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Abstract 

ABSTRACT 

This r epor t  p resents  the  evaluation r e s u l t s  of t he  

prelaunch countdown, powered f l i g h t ,  and o r b i t a l  phase 

of the S-IVB-502 s t age  which w a s  launched on 4 Apri l  1968 

as t h e  t h i r d  s t a g e  of the  Saturn AS-502 vehicle.  

The r epor t  is a cont rac tua l  document as out l ined  i n  NASA 

Report MSFC-DE-021, n n  

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

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

Evaluation Committee and coordinated by the  Saturn S-IVB 

P ro jec t  Office of the  McDonnell Douglas Astronautics Company, 

Western Division. 

DESCRIPTORS 

da ta  evaluation S-IVB-502 

f l i g h t  test Saturn AS-502 vehic le  

Saturn V countdown 
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Preface 

PREFACE 

The purpose of t h i s  r epor t  is to  present  the  evaluation 

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

o r b i t a l  phase of t h e  S-IVB-502 s t age  which w a s  launched 

on 4 April  1968 as the  t h i r d  s t age  of the Saturn AS-502 

vehicle.  

This r epor t  w a s  prepared i n  compliance with the  National 

Aeronautics and Space Administration Contract NAS7-101. It 

i s  published i n  accordance with NASA Report MSFC-DRL-021, 

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

dated 1 February 1968, Revision A, which de l inea te s  the  

da t a  required from the McDonnell Douglas Astronautics Company. 

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

Planning and Evaluation Committee and coordinated by the 
Saturn S-IVB Pro jec t  Off ice  of the  McDonnell Douglas 

Astronautics Company, Western Division. 
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Int roduct ion  

1. INTRODUCTION 

1.1 General 

This r e p o r t  p resents  t he  r e s u l t s  of ana lyses  t h a t  were performed by Douglas personnel on 

t h e  countdown, launch, and f l i g h t  of t h e  Sa turn  S-IVB-502 s t age .  

This eva lua t ion  r e p o r t  a l s o  descr ibes  tests conducted a t  Kennedy Space Center (KSC), and 

p e r t i n e n t  modifications made t o  t h e  S-IVB and r e l a t e d  ground support  equipment. 

This r epor t  i s  au thor ized  by NASA Contract NAS7-101, and is the  f i n a l  r epor t  on t h e  

S-IVB-502 by t h e  Douglas S-IVB T e s t  Planning and Evaluation Committee of t h e  Missile and 

Space Systems Divis ion  (MSSD), Huntington Beach, Ca l i fo rn ia .  

1.2 History 

The S-IVB-502 w a s  assembled a t  t h e  Huntington Beach Space Systems Center. A checkout w a s  

performed on 10 May 1966, i n  the  Vehicle Checkout Laboratory p r i o r  t o  shipping t h e  s t a g e  

t o  t h e  Sacramento T e s t  Center (STC) on 31 May 1966. 

Stand I on 6 June 1966, and w a s  acceptance f i r e d  on 28 J u l y  1966. 

The a u x i l i a r y  propulsion system (AF'S) modules were shipped t o  the  manufacturing and 

assembly (M&A) bui ld ing  a t  STC f o r  l e a k  and func t iona l  checks. The APS modules w e r e  then 

t r ans fe r r ed  t o  t h e  Gamma Complex and confidence f i r e d  on 19 Ju ly  and 27 Ju ly  1966. After 

f i r i n g ,  t h e  modules were re turned  t o  the  M&A bui ld ing  f o r  c leaning  and purging p r i o r  t o  

shipment t o  KSC wi th  the  S-IVB-502. 

A l l  ob jec t ives  of t he  acceptance f i r i n g  tests were success fu l ly  completed on 28 J u l y  1966, 

and a r e  out l ined  i n  Douglas Report No. DAC-56357, Sa turn  S-IVB-502 Stage Acceptance F i r i n g  

Report, dated 28 September 1966 and i n  Douglas Report No. SM-37539, S-IVB-502 Stage 

Acceptance F i r ing  15 Day Report, dated August 1966. 

Af te r  completion of acceptance f i r i n g  tests, t h e  s t a g e  w a s  shipped t o  KSC and i n s t a l l e d  i n  

t h e  low bay of t h e  Vehicle Assembly Building on 27 February 1967. 

t h e  a f t  i n t e r s t a g e  and completion of low bay prelaunch checkout, t h e  s t a g e  w a s  t r ans fe r r ed  

t o  t h e  high bay and mated t o  t h e  AS-502 launch veh ic l e .  

t r ans fe r r ed  t o  Launch Complex 39A on 6 February 1968 and w a s  launched a t  12:OO:Ol Greenwich 

Mean T i m e  (GMT) on 4 Apr i l  1968. F igure  1-1 presents  s i g n i f i c a n t  checkout and test h i s t o r y  

d a t e s  . 
The S-IVB ign i t ed  success fu l ly  and boosted t h e  payload i n t o  an e l l i p t i c a l  o r b i t .  

S-IVB experienced four  s i g n i f i c a n t  anomalies during f l i g h t .  

The s t a g e  was i n s t a l l e d  i n  Beta Test 

Af t e r  i n s t a l l a t i o n  of 

The AS-502 launch veh ic l e  w a s  

The 

a. Cold helium leakage 

b. 

c. 

Propel lan t  u t i l i z a t i o n  LOX probe malfunction 

F a i l u r e  of t h e  hydraul ic  system t o  achieve system pressure  f o r  restart 

d. F a i l u r e  of t h e  5-2 engine t o  restart. 

These anomalies and r e l a t e d  inves t iga t ions  are summarized i n  s e c t i o n  2 of t h i s  r epor t .  

D e t a i l  ana lyses  of system performance and anomalies are evaluated i n  r e spec t ive  sec t ions  

of t h i s  r epor t .  
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2. FLIGHT DESCRIPTION 

2.1 Mission 

fie S-IVB-502 s t a g e  w a s  the t h i r d  s t a g e  of the Apollo-Saturn AS-502 Launch Vehicle which 

served as  boos te r  f o r  t he  Apollo 6 Mission. 

f l i g h t  of the  Saturn V launch vehic le .  

and an unmanned Command and Service Module (CSM). 

would p lace  the S-IVB/IU/LTA/CSM combination i n t o  approximately a 100 nmi c i r c u l a r  parking 

o r b i t .  

r e ign i t ed  t o  i n j e c t  the  combination i n t o  a simulated t rans lunar  t r a j ec to ry .  Af te r  second 

burn engine cu to f f ,  t he  CSM w a s  t o  s epa ra t e  from the  S-IVB/IU/LTA, perform a re t rograde  

burn, and t h e  command module w a s  t o  re-enter and impact i n  the  Pac i f ic .  

AS-502 w a s  the  second research  and development 

The payload cons is ted  of a Lunar T e s t  A r t i c l e  (LTA) 

It w a s  planned t h a t  t he  launch veh ic l e  

During the second o r b i t a l  pass  over Kennedy Space Center (KSC), the  S-IVB was  t o  b e  

2.2 Countdown and Launch 

Af ter  successfu l  completion of t he  countdown demonstration test  (CDDT) and recyc le  operations,  

t he  AS-502 launch countdown w a s  i n i t i a t e d  a t  05:30:00 GMT on 3 Apr i l  1968. 

t he  f i n a l  countdown, a l l  s t age  items w i t h  l imi t ed  l i f e t i m e s  had more than adequate l i f e  

cycles remaining f o r  the  anc i t i pa t ed  mission. The countdown was successfu l ly  completed 

with no major problems when t h e  veh ic l e  l i f t e d  from KSC Launch Complex 39A on 4 Apri l  1968 

a t  12:00:01.69 GMT. 

A t  i n i t i a t i o n  of 

2.3 S-IC Powered F l i g h t  

2.3.1 Sequence of S ign i f i can t  Occurrences 

GRR 

RO (Nearest even second p r i o r  t o  f i r s t  motion) 

I U  umbi l ica l  disconnect (TB1) 

Mach 1 

Max 4 
Peak Osc i l l a t ions  

IECO ( TB2) 

OECO (TB3) 

RO -16.845 sec 

12:OO:Ol GMT 

RO +0.69 sec 

RO +60.5 sec 

RO +75.2 s e c  

RO +133 s e c  

RO +144.949 s e e  

RO +148.405 sec 

2.3.2 Vehicle Observations and Ef fec t s  

The AS-502 veh ic l e  l i f t e d  of f  wi th  a launch azimuth of 90 deg, and following tower clearance,  

the  veh ic l e  executed a tilt and r o l l  maneuver t o  achieve t h e  des i red  72 deg f l i g h t  azimuth. 

The veh ic l e  passed through mach 1 and maximum dynamic pressure  without any apparent problem. 

Longitudinal o s c i l l a t i o n s  (POGO) during S-IC boost a f t e r  maximum q w e r e  approximately t h r e e  

t i m e s  more severe than those  experienced on the  AS-501 f l i g h t .  

o s c i l l a t i o n s  r e s u l t e d  from a l l  f i v e  engine th rus t  v a r i a t i o n s  being inphase. A t  approximately 

RO +133 sec, s i g n i f i c a n t  per turba t ions  occurred i n  a number of veh ic l e  measurements. 

The s e v e r i t y  of POGO 

There 
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i s  photographic evidence of material sepa ra t ing  from t h e  spacec ra f t  l una r  module adapter  

(SLA) panels a t  t h i s  t i m e  ( f i gu re  2-1) .  The a f f ec t ed  SLA sec t ion  i s  located j u s t  above the  

lunar  module a t t a c h  plane. 

NASA/MSC repor t  e n t i t l e d ,  Anomaly Report No. 6 - Unexpected S t r u c t u r a l  Ind ica t ions  During 

Launch Phase, unpublished as  of t h i s  wiring. 

S-IC inboard and outboard engine sequence shutdowns w e r e  normal. 

Additional information on t h i s  i nc iden t  is presented i n  a 

2.3 .3  S-IVB Observations and Ef fec t s  

2 . 3 . 3 . 1  POGO 

During S-IC boos t ,  the e f f e c t s  of POGO o s c i l l a t i o n s  appeared i n  the  S-IVB LH2 and LOX 

chilldown systems which exhib i ted  f lowra te  and pressure  o s c i l l a t i o n s .  The e f f e c t s  w e r e  

a l so  not iced  on the  S-IVB a f t  bus No. 2 cu r ren t ,  which r e f l e c t s  load changes due t o  the  

opera t ion  of t he  chilldown i n v e r t e r s  and the  a u x i l i a r y  hydraul ic  pump. 

o s c i l l a t i p n  w a s  de tec ted  by a l l  of the S-IVB dynamic s t r a i n  measurements on the  forward 

s k i r t  (SO086 through SOlOl), by two v i b r a t i o n  measurements (E0091, Forward F ie ld  Spl ice ,  

and E0092, Af t  Separation P lane) ,  by the forward s k i r t  p i t c h  and yaw body bending accelero- 

meters (E0099 and E0100) and by t h e  a f t  s k i r t  p i t c h  and yaw accelerometers (E0101 and E0102). 

The dynamic s t r a i n  responses w e r e  genera l ly  inphase ind ica t ing  t h a t  the  v ib ra t ion  mode was 

- 

A 5.2 t o  5.6 cps 

.primarily i n  the  t h r u s t  ax i s .  The long i tud ina l  o s c i l l a t i o n s  a l s o  appeared t o  be  coupled 

wi th  the  body bending modes. 

2 . 3 . 3 . 2  Unusual Indica t ions  a t  Approximately RO +133 Sec 

S t a r t i n g  a t  approximately RO +123 sec, t h e  a f t  bus No. 2 cu r ren t  (MO022), which suppl ies  the  

chilldown i n v e r t e r s  and aux i l i a ry  pump, s t a r t e d  t o  increase  from a nominal 76 amps t o  

80 amps a t  RO +128 sec. It remained a t  80 amps u n t i l  RO +133 sec and then rose  t o  84 amps. 

By RO +135 sec ,  i t  decreased t o  a nominal 76 amps. 

S-IVB dynamic s t r a i n  measurements, s t a t i c  s t ra in  measurements, p ressure  transducers,  

accelerometer measurements, and microphones responded t o  a sharp t r a n s i e n t  encountered a t  

approximately RO +133 sec. 

response and the  forward s k i r t  s ta t ic  and dynamic s t r a i n s  made s t e p  changes i n  magnitude. 

These occurrences w e r e  accompanied by a decrease i n  ind ica ted  S-IVB/IU/SLA s ta t ic  pressure  

from 0 . 2  p s i  t o  zero p s i .  Also,  the  S-IVB p i t c h  ac tua to r  pressure  measurements r eg i s t e red  

a d i f f e r e n t i a l  p ressure  sp ike  of approximately 400 ps id  a t  RO +133 sec. 

Available S-IVB da ta  w a s  analyzed t o  determine, i f  poss ib le ,  the probable source  of d i s -  

turbances experienced by t h e  launch veh ic l e  a t  RO +133 sec. The ana lys i s  has eliminated 

the  following poss ib l e  sources of d i s turbance  and v e r i f i e d  t h a t  the  observed pe r t e rba t ions  

d i d  n o t  o r i g i n a t e  on the  S-IVB: 

Two forward s k i r t  v i b r a t i o n  measurements r eg i s t e red  a 217 g 

a. The s t r a i n  changes w e r e  n o t  thermally induced s ince :  

(1) 

(2) Ten temperature transducers i n  the  forward s k i r t  d id  n o t  r evea l  any sudden 

The changes were too r ap id  t o  be  from thermal e f f e c t s .  

o r  d r a s t i c  changes i n  s k i r t  temperatures. 

Y 
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b. 

C. 

d. 

e. 

f .  

The s t r a i n  changes were n o t  i n e r t i a l l y  induced s i n c e  veh ic l e  accelerometer 

recordings were normal a t  RO +133 sec. 

The s t r a i n  changes w e r e  n o t  induced by sudden changes i n  gross m a s s  o r  by sudden 

changes i n  engine t h r u s t  as ind ica ted  by t h e  con t inu i ty  and cons tan t  s lope  of the 

p l o t t e d  curve from accelerometer readings. 

The s t r a i n  changes w e r e  n o t  induced by sudden changes i n  body bending moments 

s i n c e  : 

(1) 

(2) 

(3) Body bending would be  t r a n s i e n t  from engine gimbaling whereas the s t r a i n  

The a i r loads  were neg l ig ib l e  a t  RO +133-sec. 

There was neg l ig ib l e  engine gimbaling recorded a t  RO +133 see. 

disturbances w e r e  s u b s t a n t i a l l y  s teady-s ta te  from RO +133 sec t o  cen te r  

engine cutoff.  

The s t r a i n  changes w e r e  n o t  induced by f a u l t y  s t r a i n  gage system e l ec t ron ic s  

s ince :  

The da ta  were ca re fu l ly  reviewed by e l e c t r o n i c  s p e c i a l i s t s  w i t h  respec t  to  

s teady  vol tages ,  s h o r t s ,  gage debonding, wi r ing  i d e n t i f i c a t i o n s ,  d a t a  

transmission, da t a  reduction, e t c . ,  and t h e  d a t a  w e r e  evaluated as being 

v a l i d .  

The p a t t e r n  of s t r a i n  changes a t  RO +133 see w a s  no t  the type expected of 

f a u l t y  e l ec t ron ic s  which would produce of f -sca le  o r  zero readings o r  would 

r e s u l t  i n  a l l  s imi l a r ly  wired gages s h i f t i n g  i n  the  s a m e  d i r ec t ion  by t h e  

s a m e  amount. 

S-IVB forward s k i r t  d id  n o t  f a i l  and cause t h e  s t r a i n  changes observed a t  

RO +133 sec s ince :  

(1) The strain gages continued t o  respond i n  a normal manner throughout the 

remainder of powered f l i g h t .  

The appl ied  f l i g h t  loads  and temperatures d id  not  exceed design loads and (2) 
design temperatures . 
A de ta i l ed  stress ana lys i s  using measured t o t a l  s t r a i n s  i n  the  forward s k i r t  

s t r i n g e r s  ind ica ted  a minimum margin of s a f e t y  of 97 percent.  
(3) 

For more d e t a i l  information concerning S-IVB measurement responses and assoc ia ted  analyses 

during the  S-IC boos t  phase, r e f e r  t o  sec t ions  18, 19, 23, 25, and 26 of t h i s  repor t .  

2.4 S-I1 Powered F l igh t  

2.4.1 Sequence of S ign i f i can t  Occurrences 

S-I1 Engine S t a r t  Command 

S-I1 NO. 2 ENG OUT 

S-I1 NO. 3 ENG OUT 

S-I1 ECO (TB4) 

RO +149.77 s e c  

RO +412.9 s e c  

RO +414.2 s e c  

RO +576.327 sec 
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2.4.2 Vehicle Observations and Ef fec t s  

During S-I1 boos t ,  t he  No.  2 engine ind ica ted  abnormal opera t ion  which r e su l t ed  i n  a launch 

veh ic l e  d i g i t a l  computer commanded shutdown a t  RO +412.9 sec. 

No. 2 engine inadver ten t ly  shutdown the  No. 3 engine as w e l l  s i n c e  t h e  engine c i r c u i t s  had 

been inadver ten t ly  crosswired during s t a g e  assembly. F l i g h t  con t ro l  e l ec t ed  no t  t o  invoke 

f l i g h t  mission r u l e  No. 16 which r equ i r e s  d i r e c t  s t ag ing  following the shutdown of more 

than one S-I1 engine. 

Engines No. 2 and No. 3 are adjacent  engines loca ted  above t h e  veh ic l e  X-Y plane. 

d i s turb ing  moment r e s u l t i n g  from the shutdown of these  engines caused the  launch veh ic l e  

t o  assume a nose-up p i t c h  a t t i t u d e  r e s u l t i n g  i n  l a r g e  devia t ions  from the planned t r a j ec to ry .  

Also, s i n c e  iterative guidance mode (IGM) w a s  programmed t o  opera te  w i t h  no more than one 

S-I1 engine ou t ,  a f r eeze  of veh ic l e  a t t i t u d e  commands was  i n i t i a t e d ,  causing a nonoptimum 

f l i g h t  pa th  f o r  t he  remainder of S- I1  f l i g h t .  

veh ic l e  w a s  devia t ing  from the planned t r a j e c t o r y  by being h igher  and slower than predicted.  

Shutdown sequence f o r  t h e  

The 

A t  S-I1 Engine Cutoff Command (ECC) t he  

2.5 S-111s-IVB Separation 

The separa t ion  t r a n s i e n t  i n  the  p i t c h  plane w a s  considerably l a r g e r  than t h a t  experienced 

on previous f l i g h t s  bu t  w a s  w i th in  the  c a p a b i l i t i e s  of t he  con t ro l  system. 

separa t ion  t r a n s i e n t  w a s  a t t r i b u t e d  t o  a l a r g e  p i t c h  a t t i t u d e  e r r o r  e x i s t i n g  a t  S-111s-IVB 

separa t ion  as a r e s u l t  of having two engines ou t  on the  S-11. 

information, r e f e r  t o  s e c t i o n  17 of t h i s  repor t .  

During S-111s-IVB separa t ion ,  a 0.25 sec pulse  w a s  f i r e d  by the  p i t c h  engine on module 1. 

Since the APS w a s  i n  a coas t  mode p r i o r  t o  i n i t i a t i o n  of burn mode, t he  APS pitch-yaw 

con t ro l  w a s  active and w a s  at tempting t o  c o r r e c t  f o r  veh ic l e  a t t i t u d e  e r r o r .  

had no adverse e f f e c t  on lateral  c learance  during S-111s-IVB separa t ion .  

A t  S-IVB Engine S t a r t  Command (ESC), the  3-2 engine gimbaled from n e u t r a l  t o  6.3 deg i n  

the p i t c h  plane. During 5-2 t h r u s t  buildup, t h i s  p i t c h  angle increased  t o  6.7 deg. By 

t h e  t i m e  3-2 engine t h r u s t  reached 90 percent ,  t h e  engine w a s  i n  the process of return-ing 

t o  a neu t r a l  pos i t ion .  This t h r u s t  vec to r  con t ro l  system (TVCS) maneuvering, l i k e  the  

aux i l i a ry  propulsion system ( U S )  response which preceded i t ,  w a s  a normal con t ro l  system 

response t o  a t t i t u d e  e r r o r s  accumulated during S-I1 boost.  

gimbaled during a l l  s ta t ic  f i r i n g s ,  no engine s t a r t  had been attempted wi th  the  engine i n  

an extreme con t ro l  pos i t ion .  

t r a n s i e n t  problems wi th  the  engine gimbaled t o  a hardover pos i t ion .  

Retrorocket performance during separa t ion  w a s  nominal w i t h  good phasing of the  thrust-time 

p r o f i l e s .  

AS-501, i nd ica t ing  only s m a l l  d i f f e rences  i n  plume impingement. 

C2004) i n d i c a t e  t h a t  the hea t  f l u x  t o  the  3-2 engine w a s  somewhat h igher  on AS-502 than 

on AS-501, b u t  lower than t h a t  experienced on uprated Saturn I f l i g h t s .  

were wi th in  the  maximum expected envelope. 

s e c t i o n  26. 

This l a r g e  

For more de t a i l ed  separa t ion  

This pu lse  

Although t h e  S-IVB engine is 

An examination of engine start d a t a  d id  n o t  r evea l  any start 

Retrorocket hea t ing  of the S-IVB s t r u c t u r e  was  s i m i l a r  t o  t h a t  observed on 

Calorimeters (C2000 and 

The heat f luxes  

Detail aerolthermo information is provided i n  

3 
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2.6 S-IVB F i r s t  Burn 

2.6.1 Sequence of S ign i f i can t  Events 

S-II/S-IvB separa t ion  

S-IVB ESC 

S-IVB ECO (TB5) 

RO +577.079 sec 

RO +577.28 s e c  

RO +747.298 sec 

2.6.2 Tra jec tory  

Af te r  separa t ion ,  guidance commanded the  S-IVB t o  assume a pitch-down a t t i t u d e  t o  c o r r e c t  

f o r  t r a j e c t o r y  e r r o r s  accumulated during S-I1 boost. 

u n t i l  RO +645 sec ,  when the  a t t i t u d e  w a s  commanded nose-up. 

t h a t  I G M  performed as  would be  expected throughout f i r s t  burn considering the  g rea t ly  

perturbed conditions a t  S-111s-IVB separa t ion .  

The nose-down a t t i t u d e  was maintained 

Tra jec tory  simulations ind ica t e  

2.6.3 Abnormal Measurement Occurrences 

Between RO +599 and RO +694 'sec, the  LH2 turbopump v ib ra t ion  measurement (E0210) increased 

and reached an apparent value g r e a t e r  than the measurement range. By RO +706 sec ,  t he  

v ib ra t ion  l e v e l  returned t o  normal and continued a t  t h i s  l e v e l  u n t i l  S-IVB ECO. The RMS 

composite t i m e  h i s t o r y  i s  shown i n  f i g u r e  25-2. Measurement E0210 has been c l a s s i f i e d  as 

a f a i l u r e  s ince  i t  is pos tu la ted  t h a t  i t  w a s  driven over band edge by a frequency ou t s ide  

of i t s  intended response range. 

bu t  s ince  LH2 turbopump opera t ion  was completely normal, t he  response of t h i s  measurement 

cannot be considered as va l id  da t a  (see paragraph 2.11.5 and t a b l e  18-4). 

The corresponding v ib ra t ion  measurement on the LOX turbopump (E0211) was normal throughout 

f i r s t  burn. Between RO +685 and RO +694 sec  the v ib ra t ion  measurement on the  combustion 

chamber dome (E0209) became e r r a t i c  and f a i l e d .  Continuous da t a  w a s  no t  ava i l ab le  f o r  

any of the  aforementioned v ib ra t ion  measurements because the  information w a s  telemetered 

on t i m e  shared channels. 

The magnitude of t he  ac tua l  v ib ra t ion  remains unknown, 

The earliest s i g n i f i c a n t  i nd ica t ions  of abnormal temperature w e r e  de tec ted  a t  approximately 

RO +635 sec, when the  engine area temperature measurement COO10 began t o  ind ica t e  cooling 

trends.  

l i n e  began t o  cool abnormally. 

Af te r  RO +645 sec ,  a number of o ther  measurements a l s o  showed unexpected temperature and 

v ib ra t ion  response pa t t e rns .  

s p e c i f i c  system f a i l u r e s  have n o t  been e n t i r e l y  successfu l .  

d i s t i ngu i sh  genera l  trends which can be explained f o r  the  most p a r t  by assuming t h a t  there  

w a s  a f a i l u r e  of the  augmented spark i g n i t o r  (ASI) f u e l  f eed l ine ,  which w i l l  be discussed 

i n  more d e t a i l  l a t e r .  General measurement t rends  a r e  as follows: 

Ten seconds later,  temperature pickup C2005 loca ted  on the  engine main LOX pneumatic 

Attempts t o  c o r r e l a t e  measurement pa t t e rns  with one o r  more 

It i s  poss ib le ,  however, t o  

2-5 



Sect ion  2 
F l igh t  Description 

Charac t e r i s t i c s  T i m e  Period 

a. RO +645 to  RO +695 sec 

b. RO +695 t o  RO +705 sec 

C .  RO +705 t o  RO +715 sec 

Temperature - N e t  Cooling Trend 

Vibration 

EO 210 - Increases  

E0209 - F a i l s  

Temperature - N e t  Heating Trend 

Vibration 

E0210 - Decreases 

Temperature - N e t  Cooling Trend 

Vibra t ian  

E0210 - Normal 

Table 2-1 summarizes the t i m e  sequence and temperature rates f o r  the  above measurement 

trends.  

2.6.4 3-2 Engine Performance 

The 3-2 engine made a normal f i r s t  b u m  engine s tar t  a t  RO +577.28 sec. 

w a s  normal and s a t i s f a c t o r y  u n t i l  RO +682 sec, when performance began t o  dec l ine .  

performance s t a b i l i z e d  by RO +702 s e c  a f t e r  t he  following estimated performance degradation: 

Engine opera t ion  

Engine 

Thrust 6,200 l b f  

Spec i f i c  impulse 9.5 s e c  

From RO +702 s e c  t o  ECC performance remained e s s e n t i a l l y  unchanged a t  the reduced l e v e l .  

2.6.5 Source of Anomalous Conditions 

Extensive inves t iga t ion  i n t o  the  unusual occurrences encountered during S-IVB f i r s t  b u m  

has ind ica ted  t h a t  these  e f f e c t s  r e su l t ed  from a f a i l u r e  of the  AS1 f u e l  f eed l ine  ( f i g u r e  2-2). 

This conclusion is supported by s p e c i a l  t e s t i n g  covered i n  paragraph 2.11.2. It is no t  

poss ib le  t o  i d e n t i f y ,  wi th  complete confidence, the  f a i l u r e  mechanism o r  the  chronology 

of the  f a i l u r e ,  bu t  t he  following hypothesis is i n  good agreement wi th  recorded f l i g h t  

da t a  and test r e s u l t s :  

The f a i l u r e  began as a leak  i n  the  1,200 p s i a  AS1 f u e l  f eed l ine ,  poss ib ly  

occurring as e a r l y  as RO +617 sec. 

upper bellows near  t h e  engine i n j e c t o r  and r e su l t ed  from fa t igue  cracks i n  

the convolutions of t he  innercore  produced by flow induced v ib ra t ions .  LH2 

e f f l u x  from t h e  l i n e  produced a genera l  cooling t rend  throughout t he  t h r u s t  

s t r u c t u r e  area which w a s  most pronounced between RO +645 and RO +695 sec .  

The e f f e c t  of t h i s  leakage w a s  a LOX-rich condition i n  the  AS1 chamber, 

which caused AS1 chamber temperatures t o  increase .  These increased tempera- 

t u re s  could have r e su l t ed  i n  damage t o  the AS1 chamber and 5-2 i n j e c t o r  

The leakage probably occurred a t  the  
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head i f  the temperature increase w a s  g rea t  enough and of s u f f i c i e n t  

duration. The amount of damage ac tua l ly  incurred, i f  any, could no t  

b e  determined from the  ava i l ab le  data. 

continued t o  increase  u n t i l  the  l i n e  pressure  w a s  s u f f i c i e n t l y  reduced 

t o  cause a flow reversal a t  the  AS1 f u e l  i n l e t .  This reversed flow 

exposed the AS1 f u e l  f eed l ine  t o  h o t  combustion gases,  r e s u l t i n g  i n  a 

burn-through of the f l e x  po r t ion  of t he  l i n e .  

re leased  by this  bum-through produced the hea t ing  trend observed 

between RO +695 and RO +705 sec. Af te r  burn-through, the  gases escaping 

from the AS1 chamber were a combination of oxygen from the AS1 LOX i n l e t  

and combustion products from the  main chamber. Hydrogen and oxygen from 

the  3-2 i n j e c t o r  head may a l s o  have been present ,  depending on the amount 

of i n j e c t o r  damage incur red  p r i o r  t o  burn-through of t he  AS1 f u e l  feedl ine .  

LH2 w a s  a l s o  escaping from the  lower por t ion  of t h e  burned-through A S 1  

f u e l  feedl ine .  

a second general  cooling trend i n  evidence a f t e r  RO +705 sec .  Because of 

the ruptured A S 1  f u e l  feedl ine ,  main chamber and gas generator (GG) p ressures  

decreased, r e s u l t i n g  i n  the 5-2 engine performance s h i f t  previously mentioned. 

It is  probable t h a t  RO +690 s e c  represents  t he  approximate t i m e  of AS1 f u e l  f eed l ine  

bum-through. 

ca l cu la t ions ,  i s  provided i n  s e c t i o n  10 of t h i s  repor t .  

The AS1 f u e l  f eed l ine  leakage 

The h o t  combustion gases 

The combination of a l l  o f  these  escaping gases produced 

A d e t a i l e d  desc r ip t ion  of t hese  occurrences inc luding  performance 

Inves t iga t ive  ana lys i s  has  eliminated the LOX AS1 supply l i n e  as the  poss ib le  source of 

anomalies. A summation of  t h e  ana lys i s  is presented i n  s e c t i o n  10 of t h i s  r epor t .  The 

inves t iga t ive  e f f o r t  r e l a t e d  t o  the  LOX AS1 supply l ine  d id  revea l  one case  (S-IVB-508) 

a t  the  Space Systems Center i n  which the  LOX AS1 supply l i n e  number i d e n t i f i c a t i o n  had 

been etched beyond s p e c i f i c a t i o n  requirements. Corrective ac t ion  w a s  taken t o  e l imina te  

the discrepancy and t o  guard aga ins t  r e p e t i t i o n  on f u t u r e  stages.  

2.7 S-IVB F i r s t  and Second Orbi t s  

Two anomalies w e r e  observed during o r b i t  p r i o r  t o  the restart attempt. 

2.7.1 Cold Helium Leakage 

Between S-IVB f i r s t  b u m  engine cu tof f  and the  cold helium dump a t  RO +22,023 sec, a t o t a l  

of 129 lbm of helium usage could no t  be  accounted for .  

average o r b i t a l  leakage rate of approximately 0.4 lbmlmin. 

probable source of t h i s  leakage had n o t  been determined. 

de tec ted  a t  the cold helium vent  por t .  

leakage stopped. 

l eak  (approximately 7 s c i m )  w a s  a l s o  de tec ted  a t  a conoseal f lange  i n  the  cold helium 

This would c a l c u l a t e  t o  be  an 

A s  of this wr i t i ng ,  the exact 

During the  CDDT, a l eak  was  

The cold helium vent valve was  cycled, and t h e  

The cold helium vent  va lve  on the  dump module w a s  no t  changed. A s m a l l  
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manifold during post-loading leak  checks a t  KSC. This leak  w a s  stopped by re torquing  t h e  

conoseal f lange. Extensive mass decay checks, which were conducted a f t e r  t h e  CDDT wi th  

ambient helium a t  950 p s i a ,  showed no m a s s  decay. A m a s s  decay check w a s  a l s o  performed 

a f t e r  f u e l  loading dur ing  the  launch countdown; no leakage w a s  noted. 

Spec ia l  tests (paragraphs 2.11.6 and 2.11.7) w e r e  conducted t o  determine i f  conoseal leakage 

could be induced by sub jec t ing  var ious  f lange  s i z e s  t o  temperature and v i b r a t i o n  environ- 

ments. While leakage d id  r e s u l t  i n  some ins t ances ,  t h e  evidence could not  be considered 

conclusive. 

The t e s t i n g  d id  r evea l  a l a r g e  amount of torque r e l axa t ion  on b o l t s  and unions exposed t o  

cold helium. Therefore, it w i l l  be proposed t h a t  on f u t u r e  s t a g e s ,  t h e  torque be checked 

a f t e r  every co ld  cyc le  of t h e  system. 

Teflon coated aluminum 7075 conoseal gaske ts  used i n  conjunction with t i t an ium f langes  were 

proved t o  be less suscep t ib l e  t o  leakage than uncoated 6061 gaskets.  An engineering change 

proposal (ECP) has been w r i t t e n  t o  change a l l  gaske ts  t o  t e f l o n  coated 7075. 

I n  o rde r  t o  preclude t ransducer  v a r i a t i o n s  induced by severe  thermal environments, an ECP has 

been w r i t t e n  t o  r e loca te  t h e  t ransducer  t o  a less severe  environment f o r  f u t u r e  f l i g h t s .  

2 .7 .2  PU Probe Problems 

The LOX m a s s  b r idge  operated normally during S-IVB-502 f i r s t  burn. 

RO +10,800 s e c  (800 s e c  p r i o r  t o  r e s t a r t ) ,  t h e  LOX mass bridge ind ica t ed  t h a t  t h e  probe w a s  

A t  approximately 

completely f i l l e d  wi th  propel lan t .  The PU e l e c t r o n i c s  assembly (EA) c a l i b r a t i o n  f o r  

S-IVB-502 would allow t h e  coarse  m a s s  i nd ica t ion  t o  read approximately 4.5 vdc and t h e  f i n e  

mass ind ica t ion  t o  i n d i c a t e  approximately 2.2 vdc. 

A t  RO +10,610 and RO +10,635 s e c  i n t o  f l i g h t ,  t h e  LOX br idge  i n  t h e  PU EA began t o  s l e w  a t  the  

maximum r a t e  toward the  f u l l  s top .  

re turned  t o  normal. A t  RO +10,660 sec, the  LOX bridge again slewed a t  maximum r a t e  t o  the  

f u l l  s top  i n d i c a t i n g  an over - fu l l  i nd ica t ion .  The LOX br idge  remained i n  t h i s  pos i t i on  u n t i l  

d a t a  dropout which occurred a t  RO +10,880 sec.  

RO +10,960 s e c  shows t h e  bridge had recovered a t  some period during d a t a  dropout. 

RO +10,967 sec i n t o  f l i g h t ,  t h e  LOX br idge  aga in  slewed a t  t h e  maximum rate ind ica t ing  an 

over - fu l l  condi t ion .  The br idge  recovered wi th in  3 s e c  and opera t ion  returned t o  normal. A t  

RO +11,066, RO +11,072, RO +11,087, and RO +11,090 sec, t h e  f i n e  mass aga in  ind ica t ed  an 

anomaly by s t a r t i n g  t o  s l e w  towards t h e  f u l l  s top  a t  t h e  maximum rate. Each of these  m a l -  

func t ions  w e r e  of less than l sec dura t ion .  A t  RO +11,091 sec, t h e  br idge  again slewed a t  

t h e  maximum rate and t h i s  t i m e  reached t h e  f u l l  mechanical s top  of t h e  output potentiometer.  

The br idge  d id  not recover from t h i s  p o s i t i o n  f o r  t h e  remainder of t he  S-IVB f l i g h t .  

There appear t o  be two poss ib l e  causes f o r  t h e  PU system anomaly noted during t h e  S-IVB-502 

The br idge  recovered each t i m e  w i th in  1 sec  and opera t ion  

The next  a v a i l a b l e  d a t a  beginning a t  

A t  

f l i g h t .  

a. 

b. 

These causes are: 

An i n t e r m i t t e n t  open cab le  s h i e l d  between t h e  mass probe and t h e  PU e l e c t r o n i c s  

assembly . 
Metallic p a r t i c l e ( s )  of some type i n  t h e  LOX tank which caused a s h o r t  between t h e  

inne r  and ou te r  elements of t h e  PU probe. 
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PU system opera t ion  w a s  normal during f i r s t  burn and t h e  f i r s t  appearance of t h e  br idge  

anomaly occurred during o r b i t i n g  conditions.  

t i o n s  could be d i s t r i b u t e d  anywhere i n  t h e  tank and poss ib ly  lodge between t h e  probe elements. 

As the  PU system opera t ion  w a s  normal dur ing  powered f l i g h t  while t h e  LOX mass probe and i t s  

a s soc ia t ed  cable  and PU e l e c t r o n i c s  assembly w e r e  under t h e  h ighes t  v i b r a t i o n  levels experi-  

enced during f l i g h t ,  t h e  p o s s i b i l i t y  of an intermittent open cable  s h i e l d  appears t o  be 

remote. 

i n  t he  LOX tank shor t ing  t h e  inne r  and ou te r  element of t h e  LOX probe. 

t i o n  of t he  PU probe malfunction is included i n  s e c t i o n  16 of t h i s  repor t .  

P a r t i c l e ( s )  i n  t h e  tank during o r b i t a l  condi- 

Therefore, t h e  most probable cause of t h e  PU system anomaly w a s  m e t a l l i c  p a r t i c l e ( s ) .  

A complete descrip- 

2.8 S-IVB Attempted Restart 

2.8.1 Sequence of S ign i f i can t  Events 

I n i t i a t e  restart prepara t ions  (TB6) RO +11,287.733 sec  

S-IVB ESC RO +11,614.686 s e c  

S-IVB ECO (TB7) RO +11,630.328 s e c  

I n i t i a t e  spacec ra f t  s epa ra t ion  RO +11,666.1 sec 

2.8.2 Res t a r t  Attempt 

With s a t i s f a c t o r y  restart condi t ions  a s t a r t  command s i g n a l  w a s  given a t  RO +11,614 sec .  

The GG reached 250 p s i a  and the  main chamber p re s su re  40 ps i a .  Spark plug opera t ion  w a s  

normal, bu t  because of t h e  AS1 f u e l  f e e d l i n e  f a i l u r e  during f i r s t  burn, t he  AS1 chamber was 

unable t o  provide main chamber ign i t i on .  Absence of i g n i t i o n  i n  the  main chamber was ver i -  

f i e d  by l ack  of hea t  i nd ica t ions  i n  t h e  j acke t  and increased  f u e l  i n j e c t o r  temperature 

(C0200). Without i g n i t i o n ,  t he re  w a s  no back pressure  on t h e  flow systems and t h e  GG w a s  

unable t o  s t a b i l i z e  r e s u l t i n g  i n  a GG overtemperature condition. 

w a s  unable t o  sense  mainstage pressures  and i n i t i a t e d  spacec ra f t  separa t ion .  

2.8.3 Hydraulic Sys t e m  

When the  a u x i l i a r y  hydraul ic  pump w a s  ac t iva t ed  a t  approximately RO +10,960 sec, i t  f a i l e d  t o  

bu i ld  up system pressure .  Aft bus No. 2 cur ren t  d r a i n  f o r  t h e  pump w a s  approximately 

12.5 amps ind ica t ing  t h a t  t h e  pump w a s  cav i t a t ing .  A t  ESC2, t h e  LOX tu rb ine  began t o  sp in  

up and the  engine dr iven  (ED) pump reached approximately 45 percent  of opera t ing  rpm. There 

w a s  i n s u f f i c i e n t  f l u i d  pumped t o  inc rease  system p res su re  o r  cause s i g n i f i c a n t  ac tua to r  

movement, i n d i c a t i n g  t h a t  t h e  ED pump w a s  a l s o  cav i t a t ing .  

w a s  determined t h a t  a blockage e x i s t e d  i n  t h e  hydraul ic  f l u i d  l i n e  between t h e  accumulator 

r e s e r v o i r  assembly on t h e  t h r u s t  cone s t r u c t u r e  and t h e  ED pump i n l e t .  

runs across  t h e  gimbal p l ane  on pos i t i on  111. 

hydraul ic  f l u i d  i n  the  system. Based on an ana lys i s  of f l i g h t  d a t a  and s p e c i a l  test r e s u l t s  

( s p e c i a l  t e s t i n g  is summarized i n  paragraph 2.11.9), i t  is  considered very probable t h a t  LH2 

which escaped from t h e  ruptured AS1  f u e l  f eed l ine  dur ing  first burn, caused t h e  hydraul ic  

system t o  f r eeze  s h o r t l y  a f t e r  t h e  a u x i l i a r y  hydraul ic  pump w a s  turned o f f .  

s t i l l  f rozen  when the  S-IVB restart w a s  attempted. 

Details of t he  hydraul ic  system performance are presented  i n  s e c t i o n  22 of t h i s  r epor t .  

A t  RO +11,630 sec t h e  I U  

From an ana lys i s  of t h e  da t a ,  i t  

The connecting l i n e  

The blockage apparent ly  r e su l t ed  from 'frozen 

The system w a s  
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2.8.4 Vibration Occurrence 

The v i b r a t i o n  measurement on t he  LH2 turbopump (E0210) ind ica t ed  a v i b r a t i o n  response 

s t a r t i n g  a t  RO +11,623 sec. 

edge. Af t e r  RO +11,625 sec ,  t h e  measurement remained o f f s c a l e  high. For a more d e t a i l e d  

desc r ip t ion  of  t h e  measurement f a i l u r e  see s e c t i o n  18. 

A t  RO +11,624 sec the s i g n a l  l e v e l  increased  and exceeded band 

2.9 Launch Vehicle/Spacecraft  Separa t ion  

The launch veh ic l e  spacec ra f t  (LV/SC) sepa ra t ion  w a s  programmed t o  occur at  TB7 +180 sec ;  

however, due t o  f a i l u r e  of  t he  S-IVB t o  restart, a ground command was i ssued  t o  i n i t i a t e  

LV/SC sepa ra t ion  a t  TB7 +35.8 sec (RO +11,666.1 s e c ) .  The f i r s t  de t ec t ab le  d is turbances  

r e s u l t i n g  from the LV/SC sepa ra t ion  occurred a t  RO +11,667.85 sec, the  t i m e  at which the  

sepa ra t ion  ordnance w a s  i gn i t ed .  

unexpected d is turbances  w e r e  appl ied  t o  both veh ic l e s  during t h e  sepa ra t ion  i n t e r v a l .  

eva lua t ion  of t h e  observed da ta ,  i t  w a s  concluded t h a t  SLA panel 1 on pos i t i on  I f a i l e d  

t o  deploy proper ly  during LV/SC sepa ra t ion  poss ib ly  due t o  damage incur red  during boos t  

f l i g h t  ( inc ident  occuring a t  RO +133 s e c ) .  

p roper ly ,  a momentary in t e r f e rence  o r  hang up wi th  t h e  spacec ra f t  occurred which temporarily 

a f f ec t ed  the  motion of the  launch veh ic l e  a s  w e l l  as t h e  spacec ra f t .  However, t h e  spacec ra f t  

separa ted  success fu l ly  and the  launch veh ic l e  recovered from the  momentary a t t i t u d e  devia t ion .  

See paragraph 21.2.5.5 f o r  d e t a i l e d  sepa ra t ion  information. 

Telemetry d a t a  from both t h e  CSM and S-IVB I U  i nd ica t ed  

From 

Due t o  the  f a i l u r e  of t h e  SLA panel t o  deploy 

2.10 Post Separation 

Following LV/SC sepa ra t ion ,  t h e  a u x i l i a r y  hydraul ic  pump was commanded ON two more t i m e s  by 

ground command. Each t i m e  t he  hydraul ic  system f a i l e d  t o  bu i ld  up p res su re  and the  cu r ren t  

d r a i n  w a s  12.5 amps ind ica t ing  t h a t  the  pump w a s  s t i l l  cav i t a t ing .  

S-IVB a t t i t u d e  con t ro l  was maintained u n t i l  approximately RO +22,053 sec when A P S  module 1 

was depleted of propel lan t .  

RO +22,630 sec. These deple t ions  occurred ear l i ie r  than noma1 because of  the  g r e a t e r  system 

demands r e s u l t i n g  from high angular  rates e x i s t i n g  a t  S-IVB f i r s t  and second engine cu to f f s ,  

and l a r g e  p rope l l an t  masses remaining after second engine cu to f f .  

con t ro l  was  maintained beyond the  requi red  t i m e  per iod  as i s  d iscussed  i n  paragraph 7.1. 

Details of APS performance and f l i g h t  con t ro l  are presented i n  s e c t i o n s  14  and 21, 

respec t ive ly .  

Five days a f t e r  t he  launch, photographs w e r e  obtained of t h e  S-IVB/IU/SLA i n  o r b i t .  Although 

photographic r e so lu t ion  w a s  poor, t h e  adapter  panels appeared t o  be  proper ly  deployed, and 

t h e  assembly appeared t o  be  i n t a c t .  

i n t a c t  u n t i l  9 days a f t e r  t he  launch when t h e  veh ic l e  separa ted  i n t o  about 15 p ieces .  

t h a t  t i m e ,  t h e  es t imated  loads ,  r e s u l t i n g  from S-IVB angular r o t a t i o n ,  exceeded the  minimum 

s t r e n g t h  of t h e  a t t a c h  s t r a p  f i t t i n g s  and t h e  LTA suppor t  s t r u t s .  

inc luding  the  adapter  pane ls ,  en te red  t h e  atmosphere wi th in  4 days a f t e r  t he  1 3  Apr i l  

breakup. The LTA i s  expected t o  remain i n  o r b i t  

u n t i l  approximately August 1968. 

P rope l l an t  deple t ion  i n  module I1 occurred a t  approximately 

Nevertheless,  a t t i t u d e  

Tracking d a t a  have shown that t h e  S-IVB/IU/SLA remained 

A t  

Most o f  t he  p ieces ,  

The S-IVB en te red  on 26 Apr i l  1968. 

f 
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2 .11  Spec ia l  Tes t ing  

A number of s p e c i a l  tests w e r e  conducted t o  i n v e s t i g a t e  t h e  anomalies encountered i n  f l i g h t .  

The r e s u l t s  of t h i s  t e s t i n g  are summarized below: 

2.11.1 

Pressure  t ransducer  D0051, loca ted  i n  the  S-IVB forward s k i r t  ( i n t e r n a l ) ,  r eg i s t e red  a s t a t i c  

pressure  decrease from approximately 0.2 t o  0 p s i  a t  approximately RO +133 sec.  Because of 

t he  s m a l l  p ressure  va lues  involved, it w a s  suspected t h a t  t h e  t ransducer  might have responded 

t o  v ib ra t ion  r a t h e r  than pressure.  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y ,  a similar t ransducer  w a s  

subjec ted  t o  var ious  v i b r a t i o n  and p res su re  environments. T e s t  r e s u l t s  w e r e  as follows: 

Low Pressure  Transducer Vibra t ion  T e s t  - Douglas/Santa Monica 

a. 

b. 

It  must 

The maximum response t i m e  required t o  r e l e a s e  t h e  transducer mechanical s t a t i c  f r i c -  

t i o n  pressure  buildup w a s  70 m s .  The maximum response t i m e  f o r  a sudden pressure  

drop from 0.2 t o  0 p s i a  w a s  180 m s .  The f l i g h t  d a t a  were recorded every 250 m s .  

Therefore,  i t  w a s  poss ib l e  f o r  e i t h e r  a p res su re  drop o r  a s t a t i c  f r i c t i o n  drop t o  

occur during the  f l i g h t  s i n c e  both drops occurred i n  less than 250 m s  dur ing  the  tests. 

P r e f l i g h t  and p r e t e s t  c a l i b r a t i o n s  on t h e  f l i g h t  and t e s t  t ransducers  compared t o  test 

c a l i b r a t i o n s  of t h e  test t ransducers  showed t h a t  age can inc rease  t h e  s t a t i c  f r i c t i o n  

buildup percentage.  Based on test d a t a  and t h e  l a t t e r  f a c t ,  it w a s  poss ib l e  f o r  t h e  

f l i g h t  t ransducer  t o  bu i ld  up an ind ica t ed  s t a t i c  f r i c t i o n  pressure  of 0.2 p s i  o r  

g rea t e r .  

be concluded t h a t  t h e  t e s t s  w e r e  inconclusive s i n c e  a response t o  e i t h e r  a s t a t i c  f r i c -  

t i o n  r e l e a s e  o r  an a c t u a l  pressure  drop of 0.2 p s i  could have occurred i n  less than 250 ms. 

2.11.2 Tes t ing  t o  Inves t iga t e  5-2 Engine AS1 Fuel Feedl ine  Fa i lu re s  - Rocketdyne/ 
Santa Susanna 

A number of tests w e r e  conducted by Rocketdyne t o  i n v e s t i g a t e  poss ib l e  f a i l u r e  methods f o r  t h e  

AS1 f u e l  feedl ine .  I n  one test, a l eak  i n  t h e  AS1 l i n e  w a s  simulated by permi t t ing  f u e l  t o  

flow from a t e e  junc t ion ,  near  t he  bellows back t o  the  f a c i l i t y .  Af t e r  10 sec of simulated 

leakage, f u e l  flow t o  the  AS1 l i n e  w a s  terminated, which r e su l t ed  i n  a burn-through of t h e  AS1 

l i n e  and an engine performance s h i f t .  

during t h e  S-IVB-502 f l i g h t .  I n  another test, f u e l  flow t o  t h e  AS1 chamber was r e s t r i c t e d  f o r  

approximately 20 sec a f t e r  which t h e  AS1 LH2 flow w a s  terminated completely and a burn-through 

of t he  AS1 f u e l  feed  l i n e  w a s  simulated by opening a tee junc t ion  nea r  t h e  AS1 chamber. F i r e  

w a s  observed t o  sepw from t h e  v i c i n i t y  of t h e  AS1 chamber from t h e  t i m e  t h e  flow w a s  reversed 

u n t i l  termination of t h e  engine t e s t .  Pos t - tes t  i n spec t ion  revealed considerable e ros ion  

of t h e  AS1 chamber, 5-2 i n j e c t o r  head, and gimbal block. Both t h e  LOX and LH2 po r t ions  of t h e  

5-2 i n j e c t o r  were eroded. The a s soc ia t ed  degradation i n  5-2 engine performance w a s  somewhat 

comparable t o  t h a t  observed during the  S-IVB-502 f l i g h t ;  however, AS1 LH2 w a s  no t  permitted t o  

dump overboard a s  must have occurred during a c t u a l  f l i g h t .  

The amount of performance s h i f t  w a s  less than  occurred 

It was  no t  poss ib l e  i n  any of t h i s  t e s t i n g  t o  exac t ly  s imula te  f l i g h t  condi t ions ;  however, 

t h e  t e s t i n g  d id  demonstrate t h a t  flow reversed at t h e  AS1  f u e l  i n l e t ,  and subsequent burn- 

through of t he  AS1 f u e l  f eed l ine  could be produced by leakage i n  t h e  AS1 f u e l  feedl ine .  
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It w a s  a l s o  demonstrated t h a t  leakage i n  the AS1 fue l  feedl ine could r e s u l t  i n  damage t o  

the AS1 chamber and 5-2 i n j e c t o r  head. 

2.11.3 

A spec ia l  test was  a l s o  conducted t o  simulate f a i l u r e  of the LOX AS1 feedline.  The AS1 

oxidizer  supply valve w a s  closed and a l i n e  f a i l u r e  w a s  simulated by opening a tee between 

the o r i f i c e  and the ASI. Simultaneously, a tee valve w a s  opened between the mein oxidizer  

valve and the AS1 t o  simulate leakage. When l i n e  f a i l u r e  w a s  simulated, hydrogen backflowed 

through the AS1 and an explosion occurred. 

and the test r e s u l t s  are considered inconclusive. 

Testing t o  1nves.tigate Possible  AS1 LOX Feedline Fai lure  - RocketdynelSanta Susanna 

Cause of the explosion has not  been determined, 

2.11.4 Invest igat ion of Flexible  Metal Hose and Bellows Critical Resonant Conditions 

- Douglas/Santa Monica 

Various worse case 5-2 component m e t a l  f l e x  hose and bellows a r e  to  be subjected t o  various 

flowrates t o  determine cr i t ical  resonant conditions and t o  e s t a b l i s h  addi t ional  

confidence i n  present system application. 

progress as of t h i s  wri t ing.  

Testing was begun on 14 May 1968 and i s  i n  

2.11.5 Vibration T e s t  of LH2 Turbopump Accelerometer, and Cable Assembly - Douglas/ 

Santa Monica and Huntington Beach 

The instrumentation cable fo r  the LH2 turbopump lateral accelerometer measurement (E0210) 

passed through a c l i p  on the AS1 f u e l  feedl ine and then entered a bundle of wires a l so  

containing the instrumentation cable f o r  t he  5-2 dome accelerometer measurements (E0209) on 

the S-IVB. 

arrangement and the anomalous behavior reported i n  paragraph 2.6.3 l e d  t o  speculation t h a t  

E0210 and E0209 may have responded t o  vibrat ions of the AS1 f u e l  feedl ine o r  t o  sudden 

changes i n  the temperature environment r a the r  than t o  ac tua l  v ib ra t ions  i n  the LH2 turbopump 

and 5-2 engine. 

t o  t h a t  used f o r  E0210 w a s  vibrated a t  l eve l s  simulating the S-IVB-502 f l i g h t  environment 

while being subjected t o  the following environmental conditions: 

This arrangement can be seen i n  f igu re  2-2. The nature  of t h i s  physical  

To inves t iga t e  t h i s  p o s s i b i l i t y ,  an accelerometer and cable system iden t i ca l  

a. Ambient temperature. 

b. 

c. Turbulent LN2 on accelerometer and cable. 

Non-turbulent LN2 spray on accelerometer and cable. 

d. 

e. Heated cable t o  2,400 deg F. 

f .  Heated cable t o  600 deg F. 

Pouring LN2 on accelerometer and cable. 

The output of t h e  f l i g h t  type transducer system w a s  monitored during t h i s  tes t ing.  

t e s t i n g  was  unable t o  simulate o r  reproduce the anomalous conditions experienced i n  f l i g h t  

on E0210. 

The 

The f a i l u r e  of E0209 w a s  simulated by short ing out  the cable. 
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Addi t iona l  t e s t i n g  of t he  t ransducer  system w a s  conducted inc luding  t h e  245 mul t ip lexer ,  

s i n g l e  sideband (SSB) and ground suppor t  demultiplexer equipment. The system response w a s  

recorded on magnetic tape  which w a s  used t o  genera te  power s p e c t r a l  dens i ty  (PSI)) p lo t s .  

These p l o t s  were compared t o  those cons t ruc ted  from f l i g h t  data.  Overdriving by high 

frequency random s i g n a l  (4,000 Hz t o  12,000 Hz) d id  not  dup l i ca t e  c h a r a c t e r i s t i c s  observed 

on t h e  f l i g h t  da ta .  Severe overdr iv ing  of t h e  ampl i f i e r  using low frequency random s i g n a l  

(20 t o  2,000 Hz) r e s u l t e d  i n  d i s t o r t i o n  of t he  SSB wave shape. PSD p l o t s  of t h i s  response 

exh ib i t ed  very s i m i l a r  c h a r a c t e r i s t i c s  t o  those obtained from t h e  f l i g h t  da ta .  

Summarizing, severe  overdr iv ing  of t he  ampl i f i e r  by high levels of low frequency random 

s i g n a l  simulated t h e  f l i g h t  d a t a  recovered from S-IVB-502. 

2.11.6 

Spec ia l  cold helium l eak  tests w e r e  conducted at  Sacramento T e s t  Center (STC), Beta T e s t  

Stand I, u t i l i z i n g  S-IVB-505N. The test ob jec t ives  w e r e  t o  ob ta in  confidence i n  t h e  cold 

helium system i n  support  of S-IVB-503N launch a c t i v i t i e s ,  and t o  i n v e s t i g a t e  poss ib l e  

l eak  sources wi th  respec t  t o  cold helium leakage experienced during the  S-IVB-502 f l i g h t .  

Examination of o v e r a l l  test r e s u l t s  revealed t h a t  co ld  helium leakage w a s  q u i t e  s m a l l  and 

no information w a s  obtained t h a t  would exp la in  t h e  abnormal loss of cold helium during 

the  S-IVB-502 f l i g h t .  The t e s t i n g  d id  r evea l  t h a t  b o l t s  and unions exposed t o  cold helium 

S-IVB-505N Specia l  Cold Helium Leak T e s t  - Douglas/Sacramento 

'are s u b j e c t  t o  a s i g n i f i c a n t  amount of torque re laxa t ion .  

2.11.7 Conoseal Flange and Gasket Vibration and Low Temperature Tes t ing  - Douglas/ 

Santa  Monica 

Conoseal f langes  and gaske ts  were subjec ted  t o  v i b r a t i o n  and low temperature environments 

t o  ga in  d a t a  r e l a t e d  t o  S-IVB-502 cold helium leakage. S imi la r  t o  t h e  t e s t i n g  a t  STC, a 

s i g n i f i c a n t  amount of to rque  r e l axa t ion  w a s  experienced wi th  cold helium components. 

Teflon coated aluminum 7075 gaske ts  used i n  conjunction wi th  t i t an ium f langes  w e r e  found 

t o  be less suscep t ib l e  t o  leakage than uncoated 6061 gaske ts .  

2.11.8 PU Connector Assembly Temperature and P u l l  T e s t  - DouglasfSanta Monica 

There were t h r e e  d i f f e r e n t  types of e l e c t r i c a l  connectors used on t h e  S-IVB-502 between 

the  PU probe and t h e  PU computer. 

of connectors w e r e  subjec ted  t o  cons tan t  p u l l  fo rces  of 1, 2 ,  4 and 8 l b f  under t h e  

following environmental condi t ions :  

To i n v e s t i g a t e  t h e  PU system anomaly, t h e  th ree  types 

Deutsch Connectors 

a. 

b. 

High temperature soak a t  160 deg F f o r  2 h r .  

Low temperature soak a t  -310 deg F f o r  3 hr .  

Bendix Connectors 

a. 

b. 

High temperature soak a t  160 deg F f o r  2 hr .  

Low temperature soak a t  30 deg F f o r  1 hr .  
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The tests w e r e  conducted on 32 samples a t  a time, and con t inu i ty  was  monitored continuously 

on two 16 channel osc i l lographs .  Upon completion of t he  low temperature soak, t h e  connectors 

w e r e  subjec ted  t o  a p u l l  test t o  des t ruc t ion .  Half of t he  connectors w e r e  pu l led  a t  low 

temperature and ha l f  w e r e  pu l led  a t  room temperature. Results of t he  test showed t h a t  

several samples ind ica ted  in t e rmi t t enc ie s  and d i s c o n t i n u i t i e s  during various phases of 

the  test. The cause of the  in t e rmi t t enc ie s  and d i s c o n t i n u i t i e s  is unknown. However, i t  

w a s  observed t h a t  a l l  the  properly assembled connectors exhib i ted  no d i s c o n t i n u i t i e s  a t  

any t i m e .  

Additional tests w e r e  a l so  conducted on 36 samples of Deutsch connectors s i m i l a r  t o  t he  

aforementioned tests, b u t  wi th  the  addi t ion  of a flame test. For the  flame test, the 

connectors w e r e  heated with an ace ty lene  torch t o  an estimated 2,500 deg F temperature. 

No anomalies w e r e  revealed during t h i s  add i t iona l  t e s t i n g  a t  any t i m e ,  and the samples 

did no t  i nd ica t e  any l o s s  of con t inu i ty  during the flame test. 

2.11.9 Spec ia l  Hydraulic Testing - Douglas/Santa Monica 

A s p e c i a l  test  w a s  conducted a t  Santa Monica t o  determine s u s c e p t i b i l i t y  of the  hydraul ic  

system t o  f reez ing  when exposed t o  cryogenics. 

no t  f reeze  under conditions of f l u i d  flow, but  w i l l  become frozen approximately 85 see a f t e r  

termination of flow when subjec ted  t o  l i q u i d  nitrogen. 

aux i l i a ry  pump cur ren t  measured 12.5 amps s i m i l a r  t o  the  cu r ren t  l e v e l  experienced i n  f l i g h t .  

T e s t  r e s u l t s  i nd ica t ed  t h a t  the  system w i l l  

With the  r e tu rn  l i n e  frozen, t he  

2.12 Conclusions 

Per turba t ions  experienced by the  launch veh ic l e  during S-IC boost a t  about RO +133 s e c  did 

no t  o r i g i n a t e  on the  S-IVB. Although POGO o s c i l l a t i o n s  during S-IC boost w e r e  more severe 

than expected, t he re  is no known connection between these  occurrences and S-IVB anomalies 

experienced la ter  i n  f l i g h t .  

S-II/S-IVB separa t ion  w a s  success fu l ly  completed without co l l i s ion .  

w a s  normal f o r  conditions which ex i s t ed  a t  the  t i m e  of separa t ion .  

Four S-IVB anomalies w e r e  experienced i n  f l i g h t :  

Control system response 

a. 5-2 engine performance degradation during f i r s t  bum and f a i l u r e  of the  engine 

t o  restart. 

b. Cold helium leakage. 

c. PU LOX probe malfunction. 

d. Fa i lu re  of t he  hydraul ic  system t o  develop pressure  during the  attempted 

restart. 

Fa i lu re  of t he  S-IVB t o  restart during the  second revolu t ion  as w e l l  as the  5-2 engine 

performance s h i f t  and the  unusual measurement occurrences during f i r s t  bum are a t t r i b u t e d  

t o  a f a i l u r e  of the  AS1 f u e l  feedl ine .  It should b e  emphasized t h a t  i f  a f a i l u r e  of the  
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AS1 fue l  feedl ine should reoccur on some fu tu re  mission, there  is no assurance t h a t  the 

first burn would be successful ly  completed. Premature shutdown of the S-I1 No. 2 engine 

w a s  a t t r i bu ted  by North American Rockwell Corporation t o  a f a i l u r e  of the No. 2 engine AS1 

f u e l  feedl ine,  bu t  there  is no known connection between the S-I1 and S-IVB engine f a i lu re s .  

Every e f f o r t  must be made t o  preclude a r epe t i t i on  of AS1 f u e l  feedl ine f a i l u r e s .  

was  no evidence during the S-IVB f l i g h t  of malfunction i n  t h e  LOX AS1 feedl ine,  but  i n  

view of t he  nature  of the AS1 f u e l  feedl ine problems, addi t ional  invest igat ion and t e s t ing  

of both AS1 feedl ines  is necessary t o  insure a high degree of confidence i n  t h i s  system 

f o r  fu tu re  missions. This e f f o r t  is  i n  progress at Rocketdyne. 

Source of the reported cold helium leakage remains unknown, but the invest igat ion did 

reveal  the necessi ty  of torque checks a f t e r  every cold cycle of the system. 

of the pressure transducers t o  a less severe environment should eliminate any instrumentation 

problems which might have r e su l t ed  from severe temperature environment. 

conoseal gaskets i n  the system w i l l  be  changed t o  t e f lon  coated 7075 aluminum. 

The most probable cause of the PU system anomaly w a s  me ta l l i c  p a r t i c l e s  i n  the LOX tank 

short ing the inner  and outer  element of the LOX arobe. 

t o  guard against  t h i s  type of electrical s h o r t  and t o  minimize the p o s s i b i l i t y  of 

metallic p a r t i c l e s  i n  the system f o r  fu tu re  stages.  

The S-IVB hydraulic anomaly resul ted from cryogenic leakage associated with the AS1 f u e l  

feedl ine f a i l u r e  during f i r s t  burn. The following hardware changes w e r e  considered with 

the r ea l i za t ion  t h a t  cryogenic leaks can occur during fu tu re  f l i g h t s :  

There 

Relocation 

Additionally, a l l  

A method is being invest igated 

a. Insu la t e  l i n e s  to  protect  them from hot o r  cold f l u i d  impingement. 

b. Multiple thermal switches to  i n i t i a t e  flow and p ro tec t  from colp condition. 

c.  Redundant path f l u i d  l i nes .  

The contractor 's  posi t ion is t h a t  redesign of t he  hydraulic system, i n  an attempt to  

preclude freezing from leaking cryogenic f l u i d s  is impractical  because there is no 

de f in i t i on  of the extent  of the leak o r  how long i t  would p e r s i s t .  

The so lu t ion  i s  t o  redesign the  AS1 f u e l  feedl ine (which has been done) to  guard against  

t he  p o s s i b i l i t y  of any fu tu re  leaks.  

2.13 Mission Objectives 

Douglas considers the SA-502 Launch Vehicle Mission Direct ive prepared by the Saturn V 
T e s t  Office,  Marshall Space Fl ight  Center, Huntsvil le,  Alabama, dated April  26, 1966, as 

the o f f i c i a l  document f o r  providing iden t i f i ca t ion  and control  of launch vehicle  mission 

requirements. Eleven of t he  16 primary object ives  and both of t he  secondary object ives ,  

as defined i n  the mission d i r ec t ive ,  d i r e c t l y  involve the S-IVB. 

object ives  are summarized and discussed i n  t ab le  2-2. 

The AS-502 mission 

. 
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TABLE 2-1 (Sheet 1 of 2) 
MEASUREMENT RESPONSE TRENDS 

coo10 

COO50 

COO87 

COO88 

C0152 

C0153 

C0154 

C0203 

C0204 

C0275 

C2005 

C2013 

C2014 

C2037 

E0209 
E0210 

coo10 

COO50 

COO87 

COO88 

CO 15 2 

C0153 

C0154 

C0203 

C0204 

C0275 

C2005 

C2013 

C2014 

C2037 

EO210 

MEASUREMENT 

Eng area temp 

ED hyd pump o i l  i n l e t  

Thrust s t r u c t  - posi t ion I 

Thrust s t r u c t  - posi t ion 
I - I V  

LOX main supply l i n e  flange 
w a l l  

LOX main support l i n e  

LOX prevalve bypass wall  

Pi tch act  o i l  temp 

Yaw act o i l  temp 

Gas i n t e r s  tage area 

Eng main pneumatic l i n e  

LH2 turbine manifold e x t  w a l l  

LH2 turbine co l l ec to r  e x t  w a l l  
GG LOX boot s t r a p  

5-2 dome v ib ra t ion  

LH2 turbopump vibrat ion 

Eng area temp 

ED hyd pump o i l  i n l e t  

Thrust s t r u c t  - posi t ion I# 

Thrust s t r u c t  - posi t ion 
I - I V  

LOX main supply l i n e  flange 
w a l l  

LOX main support l i n e  
LOX prevalve bypass w a l l  

Pi tch act o i l  temp 

Yaw act o i l  temp 

Gas i n t e r s  tage area 

Eng main pneumatic l i n e  

LH2 turbine manifold e x t  w a l l  

LH2 turbine co l l ec to r  e x t  w a l l  

GG LOX boot s t r a p  

LH2 turbopump v ib ra t ion  

TREND 
AS-502 

Cooling 

Heating 

Cooling 

Cooling 

Cooling 

- 
- 

Cooling 

Cooling 

Cooling 

Cooling 

Less  heating 

Heating 

Cooling 

Fa i l s  

Increase 
and becomes 
clipped 

Heating 

Heating 

Heating 

Of f-scale 
high 

Heating 

Heating 

Cooling 

Cooling 

Heating 

Cooling 

L e s s  
heating 

Heating 

Heating 

Decreases to  
normal 

RATE 
DEG 

AS-502 

-0.80 

M.05 

-0.35 

-0.20 

-0.65 

0 

0 

-0.05 

-0.05 

-2.36 

-6.40 

+1.75 

+5.50 

-0.46 

+30.7 

0 

+2.50 

M.50 

Failed 

+0.78 

M.22 

-0.05 

-0.10 

+25.6 

-7 -10 

+1.00 

+4.00 

+16.70 

‘SEC 

AS-501 

0 

+O .13 

+O .05 

-0 * 10 

-0.07 

M.05 

M.03 

0 

0 

-0.08 

M.20 

+2.50 

0 

0 

0 

+0.30 

M.05 

0 

-0.065 

M.05 

+O. 03 

0 

0 

-0.08 

0 

+3.50 

0 

0 

3 

i 
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MEASUREMENT 
GROUP 

C 

705 to  
715 sec 
n e t  
cooling 

coo10 

COO50 

COO87 

COO88 

60152 

60153 

C0154 

C0203 

C0204 

C0275 

C2005 

C2013 

C2014 

C2037 

E0210 

TABLE 2-1 (Sheet 2 of 2 )  
MEASUREMENT RESPONSE TRENDS 

MEASUREMENT 

Eng area temp 

ED hyd pump o i l  i n l e t  

Thrust s t r u c t  - posi t ion I 

Thrust s t r u c t  - posi t ion 
I - I V  

LOX main supply l i n e  flange 
w a l l  

LOX main support l i n e  

LOX prevalve bypass w a l l  

Pi tch a c t  o i l  temp 

Yaw act o i l  temp 

G a s ,  i n t e r s  tage area 

Eng main pneumatic l i n e  

LH2 turbine manifold e x t  wa 

LH2 turbine co l l ec to r  ext  w a l l  

GG LOX boot s t r a p  

LH2 turbopump vibrat ion 

I RATE 
TREND DEG 

AS-502 AS-502 
I 

O f  f-scale 
low 

Heating 

Co o l  ing 

Cooling 

Of f-scale 
high 

Heating 

Cooling 

Cooling 

Coo 1 ing 

Cooling 

Cooling 

L e s s  
heat ing 

Heating 

Cooling 

No mal 

Failed 

+2.90 

-1.80 

-0.25 

Failed 

H . 4 1  

-0.10 

-0.10 

-0.40 

-5.00 

-5 .OO 

+l. 00 

+3.00 

-0.21 

3EC 

AS-501 

0 

+0.30 

H.05 

0 

-0.005 

+0.05 

+0.03 

0 

0 

-0.08 

0 

+2 .oo 

0 

0 
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TABLE 2-2 
MISSION OBJECTIVES SUMMARY 

PRIMARY OBJECTIVES 

1. 

2. 

3. 

4 .  

5. 

6 .  

7. 

8. 

9. 

Demonstrate the S-IVB restart 
capabi l i ty  . 
Demonstrate the adequacy of the S-IVB 
CVS while i n  ea r th  o rb i t .  

Demonstrate t h e  capabi l i ty  of t he  S-IVB 
auxi l iary propulsion system during 
S-IVB powered f l i g h t  and o r b i t a l  coast  
periods to  maintain a t t i t u d e  control  
and perform required maneuvers. 

Demonstrate the S-IVB propulsion sys t e m  
including the propel lant  management 
systems , and determine inf  l i g h  t sys  t e m  
performance parameters. 

Demonstrate S-111s-IVB separation. 

Demonstrate s t r u c t u r a l  and thermal 
i n t e g r i t y  of launch vehicle  throughout 
Towered and coasting f l i g h t ,  and 
determine i n f l i g h t  s t r u c t u r a l  loads 
and dynamic character is  t i c s .  

Determine i n f l i g h t  launch vehicle  
i n t e r n a l  environment. 

Demonstrate the launch vehicle  
guidance and control  system during 
S-IVB powered f l i g h t ,  achieve 
guidance cutoff and evaluate system 
accuracy. 

Demonstrate launch vehicle  sequencing 

10. Evaluate performance of :he emergency 
detect ion system i n  a closed-loop 
configuration. 

11. Demonstrate compatibil i ty of the 
launch vehicle  and spacecraft .  

SECONDARY OBJECTIVES 

1. Determine launch vehicle  powered f l i g h t  
external  environment. 

2. Determine at tenuat ion e f f e c t s  of exhaust 
flames on RP r ad ia t ing  and receiving 
systems during main engine, re t rorocket  
and ullage rocket f i r i ngs .  

S-IVB MISSION ACCOMPLISHMENT 

Objective not achieved. 
The 5-2 engine f a i l e d  t o  restart 
(sect ions 2 and 10). 

Objective achieved. 

Objective achieved. 

Objective p a r t i a l l y  achieved. 
The propulsion system suffered performance 
degradation during f i r s t  burn and f a i l e d  
to  restart. 
i n  the second o r b i t  p r i o r  to restart 
(sect ions 2 ,  10, & 16) .  I n f l i g h t  system 
performance parameters w e r e  evaluated. 

Objective achieved. 

Objective achieved. 

The LOX PU probe malfunctioned 

Objective achieved. 

Objective p a r t i a l l y  achieved. 
The main and auxi l iary hydraulic pumps 
cavi ta ted during the attempted restart. 
I f  restart had occurred, the t h r u s t  vector 
control  system may have been inoperative.  

Objective achieved. 

Objective achieved. 

Objective achieved. 

MISSION ACCOMPLISHMENT 

Objective achieved. 

Objective achieved. 
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Figure 2-1. AS-502 Launch Vehic le  a t  RO t133.54 Sec 
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3. SUMMARY 

The AS-502 w a s  launched from Kennedy Space Center (KSC), Complex 39A, at  12:00:01.69 GMT on 

4 Apr i l  1968. 

down and boost,  although a s l i g h t  degradation i n  Jy2 engine performance occurred during 

f i r s t  burn. Subsequent ana lys i s  d i sc losed  t h a t  t he  performance degradation w a s  caused by a 

f a i l u r e  of t he  J-2 engine augmented spark i g n i t o r  (ASI) f u e l  feedl ine .  The S-IVB f i r s t  burn 

t i m e  was extended because of two premature engine shutdowns on the  Saturn V second s t a g e  

booster.  

apogee and -6 n m i  a t  per igee  because of t r a j e c t o r y  devia t ions  accumulated during second 

s t age  boost. During o r b i t a l  coas t  t he re  w a s  evidence of cold helium leakage, and t h e  LOX 

propel lan t  u t i l i z a t i o n  (PU) probe malfunctioned, i nd ica t ing  of f -sca le  high. Although condi- 

t i o n s  f o r  r e s t a r t  w e r e  completely s a t i s f a c t o r y ,  the  earlier AS1 f u e l  f eed l ine  f a i l u r e  

precluded main chamber ign i t i on .  During the  attempted restart, the  hydraul ic  system f a i l e d  

t o  b u i l d  system p res su re  o r  t o  accomplish s i g n i f i c a n t  ac tua to r  movement because of f rozen  

hydraul ic  f l u i d  blocking t h e  system. Freezing of t h e  hydraul ic  f l u i d  has been a t t r i b u t e d  

t o  the  AS1 f u e l  f eed l ine  f a i l u r e  during f i r s t  burn. 

Performance of t h e  Douglas b u i l t  S-IVB s t age  w a s  s a t i s f a c t o r y  during count- 

The o r b i t  achieved deviated from t h a t  pred ic ted  by approximately +94 n m i  a t  

3.1 Countdown Operations 

No s i g n i f i c a n t  S-IVB o r  equipment problems occurred during the  launch countdown a c t i v i t y ,  

and Douglas ground support  equipment (GSE) sus ta ined  no s i g n i f i c a n t  damage during l i f t o f f .  

