.0001 
74.1588 
1b.8639 
0.000, 
0.0003 
0.0005 

126.1861 

I 1 ~ 3 9 3  

o.onu 
o.ou0 
0.0006 
0.0000 
0,0000 

223886.193 
-574.657 
-883.755 
-0 a 074 1 
0.0034 
-0.0000 
0.0000 
0.00u0 
0.0000 
1.4645 
78.69b5 

364.4150 
4.7701 
29.9311 
16.1630 
0.00u0 
0.0000 
0.0000 

0.0000 

0.0000 
90580.1680 
12672.7211 

o.oooo 

Cb2884.762 
169044.217 

-1123.0173 
685.0bl2 
-0.006 

0.002 
0.0000 
0.0000 

i26n9.5381 

0.019 

6 
5 
6 
7 

9 
10 
11 
12 
13 
14 

e 

190609.:79 
13690.‘201 
- i m  ,3809 
15;.3929 
-0.007 
0.021 
0.002 
: . nooo 
0.000u 
0.0000 
0.0000 
0.OOOJ 
0.0000 
Osob45 
79.3116 

O.OO0O 
29.9113 - 1. b508 

0.0000 

0.0000 

384.2786 
-0.7157 

0 -1073 
31 b446 

-S27*7’30 

o.ooCJ 

-1.1899 

:132(1.6699 
b11.0284 

223962.588 
-603.Zb2 
-937.152 
9.3381 

-3.8286 
0 . 4 0 0 3  

15 -81.1401 

17 0.0093 
18 0.1046 
19 78.1855 

424-3334 
0.0001 

73.6061 
1 b.9189 
0.0009 
0.OOOJ 
0.000- 

127. S254 

29 -7.3038 
3c 
31 
32 

1b -7.30311 

a.1599 

0.0000 
0.0000 
0.0c00 
0.0000 
1.4320 

78.b925 
-526.6085 20 

21 
22 
23 
24 

2i 
2 2  
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

0.0000 
29.7b97 
-1.9523 

0 . 7 2 0 0  
0.0c00 
o.ooon 

374.7b58 
-0 - 702 5 
-1.0948 
0.1545 
31. b598 

11.313) 
-7.3073 

c.0007 
495.3285 
3540.7416 

~. 
0.0000 

607.1 153 
35k1.1909 

37, 8977 
99020304.0 

179.5337 39.4893 
115349505.0 

179 ~9120 

33 
3 3  34 1.6875 -0 .0474 -2.7500 0.0lbl 34 1.9453 0.3279 -2.1250 0.0110 

1 310.0005 179720.279 223343.367 606081.08b 2032756.875 1 600.000’ 1b3889.301 224211.457 608247.01b Zf9144Q.594 
5.5702 2 16i52.735n 12919.3243 21S16341.00 20908096.50 0.000 2439360.875 6.5532 

0.000 2903633.40b 2 13050.4192 11718.1475 21514398.25 20908312.50 0.000 2141029.b>b 3 2454317.094 
0.000 399137.4b5 0.000 13.5225 

0.000 2578203.844 
0.000 73.302b 4 467886.492 

3 2007366.12S 

0.000 10.7895 
0.000 450532.551 

0.000 13.5881 5 bS234.367 0.000 198261.934 
4 504663.258 

0.0000 44.0293 
0.000 17b005.951 

0.0000 14084.0593 
5 47465.479 

0.0000 39.9831 6 12810.8h31 
OIOOUO -2043.4555 0.0000 -0.!206 

u.0000 129bl.4100 
0.0000 -0.1039 7 -1531.5833 

b 11b69.9797 

0.0000 -0.1873 0.0000 177.2225 
0.0000 -1347.79b5 

0.0003 -0.lbZ4 8 652.7252 
7 -911.4)~l 

0.0000 707.3283 
-0.002 9 22427(1.5?4 224271.582 

8 533.7365 
-0.173 

-0.052 LO -bl4.261 -616.751 0.022 0.  498 -0.050 
-0.00’1 9 223363.7b3 223340.768 
0.019 -bl.Skb 

0.491 11 -956.276 -956.28b 0.002 -6.250 P.548 10 -583.166 -580.887 
0.002 -18.5bl 11 -907.28a -907.269 
0.0000 103844.48b -0.5b5b 12 

12 11.0247 -0.10bl 0.0000 2480298.750 -3.4395 13 - 3 A l l 8  0.0017 0.0000 2422643.5b3 - 93Y 
0.4003 0.0000 0.0000 2424430.0bJ -L +COO 

13 -3.8411 0.OOOb 
0.0000 2482Ob8.bI8 -0.4000 14 

0.1059 15 -01.8110 o.nooo 0.0000 -0.0015 O.ObS0 
14 0.4000 0.0000 

0.0000 -0.0011 
0.0002 16 -7.3068 o.oono 0.0000 -0.0680 -1.0012 

15 -79.5319 0.0000 
0.0000 -0.1059 

0.0000 o.oono 0.0000 0.0012 -0.0001‘ 
16 -7.2886 0.0000 

0.9298 -0.2328 -0.0001 18 -0.2936 -0.2661 -0.2955 -0.2430 -0.OOOb 
17 0.0003 

0.0037 19 78.6715 79.5628 19.5636 0.1570 0.0003 
1.0‘102 0.9609 

19 17.6242 78.9051 78.9024 
20 423.3902 3b7.2543 -527.5051 -455.1393 193544.070 20 *24-6641 374.1540 -528.1311 -4b3.8458 197215.453 
21 0.0001 4.9158 0.0000 2364.8440 680.000 21 0.0001 5.4100 0.0000 2373.1354 b80.000 
22 14.4136 29.9979 29.83b2 -30.4233 -0.0404 22 13.3033 30.20?1 30.0391) -30.4174 -0.0406 
23 16.9413 1b.8544 -1.8171 -0.0065 11718.148 23 16.9923 10.9210 -1.9631 -0.0073 12919.325 

-0.007 0.009 -0.002 

8.6489 -0.0661 o.oooo 103808.041 -c 411~7 

0.00u0 0.0000 -0.0002 -0.0000 17 

0.1k90 
ia 

0.0000 24 0.0003 0.001ro 0.0000 0.000 0,0000 
0.0003 0.01)UO 0.0000 0.000 0.0000 0.0000 25 
0.0003 o.nooo 0.0000 0.000 0.0000 0.0000 26 

o.0000 27 127.95bb 0 * 0000 0.0000 

0.000 
0.000 

0.0000 

24 0.0000 0.0000 0.0000 
25 0.0000 o.onoo 0.0000 
2b 0.0003 0.0000 0.0000 0.000 
27 lzb.6408 
28 
29 -7.288b 0.0000 -0.7224 

0.0000 -1.1247 30 0.0000 
31 529.6433 87234.8b13 

0.0000 300.0325 
0.0000 -0.1894 ;: -;:E! 0.0000 -1.2256 

32 3541.1626 14252.560b 11.b405 121164377.0 

10.4681 0,0000 377.b733 2c 1.1822 

0.ba95 4n.iicz -179.8w.7 0.1398 38.3854 179.6728 31 b50.1906 ?1552.2539 
32 3140.9857 13Ok8.1519 31.b542 1046925b3.0 ,a 
33 
34 1.9n44 -0.259b /c4.1875 0.0141 34 -1.890b 0.24bb 0.0313 0.0091 

1 
2 
3 

172452.266 
12104.5358 

o.oa0 
0.000 
0.000 

0.0000 
0.0000 
0.0000 

223817.002 
-590.591 
-921.113 
-0.07b3 
0.00Ob 
0.0090 
0.0000 
c.0000 
0.0000 
0.5041 
79.11Ub 
319.7794 

5.0707 
30.0659 
1 b e  8000 
0.0000 
o.onno 
0.0000 

0.0000 
0.0000 
o.OOn0 -1.15b3 

13941.971T 0.?240 3 8 ~ 9  41 179.8195 
13436.7554 31.b492 1098b573).0 

2238 1) b80 
2151bOO1-25 
2709bZ3.4Qb 
435915.OCb 
183192.438 

b017b9.273 
20908241.25 

G s 000 
0.000 
0.000 
0.0000 61.28Ob 
0.0000 -0.1088 
0.0000 -0.1699 
-0.152 -0.002 
10.810 -0.051 

-55.001 0.503 
103832.451 -0.518b 

Z4bZblI.bSb -3.4548 
24bC394.094 -0*4000 

-0.0051 0.0762 
-0.Olb2 -0.0000 
0.0000 -O*O000 
-0.2350 -0.0001 
0.1S12 -0.000’) 

-451.2982 194889.488 
2371.3006 6an.000 
-3Oek18b -0 .0404 
-O,OOb? 12101.53b 
0.000 0.0000 
0.000 0.0000 
0.000 0.0000 

0,0000 n.oooo 

21*8453.219 
5.8813 

2211219.938 
13.37b2 
12,6301 

1 410.0003 
2 14b82.b904 

4 451451.441 
5 71971.672 
b 13215.9373 
7 -1748.3372 
8 b94.9811 
9 224121.07’j 
10 -62?.019 
11 -915.149 
12 7.9385 
13 -3.7961 
14 0.4003 
I5 -82.52bb 
1 b  -7.3213 
17 0.0000 
1) -0.6351 
19 78.7blb 
20 425.5+a3 
21 0.0001 
22 72.9072 
2) 17.0003 
26 0.0000 

0.0000 
2b ’’ 0.0POO 
27 128.3811 
28 ?r4?34 
29 -7.3213 

0.000¶ ;: b98.3526 
32 3541.0414 
33 
34 -7.3-,3 

3 ~ ~ a 4 ~ 3 9 . 4 ~ 1  

158614.900 
13349.1826 

0.000 
0. on0 
0.000 

o.onoo 
0.@000 
0.0000 

224121.071 
-625.5P5 
-975.138 

-0.07112 

0.0000 
0.0006 
0.0000 
0.0000 

-0.5714 
79.793v 
37b.0810 

5.5949 
30.2713 
lbiqk28 
0.0000 
0.0000 
0.0000 

0.0000 

-0.001 4 

224124.074 
21515190.75 
312b653.250 
378115.S59 
2Ob155.818 
14402.1901 
-2281.635b 
801.bb33 
-0.008 