3.2 Cost Plus Incent ive  Fee 

The incent ive  eva lua t ion  of t he  AS-502 f l i g h t  perforrrance includes f l i g h t  mission accomplish- 

ment and telemetry performance. 

t i o n s  of f l i g h t  (PCF) a t  S-111s-IVB Separation Command t h a t  were ou t s ide  of allowable 

to le rances .  Due t o  f a i l u r e  t o  achieve restart of t he  S-IVB s t age ,  end conditions of f l i g h t  

(ECF) a t  t r ans luna r  o r b i t  i n j e c t i o n  w e r e  no t  a t t a ined .  

exceeded allowable to le rance  e a r l y  i n  S-IVB f i r s t  burn. It w a s  concluded f o r  incent ive  

purposes: PCF w e r e  ou ts ide  of allowable to le rances ;  S-IVB f l i g h t  w a s  prematurely terminated 

because of J-2 engine f a i l u r e  (not  t he  f a u l t  of Douglas); acceptable ECF would have k e n  

achieved i f  proper PCF had ex i s t ed  and the  J-2 engine had functioned properly. The telemetry 

system operated a t  98.3 percent  e f f i c i ency  during the telemetry performance eva lua t ion  period 

(TPEP) phase I and 97.6 percent  e f f i c i ency  during TPEP phase 11. 

Performance of the  S-IC and S-I1 s t ages  provided precondi- 

P i t ch  a t t i t u d e  e r r o r  and rate 

3.3 Tra jec tory  

The AS-502 t r a j e c t o r y  devia ted  g r e a t l y  from predic ted ,  due t o  anomalies experienced during 

the  boos t  t o  parking o r b i t .  

RO +690 sec, the  S-IVB engine f a i l e d  t o  r e i g n i t e ,  and second burn was  no t  achieved. 

A s  a r e s u l t  of a rupture  of t he  f u e l  AS1 l i n e  at  approximately 

Un t i l  approximately RO +413 sec the  t r a j e c t o r y  of t he  AS-502 w a s  c lose  t o  pred ic ted .  A t  

t h i s  t i m e  t he  shutdown of two S-I1 engines began. Since t h e  iterative guidance mode (IGM) 

w a s  programmed t o  opera te  wi th  no more than one S- I1  engine out ,  a non-optimum t r a j e c t o r y  

3- 1 
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resul ted f o r  the remainder of S-I1 f l i g h t ,  causing t r a j ec to ry  conditions a t  S-II/S-IVB 

separation to  deviate  great ly  from predicted.  

w e r e  responsible f o r  an overspeed a t  S-IVB engine cu to f f ,  where the ve loc i ty  was  160.2 f t f s e c  

greater  than the t a rge t  veloci ty .  S-IVB burntime w a s  30.8 sec longer than predicted because 

of the non-optimum S-I1 bum. 

The AS-502 parking o r b i t  w a s  e l l i p t i c a l ,  with an apogee a l t i t u d e  of 194.4 nmi and a perigee 

a l t i t u d e  of 93.5 nmi. 

t o  occur 214 sec later than predicted.  

These off-nominal conditions a t  separation 

The longer period of the e l l i p t i c a l  o r b i t  caused restart preparations 

Second burn w a s  not  achieved. 

3.4 Mass Charac teris t i c s  

The S-IVB-502 s t age  f l i g h t  mass cha rac t e r i s t i c s  t h a t  appear i n  sec t ion  9 and appendix 1 of 

t h i s  document are b e s t  estimate mass cha rac t e r i s t i c s  f o r  the f i r s t  burn and computed from 

avai lable  data  f o r  restart attempt. The t o t a l  vehicle  m a s s  a t  f i r s t  bum Engine S t a r t  

Command w a s  354,232 2476 lbm and 265,234 2400 lbm a t  f i r s t  burn Engine Cutoff Command. 

3.5 Engine System 

The 5-2 engine did not m e e t  a l l  object ives  during the  AS-502 mission. The augmented spark 

i g n i t o r  f u e l  feedl ine f a i l e d  during f i r s t  burn and resul ted i n  engine performance degrada- 

t i o n  and subjected the  th rus t  s t r u c t u r e  t o  environmental changes. Because of the f a i l u r e ,  

fue l  w a s  prevented from reaching the i g n i t o r  f o r  restart and the environmental changes 

prevented the hydraulic system from functioning properly. 

3.6 Solid Rockets 

The s o l i d  rocket motors on the S-I1 and S-IVB s tages  performed s a t i s f a c t o r i l y  and accomplished 

t h e i r  intended purpose. The S-I1 w a s  separated from the S-IVB by the retrorockets ,  and the 

S-IVB propel lants  w e r e  s e t t l e d  p r io r  t o  engine i g n i t i o n  by the ul lage rockets.  

3.7 Oxidizer System 

The oxidizer system performed adequately, supplying LOX to  the engine pump i n l e t  within the 

specif ied operating l i m i t s  throughout 5-2 engine operation. The ava i l ab le  NPSP at  the  LOX 

pump i n l e t  exceeded the engine manufacturer's minimum requirement a t  a l l  t i m e s .  

helium repressurizat ion of t he  LOX tank w a s  s a t i s f a c t o r i l y  accomplished. Because of leakage, 

the cold helium sphere pressure decreased 518 p s i  between f i r s t  burn engine cutoff and second 

burn Engine S t a r t  Command, but the supply would have been adequate f o r  normal second burn 

operations.  

Ambient 

3.8 Fuel System 

The f u e l  system supplied LH2 t o  the engine as designed, and the NPSP exceeded the engine 

manufacturer's minimum requirement a t  a l l  t i m e s .  

sur ized by a normal ambient helium repressurizat ion cycle. Because of ul lage pressure 

collapse,  a second cycle w a s  required s h o r t l y  before second bum Engine S t a r t  Command. 

The LH2 tank w a s  s a t i s f a c t o r i l y  repres- 

3-2 



Sect ion  3 
Summary 

3.9 Auxiliary Propulsion Sys t e m  

The aux i l i a ry  propulsion system ( A P S )  f u l f i l l e d  t h e  a t t i t u d e  con t ro l ,  maneuvering, and 

u l l ag ing  requirements of the mission u n t i l  APS p rope l l an t  depletion. 

usage w a s  g r e a t e r  than predic ted  as a r e s u l t  of boos te r  problems encountered during the  

mission. 

except that the  p i t c h  engine chamber pressure  of both modules w a s  low a t  var ious  t i m e s  during 

the  mission. 

The APS prope l l an t  

A l l  f l i g h t  ob jec t ives  w e r e  accomplished, and both modules performed s a t i s f a c t o r i l y  

3.10 

The pneumatic con t ro l  and purge system performed s a t i s f a c t o r i l y  throughout t h e  f l i g h t .  

helium supply was adequate t o  meet a l l  mission requirements and t o  accomplish a l l  purges; 

the o r b i t a l  leakage rate w a s  near  zero. The only devia t ion  w a s  late i n i t i a t i o n  

of t he  engine pump purge, bu t  t h i s  w a s  no t  a f a u l t  of t he  pneumatic system components and 

d id  no t  de t r imenta l ly  a f f e c t  the  mission. 

Pneumatic Control and Purge System 

The 

3.11 Propel lan t  U t i l i z a t i o n  

The propel lan t  u t i l i z a t i o n  system successfu l ly  accomplished t h e  requirements assoc ia ted  with 

p rope l l an t  loading and f i r s t  burn p rope l l an t  management. 

malfunction w a s  experienced by the  LOX mass measurement system and would probably have 

P r i o r  t o  the  restart attempt a 

' r e s u l t e d  i n  improper PU system opera t ion  had second bum opera t ion  been achieved. 

The loading system performed loading of t he  S-IVB t o  100.07 and 99.88 percent  of des i r ed  

load f o r  LOX and LH2 respec t ive ly .  The required s t a g e  loading inacurracy is 51-39  percent.  

F i r s t  burn PU system opera t ion  w a s  e n t i r e l y  nominal wi th  the  PU valve at  the LOX r i c h  ( f u l l  

closed) stop. Proper opera t ion  of the  PU e l ec t ron ic s  s l o s h  f i l t e r  w a s  exhib i ted  by a non- 

response of the  PU system valve t o  f i r s t  b u m  propel lan t  s losh .  

3.12 S-111s-IVB Separation Dynamics 

The S-111s-IVB separa t ion  w a s  accomplished s a t i s f a c t o r i l y  wi th in  the  des i red  t i m e  period. 

Separation w a s  i n i t i a t e d  a t  RO +577.079 sec; i t  was completed 0.99 s e c  later. 

The S-I1 and S-IVB angular v e l o c i t i e s  and lateral acce le ra t ions  u t i l i z e d  6.7 in .  of t h e  

a v a i l a b l e  83 in .  of lateral clearance.  

u t i l i z e d  an add i t iona l  12 i n .  

A combination of engines two and t h r e e  being out on t h e  S-I1 s t a g e  and a poss ib l e  re t rorocket  

misalignment caused the  p i t ch  and yaw rates t o  inc rease  t o  2 degjsec and 0.95 degjsec by 

separa t ion  complete. The S-I1 r o l l  rate remained approximately zero throughout separation. 

The S-IVB rates were a l l  s m a l l  with p i t c h  and yaw rates remaining below 0.2 degfsec and t h e  

r o l l  rate remaining below 0.5 degfsec. 

The engine gimbal pos i t i on  at  the  t i m e  of separa t ion  

The S-11 rates were a l l  approximately 0 degfsec a t  f i r t  motion. 
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3.13 Data Acquisition System 

Data acquis i t ion system performance during the mission was  excel lent ,  and is  summarized 

as follows: 

Measurements assigned 

Measurements monitored by S-I1 

Measurements inoperative due t o  s t age  
configuration 

Checkout measurements 

Measurements deleted p r i o r  t o  f l i g h t  

Measurements prevented from being transmitted 

Phase I 

Phase I1 

Measurements ac t ive  f o r  f l i g h t  

Phase I 

Phase I1 

Phase I measurement f a i l u r e s  

Phase I measurement eff ic iency 

Phase I1 measurement f a i l u r e s  

Phase I1 measurement eff ic iency 

616 

4 

1 

11 

9 

0 

3 

591 

588 

10 

98.3% 

14 

97.6% 

The RF system blackout period during S-IC/S-I1 separation was  not  evaluated because the  

airborne tape recorder playback da ta  were not recovered. Data l o s s  w a s  observed a t  

RO +149.23 f o r  0.83 sec. 

Tape recorder performance was sa t i s f ac to ry .  

PCM da ta  on slow record, and played i t  back on command. 

Flame a t tenuat ion w a s  not  observed during S-111s-IVB separation. 

It recorded a l l  analog da ta  on f a s t  record, 

3.14 E l e c t r i c a l  System 

The e l e c t r i c a l  control  system, with the exception of t he  PU system and the  electrical power 

system, performed s a t i s f a c t o r i l y .  A l l  responses to  switch se l ec to r  commands were sa t i s f ac to ry  

with 1 7  nonprogrammed commands i n i t i a t e d  to  command the  S-IVB from the Carnarvon, H a w a i i ,  

and Guaymas ground s t a t ions .  

had responded properly t o  the Engine S t a r t  Command And Engine Cutoff Commands given f o r  

f i r s t  burn and f o r  the restart attempt. A l l  telemetry event measurements of engine perfor- 

mance occurred i n  the  proper sequent ia l  order. The APS electrical control  system performed 

within prescribed l imitat ions.  The ch i l l -  

down inve r t e r s  performed s a t i s f a c t o r i l y  f o r  f i r s t  burn and f o r  the r e s t a r t  attempt. 

5 v exc i t a t ion  modules performed s a t i s f a c t o r i l y .  

within design l i m i t s  with the exception of the 5 vdc output. 

mance did not a f f e c t  operation of the PU control  system. 

A l l  event measurements ve r i f i ed  t h a t  the engine control  system 

A l l  b a t t e r i e s  performed within expected l i m i t s .  

Both 

The s t a t i c  inverter lconverter  operated 

The out-of-tolerance perfor- 

3.15 Range Safety System 

.The range sa fe ty  system w a s  not  required fo r  propel lant  dispersion during the f l i g h t .  

indicat ions were t h a t  the system w a s  operating properly and would have properly executed 

its function had i t  been ca l l ed  upon t o  do so. 

A l l  
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3.16 F l i g h t  Control 

The t h r u s t  vec tor  con t ro l  system (TVCS) responded s a t i s f a c t o r i l y  t o  instrument un i t  

command s i g n a l s  providing p i t c h  and yaw con t ro l  during S-IVB f i r s t  burn. 

t r a n s i e n t  i n  the  p i t c h  plane w a s  considerably l a r g e r  than t h a t  experienced on previous 

f l i g h t s  b u t  was wi th in  the  c a p a b i l i t i e s  of t he  con t ro l  system. 

t r a n s i e n t  was a t t r i b u t e d  t o  a l a r g e r  p i t c h  a t t i t u d e  e r r o r  e x i s t i n g  a t  S-111s-IVB separation. 

The TVCS responded normally during th i s  i n t e r v a l  and provided adequate con t ro l  following 

S-IIfs-IVB separa t ion .  

The a u x i l i a r y  a t t i t u d e  con t 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  con t ro l  during o r b i t .  

separa t ion ,  a 0.3 sec p i t c h  AACS f i r i n g  (engine I ) occurred commencing with the  S-111s-IVB 

Separation Command and terminating wi th  the  S-IVB Bum Mode ON Command. The design charac- 

t e r i s t i c s  of the f l i g h t  con t ro l  computer r e su l t ed  i n  a temporary t r a n s f e r  t o  the S-IVB 

coas t  mode between the  S-111s-IVB Separation Command and the  S-IVB Burn Mode ON Command. 

The noted temporary S-IVB coas t  mode and subsequent p i t c h  AACS f i r i n g  although undes i rab le  

w a s  n o t  detrimental .  

any o r  a l l  missions. 

A l l  o r 3 i t a l  maneuvers w e r e  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  

u n t i l  approximately RO +22,040 s e e  ( H a w a i i  - four th  revolution) a t  which t i m e  the  yaw angular 

rate began diverging t o  approximately -7.5 degfsec followed by an o s c i l l a t o r y  veh ic l e  motion. 

AACS propel lan t  deple t ion  and a LOX vent  occurring near  this t i m e  accounted f o r  the diverging 

angular rate. 

t i m e  is much earlier than expected f o r  a nominal mission, however, t h i s  is reasonable when 

considering the r e l a t i v e l y  l a r g e  and unexpected demands on the  a t t i t u d e  con t ro l  system, 

p a r t i c u l a r l y  following f i r s t  burn engine cu tof f  and following the  attempted restart and 

launch vehic le fspacecraf t  (LVfSc) separa t ion .  

The Separation 

This l a r g e  separa t ion  

During S-111s-IVB 

P 

This occurrence is  normal f o r  a Sa turn  V veh ic l e  and may happen on 

Depletion o f  AACS prope l l an t s  and subsequent l o s s  of a t t i t u d e  con t ro l  a t  t h i s  

3.17 Hydraulic System 

The S-IVB hydraul ic  system performance w a s  s a t i s f a c t o r y  from l i f t o f f  t o  the end of f i r s t  

burn, although some system temperature da t a  were abnormal during f i r s t  burn. 

abnormalit ies r e su l t ed  from a f a i l u r e  o f  t he  augmented spark  i g n i t e r  ( M I )  f u e l  f eed l ine  as 

discussed i n  sec t ions  2, 10,  and 26. The p i t c h  ac tua to r  experienced a l a r g e  excursion during 

S-111s-IVB separa t ion ,  which w a s  a normal system response t o  guidance commands. 

When the  a u x i l i a r y  hydraul ic  pump w a s  ac t iva t ed  i n  prepara t ion  f o r  second burn, i t  f a i l e d  

t o  b u i l d  system pressure  and cu r ren t  d ra in  w a s  approximately 12.5 amps ind ica t ing  t h a t  t he  

pump w a s  cav i t a t ing .  The engine dr iven  pump a l s o  cav i t a t ed  and f a i l e d  t o  bu i ld  system 

pressure  o r  cause s i g n i f i c a n t  ac tua to r  movement. Data ana lys i s  has ind ica ted  t h a t  the 

system f a i l u r e  r e s u l t e d  from frozen hydraul ic  f l u i d  in  the system. Apparently the AS1 

f u e l  f eed l ine  rup tu re  during f i r s t  burn re leased  cryogenics which caused the hydraul ic  

system t o  become frozen s h o r t l y  a f t e r  t h e  aux i l i a ry  pump w a s  turned o f f .  The system w a s  

The temperature 
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s t i l l  frozen when the restart w a s  attempted. 
t h e  aux i l i a ry  pump w a s  commanded on two more t i m e s  and eacb t i m e  t h e  system f a i l e d  t o  bu i ld  

pressure  and cu r ren t  d r a i n  w a s  12.5 amps ind ica t ing  t h a t  the  pump w a s  s t i l l  cavi ta t ing .  

Following launch veh ic l e / spacec ra f t  separa t ion ,  

3.18 Stage S t ruc tu re  and Environment 

S t r a in ,  acce le ra t ion ,  pressure ,  and temperature d a t a  ind ica ted  t h a t  adequate s t r u c t u r a l  

s t r e n g t h  ex i s t ed  i n  the  s t age  f o r  the  conditions encountered. During S-IC s t a g e  boos t  a t  

RO +133 sec, the S-IVB experienced an unusual load r e d i s t r i b u t i o n  i n  the forward s k i r t  as 

indica ted  by strain gage measurements a t  s k i r t  s t r i n g e r s .  

ev ident  throughout t he  remainder of t h e  high a x i a l  loads  of f i r s t  s t a g e  boos t  t o  CECO 

(Center Engine Cutoff)  a t  RO +144 sec. The combined loads  from the load r e d i s t r i b u t i o n  and 

from unusually severe  5 112 cps long i tud ina l  (POGO) v ib ra t ions  w e r e  w i th in  the  s t r u c t u r a l  

c a p a b i l i t y  of t he  forward s k i r t .  

included the  5 112 cps long i tud ina l  (POGO) v ibra t ions .  

forward s k i r t  a t  RO +133 s e c  is a t t r i b u t e d  t o  sudden changes i n  s t r u c t u r e  loca ted  above 

t h e  forward s k i r t ,  and the  charac te r  and causes of these  s t r u c t u r a l  changes are being 

reported i n  a s p e c i a l  r epor t  by NASA, referenced i n  paragraph 23.1. 

S-IVB body bending moments and s k i n  d i f f e r e n t i a l  p ressures  w e r e  less than the maximum 

predic ted  values due t o  moderate winds. Vehicle a x i a l  acce le ra t ions  w e r e  c lose  t o  pred ic ted  

values except f o r  the  s t r u c t u r a l l y  n o n c r i t i c a l  anomaly of two S-I1 engines c u t t i n g  ou t  

prematurely a t  about RO +414 sec. Axial loads w e r e  i n  agreement wi th  computed loads from 

l i f t o f f  t o  approximately RO +60 sec. Beyond t h i s  t i m e ,  t he  a x i a l  load values computed from 

s t r i n g e r  s t r a i n  gage d a t a  appear t o  be  low apparently because of 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 e s u l t i n g  from the  l imi t ed  number of instrumented s t r i n g e r s .  

F l i g h t  temperatures d i d  n o t  exceed maximum predic ted  temperatures. Propel lan t  tank pressures  

d id  no t  exceed design pressures ,  and d i f f e r e n t i a l  p ressures  on the  common bulkhead were as 

expected. Common bulkhead i n t e r n a l  pressure  remained s u b s t a n t i a l l y  cons tan t  a t  less than 

1 p s i a  as predicted.  

This load r e d i s t r i b u t i o n  w a s  

The load d i s t r i b u t i o n  to  the  a f t  s k i r t  w a s  normal bu t  

The anomaly experienced by the  

3.19 Environmental Stage Sys t e m s  

The s t age  environmental con t ro l  systems functioned s a t i s f a c t o r i l y  throughout t he  pref l igh t -  

and f l i g h t  periods.  

3.20 Acoustic and Vibration Environment 

The acous t i c  and v i b r a t i o n  amplitudes were genera l ly  similar t o  those measured on the  AS-501 

f l i g h t .  The dynamic s t r a i n  l e v e l s  w e r e  h igher  than those  measured on the  AS-204 f l i g h t ;  

however, t h e r e  w e r e  no ind ica t ions  of pane l  f l u t t e r .  

The POGO amplitudes w e r e  h igher  than those  measured on the  AS-501 f l i g h t .  

adverse e f f e c t s  on the  S-IVB due t o  POGO. 

There were no 

3.21 Aero/Thermodynamic Environment 

The aero/thermodynamic eva lua t ion  of t h e  S-IVB-502 s t a g e  ind ica ted  t h a t  t h e  aerodynamic 

hea t ing  environment w a s  as expected, propel lan t  hea t ing  w a s  nominal, and the  APS and t h e  

i 
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forward and a f t  s k i r t  mounted e l e c t r i c a l  components were within t h e i r  thermal l i m i t s .  

boost phase pressure environment w a s  nominal except f o r  an apparent pressure drop i n  the  

forward compartment which occurred 133 sec a f t e r  l i f t o f f .  

transducers i d e n t i c a l  t o  t h a t  flown t o  determine if t he  noted pressure drop w a s  real o r  a 

mechanical f r i c t i o n  release i n  the  instrument. 

da t a  l imitat ions.  

w a s  defined i n  the t h r u s t  s t r u c t u r e  engine area covering the  t i m e  period from the  5-2 f i r s t  

burn engine start  through t h e  restart attempt. 

The 

A test w a s  performed on pressure 

The test w a s  inconclusive due t o  f l i g h t  

I n  support of t he  5-2 engine restart problem, the thermal environment 

i 
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4. TEST CONFIGURATION 

The genera l  conf igura t ion  and those  s t a g e  and ground suppor t  equipment (GSE) modi f ica t ions  

and devia t ions  t h a t  w e r e  necess i t a t ed  by p a r t s  shor tages  o r  o the r  ex igencies  are b r i e f l y  

descr ibed  i n  t h i s  s e c t i o n .  

t h e  appropr i a t e  s e c t i o n s  of t h i s  r epor t .  

F igure  4-1 i s  a schematic of t h e  S-IVB-502 propulsion system and shows t h e  loca t ions  of 

t h e  telemetry ins t rumenta t ion  from which t h e  test d a t a  w e r e  obtained. F igure  4-1 a l s o  

lists t h e  func t iona l  components except those i n  the  APS system, which are shown on t h e  APS 

schematic. F igure  4-2 shows t h e  loca t ions  of t h e  major propulsion components. Tables 4-1 

and 4-2 present  t h e  propuls ion  system o r i f i c e  c h a r a c t e r i s t i c s  and p res su re  switch s e t t i n g s .  

The propulsion GSE i s  shown i n  f i g u r e  4-3. 

The d e t a i l s  o f  s p e c i f i c  system modifications are d iscussed  i n  

4 .1  General Configuration 

The gene ra l  conf igura t ion  of t h e  S-IVB-502 is  described in  Douglas Report No. SM-46999, 

S-IVB-502 Stage F l i g h t  T e s t  Plan,  dated 23 October 1967. This age w a s  equipped wi th  a 
Rocketdyne 200,000 lb - th rus t  engine,  serial number (SIN) 5-2042: a d d i t i o n a l  s t a g e  informa- 

t i o n  is presented i n  t h e  following documents: 

a. Douglas Report SM-47378B, Saturn S-IVB-502 Stage  Acceptance F i r ing  T e s t  Plan,  

dated A p r i l  1966, rev ised  5 August 1966 

b. Douglas drawing 1B63789B, S-IVB-502 Stage End I t e m  Tes t  P lan ,  dated 22 Ju ly  1966 

c.  Douglas Report DAC-56353, Narra t ive  End I t e m  Report on Sa turn  S-IVB-502 

(DAC S I N  1006), dated September 1966 

d.  Douglas Report No. SM-47184, Sa turn  S- IVB/ IB  Range Safe ty  Report, dated 

19 November 1965, rev ised  28 February 1966. 

4.2 Stage and Hardware Modifications 

The s i g n i f i c a n t  modi f ica t ions  t h a t  were accomplished on t h e  S-IVB-502 a t  t h e  F lo r ida  T e s t  

Center are b r i e f l y  described i n  t a b l e  4-3. The GSE modi f ica t ions  are described i n  t a b l e  4-4. 

4-1 



Section 4 
T e s t  Configuration 

I I I I I I I I I I I  I I 1  
I 1  I I  

rD co 
0 

* * * 
.r * * 

$4 a $4 J \ D m  
a a a  a a a  

N O  
m 

P I 0  
0 

m m m  

o r l  
0 

U M m  
m a )  m m a l \ D  u u u N N U  u u N 

m m m o o m  m v) 0 0 0 0 0  

N 

4 
m 

? .a .a .a 0' 0: .a .a 4 9 0 

m m  
I I I I I m m  m m 

0 0 0 0 0  

I l l  
I l l  

m a m 
I "0 

m \ D  u u  U U 0 U N r- m o d  m m m 
rl rl rl r l N N  N N m 

rl 
0 
U 

4-2 



Section 4 
Test Configuration 

I 

a 
- 9 )  
m $ 4  
m a l  

I I O U  

o m  
9 .I 

I I I I I  
I I I I  

I I I I 

I 1 I I I I I I I I I I I l l  
I l l  

d cj 4 
rl d d d i i  TI .rl rl " rl 

I I I -3 
I N m d  

p - N 4  

0 0 0  

l l  
m \ D \ D \ D u Y  l l m  m 
N 4 4 4 4  P I N  

0 0  0 0 0 0 0  
9 1 9  9 9  9 9 9 9 9  

4-3 



Section 4 
T e s t  configuration 

m c? 03 
0 

W ? W 
0 
rl 4 

W 

rl 

m U 
W W 

m 

m m 
m 
h 
m 

N. 
m m 

U 
rl 
rl 

N. m 
m 
U N m 

W 

m 
N 

rl 0 m m 
U U 

7i 0 
W 

W 

0 0 U 
U U 

N 
N 
4 

N 

4 m m 
? m 

0 
W m 

W U 
o\ 4 
U m 

.. .. a .. u c 
a l a  
7 O P  24 aa o o m  
*rl $4 a, 
PIFIFI 

.. 
** a .. u $2 

a 7  m 
7 0 s  24 aa u o a  
*rl $4 a, 
F ~ F I F I  

.. .- a .. u c 
a 7  m 
S O P  

*rl $4 a, 
3 0”: 

.. .. a .. u-6 
a 7  m 
S O P  

-rl $4 a, 
3 83 
~ 4 n n  

If 

a 7  
7 0  

.rl 1-I 
PIC2 

.. u 
$ 8  

a, 
M 
$4 
7 a 

a 
7 

3 
P 
1-I 
0 

a z m 
P 

m 

&4 

a, 
1-I 

El 

-5 
w 
0 
a, 
M 

E 
2J 

9 
a, 

a, 
$4 
(d 

m 
a, 
7 
4 m * 
a, 
m 

€! c 

4-4 



Section 4 
Test Configuration 

r l u  
P - u  
m m  

03 rl 

m 
m r l  

m m m  m m r i r i  rl 0 N 
N N u )  N N m O  e 0 m 
N N O  N N O ~  N rl rl 
0 o u  O O m N  m u m 

m 
w m m m  
m N N N  m N N N  
0 0 0 0  

m 
2 2  0 

I >  
m 

iY 
d 

B 
rl 

2 

5 
1.I 
rl 

U 
.A 

aJ 

2 
3 
a 
u 
0 W 

U 3 
&I 
P 
U 
0 

W 
W 

a 
a 

m 

4 

al 
E 
W 
0 

m U 

m a 
5 
f rl 

aJ 
E 
0 U 

M 

d U 
m 
0 .  

a l N  

Urn 
0 7  alU u u  
o m  

m 

$ 3  

r l u  a l l  

W W N  m w P -  
m m m  
m m m  

r i w m  rl m m o r i o P - P -  rl m r l d N  m m 
N m 

N e u u N w  r l m m ~ m m  
u m m m m m  0 U 0 U 0 0 0  u u u  

2 2  2 2 
0 m 
ri N 

m m w m w n  m m w r - r - o  
m m m o  

m 
m P- 

0 

m P- 

0 

N m u )  
P - f p - r .  

0 0 0  O O O N 8 4  m m m m  
m o m  
u f p - P -  
r l r l r l  
N N N  

I w rl 
N 
U 

3 
z \ 
PI c 

a 

h 

4 
W 
w 

al 

7 

2 
2 
8 
.rl 
M 

al 

E 
0 U 

al 

t 
fz 

2 
d 
ri 

C d 

u a 
rl 

al 
m 

al U 

m 4 
a 

a 
U 

8 
m 

a 

; 
.rl 

a 
N 

m 
0 U e M 

3 al 

d W 
.A 

0 

al 
3 c 

al 

3 
C 

rl 

U 
E 
8 

5 

a 
0 P- 

E 
.rl 
3 

W 
al r) 
rl 

u 

al M 

m 
5 
.rl a 

m rl 

a 
P 

h 
m 
3 
a 

m 
rl 

a 
8 

u 
W 

2 
d 

I4 
8 
fz  

al 

al 

U 

mh 
rl 

N 

a l a l  F l u  

o m  
W N  o a  

e 2  U 

0 a 8 
I .  

o m  dal 
4 

a 7  ala u o  
m e  rl 
am 
dS:  

U u 
U 
m 

u 

.rl U 
I U 

C 
C 

Y 
U 
(0 C U  o a l  

m o  
c u  d o  

r l a l  w u  

$ 3  

2 3  

a 
s 
d 
d a 

a .  
a la  U M  
m m  
r l Y  

& a  83 

a 

s 
d 
ri a 

a 
d W 

.rl a 
P 

a 
0 

ri a 

a 

s 
d a 

a 
U 
al rl 

a 

4-5 



Section 4 
Test Configuration 

U 

E 
g 
E 

m 

.rl 

U 
U 

3 

6 
.rl U 

u .  
O U  
a m  
m u  
M 

u o  

5 

m a  

.rl 
a m  
m u  c l m  

4 
a m  

8 

2 %  

" m  

E $  

m u  

2-2 

a 
B 
m 
0 U 

4 
m -  
4 s  0 0  

u m  0 4  
w o  

m 

m r l  

n.d 

2 .rl 

Gs 
u m  

m m  

+ J m  
a m .rl 

U P  1 0  
m u  
m a  
u o  

a m  a 0  U U  

O N  
Oa, 
4 4  

m i  

o m w  
c o d 0  
m u -  

0, u2 

m m 

0 
W 
0, m m o o  

9.9 W 

m m 

r l * N  m m w  
m m m  
m m m  

r l r l m w  o m m m  m m m m  
m m m m  

d 
I- 
N B 1  m o m  

N W m  
w w w  
N N N  

r . m u 4  
m w w w  
N N N N  

m o d m  
U 
m 
W N 

N W W  
m u 3 0  w w r .  
N N N  

W U 
W N 

m 
U w N 

0 U 

m a c 
!i 
m 

O .  

2 2  
3 2  

% O  

w 

8 2  
U 
m w  

O R  U U  0 . d  

U 4  U d  

m e  U d  
m H m  

H O  
l a  v) 

as: m u  
4 4 0  

m a  
J Y  

w .  m m s  
m s a  
a 
aJM 

u E  
c 3 

N m m w  w m  w m m r .  
4 r . m o  
P - m m m  

m m m m  m m  m m m m  
r . 0  r . m  

w m m  m r - r .  m W 
4 0  
4 4  
h m  
m m  

I 

4-6 



Section 4 
T e s t  Configuration 

WRO - 
1932 

,099 

I937 

I039 

1047 

1172 

141-256 

I440 

I574 

I937 

I919 

~41-245 

I023 

3786 

I967 

i4 1-2 45 

3107 

3237 

3500 

3786 

3920 

ECP 

0960 Rl 

0981 

2626 

0637 

0597 

2050 

0443 

2088 

2253 

2626 

0966 

0922 

0606 

2459 

0970 

0909 

0933 

2082 

2021 

2459 

2611 

TABLE 4-4 
GSE MODIFICATIONS 

DESCRIPTION 

Model DSV-4B-315, Launch Aft Umbilical K i t  

Applied po t t ing  compound to  plunger switch t o  prevent moisture from entering the 
switch housing. 

Relocated clamping block to  eliminate sideloads on the grounding plug and provide 
an improved e j ec t ion  system. 

Incorporated an improved balanced umbilical  purge system. 

Added hazardous gas monitor po r t  bosses t o  the LH2 and LOX tank f i l l  and drain 
disconnect assemblies t o  allow vehicle tank sampling and checkout. 

Redesigned the ground ha l f  of the propel lant  f i l l  and drain disconnects t o  reduce 
leakage. 

Added a check valve i n  the purge vent po r t  of the anti-debris valve to  prevent 
moisture from entering the valve actuator  cavi ty  and thereby causing a f a i lu re .  

Model DSV-4B-316. Launcher Forward Umbilical K i t  

Accomplished modification to  accomodate the s tage hazardous gas detect ion system. 

Modified the umbilical c a r r i e r  support l egs  to  prevent inadvertent separation from 
the vehicle  support bracket. 

In s t a l l ed  spacers t o  prevent excessive leakage. 

Incorporated an improved balanced umbilical purge sys  tem. 

Model DSV-4-303, Common Bulkhead Vacuum Monitor 

Modified cabinet by taping and caulking seams t o  maintain a s t a t i c  pressure of 
2 in.  of water. 

Model DSV-4B-4326, Pneumatic Console 

Replaced the 0.68 in .  o r i f i c e  i n  the ambient helium pressurizat ion l i n e  with a union. 

Removed the pneumatic plumbing comprising the nitrogen and helium manifold vent systen 

Modified cabinet by taping and caulking seams to maintain a s t a t i c  pressure of 2 in. 
of water. 

Model DSV-4B-433, Pneumatic Console 

Added s e a l s  t o  the connection of temperature transducers and the associated pneumatic 
l i nes .  

Model DSV-4B-438A, Gas Heat Exchanger 

Ins t a l l ed  a vent l i n e  from c i r c u i t  No. 1 bleed hand valve to  the  vent l i n e  i n  GH2 
control  panel assembly. 

Modified the LH2 pneumatic shutoff valve to  provide fo r  a GN2 purge of the microswitct 

In s t a l l ed  a check valve i n  the o u t l e t  of the LH2 tank pressurizat ion supply vent valve 

Ins t a l l ed  a protect ive cover over t he  vacuum probe on the heat exchanger i n l e t  shroud. 

Modified cabinet by taping and caulking seams as necessary t o  maintain a s t a t i c  
pressure of 2 in. of water. 

Model DSV-4B-472, APS Fuel Ins t a l l a t ion  K i t  and Model DSV-4B-473, APS Oxidizer 
I n s t a l l a t i o n  K i t  

Replumbed the A P S  l i qu id  l e v e l  manometer system t o  eliminate trapped a i r ,  which 
causes flow r e s t r i c t i o n  i n  the l i qu id  l e v e l  indicator .  

4-7 



I I I 

n- I 

t w 
4 b 

W I 
I 

Y 

c 

I 

- -  -. aJ 
L 
S 

aJ 
I 

4;t 

tt: 
0 L - 

2 
XI- 

?? 
I n 

-1 



n 
hl 
4-1 
0 
N 

u 

U u u  c c  n .  2 2  

a a II 8 I 

a! U 

a 

8 3 .  

QI 
I 



Section 4 
T e s t  Configuration 

POSITION I 
APS MODULE NO. 1 

S/N SPARE -1 

ULLAGE ROCKET B 
S/N K-786-15 

POSITION 
I V  

ULLAGE ROCKET A 

ULLAGE ROCKET 
CHAMBER PRESSURES 

MOTOR A DO216 
MOTOR B DO217 

POSITION I11 
APS MODULE NO. 2 

S/N 1006-2 

VIEW LOOKING FORWARD 

/-- 

Figure 4-2. Propu ls ion  Major Components Locat ions 
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Section 5 
Sequence of Events 

5. SEQUENCE OF EVENTS 

Table 5-1 presents the AS-502 f l i g h t  sequence of events. 

i n  the sequence. 

Four types of i t e m s  are included 

a. 

b. 

C.  

d. 

LVDC Commands 

These items o r ig ina t e  from the Lsunch Vehicle Dig i t a l  Computer (LVDC) i n  t he  

Instrument Unit (IU), and d i r e c t  vehicle  system actions.  

Events 

These i t e m s  are monitored occurrences r e su l t i ng  from vehicle  performance, e.g. ,  

the  t i m e  of maximum dynamic pressure. 

Responses 

These i t e m s  a r e  responses t o  commands t h a t  are issued from the I U  and are monitored 

i n  the S-IVB. 

Ground Commands 

These i t e m s  a r e  manual commands issued from ground s t a t i o n s ,  which transmit s ignals  

t o  the LVDC i n  order t o  d i r e c t  vehicle  system actions.  

I n  the sequence, a l l  commands and events are preceded by an i t e m  number. 

of r e l a t ed  commands and responses are l i s t e d  under the same event number with lower case 

letters dis t inguishing separate  i t e m s .  

Sequential  series 

5.1 Predicted and Monitored Times  

The predicted t i m e s  i n  t h e  sequence were obtained from the  Douglas memorandum 

A3-860-KKBH-68-M-177, published April  26, 1968, e n t i t l e d  S-IVB-502 Stage Predictions.  

Commands issued from t h e  LVDC t o  the S-IC, S-11, S-IVB, and I U ,  w e r e  monitored a t  t he  

LVDC. 

Commands issued from t h e  LVDC t o  t h e  S-IVB w e r e  a l s o  monitored a t  t h e  S-IVB switch 

se l ec to r .  

a t  t he  Mission Control Center and a t  the LVDC i f  received. Monitored t i m e s  f o r  events 

were obtained from Douglas pos t f l i gh t  analysis  of parameters associated with each event. 

The t i m e  from range zero is provided f o r  a l l  i t e m s .  

even second p r i o r  t o  l i f t o f f ,  occurred a t  12:OO:Ol.O GMT. 

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

is  not applicable (N/A) f o r  items such as events, command responses, and LVDC commands 

which w e r e  not  preprogrammed. 

The accuracies l i s t e d  i n  t ab le  5-1 are re l a t ed  t o  the telemetry-channel sampling rates; 

therefore,  the i t e m s  occurred a t  the  times indicated o r  earlier by the  amount l i s t e d  i n  the 

accuracy column. 

available.  

T i m e s  f o r  these i t e m s  w e r e  obtained from Marshall Space F l igh t  Center (MSFC). 

These i t e m s  w e r e  obtained from Douglas data.  Ground commands were monitored 

Range zero, which is  by de f in i t i on  the  

A time-from-base 

The accuracy of I U  s igna l s  is  not shown since t h i s  information is not 

5-1 



S e c t i o n  5 
Sequence of Events 

5.2 T i m e  Bases 

Seven s e q u e n t i a l  series of preprogrammed commands ( t ime bases)  w e r e  i s s u e d  from t h e  LVDC. 

Each s e q u e n t i a l  series w a s  i n i t i a t e d  by t h e  es tab l i shment  of i t s  t i m e  base i n  t h e  LVDC. 

L i s t e d  below are t h e  seven t i m e  bases  w i t h  t h e i r  r e s p e c t i v e  o r i g i n a t i n g  events .  

a. T i m e  Base One, T B 1  - I U  Umbil ical  Disconnect 

b .  T i m e  Base Two, TB2 - S-IC Inboard Engine Cutoff 

c. T i m e  Base Three, TB3 - S-IC Outboard Engines Cutoff 

d, Time Base Four, TB4 - S-I1 5-2 Engines Cutoff 

e. T i m e  Base Five ,  TB5 - F i r s t  S-IVB Engine Cutoff  

f .  T i m e  Base S i x ,  TB6 - Begin Restart P r e p a r a t i o n s  (LVDC s o l v e s  an equat ion)  

g. T i m e  Base Seven, TB7 - Second S-IVB Engine Cutoff 

5.3 Ground Commands 

Largely due t o  anomalies occurr ing  dur ing  t h e  f l i g h t ,  a number of commands t o  t h e  LVDC 

w e r e  i n i t i a t e d  from t h e  ground by f l i g h t  c o n t r o l l e r  a c t i o n .  The m a j o r i t y  of t h e s e  commands 

would n o t  have been t r a n s m i t t e d  had t h e  f l i g h t  anomalies n o t  occurred.  

The fo l lowing  is  a l is t  of t h e  ground commands i s s u e d ,  i n c l u d i n g  comments regard ing  t h e i r  

purpose and e f f e c t i v e n e s s .  These commands are a l s o  included i n  t a b l e  5-1. It should be 

noted t h a t  t h e r e  are d i s c r e p a n c i e s  of up t o  5 sec i n  t a b l e  5-1 between t h e  i s s u a n c e  of 

c e r t a i n  ground commands and t h e  r e c e i p t  of t h e  s a m e  commands by t h e  S-IVB swi tch  s e l e c t o r .  

T i m e  de lays  of t h i s  magnitude are p o s s i b l e  when cons ider ing  ( a )  t h a t  i n  some cases a 

series of i n d i v i d u a l  commands are s t a c k e d  t o g e t h e r  and t r a n s m i t t e d  by a s i n g l e  ground 

command, and (b)  t h e  amount of t i m e  t h a t  can be s p e n t  i n  t h e  process  of command t r a n s -  

m i t t a l ,  v e r i f i c a t i o n ,  and execut ion .  

Command T i m e  from 
Range Zero 

S i t e  ( h r  : min : s e c )  Command Results/Comments 

CRO 04 :09  :21 Aux Hydraul ic  Pump V e r i f i e d  - Command d i s a b l e s  t h e r -  

- 

Coast Mode OFF m a l  switch.  Command w a s  s e n t  t o  
s i m u l a t e  t h e  normal p r e - i g n i t i o n  
sequence. 

CRO 

CRO 

04:09 :21 

04 :10 :04 

Aux Hydraul ic  Pump V e r i f i e d  - Command t u r n s  on t h e  aux 
F l i g h t  Mode ON pump. Command w a s  s e n t  i n  an 

a t tempt  t o  t u r n  pump on a f t e r  f a i l u r e  
had occurred dur ing  t h e  p r e - i g n i t i o n  
sequence. A load  of 12 amps w a s  
observed on A f t  B a t t e r y  No. 2. 

Temeletry C a l i b r a t o r  V e r i f i e d  - Command i n i t i a t e s  on- 
I n f l i g h t  C a l i b r a t e  ON board c a l i b r a t i o n  commands s e n t  t o  

v e r i f y  proper  f u n c t i o n i n g  of onboard 
swi tch  s e l e c t o r  system and ground 
process ing .  Also provided an  addi- 
t i o n a l  c a l i b r a t i o n  f o r  p o s t f l i g h t  
a n a l y s i s .  
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Sect ion  5 
Sequence of Events 

Command T i m e  from 
Range Zero 

S i t e  (hr  : min : sec )  Command 

CRO 04 : 10 :04 Regular Ca l ib ra t e  

- 
Relays ON 

Results/Comments 

Ver i f ied  - Command i n i t i a t e s  on- 
board c a l i b r a t i o n  commands s e n t  t o  
v e r i f y  proper functioning of onboard 
switch s e l e c t o r  system and ground 
processing. Also provided an addi- 
t i o n a l  c a l i b r a t i o n  f o r  p o s t f l i g h t  
ana lys i s .  

Same as above (second attempt) CRO 04:  10:37 

CRO 04:10:37 

CRO 04 : 11 :00 

Aux Hydraulic Pump 
Coast Mode OFF 

Same as above (second attempt) Aux Hydraulic Pump 
F l i g h t  Mode ON 

Aux Hydraulic Pump 
F l i g h t  Mode OFF 

Ver i f ied  - Command turns  of f  t h e  aux 
pump. Command s e n t  t o  remove load 
from Aft Battery No. 2 .  A load of 
0 amps w a s  observed on Aft Battery 
No. 2 .  

CRO 04 :ii: 38 Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

SLV Reject - Due t o  telemetry dropout. 

CRO 04 : 11: 38 

CRO 04:11:53 

Regular Ca l ib ra t e  
Relays OFF 

Terminat e 

Same as above. 

Ground Reject - Unified S-Band (USB) 
dropped modulation due t o  s i g n a l  
dropouts. 

Ver i f ied  - Command sen t  t o  reset on- 
board system because a SLV Reject 
w a s  received on a previous command. 

Ground Reject - USB dropped modulation 
due t o  s i g n a l  dropouts. 

CRO 04 :12 : 06 Terminate 

COR 04 : 12 : 15 Telemetry Cal ibra tor  
I n f l i g h t  Ca l ib ra t e  
OFF 

CRO 0 4 :  12: 15 

CRO 04 :12 :29 

Regular Ca l ib ra t e  
Relays OFF 

Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

Same as above. 

Ground Reject - USB dropped modulation 
due t o  signal dropouts. 

CRO 04:12:29 

HAW 04:29 : 33 

Regular Ca l ib ra t e  
Relays OFF 

Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

Same as above. 

Ver i f ied  - Command sent t o  reset cali- 
b r a t i o n  mode f o r  subsequent ca l ib ra -  
tion. 

Same as above. Regular Ca l ib ra t e  
Relays OFF 

HAW 04:29 : 33 

HAW 04:30:01 Maneuver t o  Align 
S-IVB + X Axis wi th  
Local Horizontal  
(Maneuver A - A l t e r -  
nate Sequence 6) 

Ver i f ied  - Command sen t  t o  terminate 
i n e r t i a l  hold and t o  i n i t i a t e  o r b i t a l  
p i t c h  rate a t  l o c a l  hor izonta l .  This 
would enhance command and telemetry 
communications. Vehicle w a s  observed 
t o  p i t c h  about 160° to  achieve local 
hor izonta l .  
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S e c t i o n  5 
Sequence of Events 

Command Time from 
Range Zero 

S i t e  ( h r  :min: s e c )  

GYM 04 :42 :07 

- 

GYM 04 : 42 : 07 

GYM 04 : 42 : 07 

HAW 06 :06 :25 

HAW 06 :06 :59 

06 :06 :59 HAW 

HAW 

HAW 

06 :06 : 59 

06 :06:59 

Command 

Slow Record ON 

Slow Record OFF 

Tape Playback ON 

Tape Playback OFF 

LOX Tank F l i g h t  
P r e s s u r e  System ON 

Coast Per iod  OFF 

LOX Tank Vent 
Valve Open 

LH2 Tank Vent 
Valve Open 

Results/Comments 

V e r i f i e d  
of v a l i d  

V e r i f i e d  
r e c o r d e r  

V e r i f i e d  
recorded 

V e r i f i e d  
playback 
real t i m e  

V e r i f i e d  
LOX tank  
l i n g  t h e  

V e r i f i e d  

- Command sent t o  mark end 
recorded d a t a .  

- Command s e n t  t o  t u r n  
o f f .  

- Command s e n t  t o  dump 
d a t a  f o r  p o s t f l i g h t  a n a l y s i s .  

- Command s e n t  t o  te rmina te  
t o  recorded d a t a  and provide  
PCM d a t a .  

- Command s e n t  t o  remove t h e  
p r e s s u r e  s w i t c h  from cont ro l -  
c o l d  hel ium s h u t o f f  va lves .  

- Command s e n t  t o  power c o l d  
helium s h u t o f f  v a l v e s  open. The c o l d  
helium sphere  p r e s s u r e  w a s  observed 
t o  decay from approximately 571  p s i a  
t o  0 a t  approximately RO +6 h r  10 min. 

V e r i f i e d  - Command s e n t  t o  open actua-  
t i o n  c o n t r o l  module s o l e n o i d  which 
a l lows  s t a g e  pneumatics t o  open LOX 
v e n t  va lve .  

V e r i f i e d  - Command s e n t  t o  open ac tua-  
t i o n  c o n t r o l  module s o l e n o i d  which 
a l lows  s t a g e  pneumatics t o  open LH2 
vent  valve.  

NOTE: The above sequence of commands s e n t  at  06:06:59 provided a c o l d  helium dump. 

DATA OMISSIONS 

A dash (--) w a s  i n s e r t e d  i n  t h e  f l i g h t  sequence t a b l e  f o r  i t e m  t i m e s  which are n o t  

a v a i l a b l e .  Some i t e m s ,  such as command responses ,  had no p r e d i c t e d  t i m e s .  Due t o  e a r l y  

c u t o f f ,  commands 320 through 325 were n o t  i s s u e d .  

Actua l  t i m e s  f o r  items 420a and b ,  and 421a and b are n o t  inc luded  inasmuch as t h e s e  com- 

mands occurred p r i o r  t o  a c q u i s i t i o n  of  s i g n a l  at Hawaii, r e v o l u t i o n  4. 

COMMENTS 

There are i n  some i n s t a n c e s  apparent  c o n f l i c t s  i n  t h e  t i m e  of  command i s s u a n c e  from t h e  

LVDC and command r e c e i p t  i n  t h e  S-IVB. 

Douglas, b u t  has  n o t  been r e s o l v e d  t o  d a t e .  

There are s e v e r a l  e v e n t s  f o r  which a c t u a l  monitored t i m e s  are n o t  a v a i l a b l e .  For t h e s e  

e v e n t s  t h e  sequence t i m e s  have been e s t i m a t e d  from t h e  last known t i m e .  A l l  such der ived  

t i m e s  are i n d i c a t e d  i n  t a b l e  5-1 w i t h  an  a s t e r i s k .  

This  c o n f l i c t  h a s  been recognized by b o t h  MSFC and 

I 
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Section 5 
Sequence of Events 

5.4 Ground Sequence of Events 

Table 5-2 presents the ground sequence of events from approximately RO -10 min to l i f t o f f .  

These events are related to the S-IVB-502 and associated ground support equipment and are 

derived from the digital  events evaluation. 
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Sect ion  5 
Sequence of Events 

TABLE 5-1 (Sheet 1 of 40) 

1 Guidance Reference 
Re leas e 

2 S-IC Engine S t a r t  
Sequence Command 

3 Range Zero 

4 Holddown Arms 
Release 

5 F i r s t  Motion 

TIME BASE 1 

6 AS-502 L i f t o f f ;  I U  
Umbilical Disconnect 

7 Yaw Maneuver S t a r t  

8 S igna l  from LVDC 
for :  Auto - Abort 
Enable Relays Reset 

9 Sensor Bias ON 

10 Yaw Maneuver Stop 

11 Pi t ch  Maneuver Star t  

1 2  Ro l l  Maneuver S ta r t  

1 3  S igna l  from LVDC 
for :  Mul t ip le  En- 
g ine  Cutoff Enable 

14 S ignal  from LVDC 
for: S-IC Telemetry 
Ca l ib ra t e  ON 

15  Signal  from LVDC 
for :  T e l e m e t r y  C a l i -  
b r a t o r  I n f l i g h t  
Ca l ib ra t e  ON 

16 Rol l  Maneuver Stop 

17  S igna l  from LVDC 
. for :  S-IC T e l e m e t r y  

Ca l ib ra t e  OFF 

18  Signal  from LVDC 
for :  Launch Vehicle 
Engines EDS Cutoff 
Enable 

19 s i g n a l  from LVDC 
for :  Telemetry C a l i -  
b r a t o r  I n f l i g h t  
Ca l ib ra t e  OFF 

-00 ZOO: 16.7 N/A 
(-16.7) 

-00: 00: 08.79 N/A 
(-8.79) 

oo:oo:oo.o N/A 
(0.0) 

oo:oo:oo.o 
(0.0) 

(0.0) 
oo:oo:oo.o N /A 

00:00:00.3 TB1 a . 0  
(0.0) 

(1.3) 

(5.3) 

00:00:01.3 N/A 

00:00:05.3 T B 1  f5 .0  

00:00:05.5 TB1 +5.2 
(5.5) 

(9.3) 

(11 .0 )  

(11.0)  

00 :00 :09.3 N /A 

00:00:11.0 N/A 

00:00:11.0 N/A 

00:00:14.3 T B 1  +14.0 
(14.30) 

00:00:25.1 T B 1  +24.8 
(25.1) 

00:00:27.3 TB1 +27.0 
(27.3) 

00:00:29.0 N /A 
(29.0) 

00:00:30.1 TB1 +29.8 

I U  -00:00:16.845 
(-16.845) 

I U  -00:00:08.77 
(-8.77) 

SU oo:oo:oo.o 
(0. o> 

I U  00:00:00.36 
(0.36) 

GSE 00:00:00.38 
(0.38) 

I U  00:00:00.69 
(0.69) 

I U  00:00:01.9 
(1.9) 

IU 00:00:05.643 
(5.643) 

I U  00:00:05.855 
(5.855) 

I U  00 : 00: 09.834 
(9.834) 

I U  00:00:11.10 
(11.10) 

I U  00:00:11.10 
(11.10) 

I U  00:00:14.646 
(14.646) 

00:00:25.442 
(25.442) 

I U  00:00:27.657 
c27.65 7) 

I U  00: 00:3l. 3 
(31.3) 

I U  00:00:30.460 

N/A MSFC -- 

N /A MSFC -- 

N/A MSFC -- 

N/A MSFC -- 

N/A MSFC -- 

TB1 a . 0  MSFC -- 

N/A MSFC -- 

T B 1  C4.953 MSFC -- 

TB1 +5.165 

N/A MSFC -- 

N/A MSPC -- 

N /A MSFC -- 

TB1+13.956 MSFC -- 

T B 1  +24.752 MSFC -- 

T B 1  +26.967 MSFC -- 

N / A  MSFC -- 

TB1+29.770 MSFC -- 
(30.1) . (30.460) 

00:00:30.3 TB1 +30.0 I U  00:00:30.663 TB1 f29.973 MSFC -- 
(30.3) (30.663) 

00:00:32.3 T B 1  +32.0 
(32.3) 

I U  00:00:32.644 TB1+31.954 MSFC -- 
(32.644) 
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Sect ion  5 
Sequence o f  Events 

i 
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TABLE 5-1 (Sheet 2 of  40) 
AS-502 SEQUENCE OF EVENTS 

20 S igna l  from LVDC 00:00:49.8 TB1 +49.5 I U  00:00:50.143 TB1 +49.453 MSFC -- 
fo r :  Fuel Pressur i -  (49.8) (50.143) 
z ing  Valve No. 2 Open 
and Tape Recorder 
Record 

21 Mach 1 Achieved 

22 S igna l  from LVDC 
for:  S t a r t  Data 
Recorders 

23 S ignal  from LVDC 
for :  Cooling System 
E lec t ron ic  Assembly 
Power OFF 

24 Maximum Dynamic 
Pressure  

25 S ignal  from LVDC 
for :  Telemetry C a l i -  
b r a t o r  I n f l i g h t  
Ca l ib ra t e  ON 

26 S igna l  from LVDC 
for:  Telemetry Cali-  
b r a t o r  I n f l i g h t  
Ca l ib ra t e  OFF 

27 S igna l  from LVDC 
fo r :  Fuel Pressur i -  
z ing  Valve No. 3 
OPEN 

28 S igna l  from LVDC 
t o  F l igh t  Control 
Computer for:  Switch 
Poin t  No. 1 

29 S igna l  from LVDC 
for :  S-IC Telemeter 
Ca l ib ra t e  ON 

30a Signa l  from LVDC 
for :  Regular Cali- 
b r a t e  Relays ON 

30b S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

31 S igna l  from LVDC 
for :  S-IC Telemeter 
Ca l ib ra t e  OFF 

32 S igna l  from LVDC 
to: F l i g h t  Control 
Computer for :  
Switch Poin t  No. 2 

33a Signal  from LVDC 
for :  Regular C a l i -  
b r a t e  Relays OFF 

0O:Ol:Ol.O TB1 +60.7 00:01:00.5 NfA MSFC -- 
(61.0) (60.5) 

00:01:14.4 TB1 +74.1 I U  00:01:14.742 TB1 +74.052 MSFC -- 
(74.4) (74.742) 

00:01:15.3 TB1 +75.0 IU 00:01:15.657 TB1 +74.967 MSFC -- 
(75.3) (75.657) 

00: 01: 19.0 N f A  N f A  00 :01: 15.2 N f A  MSFC -- 
(79.0) (75.2) 

00:01:30.3 T B 1  +90.0 I U  00:01:30.664 TB1 +89.974 MSFC -- 
(90.3) (90.664) 

00:01:35.3 TB1 +95.0 I U  00:01:35.650 TB1 +94.960 MSFC -- 
(95.3) (95.650) 

00:01:35.6 TB1 +95.3 I U  00:01:35.949 TB1 f95.259 MSFC -- 
(95.6) (95.949) 

00:01:45.3 TB1 +105.0 I U  00:01:45.658 TB1 +104.968 MSFC -- 
(105.3) (105.658) 

00:01:55.3 TB1 +115.0 I U  00:01:55.656 TB1 +114.966 MSFC -- 
(115.3) (115.656) 

00:01:59.5 T B 1  +119.2 I U  00:01:59.845 T B 1  +119.155 MSFC -- 
(119.5) (119.845) 

-- -- S-IVB 00:01:59.846 TB1 +119.156 DAC 13 
(119.846) (FM) 

00:02:00.3 TB1 +120.0 I U  00:02:00.658 TB1 +119.968 MSFC -- 
(120.3) (120.658) 

00:02:00.5 T B 1  +120.2 I U  00:02:00.842 TB1 +120.152 MSFC -- 
(120.5) (120.842) 

00:02:04.5 TB1 +124.2 IU 00:02:04.844 TB1 +124.154 MSFC -- 
(124.5) (124.844) 
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Sect ion  5 
Sequence of  Events 

PREDICTED TIME 

~ ~ E F ~ ~ o  TIME FROM BASE (hr:min:sec) 
(see) (set) 

TABLE 5-1 (Sheet 3 of 40) 
AS-502 SEQUENCE OF EVENTS 

MONITORED TIME 

TIME FROM 
FROM DATA 

SOURCI 

SIGNAL 
BASE 
(see)  (set) 

I 
EVENT 

I 

33b S igna l  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays OFF 

34 Signal  from LVDC 
for :  S t a r t  F i r s t  
PAM-FM/FM C a l i -  
b r a t i o n  

35 S igna l  from LVDC 
for :  Fue l  Pressur i -  
z ing  Valve No. 4 
Open 

36a Signal  from LVDC 
for :  Fas t  Record 
ON 

36b Signal  Received i n  
S-IVB for :  Fas t  
Record ON 

37 S ignal  from LVDC 
for :  PAM/FM/FM 
Ca l ib ra t ion  Stop 

38 Signal  from LVDC 
for :  I U  Tape Re- 
corder  ON 

39 S ignal  from LVDC 
for :  LOX Tank 
St robe  Lights OFF 

40 Signal  from LVDC 
for :  S-IC Two- 
Engine Out Auto- 
Abort I n h i b i t  
Enable 

41 S ignal  from LVDC 
fo r :  S-IC Two- 
Engine Out Auto- 
Abort I n h i b i t  

42 S igna l  from LVDC 
for :  Excessive Rate 

Abort I n h i b i t  
Enable 

(P, Y & R) Auto- 

43 S ignal  from LVDC 
for: Excessive 
R a t e  (P, Y & R) 
Auto-Abort I n h i b i t  

44 S igna l  from LVDC 
for :  Two Adjacent 
Outboard Engines 
Out Enable 

45 S ignal  from LVDC 
for :  Inboard Engine 
Cutoff Enable 

-- -- S-IVB 00:02:04.846 T B 1  +124.156 DAC 
(124.846) (FM) 

00:02:10.53 TB1 +129.84 S-I1 00:02:10.359 T B 1  +129.669 MSFC 
(130.53) (130.359) 

00:02:13.8 T B 1  +133.5 IU 00:02:14.159 TB1 +133.469 MSFC 
(133.8) (134.159) 

00:02:14.8 T B 1  +134.5 I U  00:02:15.158 T B 1  +134.468 MSFC 
(134.8) (135.158) 

-- -- S-IVB 00:02:15.158 T B 1  +134.468 DAC 
(135.158) (FM) 

00:02:14.9 T B 1  +134.7 IU 00:02:15.343 T B 1  +134.653 MSFC 
(134.9) (135.343) 

00:02:15.2 T B 1  +134.9 IU 00:02:15.553 TB1+134.863 MSFC 
(135.2) (135.553) 

00:02:15.4 T B 1  C135.1 S-IC 00:02:15.743 T B 1  f135.053 MSFC 
(135.4) (135.743) 

00:02:15.6 TB1 +135.3 IU 00:02:15.948 TB1 +135.258 MSFC 
(135.6) (135.948) 

00:02:15.8 T B 1  +135.5 IU 00:02:15.166 T B 1  +135.476 MSFC 
(135.8) (136.166) 

00:02:16.0 TB1 +135.7 I U  00:02:16.344 T B 1  +135.654 MSFC 
(136.0) (136.344) 

00:02:16.2 TB1 f135.9 I U  00:02:16.544 T B 1  +135.854 MSFC 
(136.2) (136.544) 

00:02:16.4 TB1 f136 .1  IU 00:02:16.756 T B 1  +136.066 MSFC 
(136.4) (136.756) 

00:02:16.6 TB1+136.3 -- 00:02:16.962 TB1 +136.272 MSFC 
(136.6) (136.962) 

i 
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S e c t i o n  5 
Sequence of  Events 

,PREDICTED TIME MONITORED TIME 

TIME FROM 
RANGE ZEb?O* DATA T & ~ E F ~ ~ o  TIME FROM SIGNAL 

SOURCE BASE 
( s e d  

BASE mNEmD (hr:min:sec) 
(sed ( s e d  

(hr:min:sec) EVENT ETEM 
NO. 

( s e d  

ACCURACY 
(ms) 

46 S i g n a l  from LVDC 
for :  Inboard Engine 
Cutoff Backup Enable 

47 Stop P i t c h  Maneuver 

48 Inboard Engine Cut- 
o f f  I n t e r r u p t  1520 

TIME BASE 2 

49 S-IC Inboard Engine 
Cutoff 

50 S i g n a l  from LVDC 
f o r :  S-I1 Ordnance 
Arm 

5 1  S i g n a l  from L M C  
for :  Separa t ion  and 
Retro EBW F i r i n g  
Units Arm 

52 S i g n a l  from LVDC 
f o r :  Separa t ion  
Camera ON 

53 S i g n a l  from LVDC 
f o r :  Camera Lights  
ON 

54 S i g n a l  from LVDC 
f o r :  S-IC Telemetry 
Measurement Switch 
Over 

55 S i g n a l  from LVDC 
f o r :  Enable Outboard 
Engines Cutoff 

56 Outboard Engines Cut- 
of f  I n t e r r u p t  1520 

TIME BASE 3 

57 S-IC Outboard Engines 
Cutoff 

58 S i g n a l  from LVDC 
for:  Camera Motor ON 

59 S i g n a l  from LVDC 
for:  S-I1 LH2 Re- 
c i r c u l a t i o n  Pumps 
OFF 

60 S i g n a l  from LVDC 
for :  S-I1 Ullage 
Tr igger  

6 1  S i g n a l  from LMC 
for :  S-IC/S-II 
Separa t ion  

62 S i g n a l  from LVDC 
f o r :  Camera Event 
Mark 

00:02: 21.7 N/A I U  00:02:20.9 TB1 +140.21 MSFC -- 
(141.7) (140.9) 

00:02:23.4 N/A I U  00:02:24.95 N/A MSFC -- 
(143.4) (144.95) 

00:02: 23.4 TB2 M.0 S-IC 00:02:24.949 TB2 M.0 MSFC -- 
(143.4) (144.949) 

00:02:23.5 TB2 M.1 I U  00:02:25.028 TB2 +.079 MSFC -- 
(143.5) (145.028) 

00:02:23.7 TB2 M . 3  I U  00:02:25.202 TB2 +0.253 MSFC -- 
(143.7) (145.202) 

00:02:23.9 TB2 M.5 IU 00:02:25.415 TB2 M.466 MSFC -- 
(143.9) (145.415) 

00:02:24.0 TB2 M . 6  I U  00:02:25.513 TB2 M.564 MSFC -- 
(144.0) (145.513) 

00:02:24.2 TB2 M . 8  IU 00: 02: 25.702 TB2 +0.753 MSFC -- 
(144.2) (145.702) 

00:02: 24.4 TB2 +1.0 I U  00:02:25.912 TB2 +.963 MSFC -- 
(144.4) (145.912) 

00:02:28.4 N/A I U  00:02:28.41 N /A MSFC -- 
(148.4) (148.41) 

00:02:28.4 TB3 M.0  I U  00:02:28.405 TB3 M.0 MSFC -- 
(148.4) (148.405) 

00:02:28.5 TB3 M.l IU 00:02:28.486 TB3 M . 8 1  MSFC -- 
(148.5) (148.486) 

00:02: 28.7 TB3 M . 3  I U  00:02:28.659 TB3 +.254 MSFC -- 
(148.7) (148.659) 

00:02: 28.9 TB3 M.5 I U  00:02:28.874 TB3 +.469 MSFC -- 
(148.9) (148.874) 

00: 02: 29.1 TB3 M . 7  I U  00:02:29.078 TB3 +.673 MSFC -- 
(149.1) (149.0 7 8) 

00:02:29.2 TB3 +0.8 I U  00:02:29.173 TB3 +.768 MSFC -- 
(149.2) (149.173) 
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Sect ion  5 
Sequence of Events 

PREDICTED TIME MONITORED TIME 

MONITORED RANGE ZERO* 'IME 
~ ~ E F ~ ~ o  TIME FROM SIGNAL TIME FROM 

AT (hr:min:sec) BASE BASE (hr:min: sec)  EVENT ITEM 
NO. 

(set) (see)  ( see)  (set) 

DATA ACCURACY 
SOURCE (ms) 

63 S ignal  from LVDC 
for :  Switch Con- 
t r o l  t o  s-I1 Enable 
S-I1 Engine Out and 
S-I1 Second Separation 
Ind ica t ion  "A" Enable 

64 S igna l  from LVDC 
for :  S-I1 Engines 
Cutoff Reset 

65 Signal  from LVDC 
fo r :  Engines Ready 
Bypass 

66 S ignal  from LVDC 
for :  Prevalves 
Lockout Reset 

67 S ignal  from LVDC 
for :  S-I1 Engine 
S t a r t  

68 S igna l  from LVDC 
for :  Camera Event 
Mark 

69 S igna l  from LVDC 
for :  Enable S-I1 
Engine Out and S-I1 
Second Separa t ion  
Ind ica t ion  "B" 

70 S igna l  from LVDC 
fo r :  Engine Ready 
Bypass Reset 

71 S ignal  from LVDC 
fo r :  Q - B a l l  Power 
OFF 

72 Signal  from LVDC 
for :  S-I1 Hydraulic 
Accumulators Unlock 

73 Signal  from LVDC 
fo r :  Chilldown 
Valves Close 

74 S igna l  from LVDC 
for: S-I1 start 
Phase Limi te r  Cut- 
of f  Ann  

75 S igna l  from LVDC 
for :  Act iva te  PU 
System 

76 S igna l  from LVDC 
for :  S-I1 S t a r t  Phase 
L i m i t e r  Cutoff Arm 
R e s e t  

77 S igna l  from LVDC 
for :  Stop Data 
Recorders 

00 :02: 29.3 
(149.3) 

00:02:29.4 
(149.4) 

00:02: 29.5 
(149.5) 

00:02:29.6 
(149.6) 

00:02:29.8 
(149.8) 

00 : 02: 29.9 
(149.9) 

00 : 02: 30.1 
(150.1) 

00:02:30.3 
(150.3) 

00:02:30.8 
(150.8) 

00:02: 31.4 
(151.4) 

00:02:34.8 
(154.8) 

00:02:35.1 
(155.1) 

00:02:35.2 
(155.2) 

00:02: 36.1 
(156 .O) 

00: 02: 39.8 
(159.8) 

TB3 M . 9  I U  00:02:29.258 TB3 + .853 MSFC -- 
(149.258) * 

TB3 +1.0 

TB3 C1.1 

TB3 f 1 . 2  

TB3 +1.4 

TB3 +1.5 

TB3 +1.7 

TB3 +1.9 

TB3 +2.4 

TB3 +3.0 

TB3 +6.4 

TB3 +6.7 

TB3 +6.9 

TB3 +7.7 

TB3 C11.4 

I U  00;02:29.358 TB3 + .953 MSFC -- 
(149.358) * 

I U  00;02:29.458 TB3 +1.053 MSFC -- 
(149.458) * 

I U  00:02:29.558 TB3 +1.153 MSFC -- 
(149.558)* 

I U  00:02:29.758 TB3 +1.353 MSFC -- 
(149.758) * 

I U  00:02:29.858 TB3 +1.453 MSFC -- 
(149.858)* 

I U  00:02:30.058 TB3 +le653 MSFC -- 
(150.058)* 

JJ 00:02:30.258 
(150.258)* 

I U  00:02:30.757 
(150.757) 

I U  00:02:31.379 
(151.379) 

I U  00:02:34.759 
(154.759) 

I U  00:02:35.078 
(155.078) 

I U  00:02:35.258 
(155.258) 

I U  00:02:36.074 
(156.074) 

I U  00:02:39.780 
(159.780) 

TB3 +1.853 MSFC -- 

TB3 f2.352 MSFC -- 

TB3 f2.974 MSFC -- 

TB3 +6.354 MSFC -- 

TB3 +6.673 MSFC -- 

TB3 +6.853 MSFC -- 

TB3 +7.669 MSFC -- 

TB3 f11.375 MSFC -- 
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Section 5 
Sequence of Events 

PREDICTED TIME MONITORED TIME 

TIME FROM 

EVENT (hr:min:sec) BASE ,'FmD (hr:min:sec) 
RANGE ZERO* ' DATA TIME FROM SIGNAL 

SOURCE BASE 
(set) (set) (see) 

ITEM 
NO. 

(sed 

ACCURACY 
(ms) 

TB3 +11.555 MSFC 78a 

78b 

79 

80 

81 

82 

83 

84 

85 

86 

8 7  

Signal from LVDC 
for:  Fast  Record OFF 

Signal Received on 
S-IVB for:  Fast  
Record OFF 

Signal from LVDC 
for:  Tape Recorder 
Record OFF 

Signal  from LVDC 
for:  S-I1 Second 
Plane Separation 

Signal from LVDC 
for:  Camera Event 
Mark 

Signal  from LVDC 
for: Camera Event 
Mark 

Signal from LVDC 
for: Water Coolant 
Valve Open 

Signal from LVDC 
for: LET J e t t i s o n  

Signal  from LVDC 
for: LET J e t t i s o n  
"B" 

Signal  from LVDC 
for:  Camera Eject 
No. 1 

Signal from LVDC 
for:  Camera Eject 
No. 2 

0o:oz: 40.0 
(160.0) 

-- 
TB3 +11.6 

-- 

TB3 +11.8 

TB3 +30.7 

TB3 +30.8 

TB3 +31.8 

Variable 

TB3 +36.4 

TB3 +36.6 

TB3 +38.0 

TB3 +38.6 

TB3 +39.1 

N f A  

TB3 +61.4 

N/A 

TB3 +181.9 

TB3 +186.9 

I U  

S-IVB 

I U  

I U  

I U  

I U  

I U  

I U  

I U  

I U  

I U  

I U  

I U  

I U  

I U  

0O:OZ: 39.960 
(159.960) 

0O:OZ: 39.961 
(159.961) 

TB3 +11.556 DAC 
(FM) 

00:02:40.174 
(160.174) 

00 : 02: 40.2 
(160.2) 

TB3 +11.769 MSFC 

00:02:59.1 
(179.1) 

00:02:54.058 
(179.058) 

TB3 +30.653 MSFC 

00:02: 59.2 
(179.2) 

00:02:59.158 
(179.158) 

TB3 +30.753 MSFC 

00:03:00.2 
(180.2) 

00:03:00.157 
(180.157) 

TB3 +31.752 MSFC 

00:03:02.294 
(182.294) 

TB3 +33.889 MSFC 

TB3 +36.361 MSFC 00:03:04.8 
(184.8) 

00:03:04.766 
(184.766) 

00 :03:05 .O 
(185 .O) 

00:03: 04.9 79 
(184.979) 

TB3 +36.574 MSFC 

00:03:06.4 
(186.4) 

00:03:06.374 
(186.374) 

TB3 +37.969 MSFC 

00:03:07.0 
(187.0) 

00:03:06:960 
(186.960) 

TB3 +38.555 MSFC 

00: 03:07.464 
(187.464) 

TB3 +39.059 MSFC 88 Signal from LVDC 
for:  Camera Eject 
No. 3 

89 I n i t i a t e  I t e r a t i v e  
Guidance Mode 

90 Signal from LVDC 
t o  Fl ight  Control 
Computer for:  
Switch Point No. 3 

91  I n i t i a t e  Steer ing 
Misalignment Cor- 
r e c t i  on 

92 Signal from LVDC 
for: S t a r t  Second 
PAM-FMfFM Calibrat ion 

93 Signal  from LVDC 
for: Stop Second 
PAM-FM/FM Calibration 

00: 03: 07.5 
(187.5) 

00:03:10.4 
(190.4) 

00:03:29.8 
(209.8) 

00 : 03 : 10.95 
(190.95) 

00:03:29.764 
(209.764) 

NfA MSFC 

TB3 +61.359 MSFC 

N/A MSFC 00:03:30.01 
(210.01) 

00:03:31.99 
(211.99) 

00: 05: 30.3 
(330.3) 

00:05: 30.258 
(330.258) 

TB3 +181.853 MSFC 

00:05:30.269 
(335.269) 

TB3 +186.864 MSFC 00:05:35.3 
(335.3) 
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Sect ion  5 
Sequence of  Events 

PREDICTED TIME 

LFEFEo TIME FROM 

(hr: min: sec)  BASE EVENT ITEM 
NO. 