0.024 
0.002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0.bOb2 
7q.?95b 

-5Zb.bb4b 
0.0000 
30.1018 
-1.4823 
0.0000 
0.0000 
0.0000 

607170.08b 
20900023.00 

0.003 
0.000 
0.000 

0.0000 
0.0000 
0.0000 
-0.327 - L39.389 
1.930 

103795.b37 
2399901.844 
2401b93.9bV 

-0.0052 
-0.0?80 
-0.9019 
-0.2493 
0.1599 

-*66.2912 
23b8.9995 

-30.4205 
-O.OO?? 
0.000 
0.003 
o*ooo 

0 .  0000 

2519024.500 
b.9028 

Zb245b1.219 
13.5952 
9 .9049 
k5.4b15 
-0.1218 
-0.lQ78 

-0.002 
-0.049 

0.572 
-0.4752 
-3.5235 
-0. io00 
0.0760 
0.0019 
-0.0000 
-o.ooo? 
0.0010 

19823b.bOS 
680.000 
-0.06Cb 

13349.183 
0.0008 
0.0000 
O.FOO0 
0.0000 

4 
5 
b 
7 

1 13324 .b254 
-157b.3212 
730.0814 

-0.001 
0.020 
0.002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.4735 

79.1172 
-129.8336 

0.0000 
29.9034 
-1.7396 
0.0000 
0.0000 
0.000n 

380.047 
-0.T434 

8 
9 
10 
11 
12 
13 
14 
15 
lb 
17 
18 
A9 
20 

-921.113 
10.1081 
-3.0443 
0.40OJ 

-8O.kOOC 
-1.3009 

0.559b 
77.9031 
4Z2.4280 
0.0001 
74.05b3 
Ib.0803 

o.oooo 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

-0.o0oa 
(I.0003 
0.000.7 

127.087¶ 
9.5997 

-1 .3009 
0.0003 

56b.0363 
3541.132’1 

2.382C 

0;0000 
0.0000 

1441 3.4873 
;‘*+1.46¶3 

31 
32 
33 
34 

60.’*72 
1273498b5.0 

0.0017 

-179.7021 

-0.1047 -5.1813 0,0121 O.43?1 
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Appendix 4 
Flight  Simulated Data (AC77) 

TABLE AP 4-3 (Sheet 7 of 10) 
FLIGHT SIMULATED DATA 

1 4 2 0 . 0 0 0 3  

2718bE3.313 
43291 1.031 
79139.071 
1jb34.4407 
-1Pbl.b40? 

7 3 8 . 7 b 0 9  
2242b5.443 
-b31.181 
-973.353 
7.1714 
-3.814b 

0.400 
-d3.L9OP 

-7 .34 fa4  

-0.9241 
79.05bR 
425.0233 

0.0001 
72.4971 
Ib.9155 
7.0001 
C . O D O 3  
0.0003 

128.799q 
b.70'91 

- i . 3 4 1 4  
0.Oi)OJ 

750.2249 
3 5 4 c . 1 5 4 7  

-13 .9207 

1512n.1483 

o.ono3 

193339.975 
13794.bZli6 

0.000 
0.000 
o.ou0 
0.001l0 

0.0000 
224265.453 

-h31.7WO 
-979.359 
-0.0814 
0.0012 
u. 000 1 
n.oouo 
0.0000 
0.0000 

- 0 . 8 4 7 8  
8 0 . 0 3 2 0  

377.EbU5 
5.79113 

3 0 . 3 4  I1 
1b.L)bll 
0.0000 
0 OOIJO 
u.c000 

n.oouo 

224218.4116 b05311.141 2650E51.375 
7.2640 

27540b*.15b 
73.bb74 

9.043E 
47.0557 
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0.0000 

o.ooon 

bOL745.180 
20907874.25 
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0.0000 
0 . 0000 

t.090 
l.8b3 
5.449 

lP3770.332 
2347162.094 
23495bY.bZS 
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0.0000 
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0.0000 

-1. 5947 
82.18b2 

-cb'l.94bP 
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-01007 
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-4377.1577 
1C35.237b 
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0.0000 
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0.0000 
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-1.5514 
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-525.4b15 
0.0000 
30.b714 
-! ,3004 

0.00G0 
0.0000 
0.0000 

441.107b 
-1.0914 
-1 s b799 
0.4b15 
31.4119 

4.3720 
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21479244.25 
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b9372.792 
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-4b94.7519 
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-0.01b 
0.03b 
0.001 
0.0000 
0.0000 
0.0000 
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12.2531 
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30.7414 
-0.9427 
0.0000 
0.0000 
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-1.1337 
-1.7434 
0.42bO 
31.b097 

17.15b3 

3.b335 
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-0.3016 
-0.005 
-0.011 
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-0.5100 
-3.b8bV 
-0.4000 
0.17bb 
0.0023 

-n.0000 
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0.0000 24 
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29 
30 
31 
32 
33 
34 
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7 

17a55.9241 
-3S60.1257 
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-3.9947 
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11.3195 
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3537.5OPF 
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154211.461 
17b21.1423 
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r . oooo 
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-2.293 
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-6.0023 
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13 
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-0.0501 0 ~ 9 ~ 4  

111242.9bZ 
10075,9b(10 
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o*oooo 
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0.0006 

3180Ib5.9bV 
10.b347 

39bPJOO.qb9 
74 e 2302 
?.939? 
b1.7753 
-0.ZObI 
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0.0000 
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0.0000 
30.9470 
O*O>bI 

10 
11 
12 
13 
14 
15 
1b 
17 
18 
19 
20 
21  
22 
23 
24 
21 
2b 
27 
21 
29 
30 
31 
32 

-2.4033 
-3ebb14 
o.coo0 

-92.4178 
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0.0000 
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Appendix 4 
Uata (AC77) Fl ight  Simulated 
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-0.031 
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-0.3101 0.0011 

0.2054 0.0121 
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-0.3377 

b ilb9i.?bIO 
7 -5117.0092 
8 1J55.8474 
9 inisi8.iso 

O.0FOO 

1147bb.387 
-S19.513 
-97b.b39 

0 . 2 8 4 2  
0.0070 
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0.0000 
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-2.0440 
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0.0000 

10 4s4.924 
1 1  -996.2111 
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c.3000 

133.4b14 
1.5101 

-6.9012 
C.CO00 

2Cll.C912 
3133.7616 

n.cooo 
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-0.0005 
0-0035 

21715.394 
?4O.b11 
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21 
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0.0000 
31.0715 
0. (-3 19 
o.onoo 
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0.0000 
0.00qo 

31987.2769 
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i! 
3 
* 
5 
6 
7 
e 
9 

10 
1 1  
12 
13 
14 
15 
16 
li 
15 
19 
20 
21 
31 
23 
?4 
2 5  
2 6  
?7  
20 
2 9  
30 
3 1  
?L 
13 
34  

16999.'.549 
21463129.50 
6b13kbZ.Sl3 
-511193.078 

400952.109 
i4374 .7917  
-7898.0964 

1325.3105 
4 . 0 3 7  
OoO8b 
0.003 

o.unoo 
o.nnou 
0.0000 
0.000" 
0.0000 
0.E000 
0.0248 

15.46@4 
-411 -7b74 

0.0000 
31.3375 
-0.443* 

@ . 0 l I O 0  
@ . C O O 0  

574 -9630  
-1.73bB 
-2. b6b3  

0.0185 
31.6300 

-36 - 2 5 C U  

o.onco 

52b433.930 
20906bPR.25 

0 * 000 
0.000 
0 I 000 

o.nooo 
0.0000 
n.oooo 

-31.730 
14b5.016 

-b505.331 
103527.544 

1334738.578 
0.0114 
0.1991 

-0 .3066 
0.1528 

-98.6285 
2 0 6 2 ~ 2 b 7 3  

-30.h227 
-0.0368 

0.000 

0.000 
0.0000 

i 33nsz7 .969  

-n.0430 

n.ooo 

8 .  s 2670 
337522740.0 

0.0777 

5751327.31) 
15. e '708 

-0.4 17V 
-U.?lB 
-0.u5a 

1.217 
0.1139 

-*.2n2* 

-0.1V91 
0.0130 

0.0033 

-0.4000 

-o.oonn 

-115.3643 

i 
i 
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Appendix 4 
Flisht Simualted Data (AC77) 

NOTE: THE Y AXES E PERpEH)IcucAR TO THE 
EARTH'S SURFACE AT M IAUW SITE 

- -  
Figure AP 4-1. Coord+?-tz System, AC77 Computer Program 
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Appendix 4 
Flight Simualted Data 

(AC77) 

I- - 
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KTEOROLOGICAL DATA (AA99) - 



A-ppendix 5 
Meteorological  Data (M99) 

TTME AMOUNT 
(GMT) (percent )  

2248 30% 

1. METEOROLOGICAL DATA (A49C) 

CLOUDS BASE VISIE 
(coverage) ( f r )  (mi) 

High 4000 10 
S c a t t e r e d  

A summary of the meteoro leg ica l  d a t a  during t h e  AS-204 launch and f l i g h t  

i s  prcsenred i.n t h i s  appendix. Surface measurements a t  t h e  Kennedy 

Space Center a t  t h e  t i m e  of launch a r e  recorded as follows: 

PRESS 
a t  MSL* 
(mbars) 

1018.6 

DRY WIND 
DIRECT- SPEL3 BULB TEMP HUMIDITY ION 

(knots)  ** 
(deg) 

(percent)  
(deg F) 
61 90 45 8.2 

Table AP 5-1 presents  d e f i n i t i o n s ,  u n i t s ,  and s i g n  conventions f o r  t h e  

meteorological  d a t a  presented  i n  t a b l e  .? 5-2. 

meteoro logica l  d a t a  t o  an a l t i t u d e  of 360,000 f t .  

Table AP 5-2 records  the 

AP 5-1 



Appendix 5 
Meteorological Data (AA99) 

Program 
Svmbol 

A l t .  

Density 

E 1 e c/ R e  f 

Opt. /Ref 

P i t .  Shear 

Press 

R e 1  Humd 

Temp. 

Vap. Press 

V e l  /Sound 

Visc. 

Wd. Yerid. 

Wd. Zonal 

TABLE AP 5-1 (Sheet 1 cf 2) 
PROGRAM AA99 METEOROLCGICAL DATA 

Table of Defini t ions 

Defini t ion 

Alt i tude:  Geocentric a l t i t d d e  ( f e e t )  

3 Density: row 2 ,  column B ( s l u g s / f t  ) 

row 3 ,  coiumn E (1bm/ft3; 

Electromagnetic k d e x  of Refraction: (un i t ldss )  

Optical  Index of Refraction: (un i i lesh)  

Shear of Wind Velocity P i tch  Component: ( f t i s e c l f t )  

i en t  Pressure:  row 1, column C (m')) - 
row 2 ,  colurm C ( l b f j f t  2 1 

.e la t ive Humidity: (decimal) 

Ambient Temperatura: row 1, column B (deg K) 

row 4.  colunm A (deg C) 

Vater Vapor Pressure:  ( l b f / f t 2 )  

Velocity of Sound: ( f t / s ec )  

Coeff ic ient  of v i scos i ty :  (s lugs/f  t-sec) -- 
Meridian-1 Component of Wiqd Velocity: 

ve loc i ty  vector  measured along l i n e s  of longi tude$ 

Component of wind 

pos i t i ve  north ( f t / s e c )  

Zonal Component of Wind Velocity: 

ve loc i ty  vector  measured alo?g l i n e s  of l a t i t u d e ,  

pos i t i ve  east ( f t / s e c )  

Component of wind 

AF' 5-2 



Appendix 5 
Meteorological Data (AA99) 

Program 
Symbol 

Wind D i r  

Wind Pi tch  

Wind V e l  

Wind Yaw 

Yaw Shear 

TABLE AP 5-1 (Sheet 2 of 2)  
PROGRAM AA99 METEOROLOGICAL DATA 

Table of Defini-tions 

Defini t ion 

Wind Direction: Direction from which wind is  blowing, 

measured clockwise from north (deg) 

Wind Velocity P i tch  Component: 

ve loc i ty  vector  along vehic le  f l i g h t  path,  pos i t i ve  

downrange ( f ? / s e d  

Component of wind 

Magnitude of Wind Velocity: ( f t / s e c )  

Wind Velocity Yaw Component: 

vec tor  perpendicular t o  p i t ch  component, ly ing  i n  the 

l o c a l  tangent plane,  and pos i t i ve  r i g h t  looking downrange 

( f t / s ec )  

Component of wind ve loc i ty  

Shear of Wind Velocity Y a w  Component: ( f t / s e c / f t )  



Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Shee t  1 ef 6)  
METEOROLOGICAL DATA 

E 
blN0 n l n  
OPT./REF 

M Y S l T Y  

E 
30 .000  
1.0003 
.7.72 

E 
95.395 
1.3003 
.?I70 

E 
13.610 
1.0003 
.6*8 

E 
16.152 
1.0003 

.E??? 

E 
313.221 

1.0003 
.MOO 

E 
350.69f 

1.0003 
.-lo 

E 
305.085 
1.0002 

.6192 

E 
291.1.9 

I .  0002 
.%OS 

E 
3s1.101 

1.0902 
.57W 

E 
% . O M  
1.0002 

-5609 

c 
310.696 
1.0002 

.%.I 

E 
333.167 

1.0002 
. sa74  

L 
325.653 

1.0002 
.SI05 

E 
31 1 .35* 

1.0002 
..w3 

C 
m l H C  VEL 

YEL/50U.(3 
-0.  UERIC.  

E 
l l N 0  O I R  
OPT./REF 

nrNsiTi 

E 
307.693 
1.0002 

.U79U 

E 
289.712 
1.0002 

.a646 

E 
242.107 

1.0002 
..so4 

E 
285.l.3 

I .  0002 
..MI 

L 
277.653 

1.0002 
..21. 

E 
267.615 

1.0002 
.mono 

E 
2eb.392 

1.0001 
.I931 

E 
277.191 
1.OOOI 

.%a1 

E 
276.023 

1.0001 
.)?I3 

E 
271.t47 

1.0001 
.%01 

E 
*.bW 

1.0001 
.ma9 

c 
N O . Y O  

1.0001 
.3MO 

L 
262.797 

1.0001 
.327. 

L 
'275.021 

1.0001 
-3167 

c 
RCL *"*O 
FLEC/PEF 

V I S C .  

F 
.20'2 

.OOO"OO 
1.na02 

F 
e2696 

1.0nn2 
.000000 

F 
e2718 

1.0002 
.000000 

F 
-2309 

1.0002 
.000000 

F 
*1016 

1.0nn2 
. O O O l m O  

F 
-1015 
1.00oz 

.000900 

C 
.21u 

1.oon: 
.oooeno 

C 
.2v1 

1.0001 
. O O O ~ O  

F 
.32w 

:.own: 
.ooonoo 

C 

.3300 
1.OnOI 
.0000n0 

c 
.310a 

l.O*Sl 
.OOOOOO 

* 
.32% 

1.Onll 
.00os00 

c 
.32m 

1.ona1 
.oooono 

c 
. W l a  

i.ooni 
.000000 

I 
d 
3 . 
I ' 
3 
6 

I 
d . a 

I 
2 
3 * 

I 
d 
3 . 
1 
d 
3 . 
I 
d 
3 

I 
2 
1 . 
1 
2 
3 
1 

I 
2 
J . 
1 
1 
3 . 
1 

3 . 
I 
d 
3 

t 
6.5617 

1121.5911 
-.10q9 

F 
.9nno I 

1.os93 #. 
.OOO"OO 3 

U 

D 
16.6299 

-.0952 
1000.29. 

- . C  
33 .  ) > b l  

- . . ' lU7  
15. <I,? 

1 O U i . O  
PZ..Z>i 
-.i.*0 
18.cY3 

r: 
2dCI.O 
15. ,932 -. 53"8 

1 6 . 3 Y Z  

30'3U. 0 
1Y.:69Y 

-.d.sb 
lU.ir2 

A 
'OOU.0 

i*.>-ao 
-.Ab27 
11.233 

503c.0 
10.2109 
-.2L02 
9.3a1 

L 
605WJ.0 
5.1159 
2..*;12 

9.G11 

A 
7 0 ~ 4  
4.9675 
..I*dZ 

7.559 

& 

6.9IbP 
.2IIO3 
0.722 

0OOC.O 

. 
90iU.O 
*.YCLd 
-.SI52 
5.b2O 

L. 
10JOi.O 

1.9 irJ  
-5. l tob 

3..a. 

, 
I 1 0 0 ~ .  J 

3.21,) 
1. I039 

1.W5 

L 

4 
1.OJU.O 
2.*113 
9.>dbQ 

-.U15 

1500U.0 
2.2127 

1'4.6176 
-.u19 

It 
IbOJO.0 
1. >-96 

12.53b9 
-.&I11 

. 
17o;o.o 
l.u.52 

12.7Yb7 
- . u u  

A 
I4OUO.O 

1.3867 
17. 5 w a  

-.Ill0 

a 
19003.0 

-3197 

- . 0 w  
:s.s7az 

A 
20000.0 

.Oosa 
10.bOM 

-.OJS 

A 
21000.0 

. 9 m b  
25..>J? 

-.us7 

r( 
2200;1.0 

.SI21 
2b.IYP1 

-.Jab 

A 
23OIU.O 

&903 

-.oos 
27.6951 

A 
21000.0 

e5551 
%a6711 

-.003 

A 
Z5OJO.O 
.*334 

q5.2976 
-.UJ2 

A 
26000.I) 

.)*I? 
56.072d 

-.nu1 

A 
27000.0 

-2b75 
36.6976 

-.a09 

6 C 
291.*4 %).US.: 

.U023 7053.195 
. % O m 3  -.lSSJ 

-000263 -7.53a58990 

r 
0.5611 

11ZE.I*P 
2.2329 

c B C 
267.05 533.001 

.a015 lll7.62U 

-9.117277 -55.5r2309I0 
Il.UIZ2 17.6375 

0 
IO.7U02 
1076.37.' 

- . l e61  

b 
209.69 9.Y.569 
.0022 1981.129 

b.8513 -1.3011 

n.oooo 
llZl.1~0 

-.07(17 

C 0 C 
Z h 5 . 9  560.720 

1171.085 
7.572. 1r.2033 

-52.3091Y3 -24.32935430 

0 
1..?.02 
1071.666 

-.3.77 

8 C 
287.27 91Y.SW 

.00?1 1910.167 
9.6391 -.95J3 

- 0 . 7 0 5 ~ 3 1  .oo.?J1123 

F 
.a1119 I 

1.0I)I)) 2 
.oonnoo 3 . 

0 
12.0000 

lIl5.398 
-.OS07 

e C 
263.08 539.015 

,0019 1125.755 
n.esl? 11.1377 

-21.e1361* - 5 . i i ~ ~ ~ u a o  

0 
15.sow 

1064.2.9 
-.2579 

d C 
259.03 4d2.177 

13.28.91 l .Wl3  
. O ~ Z I  10+1.162 

-1.625369 .oobb7260 

C 
16.0000 

l l lP .890  
-.0'21 

3 C 
262.50 51a.125 

4..014 1Y.3192 
.0013 1062.12. 

.005534 -7.39Jd0730 

0 
19.5L 

1065.80; 
-..252 

12.17ns 

-.c253 
1106.717 

F 
.also I 

:.On03 2 
.00onoc 3 . 

0 
16.9119 
1061.513 
1.614. 

c 
.2I.T 1 

1.0002 2 
.ooonno J 

D 
22.20.' 

1057.33. 
-.2J17 

e C 
2n2.1b 819.515 
.OD20 1711.M9 

2.2252 3 . 1 3 5 ~  
.09*9u. - b . C . b ~ a b l O  

b C 
211.11 769.721 

.Oj19 lbu9.35. 
.i.l9@2 5.5515 

-13-1J3120 -2.?57?*160 

B C 
255.14 '59.311 

.On12 950.289 
11.9726 11.9999 
.Job552 43.31732390 

0 
24.2257 
1052.373 
-.140* 

B C 
279.07 763.866 

.0018 1515-099 
9.5322 1.871. 

-~7.0~1~9-262.31162FIO 

c 
9.4.25 

1101.21. 
-.llZI 

F 
.3Wb 1 

I.O~C2 2 
.000000 3 

B C 
253.31 .*@ .ab4 

12.395- .0012 29.31'4 920.I5L 
-392.7Y920 .0001905Y 

C 
3..593 

- .1Y3 
i 0 9 e . e ~ ~  

c )I C 
250.67 123.905 

.it011 8d3.163 
io.pMa 29.7279 
.ooi188 -2~.6?9251ao 

0 
9.2126 

109..*05 
-.:I:. 

c 0 C 
2U8.15 *05.7O1 

. D o l l  a7.323 
8.1919 37.59*6 

eO'J91M -37.72890600 

0 
37.S005 

1.6019 
10m.193 

0 C 
27b.60 705.651 

.OOd* ¶ -5.76089930 

.2.00 1 
I.nnnz 2 

.Oonnoo 3 . 
B C 

27Y.aZ b79.72. 
.0017 lq19.610 

-o.610?08 -L7.68760200 
7.82.. d..5.U 

J 
T.9109 

1090.399 
-.LIPS 

.2.14 I 
1.0002 2 

.OOOnoa 3 
1 

4 C 
2.5.51 368.372 

.0011 412.58. 
6.7571 Y5.1bW 

-00417. -23.79190100 

0 
W.bOI5 

1030.701 
7.5713 

F 
.Inns I 

1.%390? 2 
.ooo"oo 3 

1610'472 
IOL7.888 

- . lo30  

D 
-6.91% 
1025.21~ 

5.P27. 