( s e d  (set) 

MONITORED TIME 
TIME FROM 

' O N F E D  (h r  :min: sec)  
RANGE ZERO* FROM DATA ACCURACY SIGNAL 

SOURCE (m) BASE 
(see)  ( s e d  

95 S igna l  from LVDC for:  
Telemetry Ca l ib ra t ion  
I n f l i g h t  Ca l ib ra t e  ON 

96 S ignal  from LVDC fo r :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

97 Signal  from LVDC for :  
Measurement Control 
Switch No. 2 Act iva te  

98 S-I1 Mixture Rat io  
S h i f t  (Guidance 
Sensed) 

99 S-I1  No. 2 Engine Out 

100 S-I1 No. 3 Engine Out 

101 Signal  from LVDC fo r :  
S t a r t  Third PAM-M/FM 
Ca l ib ra t ion  

102 Signal  from LVDC fo r :  
Stop Third PAM-FM/FM 
Ca l ib ra t ion  

103 Signal  from LVDC for :  
S-I1 LH2 Step Pres- 
s u r i z a t i o n  

104a S igna l  from LVDC fo r :  
Regular Ca l ib ra t e  
Relays ON 

104b Signal  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

105 Signal  from LVDC fo r :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

106a Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays OFF 

106b Signal  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays OFF 

107 Signal  from LVDC for :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

00:05:50.3 TB3 +201.9 I U  00:05:50.259 TB3 +201.854 MSFC -- 
(350.3) (350.259) 

00:05:55.3 TB3 +206.9 I U  00:05:55.271 TB3 +206.866 MSFC -- 
(355.3) (355.271) 

00:06:01.1 TB3 +212.7 I U  00:06:01.061 TB3 +212.656 MSFC -- 
(361.1) (361.061) 

N /A MSFC -- 00:06:52.1 N/A I U  00:08:10.75 
(412.1) (490.75) 

-- -- 00:06:52.9 N/A MSFC -- 
(412.9) 

-- -- 00:06:54.2 N /A MSFC -- -- 
(414.2) 

00:07:01.0 TB3 +272.6 I U  00:07:00.981 TB3 +272.576 MSFC -- 
(421.0) (420.981) 

00:07:06.0 TB3 +277.6 I U  00:07:05.965 TB3 +277.560 MSFC -- 
(426.0) (425.965) 

00:07:47.4 TB3 +320.0 I U  00:07:48.358 TB3 +319.953 MSFC -- 
(467.34) (468.358) 

00:07:57.3 TB3 +328.9 I U  00:07:57.259 TB3 +328.854 MSFC -- 
(477.3) (477.259) 

-- -- S-IVB 00:07:57.244 TB3 +328.839 DAG 13 
(477.244) (MI 

00:07:57.5 TB3 +329.1 I U  00:07:57.471 TB3 +329.066 MSFC -- 
(477.5) (477.471) 

00:08:02.3 TB3 +333.9 I U  00:08:02.279 TB3 +333.874 MSFC -- 
(482.3) (482.279) 

-- -- S-IVB 00:08:02.268 TB3 +333.863 DAC 13  
(482.268) (FM) 

00:08:02.5 TB3 +334.1 I U  00:08:02.457 TB3 f334.052 MSFC -- 
(482.5) (482.457) 
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Section 5 
Sequence of Events 

I 
PREDICTED TIME MONITORED TIME 

TIME FROM 
RANGE ZERO* 

BASE ' O N F R E D  (hr:min: sec) 
*IME DATA 

SOURCE BASE 
TIME FROM SIGNAL 

(set) (set) (set) 
(hr:min: sec) EVENT ITEM 

NO. 
( s e d  

ACCURACY 
(ms) 

' )  

I U  

s-IVB 

I U  

I U  

IU 

s-IVB 

IU 

IU 

IU 

IU 

IU 

I U  

I U  

I U  

s-IVB 

IU 

s-IVB 

TB3 +334.476 MSFC Signal from LVDC for: 
Charge Ullage Ign i t ion  
ON 

Signal  Received on 
S-IVB for:  Charge 
Ullage Igni t ion ON 

Signal from LVDC for:  
S-111s-IVB Ordnance 
Arm 

Signal from LVDC for:  
IU Tape Recorder 
Record ON 

Signal from LMC for :  
Fast  Record ON 

Signal Received i n  
S-IVB for :  Fast  
Record ON 

Signal from LVDC for :  
S t a r t  Recorders 

00: 08:02 .9 
(482.9) 

TB3 +334.5 00:08: 02.881 
(482.881) 

108a 

10 8b 

109 

110 

l l l a  

l l l b  

112 

00: 08:02. 868 
(482.868) 

TB3 +334.463 DAC 
(FM) 

TB3 +334.653 MSFC 00:08: 03.1 
(483.1) 

TB3 +334.7 00 : 08: 03.058 
(483.058) 

00:08:03.3 
(483.3) 

TB3 +334.9 00:08:03.273 
(483.27 3) 

TB3 +334.868 MSFC 

00:08:03.5 
(483.5) 

TB3 +335.1 

-- 

00:08:03.458 
(483.458) 

00: 08: 03.446 
(483.446) 

TB3 +335.053 MSFC 

TB3 +335.041 DAG 
(FM) 

TB3 +335.260 MSFC 

TB3 +335.474 MSFC 

00:08:03.665 
(483.665) 

00:08:03.879 
(483.879) 

00:08: 03.7 
(483.7) 

00:08:03.9 
(483.9) 

TB3 +335.3 

TB3 $335.5 113 Signal from LVDC for:  
S-I1 LOX Depletion 
Sensor Cutoff Arm 

114 Signal from LVDC for :  
S-I1 LH2 Depletion 
Sensor Cutoff Arm 

115 Cutoff S-I1 5-2 
Engines Interrupt  
1520 

TIME BASE 4 

116 S-I1 J-2 Engines 
Cutoff 

117 Signal from LVDC for: 
Redundant S-I1 Cut- 
off ss 

118 Signal from LVDC for:  
S t a r t  Recorder T i m e r s  

119a Signal from LVDC for: 
Prevalves Closed OFF 

00:08:04.1 
(484.1) 

00:08:04.058 
(484.058) 

TB3 +335.653 MSFC TB3 +335.7 

00:08:37.16 
(517.16) 

N /A 00:09:36.33 
(576.33) 

NIA MSFC 

TB4 H . 0  MSFC -- 

TB4 +.083 MSFC -- 

00:08:37.16 
(517.16) 

00:08:37.16 
(517.16) 

TB4 +O.O 

N/A 

TB4 + O . 1  

TB4 H . 2  

- 

00:,09: 36.327 
(576.327) 

00:09:36.410 
(576.410) 

TB4 +.177 MSFC - 00:08:37.26 
(517.26) 

00: 08: 37.36 
(517.36) 

00:09: 36.504 
(576.504) 

00:09:36.605 
(576.605) 

00: 09 : 36.596 
(576.596) 

TB4 +.278 MSFC -- 

119b Signal  Received i n  
S-IVB for: Prevalves 
Closed OFF 

120a Signal from LVDC for: 
S-IVB Engine Cutoff 
OFF 

120b Signal Received i n  
s-IVB for: s-IVB 
Engine Cutoff OFF 

TB4 +.269 DAC 13 
(FM) 

TB4 +.370 MSFC -- 00:08:37.46 
(517.46) 

TB4 H.3 00:09:36.697 
(576 -697) 

00:09:56.687 
(576.687) 

TB4 +.360 DAC 13 
(W) 
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Section 5 
Sequence of  Events 

PREDICTED TIME 

T&:EFgio TIME FROM 
BASE (hr:min: sec)  

( s e d  

EVENT ITEM 
NO. 

(see) 

MONITORED TIME 

TIME FROM SIGNAL MONITORED RANGE ZERO* DATA ACCURACY BASE AT (hr:min:sec) (set) SOURCE (m) 
( s 4  

TB4 +.OS TB4 f .462  MSFC -- 121a Sipnal  from LVDC fo r :  
E ~ z i n e  Ready Bypass 

121b Signal  Received i n  
S-IVB for :  Engine 
Ready Bypass 

122a Signal  from LVDC f o r :  
LOX Chilldown Pump 
OFF 

122b Signal  Received i n  
S-IVB for :  LOX 
Chilldown Pump OFF 

123a Signal  from LVDC fo r :  
F i r e  Ullage I g n i t i o n  
ON 

123b Signal  Received i n  
S-IVB fo r :  F i r e  
Ullage I g n i t i o n  ON 

124 S igna l  from LVDC for :  
S-111s-IVB Separa t ion  

125 Ullage Thrust Buildup 
t o  75% (Average) 

126 S-I1 Retrorocket 
Thrust  Buildup t o  
10% (Average) 

127 F i r s t  Axial Separa- 
t i o n  Motion 

00:08: 37.66 
(517.66) 

I U  00:09: 36.789 
(576.789) 

00: 09: 36.779 
(576.779) 

s-IVB TB4 +.452 DAC 13  
(FM) 

00:08:37.76 
(517.76) 

TB4 +0.6 I U  00:09:36.882 
(576.882) 

TB4 +.555 MSFC -- 

S-IVB 00:09:36.872 
(576.872) 

TB4 +.545 DAC 13  
(FM) 

00:08: 37.96 
(517.86) 

TB4 +0.7 00: 09 : 36.981 
(576.981) 

TB4 f.654 MSFC -- I U  

S-IVB 00:09:36.971 
(576.971) 

TB4 +.644 DAC 13  
( FM) 

00:08:37.96 
(517.96) 

00: 09: 37.079 
(577.079) 

00:09:37.07 
(577.07) 

00:09:37.11 
(577.11) 

TB5 f.752 MSFC -- 

N I A  DAC -- 

N/A MSFC -- 

00:09:38.125 
(577.125) 

00:09:37.13 
(577.13) 

N/A MSFC -- 

128 S-I1 Retrorocket 
Thrust  Buildup t o  
90% (Average) 

129a S igna l  from LVDC for :  
S-IVB Engine S t a r t  
In t e r lock  Bypass ON 

129b Signal  Received i n  
S-IVB for :  S-IVB 
Engine S t a r t  In t e r -  
lock  Bypass ON 

130a Signal  from LVDC fo r :  
S-IVB Engine S t a r t  ON 

130b Signal  Received i n  
S-IVB for: S-IVB 
Engine S t a r t  ON 

130c 5-2 Engine S t a r t  
Sequence 

1. Helium Control 
Solenoid Ener- 
gized 

2. Main Fuel  Valve 
Closed (Dropout) 

N I A  MSFC -- 

00:08:38.06 
(518.06) 

TB4 M . 9  I U  00:09:37.180 
(5 7 7.180) 

TB4 +.853 MSFC -- 

00:09:37.168 
(577.168) 

TB4 +.841 DAG 13  S-IVB 

TB4 f .953  MSFC -- 00:08:38.16 
(518.16) 

TB4 +1.0 

-- 

I U  

S-IVB 

00:09:37.280 
(577.280) 

00:09:37.268 
(577.268) 

TB4 +.938 DAC 13 
(FM) 

-- S-IVB 00:09:37.268 -- DAC 25 
(577.268) (FM) 

- S-IVB 00:09:37.340 -- DAC 25 
(577.340) (FM) 

-- 
I 
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Sect ion  5 
Sequence bf Events 

PREDICTED TIME 

'IME mM TIME FROM SIGNAL 
RANGE ZERO BASE MONrmD 

(sed (hr:min: sec)  EVENT ITEM 
NO. 

(set) 

MONITORED TIME 

TIME FROM 
RANGE ZERO* 

(hr:min: s ec )  
DATA ACCURACY 

SOURCE (ms) BASE 
(sed (set) 

s-IVB 

s-IVB 

s-IVB 

s-IVB 

S-IVB 

s-IVB 

S-IVB 

s-IVB 

S-IVB 

s-IVB 

s-IVB 

s-IVB 

I U  

I U  

00:09:37.363 
(577.363) 

00:09 :40.839 
(580.839) 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Main Fuel  Valve 
Open (Pickup) 

Gas Generator 
Valve Closed 
(Dropout) 

G a s  Generator 
Valve Open 
(Pickup) 

Main Oxidizer 
Valves Leaves 
Closed Pos i t i on  
(Dropout) 

S t a r t  Tank 
Discharge Valve 
Open (Dropout) 

Oxidizer Turbine 
Bypass Valve Open 
(Dropout) 

Oxidizer Turbine 
Bypass Valve 
Closed (Pickup) 

Mainstage OK 
Pressure  Switch 
No. 1 (Dropout) 

Mainstage OK 
Pressure  Switch 
No. 2 (Pickup) 

Main Oxidizer 
Valve Reaches 
Open Pos i t i on  
(Pickup) 

Gas Generator 
Spark System ON 
(Dropout) 

Thrust  Chamber 
Spark System ON 
(Dropout) 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

-- 

-- 

-- 

00:09:40.966 
(580.966) 

-- 

I 00:09:40.847 
(580.847) 

DAC 
(PCM) 

00:09:40.880 
(580.880) 

DAC 
(PCM) 

00:09 :40.988 
(580.988) 

00:09:41.212 
(581.212) 

DAC 
(PCM) 

00: 09: 42.118 
(582.118) 

DAC 
(PCM) 

00:09: 42.187 
(582.187) 

DAC 
(PCM) 

00:09:42.928 
(582.928) 

DAC 
(PCM) 

00:09:44.013 
(584.013) 

DAC 
(PCM) 

00:09:44.013 
(584.013) 

131 S igna l  from LVDC for :  
F l igh t  Control Com- 
pu te r  S-IVB Burn Mode 
ON "A" 

132 S igna l  from LVDC for :  
F l igh t  Control COIE- 
p u t e r  S-IVB Burn Mode 
ON "B" 

133 S igna l  from LVDC fo r :  
S-IVB Engine Out 
Ind ica t ion  Enable 
"A" ON 

00:08:38.26 TB4 +1.1 
(518.26) 

00: 09 : 37.398 
(577.398) 

TB4 +1.071 MSFC 

00:08: 38.36 TB4 +1.2 
(518.36) 

00:09:37.491 
(577.491) 

TB4 +1.164 MSFC 

00:08: 38.76 TB4 +1.6 
(518.76) 

00:09:37.880 
(577. sa01 

TB4 +1.553 MSFC 
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Sect ion  5 
Sequence of  Events 

PREDICTED TIME MONITORED TIME 

T&:EFgio TIME FROM SIG&U TIME FROM DATA 

SOURCE MONITORED yGE ZERO* BASE 
( s e d  AT (hr.min.sec) BASE (hr:min:sec) EVENT ITEM 

NO. 
(set) (set) ( s e d  

(ms) 

00:08:38.96 
(518.96) 

TB4 +1.8 

NfA 

TB4 +2.2 

-- 

TB4 t3 .8  

-- 

TB4 +4.0 

-- 

TB4 +4.2 

-- 

TB4 +5.8 

-- 

-- 

N f A  

N /A 

N f A  

TB4 +7.8 

I U  

N/A 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

s-IVB 

I U  

S- I V B  

N/A 

N f A  

I U  

I U  

I U  

00:09:38.092 
(578.092) 

TB4 +1.765 MSFC 134 Signal  from LVDC for :  
S-IVB Engine Out 
Ind ica t ion  Enable 
”B” ON 

135 Separa t ion  Complete 
(217 in .  Axial 
Clearance) 

136a Signal  from LVDC for :  
Fue l  Chilldown Pump 
OFF 

136b Signal  Received i n  
S-IVB for :  Fuel 
Chilldown Pump OFF 

137a Signal  from LVDC fo r :  
LOX Tank F l igh t  
Pressure  System ON 

137b Signal  Received i n  
S-IVB for :  LOX 
Tank F l igh t  Pressure  
System ON 

138a Signal  from LVDC for :  
Fuel I n j e c t i o n  
Temperature OK Bypass 

138b Signal  Received i n  
S-IVB for :  Fuel 
I n j e c t i o n  Tempera- 
t u r e  OK Bypass 

139a Signal  from LVDC fo r :  
Engine S t a r t  OFF 

139b Signal  Received i n  
S-IVB for: Engine 
S ta r t  OFF 

140a S igna l  from LVDC for :  
F i r s t  Burn Relay ON 

140b Signal  Received i n  
S-IVB for :  F i r s t  
Burn Relay ON 

141 5-2 Thrust Buildup - 
10% 

142 5-2 Thrust Buildup - 
90% 

143 Guidance I n i t i a t i o n  

00: 08: 34.02 
(519.02) 

00:09:38.106 
(578.106) 

N/A DAC 

00:08:39.36 
(519.36) 

00:09:38.480 
(578.480) 

TB4 +2.153 MSFC 

00:09:38.470 
(578.470) 

TB4 +2.143 DAC 
(FM) 

00:08: 40.96 
(520.96) 

00:09:40.081 
(580.081) 

TB4 +3.754 MSFC 

TB4 +3.745 DAC 
(FM) 

00:09:40.012 
(580.072) 

TB4 +3.968 MSFC 00:08:41.16 
(521.16) 

00:09:40.295 
(580.295) 

00:09:40.281 
(580.281) 

TB4 +3.954 DAC 
(FM) 

00:08:41.26 
(521.26) 

00:09:40.480 
(580.480) 

00:09:40.468 
(580.468) 

TB4 +4.153 MSFC 

TB4 +4.138 DAC 
(FM) 

00:09:42.081 
(582.081) 

00:09: 42.070 
(582.070) 

00 :08: 42.96 
(522.96) 

TB4 +5.754 MSFC 

TB4 +5.743 DAC 
(FM) 

00:09:41.308 
(581.308) 

00:09:42.788 
(582.788) 

00: 09 : 44.8 
(584.8) 

00:09:44.8 
(584.8) 

00:09:44.094 
(584.094) 

N/A DAC 

00:08:43.56 
(523.56) 

00:08:43.56 
(523.56) 

N/A MSFC 

N f A  MSFC 

N/A MSFC 144 S t a r t  A r t i f i c i a l  
Tau Mode 

145a S igna l  from LVDC for :  
Emergency Playback 
Enable ON 

00:08: 43.56 
(523.56) 

00 :08: 44.96 
(524.96) 

TB4 t7.767 MSFC 
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Sect ion  5 
Sequence of  Events 

TABLE 5-1 (Sheet 12  of 40) 
AS-502 SEQUENCE OF EVENTS 

145b 

146a 

146b 

147a 

1471, 

148a 

148b 

149 

150 

151a 

151b 

152a 

152b 

153a 

153b 

S igna l  Received i n  
S-IVB for :  Emergency 
Playback Enable ON 

S igna l  from LVDC for :  
Fas t  Record OFF 

Signal  Received i n  
S-IVB for :  Fas t  
Record OFF 

Signal  from LVDC for :  
PU Act iva te  ON 

S igna l  Received i n  
S-IVB for :  PU 
Act iva te  ON 

S igna l  from LVDC for :  
Charge Ullage Jet- 
t i s o n  ON 

S igna l  Received i n  
S-IVB for :  Charge 
Ullage J e t t i s o n  ON 

S-IVB PU Valve 
Reaches Hardover 
Pos i t  i on  

S-IC Impact 

-- S-IVB 00:09:44.082 TB4 +7.759 DAC 13 
(584.082) (FM) 

00:08:45.6 
(525.6) 

-- 

TB4 +8.0 I U  00:09:44.280 TB4 +7.953 MSFC -- 
(584.280) 

I S-IVB 00:09:44.268 TB4 +7.942 DAC 1 3  
(584.269) (m) 

00:08: 46.16 
(526.16) 

-- 

TB4 +9.0 I U  00:09:45.300 TB4 +8.973 MSFC -- 
(585.300) 

-- SZIVB 00:09:45.288 TB4 +8.961 DAC 13  
(585.288) (FM) 

00:08:46.96 
(526.96) 

TB4 +9.9 I U  00:09:46.094 TB4 +9.767 MSFC -- 
(586.094) 

S-IVB 00:09: 46.081 TB4 +9.754 DAC 13  -- 
(586.081) (Jw 

00:08: 48.16 
(528.16) 

TB4 +11.0 N/A 00:09:49.0 TB4 +12.673 DAC 100 
(589.0) 

00:08: 48.762 
(528.762) 

00:08: 49.96 
(529.96) 

N/A N /A 00:08:48.93 N/A MSFC -- 
(528.93) 

TB4 +12.8 I U  00:09:49.081 TB4 +12.754 MSFC -- 
(589.081) 

S igna l  from LVDC for :  
F i r e  Ullage J e t t i s o n  
ON 

S igna l  Received i n  
S-IVB for :  F i r e  
Ullage J e t t i s o n  ON 

S igna l  from LVDC f o r :  
Fuel I n j e c t i o n  
Temperature OK Bypass 
Reset 

S igna l  Received i n  
S-IVB for :  Fuel In- 
j e c t i o n  Temperature 
OK Bypass R e s e t  

S igna l  from LVDC for :  
Ullage Charging 
Reset 

S igna l  Received i n  
S-IVB for :  Ullage 
Charging Reset 

-- S-IVB 00:09:49.066 TB4 +12.739 DAC 13  
(589.066) (m) 

TB4 +14.0 I U  00:09:50.280 TB4 +13.953 MSFC -- 
(590.280) 

S-IVB 00:09:50.268 TB4 +13.941 DAC 1 3  
(590.268) (FM) 

00:08: 52.76 
(532.76) 

TB4 +15.55 MSFC -- TB4 +15.6 I U  00:09:51.880 
(591.880) 

-- S-IVB 00:09:51.869 TB4 +15.542 DAC 1 3  
(59 1.869) (FM) 

-- 

154a S igna l  from LVDC for :  
Ullage F i r ing  Reset 

154b Signal  Received i n  
S-IVB for :  Ullage 
F i r i n g  Reset 

00: 08: 52.96 
(532.96) 

TB4 +15.8 I U  00:09:52.088 TB4 +15.761 MSFC -- 
(592.088) 

-- S-IVB 00:09:52.075 TB4 +15.748 DAC 13  
(592.075) (FM) 

, 
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Sect ion  5 
Sequence of Events 

PREDICTED TIME 

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

( see)  ( see)  
EVENT ITEM 

NO. 

MONITORED TIME 

SIGNAL FROM TIME FROM 
MONITORED RANGE BASE 

( s e d  
AT (hr:min:sec) 

(set) 

155 Signal  from LVDC for :  
I U  Tape Recorder 
Record OFF 

156a S igna l  from LVDC for :  
Emergency Playback 
Enable OFF 

156b Signal  Received i n  
S-IVB for :  Emergency 
Playback Enable OFF 

157 Signal  from LVDC for :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

158 Signal  from LVDC for :  
Telemetry Ca l ib ra to r  
Inf l i g h t  Ca l ib ra t e  
OFF 

159a Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays ON 

00: 08: 53.06 
(533.06) 

TB4 +18.9 

TB4 +21.3 

-- 

TB4 +22.4 

TB4 +27.4 

TB4 +31.8 

-- 

TB4 +36.8 

-- 

N/A 

TB5 -7.0 

-- 

N/A 

N/A 

-- 

N /A 

I U  

I U  

s-IVB 

I U  

I U  

IU 

S-IVB 

I U  

S-IVB 

I U  

I U  

S-IVB 

I U  

I U  

S-IVB 

I U  

00:09:55.181 
(595.181) 

TB4 +18.854 MSFC 

00:09:57.580 
(597.580) 

00:08:58.46 
(538.46) 

TB4 f21.253 MSFC 

00:09:57.567 
(597.567) 

TB4 +21.240 DAC 
(FM) 

00:08:59.56 
(539.56) 

00 : 09 : 58.680 
(598.680) 

TB4 +22.353 MSFC 

00:09:04.56 
(544.56) 

00:10:03.702 
(603.702) 

TB4 f27.375 MSFC 

00:09:08.96 
(548.96) 

00:10:08.095 
(608.095) 

TB4 +31.768 MSFC 

159b Signal  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays ON 

160a Signal  from L M C  for :  
Regular Ca l ib ra t e  
Relays OFF 

160b Signal  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays OFF 

161 In t roduct ion  of Chi 
T i lde  Guidance Mode 

162a Signal  from LVDC fo r :  
Engine Pump Purge 
Control Valve Enable 
ON 

162b Signal  Received i n  
S-IVB fo r :  Engine 
Pump Purge Control 
Valve Enable ON 

163 Freeze Body At t i t ude  
(Chi Freeze) 

164a Signal  from LVDC fo r :  
S-IVB Engine Cutoff 
(Guidance Cutoff)  

164b S igna l  Received i n  
S-IVB for :  S-IVB 
Engine Cutoff 
(Guidance Cutoff)  

165 Cutoff S-IVB Engine 
I n t e r r u p t  1520 

00:10:08.082 
(608.082) 

TB4 +31.755 DAC 
( FM) 

00: 10: 13.080 
(613.080) 

TB4 +36.753 MSFC 00:09:13.96 
(553.96) 

00:10:13.070 
(613.070) 

TB4 +36.743 DAC 
(FM) 

00: 10: 22.5 
(622.5) 

00:10:43.76 
(643.76) 

00: 11:52.3 
(712.3) 

00: 12: 26.913 
(746.913) 

N/A MSFC 

TB5 -.395 MSFC 

00: 12: 26.903 
(746.903) 

TB5 -.394 DAC 
(FM) 

00:12:26.4 
(746.4) 

00:12:27.041 
(747.041) 

00:10:49.5 
(649.5) 

00:10:57.1 
(657.1) 

N/A MSFC 

N/A MSFC 

00:12:27.032 
(747.032) 

00 :10:57.1 
(657.1) 

00:12:27.30 
(747.30) 

N /A MSFC 

i 
i 
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PREDICTED TIME MONITORED TIME 

TIME FBllM TIME FROM ILANGE ZERO TIME FROM SIGNAL 
RANGE ZERO* TIME FROM DATA ACCURACY 

SOURCE (ms) BASE MoNrRED (hr:min:sec) (set) 
BASE (hr:min: sec) 

(see) 

EVENT ITEM 
NO. 

I (sec) 
(sed 

Sect ion  5 
Sequence of  Events 

166 

167a 

16 7b 

168a 

168b 

169 

170a 

170b 

171a 

171b 

172 

173a 

173b 

174a 

174b 

175a 

LVDC I n i t i a t e s  TB5 
Maintain Cutoff 
I n e r t i a l  A t t i t ude  

LVDC Sends Redundant 
S igna l  for:  S-IVB 
Engine Cutoff 

S igna l  Received i n  
S-IVB for :  S-IVB 
Engine Cutoff 
(Redundant S igna l )  

S igna l  from LVDC for :  
Po in t  Level Sensor 
Disarming 

S igna l  Received i n  
S-IVB for:  Poin t  
Level Sensor 
Disarming 

S-IVB 3-2 Thrust 
Decay t o  5% 
(Average) 

S igna l  from LVDC fo r :  
S-IVB Ullage Engine 
No. 1 ON 

Signal  Received i n  
S-IVB for :  S-IVB 
Ullage Engine No. 1 
ON 

Signal  from LVDC for :  
S-IVB Ullage Engine 
No. 2 ON 

S igna l  Received i n  
S-IVB for:  S-IVB 

00:10:57.1 
(657.1) 

I U  

I U  

S-IVB 

I U  

S-IVB 

NIA 

I U  

s-IVB 

I U  

S-IVB 

I U  

I U  

s-IVB 

I U  

s-IVB 

I U  

00: 12: 27.29 
(747.298) 

TB5 M.0 MSFC 

00:12:27.380 
(747.389) 

TB5 +.082 MSFC 

00:12:27.37 
(747.371) 

TB5 +.073 DAC 
(FM) 

00 : 10: 57.2 
(657.2) 

TB5 M.1 00:12:27.473 
(747.473) 

TB5 +.175 MSFC 

00:12:27.463 
(747.463) 

TB5 +.165 DAC 
(FM) 

00: 12: 27.496 
(747.496) 

N I A  DAC -- 

TB5 M . 3  

-- 

00 : 10: 57.4 
(657.4) 

00 :12: 27.565 
(747.565) 

TB5 +.267 MSFC 

00:12:27.556 
(747.556) 

TB5 +.258 DAC 
(m 

00:12:27.659 
(747.659) 

00 : 10: 57.5 
(657.5) 

TB5 +0.4 

I- 

TB5 +.361 MSFC 

00: 12: 27.652 
(747.652) 

TB5 +.354 DAC 
(m 

-- 
Ullage Engine No. 2 
ON 

S igna l  from LVDC fo r :  
Ullage Thrus t  Present  
ON 

S igna l  from LVDC for :  
F i r s t  Burn Relay O F F  

S igna l  Received i n  
S-IVB for :  F i r s t  Burn 
Relay OFF 

S igna l  from LVDC for :  
PU Act iva te  OFF 

Signal  Received i n  
S-IVB for :  PU 
Act iva te  OFF 

S igna l  from LVDC for :  
LOX Tank F l igh t  Pres- 
s u r e  System O F F  

00: 10: 57.7 
(657.7) 

TB5 +0.6 

TB5 M . 7  

-- 

TB5 M.9  

-- 

TB5 +1.1 

00: 12: 27.869 
(747.869) 

TB5 +.571 MSFC 

00: 10 : 57.8 
(657.8) 

00:12:27.966 
(747.966) 

00:12:27.958 
(747.958) 

TB5 +.668 MSFC 

TB5 +.660 DAC 

00:10:57.0 
(658.0) 

-- 
00:12:28.153 

(748.153) 

00 : 12: 28.143 
(748.143) 

TB5 +.855 MSFC 

TB5 +.845 DAC 
(FM) 

00: 10 : 58.2 
(658.2) 

00:12:28.359 
(748.359) 

TB5 +1.061 MSFC 
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Sect ion  5 
Sequence of Events 

TABLE 5-1 (Sheet 15 of 40) 
AS-502 SEQUENCE OF EVENTS - 

ITEM 
NO. 

- 
s-IVB 

I U  

s-IVB 

I U  

s-IVB 

IU 

s-IVB 

IU 

I U  

I U  

s-IVB 

I U  

s-IVB 

I U  

-- 

00 : 10: 58.4 
(658.4) 

-- 

00: 10:58.6 
(658.6) 

-- 

00:10:58.8 
(658.8) 

-- 

00: 11: 00.6 
(660.6) 

00:11:00.8 
(660.8) 

00: 11: 01.0 
(661.0) 

-- 

00:11:02.2 
(662.2) 

-- 

00: 1 k 0 7 . 1  
(667.1) 

-- 

TB5 +1.3 

-- 

TB5 +1.5 

-- 

TB5 +1.7 

-- 

TB5 +3.5 

TB5 +3.7 

TB5 f3 .9  

-- 

TB5 +4.1 

-- 

TB5 f10.0 

00:12:28.352 
(748.352) 

TB5 +1.054 DAC 
(FM) 

175b S igna l  Received i n  
S-IVB fo r :  LOX Tank 
F l igh t  Pressure  
System OFF 

176a Signal  from LVDC for :  
Coast Period ON 

176b S igna l  Received i n  
S-IVB fo r :  Coast 
Period ON 

177a S igna l  from LWC for :  
Engine Pump Purge 
Control Valve Enable 
ON 

177b Signal  Received i n  
S-IVB fo r :  Engine 
Pump Purge Control 
Valve Enable ON 

178a Signal  from LVDC for:  
PU Fuel Boiloff Bias 
Cutoff ON 

178b Signal  Received i n  
S-IVB for :  PU Fuel 
Boi lof f  Bias Cutoff 
ON 

179 S igna l  from LVDC fo r :  
F l igh t  Control Com- 
pu te r  S-IVB Burn 
Mode OFF "A" 

180 S igna l  from LVDC for :  
F l igh t  Control Com- 
pu te r  S-IVB Burn 
Mode OFF "B" 

181a Signal  from LVDC for :  
Aux. Hydraulic Pump 
Coast Mode ON 

181b Signal  Received i n  
S-IVB for :  Aux. 
Hydraulic Pump Coast 
Mode ON 

182a Signal  from LVDC for :  
Aux. Hydraulic Pump 
F l igh t  Mode OFF 

182b S igna l  Received i n  
S-IVB for :  Aux. 
Hydraulic Pump F l i g h t  
Mode OFF 

183 S igna l  from LWC for:  
S-IVB Engine Out 
Ind ica t ion  "A" 
Enable Reset 

00:12:28.551 
(748.551) 

00:12:28.543 
(748.543) 

TB5 +1.253 MSFC 

TB5 +l. 245 DAC 

00 : 12 : 28.752 
(748.752) 

TB5 C1.454 MSFC 

00:12:28.742 
(748.742) 

TB5 +1.444 DAG 
(FM) 

00:12:28.967 
(748.967) 

TB5 +1.669 MSFC 

00:12:28.962 
(748.962) 

TB5 +1.664 DAC 

00:12:30.755 
(750.755) 

TB5 +3.457 MSFC 

00: 12: 30.971 
(750.971) 

TB5 +3.673 MSFC 

00: 12: 31.151 
(751.151) 

TB5 +3.853 MSFC 

00: 12:31.110 
(751.110) 

TB +3.812 DAG 
(FM) 

00:12:31.367 
(751.367) 

TB5 +4.069 MSFC 

00:12:31.330 
(751.330) 

TB5 +4.032 DAC 
(FM) 

00: 12: 37.266 
(757.266) 

TB5 +9.968 MSFC 
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Sect ion  5 
Sequence o f  Events 

TABLE 5-1 (Sheet 16 of 40) 
AS-502 SEQUENCE OF EVENTS 

184 S igna l  from LVDC for:  00:11:07.3 TB5 +10.2 I U  00:13:37.452 TB5 +10.154 MSFC -- 
S-IVB Engine Out (667.3) (757.452) 
Ind ica t ion  "B" 

185 Enable Reset Parking 00: 1 k 0 8 . 7  N f A  
Orb i t  I n s e r t i o n  (668.7) 

00:12:28.2 N f A  DAC -- 
(748.2) 

186 Signal  from LVDC for :  
Telemetry Ca l ib ra to r  
Inf  l i g h t  Ca l ib ra t e  ON 

187a Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays ON 

187b S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

188 Align Axis wi th  Local 
Hor izonta l  

189 S igna l  from LVDC fo r :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

190a Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays OFF 

190b S igna l  Received in 
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays OFF 

191a S igna l  from LWC for:  
SSB Transmi t te r  OFF 

191b S igna l  Received in 
S-IVB fo r :  SSB 
Transmi t te r  Group 
OFF 

192a S igna l  from LVDC for :  
SSB Group OFF 

192b S igna l  Received in 
S-IVB for :  SSB 
Group OFF 

193a S igna l  from LVDC for :  
LH2 Tank Continuous 
Vent Valve Open ON 

193b Signal  Received i n  
s-IVB for: LH2 Tank 
Continuous Vent Valve 
open ON 

194a S igna l  from LVDC fo r :  
LH2 Tank Continuous 
Vent Valve Open OFF 

194b S igna l  Received in 
s - 1 ~ ~  for: LH2 Tank 
Continuous Vent Valve 
Open OFF 

00: 11: 09.3 
(669.3) 

TB5 +12.2 00:12:39.451 TB5 +12.153 MSFC -- 
(759.451) 

00: 11:09.5 
(669.5) 

TB5 +12.4 00:12:39.660 TB5 +12.362 MSFC -- 
(759.660) 

00:12:34.620 TB5 +12.322 DAC -- 
(759.620) (FM) 

S-IVB 

00:11:12.1 N f A  

TB5 +17.2 

00: 12:44 N / A  DAC -- 
(764) 

00:12:44.470 TB5 +17.172 MSFC -- 
(764.470) 

00:11:14.3 
(674.3) 

I U  

00:11:14.5 
(674.5) 

TB5 +17.4 00:12:44.652 TB5 +17.354 MSFC -- 
(764.652) 

S-IVB 00:12:44.645 TB5 +17.302 DAC -- 
(764.645) 

00: 11: 19.1 
(679.1) 

TB5 +22.0 

-- 

I U  

S-IVB 

00:12:49.255 TB5 +21.957 MSFC -- 
(769.255) 

00:12:49.248 TB5 +21.950 DAC 1 3  
(769.248) (PM) 

0O:ll: 19.3 
(679.3) 

TB5 +22.2 

-- 

00:12:49.459 TB5 f22.161 MSFC -- 
(769.459) 

00:12:49.452 TB5 +22.154 DAC 13 
(769.452) (m) 

I U  

s-IVB 

00: 1 k 5 6 . 1  
(716.1) 

TB5 +59.0 I U  00:13:26.251 TB5 +58.953 MSFC -- 
(806.251) 

00:13:26.22 TB5 +58.922 DAG 13  
(806.22) (FM) 

s-IVB 

I U  00:13:28.257 TB5 +60.959 MSFC -- 
(808.257) 

00:11:58.1 
(718.1) 

TB5 +61.0 

i 
' I  

s-IVB 00:13:28.22 TB5 +60.922 DAC 1 3  
(808.22) (FM) 
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Sect ion  5 
Sequence of  Events 

TABLE 5-1 (Sheet 17  of 40) 
AS-502 SEQUENCE OF EVENTS 

00: 12: 25.1 
(745.1) 

195a 

195b 

196a 

196b 

19 7 

198a 

19 8b 

19 9 

200 

201a 

201b 

202a 

202b 

203a 

20 3b 

204 

205 

206 

S igna l  from LVDC for :  
S-IVB Ullage Engine 
No. 1 OFF 

S igna l  Received i n  
S-IVB for :  Ullage 
Engine No. 1 OFF 

Signal  from LVDC for :  
S-IVB Ullage Engine 
No. 2 OFF 

S igna l  Received i n  
S-IVB fo r :  S-IVB 
Ullage Engine No. 2 
OFF 

Signal  from LVDC for :  
S-IVB Ullage Thrust 
Present  OFF 

S igna l  from LVDC fo r :  
Emergency Playback 
Enable ON 

S igna l  Received i n  
S-IVB for :  Emergency 
Playback Enable ON 

S igna l  from LVDC for: 
Tape Recorder Play- 
back Reverse ON 

Rol l  180' t o  Pos i t i on  
I11 Down 

TB5 +88.0 

-- 

TB5 f88 .1  

-- 

TB5 +88.3 

TB5 f88.5 

-- 

TB5 +89.2 

N /A 

TB5 f161.5 

-- 

TB5 +162.2 

-- 

TB5 +172.2 

-- 

TB5 +173.2 

Variable 

N/A 

IU 

S-IVB 

I U  

S-IVB 

IU 

IU 

S-IVB 

IU 

N /A 

I U  

S-IVB 

I U  

s-IVB 

I U  

s-IVB 

IU 

I U  

NIA 

00: 13:55.251 
(835.251) 

TB5 C87.953 MSFC 

00: 13: 55.21 
(835.21) 

TB5 +87.912 DAC 
(FM) 

00: 12 :  25.2 
(745.2) 

00:13:55.350 
(835.350) 

TB5 +88.052 MSFC 

00: 13: 55.31 
(835.31) 

TB5 +88.012 DAC 
(FM) 

00: 12: 25.4 
(745.4) 

00:13:55.560 
(835.560) 

TB5 f88.262 MSFC 

00: 12: 25.6 
(745.6) 

00:13:55.75 
(835.75)* 

TB5 +88.452 MSFC 

00: 13: 55.71 
(835.71) 

TB5 f88.412 DAC 

00:13:56.452 
(836.452) 

TB5 +89.154 MSFC 00: 12: 26.3 
(746.3) 

00 : 12: 37.1 00: 13:57 
(837) 

00: 15: 08.75 
(908.75)* 

N/A DAC 

00:13:38.6 
(818.6) 

TB5 +161.452 MSFC Signal  from LVDC fo r :  
Emergency Playback 
Enable OFF 

Signal  Received i n  
S-IVB for :  Emergency 
Playback Enable OFF 

Signal  from LVDC for :  
Slow Record ON 

S igna l  Received i n  
S-IVB for :  Slow 
Record ON 

S igna l  from LVDC f o r  
Slow Record ON 

S igna l  Received i n  
S-IVB fo r :  Slow 
Record ON 

S igna l  from LVDC for :  
Tape Recorder Play- 
back Reverse OFF 

00: 15:08.72 
(908.72) 

TB5 +161.422 DAC 
(EM) 

00 : 15 : 09.45 
(909.45) * 

00:15:09.42 
(909.42) 

TB5 +162.152 MSFC 00: 13: 39.3 
(819.3) 

TB5 C162.122 DAC 
(FM) 

00:13:49.3 
(829.3) 

00 : 15: 19.45 
(919.45)* 

00:15:19.42 
(919.42) 

TB5 +172.152 MSFC 

TB5 +172.122 DAC 
(FM) 

00:13:50.3 
(830.3) 

00:15:20.45 
(920.45) * 

TB5 +173.152 MSFC 

Signal  from LVDC for :  
Water Coolant Valve Closed 

S-I1 Impact 00: 19 :41.158 
(1,181.158) 

00:18:04.077 
(1084.077) 

00:20:51.24 
(1,251.24) 

TB5 f336.779 MSFC 

N /A MSFC 
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Sect ion  5 
Sequence o f  Events 

TABLE 5-1 (Sheet 18 of 40) 
AS-502 SEQUENCE OF EVENTS 

207a 

207b 

208a 

20 8b 

209a 

209b 

210a 

210b 

211a 

2 l l b  

212a 

212b 

213a 

213b 

214 

215 

216a 

216b 

Signal  from LVDC for :  
Engine Pump Purge 
Control Valve Enable 
OFF 

S i g n a l  Received i n  
S-IVB for:  Engine 
Pump Purge Control 
Valve Enable OFF 

Signal  from LVDC for :  
Slow Record ON 

S igna l  Received i n  
S-IVB fo r :  Slow 
Record ON 

S igna l  from LVDC for:  
Slow Record OFF 

S igna l  Received i n  
S-IVB for :  Slow 
Record OFF 

S igna l  from LVDC for :  
Recorder Playback ON 

S igna l  Received i n  
S-IVB f o r :  Recorder 
Playback ON 

S igna l  from LVDC for 
Recorder Playback OFF 

S igna l  Received i n  
S-IVB for :  Recorder 
Playback OFF 

S igna l  from LVDC fo r :  
Slow Record ON 

S igna l  Received i n  
S-IVB for :  Slow 
Record ON 

S igna l  from LVDC fo r :  
Slow Record ON 

S igna l  Received i n  

Record ON 

I n i t i a t e  20' P i t ch  
Down 

S igna l  from LVDC for:  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

S igna l  from LVDC for :  
Regular Ca l ib ra t e  
Relays ON 

S igna l  Received i n  
S-IVB for:  Regular 
Ca l ib ra t e  Relays ON 

S-IVB for :  Slow 

00:20:59.7 TB5 +602.6 
(1,259.7) 

00:37:50.6 TB5 +1,613.5 
(2,270.6) 

-- -- 

00:38:22.6 TB5 +1,645.4 
(2,302.6) 

-- -- 

00:38:22.8 TB5 +1,645.7 
(2,302.8) 

00:41:10.6 TB5 +1,813.5 
(2,470.6) 

00:41:10.8 TB5 +1,813.7 
(2,470.8) 

00:41:20.8 TB5 +1,823.7 
(2,480.8) 

-- -- 

00:51:57.1 N/A 
(3,117.1) 

00:54:10.6 TB5 +2,593.5 
(3,250.6) 

00:54:10.8 TB5 +2,593.7 
( 3,240.8) 

I U  

S-IVB 

I U  

S-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

S-IVB 

N/A 

I U  

I U  

S-IVB 

00:22:29.85 TB5 +602.552 MSFC 
(1,349.85)* 

00:22:29.852 TB5 +602,554 DAC 
(1,349.852) (m 

00:39:20.75 TB5 +1,613.452 MSFC 
(2,360.75) * 
00:39:20.70 TB5 +1,613.402 DAC 

(2,360.70) (FM) 

00:39:52.75 TB5 +1,645.452 MSFC 
(2,392.75) * 
00:39:52.70 TB5 +1,645.402 DAC 

(2,392.70) (FM) 

00:39:52.95 TB5 +1,645.652 MSFC 
(2,392.95) * 
00:39:52.90 TB5 +1,645.602 DAC 

(2,392.90) ow 

00:42:40.75 TB5 +1,813.452 MSFC 
(2,560.75) * 
00:42:40.72 TB5 +1,813.422 DAC 

(2,560.72) (m 

00:42:40.95 TB5 +1,813.652 MSFC 
(2,560.95)* 

00:42:40.92 TB5 +1,813.622 DAC 
(2,560.92) 

00:42:50.95 TB5 +1,823.652 MSFC 
(2,570.95) * 
00:42:50.92 TB5 +1,823.622 DAC 

(2,570.92) (FM) 

00:53:27 N/A DAC 
(3,207) 

00:55:40.251 TB5 +2,593.453 MSFC 
(3,340.751) 

00:55:40.951 TB5 +2,593.653 MSFC 
(3,340.951) 

00:55:40.96 TB5 +2,593.655 DAC 
(3,340.96) (FM) 
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PREDICTED TIME MONITORED TIME 

TIME FROM 

(hr: min: sec) 
TIME FROM SIGNAL RANGE TIME FROM DATA ACCURACY 

SOURCE (ms)  BASE RANGE ZERO BASE 

(see) (see)  (set) 
(hr:min: s ec )  EVENT ITEM 

NO. 
(s-3 

' i  

217 S igna l  from LVDC for :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  OFF 

Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays OFF 

Signal  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays OFF 

Signal  from LVDC fo r :  
C-Band Transponder 
No. 1 and No. 2 ON 

S igna l  from LVDC for :  
C-Band Transponder 
No. 1 OFF 

Signal  from LVDC for :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

S igna l  from LVDC for :  
Slow Record ON 

S igna l  Received i n  
S-IVB for: S l o w  
Record ON 

S igna l  from LVDC fo r :  
Regular Ca l ib ra t e  
Relays ON 

S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

S igna l  from LVDC for:  
Telemetry Ca l ib ra t e  
OFF 

Signal  from LVDC fo r :  
Regular Ca l ib ra t e  
Relays OFF 

Signal  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays 
OFF 

S igna l  from LVDC for :  
Slow Record OFF 

Signal  Received i n  
S-IVB for :  Slow 
Record OFF 

Signal  from LVDC for :  
Recorder Playback ON 

S igna l  Received i n  
S-IVB for :  Recorder 
Playback ON 

I n i t i a t e  90" P i t c h  Up 
Maneuver 

S igna l  from LVDC for :  
Recorder Playback OFF 

00:54:15.6 TB5 +2,598.5 
(3,245.6) 

I U  

I U  

s-IVB 

I U  

I U  

I U  

I U  

S-IVB 

I U  

S-IVB 

I U  

I U  

s-IVB 

I U  

s-IVB 

IU 

S-IVB 

I U  

00:55:45.772 
(3,345.772) 

TB5 +2,598.474 MSFC 

218a 00:54:15.8 TB5 +2,598.7 
(3,245.8) 

00:55:45.963 
(3.345.963) 

TB5 +2,598.665 MSFC 

218b 

219 

220 

221 

00:55:46.02 
(3,346.02) 

TB5 +2,598.722 DAC 
(FM) 

Variab le  00:59:40.803 
(3,580.803) 

TB5 +2,833.505 MSFC 

Variable 00:59:40.872 
(3,580.872) 

TB5 +2,833,574 MSFC 

01:28:15.6 TB5 +4,638.5 
(5,295.6) 

01:29:45.75 
(5,385.75) * 

TB5 +4,638.452 MSFC 

222a 

222b 

01: 28: 15.8 TB5 +4,638.7 
(5,295.8) 

01: 29: 45.95 
(5,385.95)" 

01: 29: 45.95 
(5,385.93) 

TB5 +4,638.652 MSFC 

TB5 +4,638.632 DAC 
( FM) 

01:28:16.0 TB5 +4,638.9 
(5,296 . O )  

223a 01:29:46.15 
(5,386.15)" 

TB5 +4,638.822 MSFC 

223b 01:29:46.12 
(5,386.12) 

TB5 +4,638.822 DAC 

224 01:28:20.6 TB5 +4,643.5 
(5,300.6) 

01:29:50.749 
(5,390.749) 

TB5 +4,643.451 MSFC 

225a 01:28:21.0 TB5 +4,643.9 
(5,301.0) 

01: 29: 51.150 
(5,391.150) 

TB5 +4,643.852 MSFC 

225b 01: 29:51.11 
(5,391.11) 

TB5 +4,643.812 DAC 
(FM) 

226a 

226b 

01:28:47.8 TB5 +4,670.7 
(5,327.8) 

01:30:17.951 
(5,417.951) 

01: 30: 17.95 
(5,417.95) 

TB5 +4,670.653 MSFC 

TB5 +4,670.652 DAC 

227a 

227b 

01:28:48.2 TB5 +4,671.1 
(5,328.2) 

01: 30: 18.351 
(5,418.351) 

01: 30: 18.33 
(5,418.33) 

TB5 +4,671.053 MSFC 

TB5 +4,671.032 DAC 
(FM) 

228 

229a 

01:28:57.1 N f A  
(5,337.1) 

01:34:44.6 TB5 +5,027.5 
(5,684.6) 

01:30: 27 
(5,427) 

01:36:14.751 
(5,774.751) 

N f A  DAC 

TB5 +5,027.453 MSFC 
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Sequence of  Events 

TABLE 5-1 (Sheet 20 of 40) 
AS-502 SEQUENCE OF EVENTS 

229b 

230a 

230b 

231 

232a 

232b 

233 

234 

235 

236 

237 

238 

239 

240 

241a 

241b 

242 

S igna l  Received i n  
S-IVB for :  Recorder 
Playback OFF 

Signal  from LVDC fo r :  
Slow Record ON 

S igna l  Received i n  
S-IVB for :  Slow 
Record ON 

Rol l  180° 
(Pos i t i on  I Down) 

S igna l  from LVDC for :  
Slow Record ON 

S igna l  Received i n  
S-IVB for :  Slow 
Record ON 

Rol l  180' t o  Pos i t i on  
I Down 

Signal  from LVDC for:  
C-Band Transponder 
No. 1 & No. 2 ON 

Signal  from LVDC for :  
C-Band Transponder 
No. 1 OFF 

Signal  from LVDC fo r :  
Water Coolant Valve 
Open 

Signal  from LVDC fo r :  
C-Band Transponder 
No. 1 & No. 2 ON 

S igna l  from LVDC for :  
C-Band Transponder 
No. 2 OFF 

Signal  from LVDC for :  
Water Coolant Valve 
Closed 

Signal  from LVDC for :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

S igna l  from LVDC fo r :  
Regular Ca l ib ra t e  
Relays ON 

S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

S igna l  from LVDC fo r :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

01:34:45.0 
(5,685 .O) 

01:34:45.73 
(5,685.73) 

01:34:55.0 
(5,695 .O) 

01: 34:57.1 
(5,697.1) 

01: 44: 10.6 
(6,250.6) 

01:44:10.8 
(6,250.8) 

01:44:15.6 
(6,255.6) 

-- 

TB5 +5,027.9 

-- 

N I A  

TB5 +5,037.9 

-- 

TB5 +5,040.0 

Variable 

Var iab le  

Var iab le  

Var iab le  

Var iab le  

Var iab le  

TB5 +5,593.5 

TB5 +5,593.7 

-- 

TB5 +5,598.5 

s-IVB 

I U  

s-IVB 

-- 

I U  

s-IVB 

N/A 

I U  

I U  

I U  

I U  

I U  

I U  

I U  

I U  

s-IVB 

IU 

01:36:14.71 TB5 +5,027.412 DAC 
(5,774.71) (FM) 

01:36:15.151 TB5 +5,027.853 MSFC 
(5,775.151) 

01:36:15.09 TB5 +5,027.792 DAC 
(5,775.09) 

01: 36 : 27 N I A  DAC 
(5,787) 

01:36:15.152 TB5 +5,037.854 MSFC 
(5,785.152) 

01:36:25.12 TB5 +5,037.822 DAC 
(5,785.12) (m) 

01:36:27 TB5 +5,040 DAC 
(5,787) 

01:37:01.509 TB5 +5,074.211 MSFC 
(5,821.509) 

01:37:01.580 TB5 +5,074.282 MSFC 
(5,821.580) 

01:38:11.178 TB5 +5,143.880 MSFC 
(5,891.178) 

01:38:45.512 TB5 +5,178.214 MSFC 
(5,925.512) 

01:38:45.582 TB5 +5,178.284 MSFC 
(5,925.582) 

01:43:11.646 TB5 +5,444.348 MSFC 
(6,19 1.646) 

Ok45.751 TB5 +5,593.453 MSFC 
(6,340.751) 

01:45:40.951 TB5 +5,593.653 MSFC 
(6,340.951) 

01:45:40.92 TB5 +5,593.622 DAC 
(6,340.92) (FM) 

01:45:45.757 TB5 +5,598.459 MSFC 
(6,345.757) 

5-25 



Sect ion  5 
Sequence of  Events 

PREDICTED TIME MONITORED TIME 

T&2EFzo TIME FROM M O N F R E D  SIGNAL ~i DATA 

SOURCE 
( s e d  (see) ( s e d  

( h r  : min : sec)  
(set) 

TABLE 5-1 (Sheet 21  of  40) 
AS-502 SEQUENCE OF EVENTS 

I I I I I I I I 

(ms)  
ITEM 

NO. EVENT 

243a S igna l  from LWC for :  
Regular Ca l ib ra t e  
Relays OFF 

2431, S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays OFF 

244 Signal  from LVDC for :  
C-Band Transponder 
No. 1 & No. 2 ON 

245 Signal  from LVDC fo r :  
C-Band Transponder 
No. 1 OFF 

246a Signal  from LVDC for :  
S l o w  Record ON 

246b Signal  Received i n  
S-IVB for :  Slow 
Record ON 

247a Signal  from LVDC for: 
Slow Record OFF 

247b Signal  received i n  
S-IVB fo r :  Slow 
Record OFF 

248a Signal  from LVDC fo r :  
Recorder Playback ON 

2481, S igna l  Received i n  
S-IVB fo r :  Recorder 
Playback ON 

249 Signal  from LVDC for :  
Water Coolant Valve Closed 

250a Signal  from LVDC for :  
Recorder Playback OFF 

250b Signal  Received i n  
S-IVB for :  Recorder 
Playback OFF 

251a Signal  from LVDC fo r :  
Slow Record ON 

251b Signal  Received i n  
S-IVB for :  Slow 
Record ON 

252a Signal  from LVDC f o r :  
S l o w  Record ON 

252b Signal  Received i n  
S-IVB for :  Slow 
Record ON 

253a Signal  from LVDC for: 
Regular Ca l ib ra t e  
Relays ON 

253b S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

01:44:15.8 TB5 +5,598.7 
(6,255.8) 

Var iab le  

Var iab le  

02:10:17.6 TB5 +7,160.5 
(7,817.6) 

02:10:49.6 TB5 +7,192.5 
(7,849.6) 

02:10:49.8 TB5 +7,192.7 
(7,849.8) 

Var iab le  

02:15:20.4 TB5 +7,463.3 
(8,120.4) 

02:15:20.6 TB5 +7,463.5 
(8,120.6) 

02:15:30.6 TB5 +7,473.5 
(8,130.6) . 

02:28:10.6 TB5 +8,233.5 
(8,890.6) 

-- 

TU 

s-IVB 

I U  

I U  

I U  

S-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

I U  

S-IVB 

I U  

S-IVB 

I U  

s-IVB 

I U  

s-IVB 

01:45:45.957 TB5 +5,598.659 MSFC 
(6,345.957) 

01:45:45.92 TB5 +5,598.622 DAC 
(6,345.92) (FM) 

01:50:37.210 TB5 +5,889.912 MSFC 
(6,637.210) 

01:50:37.281 TB5 +5,889.983 MSFC 
(6,637.281) 

02:11:47.75 TB5 +7,160.452 MSFC 
(7,907.75)* 

02:11:47.73 TB5 +7,160.432 DAC 
(7,907.73) (FM) 

02:12:19.765 TB5 +7,192.476 MSFC 
(7,939.765)* 

02:12:19.72 TB5 +7,192.422 DAC 
(7,939.72) (FM) 

02:12:19.965 TB5 +7,192.667 MSFC 
(7,939.965)* 

02:12:19.92 TB5 +7,192.622 DAC 
(7,939.92) ( FM) 

02:13:15.446 TB5 +7,248.148 MSFC 
(7,995.446) 

02:16:50.55 TB5 +7,463.252 MSFC 
(8,210.55) * 
02:16:50.50 TB5 +7,463.202 DAC 

(8,210.50) ( FM) 

02:16:50.75 TB5 +7,463.452 MSFC 
(8,210.75)* 

02:16:50.70 TB5 +7,463.402 DAC 
(8,210.70) 

02:17:00.752 TB5 +7,473.454 MSFC 
(8,220.752)* 

02:17:00.70 TB5 +7,473.402 DAC 
(8,220.70) (FM) 

02:29:40.752 TB5 +8,233.454 MSFC 
(8,980.752) 

02:29:40.74 TB5 +8,233.442 DAC 
(8,980.74) (FM) 

t 
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Sect ion  5 
Sequence of  Events 

TABLE 5-1 (Sheet 22 of 40) 
AS-502 SEQUENCE OF EVENTS 

254 

255a 

255b 

256 

257a 

257b 

258a 

258b 

259a 

259b 

260a 

260b 

261a 

261b 

262a 

262b 

263a 

263b 

S igna l  from LVDC for :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

S igna l  from LVDC fo r :  
Regular Ca l ib ra t e  
Relays OFF 

S igna l  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays OFF 

S igna l  from LVDC fo r :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

S igna l  from LVDC fo r :  
Slow Record ON 

S igna l  Received i n  
S-IVB for :  Slow 
Record ON 

S igna l  from LVDC for :  
Slow Record OFF 

Signal  Received i n  
S-IVB for :  Slow 
Record OFF 

Signal  from LVDC for :  
Recorder Playback ON 

S igna l  Received i n  
S-IVB for :  Recorder 
Playback ON 

S igna l  from LVDC fo r :  
Recorder Playback OFF 

S igna l  Received i n  
S-IVB for :  Recorder 
Playback OFF 

S igna l  from LVDC for :  
Slow Record ON 

S igna l  Received i n  
S-IVB for :  Slow 
Record ON 

S igna l  from LVDC for :  
Slow Record ON 

S igna l  Received i n  
S-IVB for :  Slow 
Record ON 

S igna l  from LVDC f o r :  
Aux. Hydraulic Pump 
F l igh t  Mode ON 

S igna l  Received i n  
S-IVB for :  Aux. 
Hydraulic Pump F l igh t  
Mode ON 

02:28:10.8 TB5 +8,233.7 
(8,890.8) 

02:28:15.6 TB5 +8,238.5 
(8,89 5.6) 

02:28:15.8 TB5 +8,238.7 
(8,895.8) 

02:52:00.6 TB5 +9,663.5 
(10,320.6) 

02:52:32.6 TB5 +9,695.5 
(10,352.6) 

02:52:32.8 TB5 +9,695.7 
(10,352.8) 

02:56:57.6 TB5 +9,960.5 
(10,377.6) 

02:56:57.8 TB5 +9,960.7 
(10,377.8) 

02:57:07.8 TB5 +9,970.7 
(10,627.8) 

-- -- 

02:58:52.1 TB5 +10,075.0 
(10,732.1) 

I U  

I U  

s-IVB 

I U  

IU 

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

02:29:40.952 TB5 +8,233.654 MSFC 
(8,980.952) 

02:29:45.751 TB5 +8,238.453 MSFC 
(8,9 85.751) 

02:29:45.70 TB5 +8,238.402 DAC 
(8,985.70) (FpI) 

02:29:45.951 TB5 +8,238.653 MSFC 
(8,985.951) 

02:53:30.75 TB5 +9,663.452 MSFC 
(10,410.75)* 

02:53:30:739 TB5 +9,663.441 DAC 
(10,410.739) (FM) 

02:54:02.75 TB5 +9,695.452 MSFC 
(10,442.75) * 
02:54:02.755 TB5 +9,695.457 DAG 
(10,442.755) (FM) 

02:54:02.95 TB5 +9,695.652 MSFC 
(10,442.95)* 

02:54:02.949 TB5 +9,695.651 DAC 
(10,442.949) (FM) 

02:58:27.75 TB5 +9,960.452 MSFC 
(10,707.75) * 
02:58:27.731 TB5 +9,960.433 DAC 
(10,707.731) (FM) 

02:58:27.95 TB5 +9,960.652 MSFC 
(10,707.95) * 
02:58:27.931 TB5 +9,960.633 DAC 
(10,707.931) (rn 

02:58:37.95 TB5 +9,970.652 MSFC 
(10,717.95)* 

02:58:37.935 TB5 +9,970.637 DAC 
(10,717.935) (FM) 

03:00:22.25 TB5 +10,074.952 MSFC 
(10,822.25)* 

03:00:22.231 TB5 +10,074.933 DAC 
(10,822.231) (FM) 
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Sect ion  5 
Sequence of Events 

PREDICTED TIME MONITORED TIME 

TIME FROM 
DATA 

SOURCE 

T&:EFgo TIME FROM SIGNAL 
BASE BASE (hr:min:sec) EVENT ITEM 

NO. 
(set) (set) (set> (set) 

ACCUUCI 
(ms)  

264a S igna l  from LVDC for :  
Aux. Hydraulic Pump 
Coast Mode OFF 

264b Signal  Received i n  
S-IVB fo r :  Aux. 
Hydraulic Pump Coast 
Mode OFF 

265a S igna l  from LVDC fo r :  
LOX Chilldown Pump ON 

265b Signal  Received i n  
S-IVB fo r :  LOX Chill-  
down Pump ON 

266a S igna l  from LVDC fo r :  
Fuel Chilldown Pump 
ON 

266b S igna l  Received i n  
S-IVB for :  Fuel 
Chilldown Pump ON 

267a S igna l  from LVDC fo r :  
Prevalves Close ON 

267b Signal  Received i n  
S-IVB fo r :  Prevalves 
Close ON 

268 S igna l  from LVDC for :  
C-Band Transponder 
No. 1 & No. 2 ON 

269 Signal  from LVDc for :  
C-B and Trans ponder 
No. 2 OFF 

270 Signal  from LVDC fo r :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

271a Signal  from LVDC fo r :  
Regular Ca l ib ra t e  
Relays ON 

271b Signal  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays ON 

272 S igna l  from LVDC for :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
OFF 

273a Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays OFF 

273b S igna l  Received i n  
LVDC fo r :  Regular 
Ca l ib ra t e  Relays OFF 

02:58:52.3 TB5 +10,075.2 
(10,732.3) 

-- -- 

02:59:42.1 TB5 +10,125.0 
(10,782.1) 

-- -- 

02:59:47.1 TB5 +10,130.0 
(10,787.1) 

02:54:57.1 TB5 +10,140.0 
(10,747.1) 

-- -- 

Variab 

V a r i a b  

e 

e 

03:06:10.6 TB5 +10,513.5 
(11,170.6) 

03:06:10.8 TB5 +10,513.7 
(11.170.8) 

03:06:15.6 TB5 +10,518.5 
(11,175.6) 

03:06:15.8 TB5 +10,518.7 
(11,175.8) 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

IU 

s-IVB 

I U  

I U  

I U  

I U  

S-IVB 

IU 

I U  

s-IVB 

03:00:22.45 TB5 +10,075.152 MSFC -- 
(10,822.45)* 

03:00:22.435 TB5 +10,075.147 DAC 1 3  
(10,822.435) (FM) 

03:01:12.25 TB5 +10,124.952 MSFC -- 
(10,872.25)* 

03:01:12.205 TB5 +10,124.907 DAC 25 
(10,872.205) (PCM) 

03:01:17.225 TB5 +129.952 MSFC -- 
(10,877.25)* 

03:01:17.225 TB5 +10,129.927 DAG 25 
(10,877.225) (PCM) 

03:01:27.25 TB5 +10,139.952 MSFC -- 
(10,887.25) * 
03:01:27.225 TB5 +10,139.927 DAC 25 
(10,887.225) (PCM) 

03:04:29.038 N /A MSFC -- 
(11,069.038) 

MSFC -- N /A 03:04:29.038 
(11,069.109) 

03:07:40.751 TB5 +10,513.453 MSFC -- 
(11,260.751) 

03:07:40.950 TB5 +10,513.652 MSFC -- 
(11,260.950) 

03:07:40.93 TB5 +10 
(11,260.93) 

03:07:45.757 TB5 +10 
(11,265.757) 

513.632 DAC 13 
(FM) 

518.459 MSFC -- 

03:07:45.956 TB5 +10,518.658 MSFC -- 
(11,265.956) 

03:07:45.93 TB5 +10,518.632 DAC 1 3  
(11,265.93) (FM) 
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Sect ion  5 
Sequence of Events 

TABLE 5-1 (Sheet 24 of  40) 
AS-502 SEQUENCE OF EVENTS 

RANGE ZERO RANGE ZERO* 

TIME BASE 6 

274 Begin Restart 
Prepara t ions  

275a Signal  from LVDC fo r :  
S-IVB Ullage Engine 
no. 1 ON 

03: 04: 34.0 
(11,074) 

03:04: 34.2 
(11,074.2) 

TB6 +0.0 

TB6 +0.2 

-- 

TB6 +0.3 

-- 

TB6 +0.5 

TB6 +0.8 

-- 

TB6 +1.0 

-- 

TB6 +1.2 

-- 

TB6 +1.4 

TB6 +2.8 

-- 

I U  

I U  

s-IVB 

I U  

s-IVB 

I U  

I U  

S-IVB 

IU 

s-IVB 

IU 

s-IVB 

I U  

s-IVB 

03:08:07.733 
(11,287.733) 

03:08:07.904 
(11,287.904) 

TB6 M.0 MSFC 

TB6 M.171 MSFC 

275b 

276a 

276b 

277 

278a 

278b 

279a 

279b 

280a 

280b 

281 

282a 

282b 

S igna l  Received i n  
S-IVB fo r :  S-IVB 
Ullage Engine No. 1 
OK 

Signa l  from LVDC for:  
S-IVB Ullage Engine 
No. 2 ON 

S igna l  Received i n  
S-IVB for :  Ullage 
Engine No. 2 ON 

S igna l  from LVDC for :  
S-IVB Ullage Thrust 
Present  ON 

S igna l  from LVDC fa r :  
LH2 Tank Vent Valve 
Boost Close ON 

S igna l  Received i n  
S-IVB for :  LH2 Tank 
Vent Valve Boost 
Close ON 

S i g n a l  from LVDC for :  
LOX Tank Vent Valve 
Boost Close ON 

S igna l  Received i n  
S-IVB for :  LOX Tank 
Vent Valve Boost 
Close ON 

S igna l  from LVDC for:  
Continuous Vent Valve 
Close ON 

S igna l  Received i n  
S-IVB for :  Continuous 
Vent Valve Close ON 

S igna l  from LVDC fo r :  
C-Band Transponders 
NO. 1 & no. 2 on 
S igna l  from LVDC for :  
LH2 Tank Vent Valve 
Boost Close OFF 

Signal  Received i n  
S-IVB for :  LH2 Tank 
Vent Valve Boost 
Close OFF 

03:08:07.888 
(11,287.888) 

TB6 +.155 DAC 
(FM) 

03:04:34.3 
(11,074.3) 

03:08:08.005 
(11,288.005) 

TB6 +.272 MSFC 

03:08:07.989 
(11,287.989) 

TB6 +.259 DAC 
(FM) 

03:04:34.5 
(11,074.5) 

03: 08:08.188 
(11,288.188) 

TB6 +.455 MSFC 

03:04:34.8 
(11,074.8) 

03:08:08.485 
(11,288.485) 

TB6 +.752 MSFC 

03:08:08.464 
(11,28 8.464) 

TB6 f .731  DAC 
(FM) 

03:04:35.0 
(11,075.0) 

03:08:08.691 
(11,288.691) 

TB6 +.958 MSFC 

03:08:08.672 
(11,288.672) 

TB6 +.939 DAC 
(FM) 

03:04:35.2 
(11,075.2) 

03: 08: 08.886 
(11,288.886) 

TB6 +1.153 MSFC 

03 : 0 8 : 08.86 7 
(11,288.867) 

TB6 +1.134 DAC 
(FM) 

03:04:35.0 
(11,075 .O) 

02: 08:09.086 
(11,289.086) 

TB6 +1.353 MSFC 

03:04:36.8 
(11,076.8) 

03:08:10.486 
(11,290.486) 

TB6 +2.753 MSFC 

03:08:10.47 
(11,290.470) 

TB6 +2.857 DAC 
(FM) 
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Sect ion  5 
Sequence of  Events 

TABLE 5-1 (Sheet 25 of 40) 
AS-502 SEQUENCE OF EVENTS 

283a Signal  from LVDC fo r :  03:04:37.0 TB6 +3.0 IU 03:08:10.690 TB6 +2.957 MSFC -- 
LOX Tank Vent Valve (11,077) (11,290.690) 
Boost Close O F F  

283b S igna l  Received i n  -- -- S-IVB 03:08:10.674 TB6 f2.941 DAC 13 
S-IVB fo r :  LOX (11,290.674) (FM) 
Tank Vent Valve 
Boost Close OFF 

284a Signal  from LVDC fo r :  03:04:37.2 TB6 +3.2 IU 03:08:10.910 TB6 +3.177 MSFC -- 
Continuous Vent Valve (11,077.2) (11,290.910) 
Close OFF 

284b Signal  Received i n  -- -- S-IVB 03:08:10.895 TB6 f3.162 DAC 13 
S-IVB fo r :  Con- (11,290.895) (FM) 
t inuous Vent Valve 
Close OFF 

285a Signal  from LVDC for :  03:04:40.0 TB6 +6.0 IU 03:08:13.687 TB6 +5.954 MSFC -- 
Fuel Chilldown Pump (11,080 .O) (11,293.687) 
ON 

285b Signal  Received i n  -- -- S-IVB 0 3 ~ 0 8 :  13.667 TB6 +5.934 DAG 1 3  
S-IVB for :  Fuel (11,293.667) ( FM) 
Chilldown Pump ON 

286a Signal  from LVDC for :  03:04:45.0 TB6 +11.0 IU 03:08:18.686 TB6 +10.953 MSFC -- 
LOX Chilldown Pump ON (11,085.0) (11,298.686) 

286b Signal  Received i n  -- -- S-IVB 03:08:18.671 TB6 +10.938 DAC 13  
S-IVB for :  LOX (11,29 8.6 71) ( FM) 
Chilldown Pump ON 

287a S igna l  from LVDC fo r :  03:04:55.0 TB6 f21.0 IU 03:08:28.686 TB6 +20.953 MSFC -- 
Prevalves Close ON -' 095.0) (11,308.686) * 

2871, S igna l  Received i n  -- -- S-IVB 03:08:28.671 TB6 +20.938 DAC 13  
S-IVB fo r :  Prevalves (11,308.671) (FM) 
Close ON 

288a S igna l  from LVDC for :  03:06:14.0 TB6 +100.0 IU 03:09:37.687 TB6 +99.954 MSFC -- 
LOX Repress Valve (11,174.0) (11,387.687) 
Open ON 

28% S igna l  Received i n  -- -- S-IVB 03:09:37.670 TB6 +99.937 DAC 1 3  
S-IVB fo r :  LOX (11,387.670) (FM) 
Repress Valve Open 
ON 

289 Signal  from LVDC for :  03:07:62.3 TB6 +148.3 IU 03:10:36.004 TB6 +148.271 MSFC -- 
T e l e m e t r y  Ca l ib ra t ion  (11,436.004) 
Inf  l i g h t  Ca l ib ra t e  ON 

290a Signal  from LVDC for :  03:07:07.3 TB6 f153.3 IU 03:10:40.985 TB6 +153.25 MSFC -- 
T e l e m e t r y  Ca l ib ra t e  (11,227.3) (11,440.985) 
I n f l i g h t  Ca l ib ra t e  
OFF 

290b I n i t i a t e  P i t ch  and Yaw 03:07:54.0 N /A IU 03:11:27.4 N/A DAC 100 
Maneuver f o r  Restart (11,274.0) (11,487.4) 
A t t i t ude  Or ien ta t ion  

291a S igna l  from LVDC for :  03:07:54.0 TB6 +200.0 IU 03:11:27.695 TB6 +199.962 MSFC -- 
LH2 Repress Control (11,274.0) (11,487.695) 
Valve Open ON 

' i  

i 
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Sect ion  5 
Sequence of  Events 

PREDICTED TIME 

T & ~ E F ~ ~ o  TIME FROM 
BASE (h r  : min: sec)  

(set) 

EVENT ITEM 
NO. 

b=c> 

TABLE 5-1 (Sheet 26 of 40) 
AS-502 SEQUENCE OF EVENTS 

MONITORED TIME 

SIGNAL FROM TIME FROM DATA 

SOURCE BASE 
(set) 

291b S igna l  Received i n  
S-IVB for:  LH2 Re- 
p re s s  Control Valve 
Open ON 

292a Signal  from LVDC for:  
SSB/FM Group ON 

292b Signal  Received i n  
S-IVB for:  SSB/FM 
Group ON 

293a Signal  from LVDC for:  
SSB/FM Transmi t te r  ON 

29% S igna l  Received i n  
S-IVB for :  SSB/FM 
Transmi t te r  ON 

294a S igna l  from LVDC fo r :  
Regular Ca l ib ra t e  
Relays ON 

2941, S igna l  Received in 
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays ON 

295a Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays OFF 

29% S igna l  Received i n  
S-IVB f o r :  Regular 
Ca l ib ra t e  Relays OFF 

296a Signal  from LVDC for :  
PU Valve Hardover 
Pos i t i on  ON 

296b Signal  Received i n  
S-IVB for :  PU Valve 
Hardover Pos i t i on  
ON 

297a Signal  from LVDC for :  

29713 Signal  Received i n  

Prevalve Closed OFF 

S-IVB for :  Prevalve 
Close OFF 

298 S igna l  from LMC for :  
S-IVB Restart A l e r t  

299a S ignal  from LVDC for:  
Engine Cutoff OFF 

299b Signal  Received i n  
S-IVB for :  Engine 
Cutoff OFF 

300a Signal  from LMC for :  
Engine Ready Bypass 

300b S i g n a l  Received i n  
S-IVB for :  Engine 
Ready Bypass 

-- 

03:08:02.3 
(11,282,3) 

-- 

03: 08: 02.5 
(11,282.5) 

-- 

03:09:02.5 
(11,342.5) 

-- 

03:09:07.5 
(11,352.5) 

-- 

03:09:21.0 
(11,366.0) 

-- 

03:09: 50.2 
(11,390.2) 

-- 

03:09:51.0 
(11,391.0) 

03:09:59.6 
(11,399.6) 

-- 

03:09:59.8 
(11,399.8) 

-- 

-- 

TB6 +208.3 

-- 

TB6 +208.5 

-- 

TB6 +268.5 

-- 

TB6 +273.5 

-- 

TB6 +287.0 

-- 

TB6 +316.2 

-- 

TB6 +317.0 

TB6 +325.6 

-- 

TB6 i-325.8 

-- 

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

s-IVB 

I U  

I U  

S-IVB 

I U  

s-IVB 

03:11:27.695 TB6 +199.962 DAC 
(11,487.695) (FM) 

03:11:35.995 TB6 +208.262 MSFC 
(11,495.995) 

03:11:35.975 TB6 f208.242 DAC 
(11,495.975) (FM) 

03:11:36.208 TB6 +208.475 MSFC 
(11,496.208) 

03:11:36.189 TB6 +208.456 DAC 
(11,496.189) (FM) 

03:12:36.186 TB6 +268.453 MSFC 
(11,556.186) 

03:12:36.168 TB6 C268.435 DAC 
(11,556.168) ( FM) 

03:12:41.197 TB6 -1-273.464 MSFC 
(11,561.19 7) 

03:12:41.179 TB6 f273.446 DAC 
(11,561.179) (mi) 

03:12:54.689 TB6 +286.956 MSFC 
(11,574.689) 

03:12:54.669 TB6 +286.936 DAC 
(11,574.669) (FM) 

03:13:23.896 TB6 C316.163 MSFC 
(11,603.896) 

03:13:23.881 TB6 +316.189 DAC 
(11,603.881) (FM) 

03:13:24.691 TB6 +316.958 MSFC 
(11,604.691) 

03:13:33.290 TB6 f325.557 MSFC 
(11,613.290) 

03:13:33.271 TB6 +325.579 DAC 
(11,613.271) (rn 

03:13:33.505 TB6 +325.772 MSFC 
(11,613.505) 

03:13:33.485 TB6 +325.793 DAC 
(11,613.485) (FM) 
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S e c t i o n  5 
Sequence of Events 

PREDICTED TIME MONITORED TIME 

TIME FROM 

MONITORED RANGE ZERO* AT (hr:min:sec) 

T&:EFym TIME FROM SIGNAL 
BASE BASE (hr:min:sec) EVENT ITEM 

NO. 
( s e d  (set) ( s e d  (set) 

DATA ACCURACY 
SOURCE (ms) 

TABLE 5-1 (Sheet 27 of 40) 
AS-502 SEQUENCE OF EVENTS 

301a 

301b 

302a 

302b 

303a 

303b 

304a 

304b 

305a 

305b 

305c 

S i g n a l  from LVDC f o r :  
LH2 Repress Cont ro l  
Valve Open OFF 

Signal  Received i n  
S-IVB for :  LH2 
Repress Cont ro l  
Valve Oper OFF 

S i g n a l  from LVDC f o r :  
Fue l  Chilldown Pump 
OFF 

S i g n a l  Received i n  
S-IVB for :  Fue l  
Chilldown Pump OFF 

S i g n a l  from LVDC f o r :  
LOX Chilldown Pump OFF 

Signal  Received i n  
S-IVB f o r :  LOX 
Chilldown Pump OFF 

Signal  from LVDC f o r :  
LOX Repress Cont ro l  
Valve Open OFF 

Signal  Received i n  
S-IVB f o r :  LOX 
Repress Cont ro l  Valve 
Open OFF 

Signal  from LVDC f o r :  
Engine S t a r t  ON 

S i g n a l  Received i n  
S-IVB for :  Engine 
S t a r t  ON 

5-2 Engine S t a r t  
Sequence 

03: 10:OO.O 
(11,400) 

-- 

03: 1O:OO. 2 
(11,400.2) 

-- 

03:10:00.4 
(11,400.4) 

-- 

03:10:00.8 
(11,400.8) 

-- 

03:lO:Ol.O 
(11,401.0) 

-- 

TB6 +326.0 

-- 

03: 13: 33.686 
(11,613.686) 

TB6 +325.953 MSFC 

TB6 +325.935 DAC s-IVB 

I U  

S-IVB 

I U  

S-IVB 

I U  

s-IVB 

I U  

s-IVB 

03: 13:33.668 
(11,613.668) 

TB6 +326.2 

-- 

TB6 +326.4 

-- 

TB6 +326.8 

-- 

03: 13: 33.899 
(11,613.899) 

TB6 +326.166 MSFC 

03: 13: 33.880 
(11,613.880) 

TB6 +326.147 DAC 
(FM) 

03:13:34.087 
(11,614.087) 

03:13:34.069 
(11,614.069) 

TB6 +326.354 MSFC 

TB6 +326.336 DAC 
(FM) 

03:13:34.505 
(11,614.505) 

TB6 +326.772 MSFC 

03: 13: 34.486 
(11,614.486) 

TB6 +326.767 DAC 
(FM) 

TB6 f327.0 

-- 

03: 13: 34.686 
(11,614.686) 

03: 13:34.677 
(11,614.667) 

TB6 +326.953 MSFC 

TB6 +326.936 DAC 
(FM) 

1. 

2. 

3. 

4. 

5. 

6. 

Helium Cont ro l  
Solenoid Energized 

Main Fuel Valve 
Close (Dropout) 

Main Fuel  Valve 
Open (Pickup) 

G a s  Generator 
Valve Closed 
(Dropout) 

Gas Generator 
Valve Open 
(Pickup) 

Main Oxid izer  
Valve Leaves 
Close P o s i t i o n  
(Dropout) 

-- S-IVB 03: 13: 34.667 -- 
(11,614.667) 

-- S-IVB 03:13:34.729 -- 
(11,614.729) 

-- S-IVB 03~13~34.752 -- 
(11,614.752) 

-- S-IVB 03:13:43.251 -- 
(11,623.251) 

25 

25 

25 

25 

-- S-IVB 0 3: 13 : 43.36 7 -- 
(11,623.367) 

25 -- 

I -- S-IVB 03: 13: 43.239 -- 
(11,623.239) 

25 
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Sect ion  5 
Sequence of Events 

PREDICTED TIME 

TIME FROM 
BASE 
(set) 

(hr: min: sec) 
(set) 

EVENT ITEM 
NO. 

TABLE 5-1 (Sheet 28 of 40) 
AS-502 SEQUENCE OF EVENTS 

MONITORED TIME 

TIME FROM SIGNAL MNGE ZERO* DATA ACCAIIUCY 
BASE SOURCE (ms) (sec) AT (hr:min:sec) 

(sed 

305d 5-2 Engine S t a r t  
Sequence (Cont'd) 

306 

30 7 

308a 

308b 

309a 

309b 

310 

311 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

S t a r t  Tank D i s -  
charge Valve Open 
(Dropout) 

Oxid izer  Turbine 
Bypass Valve Open 
(Dropout) 

Oqidizer Turbine 
Bypass Valve 
Close (Pickup) 

Mainstage OK Pres- 
su re  Switch 1 
(Dropout) 

Mainstage OK Pres- 
s u r e  Switch 2 
(Pickup) 

Main Oxidizer Valve 
Reaches Open 
Pos i t i on  (Pickup) 

Gas Generator Spark 
System ON (Dropout) 

Thrus t  Chamber Spark 
System ON (Dropout) 

S igna l  from LVDC for:  
S-IVB Engine Out Indi- 
ca t ion  "A" Enable ON 

S igna l  from LVDC fo r :  
S-IVB Engine Out Indi- 
ca t ion  "B" Enable ON 

S igna l  from LVDC for :  
Ullage Engine No. 1 
OFF 

S igna l  Received i n  
S-IVB for :  Ullage 
Engine No. 1 OFF 

Signal  from LVDC for :  
Ullage Engine No. 2 
OFF 

S igna l  Received i n  
S-IVB for:  Ullage 
Engine No. 2 OFF 

S igna l  from LVDC for :  
Ullage Thrust Present  
O F F  

S igna l  from LVDC fo r :  
Control Computer 
S-IVB Burn Mode ON "A" 

-- 

I 

-- 

-- 

-- 

-- 

-- 

-- 

03: 10 : 01.8 
(11,401.8) 

03: 10: 02 .O 
(11,402.0) 

03:10:04.0 
(11,404.0) 

-- 

03:10:04.1 
(11,404.1) 

-- 

03  : 10 : 04.3 
(11,404.3) 

03:10:08.6 
(11,408.6) 

-- 

-- 

TB6 +327.8 

TB6 +328.0 

TB6 f330.0 

TB6 +330.1 

-- 

TB6 +330.3 

TB6 C334.6 

s-IVB 

s-IVB 

s-IVB 

s-IVB 

S-IVB 

s-IVB 

s-IVB 

S-IVB 

IU 

IU 

IU 

s-IVB 

IU 

s-IVB 

IU 

IU 

03: 13: 43.262 
(11,623.262) 

03:13:43.342 
(11,623.342) 

03:13:43.567 
(11,623.567) 

Not Activated 

Not Activated 

03: 13: 45.192 
(11,625.192) 

03:13:46.392 
(11,626.392) 

03: 13: 46.392 
(11,626.392) 

03:13:35.486 
(11,615.486) 

03:13:35.696 
(11,615.696) 

03:13:37.686 
(11,617.686) 

03:13:37.669 
(11,617.669) 

03:13:37.785 
(11,617.785) 

03: 13 : 37.76 7 
(11,617.767) 

03:13:37.992 
(11,617.992) 

03:13:42.286 
(11,622.286) 

DAC 
(PCM) 

DAC 
(PCM) 

DAC 
(Pcm 

DAC 
(PCM) 

DAC 
(PCM) 

TB6 +327.963 MSFC 

TB6 +329.953 MSFC 

TB6 +329.936 DAC 
(FM) 

TB6 +330.052 MSFC 

TB6 +330.034 DAC 
(FM) 

TB6 +330.259 MSFC 

TB6 +334.553 MSFC 

25 

25 

25 

25 

25 

25 

25 

25 

-- 

-- 

-- 

1 3  

-- 

13 

- 

-- 
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S e c t i o n  5 
Sequence of Events 

TABLE 5-1 (Sheet 29 of  40) 
AS-502 SEQUENCE OF EVENTS “ 3  

I I I PREDICTEI 

I I  TIME FROM 
RANGE ZERO 

(hr:min: s e c )  EVENT 

312 S i g n a l  from LVDC f o r :  
Computer S-IVB Burn 
Mode ON “B” 

313a S i g n a l  from LVDc for :  
I n j e c t i o n  Temperature 
OK Bypass 

313b S i g n a l  Received i n  
S-IVB f o r :  I n j e c t i o n  
Temperature OK Bypass 

314a S i g n a l  from LVDC f o r :  
LOX Tank F l i g h t  P r e s s  
System ON 

314b S i g n a l  Received i n  
S-IVB f o r :  Tank 
F l i g h t  P r e s s  System 
ON 

31% S i g n a l  from LVDC for :  
Coast Period OFF 

315b S i g n a l  Received i n  
S-IVB f o r :  Coast 
Per iod  OFF 

316a S i g n a l  from LVDC f o r :  
Engine S t a r t  OFF 

316b S i g n a l  Received i n  
S-IVB for :  Engine 
S t a r t  OFF 

317 J-2 Thrus t  Buildup 
(10%) 

318 5-2 Thrus t  Buildup 
(90%) 

319a S i g n a l  from LVDC f o r :  
Second Burn Relay ON 

319b S i g n a l  Received in 
S-IVB for :  Second 
Bum Relay ON 

320a S i g n a l  from LVDC f o r :  
PU A c t i v a t e  ON 

320b S i g n a l  Received i n  
S-IVB for :  PU 
A c t i v a t e  ON 

321a S i g n a l  from LVDC f o r :  
PU Valve Hardover 
P o s i t i o n  OFF 

321b S i g n a l  Received i n  
S-IVB for :  PU Valve 
Hardover P o s i t i o n  OFF 

322 Guidance I n i t i a t i o n  

03 : 10 : 08.8 
(11,408.8) 

03: 10: 09 .O 
(11,409 .O) 

-- 

03:10:09.2 
(11,409.2) 

-- 

03:10:09.4 
(11,409.4) 

-- 

03:10:09.6 
(11,409.6) 

-- 

-- 

03: 10: 11.4 

03: 10 : 11.6 
(11,411.6) 

-- 

03: 10: 13.8 
(11,413.8) 

-- 

03: 10: 14. (3 
(11,414.0) 

-- 

03: 10: 14.0 
(11,414.0) 

I TIME I 
DATA ACCURACY 

BASE (see) 1 S0URC.I (ms) 1 
TB6 +334.8 I U  

TB6 +335.0 I U  

-- s-IVB 

TB6 +335.2 I U  

-- s-IVB 

TB6 f335.4 I U  

-- s-IVB 

TB6 f335.6 I U  

-- s-IVB 

N I A  -- 

TB6 +337.4 -- 

TB6 +337.6 IU 

-- s-IVB 

TB6 +339.8 I U  

-- S-IVB 

TB6 +340.0’ I U  

-- s-IVB 

N / A  I U  

03:13:42.494 
(11,622.494) 

03:13:42.685 
(11,622.685) 

03:13:42.666 
(11,622.666) 

03:13:42.899 
(11,622.899) 

03: 13: 42.881 
(11,622.881) 

03: 13: 43.088 
(11,623.088) 

03:13:43.069 
(11,623.069) 

03: 13:43.296 
(11,623.296) 

03: 13: 43.277 
(11,623.277) 

Not Achieved 

Not Achieved 

03: 12: 45.285 
(11,625.285) 

03: 12: 45.268 
(11,625.268) 

03: 12:47.499 
(11,627.499) 

03:12:47.470 
(11,627.470) 

03:12:47.686 
(11,627.686) 

03:12:47.669 
(11,627.669) 

03:12:47.73 
(11,627.73) 

TB6 +334.761 MSFC 

TB6 +334.952 MSFC 

TB6 +334.933 DAC 
( FM) 

TB6 +335.166 MSFC 

TB6 +335.148 DAC 
(FM) 

TB6 +335.355 MSFC 

TB6 +335.336 DAC 
(FM) 

TB6 +335.563 MSFC 

TB6 f335.544 DAC 
( FM) 

DAC 

MSFC 

TB6 +337.552 MSFC 

TB6 f337.535 DAC 
(FM) 

TB6 +339.766 MSFC 

TB6 f339.737 DAC 
(FM) 

TB6 f339.953 MSFC 

TB6 +339.936 DAC 
(FM) 

N I A  MSFC 
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Section 5 
Sequence of Events 

TABLE 5-1 (Sheet 30 of 40) 
AS-502 SEQUENCE OF EVENTS 

323 

324 

325 

326 

327 

328 

329a 

329b 

329c 

330 

331a 

331b 

332 

333a 

333b 

334a 

S t a r t  A r t i f i c i a l  
Tau Mode 

Signal from LVDC for:  
Fuel In j ec t ion  Temp 
OK Bypass Reset 

Signal from LVDC for:  
Fl ight  Control Com- 
puter  Switch Point 
No. 5 

Introduction of 
Chi Ti lde Guidance 
Mode 

Signal from LVDC for: 
Freeze Body Att i tude 
(Chi Freeze) 

Signal from LVDC for:  
Point Level Sensor 
Arming 

LVDC Sends Signal fo r :  
Cutoff S-IVB Engine 
(Guidance Cutoff) 

S-IVB Receives Signal  
for:  Cutoff S-IVB 
Engine (Guidance Cut- 
o f f )  

S-IW Engine 
In t e r rup t  1520 

TIME BASE 7 

LVDC I n i t i a t e s  
Time Base 7 

LVDC Sends Redundant 
Signal for: Cutoff 
S-IVB Engine 

Signal Received i n  
S-IVB for:  Cutoff 
S-IVB Engine 
(Redundant Signal) 

S-IVB J-2 Thrust 
Decay t o  5% (Average) 

Signal  from LVDC for: 
LOX Tank Vent Valve 
Open ON 

Signal Received i n  
S-IVB for: LOX Tank 
Vent Valve Open 

Signal from LVDC for: 
Point Level Sensors 
Disarming 

03:10:14.0 
(11,414.0) 

03: 10: 15.0 
(11,415.0) 

N/A 

TB6 +345.0 

i U  

I U  

I U  

I U  

I U  

I U  

I U  

s-IVB 

I U  

I U  

s-IVB 

N/A 

I U  

s-IVB 

I U  

03:12:47.73 
(11,627.73) 

Not Issued 

N/A MSFC 

MSFC 

Not Issued 03:14:31.0 
(11,671.0) 

TB6 +597.0 MSFC -- 

Not Achieved MSFC -- 03:14:53.0 

03: 15 : 18 .O 
(11,718.0) 

Not Achieved DAC 

Not Issued MSFC -- 03: 15:59.2 
(11,759.2) 

03:15:25.6 
(11,725.6) 

Not Issued MSFC -- 

Not Issued DAC -- 
( FM) 

03:13:50.32 
(11,630.32) 

N/A 

TB7 M.0 MSFC 

TB7 M.082 MSFC 

TB7 W.066 DAG 
(m 

DAC 

TB7 +.178 MSFC 

TB7 W.164 DAC 

TB7 M.271 MSFC 

MSFC -- 

03: 15: 25.6 
(11,725.6) 

-- 
TB7 M.0 

-- 

03:13:50.328 
(11,630.328) 

03:13:50.410 
(11,630.410) 

03:13:50.394 
(11,630.394) 

13 -- 

Not Achieved -- 

TB7 M.2 03:15:25.8 
(11,725.8) 

03:13:50.506 
(11,630.506) 

03: 13:50.490 
(11,630.490) 

13 

03:15:25.9 
(11,725.9) 

TB7 M.3 03: 13: 50.599 
(11,630.599) 

J 
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Sect ion  5 
Sequence of  Events 

TABLE 5-1 (Sheet 31  of  40) 
AS-502 SEQUENCE OF EVENTS 

RANGE ZERO 

334b S igna l  Received i n  
S-IVB for :  Poin t  
Level Sensors 
Disarming 

335a signal from LVDC fo r :  
LH2 Tank Vent Valve 
Open ON 

33% Signal  Received i n  
S-IVB fo r :  LH2 Tank 
Vent Valve Open ON 

336a S igna l  from LVDC for :  
Second Burn Relay OFF 

336b Signal  Received i n  
S-IVB for :  Second 
Burn Relay OFF 

337a S igna l  from LVDC for :  
LOX Tank F l igh t  Press  
System OFF 

337b S igna l  Received i n  
S-IVB fo r :  LOX 
Tank F l igh t  Press  
System OFF 

338a Signal  from LVDC for :  
Coast Period ON 

33% Signal  Received i n  
S-IVB fo r :  Coast 
Period ON 

339a S igna l  from LVDC fo r :  
PU Act iva te  OFF 

339b Signal  Received i n  
S-IVB for :  PU 
Act iva te  OFF 

340a Signal  from LVDC for :  
PU Inve r t e r  and DC 
Power OFF 

340b S igna l  Received i n  
S-IVB for:  PU In- 
v e r t e r  and DC Power 
OFF 

341a Signal  from LVDC for :  
LOX Chilldown Pump 
Purge Control Valve 
Open OFF 

341b Signal  Received i n  
S-IVB for :  LOX Chill-  
down Pump Purge Con- 
t r o l  Valve Open OFF 

342 Signal  from LVDC fo r :  
F l igh t  Control Com- 
pu te r  S-IVB Bum Mode 
OFF "A" 

-- 

03: 15: 26.0 
(11,726.0) 

-- 

03:15:26.4 
(11,726.4) 

-- 

03: 15: 26.6 
(11,726.6) 

-- 

03:15:26.8 
(11,726.8) 

-- 

03: 15: 27.0 
(11,727.0) 

-- 

03:15:27.1 
(11,727.1) 

-- 

03:15:27.2 

-- 

TB7 H.4 

-- 

TB7 H . 8  

-- 

TB7 +1.0 

-- 

TB7 +1.2 

-- 

TB7 +1.4 

-- 

TB7 +1.5 

-- 

TB7 f1 .6  

-- 

s-IVB 

I U  

S-IVB 

IU 

S-IVB 

I U  

S-IVB 

IU 

S-IVB 

IU 

S - IVB 

IU 

S-IVB 

I U  

S-IVB 

03: 13:50.584 
(11,630.584) 

TB7 +.256 DAC 
(FM) 

03:13:50.697 
(11,630.697) 

TB7 f.369 MSFC 

03: 13:50.681 
(11,630.681) 

TB7 +.353 DAC 
(FM) 

03: 13:51.081 
(11,631.081) 

03: 13: 51.066 
(11,631.066) 

TB7 +.753 MSFC 

TB7 +.738 DAC 
(FM) 

03: 13:51.290 
(11,631.290) 

TB7 C.962 MSFC 

03:13:51.274 
(11,631.274) 

TB7 f.946 DAC 
(FM) 

03: 13:51.498 
(11,631.498) 

03:13:51.479 
(11,631.479) 

TB7 f1.170 MSFC 

TB7 +1.151 DAC 
(FM) 

03:13:51.705 
(11,631.703) 

03: 13:51.684 
(11,631.684) 

TB7 C1.375 MSFC 

TB7 +l. 356 DAC 
(FM) 

03: 13:51.799 
(11,631.799) 

TB7 +1.471 MSFC 

03:13:51.781 
(11,631.781) 

TB7 +1.453 DAC 
( FM) 

03: 13: 51.892 
(11,631.892) 

TB7 +1.564 MSFC 

03: 13: 51.873 
(11,631.873) 

TB7 +1.545 DAC 
(FM) 

03:15: 29.1 
(11,729.1) 

TB7 +3.5 I U  03:13:53.784 
(11,633.784) 

TB7 +3.456 MSFC 
i 
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Sect ion  5 
Sequence o f  Events 

TIME FROM SIGNAL TIME FROM DATA ACCURACY 
BASE BASE SOURCE (ms) 

EVENT ITEM 
NO. (hr:min: sec)  

( s e d  ( s e d  
c (set) 

(see) 

343 S igna l  from LVDC for:  03:15:29.3 TB7 +3.7 I U  03:13:53.999 TB7 +3.671 MSFC -- 
F l i g h t  Control Com- (11,729.3) (11,633.999) 
pu te r  S-IVB Bum Mode 
OFF “B“ 

344a Signal  from LVDC for:  03:15:29.5 TB7 +3.9 I U  03: 13: 54.182 TB7 +3.854 MSFC - 
Auxi l ia ry  Hydraulic (11,729.5) (11,634.182) 
Pump F l igh t  Mode OFF 

S-IVB 03: 13: 54.166 TB7 +3.838 DAC 1 3  344b Signal  Received i n  -- -- 
S-IVB for :  Auxiliary (11,634.166) (FM) 
Hydraulic Pump F l igh t  

345 S igna l  from LVDC for :  03:15:24.7 TB7 +4.1 I U  03:13:54.393 TB7 +4.065 MSFC -- 
Telemetry Ca l ib ra to r  (11,724.7) (11,634.393) 
I n f l i g h t  Calibrate ON 

346.3 S igna l  from LVDC for :  03:15:29.9 TB7 +4.3 I U  03:13:54.581 TB7 f4.253 MSFC -- 
Regular Ca l ib ra t e  (11,729.4) (11,634.581) 
Relays ON 

346b Signal  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

S-IVB 03:13:54.565 TB7 f4.237 DAC 13  .- -- 
(11,634.565) (FM) 

347 Signal  from LWC fo r :  03:15:34.7 TB7 +9.1 I U  03: 13: 59.384 TB7 +9.056 MSFC -- 
T e l e m e t r y  Ca l ib ra to r  (11,734.7) (11,639.384) 
I n f l i g h t  Ca l ib ra t e  OFF 

348a Signal  from LVDC for :  03:15:34.9 TB7 +9.3 I U  03:13:59.587 TB7 +9.259 MSFC - 
Regular Ca l ib ra t e  (11,734.9) (11,639.587) 
Relays OFF 

348b S igna l  Received i n  -- -- S-IVB 03: 13: 59.572 TB7 +9.254 DAC 1 3  
S-IVB for :  Regular (11,639.572) (FM) 
Cal ib ra t e  Relays OFF 

349a Signal  from LVDC FOR: 03:15:35.1 TB7 +9.5 I U  03: 13: 59.804 TB7 +9.476 MSFC -- 
SSB/FM Transmi t te r  (11,735.1) (11,639.804) 
OFF 

S-IVB 03: 13: 59.787 TB7 +9.459 DAC 1 3  349b S igna l  Received i n  -- -- 
S-IVB for :  SSB/FM (11,639.787) (FM) 
Transmi t te r  OFF 

350a Signal  from LVDC for :  03:15:35.3 TB7 +9.7 I U  03:13:59.982 TB7 +9.654 MSFC -- 
SSB/FM Group OFF (11,735.3) (11,639.982) 

350b Signal  Received i n  -- -- S-IVB 03:13:59.964 TB7 +9.636 DAC 1 3  
S-IVB for :  SSB/FM (11,639.964) (FM) 
Group OFF 

351a S igna l  from LVDC for :  03:15:35.6 TB7 +10.0 I U  03:14:00.281 TB7 +9.953 MSFC -- 
LOX Tank Vent Valve (11,735.6) (11,640.281) 
Close 

S-IVB 03:14:00.276 TB7 +9.948 DAC 13 351b Signal  Received i n  -- -- 
S-IVB for :  LOX Tank (11,640.276) (FM) 
Vent Valve Close 

352a S igna l  from LVDC fo r :  03:15:38.6 TB7 +13.0 I U  03:14:03.294 TB7 +12.966 MSFC -- 
LOX Tank Vent Valve (11,738.6) (11,643.294) 
Boost Close ON 

352b Signal  Received i n  -- -- S-IVB 03:14:03.288 TB7 +12.960 DAC 13  
S-IVB for :  LOX Tank (11,643.288) (PM) 
Vent Boost Close ON 
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Sect ion  5 
Sequence of Events 

PREDICTED TIME 

T & ~ E F ~ ~ o  TIME FROM 
BASE (hr:min: sec) 

(see> 

EVENT ITEM 
NO. 

(set) 

TABLE 5-1 (Sheet 33 of 40) 
AS-502 SEQUENCE OF EVENTS 

MONITORED TIME 

TIME FROM 

AT (hr:min:sec) 

SIGNAL MONITORED RANGE ZERO* DATA ACCURACY 
SOURCE (MS) BASE 

(set) (set) 

353a 

353b 

354 

355 

356 

357 

358 

359 

360 

361 

362 

363 

364 

Signal  from LVDC fo r :  
LOX Tank Vent Valve 
Boost Close OFF 

Signal  Received i n  
S-IVB fo r :  LOX Tank 
Vent Valve Boost 
Close OFF 

I n i t i a t e  Maneuver t o  
At t a in  Separa t ion  
I n e r t i a l  A t t i t ude  
(End of Chi Freeze) 

S igna l  from LVDC fo r :  
C-Band Transponder 
No. 1 and No. 2 ON 

S igna l  from LVDC for :  
C-Band Transponder 
No. 1 OFF 

Signal  from LVDC fo r :  
C-Band Transponder 
No. 1 and No. 2 ON 

S igna l  from LVDC fo r :  
C-Band Transponder 
No. 2 OFF 

Ground Command Issued 
fo r :  I n i t i a t e  Space- 
c r a f t  Separa t ion  

0-1.7 sec: Coast 

1.7-10.0 sec: RCS 
Thrus te r  Burn 

10-50 sec: Spacecraf t  
Reor ien ta t ion  

50-100 sec: Spacecraf t  
Coast 

100 sec: SPS I g n i t i o n  

S igna l  from LVDC for :  
C-Band Transponder 
No. 1 and No.  2 ON 

S igna l  from LVDC for :  
C-Band Transponder 
No. 1 OFF 

Signal  from LVDC for :  
C-Band Transponder 
No. 1 and No. 2 ON 

S igna l  from LVDC for :  
C-Band Transponder 
No. 2 OFF 

S igna l  from LVDC for :  
C-Band Transponder 
No. 1 and No. 2 ON 

03:15:40.6 TB7 +15.0 
(11,740.6) 

03: 15: 45.6 N f A  
(11,745.6) 

Var iab le  

Var iab le  

Var iab le  

Var iab le  

I U  

s-IVB 

I U  

I U  

I U  

I U  

I U  

I U  

03:14:05.283 
(11,645.283) 

03:14:05.23 
(11,645.23) 

03:14:10.1 
(11,650.1) 

03: 14: 10.443 
(11,650.443) 

03:14:10.540 
(11,650.540) 

03: 14: 18.677 
(11,658.677) 

03:14:18.749 
(11,658.749) 

03:14: 26.1 
(11,666.1)* 

TB7 +14.955 MSFC 

TB7 +14.83 DAC 
(FM) 

N f A  DAC 

TB7 +20.115 MSFC 

TB7 +20.212 MSFC 

TB7 +28.349 MSFC 

TB7 +28.421 MSFC 

N f A  MS FC 

Var iab le  I U  03:14:59.128 TB7 +68.800 MSFC -- 
(11,699.128) 

Var iab le  I U  03t14t59.198 TB7 +68.870 MSFC -- 
(11,699.198) 

Variable I U  03:15:08.330 TB7 +77.002 MSFC -- 
(11,707.330) 

Var iab le  I U  03:15:07.403 TB7 +77.075 MSFC -- 
(11,707.403) 

Var iab le  I U  03:15:22.603 TB7 +92.275 MSFC -- 
(11,722.603) 
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Sect ion  5 
Sequence o f  Events 

PREDICTED TIME 

TIME FROM 
BASE (h r  : min: sec) EVENT ITEM 

NO * 
(set) k c >  

TABLE 5-1 (Sheet 34 of 40) 
AS-502 SEQUENCE OF EVENTS 

MONITORED TIME 

SIGNAL TIME FROM 

AT (hr:min:sec) 
M)NITORED RANGE ZERO* DATA ACCURACY 

SOURCE (ms) BASE 
(sed (set) 

i 

365 S igna l  from LWC for :  
C-Band Transponder 
No. 1 OFF 

366a Signal  from LvDC fo r :  
LH2 Tank Vent Valve 
Close 

366b S igna l  Received i n  
S-IVB for :  LH2 Tank 
Vent Valve Close 

367a S igna l  from LvDC fo r :  
LH2 Tank Vent Valve 
Boost Close ON 

367b S igna l  Received i n  
S-IVB fo r :  LH2 Tank 
Vent Valve Boost 
Close ON 

368a S igna l  from LVDC for :  
LH2 Tank Vent Valve 
Boost Close OFF 

368b Signal  Received i n  
S-IVB for :  LH2 Tank 
Vent Valve Boost 
Close OFF 

369 Stop Ro l l  Maneuver 
f o r  CSM Separa t ion  
At t i t ude  

370 LV/SC Separation 
Sequence S t a r t  

371 S igna l  from LVDC fo r :  
C-Band Transponder 
No. 1 & No. 2 ON 

372 Signal  from LVDC fo r :  
GBand Transponder 
No. 2 OFF 

373 S igna l  from LVDc for :  
Water Coolant Valve 
Open 

374 S igna l  from LVDC for :  
Maneuver t o  Post- 
Separa t ion  I n e r t i a l  
A t t i t u d e  

375 Signal  from LVDC for:  
Switch PCM t o  Low 
Gain Antenna ( F a i l  
Safe)  

376 S igna l  from LVDC for :  
Switch CCS t o  Low 
Gain Antenna 

03:17: 25.6 
(11,845.6) 

-- 

03: 17: 28.6 
(11,848.6) 

03: 17: 30.6 
(11,850.6) 

-- 

03: m 2 5 . 6  
(11,905.6) 

03:25:25.6 
(12,325.6) 

Var iab le  I U  03:15:22.689 TB7 +92.361 MSFC -- 
(11,722.689) 

TB7 +120.0 I U  03:15:50.281 TB7 +119.953 MSFC -- 
(11,750.281) 

-- S-IVB 03:15:50.263 TB7 C119.935 DAC 1 3  
(11,750.263) (FM) 

TX7 +123.0 I U  03:15:53.291 TB7 +122.963 MSFC -- 
(11,753.291) 

-- S-IVB 03:15:53.273 TB7 +119.945 DAC 13 
(11,753.273) (FM) 

TB7 +125.0 I U  03:15:55.281 TB7 +124.953 MSFC -- 
(11,755.281) 

S-IVB 03:15:55.261 TB7 +124.933 DAC 13  
(11,755.261) (FM) 

-- -- 03: 16 : 14.5 N/A DAC 1,000 
(11,774.5) 

TB7 +180.0 I U  03:16:50.280 TB7 f179.952 MSFC -- 
(11,810.280) 

(Previously 
Spacecraf t  
Separated) 

Var iab le  I U  03:17:30.657 TB7 C220.329 MSFC -- 
(11,850.657) 

Var iab le  I U  03:17:30.728 TB7 f200.400 MSFC -- 
(11,850.728) 

Var iab le  I U  03:23:23.467 TB7 +573.139 MSFC -- 
(12,203.467) 

TB7 +600 03:23:50.1 TB7 +599.772 MSFC -- 
(12,230.1) 

03:35:25.6 TB7 +1,200.0 03:33:50.28 TB7 +1,199.952 MSFC -- 
(12,925.6) (12,830.28) * 

03:35:25.8 TB7 +1,200.2 03:33:50.48 TB7 +1,200.152 MSFC -- 
(12,925.8) (12,830.48)* 
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Sect ion  5 
Sequence of  Events 

TABLE 5-1 (Sheet 35 of 40) 
AS-502 SEQUENCE OF EVENTS " I  

377.3 S igna l  from LVDC for: 
LH2 Tank Continuous 
Vent Valve Open ON 

377b S igna l  Received i n  
S-15% fo r :  LH2 Tank 
Continuous Vent Valve 
Open ON 

378a Signal  from LVDC for :  
LH2 Tank Continuous 
Vent Valve Open OFF 

378b Signal  Received i n  
S-IVB fo r :  LH2 Tank 
Continuous Vent Valve 
Open OFF 

379 S igna l  from LVDC fo r :  
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  ON 

380a S igna l  from LVDC for :  
Regular Ca l ib ra t e  
Relays ON 

380b Signal  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays ON 

381 S igna l  from LVDC fo r :  
Telemeter Ca l ib ra t e  
I n f l i g h t  Ca l ib ra t e  
OFF 

382a Signal  from LVDC for :  
Regular Ca l ib ra t e  
Relays OFF 

3821, S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays OFF 

383a Ground Command Issued 
for :  Aux Hydraulic Pump 
Coast Mode OFF 

38% Signal  Received i n  
S-IVB for :  Aux. Hyd. 
Pump Coast Mode OFF 

384a Ground Command Issued 
for: Aux. Hyd. Pump 
F l igh t  Mode ON 

384b Signal  Received i n  
S-IVB for :  Aux. Hyd. 
Pump F l igh t  Mode ON 

385 Ground Command Issued 
for :  Telemetry C a l i -  
b r a t o r  I n f l i g h t  
Ca l ib ra t e  ON 

386a Ground Command Issued 
for :  Regular Ca l ib ra t e  
Relays ON 

03:35:26.0 TB7 +1,200.4 
(12,926.0) 

03:35:28.0 TB7 +1,202.4 
(12,928.0) 

-- -- 

03:37:15.9 TB7 +1,310.3 
(13,035.9) 

03:37:16.1 TB7 +1,310.5 
(13,036.1) 

03:37:20.9 TB7 +1,315.3 
(13,040.9) 

03:38:21.1 TB7 +1,315.5 
(13,041.1) 

-- -- 

I U  

Ground 

s-IVB 

Ground 

s-IVB 

Ground 

Ground 

03:33:50.68 TB7 +1,200.352 MSFC 
(12,830.68)* 

03:33:50.747 TB7 +1,200.419 DAC 
(12,830.747)* ( P a )  

03:33:52.68 TB7 +1,202.352 MSFC 
(12,832.68) * 

03:33:52.747 TB7 +1,202.419 DAC 
(12,832.747) * (PCM) 

03:35:40.58 TB7 +1,310.252 MSFC 
(12,940.58) * 

03:35:40.78 TB7 +1,310.452 MSFC 
(12,940.78)* 

03:35:40.847 TB7 +1,310.519 DAC 
(12,940.847) * (PCM) 

03:35:45.58 TB7 +1,315.252 MSFC 
(12,945.58) * 

03:35:45.78 TB7 +1,315.452 MSFC 
(12,945.78)* 

03:35:45.847 TB7 +1,315.519 DAC 
(12,945.847)* (PCM) 

04:09:21.0 N/A MS FC 
(14,961.0) 

04:09:21.0 N /A DAC 
(14,961.0) * (FM) 

04:09:21.0 N/A MSFC 
(14,961.0) 

04 :09 : 21.89 NIA DAG 
(14,961.89)" (FM) 

N/A MS FC 04:10:04.0 
(15,004.0) 

04:10:04.0 N/A MSFC 
(15,004.0) 

I 

5-40 



Sect ion  5 
Sequence of Events 

PREDICTED TIME 

TIME FROM 
BASE (hr:min:sec) 

(set) 

EVENT ITEM 
no. 

(set) 

MONITORED TIME 

TIME FROM SIGNAL MONITORED RANGE ZERO* DATA ACCURACY 
SOURCE (ms) AT (hr:min:sec) BASE 

(set) (set) 

386b 

387a 

387b 

388a 

388b 

389a 

389b 

390 

391a 

391b 

392 

393 

394 

395a 

395b 

396 

Signal  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

Ground Command Issued  
for :  Aux. Hyd. Pump 
Coast Mode OFF 

Signal  Received i n  
S-IVB for :  Aux. Hyd. 
Pump Coast Mode OFF 

around Command Issued 
for :  Aux. Hyd. Pump 
F l igh t  Mode ON 

S igna l  Received i n  
S-IVB for :  Aux. Hyd. 
Pump F l i g h t  Mode ON 

Ground Command Issued 
for :  Aux. Hyd. Pump 
F l igh t  Mode OFF 

S igna l  Received i n  
S-IVB for :  Aux. Hyd. 
Pump F l igh t  Mode OFF 

Ground Command Issued 
for :  Telemetry Cali- 
b r a t o r  I n f l i g h t  C a l i -  
b r a t e  OFF 

Ground Command Issued 
for :  Regular C a l i -  
b r a t e  Relays OFF 

S igna l  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays OFF 

Ground Command Issued 
for :  Terminate 

Ground Command Issued 
for :  Terminate 

Ground Command Issued 
fo r :  Telemetry Cali- 
b r a t o r  I n f l i g h t  C a l i -  
b r a t e  OFF 

Ground Command Issued  
for :  Regular Ca l ib ra t e  
Relays OFF 

S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays OFF 

Ground Command Issued 
f o r :  T e l e m e t r y  Cali-  
b r a t o r  I n f l i g h t  Cali- 
b r a t e  OFF 

S-IVB 04: 10:05.29 N/A DAC -- 
(15,005.29) * (m 

Ground 04: 10:37.0 N /A MSFC -- 
(15,037 .O> 

S-IVB 04:10:37.67 N /A DAC -- ~ 

(15,037.67) * (I%) 

Ground 04:10:37.0 N/A MSFC -- 
(15,037.0) 

S-IVB 04: 10: 38.58 N/A DAG -- 
(15,038.58)* (FM) 

Ground 04:ll:OO.O N/A MSFC -- 
(15,060 .O) 

S-IVB 04: 10: 59.83 N/A DAC - 
(15,059.83) * (FM) 

Ground 04:11:38.0 N/A MSFC -- 
(15,098.0) 

Ground 04:11:38.0 N/A MSFC -- 
(15,098.0) 

Not Received - - - - - - - - - - - - - - - -  

Ground 04: 1 k 5 3 . 0  N /A MSFC -- 
( 15,113 .O) 

Ground 04:12:06 .O N/A MSFC -- 
(15,126 .O) 

Ground 04:12:15.0 N/A MSFC -- 
(15,135 .O) 

Ground 04:12:15.0 N/A MSFC -- 
(15,135.0) 

Not Received - - - - - - - - - - - - - - - -  

Ground 04:12:29.0 N/A MSFC -- 
(15,149.0) 
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S e c t i o n  5 
Sequence of  Events 

TABLE 5-1 (Sheet 37 of 40) 
AS-502 SEQUENCE OF EVENTS 

397a Ground Cormnand Issued  
for :  Regular Cali- 
b r a t e  Relays OFF 

3971, S i g n a l  Received i n  
S-IVB for :  Regular 
C a l i b r a t e  Relays OFF 

398 Ground Command Issued  
f o r :  Telemetry C a l i -  
b r a t o r  I n f l i g h t  
C a l i b r a t e  OFF 

399a Ground Command Issued  
for:  Regular Cali- 
b r a t e  Relays OFF 

399b S i g n a l  Received i n  
S-IVB f o r :  Regular 
C a l i b r a t e  Relays OFF 

400 Ground Command Issued  
for :  Maneuver t o  Align 

Local Hor izonta l  

401 S i g n a l  from LVDC f o r :  

S-IVB + X Axis w i t h  

C-Band Transponder 
No. 1 and No. 2 ON 

402 S i g n a l  from LVDC f o r :  
C-Band Transponder 
No. 1 OFF 

403a Ground Command Issued  
f o r :  Slow Record ON 

403b S i g n a l  Received i n  
S-IVB f o r :  Slow 
Record ON 

404a Ground Command Issued  
f o r :  Slow Record OFF 

404b S i g n a l  Received i n  
S-IVB for :  Slow 
Record OFF 

405a Ground Command Issued  
f o r :  Recorder Playback 
ON 

405b S i g n a l  Received i n  
S-IVB f o r :  Recorder 
Playback ON 

406 S i g n a l  from LVDC f o r :  
C-Band Transponder 
No. 1 & No. 2 ON 

407 S i g n a l  from LVDC f o r :  
C-Band Transponder 
No. 2 OFF 

408 S i g n a l  from LVDC for :  
Switch PCM t o  High 
Gain Antenna 

-- Ground 04:29:33.0 N/A MSFC 
(16,173.0) 

-- Ground 04:29: 33.0 N/A MSFC 
(16,173.0) 

-- s-IVB 04:29:32.0 N/A DAC 
(16,172.0)* (PCM) 

-- Ground 04:30:01.0 N/A MSFC 
(16,201.0) 

Var iab le  IU 04:39:46.450 TB7 +5,156.122 MSFC 
(16,786.450) 4 

Variab le  I U  04:39:46.521 TB7 +5,156.193 MSFC 
(16,786.521) 

-- Ground 04:42:08.816 N /A MS FC 
(16,928.816) 

-- S-IVB 04: 42: 08.85 N / A  DAC 
(16,928.85) (FM) 

1 3  

-- Ground 04:42:09.717 N/A MSFC 
(16,929.717) 

-- S-IVB 04:42:09.74 N/A DAC 
(16,929.74) (FM) 

-- 

1 3  

-- Ground 04:42:10.621 N/A MS FC 
(16,930.621) 

-- S-IVB 04:42:10.64 N/A DAC 
(16,930.64) (FM) 

1 3  

Var iab le  04:42:51.006 TB7 +5,340.678 MSFC 
(16.9 71.006) 

Var iab le  04:42:51.077 TB7 +5,340.749 MSFC 
(16,971.077) 

04:45:25.6 TB7 +5,400.0 I U  04:43:50.281 TB7 +5,399.953 MSFC 
(17,125.6) (17,030.281) 
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Sect ion  5 
Sequence of  Events 

TIMG FROM SIGNAL 
BASE MONITORED EVENT ITEM 

NO. 
AT (hr:min:sec) 

(sed 
L (set) 

TABLE 5-1 (Sheet 38 of 40) 
AS-502 SEQUENCE OF EVENTS 

TIME FROM 
RANGE ZERO* 

(hr  : min: sec )  
( s e d  

PREDICTED TIME I 
TINE FROM DATA ACCURACY 

BASE SOURCE (ms) 
(set) 

409 

4 10 

411a 

411b 

412 

413a 

413b 

414 

415 

416 

417 

418 

419 

420a 

420b 

421a 

421b 

Signal  from LVDC for:  
Switch CCS t o  High 
Gain Antenna ( F a i l  
Safe) 

S i g n a l  from LVDC 
Telemetry Ca l ib ra to r  
I n f l i g h t  Ca l ib ra t e  
ON 

S igna l  from LVDC for :  
Regular Ca l ib ra t e  
Relays ON 

S igna l  Received i n  
S-IVB for :  Regular 
Ca l ib ra t e  Relays ON 

S igna l  from LVDC for :  
Telemetry Ca l ib ra t e  
I n f l i g h t  Ca l ib ra t e  OFF 

S igna l  from LVDC for :  
Regular Ca l ib ra t e  
Relays OFF 

S igna l  Received i n  
S-IVB fo r :  Regular 
Ca l ib ra t e  Relays OFF 

Signal  from LVDC for :  
C-Band Transponder 
No. 1 & N o .  2 ON 

S igna l  from LVDC for :  
C-Band Transponder 
no. 1 OFF 

Signal  from LVDC fo r :  
Water Coolant Valve 
Close 

S igna l  from LVDC fo r :  
C-Band Transponder No. 1 
and No. 2 OFF 

S igna l  from LVDC fo r :  
C-Band Transponder 
No. 2 OFF 

Signal  from LVDC for :  
Maneuver t o  Align 

wi th  Local Hor izonta l  

S igna l  from LVDC for :  
LH2 Tank Continuous 
Vent Valve Close ON 

S igna l  Received i n  
S-IVB for:  LH2 Tank 
Continuous Vent Valve 
Close ON 

S igna l  from LVDC for :  
LH2 Tank Continuous 
Vent Valve Close OFF 

S igna l  Received i n  
S-IVB for :  LH2 Tank 
Continuous Vent Valve 
Close OFF 

S-IVB/CSM + x Axis 

04:45:25.8 TB7 +5,400.2 
(17,125.8) 

04:47:15.9 TB7 +5,510.3 
(17,235.9) 

04:47:16.1 TB7 +5,510.5 
(17,236 .l) 

04:47:20.9 TB7 +5,515.3 
(17,240.9) 

04:47:30.1 TB7 +5,515.5 
(17,250.1) 

Var iab le  

Var iab le  

Var iab le  

Var iab le  

Var iab le  

05:15:25.6 N/A 
(18,925.6) 

06:05:25.6 TB7 +10,200.0 
(21,925.6) 

-- -- 

I 06:05:27.6 TB7 +10,202.0 
(21,927.6) 

-- 

I U  

IU 

I U  

IU 

IU 

I U  

s-IVB 

I U  

I U  

IU 

I U  

I U  

MONITORED TIME 1 

04:43:50.494 TB7 +5,400.166 MSFC 
(17,030.494) 

04:45:40.586 TB7 +5,510.258 MSFC 
(17,140.586) 

04:45:40.787 TB7 +5,510.459 MSFC 
(17,140.787) 

04:45:40.73 TB7 +5,510.405 DAC 
(17,140.73) (FM) 

04:45:45.580 TB7 +5,515.252 MSFC 
(17,145.580) 

04:45:45.781 TB7 +5,515.453 MSFC 
(17,145.781) 

04: 45: 45.71 TB7 +5,515.382 DAC 
(17,145.71) ( FM) 

04:47:14.535 TB7 +5,604.207 MSFC 
(17,234.535) 

04:47:14.606 TB7 +5,604.278 MSFC 
(17,234.606) 

04:47:14.288 TB7 +5,683.960 MSFC 
(17,314.288) 

04:52:35.174 TB7 +5,924.846 MSFC 
(17,555.174) 

04:52:35.245 TB7 +5,924.917 MSFC 
(17,555.245) 

- - - - - - - -  Not Applicable - - - - - - - - 

These Commands occurred p r i o r  
t o  acqu i s i t i on  of s i g n a l  a t  
Hawaii, Revolution 4. 
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TABLE 5-1 (Sheet 39 of 40) 
AS-502 SEQUENCE OF EVENTS 

-- -- Ground 06:06:27.418 N /A MSFC -- 
(21,987.418) 

- 

ITEM 
NO. 

- 

EVENT 

422a Ground Command Issued 
fo r :  Recorder Play- 
back OFF 

422b Signal  Received i n  
S-IVB for: Recorder 
Playback OFF 

423a Ground Command Issued 
fo r :  LOX Tank F l igh t  
Pressure  System ON 

423b Signal  Received i n  
S-IVB for :  LOX Tank 
F l igh t  Pressure  
System ON 

424a Ground Command Issued 
for :  Coast Period OFF 

424b S igna l  Received i n  
S-IVB fo r :  Coast Period 
OFF 

425a Ground Command Issued 
for :  LOX Tank Vent 
Valve Open ON 

425b Signal  Received i n  
S-IVB for :  LOX Tank 
Vent Valve Open ON 

426a Ground Command Issued  
for:  LH2 Tank Vent 
Valve Open ON 

426b S i g n a l  Received i n  
S-IVB fo r :  LH2 Tank 
Vent Valve Open ON 

427 Signal  from LVDC for :  
C-Band Transponder 
No. 1 and No. 2 ON 

428 Signal  from LVDC fo r :  
6-Band Transponder 
No. 1 OFF 

429 Signal  from LVDC for:  
C-Band Transponder 
No. 1 and No. 2 ON 

430 Signal  from LVDC for :  
C-Band Transponder No. 1 
OFF 

431 Signal  from LVDC f o r :  
C-Band TraLsponder 
No. 1 and No. 2 ON 

432 Signal  from LVDC fo r :  
C-Band Transponder 
No. 2 OFF 

I -- S-IVB 06:06:27.39 N / A  DAC 1 3  
(21,987.39) 

-- Ground 06:07:01.485 N /A MSFC -- 
(22,021.485) 

N /A DAC 13  -- S-IVB 06 : 07 : 01.45 
(22,021.45) (FM) 

-- Ground 06: 07:02.389 N f A  MSFC -- 
(22,022.389) 

-- S-IVB 06 ~ 0 7 ~ 0 2 . 3 5  N f A  DAC 1 3  
(22,022.35) (FM) 

-- Ground 06:07:03.301 N / A  MSFC -- 
(22,023.301) 

-- S-IVB 06: 07:03.25 N f A  DAC 13  
(22,023.25) (FM) 

N/A MSFC -- -- Ground 06:07:04.207 
(22,024.207) 

-- S-IVB 06:07:04.17 N f A  DAC 13  
(22,024.17) (FM) 

Var iab le  IU 06:09:30.389 TB7 +10,540.061MSFC -- 
(22,170.389) 

Var iab le  

Variable 

Var iab le  

Var iab le  

Var iab le  

I U  

I U  

I U  

IU 

IU 

06:09:30.460 TB7 +10,540.132 MSFC 
(22,170.460) 

06:16:34.883 TB7 +10,964.555 MSFC 
(22,594.883) 

06:16:34.954 TB7 +10,964.626 MSFC 
(22,594.954) 

06:16:51.165 TB7 +10,980.837 MSFC 
(22,611.165) 

06:16:51.253 TB7 +10,980.937 MSFC 
(22,611.253) 
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TABLE 5-1 (Sheet 40 of  40) 
AS-502 SEQUENCE OF EVENTS 

RANGE ZERO 

433 

434 

435 

43 6 

437 

438 

439 

440 

441 

442 

S i g n a l  from LVDC f o r :  
C-Band Transponder 
No.  1 and No. 2 ON 

Signal  from LVDC f o r :  
C-Band Transponder 
No. 1 OFF 

Signal  from LVDC f o r :  
C-Band Transponder 
No. 1 & No. 2 ON 

S i g n a l  from LVDC f o r :  
C-Band Transponder 
No. 1 & No. 2 ON 

Signal  from LVDC f o r :  
C-Band Transponder 
No. 1 & No. 2 ON 

Signal  from LVDC f o r :  
C-Band Transponder 
No. 1 OFF 

S i g n a l  from LVDC f o r :  
C-Band Transponder 
No. 1 and No. 2 ON 

Signal  from LVDC f o r :  
C-Band Transponder 
No. 2 OFF 

S i g n a l  from LVDC f o r :  
C-Band Transponder 
No. 1 & N o .  2 ON 

Signal  from LVDC f o r :  
C-Band Transponder 
No. 1 OFF 

Var iab le  

Var iab le  

Var iab le  

Var iab le  

Var iab le  

Var iab le  

Var iab le  

Var iab le  IU 

Variab le  IU 

Variab le  IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

06:17:54.803 TB7 +11,044.476 MSFC 
(22,674.803) 

06:17:54.873 TB7 +11,044.546 MSFC 
(22,674.873) 

06:19:14.560 TB7 +11,124.232 MSFC 
(22,754.560) 

06:19:14.631 TB7 +11,124.303 MSFC 
(22,754,631) 

06:22:43.268 TB7 +11,332.940 MSFC 
(22,963.268) 

06:22:43.339 TB7 +11,333.011 MSFC 
(22,963.339) 

06:23:46.894 TB7 +11,396.566 MSFC 
(22,026.894) 

06:23:46.965 TB7 +11,396.637 MSFC 
(23,026.965) 

06:25:22.760 TB7 +11,492.432 MSFC 
(23,122.760) 

06:25:22.831 TB7 +11,492.503 MSFC 
(23.122.831) 
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Sect ion  6 
Countdown Operations 

i 6. COUNTDOWN OPERATIONS 

No s i g n i f i c a n t  S-IVB o r  equipment problems occurred during t h e  launch countdown a c t i v i t y ,  

and Douglas ground support  equipment sus t a ined  no s i g n i f i c a n t  damage during l i f t o f f .  The 

precountdown and countdown activities are reviewed and evaluated i n  the  following paragraphs 

which include d iscuss ions  of the  prelaunch checkouts, purges , prope l l an t  and pneumatic 

loading, and the  terminal countdown. S ign i f i can t  events  occurred a t  the  following t i m e s :  

Event - 
LOX loading i n i 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  

L i f t o f f  

Time 

05:32:00 GMT 

09:46:00 GMT. 

- 

10:18:42 GMT. 

11:30:01 GMT 

12:OO:Ol GMT 

6.1 Propulsion System Checkouts 

P r e f l i g h t  checkouts of t he  S-IVB-502 w e r e  conducted i n  accordance with handling and checkout 

requirements drawings l i s t e d  i n  Douglas r epor t  No. DAC-56353, Narrative End I t e m  Report on 

Saturn S-IVB-502 (Douglas S/N 1006), dated September 1966. 

6.2 Launch Vehicle Tests 

The S-IVB-502 w a s  subjec ted  t o  the  launch vehic le  tests l i s t e d  i n  t a b l e  6-1 t o  determine 

t h a t  switch s e l e c t o r ,  i n t e r f a c e s ,  e t c . ,  w e r e  func t iona l  f o r  launch. These tests w e r e  

performed i n  the  veh ic l e  assembly bui ld ing  (VAB) o r  on Pad 39A. 

6.2.1 Countdown Demonstration T e s t  

The AS-502 veh ic l e  countdown demonstration test (CDDT) w a s  i n i t i a t e d  a t  23:OO:OO GMT on 

24 March 1968 with the  count a t  T -103 h r .  

a t  approximately 19:25:46 GMT on 31 March. 

procedure V-20044; the  Douglas prepara t ions  and securing s t e p s  w e r e  conducted i n  accordance 

wi th  procedure V-20043. 

of t h e  CDDT. 

The planned CDDT cu tof f  a t  T -8.9 sec occurred 

The test w a s  performed i n  accordance wi th  NASA 

Three runs were necessary t o  complete P a r t  I11 (T -7 h r  t o  T -0) 

Run 1 (29 March 1967) w a s  scrubbed at  23:OO:OO GMT whi le  i n  a hold a t  T -6 h r  because of 

a l eak  a t  the LOX f i l l  quick disconnect/debris valve flange. 

Run 2 (30 October 1967) w a s  scrubbed at  14:03:00 GMT wi th  t h e  count a t  T -4 h r  because of 

S-IC e l e c t r i c a l  power problems. The LOX aboard the  S-IVB was  dra ined  without problems. 
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Run 3 (31 March 1968) was i n i t i a t e d  a t  11:OO:OO GMT wi th  t h e  count a t  T -7 h r  and w a s  

completed at  19:25:46 GMT. 

because of a h igh  LOX pump d ischarge  temperature on t h e  S-11. 

Severa l  unexpected problems occurred during t h e  CDDT. 

co ld  helium system, a t  the  LOX d e b r i s  va lve ,  and i n  two c a l i p s  switches a t  the  diaphragm. 

These w e r e  cor rec ted ,  and m a s s  decay checks t h a t  w e r e  subsequently performed showed no 

m a s s  decay. 

of t he  following problems: 

The f i r s t  terminal count sequence w a s  terminated a t  T -32 sec  

Leakages w e r e  found i n  t h e  

I n  addi t ion ,  two r ed l ines  w e r e  changed f o r  t he  launch countdown because 

a. The LH2 r e c i r c u l a t i o n  f lowra te  w a s  a t  o r  nea r  130 gpm, and t h e  minimum r e d l i n e  

l i m i t  w a s  changed from 130 t o  120 gpm. 

The LH2 pump i n l e t  temperature w a s  w i th in  0.5 deg of t he  r e d l i n e  l i m i t ,  and the  

maximum r e d l i n e  l i m i t  f o r  t h i s  parameter w a s  increased  by 1 deg. 

b .  

Inspec t ion  of t h e  LH2 r e c i r c u l a t i o n  system after the  CDDT revealed t h a t  a p iece  of i n s u l a t i o n  

had no t  been i n s t a l l e d .  The i n s u l a t i o n  w a s  i n s t a l l e d  f o r  t h e  launch countdown, and the  

LH2 r e c i r c u l a t i o n  f lowra te  and pump i n l e t  temperature were w e l l  w i th in  l i m i t s ,  

6.2.2 F l i g h t  Readiness T e s t  

The AS-502 f l i g h t  readiness  test w a s  conducted on 7 and 8 March 1968 i n  order  t o  assure  the  

proper functioning of t h e  space veh ic l e  i n  t h e  launch conf igura t ion  (except f o r  t h e  ove ra l l  

test [OAT] equipment). 

Center procedure V-20017, r ev i s ion  005, dated 8 February 1968. S-IVB prepara t ions ,  

func t iona l  t e s t i n g ,  and secur ing  opera t ions  were conducted i n  accordance wi th  procedure 

5-V-31028, da ted  23 February 1968. 

The APS dry  f i r e  w a s  conducted a t  T -1 h r  30 min without d i f f i c u l t y ,  and a l l  d a t a  s t a t i o n s  

This test w a s  conducted a t  LC 39A i n  accordance wi th  Kennedy Space 

repor ted  good r e s u l t s .  This test  v e r i f i e d  t h a t  t he  A P S  f i r i n g  program 

were ready f o r  the  APS ho t  f i r i n g .  

6.3 APS Prepara t ions  

6.3.1 APS Loading 

APS module p rope l l an t  loading prepara t ions  w e r e  s t a r t e d  on 4 March and 

and a l l  d a t a  s t a t i o n s  

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

completed on 20 March 1968 

d a t a  are presented i n  t a b l e  6-2. During module 2 f u e l  loading, t h e  d i f f e r e n t i a l  p ressure  

across  t h e  b ladder  i n  t h e  module 1 f u e l  tank slowly increased t o  38 ps id  (allowable is 

20 ps id )  because of a temperature d i f f e r e n t i a l  between t h e  environmental con t ro l  system 

a i r  and t h e  p rope l l an t .  The u l l a g e  pressure  remained at  a cons tan t  29 p s i a ,  i nd ica t ing  

t h a t  t h e  bladder w a s  no t  damaged, and a waiver w a s  w r i t t e n  t o  accept  t h e  excess ive  

d i f f e r e n t i a l  p ressure  f o r  AS-502. 

i n  accordance wi th  KSC procedure S-V-24-109. The loading 

6.3.2 APS G a s  Removal 

Gas removal from APS modules 1 and 2 ox id ize r  tanks w a s  s a t i s f a c t o r i l y  accomplished be fo re  

t h e  APS test f i r i n g .  Propel lan t  loss d a t a  are presented i n  t a b l e  6-2. 

I 
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6.3.3 APS T e s t  F i r ing  

The APS test f i r i n g  w a s  accomplished on 21 March 1968 i n  accordance wi th  NASA procedure 

V-25303, rev is ion  002. 

c l ea r ing  b u r s t  and two 65-ms pulses  wi th  a 750-ms delay between each pulse ,  t h e  u l l age  

engines were each f i r e d  f o r  one pulse.  

The engines w e r e  f i r e d  i n  a sequence t h a t  cons is ted  of one 250-ms 

The f i r i n g  sequence w a s  as follows: 

a. 

b. 

C. Ullage engine (one 400-ms pulse)  - engine 1-4 

d. 

e. Plus r o l l  - engines 1-3 and 2-3 

Minus p i t c h  - engine 2-2 

Minus r o l l  - engines 1-1 and 2-1 

Plus p i t c h  - engine 1-2 

f .  Ullage engine (one 400-ms pulse) - engine 2-4 

Evaluation of the da ta  from these f i r i n g s  ind ica ted  t h a t  the  systems w e r e  acceptable f o r  

f l i g h t .  

6.4 AS-502 Launch Countdown 

'The launch countdown a c t i v i t i e s  began a t  05:30:00 GMT on 3 Apr i l  (immediately a f t e r  t h e  

CDDT recyc le  w a s  completed) and w a s  terminated a t  12:00:01.69 GMT on 4 Apr i l  1968 wi th  

space veh ic l e  launch. 

delay t o  f i r i n g  command i n i t i a t i o n .  

The f i n a l  por t ion  of the  countdown progressed without i nc iden t  o r  

6.4.1 Prelaunch Prepara t ions  and Purges 

The prelaunch prepara t ions  and purges w e r e  accomplished i n  accordance wi th  procedures 

V-20043 , S-IVB Support Prepara t ions  f o r  Countdown Demonstration and Countdown; and Douglas 

procedure 1B61615, Pneumatic Console and H e a t  Exchanger Operating Ins t ruc t ions .  

During t h e  prepara t ions  the  systems were l eak  checked, purges and valve ac tua t ions  were 

v e r i f i e d ,  and the  helium supply w a s  analyzed f o r  p u r i t y  and moisture content.  

The engine purges required by Rocketdyne w e r e  accomplished j u s t  p r i o r  t o  LOX loading during 

LOX t r a n s f e r  l i n e  chilldown. The LOX and LH2 tank purges included t h e  f i l l  and d r a i n  valves,  

t he  LOX umbi l ica l  vent  va lve ,  and the  S-IVB umbilical  l i n e  d r a i n  valve. 

An APS gas bubble removal test w a s  simulated during CDDT. 

w a s  n o t  a l t e r e d  f o r  prelaunch preparations.  

6.4.2 Loading Operations 

LOX and LH2 loading, p rope l l an t  tank prepressur iza t ion ,  t h r u s t  chamber chilldown, and 

helium and GH2 sphere loading w e r e  a l l  s a t i s f a c t o r i l y  accomplished. 

It w a s  found t o  be  adequate and 
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6.4.2.1 Propel lan t  Loading 

S-IVB LOX and LH2 loadings w e r e  conducted i n  accordance wi th  procedure V-35007-AS-502. 

Both loadings were unin ter rupted  and accomplished smoothly. Pressures ,  temperatures, and 

flowrates a t  s i g n i f i c a n t  t i m e s  are presented i n  t a b l e  6-3. 

6.4.2.2 Helium and GH2 Loading 

Fina l  p re s su r i za t ion  of a l l  S-IVB helium spheres,  both cold and ambient, w a s  accoinplished 

without d i f f i c u l t y ;  p re s su r i za t ion  of the  APS helium tanks from blanket  t o  f u l l  p ressure  

w a s  accomplished i n  one s t e p  a t  T -55 min. P res su r i za t ion  of the  engine con t ro l  sphere 

from ambient t o  f u l l  p ressure  was accomplished i n  two s t e p s  approximately 5 min apa r t  t o  

l i m i t  the  temperature rise. Sphere p re s su r i za t ion  d a t a  a r e  presented i n  t a b l e  6-4. 

6.4.3 Terminal Count 

The launch terminal count w a s  i n i t i a t e d  a t  T -30 min and w a s  completed without any 

s i g n i f i c a n t  problems. During t h i s  per iod ,  f i n a l  engine and s t age  conditioning were 

accomplished. Table 6-5 presents  the sequence of terminal countdown events.  

6.4.3.1 

The 5-2 engine conditioning w a s  i n i t i a t e d  with a 50-psig ambient helium purge through the 

s tar t  sphere. Af te r  the  purge was terminated, t he  s t a r t  sphere w a s  c h i l l e d  wi th  cold GH2 

c i r cu la t ed  through h e a t  exchanger c i r c u i t  No. 1; i t  w a s  maintained a t  t he  proper temperature 

by opening the  hea t  exchanger c i r c u i t  No. 1 ven t  valve (primary bleed) a t  the proper t i m e .  

S t a r t  sphere chilldown w a s  terminated wi th  the  i n i t i a t i o n  of s ta r t  sphere p re s su r i za t ion  by 

c los ing  the  start  sphere vent  valve. No problems occurred during s tar t  sphere conditioning 

€or  launch. 

The 5-2 engine t h r u s t  chamber j acke t  conditioning was i n i t i a t e d  with a 50-psig ambient 

helium purge. The purge w a s  terminated a t  T -10 min, and t h r u s t  chamber chilldown w a s  

i n i t i a t e d  wi th  cold helium flowing through h e a t  exchanger c i r c u i t s  2 and 3 f o r  approximately 

5 min; chilldown w a s  then continued wi th  cold helium supplied through h e a t  exchanger 

c i r c u i t  No. 2 only. Thrust chamber j acke t  temperature w a s  w e l l  w i th in  r e d l i n e  l i m i t s  a t  

both the i n i t i a t i o n  of automatic sequence and a t  T -19 sec.  

The engine con t ro l  sphere w a s  p ressur ized  a t  T -40 min and conditioned during s tar t  sphere 

chilldown. The supply w a s  closed a t  T -5 min. 

GH2 s t a r t  sphere and the  engine con t ro l  sphere w a s  +13.7 deg R a t  T -19 sec ,  which i s  

wi th in  the  230 deg R required a t  t h i s  t i m e .  

The d i f f e r e n t i a l  temperature between the  

6.4.3.2 Stage Conditioning 

LOX turbopump chilldown w a s  performed wi th  a LOX f lowra te  of 40 gpm unpressurized and 

43 gpm pressurized. The chilldown w a s  normal i n  every respec t .  
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i 

LH2 turbopump chilldown w a s  performed a t  an LH2 f lowra te  of 92 gpm unpressurized and 133 gpm 

pressur ized .  

f o r  launch. 

encountered during the  CDDT d id  n o t  occur during t h e  launch countdown because the  proper 

in su la t ion  had been i n s t a l l e d  on the  r ec i r cu la t ion  pump and shutof f  valve.  Chilldown is 

f u r t h e r  discussed i n  sec t ions  11 and 12. 

LOX and LH2 tank prepressur iza t ion  w e r e  completed i n  the  expected times, and the  tank 

u l l age  pressures  w e r e  s a t i s f a c t o r y  a t  T -19 sec. Two LOX tank u l l age  pressure  makeup 

cyc les  w e r e  accomplished s a t i s f a c t o r i l y .  

The s t a g e  pneumatic system functioned normally dur ing  the  terminal count. 

r egu la to r  discharge pressure  during periods of low demand w a s  540 t o  560 ps i a ,  as expected. 

The chilldown w a s  normal and provided s a t i s f a c t o r y  LH2 pump i n l e t  conditions 

The l o w  LH2 chilldown pump f lowra te  and high LH2 pump i n l e t  temperature 

The con t ro l  

6.5 Redline L i m i t s  

The red l ine  l i m i t s  f o r  launch veh ic l e  parameters are presented i n  the  Apollo 6 (AS-502) 

Launch Mission Rules, Rev A, dated 8 March 1968; and i n  Douglas r epor t  SML46999, Saturn 

S-IVB-502 Stage\ F l igh t  T e s t  Plan,  dated 23 October 1967; and i n  t h e  A41 Redline Monitoring 

Brief.  A l l  r ed l ines  were s a t i s f i e d  before  t h e  launch; however, two w e r e  changed a f t e r  

t he  CDDT because of t he  poor LH2 chilldown system performance during CDDT. 

pump f lowra te  r e d l i n e  w a s  decreased from 130 to  120 gpm, and the  LH2 pump i n l e t  temperature 

r ed l ine  w a s  increased 1 deg R. 

r ed l ine  l i m i t  f o r  launch. 

The LH2 

However, these  measurements were w e l l  w i th in  the  o r i g i n a l  

6.6 Countdown Operations 

6.6.1 Environmental Control Systems 

The a f t  i n t e r s t a g e  thermoconditioning and purge system functioned properly during the  

countdown, maintaining the  APS oxid izer  temperatures wi th in  the  launch r ed l ine  limits 

of 535 t o  560 deg R. 

and i n  AF'S module 2 w a s  545 deg R. 
A t  l i f t o f f ,  the  oxid izer  temperature i n  APS module 1 w a s  556 deg R 

6.6.2 Common Bulkhead Evaluation 

The vacuum monitor console se tups  were s t a r t e d  a t  15:30:00 GN" on 3 April .  

w a s  taken a t  15:51:00 GMT and t h e  vacuum supply valves opened a t  16:09:00 GMT wi th  an 

i h t e r n a l  bulkhead pressure  of 0.9 ps ia .  

i n e r t  atmosphere in s ide  t h e  bulkhead a t  l i f t o f f ,  as shown in  the  following t ab le .  

A gas sample 

R e s u l t s  of t h e  gas sample ind ica t ed  a s a t i s f a c t o r y  

Results of Gas Sample 

G a s  Concentration - 
H2 

N2 

O2 

H e  

A 

c02 

0.16% 

0.28% 

37.6% 

5.9% 
53.7% 

1.9% 
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The vacuum supply valves were closed on 4 Apr i l  a t  05:08:00 GMT, 24 min p r i o r  t o  LOX loading. 

A s a t i s f a c t o r y  i n t e r n a l  pressure  w a s  maintained throughout the  count with a pressure  of 

0.17 p s i a  a t  l i f t o f f .  

s t e a d i l y  a t  0.2 p s i a  u n t i l  loss of s i g n a l  from KSC, 6-112 h r  a f t e r  l i f t o f f .  

The bulkhead i n t e r n a l  pressure  remained w e l l  below t h e  r e l i e f  valve s e t t i n g  of 1.0 ps i a ,  

and the  e n t i r e  f l i g h t  pressure  h i s t o r y  w a s  i n d i c a t i v e  of a sound bulkhead. 

During f l i g h t  and o r b i t a l  coas t ,  the  i n t e r n a l  pressure  remained 

6.6.3 Countdown Problems 

The following problems were encountered dur ing  the  launch countdown: 

a. 

b. 

C.  

A t  21:59:00 GMT on 2 Apri l ,  a f t e r  the  CDDT and during recyc le  opera t ions ,  t he  

pneumatic console Model DSV-4B-432A, 3,200 p s i a  helium dome regu la to r ,  A11733, 

PIN 1866985-503, SIN 168 w a s  fouLid t o  be  cha t t e r ing  during per iods  of high 

flowrate.  The regu la to r  was removed and replaced. 

A t  12:19:00 GMT on 3 Apr i l  1968, during propulsion prepara t ions  f o r  launch, the  

pneumatic console Model DSV-4B-432A, 500 p s i  helium dome loader  r egu la to r ,  A12059, 

PIN 1B37340-519, S I N  10248, w a s  found t o  be  leaking in t e rna l ly .  

wa4  removed and replaced. 

Temperature measurement CO205-403 w a s  recommended f o r  de l e t ion  p r i o r  t o  launch. 

This recommendation w a s  based on a mis in t e rp re t a t ion  of t he  da ta .  The transducer 

appeared t o  be  hung up a t  80 percent  of f u l l  s c a l e ,  bu t  t he  temperature w a s  ac tua l ly  

being maintained a t  t h i s  l e v e l  by a i r  from the  environmental con t ro l  system. 

The regula tor  

6.7 Atmospheric Conditions 

The atmospheric conditions f o r  t h e  AS-502 launch on 4 Apr i l  1968 w e r e  as follows: 

Ambient Dew Po in t  Rela t ive  Ambient Wind Wind 

(deg F) (deg F) (percent) ( in.  of HG) (deg from N) (knots) 
Temp. Humidity Press* Direction** Velocity** T i m e  Temp. 

06:OO :00 69 62 79 30.16 130 9 

07 :OO:OO 69 62 7 9, 30.15 120 6 

08 :00 :00 68 63 84 30.13 140 7 
09 :oo:oo 68 \64 87 30.12 140 7 

1o:oo :oo 69 64 84 30.13 140 9 

11:oo:oo 69 64 84 30.14 140 8 

12 :oo:oo 7 1  65 81 30.14 140 10 
( l i f t o f f )  

*Ambient pressure  a t  sea l eve l .  

**Wind d i r e c t i o n  and ve loc i ty  from loca t ion  60 f t  above ground l e v e l  and 3 m i l e s  West 
of LC Pad 39A. 