11JJU.O 

- 5.;o,u 
2.*>79 ............ 

F 
I 130'>.0 

3 10.0119 
1 3.IVb7 ............ 
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Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 2 of 6) 
METEOROLOGICAL DATA 

A 
28000.0 

..?I12 
35.5.45 

- . J N  

D 
*1.1750 
1015.1@3 
-.117q 

c 
53.6650 
1099.910 
-.I323 

C 
s3.aaw 
1001.222 

- . 23OO 

3 
52.5935 
999.6*(1 
-.3*20 

D 
55.7723 
99u.915 

-.Quam 

c 
M.¶399 
989.162 
-.0177 

0 
71.360* 
985.111 
-.9267 

D 
h.M*O 
976.88. 
-.5377 

D 
07.siic 
973.0% 
-.9-35 

0 
92.9591 
s69.05. 

-.1515 

D 
10.. 950 1 
9bU.515 

-.O1.. 

D 
113.3591 
99.378 

-.me1 

3 
111.829)r 
952.626 

-.0102 

3 
11 I .)PO* 
%0,5nu 
-.on27 

E 
282.175 
1.0001 

.Job3 

E 
275.930 

1.0n01 
,2962 

E 
276.800 
1.0001 

.2855 

E 
282.976 
1.0001 
.2765 

E 
291.072 
1.0001 
-2657 

E 
2*.3bS 
1.0001 
.2%78 

E 
210.%*7 
1.0001 
.2.92 

E 
290.6- 
1.0001 
-2.09 

E 
290.218 
1.0091 

.2315 

E 
289.669 
1.0001 

.22M 

E 
287.330 
1.0001 

.21.2 

L 
28I.000 

1.0001 
.2Obb 

E 
20U.150 

1.0001 
.I991 

278.06. 
1.0001 
.I903 

I C 
299.80 177.235 

.O@Q6 373.161 
50.89UU 103.0579 

-8.67V6iU .00193rl? 

D 
102.9869 
952.653 
-.oun5 

E 
281.000 

1.0001 
. I803  

E 
282.277 
1.0001 
.I725 

E 
2U.?ll 

1.0001 
,lb@b 

f 
271.b~~ 

1.0001 
. I S 3  

E 
201.250 

1.0001 
.I.8. 

E 
2bS.512 
1.0001 
.I613 

E 
2Y.827 
1.0000 
.in7 

E 
M0.259 
1.0000 
.12m 

E 
261.680 

1.0000 
.I223 

E 
269.821 
1.0000 
.11m 

E 
2b7.805 
1.0000 
.I109 

E 
=.e71 
1.0000 

. I D %  

E 
Ml.l.3 

1.0000 
. lo05  

E 
271.321 

1.0000 
.ow9 

F 
.oooo 

1.0001 
.oooooo 

F 
.0000 

1.01Ol 
.000000 

F 
.0000 

1.On01 
.oooonn 

F 
.OOOO 

1.~;-1 
.000000 

F 
. O M 0  

1.0.lIM 
.000100 

F 
.0000 

1.on01 
.000000 

F 
.0000 

I.Onno 
.000000 

F 
.0000 

1.OBOO 
.OOOOOO 

c 
. n o m  

1.Onoo 
.000000 

F 
.om0 

I.anoo 
.000000 

F 
.oooo 
I.0000 

.OW000 

F 
.0000 

1.OOOO 
.000010 

F 
.0000 

1.oono 
.oooooo 

F 
.on00 

1 .on00 
.000000 

a C 
235.76 327.190 

2 1 . ? p l  53.1639 
.012wdI -17.71429700 

.UOD9 sdJ.329 

0 C 
200.6U 168.663 

.OOOS 352.260 
52. I725 101.19bS 

-.).553205 .UU155528 

a:.,, 3 i i . ? l S  
.OU69 853.553 

22.51159 53.9516 
-O.MSW~ -21.050uia00 

0 C 
208.05 I60.2YU 

50.b763 97.13O6 
-63.665998 -11.10156150 

.OOJ5  335.09u 

0 
99.S906 
9b8.616 
-.OW7 

a 
3100u.0 
.la18 

**.91!.7 
-.r.53 

a C 
231.00 2Y9.251 
.0009 625.001 

27.0311 51.1211 
-33.iu5*1 .'15*597HU 

0 C 
208.5. 152.657 

.ooo5 318.U30 
30.3239 89.6288 

- 9 r . 0 ~ 5 ~  -u.387an590 

D 
09.9213 
9.9.706 

-3bbb.6135 

F A 
32OOU.J 
.j?71 

*3..p33 
-.*a2 

D 
a a . i u 8  
950.452 
12.5907 

0 C 
226.19 273.217 
. O W  570.625 

39.3795 5P.i.369 
-2*.JbbZbZ .00*17965 

F A 
n a a o . o  

.J=d5 
13.6,CZO 

- . L 3 2  

D 
96.1207 
950.172 
7.1917 

1 
3-00u.o 

.vwa 
57.7516 

-.(112 

A 
3SOJJ.O 

.J3.f0 
60.5376 

-."I1 

207.55 0 125.028 C 

,0001 261.167 
1..5770 99.3949 
-.I82692 -.5.2*61e300 

D 
100.855b 
w7.535 
17.97.1 

A D 
I l l .  15*0 
9.?.29¶ 
..mu35 

A 
36000.0 

.OS10 
bd.7719 

-.US1 

d C 
zre.a8 237.~23 
.OOj7 *95.Lb7 

51.1132 32.1270 
-*.Ob6502 .OO>S33b 

e C 
207.58 113.176 

D 
97.837. 
-7.5VI 

-1.1C.0713 

8 U C 
37040.0 217.08 226.521) 

73.5952 56.7512 87.5310 
-.u>: .009271 .OO.?Y3020 

.5Zl .  .Cog- 4??.915 

c 4 
51030.0 

.o;lomo 3 93.1-2 . -.a02 

~. ._ ._... - 
.ooo. 23b.372 

-1o.328~&1.8.z5zslooo 
29.9uW 97.8-7 

0 C 
207.25 107.6.7 

.ooo. 2PI.825 
-35.527325 25.5dy2 -17.LI216200 03.73% 

D 
93.8373 
w6.0*2 
3.5517 

4 
380JP. 0 

. a i l  
d5.5913 

-.001 

I C 
20.06 102.@06 

.0003 213.879 
2U.1522 85.6992 

-23.253231 -3.107170@0 

D 
85.7858 
Wb.Ul8 

-3b53.9003 

4 
390Ou+O 

.OUJJ 
91.7JX 

R C 
2n9.79 195.6% 

.DO56 *J8.635 
61.0730 111.2152 
.005')2d 9.55i95'00 

0 C 
206.17 97.369 

l..blW, .oOa3 203.159 67.8857 
-b.97U877 -6.b8861550 -.UJ'I 
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Appendix 5 
Meteorological  Data (AA99) 

TABLE AP 5-2 (Sheet 3 of 6) 
METEOROLOGICAL DATA 

E 
MINO @ I R  
0Pl.IPFC 

?ENS:Tl 

E 
215.012 

. Ob37 
1.onoo 

E 
2 IO. 679 

1.0000 
.0"15 

r 
12U.999 
1.0090 

. n w  

E 
172.192 

1.0000 
.a373 

E 
2Q2.153 

.0153 
t.onno 

E 
26?.n90 

1.onoo 
.051b 

E 
273.637 

1.0000 
.0320 

E 
277.035 

1.0000 
.0306 

E 
283.610 

.0292 
i.onoo 

E 
27k.615 

1.0000 
.on9 

E 
253.352 

1.0000 
.'?b5 

E 
263.125 

1.0u00 
,0253 

E 
273..72 

1.nooo 
.0291 

E 
2 7 5 . ~ 0 7  

1.0000 
.O73O 

E 

JPT./PFF 
I)F11S, TI 

~ I N D  n l R  

259.725 

,0912 
1 

I .ooon 

E 
263.U50 

1.0000 
.OB66 

E 
277.991 

1.0000 
. o w  

E 
299. 117 

1.0000 
. o m 3  

F 
L-?.WO 
1.oouo 

,0749 

E 
271.175 

1.0000 
.0?15 

26u.506 
1.0010 

.0679 

E 
261.619 

.Oh42 
I.onoo 

E 
206.720 

1.0000 
.Ob10 

301.01Ll 
1.0000 

.0577 

E 
273.003 

1.0000 
.05W 

E 
275.627 

1.0000 
.OSLU 

E 
212.519 

1 .00YI I  
.ow9 

E 
118.618 

1.0000 
.O*63 

L . 1141' V t L  
YtL/SOUwJ 

do. W R I I I .  

I 

.l 

L 
3 
'1 

1 
L 
3 
Y 

I 
L 
3 * 

1 
1 
a 
c 

I 
2 

U 
a 

1 
L 

* a 

1 
1 
3 * 

1 
L 
3 
ll 

1 
L 
3 
U 

I 
2 
3 
U 

I 
L 
0 
U 

1 
L 

U 
a 

I 
2 
3 " 

4 
5600J.O 

.3",U 
55.:*uu 

-.112 

* 
57o;,.n 

.;uuu 
54.Y954 

-.042 

sa32 t . I)  . I O J O  
U7.7Y16 

- . i . l Z  

5 9 0 , r ~ . 0  
. x ; o  

32.!>17 
- . L d  

A 
b O 0 l i . J  

. & " L O  
21.5002 

-.LJZ 

blO0u.O 
. I l"JO 

- . t ( lZ 
20.3~11 

~ 2 C " I I . O  
.OU*O 

12.k19 
- . d G 2  

6301u.O 
.dOJO 

20.0250 
-.Ubi: 

b * D O C .  u 
.i"N 

1 0 . 7 1 2 ~  
-.us2 

1 
650,". J 

.Sod0 
b.1200 

-.""L 

4 
b600u.0 

.OI)b0 
1 U . l l ' r Z  

-.uu1 

1 
6700!,.0 

. l * L O  
9.9407 

-.u011 

a 
bBUJC.0 

.00u0 
U.?b>I  

-.Lul l  

b93uu.0 
.duo0 

6.>5(19 
- . C Y 0  

0 
55.17v3 
944.33 I 

Q.Y*YU 

A 
700all .o 

.3""O 
3. >*w 
-."( 1 

7100"." 
. " " b U  

-.b350 
' . U U l  

72Ouu.t 
. G L L O  

-.')329 
- . U J I  

7:L10(1.0 
. O U U O  

1.1'417 
- . U * l  

4 
79P,".@ 

. ) G h O  
7.d"-5 
-.bLl 

7 5 0 ; 1 ~ . ~  
. > " G O  

12.21L~O 
-.L*l 

a 
7bO3C-0 . J U C Y  
15.;4b3 

-.u01 

770UU.L 
. I O U 0  

1 2 . i i 7 1  
-.1U,1 

a 
78Odb.  P 

. w C a  
13.50*7 

‘.Ubi 

7900U.0 
. 5U*0  

I 0 . 7 7 i 2  
-.*u1 

6 
8 O O O G  .E 

.OOL'O 
9.71": 

- .bbI  

A 
610G0.0 

.2"bU 
23.7 l t3  

-.JlJ1 

1 
BOO:.G.C 

.0bUJ 
3t.29rb 

- .""I 

1 
b3LOu.0 

.25*0  
39.1b56 

-.l,1>1 

C 
5 5 .  77UJ 
9**. 199 

h . J k 3 n  

F 
.nnng 1 

i . n n n c  i 
.000nOo .l * 

B c 
2!*.L5 Yl.bC3 

. C o i l  n6.972 

-13.971328 -3.JHd70d00 
:.I101 .:225 

0 
5.1286 

952. t91  
.)Ab? 

F 
.nor0 I 

1.0n*0 L 
.0001100 3 

U 

C 
215.11 39.b*b 

-.IUb8 - . 0 8 7 2  
-ho.129061 -9.13477500 

.05d1 82.007 

23.312U 
94u.472 - . Pb"5 

F 
.onno I 

i.nr)ng L 
.00nnno 3 

U 

C 
>7.798 
re.992 

-1.4932 
. c a 0 1  14% 

C 
6.5017 

966.363 
b.*"33 

2lb . r5  
.50Ul 

- .b lab  
.00%1.2 

b c 
iro.16 I I . 1 5 . )  

.1O.2 1dl.290 
15.0015 26.2b17 

-i2.1>2s512 -9.L.47779J 

D 
LR.531? 
042.051 

- . O i Y L  

d 
217.20 

. U O U 1  
-.I217 

.905803 

U 
22.9551 
920.2r4 

- . l a d 1  

d 
2lb.iH 

.Gd0l 
3.U959 
.005423 

U 
12.72'16 
971.493 
-1.1567 

F L 
118.22 

.oo 1 
-16*.60b270 6.0ufQ 

J 
16.4092 
971.573 
-1.61.7' 

F 
20.3097 
912.776 

2.9773 

F 
.onno I 

.oonnng 3 
1 .Ovn 

* 

A C 
216.06 31.296 

5.63i8 .0001 13.UC25 65.258 
-57.557972 -8O.c%2*580 

D 
13.5213 
971.226 

-.won 

d C 
205.07 59.L331 

7.3701 12.4656 
- lu.h22%5 .*U.6,ROb3 

. " ( I d  122.871 

c 
I?.  0209 
94 3.69 I 

-.357q 

F 
.onno I 

l.nnbo 2 
.OOOonn a 

U 

0 c 
217.69 29.791 
.coo1 62.,!23 

P. i4)6 l>.b148 
-3.977*UC -2.61725UlC 

D 
lb.OGQ0 
970.?32 

- . F Y I 9  

.mno I 
I.*ml L 

.oooona a 
ll 

n 
9.0425 

-1.0655 
995.WY 

D 
w.n8yn  
970.530 

.0377 

b C 
218,07 27.110 

.0001 56.621 

.396? 9.3122 
-23.697Y97 -12.55407350 

c 
9.6125 

971.2U7 
2.7861 

t 
2917086 
971.699 

1.*07u 

0 
3Q.1181 
970.993 

-.2u72 

0 
4 3 . ~ 8 6 1  
971.062 

- . 2 7 3 0  

n C 

. c o o 2  l l l .U52 
208.57 53.172 

U.2985 11.328U 
.U04L?b -6.:5469900 

0 
11,3153 
941.851 
-2.3065 

0 c 
210.12 50.027 
.UGOZ 105.737 

4 .379V Id .  b l  SO 
-lu.1>1578 -Y1.12950000 

U c 
2'.7.* &.(I26 
.EO01 51.932 

IY.IVAD . C f O 3 ~ 6  .C0757l79 29.0195 

U 
b.8?14 

953.b65 
5.1931 

c 
.onno 1 

.onnono 3 
1.oooo 

0 
12.3045 
956.6bR 
11.659q 
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Appendix 5 
Meteorological Data (kA99) 

TASLE kp 5-2 (Sheet 4 cf 6 )  
METEORCLOGICAL DATA 

, ' IN0 019 
OPT./RcF 
DENSITY 

E 
2 0 0 . 0 3 1  

1 . w o o  
. O l l l  

E 
271.5n3 
l.OOGJ 
.OIOb 

E 
2 5 3 . 0 6 ~  

1 .oooo 
. o l e 1  

E 
31i .ni .b 

1.Ov700 
,0019 

E 
272.755 

1.0000 
.On59 

E 
268. r72 

1.etoo 
.oo-A 

E 
230.30* 

l .0000 
.0039 

E 
2n5.600 

1.0000 
.no31 

< 
201. =52 

1.0000 
.002s 

E 
2LI -736 

.onto 
1.nooo 

E 
273.2U1 

1.0000 
.no16 

E 
:72. F 6 U  

1.COOO 
.nola 

C 
ZW 360 

1.0000 
.0011 

c 
2M.000 

I .oaoo 
-0009 

r 
YlNU VCL 

VEL/SOUfIO 
1G. U E P I C .  

E 
W I N O  @ I l l  
OPT./*€: 

PENS111 

E 
2 W . 5 ~  
I.0~00 

.0219 

E 
271.472 

1.0000 
e0209 

E 
266.595 
l.LO00 

.0199 

E 
260.859 

-0190 
1 , c m  

c 
259.290 

1.ODOO 
.0181 

t 
261.527 

1.0000 
.Ol7:! 

E 
26b.U% 

L.0000 
.0168 

E 
LS1.PlI 

1.0000 
.015b 

c 
2 5 0 . 0 ~ 3  
i.ooao 

.DIU9 

E 
2b2.699 

1.0000 
.01N2 

E 
251.2S8 

1.0000 
.0135 

E 
261.9W 
1.oooc 

e0129 

E 
trz .532 

1.0000 
-0123 

E 
213.c37 

1.0000 
.0117 

b C 
222.59 I l . b l ' 7  
.on30 24'.ZU2 

17.3686 ~ 0 . 0 7 7 ~  
- d . l b J u ~ 2  -5Q.lloV31~0 

8U00O.O 
.SLU? 

u3.602 
-.id01 

A 
8SOJb.O 

.coo0 
*8.3*J6 

- .Pa1 

A 
8b000.0 

. O ( i U O  
5b.ZGJZ 

-.a01 

A 
87050.0 

. ( l t l r O  
61.5bV8 

-.LC1 

p. 
8bOoG.o 

.OYLO 
60.d693 

-.Gu1 

A 
89OJO. 0 

.oouo 
53.30U9 

-.W1 

A 
90coa.o 

.OOCO 
@S.JVUO 

-.CUI 

1 

91000.0 
.oooo 

a5.9:-!1 
-.OUL 

I 
92000.0 

.OOCO 
32.1551 

' . U U l  

1 
9305(I.P 

.OUOO 
30.3Ubl 

-.uo1 

A 
p1030.0 

.0000 
3U.5&06 

-.(IO1 

A 
95000.0 

.0000 
35.21W 

-.001 

A 
%opo.u 

.0u00 
31.6152 

-.0(11 

L 
97000.0 . Dub0 

1952 
-.act* 

98U50.L 
. ? V U 0  

zJ.i?;s 
-.ULZ 

99000.0 
.dJOO 

20.6706 
-.uu2 

4 
rOOOtO.0 

.fl!IOO 
19.6*19 

-.uoz 

4 
105000.9 

.ouoo 
18.0031 

'.UO2 

A 
11ooca.o 

.uooo 
-.a03 

52. PI?* 

4 
115000.0 

. m 0 1  
26.3295 

- . U U  

1 
1200UG.0 

.0t 'J0 
25.3627 

- . u G l  

1 
I2500U.9 

.0060 
37.7612 

-.ccr 

& 
13OOGb.J 

.JPUO 
b l .  W ? l  

-.uu7 

A 
~ 3 5 0 0 0 . 0  

.ooun 
7O.U01? 

- . G G 6  

A 
l*OOOP.J 

. O U O O  
72.*1*1 

-.Ill0 

A 
1.500C. J 

.oooo 
IOh.DO3J 

-.OIL 

I 
ASOOJO.0 

.ocuo 

-.(I22 
1as.72~9 

J ~ ~ w J .  0 
.301,J 

16J.2216 
-,0.r 

J 
2 
3 

0 
51.id61 
971.726 

-66.495 I 

C 
22.6300 
984 .b)O 

1 . 1 6 0 3  

1 
Z 
J 

b c 
225.65 10.632 

.&?CY 18.9877 

. G O O 0  22.ZC5 

-1.116111 -21.*0Y1?3@0 

D 
19.665c, 
987.9LC 

5 . ~ 3 2 1  

D 

97?.21? 
-12.1160 

5n.0787 I 
2 
3 . 

E C 
226.71 0.U96 
.Gooa I 7 .7Y .4  

51.11118 20.7953 
-22.U4711t -3.0793h870 

D 
35.901- 
*9Y  * 795 
-.CL7L 

D 
67.3360 

9.0022 
973.2bL 

I 
2 
1 
U 

u C C 
56.517Y 

1011.96' 
-.5165 

e c 256, 7'5 6.562 

.008419 .c0u5213* 

.1ouo 13.7C6 
I).Y966 56.5067 

1 
2 

U 
a 

t C 
Zu0.49 % s e i  

.oooo 11.657 
7.71Pl 21.6259 

-7.121175 -3.U82bU750 

0 
27.CEOU 

1019.52? 
1.0967 

0 
5b.0473 
975.207 

8.0886 

1 
i . a 

0 
26.0533 

17.178E 
1 0 2 7 . m  

e c 
243.91 43.513 

- . io01  .0000 23."708 9.925 
.0067(11 -6.30*92660 

0 
ru.u357 
976.117 

9.>3?Y 

A 
2 
3 
U 

0 C 
220.26 16.132 

.0000 33.692 
5.85yZ 36.OGh3 

-5.4nie99 -23.26589301, 

0 
ab.lL3S7 
97b.058 

5.5437 

1 
2 
1 

C 
'0.52UO 

1051.691 
-.0363 

D 
32.2625 
976.971 
10.9000 

' *m ; 
1.0,ro , 

.ooo*oo 

1 
2 
1 

1 
1 
3 . 