6-6 



Sect ion  6 
Countdown Operations 

NASA PROCEDURE 

TABLE 6-1 
LAUNCH VEHICLE TESTS 

COMPLETION TEST 

AS-502 Launch Vehicle OAT No. 1 (Plugs In )  

AS-502 Launch Vehicle OAT No. 1 (Plugs Out) 

AS-502 Space Vehicle OAT No. 1 (Plugs In) 

AS-502 Launch Vehicle P rope l l an t  Simulated Loading Tes t  

AS-502 Launch Vehicle LH2 Simulated Loading Tes t  

AS-502 Launch Vehicle LOX Simulated Loading Tes t  

AS-502 Space Vehicle Cutoff and Malfunction Tes t  

AS-502 Launch Vehicle LOX System Cold Flow T e s t  

AS-502 LH2 System Cold Flow T e s t  

AS-502 Launch Vehicle MCC-H I n t e r f a c e  Command T e s t  (Pad) 

AS-502 Launch Vehicle MCC-H In t e r f ace  Command Tes t  (VAB) 
AS-502 Space Vehicle OAT No.  2 (Plugs Out) 

AS-502 Launch Vehicle OAT No. 2 (Plugs In )  

AS-502 Launch Vehicle F l igh t  Sequence and EBW Functional 

AS-502 Launch Vehicle OAT No. 1 (Plugs In)  S-I1 Spacer 

AS-502 Launch Vehicle Sequence Nalfunction T e s t  wi th  
S-I1 Spacer 

AS-502 Launch Vehicle Sequence and EBW Functional T e s t  
w i th  S-I1 Spacer 

TABLE 6-2 
A P S  LOADING DATA 

ITEM 

Module 1 

Oxidizer Sys tern 

Loaded 
Offloaded 
Removed with bubble b leed  during burp f i r i n g  
Removed wi th  bubble b leed  during countdown 

Fuel System 

Loaded 
Offloaded 
Removed during countdown 

Module 2 

Oxidizer System 

Loaded 
Off loaded 
Removed with bubble b leed  during burp f i r i n g  
Removed wi th  bubble b leed  during countdown 

Fuel System 

Loaded 
Of floaded 
Removed wi th  bubble b leed  dur ing  countdown 

v-20011 

V-20035 

V-20010, r ev  001 

V-25166 

V-25126 

V-25116 

V-20021, rev 004 

V-25333 

V-20034, r ev  004 

V-2002 7 

V-20023 

v-20012 

v-20029 

V-20007 

V-20011S, r e v  A 

v-20019s 

V-20007S, r ev  B 

VOLUME  IN.^) 

4,102 
372 
28 
38 

4,102 

38 
88 

4,102 
372 

21  
30 

4,102 
88 
28 

2 1  Dee 67 

28 & 29 Dec 67 

16 Jan 68 

15 Feb 68 

12 Feb 68 

1 3  Feb 68 

16 Feb 68 

19 Feb 68  

24 Feb 68 

27 Feb 68 

4 & 5 Jan 68 

24 & 25 Jan 68 

29 & 30 Aug 67 

10 Aug 67 

13 June 67 

5 ,  6 ,  7, and 
8 June 68 

1 June 67 

TEMPERATURE (DEG R) 

80 
75 

88.5 
85 

81.5 
83 
a4 

82 
82 
9 1  
a4 

79 

82 
80.5 
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TABLE 6-3 
S-IVB-502 STAGE PROPELLANT LOADING DATA 

PARAMETER 

C h i l l d m  i n i t i a t e d  

Slow F i l l  

Levels 

I n i t i a t i o n  t i m e  

Flowrate 

Maximum swing a r m  p re s su re  

Maximum u l l age  p res su re  

Fas t  f i l l  

Levels 

I n i t i a t i o n  t i m e  

Flowrate 

Swing a r m  p re s su re  

Maximum 

S t a b i l i z e d  

Maximum u l l a g e  pressure  

F ina l  slow f i l l  

Level at  i n i t i a t i o n  

I n i t i a t i o n  t i m e  

Flowrate 

Swing arm pressure  

Maximum u l l a g e  pressure  

Tota l  time requi red  

SPHERE 

Repressurization 

LOX 

LH2 

Control helium 

Cold helium 

A P S  helium 

Module 1 

Module 2 

Engine cont ro l  

Engine GH2 start  

VOLUW 
(f t3 )  

9.0 

31.5 

4.5 

28 .O 

0.540 

0.540 

0.578 

4.224 

UNITS 

GMT 

percent  

GMT 

gpm 
p s i a  

p s i a  

percent  

GMT 

gpm 

p s i a  

p s i a  

p s i a  

percent  

GMT 

gpm 
p s i a  

p s i a  

min 

TABLE 6- 
SPHERE PRESSURIZA 

FINAL PRESSURIZATION 

INITIATIOE 
TIME 

80% LH2 

80% LH2 

80% LH2 

80% LH2 

T -55 min 

T -55 min 

T -32 min 

T -5 rnin 
30 s e c  

REQUIRED 
TIME 

8 min 

8 min 

7 min 

16.5 min 

3 min 

3 min 

1 min 
30 sec* 

approx 
15 s e c  

NITIAL 
'RESSURE 
( p s i 4  

2,625 

2,580 

2,850 

1,080 

3,120 

3,100 

3,080 

1,100 

LOX 

04: 57 :00 

0 t o  5 

05 :32:00 

720 

47 

23.5 

5 t o  96 

05:34:00 

950 t o  1,050 

44 

42.5 t o  44 

23.5 

96 

05 : 53: 00 

450 

21 

16.5 

3N DATA 

3,120 

3,100 

3,110 

3,100 

3,120 

3,100 

2,972 

1,280 

PRESSURE AT 
LIFTOFF 
(psis) 

3,080 

3,053 

3,100 

2,966 

3,120 

3,100 

2,968 

1,304 

LH2 

09:46:00 

0 t o  5 

09 :46 :00 

400 

20.7 

18.5 

5 t o  98 

09 : 59 :00 

2,700 t o  3,000 

20.7 

20.7 

17.5 

98 

10: 23:OO 

500 

20.7 

17.5 
60 

CEME'ERATURE 
iT LIFTOFF 

(deg R> 

495 

4 86 

545 

38.9 

558 

545 

290 

278 

MASS AT 
LIFTOFF 

( I W  

18.58 

66.2 

8.54 

332.0 

1.02 

1.03 

1.87 

3.47 

*Pressurized i n  two s t eps .  
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TABLE 6-5 
TERMINAL COUNTDOWN SEQUENCE 

FUNCTION 

S t a r t  sphere purge i n i t i a t e d  

Thrust chamber purge i n i t i a t e d  

S t a r t  sphere purge terminated 

S t a r t  sphere chil ldown’init iated 

Thrust chamber purge terminated 

Thrust chamber chilldown i n i t i a t e d  

S t a r t  sphere chilldown terminated 

Engine control  sphere supply closed 

LOX turbopump c h i l l d m  i n i t i a t e d  

LH2 turbopump chilldown i n i t i a t e d  

Cold helium crossover valve closed 

Fuel prevalve closed 

Oxidizer prevalve closed 

LOX tank vent valve closed 

LOX tank prepressurizat ion terminated 

LH2 tank vent valve closed 

LH2 tank prepressurization terminated 

LH2 d i r ec t iona l  vent t o  f l i g h t  posi t ion 

Commit and l i f t o f f  (12:00:01.69 GMT) 

TIME FROM 
LIFTOFF (sed 

-1,200 

-870 

-870 

-870 

-600 

-600 

-293.8 

-289.1 

-284.2 

-299.0 

-258.3 

-275.6 

-275.6 

-166.7 

-150.3 

-96.7 

-75.1 

-39 * 7 

0 

\ 

I 
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7. COST PLUS INCENTIVE FEE 

7.1 S-IVB-502 F l i g h t  Mission Accomplishment Results 

S-IVB preconditions of f l i g h t  (PCF) were outs ide  of allowable to le rances  as a r e s u l t  of non- 

nominal lower s t a g e  performance caused by t h e  premature shutdown of two s-I1 s t a g e  engines.  

S-IVB end conditions of f l i g h t  (ECF) a l s o  w e r e  no t  achieved due t o  premature terminatlon OF 
f l i g h t  caused by a malfunction of t h e  5-2 engine which i s  n o t  considered Douglas' f a u l t  as 

defined i n  paragraphs 3.3.7 and 3.3.9 of Exhib i t  J t o  Supplemental Agreement 1100 t o  

Contract NAS7-101. S-IVB performance w a s  s a t i s f a c t o r y  throughout t he  S-IVB f i r s t  burn and 

parking o r b i t  phases of t h e  mission, and the  required ECF would have been achieved i f  proper 

PCF had ex i s t ed  and the  5-2 engine had not  malfunctioned. 

is  presented i n  t h e  following paragraphs. 

Table 7-1 p resents  a comparison of t h e  a c t u a l  PCF determined from f l i g h t  d a t a  and allowable 

PCF defined i n  MSFC Letter I-CO-S-IVB-8-303, dated 27 March 1968. 

of the  t r a j e c t o r y  parameters and the  p i t c h  a t t i t u d e  parameter of t he  PCF d i f f e r e d  from 

nominal by s u b s t a n t i a l l y  more than t h e  allowable to le rances .  

F l igh t  eva lua t ion  r e s u l t s  have e s t ab l i shed  t h a t  t he  f a i l u r e  of the  S-IVB t o  restart w a s  

caused by a f a i l u r e  of t h e  5-2 engine augmented spark  i g n i t e r  (ASI) assembly which occurred 

during S-IVB f i r s t  burn. The eva lua t ion  r e s u l t s  a l s o  show t h a t  a l l  S-IVB systems were 

func t ioning  properly u n t i l  a f t e r  t h i s  f a i l u r e  occurred. The subsequent f a i l u r e  of t he  S-IVB 

hydraul ic  system can be  a t t r i b u t e d  d i r e c t l y  t o  the  5-2 engine f a i l u r e .  

S-IVB anomalies t h a t  cannot be d e f i n i t e l y  a t t r i b u t e d  t o  the  AS1 f a i l u r e  are: 

Subs tan t ia t ion  of t h i s  pos i t i on  

It can be seen t h a t  a l l  

a. Excessive S-IVB cold helium leakage i n  o r b i t  

b. Abnormal opera t ion  of t h e  S-IVB propel lan t  u t i l i z a t i o n  system i n  o r b i t .  

Neither of these  problems would have precluded successfu l  attainment of required ECF, i f  

proper PCF had ex i s t ed  and the  5-2 engine had not f a i l e d .  

f o r  a f u l l  dura t ion  second S-IVB bum.  

r e su l t ed  i n  high engine mixture r a t i o  (5.5:l) opera t ion  during the  second S-IVB bum phase. 

I f  proper PCF had ex i s t ed ,  s u f f i c i e n t  reserve  propel lan ts  would have been ava i l ab le  t o  

accommodate t h i s  mode of operation. A s  shown i n  t a b l e  7-2, t he  ECF t h a t  would have r e su l t ed  

are wi th in  the  allowable to le rances  s t a t e d  i n  MSFC Letter I-CO-S-IVB-8-329, dated 

29 March 1968. 

following conditions:  

Su f f i c i en t  cold helium remained 

The propel lan t  u t i l i z a t i o n  system anomaly could have 

These ECF were obtained from a t r a j e c t o r y  s imula t ion  t h a t  w a s  based on the  

a. Nominal PCF 

b. 

c. 

Actual S-IVB f i r s t  bum performance (excluding e f f e c t s  of AS1 f a i l u r e )  

Propel lan t  u t i l i z a t i o n  valve at the  extreme high mixture r a t i o  l i m i t  during 

second S-IVB bum. 

S-IVB a t t i t u d e  con t ro l  ECF were evaluated throughout t he  por t ion  of t h e  planned mission 

t h a t  w a s  successfu l ly  accomplished. This includes f i r s t  S-IVB bum and parking o r b i t  ( u n t i l  
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i s s u a n c e  of t h e  command t o  restart t h e  S-IVB 5-2 e n g i n e ) .  Table  7-3 p r e s e n t s  t h e  actual 

and a l l o w a b l e  a t t i t u d e  c o n t r o l  ECF d u r i n g  t h i s  p e r i o d .  The a l l o w a b l e  envelopes are t h o s e  

d e f i n e d  i n  MSFC Letter I-CO-S-IVB-8-303 d a t e d  27 March 1968. P i t c h  a t t i t u d e  e r r o r  and 

p i t c h  rate temporar i ly  exceeded a l l o w a b l e  t o l e r a n c e s  e a r l y  i n  S-IVB f i r s t  burn.  This  w a s  

caused by t h e  o u t  of t o l e r a n c e  p i t c h  a t t i t u d e  PCF parameter .  

mance w a s  normal and a l l  o t h e r  parameters  w e r e  w i t h i n  t o l e r a n c e  throughout  t h i s  p e r i o d .  

S-IVB c o n t r o l  system p e r f o r -  

7.2 Telemetry Performance 

Evalua t ion  of t h e  te lemet ry  performance i n d i c a t e d  t h a t  t h e  te lemet ry  system opera ted  a t  

98 .3  p e r c e n t  e f f i c i e n c y  dur ing  t h e  t e l e m e t r y  performance e v a l u a t i o n  per iod  (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  +10 s e c )  and performed a t  97.6 p e r c e n t  e f f i c i e n c y  

dur ing  t h e  TPEP phase I1 ( l i f t o f f  t o  planned LV/SC s e p a r a t i o n  as d e f i n e d  i n  NASA drawing 

40M33622, I n t e r f a c e  Cont ro l  Document D e f i n i t i o n  of S a t u r n  SA-502 F l i g h t  Sequence Program). 

The r e s u l t s  of t h e  te lemet ry  performance a n a l y s i s  a r e  shown i n  t a b l e  7-4. 
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TABLE 7-1 
S-IVB-502 PRECONDITIONS OF FLIGHT 

I 
PARAMETER 

Range 

Crossrange 

A l t i t u d e  

Veloc i ty  v e c t o r  
magnitude 

Veloc i ty  v e c t o r  
d i r e c t i o n  

P i t c h  a t t i t u d e  

P i t c h  rate 

Yaw a t t i t u d e  

Yaw rate 

Rol l  a t t i t u d e  

UNITS 

km 

km 

km 

m/sec 

de g 

deg 

deglsec  

deg 

deg/sec 

deg 

deg/sec 

NOMINAL 

1 , 5 0 5 . 4  

4 0 . 8  

1 8 8 .  a 

6 , 8 3 4 . 4  

0 . 7 8  

- 9 6 . 3  

0.0 

0 . 3  

0 . 0  

0.0 

0.0 

ACTUAL 

R o l l  rate I 
NOTE: PCF are eva lua ted  a t  t h e  i n s t a n t  of Separa t ion  Command 

*Deviations c o n s i s t  of allowable e r r o r  plus e v a l u a t i o n  u n c e r t a i n t y  

**Exceeds allowable t o l e r a n c e  

1 , 8 1 5 . 5 .  

30 .7  

1 9 5 . 2  

6 , 7 2 8 . 7  

1 . 6 0  

- 8 2 . 2  

-0.1 

-1.0 

- 0 . 2  

-0.5 

-0.1 

PARAMETER 

I n c l i n a t i o n  I 
Energy (C3) 

E c c e n t r i c i t y  

ALLOWABLE 
DEVIATION* 

+55.4 
- 7 1 . 1  

+3 .5  
- 3 . 8  

+ 3 . 4  
-3 .4  

+ 5 2 . 4  
- 6 6 . 1  

+ 0 . 3 8  
- 0 . 3 4  

+5.0 
-5.0 

+1.5 
-1.5 

+ 3 . 8  
-3 .7  

+1.5 
-1.5 

+ 4 . 0  
- 4 . 0  

+1.5 
-1.5 

TABLE 7-2  
SIMULATED TRAJECTORY END CONDITIONS OF FLIGHT FOR PU MALFUNCTION 

RESULTING I N  HIGH EMR OPERATION 

NOMINAL SIMULATED 

32.485 3 2 . 4 8 6  

deg 1 2 2 . 4 9 0  1 2 2 . 4 9 9  

m2 /sec2 - 1 , 4 9 1 , 1 5 6  - 1 , 4 9 4 , 1 4 7  

0 . 9 7 5 2 8  -- 0 . 9 7 5 3 2  

ACTUAL 
DEVIATION 

310.1** 

-10.1** 

6.4** 

-105.7** 

0.82** 

14.2** 

-0.1 

- 1 . 3  

-0 .2  

-0.5 

-0.1 

+ 0 . 2 2 0  

+ 1 2 5 , 6 7 5  

NOTE: The Simulated ECF are based on: 

a. Nominal PCF 

b. 

c. 

Actual S-IVB f i r s t  b u m  performance (excluding e f f e c t  of AS1 f a i l u r e )  

P r o p e l l a n t  u t i l i z a t i o n  va lve  at  t h e  extreme high mixture r a t i o  l i m i t  dur ing  
second S-IVB bum. 
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TABLE 7-3 
ATTITUDE CONTROL END CONDITIONS OF FLIGHT 

(TO RESTART ATTEMPT) 

PARAMETER 

S-IVB F i r s t  Bum 

P i t c h  A t t i t u d e  E r r o r  (deg) 

Yaw A t t i t u d e  E r r o r  (deg) 

R o l l  A t t i t u d e  E r r o r  (deg) 

P i t c h  Rate (deg/sec)  

Yaw Rate (deg/sec)  

R o l l  Rate (deg/sec)  

Parking O r b i t  

*Pi tch  A t t i t u d e  E r r o r  (deg) 

*Yaw A t t i t u d e  E r r o r  (deg) 

*Roll  A t t i t u d e  E r r o r  (deg) 

P i t c h  Rate (deg/sec)  

Yaw Rate (deglsec)  

Rol.1 Rate (deg/sec)  

ALLOWABLE 
ENVELOPE 

- +6 

+6 

- +13.5 
- 

- +3 

- +3 

- +1.5 

- +4 

- +4 

- +1.2 

k1 .2  

- +13.5 

- f 1 . 5  

MAXIMUM FLIGHT 
VALUE 

+7.6** 

+2.4 

-1.0 

-3.5** 

+1.0 

-0.6 

+l. 3 

-1.1 

-0.6 

-0.3 

-0.5 

-0.6 

*Excluding normal t r a n s i e n t s  and maneuvers 

**Temporary out  of t o l e r a n c e  c o n d i t i o n  r e s u l t i n g  from o u t  of t o l e r a n c e  precondi t ions  of 
f l i g h t .  

TABLE 7-4 (Sheet  1 of 3)  
FLIGHT TELEMETRY PERFORMANCE SUMMARY 

ITEM 

1. 

2. 

3. 

DESCRIPTION 

T o t a l  number of measurements l i s t e d  i n  t h e  S-IVB-502 Ins t rumenta t ion  
Program and Components L i s t  (IP&CL), Douglas Drawing 1B43567, AL Change. 

Measurements l i s t e d  i n  t h e  IP&CL which are n o t  wholly on t h e  S-IVB-502 
s t a g e :  

Measurements 

DO15 3-423 

DO 154-42 1 

D0155-420 

DO 15 6-42 2 

M e  as uremen ts 

D0545-407 

D0576-408 

DO5 77-406 

t r a n s m i t t e d  by t h e  S-I1 te lemet ry  system: 

P r e s s  - Chamber Ret rorocket  P o s i t  I V - I  

P r e s s  - Chamber Ret rorocket  P o s i t  11-111 

P r e s s  - Chamber Ret rorocket  P o s i t  1-11 

P r e s s  - Chamber Ret rorocket  P o s i t  1 1 1 - I V  

wholly t r a n s m i t t e d  l a n d l i n e  t o  t h e  Launch Cont ro l  Center :  

P r e s s  - Common Bulkhead I n t e r n a l  - H/W 
P r e s s  - F u e l  Tank Ullage Umbil ical  - H/W 

P r e s s  - Oxid Tank Ullage Umbil ical  - H/W 

Measurements known t o  be i n o p e r a t i v e  a t  s tar t  of automatic  launch sequence, 
o r  became i n o p e r a t i v e  p r i o r  t o  start of au tomat lc  launch sequence: 

TOTAL 

616 

7 

18 
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ITEM - 

4. 

5. 

TABLE 7-4 (Sheet 2 of 3)  
FLIGHT TELEMETRY PERFORMANCE SUMMARY 

DESCRIPTION 

The f u n c t i o n  of t h e  fo l lowing  measurements is t o  monitor  t h e  o u t p u t  v o l t a g e  
of exploding br idgewires  (EBW) by means of p u l s e  s e n s o r s  dur ing  checkout. 
The p u l s e  s e n s o r s  are removed p r i o r  t o  launch,  t h u s  making t h e  measurements 
i n o p e r a t i v e  dur ing  f l i g h t .  

KO141-411 Event - R/S 1 P u l s e  Sensor 

KO142-411 Event - R/S 2 P u l s e  Sensor  

KO149-40,4 

KO150-404 

K0169-404 Event - EBW P u l s e  Sensor  Off I n d i c a t i o n  

K0176-404 

K0177-404 

Event - Ullage J e t t i s o n  1 PIS 

Event - Ullage J e t t i s o n  2 PIS 

Event - Ullage  Rocket I g n i t i o n  P/S 1 Ind 

Event - Ullage Rocket I g n i t i o n  PIS 2 Ind 

The fo l lowing  measurement w a s  l i s t e d  i n  t h e  IP&CL, and t h e  c a p a b i l i t y  t o  
make t h e  measurements e x i s t e d  on t h e  s t a g e .  MSFC d i d  n o t  r e q u i r e  t h e  
a s s o c i a t e d  rate gyro i n s t a l l a t i o n ;  t h e r e f o r e ,  t h e  measurement is 
i n o p e r a t i v e .  

KO152-404 Event - Rate Gyro Wheel Speed OK Ind 

The fo l lowing  measurement i s  used f o r  checkout only.  The I U  f l i g h t  
sequencing t a p e  i s  n o t  programmed t o  activate t h i s  measurement i n  f l i g h t .  
Therefore ,  i t  is i n o p e r a t i v e .  

K0168-404 Event - Switch S e l e c t o r  R e g i s t e r  T e s t  

The fo l lowing  measurements malfunct ioned and became i n o p e r a t i v e  p r i o r  t o  
t h e  s tar t  of automatic  sequence 

COO41-406 Temp - LOX Tank, P o s i t  2 

COO56-406 Temp - LOX Tank Ullage G a s ,  20 p e r c e n t  

CO150-401 Temp - Eng LH2 Pump Surface  

CO155-404 

CO205-403 Temp - H e  P r e p r e s s  Sphere, No. 4 G a s  

CO301-415 Temp - APS Oxid, Tank 2 

D0018-401 P r e s s  - Eng Reg O u t l e t  

D0058-401 P r e s s  - PU Valve I n l e t  

SOO87-426 S t r a i n  - Dyn, Fwd S k i r t ,  P n l  1 7  

Temp - LH2 Preva lve  Bypass Line 

Measurements from which Douglas could n o 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 w e r e  degraded o r  prevented from 
be ing  t ransmi t ted .  

Phase I 

Phase I1 

C0010-403 Temp - Engine Area Ambient 

CO152-403 Temp - LOX Main Line  F lg  Wall 

E0209-401 Vib - Combustion Chamb Dome, Long 

The t o t a l  number of measurements t o  be eva lua ted  f o r  i n c e n t i v e  performance 
f o r  bo th  TPEP phase I and phase I1 is i t e m  1 minus t h e  sum of  i t e m s  2, 3,  
and 4. 

Phase I 

Phase I1 

TOTAL 

0 

3 

591 
5 88 
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TABLE 7-4 (Sheet  3 of 3) 
FLIGHT TELEMETRY PERFORMANCE SUMMARY 

DESCRIPTION 

Measurements which w e r e  f a i l u r e s  dur 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  +10 s e c ) .  Details regard ing  t h e s e  measurement f a i l u r e s  
may be obta ined  i n  s e c t i o n  18 of t h i s  r e p o r t .  

B0023-404 Acous t ic  - A f t  (2400 - 4800), I n t  

COOO8-403 Temp - Heat Exch He  I n l e t  

COO49-405 Temp - Electrical Tunnel, LOC 1 

COO58-406 Temp - LOX Tank Ul lage ,  80 p e r c e n t  

CO111-426 Temp - Fwd S k i r t ,  LOC 8 

CO151-401 Temp - LOX Pump Surface  

CO286-415 Temp - APS F a i r i n g  2-4 

D0105-404 P r e s s  - LOX Tank P r e s s  Mod, H e  Gas 

E0114-411 Vib - Fwd S k i r t ,  EBW R/S Pnl ,  Radia l  

E0210-401 Vib - LH2 Turbopump - Lateral  

Measurements which w e r e  f a i l u r e s  dur ing  TPEP phase I1 ( L i f t o f f  t o  planned 
LV/SC s e p a r a t i o n  as def ined  i n  NASA drawing 40M33622, I n t e r f a c e  Cont ro l  
Document D e f i n i t i o n  of S a t u r n  SA-502 F l i g h t  Sequence Program). Details 
regard ing  t h e s e  measurement f a i l u r e s  may b e  obta ined  i n  s e c t i o n  1 8  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 t e n  measure- 
ments are shown i n  i t e m  6 above. 

I n  a d d i t i o n  t o  t h o s e  measurements which were f a i l u r e s  dur ing  TPEP phase I ,  
t h e  fo l lowing  f o u r  measurements w e r e  f a i l u r e s  dur ing  phase 11. 

CO189-414 Temp - APS I n j  Wall, Eng 1-2 

C2015-401 Temp - Crossover  Duct Ext Wall 1 

D9003-403 P r e s s  - LOX Pump I n l e t  

D0224-401 P r e s s  - LH2 Pump I n t r s t g  O u t l e t  

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 ,  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-tenth of  one percent .  

591-10 X 100 = 98.3 p e r c e n t  591  

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-tenth of one percent .  

588-14 X 100 = 97.6 p e r c e n t  588 

TOTAL, 

10 
= 

14 
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8. TRAJECTORY 

8.1 Scope 

This s e c t i o n  p resen t s  a d iscuss ion  of t h e  AS-502 veh ic l e  t r a j ec to ry .  Comparisons 

between the  a c t u a l  observed t r a j e c t o r y  and t h e  p r e f l i g h t  and p o s t f l i g h t  pred ic ted  

are made 

t r a j e c t o r i e s ;  a l s o  r e s u l t s  of a s imula t ion  of the a c t u a l  t r a j e c t o r y  are presented. Actual 

observed t r a j e c t o r y  dev ia t ions  from p red ic t ed  are explained in  terms of S-IVB and lower 

s t a g e  system performance devia t ions .  

Also presented  is t h e  parking o r b i t  continuous vent system (CVS) t h r u s t  determined from 

t r a j e c t o r y  ana lys i s .  A comparison of t h i s  t h r u s t  wi th  pred ic ted  is presented. 

A s  areas of i n t e r e s t ,  d i scuss ions  are included of t h e  veh ic l e  overspeed problem which 

occurred a t  the  end of t h e  S-IVB f i r s t  burn, and t h e  s t a g e  motion and breakup a f t e r  t h e  

unsuccessful restart attempt.  

8.2 

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 racking  and telemetry da ta )  and 

t h e  p r e f l i g h t  pred ic ted  t r a j e c t o r y .  The predic ted  t r a j e c t o r y ,  dur ing  S-IC and S-I1 s t a g e  

burns,  i s  t h a t  presented i n  t h e  Boeing f i n a l  ope ra t iona l  t r a j e c t o r y .  

t he  p red ic t ed  t r a j e c t o r y  i s  the  Douglas f i n a l  p red ic ted  t r a j e c t o r y .  

The f l i g h t  t r a j e c t o r y  of t he  AS-502 w a s  charac te r ized  by s e v e r a l  anomalies ( sec t ion  2) 

r e s u l t i n g  i n  l a r g e  devia t ions  from t h e  predic ted  t r a j e c t o r y  beginning a t  approximately 

RO f413  sec and continuing throughout t h e  remainder of t he  boost t o  parking o r b i t  phase and 

t h e  parking o r b i t  coas t  phase. 

5-2 engine t o  r e i g n i t e  f o r  boost i n t o  t r ans luna r  o r b i t .  

a c t u a l  and predic ted  t r a j e c t o r y  condi t ions  as presented i n  t h i s  s e c t i o n  w i l l ,  t he re fo re ,  be 

r e s t r i c t e d  t o  the  boost t o  parking o r b i t  phase. 

Figures are presented  comparing t h e  a c t u a l  and p red ic t ed  va lues  of a l t i t u d e ,  ground range, 

crossrange pos i t i on ,  crossrange ve loc i ty ,  i n e r t i a l  ve loc i ty ,  a x i a l  acce le ra t ion ,  i n e r t i a l  

f l i g h t  pa th  e l eva t ion  angle,  and i n e r t i a l  f l i g h t  pa th  azimuth angle  f o r  t h e  powered and 

o r b i t a l  coas t  phases of t h e  f l i g h t .  

Figures 8-1 through 8-25 compare t h e  a c t u a l  and p red ic t ed  h i s t o r i e s  f o r  each t r a j e c t o r y  

parameter. 

f l i g h t  and p o s t f l i g h t  p red ic t ed  and a c t u a l  t r a j e c t o r y  parameters during t h e  S-IVB and 

o r b i t a l  phases of f l i g h t .  

The S-IC s t a g e  t r a j e c t o r y  w a s  c lose  t o  pred ic ted .  
2 pres su re  w a s  31.5 l b f / f t  

p red ic ted .  

approximately 5 cps w a s  observed. 

S-IC f l i g h t  producing no s i g n i f i c a n t  e f f e c t  on the  t r a j e c t o r y .  

Comparison Between Actual and P r e f l i g h t  Predic ted  Tra j ec to r i e s  

The S-IVB por t ion  of 

Most s i g n i f i c a n t  of t h e  anomalies was a f a i l u r e  of t h e  S-IVB 

Powered f l i g h t  comparisons of 

Figures 8-26 through 8-31 present  a h i s t o r y  of t h e  d i f f e rences  between t h e  pre- 

Table 8-1 shows conditions a t  c e r t a i n  s i g n i f i c a n t  event t i m e s .  

A s  shown i n  t a b l e  8-1, t h e  maximum dynamic 

h igher  than p red ic t ed  and i t  occurred 4.14 sec earlier than 

Approximately 100 s e c  i n t o  t h e  S-IC f l i g h t ,  a long i tud ina l  pogo o s c i l l a t i o n  of 

This o s c i l l a t i o n  l a s t e d  through t h e  remaining po r t ion  of 

S-IC/S-I1 s epa ra t ion  
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occurred 1.35 sec later than predic ted .  A s  shown i n  t a b l e  8-1, t h e  a l t i t u d e  a t  S-IC/S-I1 

s e p a r a t i o n  w a s  3,379 f t  h igher  than p r e d i c t e d  and t h e  i n e r t i a l  v e l o c i t y  w a s  33.2 f t / s e c  

h i g h e r  than p r e d i c t e a .  

The S-I1 s t a g e  t r 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  u n t i l  RO +412.9 sec. A t  t h i s  t i m e  t h e  

No.  2 engine prematurely s h u t  down. Reportedly because of preva lve  c r o s s  w i r i n g ,  t h e  No. 3 

engine was s h u t  down a t  RO +414.2 sec fo l lowing  t h e  d e t e c t i o n  of  a t h r u s t  loss  on engine  

No. 2. A s  a r e s u l t  of t h e  shutdown of t h e s e  engines ,  S-I1 p r o p e l l a n t  d e p l e t i o n  w a s  n o t  

reached u n t i l  RO +576.3 sec, a t  which t i m e  t h e  t h r e e  remaining engines  c u t  o f f  normally. 

The i terative guidance mode (IGM) w a s  n o t  implemented t o  f l y  opt imal ly  w i t h  two engines  

out .  The I G M  d e t e c t e d  a lo s s  of a s i n g l e  engine  and a d j u s t e d  S-I1 burn time-to-go by 

20 percent .  When t h e  second engine s h u t  down, no  f u r t h e r  adjustment  of time-to-go could be 

made. A s  a r e s u l t ,  t h e  guidance commands w e r e  f rozen  approximately 58  sec p r i o r  t o  S-I1 

c u t o f f ,  caus ing  a far-from-optimum t r a j e c t o r y  d u r i n g  t h e  la t ter  p a r t  of S-I1 boost .  

S-111s-IVB s e p a r a t i o n  occurred a t  RO +577.08 sec, 59.12 sec la te r  than  predic ted .  

t i m e  t h e  t r a j e c t o r y  could be c h a r a c t e r i z e d  as slow, h igh ,  long,  and t o  t h e  r i g h t  of t h e  

p r e d i c t e d  pa th .  This  i s  shown i n  t a b l e  8-1. The i n e r t i a l  v e l o c i t y  w a s  354.9 f t / s e c  lower 

than p r e d i c t e d  whi le  t h e  a l t i t u d e  w a s  21,323 f t  h i g h e r  than  p r e d i c t e d .  The 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  a n g l e  was 0.822 deg h i g h e r  than  predic ted .  Figures  8-1 through 8-14 p r e s e n t  

t h e  S-IC/S-I1 t r a j e c t o r y  parameter  h i s t o r i e s .  

Because of t h e  nonoptimum t r a j e c t o r y  c o n d i t i o n s  a t  S-111s-IVB s e p a r a t i o n  which r e s u l t e d  from 

t h e  l a r g e  per iod  of f rozen  a t t i t u d e  commands, guidance commanded t h e  S-IVB t o  p i t c h  nose 

down a t  t h e  maximum rate of 1 deg/sec f o r  60 sec. A t  t h i s  t i m e ,  a l t i t u d e  reached its peak 

v a l u e  ( f i g u r e  8-26) and began t o  decrease  toward t h e  t a r g e t  va lue .  F igure  8-29 shows t h a t  

a t  t h i s  t i m e  i n e r t i a l  f l i g h t  pa th  a n g l e  w a s  decreas ing  r a p i d l y  from t h e  t a r g e t  va lue  of 

0 deg which i s  necessary  t o  o b t a i n  t h e  d e s i r e d  o r b i t .  I n  o r d e r  t o  a t t a i n  t a r g e t  f l i g h t  pa th  

angle ,  t h e  v e h i c l e  w a s  commanded t o  p i t c h  nose up. This  nose up maneuver became rate 

l i m i t e d  n e a r  t h e  end of  S-IVB burn. F igure  8-23 p r e s e n t s  p i t c h  a t t i t u d e  commands dur ing  

t h e s e  maneuvers. When t a r g e t  v e l o c i t y  of 25,561.1 f t / s e c  was a t t a i n e d  a t  approximately 

RO +739 sec, t h e  guidance w a s  s t i l l  a t tempt ing  t o  r o t a t e  t h e  v e l o c i t y  v e c t o r  t o  a 0 deg 

f l i g h t  pa th  o r i e n t a t i o n .  A t  RO +747.04 sec, a f t e r  guidance had e n t e r e d  t h e  high-speed loop,  

t h e  v e l o c i t y  magnitude w a s  found t o  b e  g r e a t e r  than i t s  t a r g e t  v a l u e  and engine cu tof f  w a s  

commanded. This  overspeed problem is  d iscussed  i n  d e t a i l  i n  paragraph 8.5. 

Another s i g n i f i c a n t  problem occurred dur ing  t h e  S-IVB first  burn. A t  approximately 

RO +690 sec, t h e  LH2 augmented s p a r k  i g n i t e r  (ASI) f e e d l i n e  ruptured.  This  caused an approxi- 

mate 5,000 l b f  (paragraph 8.4) loss  i n  t h r u s t  t o  occur. The lower a c c e l e r a t i o n  caused by 

t h i s  loss i n  t h r u s t  is shown i n  f i g u r e  8-20. Table  8-1 p r e s e n t s  t h e  t r a j e c t o r y  c o n d i t i o n s  

a t  S-IVB f i r s t  b u m  Engine Cutoff Command. These c o n d i t i o n s  can b e  c h a r a c t e r i z e d  as low, 

f a s t ,  and long. The a l t i t u d e  w a s  1,987 f t  lower t h a n  p r e d i c t e d  whi le  t h e  i n e r t i a l  v e l o c i t y  

w a s  160.2 f t / s e c  h i g h e r  than  predic ted .  The 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  a n g l e  w a s  

0.4 deg lower than predic ted .  Figures  8-15 through 8-29 p r e s e n t  t h e  S-IVB t r a j e c t o r y .  

A t  t h i s  
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A parking o r b i t  was achieved which had an apogee a l t i t u d e  of 194.4 nmi, a per igee  a l t i t u d e  

of 93.5 nmi, and a per iod  of 89.8 min, in s t ead  of t h e  t a r g e t  100 nmi c i r c u l a r  parking 

o r b i t .  

no t  occurred and S-IVB cutof f  been commanded when t a r g e t  v e l o c i t y  magnitude w a s  reached, 

t h e  r e s u l t i n g  parking o r b i t  would have had a per igee  rad ius  of 67 nmi and an apogee rad ius  

of 157 nmi s i n c e  f l i g h t  path angle  would s t i l l  have been approximately 0.7 deg below t h e  

t a r g e t  value.  

i n  t a b l e  8-1. 

(paragraph 8.6). 

f l i g h t .  

e l l i p t i c a l  parking o r b i t  period. 

t a b l e  8-1. 

Restart of t h e  S-IVB J-2 engine w a s  attempted a t  RO +11,614.7 sec.  Table 8-1 p re sen t s  t h e  

t r a j e c t o r y  condi t ions  a t  t h i s  t i m e .  Following f u e l  l ead ,  LOX and LH2 w e r e  dumped through 

the  engine i n  the  normal manner, and t h e  combination of pumped p rope l l an t s  and gas genera tor  

exhaust produced approximately 10,000 lb f  of 5-2 engine t h r u s t .  However, due t o  t h e  rupture  

of t he  LH2 AS1 l i n e  during f i r s t  burn, r e i g n i t i o n  d i d  not occur. The instrument u n i t  

au tomat ica l ly  i n i t i a t e d  TB7 at  RO +11,630.32 sec ,  when t h e  mainstage pressure  switch d id  not  

d e t e c t  s u f f i c i e n t  chamber pressure  t o  i n d i c a t e  t h a t  i g n i t i o n  w a s  accomplished. Launch 

veh ic l e / spacec ra f t  (LV/SC) sepa ra t ion  w a s  i n i t i a t e d  by ground command at RO +11,666.1 sec .  

Tra jec tory  condi t ions  a t  TB7 and LV/SC sepa ra t ion  are presented  i n  t a b l e  8-1. 

The e l l i p t i c a l  o r b i t  w a s  caused by t h e  veh ic l e  overspeed. Had t h e  veh ic l e  overspeed 

Tra j ec to ry  condi t ions  and parking o r b i t  elements a t  i n s e r t i o n  are presented  

The CVS t h r u s t  appeared t o  be c lose  t o  nominal throughout t h e  parking o r b i t  

Prepara t ions  t o  restart the  S-IVB w e r e  begun 11,287.73 s e c  i n t o  t h e  

This w a s  213.7 sec later than predic ted  because of t h e  higher-than-predicted 

Tra jec tory  condi t ions  a t  t h i s  t i m e  are presented  i n  

Figure 8-30 and 8-31 p resen t  t h e  parking o r b i t  t r a j e c t o r y .  

8.3 P o s t f l i g h t  Predic ted  Tra jec tory  Evaluation 

To assist i n  the  i s o l a t i o n  of S-IVB performance devia t ions  which cont r ibu ted  t o  t r a j e c t o r y  

devia t ions ,  a p o s t f l i g h t  S-IVB p red ic t ed  t r a j e c t o r y  w a s  generated. This t r a j e c t o r y  w a s  

generated using p red ic t ed  S-IVB performance c h a r a c t e r i s t i c s  and a c t u a l  S-111s-IVB sepa ra t ion  

t r a j e c t o r y  conditions.  

p red ic ted  are due t o  S-IVB performance dev ia t ions ,  observed t r a j e c t o r y  eva lua t ion  e r r o r s ,  

and instrument u n i t  naviga t ion  o r  guidance e r r o r s .  

To support  t h i s  eva lua t ion ,  t h e  following set of parameters w e r e  s e l e c t e d  t o  de f ine  the  

S-IVB t r a j e c t o r y :  A l t i t ude ,  ground range, crossrange pos i t i on ,  crossrange ve loc i ty ,  i n e r t i a l  

ve loc i ty ,  a x i a l  acce le ra t ion ,  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.  Figures 8-26 through 8-31 show t h a t  dev ia t ions  from p red ic t ed  f o r  each of 

t hese  parameters are due pr imar i ly  t o  lower s t age  performance devia t ions .  

wi th  the exception of t h e  AS1  f u e l  f e e d l i n e  rupture  a t  approximately RO +690 sec, w a s  

nea r ly  nominal as ind ica t ed  by f i g u r e  8-32 through 8-35. These f igu res  compare t h e  

p o s t f l i g h t  p red ic t ed  t r a j e c t o r y  wi th  observed data.  

Over most of t h e  S-IVB powered f l i g h t ,  t he  p o s t f l i g h t  pred ic ted  t r a j e c t o r y  is  long, low, 

f a s t ,  and t o  the  r i g h t  of ac tua l .  Figure 8-34 shows t h a t  a c t u a l  veh ic l e  acce le ra t ion  w a s  

lower than predic ted ,  which accounts f o r  t h e  slower-than-predicted i n e r t i a l  v e l o c i t y  

( f i g u r e  8-34) and t h e  shorter-than-predicted ground range ( f igu re  8-32). P o s t f l i g h t  

simulated t r a j e c t o r y  ana lys i s  (paragraph 8.4) 

t h e  p i t c h  and yaw planes  accounts f o r  t h e  devia t ions  between p o s t f l i g h t  p red ic t ed  and 

a c t u a l  a l t i t u d e  ( f i g u r e  8-32), crossrange pos i t i on  and v e l o c i t y  ( f i g u r e  8-33), and i n e r t i a l  

Tra jec tory  devia t ions  between t h e  a c t u a l  and t h e  p o s t f l i g h t  

S-IVB performance, 

shows t h a t  a t h r u s t  vec to r  misalignment i n  both 
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f l i g h t  path e l eva t ion  and azimuth angles  ( f i g u r e  8-35).  

phenomenon on S-IVB cutof f  condi t ions  is evident  from f igu res  8-34 and 8-35. The t a r g e t  

cu tof f  ve loc i ty  w a s  exceeded by approximately 160 f t l s e c ,  bu t  t h e  overspeed caused both 

e l eva t ion  and azimuth f l i g h t  path angles  t o  more c lose ly  approach t a r g e t  values.  Guidance 

responses causing the  overspeed are discussed i n  d e t a i l  i n  paragraph 8.5. 

The S-IVB burntime w a s  30.8 s e c  longer than predic ted .  The t a b l e  below shows t h a t  t h e  

primary con t r ibu to r s  t o  t h i s  devia t ion  w e r e  devia t ions  i n  precondi t ions  of f l i g h t .  

The magnitude of t hese  con t r ibu t ions  w e r e  obtained from p o s t f l i g h t  t r a j e c t o r y  a r a l y s i s  

using the  a c t u a l  precondi t ions  of f l i g h t  and predic ted  S-IVB performance. Another l a r g e  

con t r ibu to r  w a s  t he  overspeed. The magnitude of t h i s  con t r ibu t ion  w a s  obtained by 

sub t r ac t ing  from the  a c t u a l  cu tof f  t i m e  t he  t i m e  a t  which the  launch veh ic l e  d i g i t a l  

computer (LVDC) output i nd ica t ed  the  magnitude of t h e  t a r g e t  ve loc i ty  w a s  reached. The 

remainder of the  con t r ibu t ions  b r ing  t h e  t o t a l  burntime devia t ion  t o  32.6 sec.  This i s  

1.8 s e c  more than the  a c t u a l  burntime devia t ion .  The add i t iona l  1.8 sec of burntime could 

be accounted f o r  by unce r t a in t i e s  i n  precondi t ions  of f l i g h t  and u n c e r t a i n t i e s  i n  the  

t h r u s t  average obtained from t r a j e c t o r y  recons t ruc t ion .  

The impact of t h e  overspeed 

CONTRIBUTOR 

Preconditions of f l i g h t  (simulation) 

Velocity magnitude 

Elevation f l i g h t  path angle  

Al t i t ude  

Overspeed (LVDC) 

S-IVB t h r u s t  

S-IVB mass flow 

To ta l  

DEVIATION CONTRIBUTION TO 
(ACTUAL MINUS BURNTIME 
PREDICTED) DEVIATION 

f 2 3 . 1  s e c  

-354.9 deg 

f 0 . 8 2 2  deg 

+21,300 f t  

+160.2 f t / s e c  

-1,985 l b  

+0.48 l b  

f8 .1  s e c  

f l . O  sec 

f 0 . 4  s e c  

+32.6 s e c  

Figures 8-30 and 8-31 compare t h e  p o s t f l i g h t  pred ic ted  and a c t u a l  park ing  o r b i t  

t r a j e c t o r i e s .  

w a s  i n s e r t e d  i n t o  a perturbed parking o r b i t  wi th  an apogee a l t i t u d e  of 194.4 nmi and a 

per igee  a l t i t u d e  of 93.5 nmi. 
t he  devia t ion  i n  p o s t f l i g h t  pred ic ted  and a c t u a l  parking o r b i t  is due pr imar i ly  t o  the  
guidance overspeed phenomenon. 

Because of t he  overspeed a t  S-IVB cu to f f ,  t h e  AS-502 f l i g h t  veh ic l e  

Since t h e  CVS t h r u s t  w a s  near  pred ic ted  (paragraph 8.6) ,  

8.4 Powered F l i g h t  Simulated Tra jec tory  Evaluation 

Using a five-degrees-of-freedom t r a j e c t o r y  s imula t ion  program, a t r a j e c t o r y  was generated 

which c lose ly  matched the  observed t r a j e c t o r y  (appendix 3 ) .  The s imula t ion  program employed 

a d i f f e r e n t i a l  co r rec t ion  technique which determined the  necessary adjustmencs t o  the  l e v e l s  

of t h r u s t  and weight flow from the  engine ana lys i s  and adjustments t o  p i t c h  and yaw engine 

t h r u s t  misalignment angles from t h e  con t ro l  system ana lys i s  t o  match t h e  observed t r a j e c t o r y .  
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These adjustments w e r e  determined by minimizing, i n  a leas t - squares  sense,  t h e  weighted 

d i f f e rences  i n  a l t i t u d e ,  ear th- f ixed  ve loc i ty ,  e a r t h  f ixed  v e l o c i t y  azimuth angle,  and 

i n e r t i a l  acce le ra t ion  between the  observed and simulated t r a j e c t o r i e s .  

Di f fe rences  between t h e  observed and simulated t r a j e c t o r i e s  are presented i n  f i g u r e  8-36. 

The s tandard  devia t ion  of the  d i f f e rences  and 

UNITS - PARAMETER 

Al t i t ude  f t  

Earth-fixed v e l o c i t y  f t l s e c  

Earth-fixed v e l o c i t y  azimuth angle  deg 

I n e r t i a l  acce le ra t ion  f t l s e c  2 

t he  maximum of the d i f f e rences  are: 

STANDARD DEVfATION MAXIMUM DEVIATION 

97.15 190 1 

2.618 4.77 

0.0020 0.0041 

0.0714 0.179 

Figure 8-37 shows the  t h r u s t  h i s t o r y  determined by engine ana lys i s .  

t he  observed t r a j e c t o r y  i n i t i a l  r e s u l t s  i nd ica t ed  t h a t  t h e  t h r u s t  l e v e l  a f t e r  t h e  performance 

s h i f t  should have been h igher  than t h a t  determined by engine ana lys i s .  

study w a s  conducted t o  parameterize the  s i z e  of t he  performance s h i f t .  

A series of s imula t ions  w a s  made i n  which the  t h r u s t  l e v e l  a f t e r  t h e  performance s h i f t  w a s  

va r i ed  by applying a m u l t i p l i e r  from a range t i m e  of 700 sec t o  Engine Cutoff Command before  

t h e  d i f f e r e n t i a l  co r rec t ion  procedure was applied.  F igure  8-38 shows t h e  r e s u l t a n t  behavior 

of two parameters as a func t ion  of t h i s  m u l t i p l i e r .  The f i r s t  parameter, L,  i s  t h e  non- 

dimensional weighted sum of the  squares of t h e  d i f f e rences  between the  observed and simu- 

l a t e d  t r a j e c t o r i e s  and is a measure of t h e  t r a j e c t o r y  f i t .  

minimized by t h e  t r a j e c t o r y  hunting procedure. The o t h e r  parameter, Aw, r ep resen t s  t he  

d i f f e rence  between the  weights as determined from t h e  t r a j e c t o r y  s imula t ion  and t h a t  de te r -  

mined by t h e  b e s t  estimate of mass technique ( sec t ion  9).  It  is i n t e r e s t i n g  t o  no te  t h a t  

where t h e  t r a j e c t o r y  weight determination co inc ides  wi th  t h a t  determined by t h e  o the r  

methods, t h e  t r a j e c t o r y  f i t  parameter, L,  is a l s o  minimized. These r e s u l t s  i n d i c a t e  t h a t  

t he  m u l t i p l i e r  a d j u s t i n g  t h e  t h r u s t  l e v e l  should be equal  t o  0.6 percent ,  which i n d i c a t e s  a 

smaller performance s h i f t  than determined by engine ana lys i s .  

The following t a b l e  compares t h e  average performance from 90 percent  t h r u s t  as ca l cu la t ed  by 
t r a j e c t o r y  r econs t ruc t ion  and engine a n a l y s i s  wi th  the  p red ic t ed  performance. 

a l s o  compares performance before  and a f t e r  t he  performance s h i f t  as ca l cu la t ed  by t r a j e c t o r y  

recons t ruc t ion  wi th  t h a t  ca l cu la t ed  by engine ana lys i s .  

To obta in  a match of 

Consequently, a 

This i s  the  quan t i ty  t h a t  is 

The t a b l e  
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PARAMETER 

T o t a l  average t h r u s t  

T o t a l  average weight  flow 

T o t a l  average s p e c i f i c  impulse 

Before Performance S h i f t  

Average t h r u s t  

Average weight  flow 

Average s p e c i f i c  impulse 

Af t e r  Performance S h i f t  

Average t h r u s t  

Average weight flow 

Average s p e c i f i c  impulse 

UNITS PREDICTED 

l b  228,310 

l b / s e c  538.21 

sec 424.01 

l b  

l b l s e c  

sec 

ENGINE 
ANALYSIS 

226,565 

537.91 

421.19 

229,200 

540.6 

424 

223,000 

536.9 

414.5 

The S-IVB weights  as determined by t r a j e c t o r y  r econs t ruc t ion  are: 

PREDICTED 

Engine S t a r t  Command (lbm) 

Engine Cutoff Command (lbm) 

353,300 

280,524 

TRAJECTORY 
RECONSTRUCTION 

227,838 

537.34 

424.03 

229,897 

539.56 

426.09 

226,154 

538.77 

419.77 

SIMULATED 

354,175 

265,300 

These weights  were der ived  from t h e  composite b e s t  estimate i g n i t i o n  and cu to f f  weight 

( s e c t i o n  9 ) .  The weights  were determined by f ind ing  the  po in t  on t h e  t r a j e c t o r y  reconstruc-  

t i o n  l i n e  ( f i g u r e  9-5>,  t h a t  has  the  h ighes t  p r o b a b i l i t y  of being equal  t o  the  b e s t  esti- 

m a t e  va lue  f o r  i g n i t i o n  and cu to f f  weight. 

at Engine S t a r t  Command and 117,574 lbm a t  Engine Cutoff Command presented  i n  s e c t i o n  16 

and the  b e s t  estimate of t he  l i q u i d  oxygen t o  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  fol lowing p rope l l an t  consumptions: 

Using the  nonpropel lan t  weights  of 117,649 lbm 

LOX - LH2 - TOTAL PROPELLANTS 

ENGINE START COMMAND 

Actual  194,088 42,438 236,526 

Predic ted  193,273 42,493 235,766 

Deviation* 8 15 -55 760 

i 

*Deviation equa l s  a c t u a l  minus pred ic ted .  

8-6 
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LOX LH2 TOTAL PROPELLANTS - 
ENGINE CUTOFF COMMAND 

Actua l  119,219 28,507 

P r e d i c t e d  132,047 31,185 

Deviat ion* -12,828 -2,678 

TOTAL CONSUMED 

147  , 726 

163,232 

-15,506 

Actua l  74,869 13,931 

P r e d i c t e d  61,226 11,308 

Deviat ion* 13,643 2,623 

*Deviation e q u a l s  a c t u a l  minus p r e d i c t e d  

88,800 

72,534 

16,266 

The p i t c h  and yaw t h r u s t  misalignment a n g l e s  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 v a l u e s  obta ined  are given below. 

PARAMETER 
CONTROL ANALYSIS SIMULATED 

UNITS VALUE VALUE - 
P i t c h  t h r u s t  misalignment de€! 0.25 0.13 

Yaw t h r u s t  misalignment de& 0.42 0.64 

A p o s i t i v e  p i t c h  misalignment 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 commanded 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 h t  s i m u l a t i o n  w a s  l o c a t e d  r e l a t i v e  t o  

t h e  v e h i c l e  as shown below: 

PITCH PLANE YAW PLANE 
I- VEHICLE CENTERLINE 

p -  POSITION 
111 1 

POSIT1 ON POSITION I- - I1 IV 
I 

1 
I 

VEHICLE 
CENTERLINE 

0. - 

b 0 . 6 4 '  
L- POSITION 

I THRUST VECTOR 
RELATIVE TO ENGINE 

THRUST VECTOR 
RELATIVE 
TO ENGINE 
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8.5 

This s e c t i o n  p resen t s  r e s u l t s  of an a n a l y s i s  of t h e  opera t ion  of t h e  I G M  during AS-502 

boost t o  parking o r b i t .  The I G M  response t o  the  S-I1 double engine-out t r a j e c t o r y ,  l ead ing  

t o  t h e  overspeed phenomenon a t  S-IVB c u t o f f ,  is explained i n  d e t a i l .  Resul t s  of a t r a j ec -  

to ry  s imula t ion ,  assuming t h a t  d i r e c t  s t ag ing  w a s  implemented as p e r  f l i g h t  mission r u l e  

N o .  1 6 ,  a r e  a l s o  presented. 

On AS-502, t h e  I G M  w a s  capable of cont inuing  t o  provide optimum commanded a t t i t u d e  angles  

i n  t h e  event of no more than one S-I1 engine out .  The IGM w a s  n o t  programmed t o  cope wi th  

two S-I1 engines o u t ,  hence guidance w a s  nonoptimum during S-I1 two engine out operation. 

A t  S-II/S-IVB sepa ra t ion ,  a l t i t u d e  (h) and i n e r t i a l  ve loc i ty  f l i g h t  pa th  angle  ( ~ 1 ~ ’ )  were 

h igher  and i n e r t i a l  ve loc i ty  (VI) lower than predic ted .  

the  nonoptimum value  of commanded p i t c h  a t t i t u d e  angle  (x ) a t  S-IVB I G M  i n i t i a t i o n ,  

guidance commanded the  veh ic l e  t o  p i t c h  nose down at  t h e  maximum rate of 1 deg/sec f o r  

60 sec u n t i l  optimum Xp w a s  reached. 

becoming rate l imi t ed  toward the  end of S-IVB b u m  ( f i g u r e  8-40). 

A key I G M  parameter p e r t i n e n t  t o  t h e  overspeed problem i s  time-to-go t o  s t a g e  cu tof f  (T3). 

T is determined d i r e c t l y  from t h e  roo t  sum square  (RSS) of t h e  t h r e e  velocity-to-go 

components (d i f f e rence  between p resen t  v e l o c i t y  and t a r g e t  v e l o c i t y ) .  

no te  t h a t  velocity-to-go and hence T3 are dependent no t  only on v e l o c i t y  magnitude (VI) bu t  

a l s o  ve loc i ty  d i r e c t i o n  (ylI’). 

Af t e r  T3 becomes less than 35 sec ,  guidance i s  based on t h e  assumption t h a t  t h e  a l t i t u d e  

t a rge t ing  c o n s t r a i n t  has been s a t i s f i e d .  Thereaf te r ,  guidance s t r i v e s  only t o  achieve t h e  

th ree  components of t a r g e t  ve loc i ty .  On the  AS-502 f l i g h t ,  an  unusually l a r g e  i n e r t i a l  

ve loc i ty  f l i g h t  path angle  change requirement s t i l l  e x i s t e d  toward the  end of S-IVB f i r s t  

b u m ,  causing the  RSS of velocity-to-go components t o  be unusually l a rge ,  even a f t e r  t a r g e t  

ve loc i ty  magnitude (VT) had been exceeded. This i s  shown i n  t h e  sequence of diagrams below 

where the  dashed l i n e  i n d i c a t e s  velocity-to-go. 

S-IVB F i r s t  Burn Guidance Response Analysis 

Given those  i n i t i a l  condi t ions  and 

P 

The optimum X p  command rate a t  t h a t  t i m e  w a s  nose up, 

3 
It  is important t o  

T3 = 30 sec 

vT 

T = 20 s e c  3 

vT 

T3 = 10 s e c  

vT 

The l a r g e  velocity-to-go as VI approached VT caused T 
is not en tered  u n t i l  a f t e r  T becomes less than 8 sec. Af ter  T becomes less than  8 sec, 
the  commanded a t t i t u d e  angles  are frozen and guidance is based on the  assumption t h a t  t h e  

t o  be l a r g e  a l s o .  The cu tof f  l o g i c  
3 

3 3 

“ I  

cu tof f  ve loc i ty  d i r e c t i o n  has been achieved and only t h e  cu tof f  v e l o c i t y  magnitude 
c o n s t r a i n t  remains unsa t i s f i ed .  
cu tof f  when VI = VT. 

Thus, a l l  t h e  I G M  does once T3 < 8 sec is  t o  o rde r  engine > 
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i 

Two t r a j e c t o r y  s i m u l a t i o n s  w e r e  made which r e s u l t e d  i n  overspeed at  S-IVB f i r s t  burn  engine  

c u t o f f  and al lowed t h e  i s o l a t i o n  of guidance mechanism which caused t h e  overspeed. I n  both  

y i I ' ,  10 percent  cases, t h e  a c t u a l  PCF a t  S-111s-IVB s e p a r a t i o n  w e r e  per turbed  as fo l lows:  

more non-nominal, h ,  10 percent  less non-nominal. 

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 ,  s t a r t i n g  from observed PCF a t  S-111s-IVB s e p a r a t i o n ,  d i d  n o t  

e x h i b i t  overspeed. 

v e l o c i t y  2.5 sec a f t e r  T3 < 8 sec.) 

Case 1: 

t r a j e c t o r y  con&itions p e r t u r b e d  by t h e  above amounts a t  S-111s-IVB s e p a r a t i o n .  I G M  and 

p a r t i c u l a r l y  t h e  c u t o f f  l o g i c  o p e r a t i o n  i n  t h i s  case were very similar t o  a c t u a l  AS-502 

opera t ion .  A s  p r e v i o u s l y  noted,  due t o  t h e  l a r g e  f l i g h t  p a t h  a n g l e  e r r o r  e x i s t i n g  n e a r  end 

of b u m ,  T 

exceeded ( f i g u r e  8-39). On t h e  f i r s t  guidance compute p o i n t  a f t e r  T < 8 sec, I G M  e n t e r e d  

t h e  v e l o c i t y  c u t o f f  s e a r c h i n g  l o g i c  and c u t o f f  occur red  almost  immediately. 

Case 2 assumed subnominal engine performance as i n d i c a t e d  by engine  performance d a t a  and 

t h e  per turbed  t r a j e c t o r y  c o n d i t i o n s  a t  s e p a r a t i o n .  This  case missed c u t o f f  e n t i r e l y .  A s  

p r e v i o u s l y  noted ,  c u t o f f  l o g i c  i s  n o t  e n t e r e d  u n t i l  T3 becomes less than 8 sec. 

case, T never  became less than 8 sec and thus  c u t o f f  w a s  n o t  i n i t i a t e d  ( f i g u r e  8-39). It 

appears  from a c t u a l  502 d a t a  t h a t  t h i s  s i t u a t i o n  very n e a r l y  occurred.  

The r e s u l t s  ob ta ined  i n d i c a t e  t h a t  given t h e  a c t u a l  i n i t i a l  c o n d i t i o n s  a t  S-IVB I G M  s t a r t  

and t h e  1 deg/sec  rate l i m i t  on X I S ,  i t  was not p o s s i b l e  t o  achieve t h e  t a r g e t  f i r s t  burn 

end condi t ions .  

(This  w a s  necessary  because t h e  post- 

The p o s t f l i g h t  p r e d i c t e d  t r a j e c t o r y  achieved c u t o f f  a t  t h e  s p e c i f i e d  

The t r a j e c t o r y  s i m u l a t i o n  assumed p r e d i c t e d  5-2 engine  performance and observed 

d i d  n o t  become less than  8 see u n t i l  a f t e r  t a r g e t  v e l o c i t y  magnitude had been 3 

3 

I n  t h i s  

3 

8 .5 .1  

A s i m u l a t i o n  w a s  made of t h e  t r a j e c t o r y  t h a t  would have r e s u l t e d  i f  d i r e c t  s t a g i n g  (TB4A) 

had been i n i t i a t e d  a f t e r  S-I1 second engine  shutdown as p e r  f l i g h t  mission r u l e  No.  16. 

The sequence of e v e n t s  and t r a j e c t o r y  condi t ions  achieved a t  S-IVB f i r s t  burn engine  c u t o f f  

are shown below. 

To achieve  S-IVB second burn  ECF, a v e l o c i t y  ga in  of AV 2, 10,000 f p s  is r e q u i r e d  a f t e r  t h e  

park ing  o r b i t  condi t ions  are achieved. The d i r e c t  s t a g i n g  s i m u l a t i o n  i n d i c a t e s  t h a t  t h e  

d e s i r e d  park ing  o r b i t  would have been achieved w i t h  only W 

a v a i l a b l e  f o r  second burn. These p r o p e l l a n t s  are s u f f i c i e n t  t o  provide  an a v a i l a b l e  

v e l o c i t y  g a i n  of AV = 6,520 fps .  Therefore ,  t r a n s l u n a r  i n j e c t i o n  (TLI) condi t ions  could 

n o t  have been achieved.  This  a g r e e s  w i t h  t h e  alternate mission p r e d i c t i o n  t h a t  TLI w i l l  

n o t  be achieved f o r  d i r e c t  s t a g i n g  p r i o r  t o  RO +505 sec, assuming nominal performance u n t i l  

then. 

AS-502 Direct S t a g i n g  Simulat ion Summary 

= 57,790 lbm WLH2 = 13,275 lbm LOX 

2, 

Event 

No. 2 out  
N o .  3 out  
S-I1 Engine Cutoff  Command 

Time Base 4A 

Direct S tag ing  Sequence of Events 

T i m e  from Range Zero ( sec)  

412.9 
414.2 
449.5 
452.5 
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Sec t ion  8 
T r a j  e c t o w  

Event T i m e  from Range Zero 

S-IVB Engine S t a r t  Command 458.2 

S-IVB Engine Cutoff Command 764.2 

Conditions achieved a t  S-IVB f i r s t  burn engine cu to f f  a f t e r  d i r e c t  s t a g i n g  

t 764.2 sec 

h 627,275 f t  

V I  25,561 f p s  

-0.003 deg 

Y2I' 90.23 deg 

1 

Y 1 I  

8.6 O r b i t a l  T ra j ec to ry  Simulat ion Analysis  ( 

This  paragraph p resen t s  a de termina t ion  of t h e  t h r u s t  provided dur ing  S-IVB parking o r b i t  by 

the  CVS. The l e v e l  of CVS t h r u s t  i s  an important  f a c t o r  on normal Sa turn  V missions from 

two aspec ts :  f i r s t ,  t h e  accuracy of second burn engine cu to f f  condi t ions  and, secondly,  t he  

S-IVB second burn performance c a p a b i l i t y .  

Three-degrees-of-freedom t r a j e c t o r y  s imula t ions  w e r e  conducted t o  determine the  CVS t h r u s t  

h i s t o r y  requi red  t o  c lose ly  match the  observed o r b i t a l  t r a j e c t o r y .  The observed t r a j e c t o r y  

was generated from guidance accelerameter and t r ack ing  data .  Figure 8-42 presen t s  a 

comparison of p red ic t ed  CVS t h r u s t  wi th  the  b e s t  estimate of a c t u a l  t h r u s t  as determined 

from t r a j e c t o r y  a n a l y s i s .  F igure  8-43 compares the  d i f f e r e n c e  between observed a l t i t u d e  

during parking o r b i t  and s imulated a l t i t u d e  us ing  both p red ic t ed  and a c t u a l  CVS t h r u s t s .  

The a c t u a l  CVS t h r u s t  provides  a c l o s e  f i t  of t h e  observed a l t i t u d e .  To ob ta in  t h i s  c l o s e  

f i t ,  i t  w a s  necessary t o  decrease  t h e  observed v e l o c i t y  a t  parking o r b i t  i n s e r t i o n  by 

0.5 f t / s e c ,  which i s  w e l l  w i th in  the  9.84 f t / s e c  accuracy band quoted f o r  t he  observed 

ve loc i ty  da ta .  

A s  shown i n  f i g u r e  8-42, t he  S-IVB parking o r b i t  CVS t h r u s t  w a s  c l o s e  t o  pred ic ted ,  with t h e  

average t h r u s t  only 1.5 percent  lower than p red ic t ed .  This  dev ia t ion  would have had no 

s i g n i f i c a n t  e f f e c t  on S-IVB performance during second b u m ,  and no s i g n i f i c a n t  i n f luence  on 

S-IVB i n j e c t i o n  accuracy.  

8.7 

Paragraph 21.2.6 d i scusses  t h e  loss of veh ic l e  a t t i t u d e  c o n t r o l  fo l lowing  dep le t ion  of AF'S 

prope l l an t  dur ing  the  fou r th  parking o r b i t  r evo lu t ion .  This s e c t i o n  d i scusses  the  motion of 

t he  veh ic l e  and o r b i t  c h a r a c t e r i s t i c  a f t e r  c o n t r o l  loss.  

A t  RO +22,023 sec LOX propuls ive  vent ing  w a s  i n i t i a t e d  by ground command i n  o rde r  t o  a s su re  

AF'S dep le t ion  p r i o r  t o  l o s s  of s t a g e  electrical  power. 

Shor t ly  a f t e r  t h i s  ground a c t i o n  w a s  taken,  module 1 deple ted  a t  RO +22,053 sec, and yaw 

c o n t r o l  w a s  l o s t .  Following module 2 dep le t ion  a t  RO +22,630 sec, complete s t a g e  a t t i t u d e  

c o n t r o l  w a s  l o s t  and t h e  v e h i c l e  assumed con ica l  r o t a t i o n a l  motion. By t h e  t i m e  of 

O r b i t a l  Motion fol lowing LV/SC Separa t ion  
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module 2 d e p l e t i o n  t h e  LOX v e n t i n g  t h r u s t  had decayed from an  i n i t i a l  v a l u e  of 700 l b f  t o  

250 l b f  t h r u s t  and cont inued t o  decrease  t o  25 l b f  a t  approximately 6,000 sec a f t e r  t h e  v e n t  

w a s  opened and may have s u s t a i n e d  t h i s  l e v e l  u n t i l  l o s s  of electrical power t o  t h e  LOX v e n t  

s o l e n o i d  va lve .  

Following loss  of electrical power, t h e  v a l v e  would c l o s e  and remain c losed  u n t i l  t h e  v e n t  

p r e s s u r e  r e l i e f  s e t t i n g  w a s  reached. The t i m e  of electrical  power loss t o  t h e  v e n t  v a l v e  

and t h e  t i m e  of r e l i e f  v e n t i n g  i s  n o t  known s i n c e  t h e s e  e v e n t s  w e r e  preceded by l o s s  of 

power t o  t h e  te lemet ry  system. 

F igure  8-44 p r e s e n t s  the  s t a g e  angular  v e l o c i t i e s  fo l lowing  loss  of a t t i t u d e  c o n t r o l .  The 

motion i n  p i t c h  and yaw w a s  s i n u s o i d a l  wi th  one rate be ing  an  extremum when t h e  o t h e r  w a s  

zero ;  t h e s e  rates induced a n e a r l y  f l a t  s p i n  w i t h  a h a l f  cone angle  o f  82 deg. To v e r i f y  

t h a t  t h e  observed motion dur ing  t h i s  i n t e r v a l  w a s  c o n s i s t e n t  w i t h  known occurrences ,  such 

as AF'S d e p l e t i o n  and LOX v e n t i n g ,  E u l e r ' s  equat ions  of r o t a t i o n a l  motion w e r e  so lved  us ing  

e s t i m a t e d  m a s s  and LOX v e n t  c h a r a c t e r i s t i c s .  The r e s u l t a n t  s o l u t i o n  y e i l d e d  a s u f f i c i e n t l y  

c l o s e  match of t h e  a c t u a l  rate d a t a  t o  i n d i c a t e  t h a t  t h e  observed motion w a s  caused by LOX 

v e n t  t h r u s t .  The s i m u l a t i o n  i s  inc luded  i n  f i g u r e  8-44. 

F igure  8-45 p r e s e n t s  t h e  o r b i t  semi-major axis and r o t a t i o n a l  rate t o  3 1  days a f t e r  launch. 

Under t h e  i n f l u e n c e  of LOX t a n k  v e n t i n g  t h e  body rate of t h e  t o t a l  v e h i c l e  cont inued t o  

i n c r e a s e  t o  approximately 180 deg/sec  on t h e  n l n t h  day a f t e r  launch.  

a c c e l e r a t i o n  loads  r e s u l t i n g  from t h i s  high rate caused t h e  v e h i c l e  t o  break up i n t o  s i x  

major p a r t s .  O r b i t a l  decay and e c c e n t r i c i t y  of t h e s e  p a r t s  i s  shown i n  f i g u r e  8-45. One 

major  component t o  break l o o s e  w a s  t h e  LTA. Reportedly,  t h e  loads  induced by t h e  observed 

h igh  r o t a t i o n a l  rate a t  s t r u c t u r a l  breakup were s u f f i c i e n t  t o  expec t  LTA at tachment  f a i l u r e .  

The c e n t r i f u g a l  
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Figure 8-22. Inertial Flight Path Elevation Angle History 

8-2 a 



Section 8 
Trajectory 

- 50 

-60 

-70 

-80 

-90 

-100 

-110 

-120 

-130 

-140 

-150 
560 580 600 620 640 660 680 700 720 740 760 780 

TIME FROM RANGE ZERO (SEC) 

Figure 8-23. Pitch Atti tude Angle History 

3.5 

3.0 

2.5 

2.0 

1.5 

1 .o 

0.5 

0 

-0.5 

-1.5 
560 580 600 620 640 660 680 700 720 740 760 780 

TIME FROM RANGE ZERO (SEC) 

Figure 8-24. Yaw Attitude Angle History 

8-29 



Section 8 
Trajectory 

TIME FROM M N G E  ZERO ( S E C )  

K- 

O ;  

Figure 8-25. R o l l  Attitude Angle History 

8-30 



Section 8 
Trajectory 

8-31 



Section 8 
Trajectory 

N 7 0 y 9 y 0- 
O F F N  

1 1 1 1  

. .  
0 0  

(930) 319NW NOIlWA313 
HlWd 1HF)IlJ lWIM3NI W113a 

+ '  3 

8-32 



Section 8 
Trajectory 

. .  
(930) ~ N W  H.IJXWIZW 

HlWd l H 9 I U  lW1183NI Wll3a 

0 0 0 0 0 0 0 0 0 0  
0 0 0  

1 1 1 l 1 1  
r n N -  1 2 8 S , O % % E :  

(33S/U) A113013 lWIl&'NI Wll3a 

8-33 



Section 8 
Trajectory 

( I d )  NOIlISOd 35NWilSSOil3 Wll30 

-34 



Section 8 
Trajectory 

(93a) 319NW NOIlWA313 
KLWd 1tR)IlJ lWIltl3NI Wlna 

(33a) ~ N W  HLMIZW 
KLWd 1tR)IlJ lWIltl3NI W113a 

(33S/U) MI3013A lW11113NI Wll3a 

8-35 



Section 8 
h a  jectory 

A 

I- LL 
u 

W O 
x 
I- 
I- 
4-4 

d 

> 

v w  
o n  -Iu 
W > 

k s  

O 
W X 

LL 
Y 

5 
5 

NOTE : 

ROOT-MEAN-SQUARE DEVIATION 97.15 FJ 
200 

0 

-200 

ROOT-MEAN-SOUARE DEVIATION 2.618 FT/SEC 

ROOT-MEAN-SQUARE DEVIATION 0.0020 DEG 
0.005 

0 

-0.005 

ROOT-MEAN-SQUARE DEVIATION 0.0714 FT/SEC2 
0.2 I I I I 

0 

-0.2 L ---I I-- 
600 650 700 7 

TIME FROM RANGE ZERO (SEC) 

DATA IS ACTUAL MINUS SIMULATED 

0 

Figure 8-36. Tra jec to ry  Reconstruction Simulat ion Deviat ions from Observed Mass Po in t  T ra jec to ry  

i 
/’ 

8-36 



Section 8 
Trajectory 

h 

m 
-J 

0 0 

0 
4 
7 Y 

I- v) 

I 
I- 
2 

\ ENGINE START COrmvlD (SEC) 
t I I I I I I 1 
580 600 620 640 660 660 700 720 740 760 

TIME FROM RANGE ZERO (SEC) 

190 

1 80 

- 
v) 

(0 w 
2 170 
s 

E 
v) z W 

160 
-I 

150 

0 

Figure 8-37. Thrust History from Engine Analysis 

THRUST INCREASE APPLIED FROM 700 SEC TO ECO (PERCENT) 

Figure 8-38. Effect of Magnitude of the Performance Shi f t  on the Trajectory and Weight Estimate Fits 

8-37 



S e c t i o n  8 
T r a j e c t o r y  

40 

30 

20 

10 

4 

0 

TIME FROM RANGE ZERO (SEC) 
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9. MASS CHARACTERISTICS 

9 .1  Mass Charac te r i s t i c s  Summary 

The AS-502 t h i r d  f l i g h t  s t a g e  ( S - I n ,  I U ,  and Payload) mass summary presented i n  t a b l e  9-1, 

and the  mass c h a r a c t e r i s t i c s  presented i n  appendix 1 are b e s t  estimate mass c h a r a c t e r i s t i c s  

up to ,  and inc luding  f i r s t  burn engine cu tof f .  

l o s s e s  do no t  represent  values derived from s t a t i s t i c a l  ana lys i s .  

Orb i t a l  b o i l o f f  and restart attempt mass 

9.2 Mass Prope r t i e s  Dispersion Analysis 

Figures 9-1 through 9-4 p resen t  a comparison of the  pred ic ted  vehic le  mass c h a r a c t e r i s t i c s  

and three-sigma d i spe r s ions ,  versus p o s t f l i g h t  a c t u a l  veh ic l e  mass c h a r a c t e r i s t i c s  during 

S-IVB f i r s t  bum. The comparison f o r  second burn i s  n o t  shown. Figures 9-2 and 9-4 show 

t h a t  the a c t u a l  l ong i tud ina l  cen te r  of g rav i ty  and t h e  p i t c h  and yaw moment of i n e r t i a ,  

respec t ive ly ,  were less than the  minimum predic ted  three-sigma dispersions.  

t h i s  w a s  a change i n  payload m a s s  d i s t r i b u t i o n  which w a s  no t  included i n  t h e  pred ic ted  

values.  

the  a c t u a l  values would have been w e l l  w i th in  the  pred ic ted  three-sigma d ispers ions ,  and 

would have compared favorably wi th  the  pred ic ted  nominal values.  

The predic ted  d ispers ions  w e r e  determined from a s t a t i s t i c a l  ana lys i s  component m a s s  

p rope r t i e s  unce r t a in t i e s  and are referenced r e l a t i v e  t o  t i m e  from Engine S t a r t  Command. 

The cause of 

Had the  payload m a s s  d i s t r i b u t i o n  change been incorporated i n  the  pred ic ted  values 

9.3 Third F l i g h t  Stage B e s t  E s t i m a t e  I gn i t i on  and Cutoff Masses 

The b e s t  estimate method is  a th ree  dimensional s t a t i s t i c a l  ana lys i s  of d a t a  from f i v e  m a s s  

measurement systems. 

the  most probable values and accuracies f o r  i g n i t i o n  and cu tof f  masses are determined. 

Three measurement systems provide unique values f o r  i g n i t i o n  and cu tof f  masses while two 

systems provide l i n e a r  r e l a t ionsh ips  between cutoff and i g n i t i o n  mass. 

method combines t h e  unique values wi th  the  l i n e a r  r e l a t ionsh ips  t o  compute t h e  most probable 

va lue  f o r  i g n i t i o n  and cu tof f  m a s s .  

The f i v e  measurement systems used i n  determining t h e  b e s t  estimate masses are: 

ind ica t ed  cor rec ted  (2) f l i g h t  flow i n t e g r a l  (3) PU volumetric (4) l e v e l  sensors  and 

(5) t r a j e c t o r y  recons t ruc t ion .  

i n  s ec t ion  16. 

This method develops a j o i n t  p robab i l i t y  dens i ty  func t ion  from which 

The b e s t  estimate 

(1) PU 

A b r i e f  desc r ip t ion  of each measurement system is  given 

Figure 9-5 is a graphica l  p re sen ta t ion  of t he  b e s t  estimate ana lys i s  f o r  i g n i t i o n  and 

cu tof f  mass. 

m a s s  w a s  265,234 5400 lbm. 

The t h i r d  f l i g h t  s t a g e  i g n i t i o n  mass w a s  354,232 2476 lbui and the  cu to f f  

9.3.1 B e s t  E s t i m a t e  Program Input 

Table 9-2 presents  a summary of t h e  values used i n  determining t h e  b e s t  estimate i g n i t i o n  

and cu tof f  m a s s .  

values and t h e i r  p red ic ted  d ispers ions  are presented i n  add i t ion  t o  t h e  t o t a l  mass values 

and d ispers ions  used f o r  computation. The l i n e a r  r e l a t ionsh ip  s lope ,  i n t e r c e p t ,  and dis- 

pers ion  values are presented as u t i l i z e d  f o r  the  b e s t  estimate ana lys i s .  