I 
220.71 

.GOO0 
2.L7C8 

.00u:uu 

C 
13.998 
25.215 

33.3609 . oOb931w 

D 
au.7926 
977:106 

o..309 

E C 
-62.51 2.010 

.0000 Y.197 
2¶.10*U 77.5545 
.OW351 - i l . l 8 Z S l L 0 0  

@ 
77.7165 

1065.b15 
- . 2 3 4 ~  

b 
220.67 

1.9636 
-7b.381172 

.oooo 

C 
13.388 
27.961 

3 5 . 8 5 9 ~  
. n o % ~ w  

D 
36.C892 
977.01 I 

3.6037 

b C 
266.61 1.657 
.@W 3.4363 

U0.5912 11J.9539 
.007?;. -Z2.+618U700 

I 
P 
1 
U 

1 
2 
3 . 
1 
1 
.l 
I 

C 
1:.77e 
26.680 

35.8955 
.0051*7430 

D 
35.*?S 
977.933 

-.7573 

'a,,, 1 
1.onno 

.ooonan . C 
a 1 . 9 ~ 7 5  
979. b57 
-.?7Lr 
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Pppendix 5 
Meteorological Data (AA99) 

TABLE Ap 5-2 (Sheet 5 of 6) 
M3TEOROLOGICAL DATA 

C 
b I N D  VEL 

VEL/SOUND 
I D .  MLRID.  

E 
@IN0 DIR 

DENSITY 
OPT.IREF 

E 
UlND nln 
OPT./I(EF 

DENSITY 

E 
. C O O  

,0001 
I .on00 

E 
.no0 

.on00 
1.0000 

E 
.nno 

1 .oooo 
.ooon 

E 
.000 

1.oono 
.oooo 

E 

1.0000 
.0000 

.so0 

E 
.ooo 

1.0000 
.0000 

E 
.000 

1.0000 
.DO00 

E 
.ooo 

1.0000 
.oooo 

E 
,900 

i.oono 
.oooo 

E 
.000 

1.0000 
.oooo 

c 
.000 

,3000 
i . o o n o  

.OOO 
i.onoo 

,0000 

E 
.no0 

.oooo 
I.GCSG 

t 
. O W  

k.0000 
.onoo 

F 
PEL H I W  
ELEC/"FF 

VISC. 

F 
o r n o  

1.nnno 
.Onl)onn 

c 
. e lno  

1 r O F I ) O  
.nnnino 

F 
. m n o  

L.onrn 
.000.lno 

c 
.onPo 

l.nnoo 
.Ooonnn 

F 
.0900 

1.oono 
.nonnno 

F 
.onno 

1.ollno 
,009nnn 

F 
.onnn 

I.OO.lO 
.oonnr)o 

E 
.one0 

1.*noo 
.@OOFF1 

r 
.Ol l r lO 

i.r)ono 
.ooonnn 

F 
.on10 

i.nnno 
,aowno 

F 
. o w n  

i .oonn 
.ooonno 

F 
.onno 

1.nono 
m a n n o  

c 
.omno 

I.Ilr(*O 
n3o*oo 

c 
.ofloo 

1.00") 
.ononmi  

U 
i65 .6167 
107b.S?7 
63.2356 

F 
.O.lbO 1 

1.0ono 2 
.oonona J 

4 
l60ODO. 0 

.00CO 
185.5105 

-.021 

I 
165000~0 

.OOGO 
163.9159 

- .?I1  

r70000 .0  
.go00 

186.7Y52 
-.u12 

4 
17501)C.O 

.0000 
196.1711 

-.UL5 

I 
1800qC.0 

. O O O O  
I3l.FaO2 

-.ut1 

A 
105OOO.O 

.00l10 
Ab7 093ZI 

- . w a  

4 
190~00.0 

. O C 0 O  

-.OD8 
198. W1J3 

A 
I.-JOO.O 

108.3d?O 
- .057 

. A r m  

1 
d000P0.0 

dOJO 
177.2257 

-.JJ6 

4 
*050J0.0 

.JGOO 
13.~130 

-.uo5 

4 
c10000.0 

.OUOO 

.GCOO 
-.OC1 

4 
2150 >, .O 

4 
1 2 0 0 0 0 . 0  

.OJUO 

. D O 0 0  
-.u02 

4 
L 2 5 0 0 ~  .o 

.I)U"0 

.W*0 
- .Ud I  

E 
2 5 0 . d  '2 
I.OOC0 

.0007 

! 
L3OOOU.0 

.')duo 

-.uu1 
. o w  

1 
1 3 5 0 0 U . 0  

.001)0 

- . d u o  
. n o m  

* 
cuooo"-o 

.11000 

.JUUO 
-.u,:: 

a 
215051'.0 

.UU00 

.5U*O 
-.u02 

4 
&5000C.0 

.DUUO 
.JOUt  
-.bo2 

a 
255000.0 

. J u d o  

.JJJO 
- . G O 2  

4 
r60000.0 

.OUUO 
,0000 
-.W1 

t 
46501~0. 0 

.0300 

-.u11 
. n m  

A 
1700JO.0 

.J008 

. J M O  
-.2@1 

'750')LI.O 
.do00 
.JUG0 
-.001 

4 
rlO-.)U.C 

.0010 

.Od 10 
-.OIL 

A 
d05000.0 

.a000 

.OU)O 
- .051 

4 
d9000J.0 

.OJJO 

. w 1 0  
-.I311 

4 
1950 lil.0 

. ? " I 9  

-.001 
. n u ~ o  

8 
Z.b.61 

. o o u o  

. 0 Q 0 0  
.01'0000 

C 
, 0 5 5  
.I1U 

.oonu 
.vOUOOunn 

t 
.0001) 

967.977 
.ooo: 

1 

J 
d 

I 

I 

3 
L 

I 
1 
3 
U 

I 
? 
3 
b 

1 
P 
3 
U 

1 
1 
J * 

1 
2 
3 
U 

I 
1 

* 

I 

t 
U 

1 
1 
J * 

1 
2 
J 

I 

3 * 

I 
L 
3 
U 

I 
2 
J 

0 C 
2bb.57 .7?1 

.ucoo 1.616 
5.7iUU 157.C622 

-3.719Ubb -72.R3807900 

0 
1 6 Y .  0 I 5 9  

U5.2006 
1073.022 

E 
25Y.000 

1.oono 
.on06 

C 
. O Y 3  
.u90 

.oooo 
.00000U00 

C 
. o o o o  

951.076 
.00u0 

E 
261.25U 

1.0000 
.0005 

F 
.onno I 

1.0ono 2 
.OOOrnn 3 

U 

ti 
257.80 

.oooo 

.oooo 
.u00000 

C 
. O W  
~ 0 7 1  

,0000 
.OOOOOUGu 

r 
.noon 

910.26n 
.ooon 

LI C 
259.90 .5z5 

.0000 1.0% 
z r . e , : -  19=,.1057 
. o i m n  -9.i261977U 

0 
198.293'4 
1060.307 

33 .15L I  

E 
26F.360 

1.oono 
.crou 

0 
203.65 
.0Ju0 
.OJOO 

.3noOOO 

C 
a026 

.n:JO 
.'ll)UOOJUO 

.n55 

n 
.DO00 

938.573 
.uoun 

L 
133.010u 
1055.841 
21.1251 

E 
259.5UU 

1.0000 
.@00U 

L1 
1 9 9 . ~ 8  

. O O C O  

.oooo 
.O000U0 

C 
,021 
. o w  

.oooo 
.oooooooo 

-I 
.oooo 

920.:" 
.DO00 

Y 

b 
256.81 

.0000 
19.6399 
. 0 0 3 0 ~ 8  

n 
.OQOO 

63.3179 

256.99 

.003Y75 

B 
255.23 

.0000 

.OO5OY8 
?Us8176 

n 
2 *.sa 
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Appendix 6 
Glossary and Abbreviations 

1. GLOSSARY AND ABBREVIATIONS 

This appendix (table AP 6-1) lists the commonly used S-IVB-204 stage 

f l i ght  evaluation terms and abbreviatiors together with their definitions.  



Appendix 6 
Glossary and Abbreviations 

TABLE AP 6-1 (Sheet 1 of 14) 
GLOSSARY AND ABBREVIATIONS 

Abbreviations Terms  - 
Akcs 

ac 

--- 

amp 

APS 

ar 

As 

As1 

At 

aux 

--- 

--- 

4J 
4cM 
Btu 

CDDT 

CDF 

C E I  

cF. 

--- 
Aerodynamically induced 
v ib ra t ion  

Defini t ion 

Auxiliary a t t i t u d e  cont ro i  sys t em 

Alternat ing cur ren t  

The o s c i l l a t i o n  of a mechanical system 
when set i n t o  motion by the turbulent  
boundary l a y e r  during f l i g h t .  
dependent on the shape and ve loc i ty  
of the  body 

Ampere 

Au- i l i a r y  propulsion sys  t e m  

Argon 

Apollo Saturn 

Augmented spark i g n i t e r  

Throat area 

Auxiliary 

The time average of the propel lan t  
mixture r a t i o  over 1-sex time i n t e r v a l s  
between 90 percent  t h r u s t  buildup and 
Engine Cutoff Connnand 

Determined bevween the  time of 90 per- 
cent  t h rus t  :!-id Engine Cutof f Command 

Wind aziuuth (deg) 

Axial acce lera t ion  ( f t / s e c  ) 

B r i t i s h  t h e r r a l  un i t  

Countdown de; ons t r a t i o n  test 

Confined detonating fuse  

Contract end :tern 

Tirus  t coe€f i c  i e n t  

I t  is  

2 



Appendix 6 
Glossary and Abbreviations 

TABLE Ap 6-1 (Sheet 2 of 14)  
GLOSSARY AND ABBREVIATIONS 

Abbreviations Terms 

Collapse f ac to r  
cf 

C/He 

CIF 

CM 

--- 

cent 

CPIF 

CPm 

CPS 

CS M 

cvs 

DAS 

db 

dbm 

dbw 

Composite da t a  (acous- 
t i c  and v ibra t ion)  

Def in i t ion  

A measure of the e f fec t iveness  of 
p re s su r i za t ion  defined as: 

cf = Mactual  , wherc 

is the  m a s s  necessary t o  pressur ize  the 
propel lan t  tank (lbm), M is 

the m a s s  necessary t o  pressur ize  the 
propel lan t  tank i f  hea t  and m a s s  trans- 
f e r  across  t h e  u l l age  boundaries are 
neglected (lbm) 

Mac t u a l  
Mtheore ti c a l  

theare  t i ca l  

Control helium 

Central  instrumentat ion f a c i l i t y  

Command nodule 

The t o t a l  energy of t h e  o s c i l l a t o r y  
phenomenon, cons is t ing  of a l l  frequen- 
c5es and amplitudes sensed by the  
transducers,  and represents  the  
phenomenon a t  the poin t  of measurement 
wi th in  the  l imi t a t ions  of the  da t a  
acqu i s i t i on  and r e d u c t i m  systems 

Control 

Cost plus  i n c e i l t i w  fee  

Cycles pe r  minute 

Cycles per  second 

Command s e r v i c e  module 

Continuous vent  sys tern 

Data acqu i s i t i on  cystem 

Decibel 

10 log P (mi l l iwat t s )  where p = power 

10 log P (watts)  where p = power 
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Appendix 6 
Glossary and Abbreviations 

Abbreviations 

DDAS 

DEE 

D/O 

DRSCR 

e 

E B W  

ECA 

ECC 

ECF 

ECP 

ECS 

EDS 

ELS 

EMC 

EMI 

EMR 

TASLE AF 6-1 (Sheet 3 of 14) 
LLOSSARY AND ABBREVIATIONS 

D q l e t i o n  Engine 
o f f  Conmand 

Cut- 

_-- 

--- 
Effec t ive  burn t  i m e  

Engine propel lant  
mixture r a t i o  

Defini t ion 

Direct cur ren t  

Degree 

The time t h a t  engine cutoff w a s ,  o r  
would be ,  i n i t i a t e d  by the  deplet ion 
l e v e l  sensors  

D ig i t a l  da t a  acquis i t ion  system 

D t g i t a l  events evaluat ion 

Dropout 

D ig i t a l  range s a f e t y  command receiver 

Eccent r ic i ty  

Exploding bridgewire 

Elec t ronic  cont ro l  assembly 

Engine Cutoff Command 

End conditions of f l i g b t  

Engineering change proposal 

Environmental cont ro l  sys  tern 

Emergency de tec t ion  system 

The engine burntime from 90 percent 
t h r u s t  buildup t o  Engine Cutoff 
Command 

Earth landing sys  tern 

Electromagnetic compatibi l i ty  

Electromagnetic in te r fe rence  

The r a t i o  of engine LOX m a s s  f lowrate  
t o  LH2 mass f lowra te  includes gas 
generator operat ions 

i 

AP 6-4 



Appendix 6 
Glossary and Abbreviations 

TABLE AP 6-1 (Sheet 4 of 14) 
GLOSSARY AND ABBREVIATIONS 

Abbreviations Terms - Defin i t ion  - 
Engine eng 

--- 

EPS 

ES C 

--- 

--- 

ETD 

env 

ETR 

O F  

F 

Fa 
--- 

FCC 

FM 

FPR 

f PS 

f r a t s  

Engine cutoff 
t r ans i en t ,  

Engine operat ion during the  period from 
the  Eng-ne Cutoff Command u n t i l  t he  
end of t l . iust  decay 

Electrical power system --- 

Engine S t a r t  Command 

Engine s t a r t  t r a n s i e n t  Engine operat ion during the  period from 
the  Engine S t a r t  Command u n t i l  the  t i m e  
of 90 ;lercent t h r u s t  (approximately a 
3-sec p s r i c  2 

Engine s teady-s t a t e  
operat ion 

Engine operat ion during the  per iod from 
the t i m e  of  90 percent t h r u s t  u n t i l  
Engine Cutoff Command 

End of t h r u s t  decay 

Environmental 

Eastern T e s t  Range 

Degree Fahrenheit  

Stage longi tudina l  
t h r u s t  

Thrust  ( l b f )  developed by the 5-2 
engine. 
included 

Ullage rocket  t h r u s t  i s  n o t  

Ullage rocket  t h r u s t  ( l b f )  

Flow i n t e g r a l  propel- 
l a n t  m a s s  his to ry  

That propel lan t  m a s s  h i s t o r y  determined 
by combining independent engine analyses 
by a statist ical  method 

F l i g h t  cont ro l  computer 

Frequency modulation --- 

Fl igh t  performance 
reserve 

--- 
--- 

Usable mass onbr.ird a t  pred ic ted  guidance 
cutoff  

Feet  per  second 

Flowrate and turbo speed assembly 
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Appendix 6 
Glossary and Abbreviations 

Abbreviations 

f t  

FTC 

g 

GCC 

GG 

GH2 

GMT 

GN2 

GOX 

gPm 

GSE 

1.1 

h 

HCSV 

H e  

HF 

h r  

Hx ck t  

H/W 

i 

IECO 

TABLE AP 6-1 (Sheet 5 of 14) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Gravi ta t iona l  acceler-  
a t ion  

Def in i t ion  

Foot 

F lor ida  T e s t  Center 

The acce le ra t ion  produced by t h e  force  
of g rav i ty ,  which v a r i e s  with the  
a l t i t u d e  and e leva t ion  of t h e  poin t  of 
observat ion.  The value 32.1739 f t / s e c 2  
has been chc.sen as the s tandard by 
i n t e r n a t i o n a l  agreement f o r  sea l eve l  
a t  45' nor th  l a t i t u d e  

Guidance Cutoff Command 

G a s  generator  

Gaseous hydrogen 

Greenwich mean time 

Gaseous n i t rogen  

Gaseous oxygen 

Gallons per  minute 

Ground support  equipment 

Al t i t ude  

Apogee a l t i t u d e  

Helium cont ro l  solenoid valve 

H e l i u m  

High frequency 

Hour 

Helium crossover c i r cu l t  

Hardwire 

Inc l ina t ion  

S-IB s t a g e  Inboard Engine Cutoff 
Command 

AP 0-6 



Appendix 6 
Glossary and Abbreviat ions 

C3b r e v i a  t i o n s  

I GM 

IMU 

i n .  / in .  

IPCL 

IPCSV 

i p s  

I 
SP 

I t  

I U  

k 

k c  

KS C 

ks i 

l b  f 

lbm 

LC 

LIC 

LEM 

LES 

LET 

TkBLE AP E - 1  (Sheet  6 of 14 )  
GLO S S ARY AND AE B REV I A T l  ONS 

Terms 

--- 
. .-- 

Level sensor  r e s i d u a l s  

D e f i n i t i o n  

I r e r z t i v e  guidance mode 

I n e r t i a l  measuremat  uni.t 

Inches per  inch  ( s t r a i n )  

Ins t rumenta t ion  Program and Components 
L i s t  

I g n i t i o n  c o n t r o l  s o l e n o i d  v a l v e  

Inches p e r  second 

S p e c i f i c  impulse 

T o t a l  impulse 

Instrument  u n i t  

I n s u l a t i o n  thermcl conduct iv i ty  

Kilo cyc les  

Kennedy Space Center 

1,000 l b / i n .  

Pounds f o r c e  

1132.1739 s l u g  

Launch Complex 

Loading Computer 

Lunar excursion module 

Launch escape system 

Launch escape tower 

Those p r o p e l l a n t  r e s i d u a l s  above t h e  
main p r o p e l l a n t  valves determined by 
combining d a t a  from one o r  more level 
sensors  by a s t a t i s t i c a l  method and 
e x t r a p o l a t i n g  t o  Engine Cutoff Command 

2 
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Glossary and Abbreviations 

TABLE AP 6-1 (Sheet 7 of 14) 
GLOSSARY AND ABBREVIATIONS 

Abbreviations Terms - 
LH2 

LO 

--- 

LOS 

LOX 

LV 

LVDC 

M 

M 

MC C-H 

MCSV 

Mf 

ma  

max q 

uin. / in .  

MDF 

MHZ 

Mod 

MDV 

ms 

--- 
Look angle 

S t a g e  propel lan t  mass 
f lowrate  (lbm/sec) 

Stage LH2 mass flow- 
rate (lbm/sec) 

Stage LOX m a s s  flow- 
r a t e  (lbm/sec) 

--- 
Micro inch p e r  inch 

--- 
--- 

--- 
Millisecond 

Def in i t ion  

Liquid hydrogen 

Vehicle l i f t o f f  time 

Angle between t h e  vehic le  cen te r l ine  
and the  l i n e  of s i g h t ,  measured from 
the  rear of t h e  veh ic l e  (deg) 

iwis of s i g n a l  

Liquid oxygen 

Launch veh ic l e  

Laiirich veh ic l e  d i g i t a l  computer 

Mach number 

Engine propel lan t  mass f lowrate  ( in-  
cludes propel lan t  f lowrate  f o r  gas 
generator  operat ion)  

Mission Control Center, Houston 

Mainstage con t ro l  solenoid va lve  

Engine LH2 mass f lowrate  ( includes LH2 
f lowrate f o r  gas generator  operat ion)  

Engine LOX mass f lowra te  ( includes LOX 
f lowrate f o r  gas generator  operat ion)  

Milliampere 

Maximum dynamic pressure 

Mil l ionth of an inch per  inch 

Mild detonating fuse 

Mil l ihe r t z  

Modcle 

Main oxid izer  valve 

Thousandth of a see 
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Appendix 6 
Glossary and Abbreviat ions 

TABLE AP 6-1 (Sk.eet 8 of 14) 
GLOSSARY AYD ABBREVI ATIONS 

Abb r e v i a t  ions  Terms 

--- I%C 

--- MS FC 

---_ mvd c 

e-- NASA 

--- Ninety pe-cent  t h r u s t  
bui ldup 

llni 

NO 

NO 

'2'4 

NPSP 

NPV 

OAT 

CECO 

0-P 

oxid 

P 

P 

P a 

p C  

NTO 

D e f i n i t i o n  

Manned Spacecraf t  Center,  Houston, Texas 

Marshall  Space F l i g h t  Center  

M i l l i v o i t  - d i r e c t  c u r r e n t  

Mu1 t i p l e x e  r 

Not a p p l i c a b l e  

Nat ional  Aeronautics and Space 
Adminis t ra t ion 

Normally c losed  

Time frcm Engine S t a r t  Command u n t i l  
t h e  l a s t  engine chanber p r e s s u r e  
( i n j e c t o r  end) reaches 618 p s i a  