For the  unique measurement systems, the LOX, LH2, and non-propellant mass 

9-1 



Section 9 
Mass characteristics 

O O O O O O O O u l r l u m u l u l h m m m w ~ N r l o m  
m o h u l m u ~ w u b m m ~  m h  

m W * W W  
N N r l  

rl 

p- 0, m, N, W, m m “0, u rl rl 

U N 

O o o o m W m r l m r l u m u l m h m m m c n m U r l o m  U m ~ c n c n O h u l m N m ~ u u l m m m  m h  

N c n N  C ) W U W W  
r l m  N N r l  

rl 

? ? ” ,  h o m N W u m % U  . . L n . . . l  rl rl 

U N 

O o o o m W u l r l m r l U m a m h m m r o o o W N o m  u m m c n c n o h u l ~ ~ w m ~ u l o o m  m h  y m, h, h, 0- “0, N, ma u m 0, u N rl rl 

ul N N c n N  m W U Q m  
r l m  N N r l  

4 

ul N 

0 
0 rl 

ro ro 
Q 

rl rl 

0 
N 

0 m ro 

- 
? 

L 

- A 
m m 

m 
N ro 

“! 

L 

2 
h 
Q 

U rl W 

rl A 

m 
m h 

h W 

4 

‘4 

L 

“! 
A 

N m 

h U 
h 

? 

- 
N 
@-I 

h 
-j. h 

4 

m 
m h 

N W 
ul 

0 m 

0 m 
ul 

“! 

9-2 



Section 9 
Mass Characteris t ics  

ESC 

ECC 

MEASUREMENT lEVENTl SYSTEM 

PU VOLUMETRIC 

PU INDICATED CORRECTED 

POINT LEVEL SENSORS 

PU VOLUMETRIC 

PU INDICATED CORRECTED 

POINT LEVEL SENSORS 

118,235 

119,875 

TABLE 9-2 
BEST ESTIMATE PROGRAM INPUT VALUES 

i-233 264,351 2907 

4-233 266,039 5783 

- 5844 28,542 5238 117,574 

5732 28,590 5153 117,574 - 

UNIQUE MEASUREMENT SYSTEMS 

EVENT 

ES C 

TO 

ECC 

LOX (lbm) I LH2 (lbm) INON-PROPELLANT (lbm) 1 TOTAL (lbm) I 

MEASUREMENT SYSTEM SLOPE INTERCEPT (lbm) ERROR (lbm) 

FLOW INTEGRAL 1.0 88,952 - +544 

i-1 , 770 - TRAJECTORY RECONSTRUCTION 1.33501 0 

, 
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Figure 9-1. Th i rd  F l i g h t  Stage Vehic le Mass - F i r s t  Burn 
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Figure 9-2. Th i rd  F l i g h t  Stage Vehic le Hor izon ta l  Center o f  Grav i ty  - F i r s t  Burn 
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b 10. ENGINE SYSTEM 

The main propulsion system of t h e  S-IVB s t age  of t he  AS-502 launch vehicle  consisted of a 
Rocketdyne 5-2 engine (SIN 5-2042) shown schematically in  f igu re  10-1, associated propel- 

l a n t  ducting, and conditioning systems. The engine was  ra ted a t  225,000 l b f  t h rus t .  As a 

r e s u l t  of the analysis  of t he  engine and s t age  acceptance tests, the  following 60-sec tag 

values were establ ished with t h e  engine constants presented: 

Tag Values 

Thrust 

Engine mixture r a t i o  (EMR) 

Specif ic  impulse ( Isp)  

Engine Constants 

LOX flowmeter 

LH2 flowmeter 

LOX boot s t r a p  o r i f i c e  

LH2 boot s t r a p  o r i f i c e  

Oxidizer turbine bypass nozzle 

228,980 l b f  

5.480 
424.77 sec 

5.5419 cycles/gal  

2.0270 cycleslgal  

0.268 i n .  

0.468 in .  

1.202 i n .  

2 
2 

2 

The engine w a s  equipped with a 0.640-sec start  tank discharge valve (STDV) t i m e r  i n  the 

engine control  c i r c u i t ;  however, actuat ion of t he  STDV, which determines the  f u e l  lead 

duration, w a s  control led from the  stage through the f u e l  i n j ec t ion  temperature bypass 

c i r c u i t .  

second burns, respectively.  

With such control ,  t he  f u e l  leads were nominally 3 and 8 sec f o r  the f i r s t  and 

10 .1  Modifications 

The engine w a s  modified t o  improve restart capabi l i ty .  

retiming the  main oxidizer valve (MOV) opening rate, reducing the  augmented spark i g n i t e r  

(ASI) LOX o r i f i c e ,  and painting the  crossover duct black. 

(PU) system w a s  modified t o  provide f o r  a second burn engine start with the  PU valve f u l l  

open. A cal ibrated s tar t  tank vent and r e l i e f  valve w a s  i n s t a l l e d  t o  regulate  t h e  energy 

of the start tank, thereby control l ing t h e  pump sp in  up. Other modifications were made 

involving instrumentation o r  s t ruc tu res ,  but are not discussed here  as they do not a f f e c t  

performance. 

report  (R-5788). 

These modifications included 

The s t age  propellant u t i l i z a t i o n  

Details of these modifications are presented i n  t h e  Rocketdyne configuration 
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10.2 Sequence of Events 

S igni f icant  engine events during t h e  S-IVB powered f l i g h t  phase of t h e  S-IVB-502 mission 

were as follows: 

Time (sec) 

Predic ted  
Event From RO* From ESC From RO* Deviation - 

F i r s t  Engine S t a r t  
Command (ESC1) 

577.270 0.0 518.16 + 59.51 

F i r s t  Engine Cutoff 747.036 169.366 657.12 + 89.92 
Command (ECC1) 

Second Engine S t a r t  11,614.671 0.0 11,401.00 +213.67 
Command (ESC2) 

Second Engine Cutoff 11,630.397 15.726 11,725.56 - 95.16 
Command (ECC2) 

*Range Zero 

NOTE: There are some d i f f e rences  i n  t h e  sequence of events ( sec t ion  5) and engine event 

t i m e s  given i n  t h i s  sec t ion .  

Engine events t i m e s  are those  received at  t h e  engine whi le  t he  t i m e s  l i s t e d  i n  the  

sequence of events r e f l e c t  switch s e l e c t o r  o r  IU t i m e s .  I n  add i t ion ,  t he re  i s  an 

inherent  inaccuracy i n  both sources of d a t a  s i n c e  n e i t h e r  is continuous. 

Comparisons are made t o  t h e  pred ic ted  propulsion system performance as published i n  

memorandum M177-KKBA, dated 26 Apr i l  1968. 

and second starts a r e  given i n  t a b l e s  10-1 and 10-2. 

start t r a n s i e n t s  can be  seen i n  f i g u r e s  10-2 and 10-3. 

Details of the  sequence of events f o r  the  f i r s t  

E f fec t s  of these  sequences on t h e  

10.3 Engine Chilldown Conditioning 

10.3.1 Turbopump Chilldown 

Chilldown of t h e  engine LOX and LH2 turbopumps w a s  adequate t o  provide the  conditions 

required f o r  proper engine s tar t  f o r  both burns. 

LOX pump. 
of t he  chilldown opera t ion  a t  the engine/stage i n t e r f a c e  i s  presented i n  sec t ions  12 and 13. 

Figure 10-4 shows the  condition of t h e  

The pump performance is  discussed i n  paragraph 10.5.2. The ana lys i s  and r e s u l t s  

10.3.2 Thrust Chamber Chilldown 

‘4 

10.3.2.1 Ground Conditioning and Boost 

Thrust  chamber chilldown w a s  i n i t i a t e d  at  RO -600 sec and terminated a t  RO -8.8 see w i t h  a 
t h r u s t  chamber j a c k e t  temperature (60199) of 241 deg R, thus s a t i s f y i n g  the  maximum allow- 

a b l e  r ed l ine  l i m i t  of 300 deg R. 

287 deg R ( f igu re  10-5) which w a s  within the requirement of 330 +SO deg R. 

A t  f i r s t  burn Engine S t a r t  Command, t h e  temperature w a s  
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For t h e  S-IVB-502 f l i g h t ,  the  t h r u s t  chamber conditioning time w a s  decreased from t h e  

15 m i n  used f o r  S-IVB-501 f l i g h t  t o  10 m i n ,  due t o  the  lower than predicted heating during 

boost observed on the  S-IVB-501 f l i g h t .  The temperature rise rate a t  Engine S t a r t  Command 

w a s  calculated t o  be 16.0 deglmin f o r  S-IVB-502 f l i g h t  and 22.5 deglmin f o r  S-IVB-501 f l i g h t  

whereas the  average temperature rise rate during boost w a s  48.5 deg R/min f o r  S-IVB-502 
f l i g h t  and 54.3 deg R/min f o r  S-IVB-501 f l i g h t .  

10.3.2.2 I n f l i g h t  Conditioning 

I n f l i g h t  conditioning of t he  th rus t  chamber is accomplished by t h e  f u e l  lead which allows 

hydrogen t o  flow through the  th rus t  chamber j acke t  p r i o r  t o  mainstage operation. 

used f o r  t h i s  f u e l  lead period is defined as the  t i m e  between Engine Star t  Command and STDV 
solenoid energize. 

The t i m e  

Fuel lead t i m e s  w e r e  3 and 8 sec respect ively f o r  the f i r s t  and second burns. 

t i ons  and cha rac t e r i s t i c s  of these f u e l  lead operations are summarized i n  t a b l e  10-3. 
Fl igh t  measurements are presented i n  f igu res  10-6 and 10-7. 

The condi- 

Both f u e l  lead operations ( f i r s t  and second burns) w e r e  s a t i s f ac to ry .  

during the  fue l  lead periods is presented i n  paragraphs 10.4.2.3 and 10.4.4.3. 
Engine performance 

10.3.3 

The GH2 start sphere was  s a t i s f a c t o r y  a t  l i f t o f f  with 3.47 lbm of GH2 at 1,303 p s i a  and 

279 deg R as shown on f igu re  10-8. 

f igu re  10-9. 

acceptance f i r i n g  conditions i n  t a b l e  10-4. 
t i o n  t o  blowdown w a s  1.2 deglmin; t he  S-IVB-501 warmup rate was  0.9 deglmin. 

between t h e  GH2 start sphere and engine control  helium sphere temperatures on S-IVB-502 and 

S-IVB-501 a f t e r  pressurizat ion w a s  27 deg R and 1 7  deg R, respectively.  A t  l i f t o f f ,  the  

respect ive differences had decreased t o  11 and 9 deg R. 

rates from pressurizat ion t o  l i f t o f f  w e r e  1 . 6  and 2.2 deglmin, respectively.  

to sphere blowdown, the respect ive warmup rates w e r e  0.6 and 0.7 deglmin. 

rates r e f l e c t  t h e  temperature differences before and a f t e r  l i f t o f f .  

be  seen t h a t  t h e  g rea t e r  warmup rate observed on S-IVB-502 w a s  due t o  the g rea t e r  tempera- 

t u r e  difference between the  GH2 start sphere and t h e  engine control  helium sphere. This 

warmup rate is within the  previous band of experience. 

Engine S t a r t  Sphere Chilldown and Loading 

These conditions m e t  t h e  l i f t o f f  requirements shown i n  

Sphere conditions a t  l i f t o f f  are compared t o  S-IVB-501 f l i g h t  and S-IVB-502 
The sphere warmup rate from sphere pressuriza- 

The difference 

The S-IVB-501 and S-IVB-502 warmup 

From l i f t o f f  

These warmup 

From these da t a  it can 

10.3.4 

The engine con t ro l  helium sphere w a s  s a t i s f a c t o r i l y  loaded a t  l i f t o f f  with 1.87 l b m  of 

helium at 2,963 p s i a  and 290 deg R. 

3,040 f240 ps ia  and 279 f30 deg R, respectively.  

loading is  presented i n  f igu re  10-8. 
with S-IVB-501 f l i g h t  and S-IVB-502 acceptance f i r i n g  conditions i n  t a b l e  10-5. 

Engine Control Sphere Chilldown and Loading 

These conditions m e t  t h e  l i f t o f f  requirements of 

Control sphere performance data  during 

Control sphere conditions a t  l i f t o f f  are compared 
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10.4 Engine Performance 

The 5-2 engine d id  not  m e e t  a l l  ob jec t ives  during the  AS-502 mission. 

s t age  and payload i n t o  e a r t h  o r b i t ,  t he  engine f a i l e d  t o  r e i g n i t e  f o r  a second burn, there- 

by aborting t h e  S-IVB mission. The f a i l u r e  was  due t o  a rupture  of t h e  AS1 feed l ine  with 

poss ib le  AS1 and i n j e c t o r  damage during the  f i r s t  burn which prevented f u e l  from reaching 

t h e  i g n i t e r  during t h e  second burn restart t r ans i en t .  The rup tu re  allowed cold hydrogen 

gas t o  be sprayed i n t o  the  t h r u s t  s t r u c t u r e  and engine a rea  causing severe  environmental 

changes f o r  s eve ra l  components r e su l t i ng  i n  t h e i r  i n a b i l i t y  t o  func t ion  properly.  These 

malfunctions are discussed i n  the  appropr ia te  sec t ions .  

t h e  p red ic t ion  accuracy of 1 percent p r i o r  t o  the  rupture .  

formance degradation a t  approximately ESC +lo0 see, and the  1 percent p red ic t ion  l i m i t s  w e r e  

exceeded. 

s tage ,  an extended f i r s t  burn dura t ion  was required t o  achieve o rb i t .  

Af te r  i n s e r t i n g  the  

A l l  performance values were wi th in  

The malfunction caused a per- 

A s  a r e s u l t  of t h i s  performance change and reduced performance i n  the  lower 

P l o t s  of s e l ec t ed  d a t a  showing engine c h a r a c t e r i s t i c s  are presented i n  f igu res  10-10 

through 10-21 f o r  engine mainstage operation. 

discussed i n  sec t ions  1 2  and 13. The average s t age  performance and propel lan t  consumption 

summary is presented i n  t a b l e  10-6. 

The engine propel lan t  i n l e t  conditions a r e  

10.4.1 Engine Performance Analysis Methods and Instrumentation 

The performance of t he  engine start tank and helium con t ro l  sphere w a s  analyzed by applying 

thermodynamic r e l a t ionsh ips  t o  the  measured da ta .  S t a r t  and cu tof f  t r ans i en t  t h r u s t  and 

impulse w e r e  determined by computer program PA53. 

t r a n s i e n t s  were determined by a manual count of t he  flowmeter cyc le  da t a .  

gram UT23A w a s  used t o  inves t iga t e  i n t e r n a l  engine performance. 

w a s  ca lcu la ted  by use of computer program 6105, which is considered t o  be the  bes t  cur ren t  

estimate of engine performance. The r e s u l t s  of the  G105 were a l s o  used i n  determining the  

b e s t  estimate of s t age  propel lan t  consumption. Revised tag  va lues ,  based on f l i g h t  da t a ,  

were generated by computer program G307 (Rocketdyne PAST640). 

opera t ion  and a t abu la t ion  of t he  r e s u l t s  is  presented i n  t a b l e  10-7. 

computer programs wi th  the  app l i cab le  b i a ses  are shown i n  t a b l e  10-8. 

Flowrates and consumption during the  

Computer pro- 

Steady-state performance 

A desc r ip t ion  of the  program 

Data inpu t s  t o  the  

10.4.2 F i r s t  Burn 

10.4.2.1 S t a r t  Tank Performance 

The engine start tank conditions a t  f i r s t  S-IVB Engine S t a r t  Command and Engine Cutoff 

Command during the  AS-502 f l i g h t ,  are shown on t a b l e  10-4. The devia t ions  from p red ic t ions  

shown on t a b l e  10-9 were due t o  a h igher  than an t i c ipa t ed  s tar t  tank temperature due t o  hea t  

i npu t  from t h e  con t ro l  sphere which caused a h igher  flow through the  r e l i e f  va lve  thereby 

reducing t h e  m a s s  and pressure  a t  Engine S t a r t  Command. 

r e f l ec t ed  throughout the  f i r s t  burn and w a s  due t o  t h e  hea t  t r a n s f e r  t o  the  start  tank 

from the  con t ro l  sphere which had not  s t a b i l i z e d  when the  s tar t  tank vent w a s  closed. 

The higher i n i t i a l  temperature w a s  

The STDV w a s  commanded open a t  ESCl i3.019 sec and t h e  pressure  decay i n i t i a t e d  a t  

ESCl  +3.219 sec .  The blowdown w a s  terminated by the  STDV c losu re  a t  ESCl i3 .821  sec. It 

w a s  ca lcu la ted  t h a t  2.839 l b m  of GH2 w e r e  discharged during the 0.602 s e c  blowdown with 
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te rmina l  conditions a s  shown on f i g u r e  10-22 a t  which t i m e  the start sphere began t o  

r e f i l l  wi th  hydrogen from the  f u e l  i n j e c t i o n  manifold and pump discharge. 

A 0.055 i n s 2  o r i f i c e  i n  t h e  l i n e  from the f u e l  pump d ischarge  cont ro l led  t h e  r e f i l l  rate. 

The start sphere  pressure  increased t o  793.4 p s i a  a t  ESCl +6.7 sec which terminated t h e  gas 

po r t ion  of t he  r e f i l l  as shown i n  f i g u r e  10-23. 

topping w a s  i n i t i a t e d ,  which involves the flow from t h e  f u e l  pump discharge only and is 

charac te r ized  by increas ing  pressure  and decreasing temperature. 

of t h e  start tank, as defined by Rocketdyne, w a s  demonstrated ( f igu re  10-24) at STDV +60 sec.  

The topping process w a s  terminated a t  ESCl  +74.0 s e c  when t h e  start tank pressure  and pump 

discharge pressure  were i n  equilibrium. 

1,185 p s i a  and 187 deg R respec t ive ly  with no f u r t h e r  mass increase  i n  the  tank. 

from the  system caused a temperature increase  and a corresponding pressure  inc rease  along a 

constant mass l i n e  as shown i n  f i g u r e  10-22. A t  cu tof f  t h e  start  sphere  pressure  and 

temperature were 1,239 p s i a  and 197 deg R, respec t ive ly .  Cutoff conditions were wi th in  t h e  

s a f e  engine restart envelope. 

The f i g u r e  a l s o  shows t h a t ,  a t  t h a t  time, 

The recharge capab i l i t y  

The pressure  and t h e  temperature at t h i s  t i m e  w e r e  

H e a t  input  

10.4.2.2 Engine Control Sphere Performance 

The pressure  and temperature i n  t h e  engine con t ro l  sphere at Engine S t a r t  Command w e r e  

3,000 p s i a  and 288 deg R, respec t ive ly  with a mass of 1.9 lbm as shown on t a b l e  10-5. 

Although the  f u e l  lead  t i m e  f o r  t h e  f i r s t  burn engine s tar t  w a s  3.019 sec, the  i g n i t i o n  

phase con t ro l  t i m e r  (0.450 k0.033 sec)  extended t h e  period of high helium usage assoc ia ted  

w i t h  t h e  f u e l  lead  t o  3.480 sec which w a s  normal. However, and add i t iona l  extension of 

0.65 sec w a s  experienced due t o  t h e  delay i n  the  purge con t ro l  va lve  c los ing .  

high as 0.7 sec have been experienced wi th  t h i s  valve. A s  a r e s u l t  of t h i s  extension t h e  

con t ro l  sphere pressure  drop assoc ia ted  wi th  the  f u e l  lead  w a s  662 p s i  as compared t o  the  

pred ic ted  value of 540 p s i  ( f igu re  10-25). The ind ica ted  pressure  drop of 1,334 p s i  from 

Engine S t a r t  Command t o  E C C l  +1 sec was adjusted t o  813 p s i  when t h e  temperature w a s  cor- 

rec ted  t o  290 deg R f o r  comparison wi th  s p e c i f i c a t i o n  values.  

not w i th in  the  required maximum AP (800 p s i )  due t o  the  slow deactuation of the  purge con- 

t r o l  valve.  The performance during t h e  f i r s t  burn i s  a l s o  shown i n  f i g u r e  10-25. Consump- 

t i o n  based on the  ind ica ted  da ta  was  0.39 lbm. However, when cor rec ted  f o r  temperature 

the  consumption w a s  0.405 lbm leaving 1.495 lbrn i n  t h e  sphere a t  o r b i t a l  i n se r t ion .  

Barring any subsequent malfunction the re  w a s  s u f f i c i e n t  helium f o r  t he  second burn. 

I 

Delays as 

The ad jus ted  pressure  w a s  

10.4.2.3 Fuel Lead and S t a r t  Transient 

Temperature and pressure  d a t a  presented i n  f igu re  10-6 ind ica t e  t h a t  the f i r s t  f u e l  lead 

w a s  q u i t e  similar t o  AS-501. The temperature and pressures  w e r e  a l s o  i n  c lose  agreement 

wi th  pred ic t ions .  Flowrates, t o t a l  flow, t h r u s t ,  and impulse da t a  i n  f i g u r e  10-26 were 

ca l cu la t ed  using the flowmeter, temperature, and pressure  da ta .  A l l  of t hese  f i r s t  burn 

f u e l  lead  d a t a  appear normal. 
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The engine performance during the f i r s t  burn start t r a n s i e n t  w a s  s a t i s f a c t o r y  and is  

summarized i n  t a b l e  10-10. 

lowing the  f u e l  lead. 

w e r e  s a t i s f a c t o r y .  Thrust buildup t o  t h e  90 percent performance l e v e l  (STDV Command 

+2.5 sec by d e f i n i t i o n )  w a s  w i th in  t h e  maximum and minimum t h r u s t  limits as shown i n  

f i g u r e  10-27. 

Thrust buildup w a s  f a s t e r  during f l i g h t  than during t h e  acceptance f i r i n g .  T h i s  was l a r g e l y  

due t o  the  s h o r t e r  f i r s t  s t a g e  p l a t eau  t i m e  during MOV opening during f l i g h t .  

of t h e  s h o r t e r  p l a t eau  t i m e ,  LOX f lowra te  t o  t h e  t h r u s t  chamber w a s  h igher  during t h e  e a r l y  

phases of t h r u s t  buildup during f l i g h t .  The t h r u s t  and t o t a l  impulse a t  t h e  90 percent 

performance l e v e l  during f l i g h t  were very s i m i l a r  t o  t h e  S-IVB-501 f l i g h t  va lues  and w e r e  

reasonably c l o s e  t o  t h e  log book va lues .  They w e r e  considerably h igher  than t h e  cor- 

responding acceptance f i r i n g  va lues  due t o  t h e  f a s t e r  opening MOV on f l i g h t .  

The t h r u s t  buildup occurred at  a n u l l  PU va lve  pos i t i on  fo l -  

During t h e  start t r a n s i e n t ,  t h e  PU va lve  p o s i t i o n  and MOV opera t ion  

A s  a r e s u l t  

Figure 10-27 shows the  t h r u s t  chamber pressure ,  t h e  t h r u s t  buildup, and t o t a l  impulse during 

t h e  start  t r a n s i e n t .  Figures 10-28 and 10-29 show t h e  measured f lowra tes ,  consumptions, 

and pump speeds during t h e  start  t r a n s i e n t .  

10.4.2.4 Engine Steady-State Performance 

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 presented i n  f igu res  10-10 

through 10-15. 

The PU valve w a s  maintained a t  t h e  f u l l  closed pos i t i on  during the  mainstage per iod  as 

planned. Burntime w a s  30.4 s e c  longer than predic ted  because the  combined performance of 

both t h e  S-I1 and S-IVB w a s  much lower than expected. Although t h e  o v e r a l l  performance 

l e v e l  of t h e  S-IVB w a s  lower than predic ted ,  t h e  engine performance f o r  t h e  f i r s t  115 sec 

was s a t i s f a c t o r y .  A t  t h i s  t i m e ,  t h e  e f f e c t s  of a suspected AS1 f u e l  l i n e  l eak  began t o  

change the  l e v e l  of engine opera t ion .  

The s i g n i f i c a n t  e f f e c t s  of l o s s  of f u e l  t o  t h e  i n j e c t o r  were t o  raise t h e  mixture r a t i o  at  

t h e  i n j e c t o r  and cause an inc rease  i n  f u e l  i n j e c t i o n  temperature. However, t h e  mixture 

r a t i o  at t h e  pumps d id  no t  change s i g n i f i c a n t l y  because the  l eak  occurred downstream of 

t h e  pumps and flowmeters. 

t u r e s  increased 6.4 deg R and 12.5 deg R, r e spec t ive ly ,  which corresponds t o  a decrease 

i n  f u e l  flow of from 4.5 t o  6 l b l s e c .  

Both f u e l  i n j e c t i o n  and f u e l  tank p res su r i za t ion  module tempera- 

A t  approximately ESCl +127 see,  t h e  engine performance began t o  s t a b i l i z e  a t  t h e  lower 

l e v e l  of operation. Chamber p re s su re  e x h i b i t s  t h e  reduct ion  i n  engine performance. A 

17 .5  p s i  drop i n  chamber p re s su re  occurred due t o  a drop i n  t o t a l  weight flow estimated 

at  approximately 11.0 lb / sec ,  which w a s  accomplished by a l eak  o r  combination of leaks.  

G a s  genera tor  (GG) performance was  reduced due t o  t h e  reduction i n  pump d ischarge  pressures ;  

however, t h e  mixture r a t i o  remained e s s e n t i a l l y  cons tan t .  

10-6 



Sect ion  10 
Engine System 

I 

Table 10-11 l ists  t h e  s teady-s ta te  average performance before  and a f t e r  t h e  malfunction. 

Table 10-6 presents  t h e  average o v e r a l l  performance during t h e  f i r s t  burn period. 

The composite va lues  f o r  standard a l t i t u d e  s teady-s ta te  performance (engine tag  values) 

wi th  a comparison t o  the  pred ic ted  at STDV +60 sec are shown i n  f i g u r e s  10-30 and 

t a b l e  10-12. 

Flow i n t e g r a l  m a s s  ana lys i s  ind ica ted  t h e  following mainstage propel lan t  consumptions by 

t h e  engine during mainstage opera t ion  f i r s t  burn: LOX 74,559 lbm, LH2 13,812 lbm. 

Table 10-6 presents  t h e  t o t a l  impulse generated during f i r s t  burn mainstage operation. 

Computed engine performance parameters o f  t h rus t ,  I sp ,  EMR, LOX flow, f u e l  flow, and t o t a l  

flow are shown i n  f igu re  10-31. 

which shows t h e  performance s h i f t .  

The v a r i a t i o n  of I s p  with EMR is presented on f i g u r e  10-32 

The t h r u s t  va r i a t ions  from E S C l  +60 sec t o  engine cu tof f  of f i r s t  burn are shown i n  

f i g u r e  10-33. 

f a i l u r e  are compared t o  t h e  con t r ac t  end i t e m  (CEI) s p e c i f i c a t i o n  i n  t a b l e  10-13. 

t o  t h e  f a i l u r e ,  t he  t h r u s t  o s c i l l a t i o n s  w e r e  w i th in  s p e c i f i c a t i o n  and would have remained 

s o  i f  t he  f a i l u r e  had not  occurred. 

The t h r u s t  o s c i l l a t i o n s  t h a t  occurred p r i o r  t o  and a f t e r  t he  AS1 f u e l  l i n e  

P r i o r  

The C E I  s p e c i f i c a t i o n  states t h a t  i f  i n f l i g h t  engine performance s h i f t s  occur,  t h e  t h r u s t  

v a r i a t i o n  l i m i t s  may be exceeded, such w a s  t he  case. The l i m i t s  f o r  the  o s c i l l a t i o n s  about 

mean t h r u s t  l e v e l  and rate of change of t h r u s t  were exceeded due t o  the  malfunction. 

10.4.2.5 Cutoff Transient 

The engine performance during the  f i r s t  burn engine cu tof f  t r a n s i e n t  w a s  s a t i s f a c t o r y .  The 

t i m e  l apse  between engine cu to f f ,  as received a t  the  engine, and t h r u s t  decrease t o  

11,250 l b f  (5 percent  of r a t ed  t h r u s t )  w a s  wi th in  t h e  maximum allowable t i m e  of 800 ms .  

Engine performance during the  cu tof f  t r a n s i e n t  i s  shown i n  t a b l e  10-14. 

The t h r u s t  decrease t i m e  during f l i g h t  w a s  g r e a t e r  than the  log book value. 

probably due t o  a co lder  MOV ac tua to r  during f l i g h t  which r e su l t ed  i n  a longer valve c los ing  

t i m e .  

This w a s  

F i r s t  bum engine cu tof f  occurred with t h e  PU valve i n  the  closed pos i t i on  (high EMR). 

The t o t a l  cu tof f  impulse w a s  g r e a t e r  than t h a t  of t h e  S-IVB-501 f l i g h t  and S-IVB-502 

acceptance f i r i n g .  

t u r e  during t h e  s-IVB-502 f l i g h t  (282.5 deg R f o r  -502 f l i g h t  compared t o  305 deg R f o r  

-501 f l i g h t ) .  This r e su l t ed  i n  a slower MOV c los ing  t i m e  and increased cu tof f  impulse. 

The co lder  a c t u a t o r  temperature w a s  most l i k e l y  due t o  the  presence of LH2 from t h e  broken 

AS1 l i n e  during t h e  la t ter  s t ages  of f i r s t  burn. 

This g r e a t e r  impulse was  l a r g e l y  due t o  a co lder  MOV ac tua to r  tempera- 

The f l i g h t  t o t a l  impulse can be  compared t o  the  log  book va lue  by ad jus t ing  t h e  f l i g h t  

values t o  standard conditions ( n u l l  PU valve pos i t i on  and 460 deg R MOV ac tua to r  tempera- 

t u re ) .  The ad jus ted  f l i g h t  t o t a l  impulse w a s  i n  good agreement wi th  the  log  book value.  

This ind ica ted  t h a t  t he  higher cu tof f  impulse during f l i g h t  w a s  due t o  t h e  higher cu tof f  

t h r u s t  and co lder  MOV ac tua to r  temperature during f l i g h t  as compared t o  t h e  nominal log 

book conditions.  
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The cu tof f  impulse t o  zero t h r u s t  as computed from MSFC t r a j e c t o r y  d a t a  w a s  67,600 l b f s e c  

a s  compared t o  a value of 59,376 l b f s e c  from engine ana lys i s .  

t h e  pred ic ted  three-sigma maximum cutof f  impulse (66,350 lb f sec ) .  

unexplained as of t h i s  wr i t i ng ,  bu t  Douglas has a h igher  degree of confidence i n  t h e  va lue  

derived from engine ana lys i s  which has been subjec ted  t o  r e v i e w  and v e r i f i c a t i o n  by Douglas. 

The t r a j e c t o r y  va lue  exceeds 

This discrepancy remains 

Figure 10-34 shows the  t h r u s t  chamber pressure ,  t h e  t h r u s t  decrease,  and t o t a l  impulse 

during t h e  cu tof f  t r a n s i e n t .  Figure 10-35 compares t h e  v e l o c i t y  ga in  during t h e  cu tof f  

t r a n s i e n t  as computed by engine ana lys i s  and t r a j e c t o r y  ana lys i s  wi th  t h e  pred ic ted  v e l o c i t y  

ga in .  

Approximately 

the  f u e l  pump 

t h e  f u e l  pump 

p i s t o n  cav i ty  

15 sec  a f t e r  f i r s t  burn Engine Cutoff Command, a 25 p s i  sp ike  w a s  observed a t  

discharge as shown i n  f i g u r e  10-34. 

i n t e r s t a g e  o u t l e t  p ressure ,  f u e l  pump i n l e t  p ressure ,  and f u e l  pump balance 

pressure .  The f u e l  pump d ischarge  temperature showed a corresponding rise. 

A pressure  use  w a s  a l s o  manifested i n  

The most probable cause of t h e  p re s su re  sp ike  w a s  t h e  s losh ing  o r  flow of l i q u i d  t o  t h e  

s t i l l  spinning f u e l  pump from t h e  main f u e l  supply. The magnitude of t h e  pressure  rise i s  

a func t ion  of t h e  opening t i m e  of t h e  f u e l  bleed va lve  which allows the  trapped gas a t  t h e  

pump discharge t o  r e l i e v e  back t o  t h e  f u e l  tank. This allows f u e l  t o  flow i n t o  t h e  pump 

again,  causing the  r i s e  i n  pump discharge pressure .  

This phenomenon has  been observed during s e v e r a l  tests during t h e  Arnold Engineering 

Development Center (AEDC) test series wi th  both prevalves open and closed following engine 

cu to f f .  Present  pred ic ted  maximum pres su re  rises a t  t h e  pump d ischarge  are expected t o  be 

2,400 p s i .  T e s t s  a r e  cu r ren t ly  underway a t  t h e  AEDC f a c i l i t y  t o  i d e n t i f y  t h e  magnitude of 

t he  pressure  i n  the  bleed r e t u r n  l i n e  with s p e c i a l  instrumentation. The s t a g e  low pressure  

l i n e  i s  r a t ed  a t  approximately 100 p s i ;  however, t h e  bleed valve and a s soc ia t ed  hardware 

r e s i s t a n c e  may be s u f f i c i e n t  t o  reduce t h e  p re s su re  t o  a s a f e  l e v e l .  

An inc rease  i n  f u e l  t u rb ine  i n l e t  temperature of approximately 90 deg was noted immediately 

a f t e r  engine cu to f f .  This r i s e  i n  temperature w a s  a t t r i b u t e d  t o  a l ack  of GG purge, which 

is  normally requi red  7 s ec  p r i o r  t o  engine c u t o f f .  

u n t i l  1 sec before  cu tof f  because of instrument u n i t  ( I U )  d i f f i c u l t y  r e s u l t i n g  from unex- 

pected s t a g e  maneuvers a s  t h e  requi red  cu tof f  v e l o c i t y  w a s  approached. The magnitude of 

t he  temperature rise was not g r e a t  enough t o  cause any hardware damage, and t h e  temperature 

re turned  t o  cu tof f  l e v e l  w i th in  20 sec.  

The purge was not  supplied t o  the  engine 

10.4.3 F i r s t  and Second Orb i t s  

10.4.3.1 S t a r t  Tank Performance 

Figure 10-36 shows a r e l a t i v e l y  l a r g e  temperature change a t  Engine Cutoff Command wi th  very 

l i t t l e  p res su re  change which is  impossible without a corresponding mass l o s s .  

devia t ion  has  been noted on AS-203 and AS-501. The r e s u l t a n t  a n a l y s i s  concluded t h a t ,  

i n  t h e  zero  g environment, hea t  t r a n s f e r  becomes very loca l i zed  because of t h e  l ack  of 

free convection. Therefore,  t h e  loca t ion ,  i n s t a l l a t i o n  technique, and type  of t ransducer  

i n d i c a t e  t h a t  t he  start sphere temperature measurements during o r b i t a l  coas t  are not  

A s i m i l a r  
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accura te ;  however co r rec t  i n t e r p r e t a t i o n  of t h e  d a t a  can now be  made based on S-In-502 

and previous f l i g h t  experience. 

t u r e  up t o  r e l i e f  s e t t i n g  because the  b o t t l e  mass is constant.  Also, t he  temperature a f t e r  

t h e  second burn start  tank discharge (STD) should b e  v a l i d  due t o  convective cu r ren t s  set 

up by t h e  blowdown. The temperature is assumed t o  be  l i n e a r  between t h e  i n i t i a t i o n  of 

venting and second burn STD. 

The pressure  measurement can b e  used t o  ob ta in  t h e  tempera- 

The an t i c ipa t ed  temperature rise rate during o r b i t a l  coas t  w a s  0.54 deg/min with a cor- 

responding 2.3 psi/min pressure  rise rate. 

of t h e  vent and r e l i e f  valve would be reached at  E C C l  +14 min. The a c t u a l  r e l i e f  time was 

E C C l  +23 rnin r e s u l t i n g  from a mean pressure  rise rate of 3.5 psi/min, which corresponds t o  

an i sochor i c  temperature rise rate of 0.561 deg/min compared t o  t h e  ind ica ted  temperature 

rise rate of 2.5 deg/min. 

o r b i t  maintaining the  pressure  a t  1,320 p s i a  in s t ead  of 1,290 ps i a .  

the  e f f e c t  of t h e  environment change during the  f i r s t  burn and of t h e  o r b i t a l  maneuvers 

which var ied  t h e  hea t  input  i n t o  the  s tar t  tank. The veh ic l e  a t t i t u d e  experiment d id  not  

show any apprec iab le  change i n  start  b o t t l e  performance. 

With such rates the  r e l i e f  s e t t i n g  (1,290 ps i a )  

The vent  and relief va lve  d i d  not  respond a s  pred ic ted  during 

This w a s  apparently 

During the S-IVB-502 o r b i t a l  coas t  (181 min) an estimated 0.87 lbm of GH2 w a s  vented 

through the  r e l i e f  valve t o  maintain the  pressure  as ind ica ted  on f i g u r e  10-36. 

10.4.3.2 Control Sphere Performance 

The same environmental conditions which a f f e c t  t he  start  tank temperature e f f e c t  t h e  con- 

t r o l  sphere temperature t o  a lesser degree. 

p red ic ted  as shown on f i g u r e  10-37. 

ca lcu la ted  by using pe r fec t  gas l a w s  are a l s o  shown on f i g u r e  10-37. 

i nd ica t ion  of leakage. 

The rate of i nc rease  agrees w e l l  wi th  the  

The pressure  and temperature d a t a  and temperatures 

There was no 

10.4.4 Second Burn 

10.4.4.1 S t a r t  Tank Performance 

The engine start sphere conditions,  at Engine S t a r t  Command and Engine Cutoff Command 

during t h e  AS-502 f l i g h t  second burn, are shown on t a b l e  10-4. 

a f t e r  t he  blowdown were due t o  t h e  malfunction which prevented the  start  tank from 

r e f i l l i n g .  

The devia t ions  from normal 

The STDV was commanded open a t  ESCZ +8.007 s e c  and the  pressure  decay i n i t i a t e d  at  ESCZ 

+8.215 sec. The blowdown w a s  terminated by STDV c losu re  at ESCZ +8.800 sec. Approximately 

3.17 lbm of GH2 w e r e  discharged during t h e  0.585 sec blowdown wi th  the  te rmina l  conditions 

as shown on f i g u r e  10-38. 

f o r  mainstage i n i t i a t i o n .  

f u l m a i n s t a g e  and, although not  required,  the start tank d id  not  r e f i l l  as expected. 

The s tar t  sphere blowdown provided a turb ine  s p i n  s a t i s f a c t o r y  

The l ack  of i g n i t i o n  i n  t h e  t h r u s t  chamber prevented a success- 
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10.4.4.2 Control Sphere Performance 

The pressure  and temperature i n  t h e  engine c o n t r o l  sphere at  Engine S t a r t  Command were 

1,918 p s i a  and 247 deg R, r e spec t ive ly ,  wi th  a m a s s  of 1.48 lbm as shown i n  t a b l e  10-5 

and f i g u r e  10-39. 

i g n i t i o n  phase t i m e r  (0.450 -10.033 sec )  extended t h e  period of high helium consumption 

assoc ia ted  wi th  t h e  f u e l  l ead  t o  8.457 sec as an t i c ipa t ed .  

w a s  740 p s i  as compared t o  a predic ted  va lue  of 800 ps i .  

restart, comparisons wi th  t h e  p red ic t ion  during mainstage were not  poss ib le ;  however, t h e  

cu tof f  usage w a s  normal. 

Although t h e  f u e l  lead  t i m e  f o r  t h e  second burn start w a s  8 sec, t h e  

The f u e l  l ead  p res su re  drop 

Because of t h e  f a i l u r e  t o  

The pressure  p r o f i l e  is shown on f i g u r e  10-40. 

10.4.4.3 Restart Attempt 

The engine d id  not m e e t  a l l  ob jec t ives  as second i g n i t i o n  f a i l e d  t o  occur. P l o t s  of 

s e l ec t ed  d a t a  are presented i n  f i g u r e s  10-16 through 10-21. 

Second burn f u e l  lead  measurements presented i n  f i g u r e  10-7 appear normal wi th  two excep- 

t i ons .  

i n j e c t o r  f u e l  p re s su re  measurement w a s  lower than expected. 

measurement (DO0041 appeared t o  be erratic during t h e  second burn f u e l  lead ,  as compared 

t o  DO104 which measures t h e  p re s su re  of t h e  hydrogen b led  from t h e  engine f o r  LH2 tank 

p res su r i za t ion .  

i n d i c a t e  t h a t  t h e  t ap  of f  p re s su re  w a s  co r rec t .  The unusual reading of DO004 following 

the  malfunction may have been caused by i n j e c t o r  damage r e s u l t i n g  from t h e  AS1 l i n e  f a i l u r e  

discussed i n  paragraph 10.4.5. 

I n j e c t o r  f u e l  temperature decreased somewhat f a s t e r  than w a s  expected and t h e  

Fuel i n j e c t o r  pressure  

These two p res su re  measurements u sua l ly  c o r r e l a t e  very w e l l  and ana lyses  

Fuel lead  t h r u s t  w a s  determined from accelerometer measurement (A0006), and i n j e c t o r  f u e l  

p re s su re  w a s  ca l cu la t ed  as a check on t h e  v a l i d i t y  of t h i s  measurement. 

p re s su re  schedule is  shown i n  t h e  f igu re .  

c o r r e l a t e s  reasonably w e l l  wi th  t h e  chilldown rates experienced and wi th  the  AS-501 

chilldown, i t  i s  assumed t o  be v a l i d .  

The r e s u l t i n g  

Since the  pressure  ca l cu la t ed  i n  t h i s  manner 

The except iona l ly  rap id  chilldown rate indica ted  i n  f i g u r e  10-8 is not  g r e a t l y  d i f f e r e n t  

than t h a t  during AEDC t e s t i n g .  The small d i f f e rences  i n  chilldown rates are l o g i c a l  con- 

s i d e r i n g  t h e  d i f f e rences  i n  bulk temperature and thermal d i s t r i b u t i o n  between test  and 

f l i g h t .  I n  add i t ion ,  t h e  poss ib l e  e f f e c t s  of a gene ra l  c h i l l i n g  of t h e  area t h a t  could 

occur wi th  an overboard hydrogen l e a k  and a l ack  of combustion i n  t h e  AS1 are both 

i n d i c a t i v e  of  an  acce le ra t ed  chilldown. 

=b 
P 

Second burn f lowra tes  and f u e l  consumption t h r u s t  and t o t a l  impulse are shown i n  f i g u r e  

10-41 f o r  t h e  f u e l  lead. These are based on flowmeter (F0002) and temperature and p res su re  

measurements. 

i n j e c t o r  flow and engine t h r u s t .  

shown i n  f i g u r e  10-41 a l s o  f o r  t h e  remainder of t h e  restart attempt.  

I n j e c t o r  p re s su re  ca l cu la t ed  from accelerometer d a t a  w a s  used t o  c a l c u l a t e  

Thrust ,  s p e c i f i c  impulse and engine mixture r a t i o  are 

P 
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The S-IVB provided adequate conditioning of p rope l l an t s  t o  t h e  5-2 engine f o r  the  restart 

attempt as discussed i n  sec t ions  12 and 13. 

and maintained s u f f i c i e n t  pressure  during coast .  Although the  engine con t ro l  sphere  gas 

usage w a s  g r e a t e r  than predic ted  during t h e  f i r s t  burn, t h e  sphere maintained s u f f i c i e n t  

system pressure  f o r  a proper restart. 

The engine start sphere was  recharged properly 

A l l  monitored events occurred as required and performance w a s  as predic ted  u n t i l  t h e  end of 

t h e  start b o t t l e  blowdown which occurred at approximately ESC2 +8.5 sec. 

main engine chamber pressure  should have increased wi th  opening of the  MOV, and t h e  GG 

should boots t rap  t o  mainstage operation. However, t h e  main engine chamber pressure  d i d  not  

rise and lack  of i g n i t i o n  w a s  ind ica ted  by the  l ack  of increase i n  f u e l  i n j e c t o r  temp C0200 

( f igu re  10-20). The GG w a s  i gn i t ed  as shown by COO01 ( f i g u r e  10-21). The temperature rose  

( see  paragraph 10.5.4)  j u s t  p r i o r  t o  Engine Cutoff Command and the  GG chamber pressure  

increased s l i g h t l y .  This f a c t  p lus  t h e  absence of any unexplained veh ic l e  moment during 

second burn sugges ts  t h a t  t he  temperature sp ike  d i d  no t  burn through the  GG combustor w a l l  

and t h a t  t he  GG performed s a t i s f a c t o r i l y .  

A t  t h i s  t i m e  t he  

The start  b o t t l e  d id  not recharge due t o  a lack  of system pressure  buildup. 

t i o n  w a s  terminated by instrument u n i t  monitor of t he  mainstage OK pressure  switches. 

Engine opera- 

10.4.5 Malfunction Analysis 

10.4.5.1 Fa i lu re  t o  Restart 

Fa i lu re  t o  restart the  engine w a s  t h e  major r e s u l t  of t he  malfunction t h a t  occurred during 

t h e  f l i g h t .  

occurred. 

s i g n a l  r e su l t ed  i n  engine cu tof f .  

Proper e l e c t r i c a l  power w a s  applied t o  the  spark  plugs but  no i g n i t i o n  

The subsequent f a i l u r e  of t he  I U  t o  de t ec t  t he  mainstage pressure  switch OK 

A f a i l u r e  of t h i s  type could only have occurred as a r e s u l t  of two poss ib l e  malfunctions: 

(1) The des t ruc t ion  of both spark plugs due t o  an overtemperature i n  the  AS1 chamber which 

could have r e s u l t e d  from a flow reversal, o r  from an AS1 f u e l  f eed l ine  anomaly which 

r e s t r i c t e d  f u e l  flow t o  t h e  AS1 chamber causing a high mixture r a t i o  and thus extreme 

temperatures i n  t h e  chamber shown schematically on f i g u r e  10-42; (2) A l ack  of one o r  both 

p rope l l an t s  i n  the  AS1 chamber. Since t h e  start  system has two independent spark e x c i t e r s  

and i g n i t e r s ,  a double f a i l u r e  would have been necessary t o  prevent i gn i t i on .  

t h e  LOX andfor AS1 f u e l  l i n e s  was ,  therefore ,  considered most l i k e l y .  

A break i n  

10.4.5.2 F i r s t  Burn Anomalies 

Inves t iga t ion  of p e r t i n e n t  parameters during f i r s t  burn ind ica ted  devia t ions  from normal 

opera t ion  as e a r l y  as ESCl +63 sec. S m a l l  l eaks  i n  the AS1 l i n e s ,  however, may a c t u a l l y  

have occurred earlier’when abnormal engine v ib ra t ion  d a t a  was  measured a t  ESCl +20 see. 

10-11 



Section 10 
Engine Sys t e m  

10.4.5.3 Engine Abnormal Vibration 

Abnormal engine v i b r a t i o n  w a s  ind ica ted  by t h e  accelerometer d a t a  during f i r s t  burn. 

sensor on the  LOX dome (E0209),  f a i l e d  completely a t  approximately RO +700 sec .  The LOX 

pump exhib i ted  normal v ib ra t ions  (E0211) bu t  s h o r t l y  a f t e r  engine s tar t  (ESC +20 s e c ) ,  t h e  

LH2 pump v i b r a t i o n  (E0210) i nd ica t ions  deviated from normal ( sec t ion  18). A t  approxi- 

mately ESCl +120 sec, t h e  LIi2 pump v i b r a t i o n  ind ica t ion  returned t o  normal f o r  t he  

remainder of f i r s t  burn. 

correspond t o  engine temperature changes and engine performance l e v e l s ;  however, f u e l  pump 

performance w a s  normal as discussed i n  paragraph 10.5.2. Sec t ions  18 and 25 d iscuss  the  

v ib ra t ion  e f f e c t s .  

The 

The abrupt changes i n  v i b r a t i o n  ind ica t ion  l e v e l s  appeared t o  

10.4.5.4 Environment Temperatures 

The engine area environmental temperature measurements ind ica ted  a malfunction a s  follows: 

a. A cooling t rend  began t o  appear at approximately RO +610 sec ind ica t ing  a 
cryogenic f l u i d  leak. 

b. A rap id  hea t ing  t rend  w a s  observed from RO +695 to  RO f 7 0 0  sec ind ica t ing  
t h a t  ho t  gas w a s  escaping. 

e. Af t e r  RO +700 see ,  a genera l  ne t  cooling t rend  w a s  aga in  noted i n  t h e  
engine a rea .  

These genera l  t rends  are shown by a g r e a t  number of environment temperature measurements. 

Some of them began showing cooling t rends  as e a r l y  as RO +610 sec while some d id  not show 

any cooling u n t i l  approximately RO +680 sec. A t  approximately RO +695 sec ,  most of t h e  

temperatures rose  rap id ly  u n t i l  approximately RO +700 sec  and then began cooling again.  

The GG f u e l  i n l e t  l i n e  w a l l  temperature ind ica t e s  t h a t  t he  i n i t i a l  cold leak  w a s  probably 

a cryogenic f u e l  l eak  because of t h e  temperature drop from 58 t o  50 deg R. A temperature 

reduction at  t h i s  l e v e l  could not have been caused by expanding LOX because t h e  tempera- 

t u r e  w a s  too low. The d iscuss ion  of t h e  engine performance a l s o  po in t s  out t h e  malfunction 

w a s  most probably a f a i l u r e  of t he  AS1 f u e l  l i n e .  Additional d i scuss ions  of t he  engine 

area environment can be found i n  t h e  thermodynamics s e c t i o n  ( sec t ion  26) of t h i s  repor t .  

A few of t he  temperature measurements during the  r e s t a r t  at tempt ind ica ted  t h a t  a leak  was 

present.  A t  t he  end of f u e l  lead the  t h r u s t  s t r u c t u r e  temperature and the  engine main LOX 

pneumatic l i n e  su r face  temperature show cooling t rends  which are not normal. Also t h e  gas 

generator f u e l  i n l e t  l i n e  w a l l  temperature shows a decrease immediately a f t e r  t he  second 

burn Engine S t a r t  Command. 

No l eaks  were ind ica ted  during the  o r b i t a l  coas t  period. Also, t he  r o l l  maneuver during 

t h e  o r b i t a l  coas t  apparently had l i t t l e  e f f e c t  on any temperatures. 

temperatures c o r r e l a t e  wi th  en ter ing  and leaving the  shadow of t h e  ea r th .  

The changes i n  

I 
6 
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The l o c a t i o n  of each engine area environment temperature sensor is  shown on f i g u r e  10-43 

and t h e  range is  given i n  t a b l e  10-15. 

temperatures and is supported by f i g u r e s  10-43 through 10-53. 

are discussed f o r  t h e  f i r s t  burn, o r b i t a l  coast, and second burn per iods  and are compared 

t o  AS-501 d a t a  where poss ib le .  

This t a b l e  conta ins  a d e t a i l e d  desc r ip t ion  of t he  

The temperature measurements 

10.4.5.5 Engine Parameters 

10.4.5.5.1 Fuel Lead 

Figures 10-54 and 10-55 present  s p e c i a l  d a t a  p a r t i c u l a r l y  re levant  t o  the  engine f a i l u r e  

t h a t  occurred during t h e  f i r s t  burn. 

of t h e  engine t o  progress i n t o  mainstage opera t ion  during the  restart attempt. 

This f a i l u r e  a l s o  apparently r e su l t ed  i n  the  f a i l u r e  

The f i g u r e  shows t h e  amount of hydrogen ex i s t ing  between t h e  flowmeter and the  i n j e c t o r  

p l o t t e d  aga ins t  i n j e c t o r  temperature and aga ins t  f u e l  lead  t i m e .  

f i g u r e  shows a degree of c o r r e l a t i o n  between AS-501 and AS-502 f i r s t  burns. 

Examination of t h i s  

The second burn does not  c o r r e l a t e  as w e l l .  

increas ing  d i f f e rence  i n  t h e  quant i ty  of f u e l  i n  the  t h r u s t  chamber compared t o  t h a t  i n  

AS-501. 

i n  f i g u r e  10-54, is required t o  p r o j e c t  t h i s  c h a r a c t e r i s t i c  t o  a f u l l y  c h i l l e d  condition. 

This curve shows t h a t  i n  the  AS-502 chilldown, approximately 13.5 lbm of f u e l  ex i s t ed  i n  

t h e  t h r u s t  chamber a t  the  t i m e  t h e  f u e l  i n j e c t i o n  temperature reached 40 deg R. 

of 10.5 lbm i s  indica ted  f o r  AS-501. 

The AS-502 second burn shows a progress ive ly  

Since AS-501 c h i l l e d  only t o  165 deg R, an ex t rapola t ion ,  shown by the  dot ted  l i n e  

A quant i ty  

I f  s i m i l a r  conditions are assumed, t h i s  d i f f e rence  i n d i c a t e s  t h a t  3 lbm of hydrogen leaked 

from the  system between the  flowmeter and t h e  i n j e c t o r  during t h i s  period. 

an average f lowra te  of 0.375 lbm/sec during the  8-sec f u e l  lead. 

magnitude p ro jec t s ,  on the  b a s i s  of percent  average t o t a l  f u e l  f lowra te ,  t o  a mainstage 

leakage rate i n  the  order  of 8.6 lbm/sec. 

leakage rate ca l cu la t ed  f o r  mainstage opera t ion  as discussed i n  paragraph 10.4.2.4. 

This would be 

A leakage rate of t h i s  

This f lowra te  i s  compared t o  t h e  2 t o  11 lbm/sec 

Another i nd ica t ion  of poss ib l e  hydrogen leakage based e n t i r e l y  on flowmeter (F0002) da t a  is  

given i n  f i g u r e  10-55 which shows t h a t  AS-502 used considerably more propel lan t  than AS-501. 

However, it should be pointed out t h a t  AS-501 d i d  no t  c h i l l  completely. Therefore some 

add i t iona l  amount of propel lan t ,  poss ib ly  the  amount shown by the  dot ted  l ine  i n  f i g u r e  

10-54, should be  allowed t o  complete the  AS-501 chilldown. The t h r u s t ,  engine mixture 

r a t i o  (EMR), and s p e c i f i c  impulse ( I sp)  t h a t  occurred between Engine S t a r t  Command and t h e  

I U  commanded cutoff are a l s o  shown i n  t h e  f igu re .  

l a t e d  from accelerometer d a t a  (A0006) c o r r e l a t e s  w e l l  with t h r u s t  ca lcu la ted  from chamber 

pressure  (D0001). The s p e c i f i c  impulse during f u e l  lead ( t h e  f i r s t  8 sec) w a s  ca lcu la ted  

from flowmeter and accelerometer t h r u s t  da ta .  

reasonable f o r  a two-phase flow condi t ion  during t h i s  t i m e .  

flowmeter (F0001 and F0002) da ta .  

It should be  noted t h a t  t h r u s t  calcu- 

The s p e c i f i c  impulse values shown are 

EMR is based e n t i r e l y  on 
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10.4.5.5.2 Mainstage 

The major engine parameter i nd ica t ing  t h e  f a i l u r e  w a s  t h e  chamber pressure  which began t o  

drop noticeably a t  ESCl +lo7 sec. The exact t i m e  w a s  no t  d i s t i ngu i shab le  because a pres- 

s u r i z a t i o n  cyc le  was  p resent  a t  t he  t i m e .  

t h e  e f f e c t s  of helium p res su r i za t ion  i s  presented i n  f i g u r e  10-56 which shows an i n i t i a l  

decrease of 4 p s i a  between ESCl +lo7 and ESCl+115 sec and a subsequent 12 p s i a  drop during 

t h e  following 10 sec. 

f i g u r e  10-10 w a s  va l ida t ed  by co r re l a t ion  with o the r  major engine parameters. A t  t h e  same 

t i m e  neg l ig ib l e  changes were noted i n  the  measured oxid izer  and f u e l  f lowra tes  ( f igu re  

10-12) ind ica t ing  t h a t  a propel lan t  l o s s  had occurred a t  some poin t  downstream of the  

flowmeters and upstream of t h e  main chamber. 

A p l o t  of chamber pressure  cor rec ted  t o  exclude 

The reduct ion  i n  measured chamber pressure,  as indica ted  on 

A second major i nd ica t ion  of t he  malfunction can be  seen i n  t h e  f u e l  tank p res su r i z s t ion  

con t ro l  module temperature d a t a  ( f igu re  10-57). 

dev ia t e  from t h e  expected p r o f i l e ,  r e s u l t i n g  i n  a devia t ion  of +4.5 deg R a t  E S C l  +118 sec .  

The devia t ion  increased sharp ly  t o  +12.5 deg R and remained a t  t h a t  value u n t i l  engine 

cu tof f .  An inc rease  of 7 t o  10  deg R was  a l s o  exhib i ted  by the  f u e l  i n j e c t i o n  temperature; 

however, t h i s  transducer had a much l a r g e r  range and the  con t ro l  module temperature i s  

considered more accurate.  The con t ro l  module temperature may be  high, however, due t o  

add i t iona l  heatup i n  the  l i n e  between the  f u e l  i n j e c t i o n  and t h e  module transducers.  

A t  E S C l  +50 sec t h e  temperature began t o  

Indica t ions  of t he  performance s h i f t  r e su l t i ng  from the  malfunction are seen i n  most engine 

parameters and are discussed i n  t h e  s teady-s ta te  performance paragraph 10.4.2.4. 

The i n i t i a l  4 p s i  drop i n  chamber pressure  and the  subsequent 12 p s i  decrease,  t o t a l i n g  

16 p s i ,  corresponds t o  a f lowra te  decrease through t h e  combustion chamber th roa t  of approxi- 

mately 11 lbmfsec. 

The hydrogen p res su r i za t ion  module temperature which w a s  12.5 deg R higher than expected 

ind ica ted  t h a t  t he re  was a 7 lbmfsec decrease i n  f u e l  flow through the  engine t h r u s t  

chamber tubes.  

A s  ESCl +115 sec t h e  f u e l  f lowra te ,  as shown by the  LH2 flowmeter, increased approximately 

0.3 lbmfsec. This i nd ica t e s  a decrease i n  flow re s i s t ance ,  downstream of the  flowmeter. 

A t  approximately the  same time, the  LOX f lowra te  appeared t o  decrease 1 lbmfsec. 

I n  order  t o  v e r i f y  t h e  f a i l u r e  recons t ruc t ion ,  the  summation of t he  flow l o s s e s  must equal 

t h e  decrease i n  engine f lowra te  as a r e s u l t  of t h e  observed drop i n  chamber pressure .  The 

var ious  l o s s e s  assoc ia ted  wi th  a broken AS1 f u e l  l i n e  a r e  presented below and i n  t a b l e  10-14. 

"3 

a. A s  shown i n  f i g u r e  10-58 t h e  l o s s  of f u e l  from a broken AS1 f u e l  l i n e  can vary 
from 2 t o  11 lbmfsec, depending on t h e  break loca t ion .  
f o r  t he  break would be  i n  t h e  v i c i n i t y  of one of t he  th ree  f l e x  hose sec t ions ,  
probably a t  t h e  f i r s t  f l e x ,  r e s u l t i n g  i n  a flow l o s s  of 6 lbmlsec. This agrees  
wi th in  1.0 lbmfsec of t he  f u e l  l o s s  ind ica ted  by the  inc rease  i n  t h e  f u e l  pres- 
s u r i z a t i o n  module temperature. 

The most l i k e l y  poin t  
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b. An add i t iona l  l o s s  would r e s u l t  from t h e  backflow of p rope l l an t s  and/or 
combustion gases  from t h e  combustion chamber. The flow is  d i f f i c u l t  t o  
p r e d i c t  since i n j e c t o r  e ros ion  probably occurred and t h e  temperature i n  
t h e  AS1 chamber and degree of mixing cannot b e  determined. 
of flow, however, is approximately 0.1 t o  1.5 lbm/sec. 

A s  mentioned previous ly  t h e  f u e l  pump f lowra te  increased and t h e  LOX pump 
f lowra te  decreased. 

The range 

c. 

d. The f i n a l  malfunction, which would lead t o  a l o s s  of gas flow through t h e  
engine th roa t ,  is a burnthrough i n  the AS1 chamber. 
of t h e  l o s s  would, of course,  depend on t h e  s e v e r i t y  of t he  erosion. 

The exact magnitude 

Considering a l l  t h e  propel lan t  l o s s e s  t h a t  would r e s u l t  from an AS1 f u e l  l i n e  f a i l u r e  

( t a b l e  10-16), i t  appears t h a t  a n e t  l o s s  between 2.8 and 13.2 lbmjsec is  possible.  

The a c t u a l  l o s s  of 11 lbm/sec, ind ica ted  by t h e  decrease i n  chamber pressure ,  i s  w e l l  

w i th in  t h e  range. 

which ind ica t e s  t h a t  t h e  AS1 burned through and t h e  main i n j e c t o r  was  eroded. The addi- 

t i o n a l  l o s s  could r e s u l t  from combustion gases flowing through a hole  less than 1 in .  

of e f f e c t i v e  area. 

The expected n e t  l o s s  i f  7.7 lbmfsec, 3.2 lbm/sec lower than ac tua l ,  

2 

10.4.5.6 Rocketdyne Fa i lu re  Simulation 

A 5-2 engine w a s  ca l ib ra t ed  t o  match the  engine used on t h e  S-IVB. 

w a s  then simulated with t h i s  engine by slowly reducing the  f u e l  flow t o  t h e  AS1 and then  

completely bypassing t h e  f u e l  flow, thus simulating a l eak  and a subsequent break i n  the  

AS1 f u e l  l i n e .  

f u e l  flow t o  the  ASI.  A s  a r e s u l t  t h e  main i n j e c t o r  w a s  eroded, t h e  AS1 chamber was  burned 

through, and t h e  AS1 f u e l  l i n e  w a s  burned away along wi th  the  spark plug cable.  This proved 

t h a t  t h e  AS1 could be  burned through and severe  engine damage caused by a f u e l  s t a r v a t i o n  t o  

the  ASI.  

theory t h a t  i t  had no t  broken during the  f l i g h t .  

The S-IVB-502 f a i l u r e  

The engine w a s  allowed t o  run f o r  29 s e c  following the  e l imina t ion  of 

The AS1 LOX l i n e  w a s  no t  damaged i n  the  test, and thus helped t o  s u b s t a n t i a t e  t he  

A performance s h i f t  s i m i l a r  t o  t h a t  seen during t h e  f i r s t  burn of S-IVB-502 w a s  noted, thus 

demonstrating t h a t  an AS1 f u e l  l i n e  f a i l u r e  was respons ib le  f o r  producing e f f e c t s  seen on 

S-IVB-502. 

Component t e s t i n g  on the  upper f l e x  sec t ion  of t h e  AS1 l i n e  has been conducted a t  nominal 

AS1 engine f lowra tes  (0.8 t o  1.2 lbm/sec). 

s ec t ions  can f a i l  a t  near opera t iona l  f lowra tes  due t o  resonance under c e r t a i n  conditions.  

The p rec i se  condi t ions  required t o  e s t a b l i s h  the  resonant conditions are r e l a t e d  t o  the  

bellows cons t ruc t ion ,  i n t e r n a l  f lowrate,  and e x t e r n a l  environment as w e l l  as i n s t a l l a t i o n  

configuration. 

It has been demonstrated t h a t  t hese  bellows 

Resul t s  t o  da t e  i n d i c a t e  t h e  following: 

a. Bellows supplied from two independent sources resonate  a t  d i f f e r e n t  f lowrates.  
The conf igura t ion  i n s t a l l e d  on S-IVB-502 w a s  of t h e  type most suscep t ib l e  t o  
resonance. 

Fatigue f a i l u r e s  have been demonstrated i n  sho r t  periods at  opera t iona l  flow- 
rates i n  a vacuum environment. 

b. 
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c. External environment such as a i r  can provide enough damping due t o  l i que fac t ion  
wi th in  the  convolutions t o  preclude a f a t i g u e  f a i l u r e  t h a t  might have occurred 
i n  a vacuum under t h e  same i n t e r n a l  f lowrates.  

10.4.5.7 Suspected Fa i lu re s  

Suspected engine f a i l u r e s  are as follows: 

a. 

b. 

C. 

I 

d. 

10.4.5.8 

The spark  plugs w e r e  suspected of being damaged by an overtemperature i n  t h e  
AS1 chamber due t o  a l eak  i n  the  AS1 f u e l  l i n e .  This may have been t h e  case; 
however, an AS1 f u e l  l i n e  l eak  would not  account f o r  t h e  high propel lan t  l o s s  
encountered. 

The two-stage inc rease  i n  t h e  f u e l  tank p res su r i za t ion  con t ro l  module tempera- 
t u r e  s t rong ly  ind ica t e s  t h a t  t he  AS1 f u e l  l i n e  leaked f o r  68 sec and then broke 
completely a t  E S C l  +118 see. A l eak  from t h e  AS1 f u e l  l i n e  would have reduced 
flow t o  t h e  AS1 r e s u l t i n g  i n  an inc rease  i n  the  mixture r a t i o  i n  t h e  AS1 
chamber along wi th  the  temperature. 

An AS1 LOX l i n e  f a i l u r e  is considered a p o s s i b i l i t y  because t h i s  alone o r  i n  
conjunction with an AS1 f u e l  l i n e  f a i l u r e  would have prevented r e s t a r t .  
However, a break i n  the  l i n e  upstream of t h e  o r i f i c e  would have r e su l t ed  i n  
a LOX loss which, i n  add i t ion  t o  t h e  f u e l  l o s s ,  would have produced a n e t  
l o s s  much g r e a t e r  than t h a t  experienced. Although a break downstream of the  
o r i f i c e  i s  f e a s i b l e ,  t h e  l i n e  should no t  be  sub jec t  t o  f a i l u r e  s ince  i t  i s  a 
r e l a t i v e l y  sho r t  l i n e  wi th  no f l e x i b l e  sec t ions .  

High temperatures i n  t h e  AS1 chamber may have induced i n t e r n a l  e ros ion  and 
poss ib l e  damage t o  main engine LOX and f u e l  i n j e c t o r s ,  a t h e r  adjacent engine 
hardware, and t h e  AS1 i n j e c t o r  and body. A burnthrough could,  therefore ,  
have occurred leading t o  the  loss of combustion gases and propel lan ts  from 
the  main chamber. 

I 

Most Probable Fa i lu re  

Environment temperatures and engine parameters i n d i c a t e  t h a t  t h e  f a i l u r e  occurred as follows: 

During f i r s t  burn a l eak  developed i n  the  AS1 f u e l  l i n e .  

r e su l t i ng  i n  a decrease i n  f u e l  f lowra te  t o  t h e  engine and AS1 chamber. This r e su l t ed  i n  

a decreasing chamber pressure  and an increase  i n  AS1 mixture r a t i o  u n t i l  the  pressure  a t  the  

break decreased t o  a poin t  where backflow could occur. A t  t h i s  t i m e  t he  AS1 f u e l  l i n e  w a s  

severed and t h e  f lowra te  t o  the  engine decreased markedly. 

probably suf fered  e ros ion  and burnthrough, allowing LOX from the  AS1 feed ,  propel lan ts  from 

t h e  main i n j e c t o r s ,  and chamber gases from t h e  i n j e c t o r  face,  t o  flow out.  Af te r  t h e  

i n i t i a l  outflow of hot  gases from t h e  AS1 chamber, a n e t  cooling t rend  w a s  apparent i n  

environmental temperature. It is the re fo re  concluded t h a t  ho t  gases from t h e  combustion 

chamber w e r e  being cooled by mixing wi th  the  AS1 LOX and poss ib ly  the  injector-supplied f u e l  

en te r ing  the  AS1 chamber. They then expanded i n t o  a vacuum environment already being cooled 

by f u e l  from the  broken AS1 l i n e ,  and an  e f f e c t i v e  cooling t rend  w a s  e s t ab l i shed .  The 

temperature of t h e  escaping gases is d i f f i c u l t  t o  determine s i n c e  t h e  degree of i n j e c t o r  

e ros ion  is impossible t o  p r e d i c t .  The ex ten t  of any burnthroughs i n  t h e  AS1 can, l ikewise ,  

not be predicted.  

The l eak  increased with t i m e  

The AS1 and main i n j e c t o r  
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a 10.4.5.9 Corrective Action 

Redesign of t h e  AS1 f u e l  l i n e  t o  a r i g i d  112 in .  diameter, one p iece ,  b u t t  welded u n i t  has 

been i n i t i a t e d  and w i l l  be  i n s t a l l e d  on f u t u r e  f l i g h t  vehic les .  

has  l ikewise  been redesigned with the o r i f i c e  moved t o  t h e  AS1 LOX valve flange. 

s t u d i e s  and tests have been made on a l l  c r i t i c a l  bellows i n s t a l l a t i o n s  i n  t h e  engine t o  

determine t h e i r  s u s c e p t i b i l i t y  t o  f a i l u r e .  

The AS1 LOX supply l i n e  

Analy t ica l  

10.5 Component Operation 

10.5.1 Main LOX Valve 

The main LOX va lve  performed s a t i s f a c t o r i l y  during t h e  f i r s t  burn period and the  restart 

attempt as ind ica ted  i n  t a b l e  10-17 and f i g u r e  10-59. 

of 285 m s  is considered t o  be respons ib le  f o r  t he  apparent devia t ion  of t h e  f l i g h t  values 

from the  acceptance f i r i n g  va lues .  

d a t a  sampling rate. 

The f l i g h t  d a t a  acqu i s i t i on  accuracy 

This accuracy level i s  t h e  r e s u l t  of t h e  10 sample/sec 

The engine MOV ac tua to r  s k i n  temperature (C2003) began t o  decrease a t  ESCl +62 sec. This 

lowered ac tua to r  temperature i s  a t t r i b u t e d  t o  t h e  AS1 f u e l  l i n e  f a i l u r e  and subsequent LH2 

cryogenic spray. The e f f e c t  of t h i s  lower MOV temperature i s  discussed i n  paragraph 

10.4.2.3. 

10.5.2 Pumps and Turbines 

The LH2 pump performance w a s  s a t i s f a c t o r y  during t h e  f i r s t  burn s tar t  t r a n s i e n t  and the  

restart attempt with no ind ica t ion  of s ta l l  ( f igu re  10-60). 

t h r u s t  chamber chilldown operations were adequate t o  prevent excessive f u e l  pump back pres- 

sure .  

i n  sec t ions  6, 12, and 13. 

These d a t a  i n d i c a t e  t h a t  both 

Fur ther  information on t h e  chilldown opera t ion  and GSE supply system is presented 

The performance of t h e  LH2 and LOX pumps and turb ines  w a s  s a t i s f a c t o r y  during the f i r s t  

burn and the  restart attempt. Pump speeds,  discharge pressures ,  and temperatures, 

responded t o  pe r tu rba t ions  and t o  engine i n l e t  conditions as expected. 

temperature increases  across  t h e  pumps w e r e  s a t i s f ac to ry .  

Pressure and 

10.5.3 PU Valve 

The PU va lve  con t ro l  during f i r s t  burn w a s  as expected. 

valve i n  the  n u l l  pos i t i on  (5.0 EMR). 

t h e  valve moved t o  the  f u l l  closed pos i t i on  (5.5 EMR) i n  approximately 1 sec ,  as predicted.  

The valve maintained t h e  f u l l  closed pos i t i on  f o r  t he  remainder of t he  f i r s t  burn. A 

h i s t o r y  of t he  valve pos i t i on  is  shown i n  f i g u r e  10-11. 

Engine s tar t  occurred wi th  the  PU 

A t  ESCl  +8 sec, PU Act iva te  Command w a s  given, and 

P r i o r  t o  second burn Engine S t a r t  Command t h e  PU valve w a s  pos i t ioned  i n  t h e  f u l l  open 

p o s i t i o n  (4.5 EMR) and remained the re  u n t i l  PU activate t i m e  (ESC2 +13 sec) .  

After system a c t i v a t i o n  at  ESC2 +13 sec, t h e  valve moved t o  the  LOX-rich (high EMR) posi- 

t i o n  as shown on f igu re  10-17 due t o  t h e  PU system malfunction as discussed i n  s e c t i o n  15. 
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10.5.4 G a s  Generator 

The GG performance was  s a t i s f a c t o r y  during both t h e  f i r s t  burn and t h e  restart attempt. 

The GG performance w a s  noted t o  s h i f t  at t h e  t i m e  of t h e  AS1 f u e l  l i n e  f a i l u r e  (ESC1 

+115 sec) .  

20 p s i  because of t h e  decreased LOX and f u e l  pump discharge pressures  assoc ia ted  with the  

powering down e f f e c t  of t h e  AS1 f u e l  l i n e  f a i l u r e  ( f igu re  10-61). 

____ 

A t  t h i s  time the  GG chamber pressure  w a s  observed t o  decrease  approximately 

During the  start of t he  second burn, t h e  GG temperature spiked ( a s  ind ica ted  by t h e  f u e l  

t u rb ine  i n l e t  temperature bulb) ,  t o  2,300 deg R, t he  upper l i m i t  of t h e  temperature bulb,  

bu t  an expanded p l o t  of f u e l  t u rb ine  i n l e t  temperature suggests t h e  sp ike  a c t u a l l y  reached 

as high as 2,500 deg R. 

i n  t u r n  w a s  caused by the  f a i l u r e  of t he  main chamber pressure  t o  rise above the  40 p s i a  

i d l i n g  pressure  it reached during t h e  second burn. 

of t h e  flow des t ined  f o r  t h e  GG follows t h e  lower pressure  drop pa th  t o  the  main chamber, 

r e su l t i ng  i n  a low GG t o t a l  f lowrate.  

is lower than t h a t  of the  f u e l  pump, t h e  i n i t i a l  ox id izer  flow is less a f f ec t ed  than t h e  

f u e l  flow. Thus, as noted i n  f i g u r e s  10-21 and 10-61, the  GG chamber pressure,  a func t ion  

of both t o t a l  f lowra te  and mixture r a t i o ,  is low; whereas, t he  f u e l  t u rb ine  i n l e t  tempera- 

t u r e ,  a func t ion  only of GG mixture r a t i o ,  i s  high. 

The sp ike  r e su l t ed  from a high start mixture r a t i o  i n  the  GG which 

With a low main chamber pressure,  most 

However, because the  s tar t  load of t he  ox id ize r  pump 

A t  Engine Cutoff Command, t h e  GG chamber pressure  w a s  observed t o  rise s l i g h t l y .  

p lus  the  absence of any unexplained veh ic l e  moment during second burn provides evidence t h a t  

t h e  temperature sp ike  d id  no t  burn through t h e  GG chamber w a l l .  

This f a c t  

10.5.5 Engine Drive Hydraulic Pump 

The engine-driven hydraul ic  pump performed s a t i s f a c t o r i l y  during the  f i r s t  burn. 

average power required by t h e  pump w a s  4.67 hp. 

f a i l e d  during and preceding second burn due t o  cav i t a t ion  r e su l t i ng  from frozen hydraul ic  

f l u i d  believed t o  have been a r e s u l t  of t he  cryogenic l eak  t h a t  occurred during the  f i r s t  

burn. A comprehensive ana lys i s  of t h e  hydraul ic  system performance can be found i n  

sec t ion  22. 

The 

The a u x i l i a r y  and main hydraul ic  pumps 

10.6 

Using a five-degrees-of-freedom t r a j e c t o r y  s imula t ion  program, propulsion system parameter 

h i s t o r i e s  were ad jus ted  s o  t h a t  an S-IVB t r a j e c t o r y  could be  generated t o  c lose ly  match t h e  

observed t r a j e c t o r y  (appendix 5).  The s imula t ion  program employed uses a d i f f e r e n t i a l  cor- 

r e c t i o n  technique which determines t h e  necessary adjustments t o  t h r u s t  and weight flow from 

the  engine ana lys i s  and p i t c h  and yawlengine t h r u s t  misalignment angles from t h e  con t ro l  

system ana lys i s  t o  match t h e  observed t r a j ec to ry .  

minimizing i n  a least-squares sense t h e  weighted d i f f e rences  i n  a l t i t u d e ,  earth-fixed 

ve loc i ty ,  e a r t h  f ixed  ve loc i ty  azimuth angle,  and iner t ia l  acce le ra t ion  between t h e  

observed and simulated t r a j e c t o r i e s .  

Powered F l i g h t  Simulated Tra jec tory  Evaluation 

These adjustments were determined by 
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To obtain a match of t he  observed t r a j e c t o r y  i t  w a s  necessary t o  adjust  t he  level of t he  

weight flow and t o  m a k e  separate  adjustments t o  the l e v e l s  of t h rus t  before and a f t e r  the 

performance s h i f t .  This i s  discussed more f u l l y  i n  paragraph 8.4. The weight flow deter- 

mined by engine ana lys i s  w a s  decreased by 0.11 percent. 

0.30 percent before the  performance s h i f t  and by 1.41 percent after the performance s h i f t .  

The corresponding adjustments t o  the  s p e c i f i c  impulse were an  increase of 0.49 percent 

before the performance s h i f t  and 1.27 percent following the  performance s h i f t .  

averages of t h rus t ,  weight flow, and s p e c i f i c  impulse from 90 percent t h rus t  t o  Engine 

Cutoff Command w e r e  adjusted by 4-0.56 percent,  -0.11 percent,  and H.67 percent,  

respectively,  from the values determined by engine analysis .  These averages are compared 

with predicted and engine analysis  values i n  paragraph 8.4. 

The th rus t  was  increased by 

The 
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TABLE 10-1 (Sheet 1 of 2) 
FIRST BURN ENGINE SEQUENCE 

MEAS 
NO. 

KO021 
(K0021) 

KO021 
(K0021) 
KO096 
(K0536) 

KO005 
(K0538) 

CONTROL EVENTS 

EVENT AND COMMENT 

*Engine S t a r t  Command P/I. 

**Engine S t a r t  

t S t a r t  Tank Disc Con- 
t r o l  Solenoid Enrg 

D/O 

Mainstage Control 
Solenoid Enrg 

CONTINGENT EVENTS 

MEAS 
NO. 

KO007 
(K0531) 
KO010 
(K0454) 
KO011 
(K0455) 
KO006 
(K0535) 
KO126 
(K0558) 
KO127 
(K0557) 
KO020 
(K0627) 
KO119 
(60506) 
KO118 
(GO506) 

KO123 
(G0508) 
KO122 
(G0508) 

KO096 
(K0536) 

KO121 
(60507) 
KO116 
(G0509) 
KO122 
(60508) 
KO117 
(60509) 
KO124 

(G0510) 

KO123 
(G0508) 

EVENT AND COMMENT 

Helium Cont ro l  
Solenoid Enrg P/U 

Thrust Chamber Spark 
on P/U 

G a s  Generator Spark 
on P/U 

I g n i t i o n  Phase Con- 
t r o l  Solenoid Enrg P/U 

LOX Bleed Valve 
Closed P/U 

LH2 Bleed Valve 
Closed P/U 

AS1 LOX Valve Open 
p/u 

Main Fuel Valve Closed 
D/O 

Main Fuel Valve Open 
PIU 

S t a r t  Tank Disc Valve 
Closed D/O 

S t a r t  Tank D i s c  Valve 
Open P/U 

S t a r t  Tank D i s c  Con- 
t r o l  Solenoid Enrg 
D/O 

Main LOX Valve 
Closed D/O 

Gas Generator Valve 
Closed D/O 

S t a r t  Tank D i s c  Valve 
Open D/O 

Gas Generator Valve 
Open P/U 

LOX Turbine Bypass 
Valve Open D/O 

S t a r t  Tank Disc  Valve 
Closed P/U 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

0 

Within 10 ms of  KO021 

Within 10 m s  of KO021 

Within 10 ms of KO021 

Within 20 ms of  KO021 

Within 130 ms of  KOOO; 

Within 130 m s  of K000; 

Within 20 m s  of KO006 

60 530 m s  from KO006 

80 250 m s  from KO119 

Approx 3200 m s  from 
KO021 P/U 

3,000 540 ms from 
KO021 P/U 

100 520 ms from KO096 

105 +20 m s  from KO123 

450 230 m s  from KO096 

450 530 m s  from KO096 

50 220 m s  from KO005 

140 +lo ms from KO005 

95 520 ms from KO096 

50 +30 m s  from KO116 

250 240 ms from KO122 

ACTUAL TIME 
( m d  

FROM 
ESC 
- 

0 

0 

011 

011 

020 

068 

151 

112 

072 

095 

3201 

3019 

3162 

3245 

3480 

3469 

3570 

3571 

3612 

3698 

3720 

3821 
__ 

FROM 
SPECIFIEI 
REFERENCI 

0 

0 

011 

011 

020 

068 

151 

092 

052 

023 

3201 

3019 

153 

083 

461 

450 

090 

091 

143 

127 

209 

(KOXXX) Actual number from acceptance f i r i n g  event  recorder .  

*Engine ready and s t a g e  s e p a r a t i o n  s i g n a l s  (or  s imula t ion)  are requi red  b e f o r e  t h i s  command w i l l  b e  
executed. 
d i scharge  so lenoid  va lve  (K0096). 

This command a l s o  a c t u a t e s  a 640 230 ms t i m e r  which c o n t r o l s  energ iz ing  of the  start  tank 

**This s i g n a l  drops o u t  after a t i m e  s u f f i c i e n t  t o  l o c k  i n  t h e  engine electrical. 

tAn i n d i c a t i o n  of f u e l  i n j e c t i o n  temperature o f  -150 240 deg F ( o r  s imula t ion)  is requi red  b e f o r e  t h i s  
command w i l l  b e  executed. 
mains tage. 

P/U - Pickup 

This command a l s o  a c t u a t e s  a 450 230 m s  t i m e r  which c o n t r o l s  the s t a r t  of 

D/O - Dropout 

t 
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TABLE 10-1 (Sheet 2 of 2) 
FIRST BURN ENGINE SEQUENCE 

t 

MEAS 
NO. 

KO158 
(K0572) 
KO159 

KO013 
(KO5221 

KO158 
(K0572) 
KO159 
(KO5731 
KO007 
(K0531) 

KO126 
(K0558) 
KO127 
(K0557) 

CONTROL EVENTS 

EVENT AND COMMENT 

Mainstage Press Switch 
#l Depress D/O 

Mainstage Press Switch 
#2 Depress D/O 

Engine Cutoff P/U 
(New t i m e  reference) 

*Mainstage Press Switch 

k i n s t a g e  Press Switch 
B Depress P/U 

Helium Control Solenoid 
Enrg D/O 

A Depress P/U 

LOX Bleed Valve 
Closed D/O 

LH2 Bleed Valve Closed 
D/O 

MEAS 
NO. 

KO125 
(60510) 

KO120 
(60507) 
KO010 
(KO4 54) 
KO011 
(K0455) 

KO005 
(K0538) 
KO006 
(K0535) 

KO020 
(K0522) 
KO120 
(GO507) 
KO117 
(G0509) 
KO118 
(G0506) 
KO121 
(60507) 
KO116 
(G0509) 
KO119 
(G0506) 

KO125 
(G0510) 

KO124 
(GQl i lO)  

CONTINGENT EVENTS 

EVENT AND COMMENT 

"LOX Turbine Bypass 
Valve Closed P/V 

Main LOX Valve Open 

Thrust Chamber Spark 
on D/O 

Gas Generator Spark 
on D/O 

p/u 

Mainstage Control 
Solenoid Enrg D/O 

Igni t ion Phase Con- 
t r o l  Solenoid Enrg 
D/O 

AS1  LOX Valve Open 
D/O 

Main Oxidizer Valve 
Open D/O 

Gas Generator Valve 
Open D/O 

Main Fuel Valve Open 
D/O 

Main Oxidizer Valve 
Closed P/U 

Gas Generator Valve 
Closed P/U 

Main Fuel Valve Close( 
P/U 

Oxidizer Turbine 
Bypass Valve Closed 
D/O 

Oxidizer Turbine 
Bypass Valve Open P/U 

'+Within 5,000 ms of KO005 (Normally = 500 ms) 
*Signal drops out when pressure reaches 425 225 psig. 

P/U - Pickup D/O - Dropout 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

2,435 2145 m s  from 
KO005 
3,300 2200 m s  from 
KO005 P/U 
3,300 +ZOO ms from 
KO005 P/U 

0 

Within 10 m s  of KO013 

Within 10 ms of KO013 

50 215 ms from KO005 

75 T:z m s  from KO006 

90 225 m s  from KO006 

120 215 m s  from KO120 

500 m s  from KO006 

225 525 ms from KO118 

* 

1,000 2110 m s  from 
KO013 

10,000 ms from KO005 

30,000 m s  from KO005 

30,000 ms from KO005 

ACTUAL TIME 

FROM 
zsc 

3944 

5850 

- - 

1919 

5660 

5745 

5745 

0 

002 

018 

087 

109 

145 

167 

235 

217 

419 

233 

233 

999 

285 

883 

i709 

3626 

FROM 
SPECIFIED 
UlFERENCE 

2180 

3265 

3265 

0 

002 

018 

107 

127 

149 

126 

199 

252 

999 

881 

3707 

3624 
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TABLE 10-2 (Sheet 1 of 2) 
SECOND BURN ENGINE SEQUENCE 

CONTROL EVENTS 

EVENT AND COMMENT MEAS 
NO. 

KO021 
(KOO21) 

KO021 
(K0021) 
KO096 
(K0536) 

KO005 
(K0538) 

kEngine S t a r t  Counuand 
PIU 

**Engine S t a r t  
D/O 

tS t a r t  Tank Disc 
Control Solenoid Enrg 

Mainstage Control 
Solenoid Enrg 

CONTINGENT EVENTS 

MEAS 
NO. - 
KO007 
(K0531) 
KO010 
(K0454) 
KO011 
(K0455) 
KO006 
(K0535) 
KO126 
(K0558) 
KO127 
(K0557) 
KO020 
(K0627) 
KO119 
(60506) 
KO118 
(GO506) 

KO123 
(GO508) 
KO122 
(60508) 

KO096 
(K0536) 
KO121 
(60507) 
KO116 
(G0509) 
KO122 
(GO508) 
KO11 7 
(60509) 
KO124 
(GO510) 
KO123 
(GO508) 

EVENT AND COMMENT 

Helium Control 
Solenoid Enrg P/U 
Thrust Chamber Spark 
on P/U 

Gas Generator Spark 

Igni t ion Phase Control 
Solenoid Enrg P/U 

LOX Bleed Valve 
Closed P/U 

LH2 Bleed Valve 
Closed P/U 

AS1 LOX Valve Open 
PIU 

Main Fuel Valve 
Closed D/O 

Main Fuel Valve Open 
p/u 

S t a r t  Tank Disc 
Valve Closed D/O 

S t a r t  Tank Disc 
Valve Open P/U 

S t a r t  Tank D i s c  Con- 
t r o l  Solenoid Enrg D/c 

Main LOX Valve Closed 
D/O 

Gas Generator Valve 
Closed D/O 

S t a r t  Tank D i s c  Valve 
Open D / o  

Gas Generator Valve 
Open P/U 

LOX Turbine Bypass 
Valve Open D/o 
S t a r t  Tank D i s c  Valve 
Closed P/U 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

0 

Within 10 ms of KO021 

Within 10 ms of KO021 

Within 10 m s  of KO021 

Within 20 ms of KO021 

Within 130 m s  of KO007 

Within 130 ms of KO007 

Within 20 m s  of KO006 

60 230 m s  from KO006 

80 250 m s  from KO119 

Approx 8,200 m s  from 
KO021 P/U 

8,000 240 m s  from 
KO021 
100 27.0 ms from KO096 

105 520 m s  from KO123 

450 230 ms from KO096 

450 230 ms from KO096 

50 220 m s  from KO005 

140 210 m s  from KO005 

95 220 m s  from KO096 

50 230 m s  from KO116 

250 240 m s  from KO122 

ACTUAL TIME 
(ms) - 

'ROM 
:sc 
- - 

0 

0 

010 

010 

0 10 

152 

152 

I12 

062 

085 

1605 

3007 

3154 

3245 

3457 

3457 

356; 

3581 

3595 

370( 

3675 

8791 

- 

FROM 
SPECIFIED 
REFERENCE 

0 

0 

010 

010 

010 

152 

152 

10 2 

052 

023 

9609 

800 7 

147 

091 

450 

450 

105 

127 

138 

116 

200 

(KOXXX) Actual number from acceptance f i r i n g  event recorder. 

*Engine ready and s tage separat ion s igna l s  (or  simulation) a r e  required before t h i s  command w i l l  be  
executed. 
discharge solenoid valve (K0096). 

This command also actuates  a 640 230 m s  t i m e r  which controls energizing of the s t a r t  tank 

**This s igna l  drops out a f t e r  a time s u f f i c i e n t  t o  lock i n  the  engine e l ec t r i ca l .  

tAn indicat ion of f u e l  i n j ec t ion  temperature of -150 240 deg F (or simulation) is required before t h i s  
command w i l l  be  executed. 
of wainstage. 

This coxmnand a l so  actuates  a 450 230 m s  timer which controls  the start 

P/U - Pickup D/O - Dropout 
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TABLE 10-2 (Sheet 2 of 2) 
SECOND BURN ENGINE SEQUENCE 

CONTINGENT EVENTS 

MEAS 
NO. - 

KO158 
lKO572) 

KO159 

KO013 
:K0522) 

KO007 
:K0531) 

ss-22 
KO507 

KO126 
:K0558) 

KO127 
:K0557) 

CONTROL EVENTS 

EVENT AND COMMENT 

Mainstage Press Switch 
#1 Depress D/O 

Mains tage P r e s s  Switch 
#2 Depress D/O 

Engine Cutoff PU 
(New time reference) 

Helium Control Solenoid 
Enrg D/O 

PU Activate Switch D/O 

LOX Bleed Valve 
Closed D/O 

LH2 Bleed Valve Closed 
D/O 

MEAS. 
NO. 

= 
KO125 

(60510) 

KO120 
(60507) 

KO010 
(K0454) 

KO011 
(KO45 5) 

KO005 
(K0538) 

KO006 
(KO 5 35) 

KO020 
(K0622) 

KO120 
(GO507) 

KO117 
(G0509) 

KO118 
(60506) 

KO121 
(GO5071 

KO116 
(60509) 

KO119 
(60506) 

KO125 
(GO510) 

KO124 
(60510) 

EVENT AND COMMENT 

ttLOX Turbine Bypass 
Valve Closed P/U 

Main LOX Valve Open 

Thrust Chamber Spark 
on D/O 

Gas Generator Spark 
on D/O 

p/u 

Mains tage Control 
Solenoid Enrg D/O 

Igni t ion Phase Contro: 
Solenoid Enrg D/O 

AS1 LOX Valve Open 

Main Oxidizer Valve 
Open D/O 

Gas Generator Valve 
Open D/O 

Main Fuel Valve Open 
D/O 

Main Oxidizer Valve 
Closed P/U 

Gas Generator Valve 
Closed P/U 

Main Fuel Valve Closec 
p/u 

Dl0 

Oxidizer Turbine 
Bypass Valve Closed Di 

Oxidizer Turbine 
Bypass Valve Open P/U 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

2,435 2145 m s  from 
KO005 

3,300 5200 m s  from 
KO005 P/U 

3,300 5200 m s  from 
KO005 P/U 

0 

Within 10 m s  of K O O l  

Within 10 m s  of K O O l  

50 215 m s  from KO005 

75 Tgz m s  from KO006 

90 225 m s  from KO006 

120 515 ms from KO121 

500 ms from KO006 

225 225 msffrom K O 1 1  

1,000 2110 m s  from 
KO013 

N/A 

10,000 ms from KO005 

30,000 ms from KO005 

30,000 m s  from KO005 

ACTUAL TIME 
(-1 

Did Not 
Occur 

Did Not 
Occur 

to525 

L1725 

L1725 

0 

006 

008 

053 

074 

124 

133 

2 11 

183 

360 

1000 

244 

574 

3592 

3592 

~ 

2068 

3268 

3268 

006 

008 

068 

116 

125 

137 

175 

227 

1000 

568 

3586 

3586 

ttWithin 5,000 ms of KO005 (Normally = 500 ms) 

PIU - Pickup D/O - Dropout 
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START 

443 

8 

TABLE 10-3 
FUEL LEAD CONDITIONS 

START 

265 

3 

I T E M  

- 
502 

XCPT 

3.64 

- - 

K 

3.64 

0.66 

4.18 

2.98 

3.70 

0.73 

4.21 

2.97 - 

Estimated t h r u s t  chamber bulk  temperature* a t  f u e l  l ead  
start 

Fuel l ead  dura t ion  

Fuel temperature a t  t h e  i n j e c t o r  a t  f u e l  lead  termination 

Fuel passing through MFV during f u e l  l ead  

Fuel between i n j e c t o r  and MFV a t  f u e l  l ead  te rmina t ion  

Fuel pass ing  through i n j e c t o r  during f u e l  l ead  

Tota l  e f f e c t i v e  impulse during f u e l  l ead  

I 

S-IVB-5 

FIRST 
START 

242 
= 

3 

40 

1 5  

4 

11 

1,400 

17 9.5 

3,200 1,250 

*Average of  th ree  temperature measurements: j acke t  temperature CO199 and exit  s k i n  temperatures 
C0385 and C0386. 

TABLE 10-4 
ENGINE START SPHERE CONDITIONS 

PARAMETER 

____ ~ 

L i f t o f f  

L i f t o f f  requirement 

F i r s t  Engine S t a r t  Command 

Af ter  first s tar t  sphere blowdown 

F i r s t  Engine Cutoff Comand 

Tota l  GH2 usage during f i r s t  s tar t  

Second Engine S t a r t  Command 

After second s tar t  sphere  blowdown 

Second Engine Cutoff Command 

Tota l  GH2 usage during second start  

TEMPERATURE (OR) 

See L i f t o f f  BI 

502 
ACCPT 

260 

272 

180 

225 

- 

263 

178 

227 

- 
- 

! FLIGHT 

SECOND 
START 

411 
7 

a 
34 

39 

14.5 

24.5 

3,050 

502 
FLIGH'I 

1303 
- - 

See 

1267 

120 

1242 

- 

1327 

- 

182 

- 
- 

PRESSURE (ps ia )  

1294 3.47 

i f  tof f 

1270 

100 

1166 

- 

1286 

140 

1185 

- 

S (lbm) 

501 
FLIGHT 

3.65 

i t o f f  

3.53 

0.49 

4.74 

3.04 

3.84 

0.68 

5.37 

3.16 
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r a t i o  

S p e c i f i c  impulse sec 421.01 424.91 -0.92 421.29 425.27 -0.94 - 

TABLE 10-5 
CONTROL SPHERE DATA 

PARAMETER 

Required a t  l i f t o f f  

Actual a t  l i f t o f f  

Before f i r s t  b u m  
engine start  

After f i r s t  burn 
engine c u t o f f  

Before second b u m  
engine start  

A f t e r  second b u m  
engine cu tof f  

Mass used - f i r s t  
b u m  

Mass used - second 
b u m  

TEMPERATURE ( c  

2 88 

247 239 

186 172 

I R) 

502 
CCEPTANCE 

260 +30* 

283 

286 

246 

276 

236 

- 

- 

PRESSURE 

*Actual requirement i s  start  sphere  temperature 530 deg R. 

**As c a l c u l a t e d  from measured temperature and pressure .  

TABLE 10-6 
ENGINE PERFORMANCE* 

i i a )  

502 
LCCEPTANCE 

1 p s i a  

3,260 

3,345 

2,450 

2,764 

1,925 

- 

- 

MASS (lbm)** 

502 
‘LIGHT 
I=i_==E 

- 
1.87 

1.90 

1.51 

1.48 

0.97 

0.39 

0.37 

- 
501 
LIGHT - 
- 

2.01 

2.03 

1.56 

1.48 

0.80 

0.51 

0.68 

502 
ACCEPTANCE 

- 
2.07 

2.11 

1.79 

1.84 

1.52 

0.32 

0.32 

TO DEPLETION** PARAMETER 

* A l l  engine performance va lues  are f i r s t  burn only.  

**Depletion f i g u r e s  w e r e  considered meaningless as t h e r e  w a s  no mainstage performance dur ing  second 
b u m  on which t o  base  c a l c u l a t i o n s .  
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TABLE 10-7 
COMPARISON OF COMPUTER PROGRAM RESULTS 

INPUT 

LOX and LH2 flowmeters, pump 

i i s c h a r g e  p r e s s u r e s  and 

'emperatures , chamber 

J ressures  , chamber t h r u s t  

area 

lump i n l e t  and o u t l e t  condi- 

t ions ,  PU v a l v e  p o s i t i o n ,  

zhamber p r e s s u r e ,  t u r b i n e  

i n l e t  and o u t l e t  c o n d i t i o n s ,  

Elowmeter speed 

Thrust chamber p r e s s u r e ,  

chamber t h r o a t  area 

METHOD 

Flowrates  are computed from flow- 

meter d a t a  and p r o p e l l a n t  

d e n s i t i e s .  The CF i s  determined 

from equat ion  CF = f (Pc ,  MR) and 

t h r u s t  is c a l c u l a t e d  from equa- 

t i o n  F = CF At Pc. 

Math models of rocke t  engine  

components are l i n k e d  t o g e t h e r  by 

t h e  program which iterates among 

t h e  component models u n t i l  an 

o p e r a t i n g  p o i n t  i s  reached where 

t h e  power r e q u i r e d  by t h e  pumps 

ba lances  t h e  power a v a i l a b l e  from 

t h e  t u r b i n e s .  

The CF is  computed from equat ion  

CF = f (Pc)  and t h r u s t  is 

computed from equat ion  

F = C A P The impulse i s  

determined from i n t e g r a t e d  

t h r u s t  . 
F t c' 

RESULTS 

? = 230,343 

iT = 541.233 

C = 425.59 

VIR = 5.505 
SP 

F = 230,113 

JT = 541.62 

t = 424.8 

YR = 5.52 
SP 

Refer t o  paragraphs 

10.4.2.3 and 

10.4.2.5 

i 
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TABLE 10-8 
DATA INPUTS To COMPUTER PROGRAMS 

PARAMETER - 
Chamber Pressure  

LOX Flowrate 

Fuel Flowrate 

LOX Pump Discharge 
Temperature 

Fuel Pump Discharge 
Temperature 

LOX Pump Discharge 
Pressure  

Fuel Pump Discharge 
Pressure  

Fuel Turbine I n l e t  
Temperature 

Gas Generator 
Chamber Pressure  

TIME 

F i r s t  Bum Engine 
S t a r t  Command 

STDV 1 

End of  blowdown 1 

End of  r e f i l l  1 

End of topping 1 

F i r s t  Burn Engine 
Cutoff Command 

Second Bum Engine 
S ta r t  Command 

PROGRAM 

G105-1 

PA53 

( S t a r t )  

(Cutoff)  

6105-1 

6105-1 

6105-1 

6105-1 

6105-1 

6105-1 

6105-1 

6105-1 

6307 

SELECTION 

DO001 (TM/FM) 
DO001 (TM/FM) 

DO001 (TM/FM) 

FOOOl 

Fo002 

C0133 

C0134 

DO009 

DO008 

coo01 

DO010 

BIAS 

-15 
+4.887 

97.51% 

+(6.412) 

97.27% 

None 

None 

None 

None 

None 

None 

None 

None 

REASON 

locketdyne es t imat ion  of purge e f f e c t  

Zorrect f o r  non-zero i n d i c a t i o n  of transducer 
st ESC 

Variable b i a s  -0 at  ESC and -15 a t  ESC 4-60 sec 

Zorrect f o r  non-zero ind ica t ion  of t ransducer  a t  
end of  t h r u s t  decay 

Variable b i a s  -0 a t  end of  t h r u s t  decay and 
-15 a t  ECC 

TABLE 10-9 
START TANK PERFORMANCE 

PRESSURE TEMPERATURE 

PREDICTED I ACTUAL PREDICTED ACTUAL 

284.4 

284.4 

190.3 

236.4 

186.8 

196.8 

252.8 

PREDICTED 

3.575 

3.575 

0.749 

2.78 

4.77 

4.91 

4.25 

AM ACTUAL AM 

-2.826 0.471 -2.839 

+2.039 2.56 +2.089 

+1.99 4.83 +2.27 

+0.14 4.75 -0.08 

-0.66 3.88 -0.87 
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UNIT 

l b  f 

lbm/sec 

lbmfsec 

s e c  

TABLE 10-10 
FIRST BURN START TRANSIENT 

120 SEC 
TO C/O 

90 PERCENT PERCENT 
THRUST TO DEVIATION FROM 

115 SEC PREDICTED 

227,032 -1.21 224,579 

5.44 -0.93 5.45 

452.61 -1.01 456.6 

83.21 -0.06 83.8 

423.7 -0.37 415.6 

level* 

Tota l  Impulse from Engine S t a r t  
Command t o  90 percent  performance 
l eve l*  

*Defined a s  STDV Command +2.5 sec 

UNIT 

l b  f 

s e c  

l b / s e c  

l b f s e c  

197,707** 187,464 I 

PREDICTED 

228,980 22,901 

5.4804 3 . 0 9  

424.765 22.7 

455.889 25.34 

83.185 51.35 

**Based on s t a b i l i z e d  t h r u s t  a t  null PU and s tandard  a l t i t u d e  conditions.  

ACTUAL 

228,804 

5,485 

425.0 

455.30 

83.01 

TABLE 10-11 
STEADY-STATE ENGINE PERFORMANCE 

DEVIATION 

-176 

+O .0046 

+O. 235 

-0.589 

-0.175 

0.629 3.019 

156,200 188,171 

PARAMETER 

Thrust 

Mixture Ratio 

LOX Flowrate 

LH2 Flowrate 

Spec i f i c  Impulse 

Thrust  

EMR 

Spec i f i c  Impulse 

LOX Flowrate 

LH2 F l m r a t e  

TABLE 10-12 
FLIGHT 60-SEC TAG COMPARISON 

-0.75 

-0.14 

+O.65 I 
-2.27 I 
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- +l,OOO 

+134, -133 

TABLE 10-13 
THRUST OSCILLATION SUMMARY 

3,400 

+134, -632 

i 
I 

+69 

Osc i l l a t ions  about mean t h r u s t  l e v e l  

Rate of change of t h r u s t  

Thrust acce le ra t ion  +48 

PARAMETER 

T i m e  f o r  Thrust  t o  Decrease t o  
11,250 l b f*  

Thrust a t  Engine Cutoff Command 

Tota l  Impulse t o  5 percent  Thrus t  

Tota l  Impulse t o  Zero Thrus t  

MOV Actuator Temperature a t  Engine 
Cutoff 

PU Valve Pos i t i on  a t  Engine Cutoff 

Tota l  Impulse t o  5 percent  Thrus t  
Adjusted t o  Null  P.U and 460°R Main 
Oxidizer Valve Actuator Temperature 

UNIT 

l b  f 

l b  f 

l b f / s e c  

l b f  /sec/sec 

C E I  SPEC 
LIMIT 

- +5,000 

- +2,500 

- +SO0 

- +125 

TABLE 10-14 
FIRST BURN CUTOFF TRANSIENT 

UNIT 

mS 

l b  f 

lb-sec 

lb-sec 

OR 

deg 

lb-sec 

5-2 ENGINE 
LOG BOOK 

349 

202,651 

38,031 

--- 

460 

0 

38,031 

501 FLIGHT 
FIRST BURN 

- 
444 

223,122 

48,101 

54,949 

304.9 

33.3 

--- 

502 FLIGHT 
FIRST BURN 

502 FLIGHT RESULTS 

ENGINE 
?ERFORMANCE 
~ALCLXATIQNS 

464 

224,576 

53,177 

59,376 

282.5 

32.7 

39,005 

i 

~ 

*5 percent  r a t e d  t h r u s t  
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TABLE 10-15 (Sheet 1 of 3) 
ENGINE AREA ENVIRONMENT TEMPERATURES 

TEMPERATURE 

GG Fuel I n l e t  
Line Wall ' 

GG LOX I n l e t  
Temp 

Main LOX Valve 
Pneumatic Line 
Surface Temp 

Main LOX Valve 
Actuator Skin 
Temp 

GG Bootstrap 
Line 
Temp No. 1 

GG Bootstrap 
Line 
Temp No. 2 

MEAS. 
NO. 

C0146 

C2035 

C2005 

C2003 

C2037 

C2036 

RANGE 

I5 t o  
IO0 OR 

.oo t o  
i10"R 

!10 t o  
i60°R 

. lo t o  
i60 OR 

-00 t o  
i1O0R 

-00 t o  
i10"R 

FIGURE 
NO. 

10-43 
= 

10-44 

10-46 

10-46 

10-27 

10-47 

DISCUSS I O N  

A t  approximately RO +685 sec t h i s  measurement began drop- 
ping from 58 deg R u n t i l  i t  reached 50 deg R a t  
RO +725 see. 
cu to f f .  This temperature response i n d i c a t e s  t h a t  f u e l  
must have been spraying  on t h e  l i n e  because t h e  tempera- 
t u r e  l e v e l  is too low f o r  LOX t o  cause such a reac t ion .  
The AS-501 d a t a  does no t  show any temperature change 
dur ing  the f i r s t  burn. No unusual temperature changes 
occur during the  o r b i t a l  coas t ,  alghough the  l e v e l  is 
approximately 50 deg R lower than on AS-501. P r i o r  t o  
second s tar t  t h e  temperature increased  t o  the  same level 
a s  on AS-501. 
S t a r t  Command, t he  temperature dropped to  the  same l e v e l  
i t  reached dur ing  the  f i r s t  burn aga in  i n d i c a t i n g  a f u e l  
leak. 

It  then increased  s l i g h t l y  u n t i l  engine 

Immediately a f t e r  t h e  second burn Engine 

A t  approximately RO +660 s e c  t h i s  temperature stopped 
increas ing  a t  180 deg R and dropped t o  160 deg R a t  
RO +695 sec .  It  remained cons tan t  a t  t h i s  l e v e l  u n t i l  
engine cu to f f .  During the  second o r b i t  of t h e  coas t  
per iod ,  t he  measurement went off-scale-high a t  
RO +10,400 s e c  and remained t h e r e  f o r  t h e  remainder of 
t he  mission. 
t he re fo re ,  no comparison is poss ib l e .  

The temperature was normal u n t i l  RO +650 sec when i t  
dropped r ap id ly  from 395 deg R t o  o f f s c a l e  a t  RO +720 s e c  
The temperature came back on s c a l e  a f t e r  engine cu to f f .  
The AS-501 continued t o  increase  somewhat a l l  during the  
f i r s t  bum.  
appeared t o  be  normal, although approximately 50 deg R 
lower than AS-501. A t  the  end of f u e l  l ead  f o r  t he  
second s tar t  , it aga in  dropped very r ap id ly  approximately 
45 deg R from 370 deg R. The AS-501 d a t a  increased  
during t h e  second burn, similar t o  t h e  f i r s t  burn p r o f i l e  

During the  f i r s t  burn,  t he  temperature dropped from 
333 deg R a t  RO +640 s e c  to  280 deg R a t  engine cu tof f  
w i th  a s l i g h t  d i scon t inu i ty  between RO +695 and 
RO +7OO sec. On AS-501, t h i s  temperature decreased very 
s l i g h t l y  a l l  during the  f i r s t  b u m ,  b u t  no t  nea r ly  as 
much a s  i t  d i d  on AS-502. Again, no th ing  unusual happenel 
during o r b i t a l  coas t .  During t h e  period of t h e  second 
burn the  temperature was approximately 30 deg R lower on 
AS-502 than on AS-501 and showed evidence of a cooling 
t rend  following the  r e s t a r t  at tempt.  

The temperature appeared t o  be  normal u n t i l  approximately 
RO +675 sec when i t  dropped about 5 deg R. 
RO +695 sec, i t  rose  very sharp ly  from 165 t o  193 deg R 
and then cooled u n t i l  cu to f f .  The temperature appeared 
t o  behave as expected during the  o r b i t a l  coas t  period and 
the  restart attempt. This measurement w a s  not on AS-501 
and no comparison is poss ib le .  

This temperature , which w a s  n o t  on AS-501 , appeared norma. 
throughout t he  mission. No abnormal temperature increase! 
o r  decreases w e r e  present.  

This measurement was n o t  on AS-501; 

The temperature during o r b i t a l  coas t  

A t  

I 
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TABLE 10-15 (Sheet 2 of 3) 
ENGINE AREA ENVIRONMENT TEMPERATURES 

? 

I I TEMPERATURE 

Main Hydraulic 
Pump Discharge 
Line Temp 

Crossover Duct 
K a l l  
Temp No. 1, 

Crossover Duct 
Wall 

Engine Area 
Ambient 

Oxidizer Main 
Supply Line 
Wall Temp 

MEAS. 
NO. 

:2029 
- 

:2015 

22016 

:0010 

20153 

RANGE 

360 t o  
j l O o R  

- 

1 to 
ZOOOOR 

3 t o  
2000 O R  

260 t o  
960°R 

160 t c  
450 O R  

' IGURE 
NO. 

0-48 
- 

.O-49 

-0-49 

!O-50 

10-51 

DISCUSSION 

This thermocouple was  not  on AS-501. The temperature 
appeared t o  be normal u n t i l  approximately RO +685 sec 
when i t  stopped increasing and remained near  570 deg R 
u n t i l  engine cutoff .  Nothing unusual appeared i n  t h i s  
temperature f o r  the remainder of the mission from a 
propulsion view point.  It is  mentioned, however, due 
t o  the hydraulic system anomaly which is discussed i n  
sect ion 22. 

Compared t o  the AS-501 data ,  the temperature appeared 
t o  be normal u n t i l  i t  went o f f sca l e  a t  718 sec. During 
the o r b i t a l  coast ,  the  temperature came back on s c a l e  
f o r  a s h o r t  t i m e  a t  approximately the correct  l eve l .  
The thermocouple appears t o  have shor t  c i r cu i t ed .  

This temperature w a s  normal u n t i l  RO +625 sec when the 
rate of increase w a s  g rea t ly  reduced. The AS-501 da ta  
shows the temperature increasing throughout the f i r s t  
burn. 
due t o  external  cooling because there  w a s  no decrease 
of the gas temperature i n  the crossover duct. The 
temperature was normal and very c lose  t o  AS-501 during 
the o r b i t a l  coast .  Because of the f a i l u r e  t o  s tar t  the 
second t i m e ,  the temperature did not reach i t s  normal 
l eve l .  

The low heat  uprate  present on AS-502 must be 

AS-502 da ta  showed a gradual cooling trend somewhat 
similar t o  AS-501. However, a t  RO +650 sec the cooling 
rate increased u n t i l ,  a t  RO +695 sec,  a heat  spike 
occurred from about 365 deg R to  422 deg R and then a t  
RO +700 s e c  dropped completely offscale .  This  e n t i r e  
cycle of increased cooling rate a t  RO +650 s e c  and the 
heat  spike a t  RO +695 sec are e n t i r e l y  d i f f e r e n t  from 
AS-501 data.  The measurement remained o f f sca l e  a l l  
during o r b i t a l  coast  and the  restart attempt. 
concluded that  t h i s  transducer o r  i t s  e l e c t r i c a l  con- 
nections f a i l e d  a t  RO +700 sec  due to the engine m a l -  
function. 

The da ta  f o r  AS-501 and AS-502 are similar u n t i l  approxi 
mately RO +690 s e c  where a rapid heat ing trend occurs i n  
the AS-502 data.  This  heat ing trend peaks out a t  
RO +700 s e c  and 178 deg R a f t e r  an increase i n  tempera- 
t u re  of 10 deg. A t  RO +700 sec it gradually decreases 
u n t i l  engine cutoff a t  which t i m e  i t  begins to  heat  up 
again. 

During o r b i t a l  coast  a l i n e a r  cooling trend is shown 
u n t i l  RO +3,600 sec.  A t  t h i s  t i m e  the  reading dropped 
o f f sca l e  and remained the re  f o r  t h e  duration of the 
f l i g h t .  

The locat ion of C0153 is on the main LOX l i n e  i t s e l f  
while COOlO is on the flange supporting the LOX l i n e .  
The main difference i n  the two readings is  t h a t  while 
COOlO showed a gradual cooling trend s t a r t i n g  a t  
RO +650 sec before the heat  spike,  C0153 revealed no 
corresponding cooling trend. 

I t  is  
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TABLE 10-15 (Sheet 3 of 3) 
ENGINE AREA ENVIRONMENT TEMPERATURES 

1 I TEMPERATURE 

Oxidizer Main 
Supply Line 
Flange Wall 
Temp 

I n t e r s  tage 
Area 7 Gas 
Temperature 

Thrust 
S t ruc tu re  
Temp No. 1 

Thrust 
S t ruc tu re  
Temp No. 2 

- 
MEAS. 

NO. 

:0152 
= 

20 2 75 

20087 

:0088 

7OoR 

.60 to  
16O"R 

I10 t o  
185"R 

110 t o  
185'R 

.O-52 

.O-53 

0-53 

DISCUSSION 
A 

The main supply l i n e  f lange  w a l l  temperature (C0152) w a s  
s i m i l a r  t o  d a t a  from AS-501 u n t i l  RO +675 see. 
t i m e  t he  cooling rate increased s imilar  t o  COOlO bu t  
continued f o r  approximately 20 sec. 
transducer went o f f s c a l e  f o r  t he  dura t ion  of the  f l i g h t .  
A s  shown i n  f i g u r e  10-43 the C0152 sensor is loca ted  
between C O O l O  and C0153 sensors on the f lange  near t he  
main LOX l i n e .  However, i ts d a t a  is  more l i k e  the  d a t a  
from C O O l O  loca ted  f a r t h e r  back on t h e  f lange  away from 
the  LOX l i ne .  This leads  t o  t h e  conclusion t h a t  the 
i n i t i a l  cold leak  occurred i n  an area somewhere t o  the 
in s ide  of t he  main LOX l i n e .  Escaping hot  gas could 
e a s i l y  engulf a l l  th ree  sensors  and probably d id  at  
approximately RO +695 s e c  s ince  a l l  these readings were 
d e f i n i t e l y  a f f ec t ed  r a d i c a l l y  a t  t h i s  t i m e .  I n  con- 
c lus ion ,  these  th ree  sensors  i n d i c a t e  t h a t  the  genera l  
environment became cooler i n  the area of t he  f lange  
supporting the main LOX l i n e .  This cooling tendency 
d id  no t  occur i n  the  a rea  of C0153 shown i n  f i g u r e  10-43 
Therefore, the hydrogen leak  was probably t o  the in s ide  
of the  main LOX l i n e  and access ib l e  t o  the f lange  
supporting the  l i n e .  Two of the  sensors  (COOlO and 
C0153) showed a hea t  sp ike  a t  RO +695 sec .  

The gas i n t e r s t a g e  area 7 temperature begins a rapid 
cooling t rend  a t  approximately RO +650 sec.  This coolin 
continued u n t i l  approximately RO +695 sec.  A 505 t o  
575 deg R hea t  sp ike  occurred a t  RO +700 sec .  The hea t  
sp ike  peaked out  and a rap id  temperature drop occurred. 

This measurement showed a cooling t rend  s t a r t i n g  a t  
RO +610 sec. This cooling trend continued u n t i l  
RO +700 s e c  and dropped a t o t a l  of 10 deg R. A t  
RO +700 sec a hea t  spike of 30 deg R occurred followed 
by an immediate temperature drop of 72 deg. During 
o r b i t a l  coas t  the temperature trend f o r  AS-502 i s  some- 
what s i m i l a r  t o  AS-501 except t h a t  AS-502 temperatures 
are cooler.  

A t  t h i s  

A t  RO +695 sec the 

The t h r u s t  s t r u c t u r e  No. 2 temperature exhib i ted  a gradua 
cooling t rend  s t a r t i n g  a t  approximately RO +680 sec .  
A t  RO +695 s e c  a rapid temperature increase  occurred 
followed by another cooling trend. The temperature 
inc rease  w a s  8 deg and much less exaggerated than the  
COO87 measurement. The two sensors  a r e  i n  the same 
genera l  l oca t ion  b u t  they are separa ted  by a f lange  
which could have sh ie lded  the  COO88 sensor from the  
temperature extremes experienced by C0087. 

During o r b i t a l  coas t  and r e s t a r t  at tempt,  t h e  COO88 da ta  
is the  same genera l  pa t t e rn  as AS-501 except t h a t  i t  is  
s l i g h t l y  cooler.  In the AS-501 da ta ,  t he re  is a gradual 
increase  i n  temperature a t  approximately RO +2,000 s e c  
followed by a cooling a i d  t h a t  is  no t  seen i n  the AS-502 
data.  

A l l  of these  sensors  (C0275, C0088, and C0087) show a 
gradual cooling followed by an increase  i n  temperature at  
approximately RO +700 sec. 
t h r u s t  s t r u c t u r e  i t s e l f .  C O O 8 8  showed l e s s  i r r e g u l a r i t y  
i n  the  da t a  than the  o ther  two but  t h e  f lange  near  i t  
could e a s i l y  have acted as a s h i e l d  t o  p ro tec t  i t  from 
the  temperature extremes. 

They are a l l  loca ted  on t he  
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2,030 

p res su re  

Fuel l o s s  from a broken 
AS1 fuel l i n e  

2,110 

Backflow o f  gases from 
AS1 chamber 

I Fuel f lowra te  change-- 
flowmeter 

LOX f lowrate change-- 
flowmeter 

LOX l o s s  from a broken 
AS1 LOX l i n e  

Backflow of gases through 
a burnthrough i n  the  AS1 
chamber 

N e t  loss 

N e t  l o s s  excluding a 
broken AS1 LOX l i n e  

TABLE 10-16 
PROPELLANT LOSSES DUE TO FAILURE 

lbm/sec 

lbm/sec 

lbmlsec 

lbmfsec 

lbm/sec 

lbmlsec 

MAXIMUM 

-11.0 

-1.5 

-13.0 

Depends on 

-26.2 

-13.2 

MINIMUM 

-2 .o 

-0.1 

-1.3 

ize of ho le  

-4.1 

-2.8 

*This i s  the  add i t iona l  flow required t o  produce a n e t  l o s s  of 11 lbm/sec. 

TABLE 10-17 
MAIN LOX VALVE OPENING TIMES 

SECTION 

F i r s t  s t a g e  
t r a v e l  

F i r s t  s t age  
p l a t eau  

Second s t a g e  
t r a v e l  

To ta l  

NOMINAL 
TIME 
(m) 

50 526 

480 5120 

1,825 +75 

2,355 5220 

ACCEPTANCE 
FIRST 
START 
(m) 

60 

540 

1,890 

2,490 

MOST 
PROBABLE 

-11 

-6 .O 

-1.0 

+0.3 

-1.0 

0 

-3.3" 

-11.0 

-11.0 

ACCEPTANCE FLIGHT 
FIRST SECOND SECOND 

1,800 

2,495 I 2,750 I 2,360 
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O X I D I Z E R  PUMP DISCHARGE PRESSURE ( P S I A )  

Figure 10-4. Oxidizer Pump Discharge Pressure Versus Temperature 
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Figure 10-43. Engine Area Transducer Locations (Sheet 2 of 3) 
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11. S O L I D  ROCKETS 

The solid rocket motors on the S-I1 and S-IVB stages performed satisfactorily and 
accomplished their intended purpose. The S-I1 was separated from the S-IVB by the retro- 
rockets, and the S-IVB propellants were settled prior to engine ignition by the ullage 
rockets. 

11.1 Retrorockets 

The four retrorockets mounted on the S- I1  performed satisfactorily and separated the S-I1 

from the S-IVB. 

S- IVB data link; however, the pressure buildup for all four retrorockets began within 0.02 

sec of each other at RO +577.10 sec. The thrust and chamber pressure profiles for the four 
rockets were very similar and the maximum difference in burntimes was 0.04 sec. Prior to 

the flight, a correlation between thrust and chamber pressure had been obtained from pre- 
vious ground tests of similar retrorockets. This correlation was used in a computer pro- 
gram to determine the retrorocket thrust from the chamber pressure data during the AS-502 

flight. Table 11-1 presents the performance parameters for the individual rocket motors. 
A l l  parameters were within the nominal performance limits except for the burntime total 
impulse for motor A (D0153) which was slightly greater than the nominal maximum value. 
had no detrimental effect on motor performance. The chamber pressure data for motor D 
(D0156) was reading zero before burn and approximately 80 psia after burn, indicating a data 
shift during burn. A linear skew bias was applied to the data to correct for this shift. 
The corrected thrust and chamber pressure profiles for the retrorockets are presented in 
figure 11-1. 

The ignition command time was not available as it is not transmitted on an 

This 

11.2 Ullage Rockets 

Ullage rocket performance was satisfactory. The Ullage Rocket Ignition Command was given 
at RO +576.971 sec, with the Jettison Command at RO +589.066 sec. These times, relative to 

Engine Start Command, were very close t o  predicted. 
rocket motor performance parameters as defined in the Thiokol Chemical Company model 

specification SP-544A, dated November 29, 1965. A comparison of these data with nominal per- 
formance limits indicates that both motors performed within design specifications. Figure 11-2 
presents the thrust profiles during burn. 

Table 11-2 presents the individual 
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1.67 

2,258 

1,875 

43,420 

39,435 

56,300 

TABLE 11-1 
RETROROCKET PERFORMANCE 

1.38 

1,822 

1,545 

34,200 

30,190 

52,290 

Parameter 

(POS 11-111, 
D0216) 

Nominal Performance I 

(POS I V - I ,  L i r  
D0217) Maximum 

Limits 
Maximum I Minimum 

*The in t e rva l  between t h e  time a t  which the  pressure a t t a i n s  10 percent of t he  maximum pressure during the  
buildup portion of t he  pressure curve, and the  time a t  which the bisector  of an angle (formed by the  inter-  
sect ion of a l i n e  tangent t o  the  pressure curve j u s t  p r io r  t o  decay and a l i n e  tangent t o  the  descending 
portion of t he  pressure curve) i n t e r s e c t s  t h e  pressure curve. 

Parameter 

Action Time* 

Burntime** 

Maximum Chamber 
Pressure 

Maximum Igni t ion 
Chamber Pressure 

Average Action Time 
Chamber Pressure 

Average Burntime 
Chamber Pressure 

Maximum Thrust 

Maximum Igni t ion 
Thrust 

Average Action T i m e  
Thrust 

Average Burntime 
Thrust 

Action Time Total  
Impulse 

Burntime Total  
Impulse 

TABLE 11-2 
AS-502 ULLAGE ROCKET PERFORMANCE 

Units 

sec 

sec 

ps i a  

psia  

p s i a  

psia  

lbf 

lbf 

lbf  

lbf  

lbf-sec 

lbf-sec 

Motor A I Motor B I Nominal Performance 

5.80 

3.81 

1,016 

1,081 

739 

975 

3,526 

3,751 

2,564 

3,383 

14,871 

12,889 

5.77 

3.80 

1 , 031 

1,076 

758 

1,001 

3,578 

3,734 

2,630 

3,473 

15,175 

13,197 

6.08 

4.10 

1,220 

1,470 

880 

1,100 

4,150 

5,100 

3,045 

3,786 

15,595 

13,590 

.a 
Minimum 

5.01 

3.54 

900 

---- 

680 

890 

2,600 
---- 

2,345 

3,090 

14,335 

12,500 

*The time in t e rva l  between 10 percent of maximum chamber pressure during t h e  s t a r t  t r ans i en t  and 10 percent 

**The time in t e rva l  between 10 percent of maximum chamber pressure during t h e  s t a r t  t r ans i en t  and 75 percent 

of maximum chamber pressure during the  cutoff t ransient .  

of maximum chamber pressure during the  cutoff t ransient .  

4 
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Sect ion  12 
Oxidizer Sys t e m  

12. O X I D I Z E R  SYSTEM 

The ox id ize r  system 

s p e c i f i e d  opera t ing  

pump i n l e t  exceeded 

performed adequately,  supplying LOX t o  t h e  engine pump i n l e t  wi th in  the  

l i m i t s  throughout 5-2 engine opera t ion .  

t h e  engine manufacturer 's  minimum requirement a t  a l l  t i m e s .  

The a v a i l a b l e  NPSP a t  t h e  LOX 

12.1 LOX Tank P res su r i za t ion  Control 

The LOX tank p res su r i za t ion  systems ( f i g u r e  12-1) s a t i s f a c t o r i l y  con t ro l l ed  pressure  i n  the  

LOX tank during a l l  periods of t h e  f l i g h t .  

and f i r s t  burn and would have been s u f f i c i e n t  f o r  second b u m  i f  the  restart had been 

successfu l .  

The cold helium supply w a s  adequate during boost 

A s i g n i f i c a n t  cold helium l eak  occurred during o r b i t  bu t  adequate helium w a s  

ava i l ab le .  

helium rep res su r i za t ion  system performed nominally dur ing  t h e  restart prepara t ions .  

of t he  LOX tank w a s  adequately accomplished subsequent t o  t h e  aborted second burn. 

The LOX p re s su r i za t ion  module r egu la to r  performed as expected. The ambient 

Safing 

12.1.1 F i r s t  Burn 

12.1.1.1 P rep res su r i za t ion  and Boost 

LOX tank p rep res su r i za t ion  s t a r t e d  a t  RO -167 s e c  and increased  the  LOX tank u l l age  pressure  

from 15.3 t o  40.5 p s i a  w i th in  1 7  sec ( f i g u r e  12-2). 

maintain t h e  LOX tank u l l age  pressure  above 38.5 p s i a  before  the  u l l age  temperature 

s t a b i l i z e d .  A t  RO -96 sec ,  t he  u l l age  pressure  began inc reas ing  from 39.6 t o  43.1 p s i a  as 

a r e s u l t  of s t a g e  geometric change during LH2 p rep res su r i za t ion ,  with a minor con t r ibu t ion  

from the  LOX vent valve purge and t h e  LOX pressure  sense  l i n e  purge. 

r e l i e f  va lve  cracked and dropped t h e  u l l age  pressure  t o  42.1 p s i a  where i t  remained u n t i l  

l i f t o f f .  

S-IVB-502 acceptance tests t o  t h a t  of t he  S-IVB-502 f l i g h t .  

During t h e  f i r s t  10 s e c  a f t e r  l i f t o f f  (ESC -577 t o  ESC -567 s e c )  t h e  u l l age  pressure  decayed 

1.4 p s i  t o  40.7 ps i a .  

throughout S-IC boost,  n e c e s s i t a t i n g  two makeup cyc les  from t h e  cold helium spheres t o  main- 

t a i n  the  u l l age  pressure  above t h e  lower pressure  switch s e t t i n g  of 38.7 ps i a .  

engine cu tof f  two sharp  pressure  rises occurred corresponding t o  S-IC inboard and outboard 

Two makeup cyc les  were requi red  t o  

A t  43.1 p s i a  t h e  vent /  

Table 12-1 compares p rep res su r i za t ion  d a t a  from t h e  S-IVB-501 f l i g h t  and t h e  

The p res su re  continued t o  decay a t  a lesser rate of 1.75 psi/min 

A t  s-IC 

engines o f f ;  a t  S-I1 engine s tar t  t h e  pressure  w a s  42.0 ps ia .  

p ressure  decayed at  a cons tan t  r a t e  of 0.37 psi/min u n t i l  t h e  S-I1 engines two and t h r e e  

c u t  o f f ,  a t  which t i m e  t h e  pressure  sharp ly  increased  0.3 p s i .  The pressure  then decayed 

a t  a cons tan t  rate of 0.18 psi/min u n t i l  S-I1 engine cu tof f  when i t  aga in  rose  sharp ly  

(from 39.8 t o  40.4 ps i a ) .  

The rate of p re s su re  decay during t h e  var ious  periods i s  approximately propor t iona l  t o  t h e  

rate of i nc rease  i n  a x i a l  acce le ra t ion  during t h a t  per iod  (2 2 60 g). Correspondingly, 

t h e  u l l age  p re s su re  rise at  t h e  var ious  engine c u t o f f s  i s  propor t iona l  t o  t h e  decrease i n  

acce le ra t ion  a t  t h a t  t i m e  (AP 2 -0.4 [AA]). 

do not  i n d i c a t e  t h e  temperature decay which would necessa r i ly  accompany the  p re s su re  drop i f  

it were caused by an u l l age  co l l apse ;  t he re  i s  a l s o  no temperature response t o  t h e  pressure  

During S-I1 boost,  t h e  u l l age  

I n  add i t ion ,  t h e  tank u l l age  temperature d a t a  

12-1 
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i n c r e a s e  a t  t h e  v a r i o u s  engine c u t o f f s .  The conclusion t o  be drawn from t h i s  in format ion  

i s  t h a t  t h e  u l l a g e  p r e s s u r e  decay and subsequent  i n c r e a s e s  are a r e s u l t  of LOX tank  u l l a g e  

volume changes r e s u l t i n g  from a c c e l e r a t i o n  f o r c e s .  

i n d i c a t e  a decrease  i n  u l l a g e  volume of 4.8 f t 3  as a r e s u l t  of t h e  4.9 g decrease  i n  

a c c e l e r a t i o n  at  S-IC engine c u t o f f .  This  d e l t a  volume i s  c o n s i s t e n t  w i t h  p r e d i c t i o n s  

developed by t h e  Sa turn  Weights S e c t i o n  i n  s u p p o r t  of PU system performance. 

i n  LOX tank geometry as a r e s u l t  of s t a g e  a x i a l  a c c e l e r a t i o n  w a s  n o t  no ted  on t h e  AS-501 

f l i g h t .  

i n v e s t i g a t i o n .  

When t h e  u l l a g e  p r e s s u r e  decayed below 38.7 p s i a  dur ing  S-IC boos t  ( a t  ESC -497.6 and 

ESC -449.1 s e c ) ,  t h e  t a n k  p r e s s u r e  swi tch  commanded t h e  co ld  helium s h u t o f f  va lves  open 

u n t i l  t h e  p r e s s u r e  had been r a i s e d  t o  40.6 p s i a  ( f i g u r e  12-2).  Each makeup c y c l e  r e q u i r e d  

approximately 1.1 sec and a t o t a l  of 0.38 lbm of c o l d  helium w a s  added t o  t h e  LOX tank.  

Temperature d a t a  a t  t h e  LOX tank d i f f u s e r  (CO229) and t h e  LOX p r e s s u r i z a t i o n  l i n e  i n l e t  t o  

t h e  vent  l i n e  (C0016) sugges t  a flow out  of t h e  LOX tank  through t h e  v e n t  l i n e  a t  two 

d i f f e r e n t  per iods  dur ing  boost .  

ments show a r a p i d  temperature  drop f o r  10 sec fol lowed by a g r a d u a l  warming ( f i g u r e  12-2). 
This  corresponds t o  t h e  per iod  of i n i t i a l  r a p i d  u l l a g e  p r e s s u r e  decay. 

on t h e  AS-501 launch.)  Later i n  t h e  b o o s t ,  a t  approximately ESC -472 sec, t h e  rates of 

decrease  f o r  both COO16 and CO229 showed an i n c r e a s e ;  i n  each measurement t h e  temperature  

dropped below i t s  previous  s t e a d y - s t a t e  l e v e l .  This  r a p i d  temperature  decay w a s  i n t e r r u p t e d  

by t h e  second makeup cyc le  a t  ESC -449 s e c  b u t  cont inued a f t e r  t h a t  c y c l e  u n t i l  approximately 

ESC -427 s e c  (S-IC engine c u t o f f ) .  A t  t h a t  t i m e  COO16 began warming asymptot ica l ly  t o  i t s  

previous  s t e a d y - s t a t e  l e v e l ,  and CO229, which c o i n c i d e n t a l l y  w a s  a t  i t s  previous  s teady-  

state l e v e l ,  began fo l lowing  t h e  u l l a g e  tempera tures  ( f i g u r e  12-2).  

It  is  apparent  t h a t  t h e s e  temperature  p r o f i l e s  could have been produced by co ld  gas  f lowing 

through t h e  LOX v e n t  l i n e .  S ince  t h e  co ld  helium s h u t o f f  va lves  are c losed  dur ing  t h e s e  

t i m e s  and t h e  p r e s s u r i z a t i o n  system s t i l l  conta ins  s e n s i b l e  h e a t ,  as demonstrated dur ing  

both makeup c y c l e s ,  t h e  source  of t h e  c o l d  gas  could n o t  have been through t h e  p r e s s u r i z a t i o n  

system. The tank u l l a g e  temperatures  dur ing  t h i s  p e r i o d  make i t  e v i d e n t  t h a t  t h e  vent  l i n e  

temperature  responses  could have been caused by u l l a g e  gas f lowing o u t  through t h e  LOX v e n t  

l i n e .  This  would i n d i c a t e  a loss  of u l l a g e  gas d u r i n g  t h e  S-IC boos t .  

Unfor tuna te ly ,  t h e  d a t a  are n o t  adequate  t o  p r e c i s e l y  determine t h e  m a s s  of u l l a g e  gas;  

however, rough c a l c u l a t i o n s  i n d i c a t e  approximately 0.4 lbm of  gas  l o s t  dur ing  t h e  S-IC boos t .  

L o s s  of u l l a g e  gas i n  t h i s  manner, i .e.,  by f lowing o u t  through t h e  tank vent  l i n e ,  would 

r e q u i r e  flow through t h e  LOX tank v e n t f r e l i e f  and/or  r e l i e f  va lves .  These v a l v e s  are n o t  

a t  t h e i r  r e s p e c t i v e  r e l i e f  s e t t i n g s  dur ing  t h e s e  p e r i o d s  and should not have opened. The 

v e n t f r e l i e f  v a l v e  ta lkbacks  d i d  n o t  i n d i c a t e  a l o s s  of t h e  c l o s e d  p o s i t i o n  ( t h e  r e l i e f  

v a l v e  has  no t a l k b a c k s ) ;  however, t h i s  v a l v e  i s  capable  of opening as much as 0.030 i n .  

wi thout  a f f e c t i n g  t h e  microswitch.  

two t i m e  per iods  i s  a l o n g i t u d i n a l  o s c i l l a t i o n  of approximately 5 cps.  

C a l c u l a t i o n s  based on u l l a g e  c o n d i t i o n s  

This  change 

The explana t ion  f o r  t h i s  discrepancy is  n o t  p r e s e n t l y  understood and is under 

Immediately a f t e r  l i f t o f f  (ESC -577 s e c )  t h e s e  two measure- 

(This w a s  a l s o  noted 

The only r e l e v a n t  phenomenon which i s  common t o  t h e s e  
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Since t h e r e  i s  no o the r  l o g i c a l  explana t ion  f o r  t h e  preceding da ta ,  i t  i s  f e l t  t h a t  t h e  

d a t a  are i n d i c a t i v e  of leakage through t h e  r e l i e f  and/or v e n t l r e l i e f  va lve  caused i n  a l l  

p robab i l i t y  by the  5 cps long i tud ina l  o s c i l l a t i o n .  The amount of leakage w a s  no t  excess ive  

from a p res su r i za t ion  aspect.  It w a s ,  co inc iden ta l ly ,  approximately equal  t o  t h e  m a s s  of 

gas added during the  two boost makeup cyc les .  

12.1.1.2 P res su r i za t ion  

The LOX tank u l l age  p res su re  and temperature and t h e  pressurant  f lowra te  are shown i n  

f igu re  12-3. 

s a t i s f y i n g  the  engine start  requirements, and w a s  s u f f i c i e n t  throughout S-IVB powered f l i g h t  

t o  m e e t  t he  minimum NPSP requirement. During the  s tar t  t r a n s i e n t ,  t he  u l l age  pressure  

The u l l age  p res su re  w a s  40.3 p s i a  a t  f i r s t  b u m  Engine S tar t  Command, 

decreased t o  a minimum of 35.2 p s i a  before  t h e  pressurant  f lawra te  became l a r g e  enough t o  

inc rease  t h e  u l l age  pressure.  

and lower pressure  s e t t i n g s  approximately as predic ted ,  although four  overcont ro l  cyc les  

were requi red  versus  t h e  pred ic ted  th ree  because t h e  c o n t r o l  band w a s  smaller than t h a t  used 

f o r  t h e  p red ic t ion ,  and t h e  bumtime w a s  longer. 

The u l l age  pressure  increased  s l i g h t l y  during the  f i r s t  few seconds a f t e r  f i r s t  bum Engine 

S t a r t  Command because the  p re s su r i za t ion  system w a s  a c t i v a t e d  a t  f i r s t  b u m  engine 

start +2.8 sec and allowed the  pressurant  t o  flow i n t o  t h e  tank f o r  approximately 3 s e c  

before  the  LOX flow out  of t h e  tank a t t a i n e d  i t s  s teady-s ta te  l e v e l .  

Due t o  the  f a i l u r e  of t h e  cold helium regu la to r  d i scharge  plenum pres su re  measurement (D0105) 

and the  hea t  exchanger helium i n l e t  temperature measurement (C0008), these  parameters were 

recons t ruc ted  based on a v a i l a b l e  d a t a  and r e l a t ionsh ips  developed on pas t  tests. The hea t  

exchanger o u t l e t  p ressure  (D0161) w a s  a l s o  b iased  by +6 p s i  i n  order  t o  make i t  cons i s t en t  

with remaining system d a t a  under ambient conditions.  

U t i l i z i n g  t h i s  d a t a  t h e  LOX tank pressurant  f lowra te  va r i ed  from 0.20 t o  0.41 lbm/sec during 

overcont ro l  system opera t ion ,  and from 0.25 t o  0.31 lbmlsec during undercontrol.  

v a r i a t i o n  i s  normal because t h e  hea t  exchanger bypass o r i f i c e  i n l e t  temperature changes as 

the  system c h i l l s  down. During S-IVB f i r s t  bum,  54.7 lbm of helium w e r e  used; 332 lbm had 

been loaded. Table 12-2 compares t h e  p re s su r i za t ion  system d a t a  from S-IVB-502 f l i g h t  t o  

t h a t  from S-IW-502 acceptance f i r i n g  and S-IVB-501 f l i g h t  tests. 

The p res su r i za t ion  system showed no e f f e c t s  from t h e  engine anomaly, as t h e  system is almost 

independent of t h e  engine. However, both the  hea t  exchanger d ischarge  p res su re  (D0161) and 

overcont ro l  valve i n l e t  p re s su re  (D0225) throughout t h e  burn ind ica t ed  pressures  approxi- 

mately 30 p s i  lower than w a s  noted on e i t h e r  t h e  S-IVB-502 acceptance f i r i n g  o r  t h e  S-IVB-501 

acceptance f i r i n g  o r  f l i g h t  test. There w a s  no system design change t o  account f o r  t h i s  

change i n  opera t ing  l e v e l ;  however, the  LOX p res su r i za t ion  r egu la to r  had been replaced by a 

later conf igura t ion  a f t e r  t h e  acceptance f i r i n g .  Unfortunately,  t h e  f a i l u r e  of DO105 makes 

it q u i t e  d i f f i c u l t  t o  determine whether t h e  lower pressures  were t h e  r e s u l t  of r egu la to r  

performance o r  of some unusual system condition. 

eva lua t ion .  

During t h e  burn the  u l l age  p re s su re  cycled between t h e  upper 

This  

These d a t a  are undergoing continuing 
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12.1.1.3 Cold Helium Supply 

The cold helium supply w a s  adequate t o  m e e t  boos t  and f i r s t -bu rn  f l i g h t  requirements. The 

cold helium supply system d a t a  are presented  i n  t a b l e  12-3 and f i g u r e  12-4. 

cyc les ,  using a t o t a l  o f  approximately 0.4 lbm of cold helium, w e r e  requi red  during boost.  

During burn, mass c a l c u l a t i o n s  based upon sphere temperatures and p res su re  agreed c lose ly  

wi th  the  r e s u l t s  ob ta ined  from flow in t eg ra t ion .  

Two makeup 

12.1.1.4 5-2 H e a t  Exchanger 

The 5-2 hea t  exchanger performance d a t a  are presented i n  f igu re  12-5 and compared t o  

S-ID-501 f l i g h t  and S-IVB-502 acceptance f i r i n g  d a t a  i n  t a b l e  12-4. 

h e a t  exchanger helium i n l e t  temperature (COOOS) makes a p r e c i s e  comparison of performance 

t o  previous tests impossible;  however , t h e  a v a i l a b l e  d a t a  i n d i c a t e  t h a t  performance w a s  

nominal. The e f f e c t s  of t he  engine anomaly were not  r e f l e c t e d  i n  t h e  hea t  exchanger per- 

formance. The h e a t  exchanger o u t l e t  temperature had increased  t o  965 deg R by the  end of 

50 s e e  of engine opera t ion  and continued to  inc rease  t o  a maximum of 1,005 deg R a t  

ESCl  +115 sec .  The f lowra te  through the  h e a t e r  w a s  r e l a t i v e l y  cons t an t  a t  t h e  va lues  given 

i n  t h e  t ab le .  

The f a i l u r e  of t he  

12.1.2 Second Burn Attempt 

12.1.2.1 Repressur iza t ion  

Ambient helium rep res su r i za t ion  of the  LOX tank i n  prepara t ion  f o r  second b u m  engine s tar t  

w a s  s a t i s f a c t o r i l y  accomplished. Repressur iza t ion  was i n i t i a t e d  a t  ESC2 -227 sec 

( f igu re  12-6) and r a i sed  the  u l l a g e  p re s su re  from 37.4 p s i a  t o  40.0 p s i a  i n  19.7 see .  

Helium supply p re s su re  dropped from 3,095 t o  1,925 p s i a ,  and 5.2 lbm of  helium w e r e  u t i l i z e d .  

The u l l age  pressure  s t a b i l i z e d  a t  40.0 p s i a  u n t i l  ESCZ -100 s e c  a t  which t i m e  i t  began t o  

increase .  

s a t i s f y i n g  a l l  requirements. 

paragraph 12.2.1. 

The p res su re  w a s  41.6 p s i a  a t  second burn Engine S t a r t  Command, completely 

The pressure  rise from ESC2 -100 sec is  d iscussed  i n  

12.1.2.2 P res su r i za t ion  

The LOX tank p res su r i za t ion  s y s  t e m  opera ted  nominally dur ing  the  second burn attempt.  

Regulator d i scharge  p res su re  r o s e  r ap id ly  to  approximately 400 p s i  and remained a t  t h a t  

level u n t i l  t he  system w a s  deac t iva ted  a t  ESCZ +16.2 sec. 

w a s  off-scale-high, t h e  r egu la to r  d i scharge  measurement (D0105) provided good d a t a  beginnTng 

during the  second o r b i t  and continuing through r ep res su r i za t ion  and second burn. Comparison 

wi th  o the r  system d a t a  v e r i f i e s  its level as c o r r e c t  during these  periods.  

Because the  u l l a g e  p re s su re  w a s  above the pressure  switch s e t t i n g ,  t h e  p re s su r i za t ion  system 

w a s  i n  the  undercontrol mode during t h e  e n t i r e  8.4 sec of ac t iva t ion .  The u l l age  p res su re  

w a s  42.1 p s i a  a t  engine cu to f f ;  cold helium usage w a s  2.95 lbm ( f i g u r e  12-7). 

Contrary t o  f i r s t  burn,  when i t  
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12.1.2.3 Cold Helium Supply 

Although o r b i t a l  leakage ( f i g u r e  12-8) dropped t h e  co ld  helium sphere  pressure  from 

1,378 p s i a  a t  f i r s t  burn engine cu tof f  t o  860 p s i a  at restart attempt,  t h e  cold helium 

supply would have been adequate f o r  normal second-burn opera t ions .  

t h e  cold helium supply system d a t a  a t  restart and c u t o f f ;  t h e  system was a c t i v a t e d  f o r  

approximately 8 sec. 

reaching 550 p s i a  by t h e  beginning of t h e  cold helium dump (paragraph 12.2.3). 

Table 12-3 p resen t s  

Following the  restart attempt t h e  sphere  p re s su re  continued t o  decay, 

12.2 P res su r i za t ion  Sys t e m  Conditions dur ing  Orbi t  

Evaluation of t h e  LOX tank temperature and pressure  d a t a  during the  f i r s t  and second o r b i t s  

is d i f f i c u l t  due t o  the  l ack  of d a t a  a t  some t i m e s  and t h e  accuracy and response charac- 

teristics of t h e  tape  recorded d a t a  a t  o the r  t i m e s .  In genera l ,  however, t h e  u l l age  gas 

temperatures appear t o  drop t o  l i q u i d  temperatures a t  engine cu tof f  because of l i q u i d  

d i f fused  through the  u l l a g e  by t h e  cu tof f  t r a n s i e n t s .  Throughout t h e  remainder of t he  

o r b i t a l  period t h e  u l l age  temperatures appeared t o  very gradual ly  become progress ive ly  

co lde r  toward t h e  forward end of t h e  tank ( f i g u r e  12-9). 

l i q u i d  changed from uniform temperatures throughout t h e  tank a t  engine cu tof f  t o  a p r o f i l e  

t h a t  became progress ive ly  w a r m e r  toward t h e  bottom of t h e  tank. A t  no t i m e ,  however, were 

l i q u i d  s a t u r a t i o n  temperatures ind ica ted .  With the  common bulkhead exposed t o  LH2 and t h e  

a f t  bulkhead, t h r u s t  cone, and a l l  of t h e  a t tached  hardware exposed t o  r a d i a t i o n  hea t ing  

i n  space, t h i s  p rov i l e  would appear t o  be reasonable. The gradual ly  decreasing t rend  of t h e  

u l l age  pressure  during t h i s  per iod  is  cons i s t en t  wi th  t h e  cooling t r end  i n  t h e  u l l age  

temperature. 

A t  t h r e e  t i m e s  dur ing  o r b i t  (approximately RO +3,275, RO +5,450, and RO +11,520 s e c ) ,  t h e  

t rends  prev ious ly  descr ibed  w e r e  i n t e r rup ted  ( f i g u r e  12-9). 

i n  t h e  tank, both l i q u i d  and gas,  converged r ap id ly  on a common temperature of 164 t o  

165 deg R. Beginning a t  the  s a m e  t i m e ,  t h e  u l l age  p re s su re  increased  1 t o  2 p s i  over an 

approximate 125-sec per iod .  

preceded (100 t o  300 sec)  by a s t a g e  a t t i t u d e  p i t c h  maneuver. Although no temperature d a t a  

are ava i l ab le ,  a t  approximately RO +16,150 s e c  another  u l l age  p re s su re  rise occurred t h a t  

w a s  a l s o  preceded by an a t t i t u d e  p i t c h  maneuver. 

While t h e  d a t a  and supporting ana lys i s  are not  conclusive,  t he  temperature and p res su re  

responses a r e  p re sen t ly  explained as follows: t h e  u l l age  achieved a condi t ion  i n  which the  

propor t ion  of GOX i n  t h e  u l l age  gas assumed a g rad ien t  along t h e  long i tud ina l  a x i s  as a 

func t ion  of t h e  u l l age  temperature grad ien t .  

t h e  mass, w a s  defined by t h e  s a t u r a t e d  vapor p re s su re  a t  t h e  l o c a l  temperature. 

The execution of t h e  p i t c h  maneuver under very low g condi t ions  abrupt ly  changed t h e  

o r i e n t a t i o n  of t h e  LOX i n  the  tank i n  a manner t h a t  r e s u l t e d  i n  a s losh  wave and su r face  

a g i t a t i o n  of the  l i qu id .  

and r e su l t ed  i n  warming a l l  of t h e  u l l age  t o  LOX temperatures of 164 t o  165 deg R.  

During t h e  same per iod  t h e  LOX 

A l l  of t h e  temperature probes 

I n  each case ,  the  change i n  t h e  t rend  of t h e  u l l age  d a t a  w a s  

The p a r t i a l  p re s su re  of GOX, and consequently 

This  exposed a l l  of the  u l l age  gas t o  d i r e c t  contac t  wi th  LOX 

The GOX 
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i n  t h e  u l l a g e  gas  consequent ly  w a s  no longer  s a t u r a t e d ,  and evapora t ion  occurred  u n t i l  t h e  

GOX component of t h e  u l l a g e  w a s  aga in  at a s a t u r a t i o n  condi t ion .  The rise i n  temperature  

and i n c r e a s e  i n  u l l a g e  m a s s  caused t h e  noted  u l l a g e  p r e s s u r e  rise. 

Analysis  of t h e  d a t a  i s  cont inuing  i n  an e f f o r t  t o  develop a q u a n t i t a t i v e  method of evalua-  

t i o n  and p r e d i c t i o n  of t h i s  phenomenon. 

12.2.2 LOX Tank Venting dur ing  O r b i t  

The au tomat ic  c u t o f f  sequence immediately fo l lowing  t h e  a b o r t i v e  restart a t tempt  incorpora ted  

a 10-sec LOX tank v e n t  dur ing  which t h e  u l l a g e  p r e s s u r e  dropped from 42 t o  33 p s i a .  

u l l a g e  d a t a  are presented  i n  f i g u r e  12-7. 

two-gas mixture  i n  t h e  u l l a g e  p r i o r  t o  t h e  vent .  C a l c u l a t i o n s  based on t h e s e  tank  condi t ions  

i n d i c a t e  t h a t  1 9 1  lbrn of gas w e r e  vented i n c l u d i n g  27 lbm of helium. A t  t h e  te rmina t ion  of 

t h e  v e n t  t h e  u l l a g e  c o n s i s t e d  of 41 lbm of helium and 355 lbm of LOX. 

t h e  propuls ive  vent  o u t l e t  averaged 900 l b f  wi th  a t o t a l  impulse of 8,852 lbf -sec .  

A t  approximately RO +22,022 sec, t h e  LOX tank vent  and cold helium s h u t o f f  v a l v e s  were 

commanded open i n  o r d e r  t o  g a i n  a d d i t i o n a l  in format ion  r e l a t i v e  t o  s t a g e  s a f i n g .  

temperatures  and p r e s s u r e  dur ing  t h e  subsequent  blowdown are p r e s e n t e d  i n  f i g u r e  12-10. The 

u l l a g e  p r e s s u r e  dropped r a p i d l y  from 34.5 t o  24.0 p s i a  w i t h i n  24 sec and then  s t a b i l i z e d  f o r  

14 sec b e f o r e  resuming t h e  decay. 