Naut ica l  m i l e s  

Nornally open 

Numb e r 

Nitrogen Tetroxide 

Net p o s i t i v e  s u c t i o n  p r e s s u r e  

No?propulsive vent  

Overall test 

S-IB s t a g e  Outboard Engine Cutoff 
Command 

Zero t o  peak 

Oxidizer  

Geodetic l a t i t u d e  

P i t c h  

Ambient pressure  

Combus t i o n  chamber pressure  measured 
a t  t h e  i n j e c t o r  
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Appendix 6 
Glossary and Abbreviat ions 

TABLE AP 6-1 (Sheet 9 of 14) 
GLOSSARY AND Al3B PSVIATIONS 

Ab b r e v i a  t i o n s  T e r m s  

PA 

PAM 

P CF 

X M  

PMR 

P/N 

PPm 

. -- 

PS 

PS f 

P/S 

PSI) 

ps i a  

ps i d  

Psig 

PTCS 

P/U 

PU 

--- 

-e- 

--- 

Programed mixture  
r a t i o  

P r o p e l l a n t  ree  i d u a l s  

D e f i n i t i o n  
-I__ 

Pressure  a c t u a t e d  

Pulse  amplitude modulatjon 

Precondi t ions  of f l i g h t  

Pulse  code modulation 

A method of c o n t r c l l i n g  t h e  PU va lve  
mixture  r a t i o  t o  o b t a i n  maximum 
e f f i c i e n c y  of t h e  s t a g e .  The p r o p e l l a n t  
loading  is provided t o  cause t h e  PU 
system t o  command t h e  
t h e  LOX r i c h  ?Cop f o r  
p o r t i o n  of  f l i z h t  and 
a lower mixture r a t i o  
p o r t i o n  of f l i g h t  

P a r t  number 

P a r t s  per  m i l l i o n  

PU valve ags!nst 
the  i n i t i a l  
then  decrease  t o  
during t h e  f i n a l  

The sun of LOX and LH2 rem, h i n g  on- 
board a t  Engine Cutoff Commai.1. The 
r e s i d u a l s  i n c l u d e  both usable  and 
t rapped p r o p e l l a n t s .  

P r c s s u r i z  .an eys tern 

Pounds p e r  square  f o o t  

Pressure  swi tch  

Power s p e c t r a l  d e n s i t y  

Pounds p e r  square  icch  a b s o l u t e  

Pounds p e r  square  inch di f f e r a n e i a l  

Pounds p e r  square  inch  gauge 

P r o p e l l a n t  tanking compu; $?r sys cem 

P i  ck?p  

P r o p e l l a n t  u t i l i z a t i o n  

That p r o p c l l a n t  m a s s  h i s  to ry  d r  termined 
f o r  f l i g h t  by t h e  PU system 
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TABLE AP 6-1 (Sheet 10 of  14) 
GLXSARY ANI? AELUEVLATIUNS 

Terms Defini t ion 
-. - Abbreviations 

--- PU s y s t e m  res idua ls  'fliose propel lc , i t  res idua ls  above t h e  
main propel lan t  valves dete;nined by 
the PU systen: 

q 

9 t Y  

O R  

RACS 

RC- 

r e g  

RF 

RFT 

RMR 

rms 

Ro 

RP 

r P m  

R/ S 

KSLK 

rss 

S 

S & A  

zfm 

s cim 

s co 

Dynamic pressure 

Quantity 

Degrees Rankine 

Remote a n d o g  ca l ibra t ior .  system 

Reaction con t ro l  system 

Regulator 

Radio frequency 

Radio frequency in t e r f e rence  

Reference mixture r a t i o  

Root mean square 

Range zera.  
Greenwich mean t i m e  second p r i o r  t a  
veh ic l e  l i f t o f f  

Defined as the  f i r s t  even 

Reference plane 

Revolutions per  n i i n i t e  

Range s a f e t y  

Range s a f e t y  cornnand rece iver  

Root sum square 

Surface range ( f t )  

Safe  and arm 

Standard cubic  f t /min  

Standard cubic in .  /min 

qubcar r ie r  o s c i l l a t o r  
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TABLE AP 6-1 (Sheet 11 of 14) 
GLOSSARY AND 

AbL r e v i a t  ions Terms 

--- see 

--- S -1B 

s-IVB --- 

SM 

SPS 

STPV 

sov 

SSB 

sss 
--- s t a  

--- S t a t i s c i c a l  weighted 
average loaded 
propel lan ts  

--- S t a t i s t i c a l  weighted 
werage  ~ a s s  determina- 
t i o n  

--- S t a t l s  t ical  weighted 
average res idua l  
propel lan ts  

S TC 

s /v 

AB13 WVIATIONS 

Def in i t ion  

Se cond2- 

F i r s t  s t age  of the  Saturn I B  (200) 
series of vehic les  

Second s t age  of the  Saturn I B  (200) 
series of vehic les  

Spacecraf t  LEM adapter  

English system u n i t  of m a s s  

Santa lionica 

Service moduie 

Service propulsion sys  t e m  

S t a r t  tank discharge valve 

Shutoff valve 

Single  sideband 

Stage w i t c h  s e l e c t o r  

S ta t ion  

The most accurate  determination of 
a c t u a l  propel lan t  load a t  l i f t o f f  as 
derived from the s t a t i s t i c a l l y  Yeighted 
average mass 

A stat is t ical  combination Df the. PU 
system, engine system, f l i g h t  
s imulat icn,  and propel lan t  l e v e l  sensors 
a t  Engine S t a r t  Command and Engine 
Cutoff Command 

The most accurate  determination of 
a c t u a l  propel lan t  res idua l  at Engine 
Cutoff Conmiand as derived from the 
s t a t i s t i c a l l y  weighted average mass 
determination method 

Sacramento T e s t  Center 

Space vehic le  
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Abbreviations 

Sw se l  

tr 

TCP 

T e l  2 

t k  

T/M 

--- 

TP &E 

TPEP 

TVC 

TABLE AT? 6-1 (Sheet 1 2  of 14)  
GLOSSARY AND ABBREVIATIONS 

Terms 

--- 

To t a l  deplet ion burn- 
t iule 

Total  p rope l lan ts  
consumed 

Total  stage burntime 

Tota l  s t age  mass 
h i s  tory 

D e  Cini t i on  

Switch s e l e c t o r  

Countdown t i m e  from prospect ive l i f t o f f  
o r  as s p e c i f i c a l l y  defined i n  the t e x t  

T e s t  con t ro l  procedure 

Telemetry s t a t i o n  a t  KCS 

Tank 

T e l e m e t r y  

The engine burntime from Engine S t a r t  
Conrnand tc the t i m e  t h a t  t he  Deplet tor  
Engine Cutoff Command wocid ha.-e been 
i n i t i a t e d  

That amOUAlt of l i q u i d  Fropel lan ts  
consumed from Engine S t a r t  Command 
t o  Engine Gitof f Comand includes 
engine consumption, b o i l c f f ,  ana LH2 
tank pressurant  

The engine burntime from Engine S t a r t  
Comand t o  Engine Cutoff Command 

A compilation Df all f i n a l  hardware, 
propel lapt ,  and gas masses. The 
measured and comprted mass of each 
cons t i t uen t  is adjus ted  wi th in  its 
accuracy band so that the t o t a l  s t a g e  
m a s s  a t  Engine S t a r t  Command and Engine 
Cutoff Command agrees with t h e  t o t a l  
s t age  mass as determined by the  Sta- 
t i s t ica l  Weighted Average m a s s  determin- 
a t ion  method. 

Test Planning and Evalbation 

Telemetry performance evaluat ion p e r i d  

Thrust vec tor  cont ro l  
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TABLE AP 6-1 (Sheet 13 of 14) 
GLOSSARY €ND ABBREVIATIONS 

Abbreviations Terms Def in i t ion  
\. 

--- Unusable propel lan ts  Those propel lan ts  remaining a f t e r  a 
prcpe l lan t  deple t ion  cu tof f .  This in- 
cludes the propel lan t  i n  the tank below 
the  deple t ion  sensor ,  p rope l lan t  i n  the 
feed duc t ,  and trapped propel lan ts .  I t  
does not  include sensor  l a g  t i m e  o r  the  
propel lan t  consumed during engine cutoff 
bu t  does include sensor  time delay 

V 

vE 

vRM 

VAL 

v3c 

\ c l  

vdc 

vcu 

V-dF 

VSE 

VSWR 

WRO 

w t  

-- 

Usable r e s idua l  

Ullage rocket  

Propel lan ts  i n  excess of  trapped pro- 
p e l l a n t s  l e f t  onboard a s t age  a f t e r  
powered f l i g h t  has been terminated by 
some spec i f i ed  cu tof f  crFteria 

Volt  

Relat ive ve!Jci ty 

I n e r t i a l  ve loc i ty  

Freestream ve loc i ty  

Wind speed 

Vehicle Assembly Building, KSC, F lo r ida  

Volt age, a l t e r n a t i n g  cur ren t  

Vehicle checkout laboratory 

Voltage, d i r e c t  cu r ren t  

Voltage cont ro l led  o s c i l l a t o r  

Very high frequency 

Vehicle suppor: equipment 

Voltage s tanding wave r a t i o  

Watt 

DAC work r e l ease  order  

Weight 
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ASbr evi  a t  ions 

Y 

zE 

zE 

P a 

5 

ylI' 

v 

Y 1  
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GLOSSARY AND ABBREVIATIONS 

Terms Def in i t ion  

T i m e  r a t e  of change of t o t a l  vehic le  
weight 

--- Downrange d is tance  

--- Downrange ve loc i ty  

--- T r  ansmi t te  r 

Vertical d is tance  

Vertical ve loc i ty  

--- Crossrange d is tance  

--- Cros srange ve loc i ty  

P i tch  angle of a t t ack  

Yaw angle of a t t ack  

I n e r t i a l  f l i g h t  path e leva t ion  angle 

--- I n e r t i a l  f l i g h t  path azimuth angle 

--- Longitude 

--- Mi crovol t 

Product of angle of a t t ack  and dynamic 
pres  s u r  e 

Earth f ixed  f l i g h t  path e leva t ion  angle 
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