18  p s i a ,  t h e  u l l a g e  p r e s s u r e  decay rate changed from a r a p i d  blowdown t o  a gradual  decay t h a t  

followed t h e  vapor p r e s s u r e  f o r  t h e  c o o l i n g  LOX bulk.  The p r e s s u r e  had decayed t o  10.5 p s i a  

by RO +23,000 sec and t o  1 .0  p s i a  by 33,000 sec when d a t a  were f i n a l l y  l o s t .  

Due t o  t h e  s imultaneous c o l d  helium dump through t h e  s a m e  vent  v a l v e  and l i n e  coupled wi th  

the  l a c k  of ins t rumenta t ion  s i t u a t e d  advantageously f o r  t h i s  o p e r a t i o n ,  t h e  LOX tank  v e n t  

f lowra te  and LOX b o i l o f f  have n o t  y e t  been a c c u r a t e l y  recons t ruc ted .  With t h e  except ion  of 

t h e  14 sec u l l a g e  p r e s s u r e  p l a t e a u ,  however, t h i s  u l l a g e  p r e s s u r e  appeared t o  fo l low a 

normal blowdown p r o f i l e  u n t i l  t h e  tank  p r e s s u r e  reached t h e  vapor p r e s s u r e  of t h e  l i q u i d  

bulk.  A t  t h i s  p o i n t  (RO +22,090 s e c )  pronounced b o i l o f f  began, as evidenced by t h e  l i q u i d  

temperatures  which began decreas ing  a t  t h i s  t i m e .  C a l c u l a t i o n s  based on LOX mass and t h e  

temperature  decay rate i n d i c a t e  an i n i t i a l  b o i l o f f  rate of approximately 8 t o  10 lbmlsec. 

S ince  t h i s  i s  t h e  approximate flow c a p a c i t y  of t h e  LOX v e n t  v a l v e  and l i n e  a t  t h e  18 p s i  

u l l a g e  p r e s s u r e ,  t h e  rate of b o i l o f f ,  a t  least  i n i t i a l l y ,  was obviously be ing  c o n t r o l l e d  by 

t h e  v e n t  system flow capac i ty .  

excess ive ly  long blowdown p e r i o d  (more than  11,000 sec w e r e  r e q u i r e d  t o  drop t h e  u l l a g e  pres -  

s u r e  t o  1.0 p s i a ) ,  i n d i c a t e s  t h a t  b o i l o f f  i s  capable  of main ta in ing  tank  p r e s s u r e  a t  t h e  

vapor p r e s s u r e  l e v e l  i n d e f i n i t e l y .  

f l o w r a t e ,  a l s o  tends  t o  confirm t h a t  t h e r e  w a s  no r e s t r i c t i o n  of  t h e  v e n t  l i n e  o r  va lve .  

A thorough a n a l y s i s  of  t h e  a v a i l a b l e  LOX tank  and p r e s s u r i z a t i o n  system d a t a  has  f a i l e d  t o  

provide  a conclus ive  e x p l a n a t i o n  f o r  t h e  14-sec p l a t e a u  i n  t h e  u l l a g e  pressure .  P r e s s u r i z a -  

t i o n  system parameters  show no  r e f l e c t i o n  of t h i s  phenomenon, i n d i c a t i n g  t h a t  t h e  co ld  

helium dump f l o w r a t e  w a s  n o t  a f f e c t e d .  

Tank 

Tank u l l a g e  condi t ions  i n d i c a t e  a homogeneous 

The t h r u s t  l e v e l  of 

The tank 

A t  RO +22,090 sec w i t h  t h e  p r e s s u r e  a t  approximately 

I n  s p i t e  of t h e  l i m i t e d  d a t a  a v a i l a b l e ,  a review of t h e  

The high rate of b o i l o f f ,  when compared t o  t h e  vent  

A p o s s i b l e  cause,  and t h e  only  one advanced which i s  
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cons i s t en t  with the  da t a ,  is blockage of t he  vent l i n e  by l i q u i d  oxygen. I f  t h i s  were the  

case, the  u l l age  volume would be e f f e c t i v e l y  i s o l a t e d  from t h e  vent,  and t h e  pressure  

would show a very s m a l l  decay over a s h o r t  per iod  of t i m e .  

This l i q u i d  blockage of t h e  ven t  l ine might w e l l  have been caused by a s losh  wave i n  t h e  

tank which immersed t h e  LOX vent l ine i n l e t  as a r e s u l t  of t he  unbalanced 700-lbf t h r u s t  at 

the  LOX vent ou t l e t .  As t he  t h r u s t  continued and t h e  s t a g e  s e t t l e d  i n t o  a s t a b l e  tumbling 

pa t t e rn ,  c e n t r i f u g a l  fo rce  would quickly set t le  the  LOX i n t o  the  bottom of t h e  tank and vent 

i n l e t  would be uncovered, allowing t h e  u l l age  gas t o  begin vent ing  again. 

12.2.3 

Cold helium sphere conditions during o r b i t  are shown i n  f i g u r e  12-8. Following f i r s t  burn 

engine cu tof f  t he  cold helium sphere pressure  (D0016) decreased s t e a d i l y ,  dropping from 

1,378 p s i a  a t  cu tof f  t o  860 p s i a  a t  t h e  restart a t t e m p t  and t o  550 p s i a  by the  beginning of 

t he  cold helium dump. I n  addi t ion ,  t he  cold helium sphere  temperatures were abnormally low 

during o r b i t .  Both of t hese  t rends  are ind ica t ive  of a s i g n i f i c a n t  cold helium leak. The 

f a c t  t h a t  DO016 appears somewhat inaccura te  ( the  da t a  approached -200 p s i a  in s t ead  of 

0 p s i a  i n  the  la t ter  s t ages  of the  cold helium dump) does n o t  account f o r  t h i s  anomaly. It 

is the re fo re  concluded t h a t  50 t o  75 lbm of cold helium were l o s t  between f i r s t  burn engine 

cu tof f  and second burn restart attempt,  with an add i t iona l  35 t o  58 lbm l o s t  from the  restart 

attempt t o  the  beginning of the  cold helium dump. The exac t  m a s s  l o s s  cannot be  determined 

because of the  poss ib l e  200 p s i  e r r o r  i n  D0016. 

The source of t h i s  leakage i s  not  known. However, t h e  curvature of t h e  sphere pressure  da t a  

ind ica t e s  t he  leak w a s  from an unregulated source upstream of t h e  shutof f  valves i n  t h e  LOX 

pres su r i za t ion  con t ro l  module. Poss ib le  leakage sources include (1) the  conoseals a t  t h e  

Cold Helium Supply System dur ing  Orbi t  

e i g h t  spheres and at the  i n l e t  f lange  of t h e  LOX pres su r i za t ion  con t ro l  module, (2) t h e  cold 

helium dump module, (3) t h e  cold helium f i l l  umbi l ica l  disconnect,  and (4) t h e  p ipe  j o i n t s .  

Based upon pas t  experience, t he  conoseals and pipe j o i n t s  appear t o  be the  most l i k e l y  

sources.  A l l  f u tu re  s t ages  w i l l  have improved teflon-coated conoseals a t  a l l  conoseal 

j o i n t s .  Also, i n  t h e  f u t u r e  a l l  p ipe  j o i n t s  and conoseal j o i n t s  w i l l  be torque-checked 

a f t e r  each cryogenic loading. 

A t  t h e  beginning of t he  f i f t h  o r b i t  (RO +22,023 sec )  an experimental cold helium dump w a s  

i n i t i a t e d  by opening the cold helium shutof f  valves and t h e  LOX tank vent va lve ;  t hese  

valves were s t i l l  open when loss of telemetry da t a  occurred two o r b i t s  later. S ign i f i can t  

parameters f o r  t he  f i r s t  20 min of dump are shown i n  f i g u r e  12-11. As shown, t h e  cold 

helium sphere pressure  d a t a  (D0016) dropped toward an ind ica t ed  l e v e l  of approximately 

-200 ps i a ,  r a t h e r  than 0 ps i a .  This discrepancy is under inves t iga t ion .  Approximately 

144 s e c  a f t e r  dump i n i t i a t i o n ,  t he  LOX pres su r i za t ion  system da ta  ind ica ted  a reduction of 

cold helium flow, as evidenced by t h e  drop i n  the  system pressure  l e v e l s  and t h e  rise i n  

temperature; t he  flow recovered 76 sec later,  as t h e  pressures  rose  and t h e  temperature 

decreased. A t  dump i n i t i a t i o n  +680 sec t h e  cold helium flow again diminished. These 

va r i a t ions  i n  flow were apparently caused by v a r i a t i o n s  of flow area wi th in  t h e  LOX pressur i -  

za t ion  module. 

wi th in  the  cold helium regu la to r ,  p a r t i a l  c losure  of t h e  cold helium shutof f  valves,  o r  an 

i n t e r a c t i o n  of these.  This phenomenon i s  s t i l l  being inves t iga ted .  

This change i n  flow area may have been caused by movement of t h e  poppet 
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12.3 LOX Pump Chilldown 

12.3.1 F i r s t  Burn 

The LOX pump chilldown system performed adequately. A t  Engine S t a r t  Command, 

conditions o f  41.7 p s i a  and 164.7 deg R were s u f f i c i e n t  t o  produce an NPSP of 

the  pump i n l e t  

24.9 p s i ,  

thus s a t i s f y i n g  the  requirement of 12.8 p s i  minimum ( t a b l e  12-5). 

i n l e t  p ressure  w a s  1.4 p s i a  h igher  than the  u l l age  pressure  because of t he  slow prevalve 

opening. 

Rec i rcu la t ion  chilldown s t a r t e d  a t  RO -284 see  and continued u n t i l  RO +576.6 sec when the  

prevalve s t a r t e d  t o  open with the  pump s t i l l  running. 

decreased during the  f i r s t  minute of chilldown, then remained r e l a t i v e l y  cons tan t  u n t i l  

p repressur iza t ion  ( f igu res  12-12 and 12-13) when the  LOX became subcooled throughout the  

r ec i r cu la t ion  system. 

l i f t o f f  t o  RO +145-sec because acce le ra t ion  caused i t  t o  go off-scale high. 

and r e tu rn  l i n e  pressures  increased  and decreased wi th  acce le ra t ion  u n t i l  the  prevalve w a s  

opened and the chilldown pump developed head w a s  l o s t .  The chilldown pump w a s  c u t  o f f  a t  

approximately RO +576.8 sec; the  prevalve f u l l  open s i g n a l  was received a t  RO +579.4 sec. 

The pump i n l e t  p ressure  then decreased t o  equal t he  u l l age  pressure.  

A t  t h i s  t i m e ,  t he  pump 

The chilldown system f l u i d  temperature 

The engine pump i n l e t  p ressure  w a s  constructed f o r  the period from 

The pump i n l e t  

The chilldown f lowra te  was 39.5 gpm p r i o r  t o  prepressur iza t ion  and 42.5 gpm afterwards,  wi th  

a pressur ized  f r i c t i o n a l  pressure  drop of 11.5 p s i  through the  system. The flow c o e f f i c i e n t ,  

a measure of the  flow resistance, w a s  ca l cu la t ed  from these  flowrate and pressure  drop 

values to  be 18.3 s e c  / in .2- f t  f o r  pressur ized  chilldown. 

Three of the  chilldown system parameters (60013, C0159, and D0061) showed a change i n  l e v e l  

a t  o r  near  t he  engine performance s h i f t  t h a t  occurred during f i r s t  bum.  

ment i nd ica t ing  a change is the  LOX b leed  valve temperature. The temperature s t a r t e d  a 

0.6 deg R i nc rease  a t  RO +695 s e c  and reached a maximum a t  RO +700 sec. A t  t h i s  t i m e  the  

temperature s t a r t e d  a decrease t o  169.5 deg R which w a s  0.2 deg R h igher  than the  steady- 

s ta te  temperature p r i o r  to  the  engine performance s h i f t  . 
The change i n  the  s teady-s ta te  temperature level seems t o  be due t o  a s m a l l  change i n  the  

LOX gas genera tor  (GG) bleed flow. The temperature change a t  RO +695 s e c  w a s  apparently 

due to  hea t ing  of t he  GG b leed  valve and the  LOX chilldown re tu rn  l i n e .  

some of the l i q u i d  near  t he  valve t o  vaporize and t r ave r se  through the  r e tu rn  l i n e  t o  the 

tank. A s  the  s l u g  of vapor and l i q u i d  passed the  chilldown re tu rn  l i n e  temperature probe, 

t he  ind ica ted  temperature dropped from 179.4 deg R t o  approximately 172 deg R. It then 

increased  t o  182.4 deg R, i nd ica t ing  the  s l u g  had passed the  probe. The h igher  r e tu rn  l i n e  

temperature a f t e r  the  s lug  passed the  probe w a s  due t o  and co inc identa l  wi th  the  pressure  i n  

the r e tu rn  l i n e  reaching its r e l i e f  level which corresponds to  the  u l l age  pressure  p lus  

head pressure.  

2 3 

The primary measure- 

This hea t ing  caused 

12.3.2 Second Burn 

The second burn chilldown w a s  i n i t i a t e d  a t  RO +10,872.2 sec, the  pred ic ted  t i m e .  The t o t a l  

chilldown per iod  w a s  approximately 180 s e c  longer than predic ted  due t o  an LVDC t i m e  

update r e su l t i ng  i n  a later than expected second burn Engine S t a r t  Command. 
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3 

The LOX pump chilldown system performed s a t i s f a c t o r i l y  ( f igures  12-14 and 12-15). 

second b u m  Engine S t a r t  Command, t he  pump i n l e t  pressure of 41.6 p s i a  and temperature of 

165 deg R were within the s tar t  requirements. 

was  11.9 p s i  above the required minimum of 12.8 ps i .  S ign i f i can t  da t a  are presented i n  

t a b l e  12-5. 

Due t o  vehicle  posi t ion a t  i n i t i a t i o n  of the chilldown, many of the parameters required 

t o  perform an adequate chilldown ana lys i s  were no t  avai lable .  When s u f f i c i e n t  da t a  were 
avai lable  (ESC2 -650 sec)  the chilldown pump d i f f e r e n t i a l  pressure,  f lowrate,  and engine 

LOX pump pressure and temperature had reached steady conditions. 

pump d i f f e r e n t i a l  pressure w a s  12 p s i ,  t he  flowrate w a s  approximately 43 gpm, and the 

engine pump i n l e t  pressure and temperature w e r e  49.7 p s i a  and 165.9 deg R, respectively.  
When the prevalve w a s  opened a t  ESC2 -9.3 sec, the engine LOX pump i n l e t  pressure dropped 

from 53.4 ps i a  t o  44.37 psia.  The engine pump i n l e t  temperature went from 165.4 deg R to  

165 deg R between the t i m e  t he  prevalve opened and Engine S t a r t  Command. The engine pump 
o u t l e t  temperature increased from 165.3 deg R to  165.4 deg R during the  same period. 

A t  

The NPSP a t  engine start was  24.7 p s i ,  which 

A t  t h i s  t i m e  t he  chilldown 

12.4 Engine LOX Supply 

The engine LOX supply system (f igure 12-16) delivered the necessary quant i ty  of LOX to  
engine during f i r s t  bum. During the restart attempt, the system performed adequately 

reasonably i n  view of system boundary conditions. 

12.4.1 F i r s t  Burn 

The NPSP a t  the engine in t e r f ace  (f igure 12-17) w a s  calculated t o  be 24.9 p s i  at  f i r s t  

the 

and 

bum 

Engine S t a r t  Command. 

minimum value of 21.1 p s i  which w a s  0.8 p s i  above the  20.3 p s i  required a t  the in t e r f ace  

a t  t h a t  t i m e .  

as i t  followed the ul lage pressure. 

w a s  5.1 p s i  higher than required a t  t h a t  t i m e .  

The in t e r f ace  s ta t ic  pressure and temperature are shown i n  f igure 12-17. The in t e r f ace  

pressure w a s  41.7 p s i a  a t  Engine S t a r t  Command and reached a minimum of 34.9 p s i a  a f t e r  

26 sec of engine operation. 

38.5 and 41.0 p s i a  as it followed the ul lage pressure. 

pressure became s i g n i f i c a n t l y  erratic commencing a t  approximately RO +700 sec. 

system parameters and performance l eve l s  indicate  the occurrence of t h i s  e r r a t i c  behavior 

t o  be external  of the LOX feed system. 

5-2 f a i l u r e  which produced severe environmental changes which affected the instrumentation. 

The in t e r f ace  pressure a t  Engine Cutoff Command w a s  29.5 psia .  The pump in t e r f ace  tempera- 

t u re  w a s  164.7 deg R a t  Engine S t a r t  Cornand and Engine Cutoff Command. 

The LOX pump i n l e t  pressure and temperature were p lo t t ed  i n  the LOX pump operating region 

( f igu re  12-18) and indicated t h a t  the LOX pump i n t e r f a c e  conditions w e r e  m e t  s a t i s f a c t o r i l y  

throughout the f i r s t  period of powered f l i g h t .  

against  the mass remaining i n  the LOX tank during engine operation and is  shown i n  

f igure 12-19. 

and S-IVB-502 acceptance f i r i ng .  

The NPSP then decreased and a f t e r  26 sec of powered f l i g h t  reached a 

During the remainder of t he  burn, the NPSP remained between 24.2 and 26.5 p s i  

A t  the  end of f i r s t  burn the NPSP w a s  25.3 p s i  which 

The pressure increased t o  40.0 ps i a  and then cycled between 

The LOX pump in t e r f ace  s ta t ic  

Related 

It is believed the behavior i s  a r e s u l t  of the 

The pump in t e r f ace  temperature w a s  p lo t t ed  

Table 12-6 compares the  LOX supply parameters t o  those of t he  AS-501 f l i g h t  
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12.4.2 Second Burn 

The LOX pump NPSP at t h e  engine i n t e r f a c e  ( f i g u r e  12-20) w a s  ca l cu la t ed  t o  be  24.7 p s i  a t  

second burn Engine S t a r t  Command. 

t o  25.5 ps i .  

minimum required a t  t h a t  t i m e .  

The LOX pump i n t e r f a c e  s ta t ic  pressure  t ransducer  (D0003) w a s  i nope ra t ive  a f t e r  f i r s t  burn,  

and thus t h e  i n l e t  p ressures  were ca lcu la ted  from LOX tank conditions.  

p ressure  w a s  41.6 p s i a  at  Engine S t a r t  Command and at the  end of f u e l  lead ;  i t  was  42.0 p s i a  

a t  Engine Cutoff Command. 

The i n t e r f a c e  temperature a t  Engine S t a r t  Command and a t  the  end of f u e l  lead w a s  165 deg R; 

a t  Engine Cutoff Command it w a s  165.2 deg R. 

The LOX pump i n t e r f a c e  pressure  and temperature w e r e  p l o t t e d  i n  the  engine operating reg ion  

( f igu re  12-21) and indica ted  t h a t  the  engine LOX pump i n t e r f a c e  conditions were m e t  

s a t i s f a c t o r i l y  during t h e  restart attempt. 

S-IVB-501 f l i g h t  and the  S - I n - 5 0 2  acceptance f i r i n g  da ta  i n  t a b l e  12-6. 

A t  the end of f u e l  l ead ,  t h e  LOX NPSP increased r ap id ly  

A t  Engine Cutoff Cormnand, t he  NPSP w a s  25.5 p s i  which w a s  4.5 p s i  above t h e  

The i n t e r f a c e  

The S-IVB-502 f l i g h t  d a t a  are compared t o  the  

TABLE 12-1 
LOX TANK PREPRESSURIZATION DATA 

PARAMETER 

Prepressur iza t ion  dura t ion  

Number of makeup cyc les  

Prepressur iza t ion  helium 

Flowrate 

Mass added t o  LOX tank during 
prepressur iza t ion  

Mass added t o  LOX tank during 
makeup cycles 

Ullage pressure 

A t  p repressur iza t ion  i n i t i a t i o n  

A t  prep res s u r i  za t  i on  termination 

A t  l i f t o f f * *  

A t  Engine S t a r t  Command 

Events (from l i f to f f** )  

Prepressur iza t ion  i n i t i a t i o n  

Prepressur iza t ion  termination 

Engine S ta r t  Command 

UNITS 

s e e  

lbm/ s ec  

lbm 

lbm 

p s i a  

p s i a  

p s i a  

p s i a  

sec 

S-IVB-502 

FLIGHT 

17 

4 >k 

0.28 

4.8 

1.28* 

15.2 

40.5 

42.1 

40.3 

-167 

-150 

577.3 

~ 

S-IVB-501 

FLIGHT 

15 

2 

0.26 

3.7 

0.39 

15.1 

40.5 

42.4 

40.2 

-167 

-152 

520.7 

S-IVB-502 

ACCEPT 

19 

1 

0.321 

6 . 1  

0.57 

14.7 

40.3 

36.8 

-163 

-144 

511.0 

*0.9 Ibm of helium were added t o  t h e  tank during two GSE-supplied makeup cyc les  on t h e  ground. 
Two cold-helium-sphere-supplied makeup cycles during S-IC boost added 0.38 lbm more. 

**Liftoff i s  simulated during acceptance f i r i n g .  
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Lo: 

PARANETER 

Number of secondary flow in t e rva l s  

Pressure control  band 

Minimum 

Maximum 

Ullage pressure 

A t  Engine S t a r t  Command 

Minimum during s t a r t  t r ans i en t  

A t  Engine Cutoff Comand 

Pressurant t o t a l  f lowrate 

During undercontrol 

During overcontrol 

Maximum LOX tank vent i n l e t  temperature 

N/A Not applicable 

PARAMETER 

Pressure 

A t  l i f t o f f  

A t  Engine S t a r t  Command 

A t  Engine Cutoff Command 

Average Temperature 

A t  l i f t o f f  

A t  Engine S t a r t  Command 

A t  Engine Cutoff Command 

Helium Mass 

A t  Engine S t a r t  Command 

A t  Engine Cutoff Command 

Usage calculated from sphere condi- 
t ions 

Usage calculated by i n t eg ra t ion  of 
flowrate 

N/A Not applicable 

TABLE 12-2 
XNK PRESSURIZATION DATA 

UNITS 

p s i a  

p s i a  

psia  

p s i a  

p s i a  

lbmlsec 

lbmlsec 

OR 

I 

l-IVB-! 

FIRST 
BURN 

4 

38.6 

40.3 

40.3 

35.2 

39.0 

0.25 
t o  

0.31 

0.37 
t o  

0.41 

506 

! FLIGHT S-IVB-5C 

.~ 

N/A 

N/A 

41.6 

Nf  A 
42.1 

39.0 

40.0 

40.2 

35.8 

40.0 

0.25 
t o  

0.30 

0.38 
t o  

0.42 

495 

FLIGHT 

SECOND 
BURN 

3 

38.9 

40 .O 

42.6 

38.8 

39.0 

0.28 
t o  

0.33 

0.40 
t o  

0.46 

420 

i-IVB-5( 

FIRST 
BURN 

3 
- 
38.0 

39.7 

38.0 

33.8 

35.6 

0.26 
t o  

0.28 

0.38 
t o  

0 -40 

550 - 

ACCEPT 

SECOND 
BURN 

3 
- 
38.0 

39.8 

35 .O 

34.6 

39.5 

0.28 

0.40 
t o  

0.41 

540 

TABLE 12-3 
COLD HELIUM SUPPLY DATA 

UNITS 

ps i a  

psia  

p s i a  

deg R 

deg R 

deg R 

l b m  

l b m  

l b m  

l b m  

-1VB-I 

FIRST 
BURN 

- 

- - 

2,966 

2,939 

1,378 

38.9 

39.1 

30.8 

332 
275 

57 

55 

FLIGHT 

SECOND 
BURN 

N/A 
860 

830 

N/A 

35.3 

34.8 

201.0 

198.5 

2.5 

2.9 

8-IVB-51 

FIRST 
BURN 

2,910 

2,910 

1,570 

41.0 

40.0 

32.5 

332 

294 

38 

47 

FLIGHT 

SECOND 
BURN 

NIA 

1,430 

800 

N f A  
38.5 

35.0 

252 

190 

62 

95 

i-IVB-5( 

FIRST 
BURN 
= 

3,280 

3,200 

1,670 

41.0 

40.0 

31.5 

345 

295.2 

50 

50.2 

ACCEPT 

iECOND 
BURN - 

N I A  
2,425 

1,090 

N/A 

56.0 

44.0 

282 

192 

90 

105.5 
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511.59 

511.00 
511.1 

TABLE 12-5 
LOX CHILLDOWN SYSTEM PERFORMANCE DATA 

-0.91 

-1.6 

-1.7 

PARAMETER 

?SP 

A t  Ecgine S t a r t  Command* 

with chilldown pump head 
Without chilldown pump head 

Minimum required at  engine s t a r t  

A t  opening of prevalve 

imp i n l e t  conditions ** 
Pressure a t  Engine S t a r t  Command 

With chilldown pump head 
Without chilldown pump head 

Temperature a t  Engine S t a r t  
Command 

ferage flow coe f f i c i en t  

sat  absorption r a t e  

Section 1 (tank t o  pump i n l e t )  

Section 2 (pump i n l e t  t o  bleed 
valve) 

Section 3 (bleed valve to  tank 
i n l e t )  

Total  

iilldown f lowrate 

Unpressurized 

Pressurized 

iilldown system pressure drop 

Unpressurized 

Pressurized 

vents** * 
Chilldown i n i t i a t i o n  

Prevalve closed 

Prepressurization i n i t i a t i o n  

Prevalve open comnand 

Prevalve closed s igna l  dropout 

Prevalve open s igna l  pickup 

Chilldown pump o f f  

Chilldown shutoff valve closed 

Engine S t a r t  Command 

UNITS 

P s i  
PSI 
p s i  

P s i  

p s i a  
psia  

deg R 

2 sec  1 
2 3  in f t  

(Btulhr 

gkQ 

gpm 

p s i  

P s i  
s ec  

s-IVB-5 
FIRST 
BURN 

24.9 
22.8 

12.8 
42.23 

41.7 
40.3 

164.7 

18.3 

500 

4,000 

-500 

5,000 

39.5 

42.5 

10.0 

11.5 

.284.15; 

.274.901 
-166.60; 

576.596 

577.596 

579.42: 

576.87: 

N/A 

577.27( 

FLIGHT 

SECOND 
BURN 

N/A 
24.7 
12.8 

27.1 

N /A 
41.6 

165.0 

18.2 

-500 
%loo 

0 

-600 

N/A 

42.5 

N f A  
12.4 

-742.466 

-727.44t 
-227.00: 

-10.71 

-9.256 

-7.11' 

-0.60: 

N I A  

0 

-1VB-50 

FIRST 
BURN 

36.9 
23.8 
12.8 

45.5 

50.3 
40.2 

164.5 

25.0 

500 

3,500 

3,500 

7,500 

33.5 

35.0 

9.2 
11.0 

-278.9 
-272.5 

-166.7 
520.0 

520.9 

522.5 

520.3 
625.29t 

520.7 

FLIGHT 

ECOID 
BURN - 

N I A  
25.0 
12.8 

34.0 

N I A  
42.6 

65.75 

25 .O 

500 

4,000 

2,000 

6,500 

N I A  
37.0 

N I A  
10.5 

-562.7 

-552.0 

-326.C 
-10.8 

-9.E 

-7.9 

-0.6C 

Not 
Sent 

0 

-1VB-5C 

FIRST 
BURN 

N I A  
27.6 

12.8 

36.0 

NIA 
44.8 
165.4 

14.4 

2,900 
3,600 

4,400 

0,900 

38.7 

40.9 

6.6 
8.3 

-203.8 
-- 

-159.5 

509.37 

510.31 

ACCEP'I 

SECOND 
BURN - 

N/A 
22.8 

12.8 

31.5 

N/A 
40.2 
165.4 

13.27 

4,110 
24,570 

6,120 

34,800 

38.6 

40.9 

6.6 

7.7 

-719. 
-- 

-700.1 

-3.14 

-2.12 

511.9 I 0 

*During acceptance tes t ing,  l i f t o f f  is simulated. 

**The NPSP and pump i n l e t  pressures a r e  high a t  t h i s  t i m e  because t h e  prevalves were slow i n  Opening. 

***All f i r s t  burn da t a  are referenced t o  l i f t o f f  (or  simulated l i f t o f f ) ;  a l l  second bum da ta  are 
referenced t o  second bum Engine S t a r t  Command. 

+LOX chilldown valve closed switch (K0139) f a i l e d  before l i f t o f f  (open dropout used). 

N/A Not applicable 
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TABLE 12-6 
LOX PUMP INLET CONDITION DATA 

PARANETER 

S t a t i c  p r e s s u r e  a t  Engine 
S t a r t  Command* 

With chilldown pump head 

Without chil ldown pump head 

Temperature a t  Engine S t a r t  

Temperature a t  Engine Cutoff 

NPSP Requirements 

Minimum a t  Engine S t a r t  
Command 

A t  h igh  EMR 

A f t e r  EMR cutback 

NPSP Avai lab le  

A t  Engine S t a r t  Command* 

With chilldown pump head 

Without chil ldown pump head 

A t  S t a r t  Tank Discharge Valve 
OPEN Command 

Maximum during f i r i n g  

Time of maximum 

Minimum dur ing  f i r i n g  

T i m e  o f  minimum 

A t  Engine Cutoff Command 

LOX Feed Duct 

A t  h igh  EMR 

Pressure  drop 

Flowrate 

A f t e r  EMR cutback 

Pressure  drop 

Flowrate 

UNITS 

p s i  

PS i 

p s i  

p s i  

PS i 
p s i  

p s i  

s e c  from ESC 

p s i  

s e c  from ESC 

PS i 

p s i  

lbmlsec 

p s i  

lbmlsec 

FIRST 
BURN 

41.7 
40.3 

164.7 

164.7 

12.77 

20.96** 

14.93** 

24.9 

22.8 

23.4 

27.3 

5.7 

21.1 

26.0 

25.3 

2.0 

453 

NIA 

N /A 

SECOND 
BURN 

N/A 
41.6 

165.0 

165.2 

12.77 

!0.96** 

.4.93** 

N / A  

24.7 

25.5 

25.7 

15.1 

24.6 

3.3 
25.5 

0.8 

2 50 

N / A  

N I A  

- I n - 5  

FIRST 
BURN 

- 

- 

50.3 
40.2 

164.5 

164.5 

12.8 

20.8 

NJA 

36.9 

23.8 

23.6 

27.5 

15.0 
22.5 

20.0 

26.0 

1.9 

448 

N/A 

N/A 

FLIGHT 

SECOND 
BURN 

N/A 
42.6 

165.75 

165.75 

12.8 

20.8 

14.95 

N /A 

25 .O 
25 .O 

28.0 

8.5 

24.2 

ECC 

24.2 

1.8 

453 

1.8 

381 

i-IVB-502 ACCEPT 

FIRST 
BURN 

N/A 
44.8 

165.4 

165.0 

12.8 

20.8 

14.95 

N/A 

27.6 

29.0 

29.0 

4 .O 
20.2 

ECC 

20.2 

2.6 

462 

NIA 
N/A 

SECOND 
BURN 

N/A 
40.2 

165.4 

169.2 

12.8 

20.8 

14.95 

N/A 

22.8 

23.5 

25 .O 
118.0 

17.5 

ECC 

17.5 

2.3 

462 

1.6 

400 

*The NPSP and pump inlet pressure  are h igh  at  t h i s  t i m e  because t h e  preva lves  were slow i n  opening. 

**These requirements are v a r i a b l e  w i t h  a c c e l e r a t i o n .  

N/A Not appl icable .  

The va lues  presented  are maximum. F igures  12-10 
and 12-11 g r a p h i c a l l y  d i s p l a y  t h e  requirement. 
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TO LH2 REPRESS 
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6- 

OW16 

KO543 
Kc533 
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Figure 12-1. LOX Tank Pressurization System 
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12-28 



- 

-- 
e 

c 
m 

0 0 
u Y 

--s 
3 

3 

W n 
25 

--I- 
w > 

a 
W 

- -w  -I 
m 
x 
0 -t 

W 
W 

L 
-__. 

i? - 

VL - 2  

Section 12 
Oxidizer Systeu 

0 

0 
2 

0 

0 0 rf 

0 
5: 

8 
10 

0 
0 h 

(WISd) 3WlSS3tId 

(WISd) MnSS32ld 

12-29 



Sect ion  12 
Oxidizer  Sys tern 

I I i I 

I 

LOX FILL 
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I 

I I 

I + 

LOX TANK 
TEMPERATURE 

PROBE 
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MEAS NO 

FROM 
ACTUATION 
CONTROL 
MOOULE 

PRESSURIZATIlH 

I KO552 I 

LOX j a 

I KO545 : I 

I 
KO138 
K0119’ 

I 
I 
I 
I 
I 
I I 
I I 
I 
I 
I 
I 
I 
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I I 

I RETURN LINE I I 
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NOTE: 
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SEE FIGURE 4-1 FOR 
LEGEND 

F i g u r e  12-16. LOX Supply System 
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S e c t i o n  13 
F u e l  System 

13. FUEL SYSTEM 

The f u e l  system s u p p l i e d  LH2 t o  t h e  engine  as designed,  and t h e  NPSP exceeded minimum 

requirements  a t  a l l  t i m e s .  

13.1 P r e s s u r i z a t i o n  Cont ro l  

The LH2 tank p r e s s u r i z a t i o n  system ( f i g u r e  13-1) s a t i s f a c t o r i l y  accomplished p r e p r e s s u r i -  

z a t i o n ,  f i r s t  burn GH2 p r e s s u r i z a t i o n ,  and second b u m  ambient helium r e p r e s s u r i z a t i o n .  The 

system d i d  n o t  i n d i c a t e  any GH2 p r e s s u r i z a t i o n  malfunct ion dur ing  t h e  second b u m  restart 

at  tempt . 
13.1.1 F i r s t  Burn 

13.1.1.1 P r e p r e s s u r i z a t i o n  

The LH2 tank  condi t ions  p r i o r  t o  p r e p r e s s u r i z a t i o n  w e r e  37 deg R and 16 p s i a .  The LH2 

p r e p r e s s u r i z a t i o n  command w a s  rece ived  a t  RO -96.3 sec, and t h e  LH2 tank  p r e s s u r i z e d  s i g n a l  

w a s  rece ived  21.3 sec l a t e r  when t h e  LH2 tank  u l l a g e  p r e s s u r e  reached 33.8 p s i a .  

p r e s s u r e  cont inued t o  i n c r e a s e  as t h e  u l l a g e  warmed, reaching  t h e  r e l i e f  s e t t i n g  of 

36.2 p s i a  by l i f t o f f .  

Approximately 7 .1  lbm of helium were added dur ing  p r e p r e s s u r i z a t i o n .  Consider ing t h e  rela- 

t i v e  u l l a g e  volumes, t h i s  agrees  w e l l  w i t h  t h e  8.8 lbm of helium r e q u i r e d  dur ing  t h e  AS-501 

f l i g h t  p r e p r e s s u r i z a t i o n .  Condi t ions from p r e p r e s s u r i z a t i o n  t o  f i r s t  burn Engine S t a r t  

Command are summarized i n  f i g u r e  13-2 and compared wi th  S-IVB-501 f l i g h t  and S-IVB-502 

acceptance f i r i n g  d a t a  i n  t a b l e  13-1. 

A minor decay and subsequent  recovery i n  LH2 tank u l l a g e  p r e s s u r e  occurred  immediately 

fo l lowing  l i f t o f f .  This  decay, which may have been t h e  r e s u l t  of u l l a g e  gas cool ing  due t o  

s l o s h i n g ,  w a s  probably aggravated by t h e  s m a l l  i n i t i a l  LH2 u l l a g e  volume (719 f t 3 ) .  

s i m i l a r  decay followed AS-203 f l i g h t  l i f t o f f  (with an i n i t i a l  u l l a g e  volume of 750 f t 3 ) .  

There w a s  no d i s c e r n i b l e  decay fo l lowing  AS-501 f l i g h t  l i f t o f f  (with an i n i t i a l  u l l a g e  

volume of 1,019 f t 3 ) .  A second u l l a g e  p r e s s u r e  decay r e s u l t e d  from a 10-sec LH2 r e l i e f  v e n t  

p e r i o d  beginning a t  RO f120 sec which w a s  followed by recovery.  A s h o r t  v e n t  occurred a t  

RO +180 sec, when t h e  u l l a g e  p r e s s u r e  exceeded t h e  v e n t  r e l i e f  s e t t i n g .  

then  appears  t o  have f e a t h e r e d  wi th  t h e  LH2 u l l a g e  p r e s s u r e  at  36.2 p s i a  u n t i l  f i r s t  burn 

Engine S t a r t  Command. 

u l l a g e  dur ing  t h e  boos t  per iod .  

The u l l a g e  

A 

The r e l i e f  v e n t  

Approximately 7 lbm of mixed GH2 and helium w e r e  vented from t h e  LH2 

13.1.1.2 P r e s s u r i z a t i o n  

A t  f i r s t  b u m  Engine S t a r t  Command (ESC1) t h e  LH2 t a n k  u l l a g e  p r e s s u r e  w a s  36.2 p s i a .  

Between f i r s t  engine  start  (which occurred  a t  RO +577.3 s e c )  and approximately ESC +4.8 sec, 

t h e  pr imary,  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  o r i f i c e s  were open t o  provide  a h igh  GH2 

p r e s s u r a n t  f l o w r a t e  t o  t h e  LH2 tank d u r i n g  engine start .  

burn Engine Cutoff  Command (ECC1) at ESCl +169.8 sec, 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  

o r i f i c e s  were c losed ,  thus  l i m i t i n g  t h e  p r e s s u r i z a t i o n  f low t o  t h e  primary o r i f i c e .  

From ESCl +4.8 sec u n t i l  f i r s t  

The 
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u l l age  pressure  decreased normally and reached 32.6 p s i a  at  engine cu tof f  command. 

u l l age  pressure  p r o f i l e  w a s  somewhat lower than expected, bu t  w a s  h igher  than t h e  S-IVB-501 

f l i g h t  f i r s t  b u m  pressure  p r o f i l e .  

l a r g e r  undercontrol o r i f i c e  ( e f f e c t i v e  area of 0.0726 in.’ on S-IVB-502 f l i g h t  compared t o  

0.0606 in.’ on S-IVB-501 f l i g h t ) .  

f i r s t  burn; however, t h e  magnitude of t h e  ca l cu la t ed  co l l apse  is of t h e  s a m e  order  as t h e  

e r r o r  i n  the  method of ca l cu la t ion .  I f  energy co l l apse  a c t u a l l y  occurred, i t  w a s  probably 

the  r e s u l t  of hea t  loss  from t h e  w a r m  u l l age  gases t o  t h e  cold tank w a l l s  and/or l i q u i d  

bulk /u l lage  gas i n t e r a c t i o n  produced by t h e  s i g n i f i c a n t  p i t c h  maneuvers occurring throughout 

f irst  burn. The a c t u a l  p re s su re  p r o f i l e ,  al though s l i g h t l y  lower than expected, w a s  

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

The engine performance s h i f t  occur r ing  a t  approximately ESCl +120 sec re su l t ed  i n  an inc rease  

i n  LH2 tank i n l e t  and LH2 tank p res su r i za t ion  module temperatures, and i n  a decrease i n  LH2 

tank p res su r i za t ion  module pressure .  These changes r e f l e c t e d  s i m i l a r  changes (or  s h i f t s )  i n  

the  LH2 i n j e c t o r  temperature and pressure .  

r e su l t ed  i n  a downward s h i f t  i n  LH2 p res su r i za t ion  f lowra te .  

t h e  s h i f t  were such t h a t  t he re  w a s  no s i g n i f i c a n t  e f f e c t  on the  LH2 tank u l l age  pressure  

p r o f i l e .  

The 

The h igher  p re s su re  w a s  t he  r e s u l t  of t h e  use of a 

Minor u l l age  energy co l l apse  may have occurred dur ing  

The changes i n  p re s su r i za t ion  module condi t ions  

The t iming and magnitude of 

An LH2 tank vent occurred a t  ESCl+7 s e e ,  r e s u l t i n g  i n  the  l o s s  of approximately 0.8 lbm of 

u l l age  gas. 

f i r s t  burn t o t a l  flow of 102 lbm. Conditions during f i r s t  bum LH2 tank p res su r i za t ion  a r e  

summarized i n  f i g u r e  13-3 and compared wi th  S-IVB-501 f l i g h t  and S-IVB-502 acceptance f i r i n g  

da ta  i n  t a b l e  13-2. 

The GH2 p res su r i za t ion  f lowra te  w a s  approximately 0.62 lbm/sec, providing a 

13.1.2 Second Burn 

13.1.2.1 Repressurization 

The LH2 tank was repressur ized  wi th  ambient helium from seven r ep res su r i za t ion  spheres 

(4.5 f t 3  each).  A 199 sec  per iod  of s e l f -p re s su r i za t ion  due t o  continuous vent system (CVS) 

c losu re  preceded r ep res su r i za t ion .  Repressur iza t ion  w a s  i n i t i a t e d  127 s e c  before  second 

bum Engine S t a r t  Command (ESCZ), wi th  the  LH2 tank u l l age  pressure  a t  20.8 ps i a .  

r ep res su r i za t ion  cyc le  w a s  terminated a t  ESC2 -90 sec when t h e  u l l age  p re s su re  upper switch 

s e t t i n g  of 33.8 p s i a  w a s  reached. By ESC2 -16 s e c  t h e  u l l age  p re s su re  had co l lapsed  t o  the  

lower switch s e t t i n g  of 31.4 ps i a .  A t  t h i s  t i m e  a makeup cyc le  w a s  i n i t i a t e d ,  increas ing  

the  LH2 u l l age  pressure  t o  32.8 by ESCZ -1 sec when r ep res su r i za t ion  w a s  au tomat ica l ly  

terminated. The ambient helium usage w a s  35.8 l b m  dur ing  the  f i r s t  r ep res su r i za t ion  cyc le  

and 8.1 lbm during the  makeup cycle.  

Reconstruction of t he  r ep res su r i za t ion  performance i n d i c a t e s  t h a t  t h e  i n i t i a l  r ep res su r i -  

za t ion  cyc le  w a s  nea r ly  a d i a b a t i c  and t h a t  most of t he  energy loss during r ep res su r i za t ion  

(approximately 4,500 Btu) occurred d u r h g  the  subsequent pressure  decay and makeup cycle.  

Liquid l e v e l  measurements i n d i c a t e  t h a t  t h e  200 e e c  of u l l ag ing  p r i o r  t o  LH2 rep res su r i za t ion  

w a s  success fu l  i n  removing most of t h e  subsurface GHZ bubbles. This is f u r t h e r  substan- 

t i a t e d  by the  l ack  of s i g n i f i c a n t  energy loss  during t h e  i n i t i a l  r ep res su r i za t ion  cyc le  

The f i r s t  
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( t h e  p e r i o d  dur ing  which t h e  g r e a t e s t  loss due t o  bubble  c o l l a p s e  would occur) .  

t h e  probable  cause of t h e  energy l o s s  dur ing  t h e  r e p r e s s u r i z a t i o n  p e r i o d  w a s  l i q u i d  bulk /  

u l l a g e  gas  i n t e r a c t i o n  r e s u l t i n g  from t h e  s t a g e  maneuver which began a t  t h e  i n i t i a t i o n  of 

LH2 r e p r e s s u r i z a t i o n .  T h i s  conclusion i s  supported by t h e  temperature  s e n s o r s  which i n d i -  

ca ted  some l i q u i d  d i s t u r b a n c e s  p r i o r  t o  Engine S t a r t  Command. 

S i g n i f i c a n t  p r e s s u r i z a t i o n  d a t a  are presented  i n  f i g u r e  13-4 and compared t o  S-IVB-501 

f l i g h t  and S-IVB-502 acceptance f i r i n g  d a t a  i n  t a b l e  13-3. 

Therefore  

13.1.2.2 P r e s s u r i z a t i o n  

The LH2 t a n k  u l l a g e  p r e s s u r e  a t  second b u m  Engine S t a r t  Command (RO +11,614.7 s e c )  w a s  

32.8 p s i a .  A s  a r e s u l t  o f  t h e  f a i l u r e  of t h e  engine  t o  i g n i t e ,  t h e  LH2 tank  p r e s s u r i z a t i o n  

GH2 f l o w r a t e  (which i s  tapped of f  of t h e  engine GH2 i n j e c t o r  manifold) w a s  n e g l i g i b l e ,  and 

t h e  LH2 u l l a g e  p r e s s u r e  consequent ly  decayed r a p i d l y  as LH2 w a s  d ra ined  from t h e  t a n k ,  

dropping t o  30 p s i a  by second b u m  Engine Cutoff Command (ESC2 +15.7 s e c ) .  

i n d i c a t i o n  of any malfunct ion by t h e  LH2 p r e s s u r i z a t i o n  system dur ing  t h e  restart a t tempt .  

Second burn c u t o f f  w a s  immediately followed by a 2-min LH2 tank vent  which brought  t h e  u l l a g e  

p r e s s u r e  back down t o  t h e  CVS o p e r a t i o n a l  p r e s s q e  (approximately 20 p s i a ) .  

p r e s s u r i z a t i o n  d a t a  are presented  i n  f i g u r e  13-5 and compared t o  S-IVB-501 f l i g h t  and 

S-IVB-502 acceptance f i r i n g  d a t a  i n  t a b l e  13-2. 

There w a s  no 

S i g n i f i c a n t  

13.2 P r e s s u r i z a t i o n  System Condit ions During O r b i t  

13.2.1 LH2 Tank Nonpropulsive Vent and R e l i e f  Valve Operat ion 

The nonpropuls ive v e n t  (NPV) and r e l i e f  v a l v e  opera ted  s a t i s f a c t o r i l y .  During b o o s t ,  t h e  

r e l i e f  va lve  opened t w i c e  (paragraph 13.1.1) and a p p a r e n t l y  f e a t h e r e d  t o  main ta in  t h e  u l l a g e  

p r e s s u r e  a t  36.2 p s i a  between t h e  second v e n t  and f i r s t  burn Engine S t a r t  Command. 

va lve  opened aga in  a t  36.2 p s i a  a t  ESCl 4-7 sec. 

A f t e r  second burn c u t o f f ,  t h e  NPV valve  w a s  opened f o r  120 sec, dropping t h e  u l l a g e  p r e s s u r e  

from 30.0 t o  20.4 p s i a  ( f i g u r e  13-6). The LH2 tank  then  s e l f - p r e s s u r i z e d  t o  22.7 p s i a  by 

RO +12,830 sec, when t h e  cont inuous v e n t  v a l v e  w a s  opened. The u l l a g e  p r e s s u r e  remained 

below t h e  r e l i e f  s e t t i n g  throughout  t h e  o r b i t a l  p o r t i o n s  of t h e  mission.  

A t  RO +22,024 sec, t h e  v a l v e  w a s  opened aga in ,  dropping t h e  u l l a g e  p r e s s u r e  t o  approximately 

0 p s i a  by RO +27,600 see. 

The 

13.2.2 

The CVS performed s a t i s f a c t o r i l y ,  main ta in ing  t h e  LH2 tank  u l l a g e  p r e s s u r e  a t  an  average 

l e v e l  of  19.7 p s i a  and provid ing  an  average  a c c e l e r a t i o n  of 5 x 

s e t t l i n g  dur ing  coas t .  The LH2 d i s t u r b a n c e s  caused by t h e  20-deg p i t c h  maneuvers a t  

RO +3,213 and RO +5,428 sec w e r e  s e t t l e d  by t h e  CVS a c c e l e r a t i o n  b e f o r e  f u e l  tank repres-  

s u r i z a t i o n .  

LH2 Tank Continuous Vent System Performance 

g f o r  p r o p e l l a n t  
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Continuous vent ing  w a s  i n i t i a t e d  a t  RO i-806 see as evidenced by t h e  almost instantaneous 

inc rease  i n  nozzle p re s su res ,  t he  decrease i n  nozzle temperatures,  and t h e  rap id  decay of 

u l l age  pressure  ( f i g u r e  13-7). Two d a t a  problems encountered on t h e  AS-501 f l i g h t  w e r e  

resolved by t h e  r e loca t ion  of t h e  nozzle pressure  transducers.  Af t e r  continuous vent ing  

w a s  terminated, both nozzle pressures ,  un l ike  t h e  S-IVB-501 nozzle pressures ,  dropped t o  

and remained a t  approximately 0 p s i a  ( f i g u r e  13-8). 

su re s ,  t h e  s-IVB-502 nozzle pressures  were genera l ly  i n  good agreement (within 1 ps i )  during 

periods of good da ta .  

The nozzle temperatures w e r e  lower on S-IVB-502 than on S-IVB-501. This r e su l t ed  from t h e  

lower u l l age  temperatures,  which w e r e  caused by the  a t t i t u d e  maneuvers. 

t u r e s  w e r e  cyc l ing  about a l e v e l  which caused the  tape  recorder  t o  a l t e r n a t e l y  p ick  up and 

drop a da ta  b i t .  The nozzle temperature transducer c a l i b r a t i o n  curve w a s  such t h a t  t he  

alternate ga in  and l o s s  of t h e  d a t a  b i t  r e s u l t e d  i n  an erroneous ind ica t ed  temperature 

cyc l ing  between approximately 7 and 48 deg R. Since t h e  tape  recorded d a t a  comprised a 

s i g n i f i c a n t  po r t ion  of t he  d a t a  f o r  t h e  f i r s t  two o r b i t s ,  only an approximate ca l cu la t ion  of 

2,870 lbm f o r  t he  t o t a l  vented m a s s  w a s  poss ib le .  CVS opera t ion  and performance are shown 

i n  f igu res  13-7 and 13-9, r e spec t ive ly ,  f o r  t h e  f i r s t  and second o r b i t s .  

A t  RO +12,830 s e c ,  following the  nonpropulsive vent ing ,  continuous vent ing  w a s  i n i t i a t e d  

again and continued u n t i l  RO +21,830 sec .  During t h i s  t i m e ,  t h e  u l l age  pressure  w a s  

maintained a t  an average pressure  of 19.7 p s i a  ( f i g u r e  13-10). 

During t h e  t h i r d  and four th  o r b i t s ,  d a t a  w e r e  a v a i l a b l e  only over grpund s t a t i o n s .  System 

opera t ion  parameters and system performance ca l cu la t ions  are shown f o r  t h e  ava i l ab le  t h i r d  

and four th  o r b i t  d a t a  i n  f igu res  13-10 and 13-11, respec t ive ly .  Ext rapola t ing  between 

s t a t i o n  da ta  y ie lded  a t o t a l  vented m a s s  of 1,993 lbm during t h e  t h i r d  and four th  o r b i t s .  

Also un l ike  the  S-IVB-501 nozz le  p r e s -  

The nozzle tempera- 

13.2.3 LH2 Tank Conditions During Orbi t  

13.2.3.1 LH2 Tank Conditions During F i r s t  and Second Orbi t s  

LH2 tank condi t ions  during t h e  f i r s t  and second o r b i t s  are shown i n  f igu res  13-7 and 13-8. 

The u l l age  temperatures were s i m i l a r  t o  those  observed on S-IVB-501. Except f o r  the  

101 percent  probe (C0039), t h e  temperature probes ind ica t ed  an environment which could have 

been e i t h e r  gaseous o r  l i q u i d  during most of t h e  f i r s t  two o r b i t s .  P r i o r  t o  t h e  start of 

u l lag ing ,  the  forward dome liquid-vapor sensors  i nd ica t ed  mainly dry,  wi th  erratic wet t ing ,  

down t o  S-IVB s ta  548. The erratic wet t ing  i n d i c a t e s  poss ib l e  LH2 entrapment under the  

de f l ec to r .  

Rapid drying of the  S-IVB s ta  528 level sensors  (C2028 and C2026) occurred during u l lag ing .  

A comparison of these  l e v e l s  wi th  those  expected from t h e  LH2 m a s s  a t  f i r s t  burn cu tof f  

minus t h e  ca l cu la t ed  bo i lo f f  i n d i c a t e s  as much as 1,300 f t 3  of gas w e r e  entrapped i n  the  

l i q u i d  p r i o r  t o  t h e  start of u l lag ing .  

an entrapped gas volume of approximately 1,000 f t  may be more r e a l i s t i c .  Using t h e  f i r s t  

b u m  cutof f  LH2 m a s s  and t h e  CVS vented m a s s ,  an approximate bo i lo f f  of 3,024 lbm was 

ca lcu la ted .  

Considering meniscus and l i q u i d  d is turbance  e f f e c t s ,  
3 

3 
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13.2.3.2 

Within 50 sec a f t e r  second burn Engine S t a r t  Command, most l i q u i d  sensors  w e r e  w e t .  This 

i nd ica t e s  t h a t  l a r g e  l i q u i d  d is turbances  were caused by t h e  restart attempt,  venting, and 

launch vehic le / spacecraf t  separa t ion .  

restart attempt and vented a ca l cu la t ed  299 lbm. 

then leve led  out a t  an ind ica ted  39 deg R. 

t h e  temperature p r o f i l e  ( f igu re  13-10) ind ica t e s  t h a t  s a tu ra t ed  gas w a s  flowing through the  

vent.  

wi th in  transducer accuracy. 

a t u r e  probe occas iona l ly  ind ica ted  above 60 deg R ( f igu re  13-10). 

condi t ions  i n  the  tank during the  t h i r d  and fou r th  o r b i t s  were s imi l a r  t o  the tank condi t ions  

during the  f i r s t  and second o r b i t s .  

LH2 Tank Conditions During Third and Fourth Orbi t s  

The NPV w a s  opened f o r  120 sec immediately a f t e r  t h e  

The nozz le  temperatures decreased rap id ly ,  

Although t h i s  is above the  sa tu ra t ion  temperature, 

The d i f f e rence  between the  ind ica ted  temperature and s a t u r a t i o n  temperature is  w e l l  

During the  t h i r d  and f o u r t h  o r b i t s  only t h e  101 percent temper- 

This i nd ica t e s  t h a t  

13.2.3.3 LH2 Tank Pass iva t ion  

LH2 tank pass iva t ion  w a s  i n i t i a t e d  a t  RO +22,024 sec by opening the  nonpropulsive vent.  

LH2 tank u l l age  pressure  decayed r ap id ly  u n t i l  s a tu ra t ed  conditions were a t t a ined  approximately 

14 s e c  l a t e r  ( f i g u r e  13-12). 

because of LH2 f l a shof f .  

while t he  NPV nozzle pressure  decay rate increased sharply.  

by a decrease i n  t h e  q u a l i t y  of t he  f l u i d  flowing through t h e  NPV l i n e s .  

i nd ica t e  t h a t  t h e  flow out  of t he  tank w a s  only s l i g h t l y  more than enough t o  overcome s e l f -  

p re s su r i za t ion  by LH2 b o i l o f f .  

Based on nozzle condi t ions  and the  assumption of gas flow only,  the f lowra te  through the 

NPV system would have been 1 .9  lbm/sec. 

t h e  l i q u i d  bulk as t h e  pressure  decreased were s u f f i c i e n t  t o  b o i l  off  only 0.35 lbm/sec. 

These conf l i c t ing  ca l cu la t ions  i n d i c a t e  e i t h e r  t h a t  t he  flow area i n  t h e  NPV system w a s  

r e s t r i c t e d  o r  t h a t  the  f l u i d  flowing through the  system w a s  two-phase o r  l i qu id .  

nozzle pressure  d a t a  do not  i n d i c a t e  a r e s t r i c t i o n  i n  flow area, the two-phase o r  l i q u i d  flow 

is more probable. 

paragraph. 

E f fec t ive  s t age  a t t i t u d e  con t ro l  w a s  l o s t  a t  RO +22,030 see, and the  t h r u s t  from the LOX vent  

caused t h e  s t age  t o  tumble. 
fo rce  developed from t h i s  motion could have forced t h e  LH2 t o  t he  top  of the tank and, thus,  

over t h e  LH2 vent  i n l e t .  

NPV and could provide an explanation f o r  t h e  observed phenomenon. 

ca l cu la t ed  f o r  t he  post restart attempt a l l -gas  blowdown, a l i qu id  f lowra te  w a s  ca lcu la ted  t o  

be 14.8 lbm/sec. This f lowra te  would remove most of t h e  l i q u i d  from t h e  tank i n  1,500 sec; a 

flow with the  q u a l i t y  of 0.01 would dep le t e  t h e  tank s u f f i c i e n t l y  t o  uncover t h e  vent  i n  

The 

Subsequent t o  t h i s  t i m e ,  t h e  pressure  decay rate decreased 

A t  RO +22,205 sec,  the  u l l a g e  pressure  decay rate decreased aga in  

This phenomenon may be explained 

Subsequent d a t a  

Heat input t o  the tank and t h e  hea t  a v a i l a b l e  from 

Since the 

This theory is cons i s t en t  with the  ind ica t ions  discussed i n  the preceding 

The i n t e r n a l  tank temperatures ind ica ted  t h a t  the c e n t r i f u g a l  

This condition would allow only two-phase o r  l i q u i d  flow through the 
With a flow c o e f f i c i e n t  

approximately 1,800 sec ,  and a blowdown of t he  tank u l l a g e  would then be expected. 

RO +24,170 sec, when da ta  w e r e  recovered a f t e r  a dropout, a blowdown was  occurring. 

po la t ing  t h e  pressure  p r o f i l e  back, the blowdown would have s t a r t e d  a t  approximately RO +23,950 

sec, thus  ind ica t ing  approximately 1,700 sec of l i q u i d  and/or two-phase flow. 

A t  

Extra- 
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Some l i q u i d  would be expected t o  remain i n  t h e  t a n k  a f t e r  t h e  blowdown began. 

p r e s s u r e  dropped below t h e  t r i p l e  p o i n t  (1.02 p s i a ) ,  s o l i d i f i c a t i o n  and then  subl imat ion  

would occur .  A t  RO +27,600 sec, a f t e r  a d a t a  dropout ,  two low-range temperature  t r a n s d u c e r s  

(COO52 and COOS3) were off-scale- low (below 35 deg R ) ,  whi le  a l l  o t h e r  t r a n s d u c e r s  w e r e  

off-scale-high.  

ing .  

47 deg R) ;  and COO52 w a s  t h e  o n l y  t ransducer  i n  t h e  LH2 tank i n d i c a t i n g  co ld  t e n p e r a t u r e s .  

These d a t a  sugges t  t h a t  s o l i d  hydrogen had formed a t  t h e  lower end of t h e  ins t rumenta t ion  

probe and w a s  s lowly subl imat ing .  

A s  t h e  t a n k  

The h igh  range  t r a n s d u c e r s  i n d i c a t e d  from 80 t o  115 deg R and were increas-  

By RO +33,300 sec, a f t e r  another  d a t a  dropout ,  COO53 w a s  a l s o  off-scale-high (about 

13.3 LH2 Pump Chilldown 

13.3.1 F i r s t  Burn 

The LH2 pump chi l ldown system performed adequately.  The LH2 chi l ldown w a s  i n i t i a t e d  a t  

RO -299 sec and w a s  cont inuous u n t i l  RO 4-577.4 sec when t h e  LH2 preva lve  w a s  opened The 

chi l ldown pump w a s  tu rned  o f f  a t  RO 4-578.5 sec. The engine pump i n l e t  p r e s s u r e  and tempera- 

t u r e  w e r e  42.5 p s i a  and 38.3 deg R a t  f i r s t  burn Engine S t a r t  Command. 

s i g n i f i c a n t  LH2 chi l ldown system performance d a t a  w i t h  S-IVB-501 f l i g h t  d a t a  and S-IVB-502 

acceptance f i r i n g  d a t a .  The chi l ldown system tempera tures ,  p r e s s u r e s ,  and c a l c u l a t e d  

performance are presented  i n  f i g u r e s  13-13 and 13-14. 

The unpressur ized  chi l ldown f l o w r a t e  s t a b i l i z e d  a t  92 gpm a f t e r  t h e  s tar t  t r a n s i e n t s  

subsided and t h e  preva lve  c losed .  A f t e r  p r e p r e s s u r i z a t i o n  t h e  f l o w r a t e  w a s  133 gpm u n t i l  

f i r s t  engine start .  All h e a t  i n p u t s  dur ing  p r e s s u r i z e d  chilldown w e r e  lower i n  f l i g h t  than 

d u r i n g  acceptance t e s t i n g .  The t o t a l  ra te  w a s  cons tan t  a t  17,000 Btu /hr  f o r  30.0 sec b e f o r e  

f i r s t  engine s t a r t  as compared t o  56,000 Btu /hr  dur ing  acceptance t e s t i n g .  

During unpressur ized  chi l ldown,  t h e  LH2 pump i n l e t  w a s  s l i g h t l y  subcooled;  immediately 

fo l lowing  p r e s s u r i z a t i o n ,  t h e  temperature  decreased t o  a minimum of 38 deg R as t h e  f l o w r a t e  

increased .  By Engine S t a r t  Command, t h e  LH2 pump i n l e t  temperature  had i n c r e a s e d  t o  

38.3 deg R r e f l e c t i n g  t h e  LH2 bulk  warming. 

t h i s  warming. 

The b leed  v a l v e  and r e t u r n  l i n e  temperature  i n c r e a s e d  s h a r p l y  a t  t h e  i n i t i a t i o n  of prepres-  

s u r i z a t i o n  because a l l  of t h e  h e a t  i n p u t  went i n t o  h e a t i n g  t h e  p r e s s u r i z e d  f l u i d  and no 

v a p o r i z a t i o n  occurred.  The LH2 e n t e r e d  t h e  system s u f f i c i e n t l y  subcooled t o  absorb a l l  t h e  

h e a t  i n p u t  t o  t h e  system wi thout  reaching  s a t u r a t i o n  temperature. A f t e r  p r e s s u r i z a t i o n  t h e  

u l l a g e  p r e s s u r e  w a s  c o n s t a n t  b u t  t h e  pump i n l e t  p r e s s u r e  i n c r e a s e d  and decreased  w i t h  

a c c e l e r a t i o n  u n t i l  t h e  preva lve  w a s  opened and allowed e s s e n t i a l l y  a l l  flow t o  r e t u r n  t o  t h e  

LH2 tank through t h e  preva lve  wi th  no flow through t h e  chi l ldown system. The pump i n l e t  

p r e s s u r e  then decreased (because of l o s s  of pump head) t o  35.9 p s i a .  

Table  13-4 compares 

A l l  chilldown system temperatures  r e f l e c t e d  

The NPSP a t  t h e  pump i n l e t  fol lowed t h e  u l l a g e  p r e s s u r e  dur ing  p r e s s u r i z a t i o n  and reached 

a maximum of 29 p s i  when maximum a c c e l e r a t i o n  w a s  reached a t  S-IC c u t o f f .  The NPSP dropped 

at  S-IC c u t o f f  and i n c r e a s e d  w i t h  S-I1 a c c e l e r a t i o n .  With t h e  loss of two S-I1 engines  t h e  
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NPSP dropped from 25.8 p s i  t o  24.8 p s i  and maintained that l e v e l  u n t i l  S-I1 cu to f f .  

fhe  S-IVB LH2 prevalve w a s  opened, t h e  NPSP dropped t o  15.9 p s i  because of t h e  l o s s  of pump 

head. 

The LH2 prevalve w a s  somewhat slow i n  opening during S-IVB f i r s t  burn. 

ment e x i s t s  f o r  t h e  prevalve per se, but t h e  prevalve is requi red  t o  be open t o  a l low a 

3-sec f u e l  lead  p r i o r  t o  t h e  start  tank d ischarge  va lve  (STDV) opening. Under t h e  cu r ren t  

sequence, t h e  preva lve  open command w a s  given 0.672 sec p r i o r  t o  f i r s t  burn Engine S t a r t  

Command. The va lve  s t a r t e d  t o  move 0.187 sec  a f t e r  engine s tar t ,  as indica ted  by the drop- 

out of t h e  closed pos i t i on  microswitch. 

2.418 sec a f t e r  engine s tar t ,  and STDV command occured 0.616 sec  later. Inves t iga t ion  is  

continuing t o  determine t h e  cause of t h e  va lve  opening slowly and i t s  e f f e c t s  on t h e  f u e l  

lead. 

The flow c o e f f i c i e n t  was ca l cu la t ed  from f lowra te  and chilldown system pressure  drop d a t a  t o  

be 19.4 s e c  /in.’-ft3, which w a s  wi th in  the  range ca l cu la t ed  f o r  previous S-IVB s t ages .  The 

c o e f f i c i e n t  w a s  used t o  compute the  average f l u i d  q u a l i t y  during the  unpressurized phase of 

t he  chilldown. 

Lhen 

No opening requi re -  

The f u l l  open prevalve pos i t i on  w a s  received 

2 

P r i o r  t o  p rep res su r i za t ion ,  two-phase flow ex i s t ed  i n  s e c t i o n  2 (engine pump i n l e t  t o  t he  

bleed valve) and i n  sec t ion  3 (engine bleed valve t o  tank i n l e t ) ;  t he  average f u e l  q u a l i t y  

w a s  0.046 lbm gasllbm mixture. 

the  f l u i d  i n  the  system became subcooled. The LH2 chilldown system pressure  drop w a s  

r e l a t i v e l y  steady during the  unpressurized and pressur ized  opera t ions  a t  9.0 p s i  and 6.4 p s i ,  

r espec t ive ly .  

The q u a l i t y  decreased t o  zero during p rep res su r i za t ion  when 

13.3.2 Second Burn 

The LH2 pump chilldown f o r  second b u m  d i f f e r e d  from t h a t  f o r  f i r s t  burn i n  t h a t  i t  s t a r t e d  

with no ind ica t ion  of l i q u i d  a t  the  engine i n l e t .  The chilldown was i n i t i a t e d  a t  

RO +10,877.2 sec ,  t he  pred ic ted  t i m e .  The t o t a l  chilldown period w a s  approximately 180 s e c  

longer than predic ted  due t o  a launch veh ic l e  d i g i t a l  computer t i m e  update r e s u l t i n g  i n  a 

later than expected second b u m  Engine S t a r t  Command. 

The r e c i r c u l a t i o n  chilldown system performed s a t i s f a c t o r i l y .  

pump i n l e t  p ressure  and temperature of 32.6 p s i a  and 39.4 deg R were wi th in  the  engine s t a r t  

requirements. 

above the  required minimum l i m i t  of 6.3 p s i  ( f igu re  13-15 and 13-16). 

The LH2 chilldown pump was s t a r t e d  a t  ESC2 -737.4 s e c  wi th  t h e  LH2 tank pressure  being 

maintained by t h e  continuous vent regula tor .  

al lowing the  tank t o  s e l f  p re s su r i ze  u n t i l  ESCZ -127 sec when the  LH2 tank w a s  p ressur ized .  

The Prevalve OPEN Command w a s  i s sued  a t  ESCZ -10.79 sec wi th  the  va lve  s t a r t i n g  t o  open a t  

ESC2 -9.824 sec.  

Before termination of t h e  CVS, chilldown w a s  marked by s m a l l  p ressure  and flow f luc tua t ions  

caused by the  r ap id  vapor iza t ion  of LH2 as i t  entered  the  system and came i n  contac t  wi th  

the  w a r m  hardware. This cyc l ing  is r e f l e c t e d  throughout t h e  system i n  the  pressure  and 

temperature da ta .  

chilldown period as the  system hardware w a s  cooled. 

A t  second engine start ,  t h e  

The pump i n l e t  NPSP a t  Engine S t a r t  Command was 9.5 p s i ,  which w a s  3.2 p s i  

A t  ESC2 -325.8 s e c  t h e  CVS w a s  terminated 

The f u l l  open pos i t i on  w a s  a t t a i n e d  a t  ESC2 -5.909 sec .  

The magnitude of t h e  cyc l ing  decreased wi th  t i m e  during the  unpressurized 
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After  t h e  termination of t h e  CVS, t h e  c y c l i c  a c t i o n  of t h e  system f lowra te ,  p ressures ,  and 

temperatures stopped due t o  subcooled l i q u i d  caused by t h e  s l i g h t  self p re s su r i za t ion  of t h e  

tank. During t h e  tank s e l f  p re s su r i za t ion  period, t he  chilldown f lowra te  increased from 

100 t o  128 gpm, and t h e  pump i n l e t  temperature and p res su re  decreased from 39.02 deg R and 

27.5 p s i a  t o  38.8 deg R and 27.3 p s i a ,  r e spec t ive ly .  

en te r ing  t h e  chilldown system is presented i n  f i g u r e  13-17. 

When t h e  LH2 tank w a s  p ressur ized  f o r  second burn at  ESC2 -127 s e c  t h e  chilldown f lowra te  

increased from 128 gprn t o  133 gpm. 

w a s  commanded open at  ESCZ -10.79 sec t o  11.24 p s i  when t h e  preva lve  reached t h e  f u l l  open 

pos i t i on .  

w e r e  39.4 deg R and 32.6 p s i a  y i e ld ing  an NPSP of 9.5 p s i  which is 3.2 p s i  above t h e  

requi red  minimbm of 6 .3  p s i .  Figure 13-18 compares t h e  t o t a l  hea t  input  rate t o  those 

obtained from S-IVB-501 and S-IVB-203 f l i g h t s .  

A comparison of t h e  mass of LH2 

The NPSP dropped from 16.94 p s i  when t h e  prevalye 

A t  second b u m  Engine S t a r t  Command t h e  pump i n l e t  temperature and pressure  

13.4 Engine LH2 Supply 

13.4.1 F i r s t  Bum 

The LH2 supply system ( f igu re  13-19) de l ive red  the  necessary 

pump i n l e t  throughout f i r s t  b u m  and maintained t h e  pressure  

quan t i ty  of LH2 t o  t h e  engine 

and temperature wi th in  a range 

t h a t  provided an LH2 pump NPSP t h a t  was a t  least 5.4 p s i  above the  minimum requirement. 

d a t a  and ca l cu la t ed  performance a r e  presented i n  f i g u r e  13-20. Table 13-5 compares the  

S-IVB-502 f l i g h t  d a t a  wi th  t h a t  from previous s t ages .  

The LH2 pump i n l e t  temperature and p res su re  during engine opera t ion  w e r e  p l o t t e d  i n  the  

engine opera t ing  region i n  f i g u r e  13-21 which shows t h a t  condi t ions  w e r e  met s a t i s f a c t o r i l y  

throughout f i r s t  burn. 

Figure 13-22 is a p l o t  of t he  pump i n l e t  temperature as a func t ion  of t h e  propel lan t  mass 

remaining wi th in  t h e  LH2 tank and inc ludes  previous s t a g e  d a t a  f o r  comparison. 

f i g u r e  shows, t he  d a t a  from the  th ree  tests agree  c lose ly .  

The 

A s  t he  

13.4.2 Second Bum 

The NPSP, LH2 pump i n t e r f a c e  s t a t i c  pressure ,  and LH2 pump i n t e r f a c e  temperature during 

second burn attempt are shown i n  f i g u r e  13-23. 

w a s  3.2 p s i  above the  minimum requi red .  

The f u e l  pump i n l e t  p re s su re  and temperature w e r e  p l o t t e d  i n  t h e  second start region 

( f i g u r e  13-24) and i n d i c a t e  t h a t  t he  engine f u e l  pump i n l e t  condi t ions  were s a t i s f a c t o r i l y  

m e t .  

S-IVB-502 acceptance f i r i n g .  

The NPSP a t  second burn Engine Start Command 

Table 13-5 compares the  LH2 supply d a t a  wi th  t h a t  from S-IVB-501 f l i g h t  and 

* '  i 

i 
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TABLE 13-1 
LH2 TANK PREPRESSURIZATION DATA 

UNIT S-IVB-502 
FLIGHT 

S-IVB-501 
FLIGHT 

S-IVB-502 
ACCEPT PARAMETER 

P r e p r e s s u r i z a t i o n  d u r a t i o n  

Ullage volume 

sec 21.3 

719.0 

7.1 

41.0 

1,174.0 

21.5 

1,019.0 

8.8 

cu f t  

Helium m a s s  added lbm 17.4 

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 i o n  i n i t i a t i o n  

A t  p r e p r e s s u r i z a t i o n  te rmina t ion  

A t  l i f t o f f *  

A t  Engine S t a r t  Command 

Rate of i n c r e a s e  a f t e r  prepres-  
s u r i z a t i o n  

Events 

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 ress u r i z  a t i o n  te rmina t ion  

Engine S t a r t  Command 

p s i a  

p s i a  

p s i a  

p s i a  

ps i lmin  

16.0 

33.8 

36.2 

36.2 

1.5 

17.5 

33.8 

35.9 

35.9 

1.0 

15.3 

33.6 

35.0 

36.0 

1 . 3  

sec from l i f t o f f *  

-96.3 

-75.0 

577.3 

-96.5 

-75.0 

520.7 

-114.0 

-73.0 

511.0 

*During acceptance t e s t i n g ,  l i f t o f f  i s  s imulated.  

TABLE 13-2 
LH2 TANK PRESSURIZATION DATA 

PARAMETER 

S-IVB-502 
FLIGHT 

S-IVB-501 S-IVB-502 
FLIGHT ACCEPT 

UNITS 
FIRST 
BURN 

SECOND* 
BURN 

32.2 

33.8 

32.8 

30.0 

-- 
-- 
-- 
-- 

-- 

SECOND 
BURN - 
30.1 

34.3 

33.5 

32.8 

0.50 

0.47 
-- 

0.72 

161.8 

FIRST 
BURN - 
28.7 

30.2 

36.2 

32.6 

0.62 
-- 
-- 
-- 
102 

P r e s s u r e  swi tch  s e t t i n g  

Lower 

Upper 

Ullage p r e s s u r e  

A t  Engine S t a r t  Command 

A t  Engine Cutoff Command 

GH2 p r e s s u r a n t  f l o w r a t e  

Undercontrol--high EMR 

Undercontrol--low EMR 

Overcontrol--high EMR 

Ove i c o n  t rol-- low EMR 

T o t a l  GH2 added 

*GH2 p r e s s u r a n t  f l o w r a t e  during 

p s i a  

p s i a  

p s i a  

p s i a  

lbm/sec 

lbm/sec 

lbmlsec 

lbmlsec 

lbm 

28.0 

30.5 

35.9 

29.0 

0.50 
-- 
-- 
-- 

70.1 

31.5 

27.8 

31.9 

36.2 

28.7 

0.50 
-- -- 

0.75 

0.70 

206 76 

I-IVB-502 restart a t tempt  w a s  n e g l i g i b l e .  
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TABLE 13-3 
LH2 TANK REPRESSURIZATION DATA 

PARAMETER 

Repressur iza t ion  d u r a t i o n  

Helium usage from r e p r e s s u r i z a t i o n  

spheres  dur ing  r e p r e s s u r i z a t i o n  

Ullage 

Volume 

P r e s s u r e  a t  r e p r e s s u r i z a t i o n  

i n i t i a t i o n  

P r e s s u r e  a t  r e p r e s s u r i z a t i o n  

te rmina t ion  

Events 

Repressur iza t ion  i n i t i a t i o n  

Repressur iza t ion  te rmina t ion  

UNITS - 
see 

lbm 

cu f t  

p s i a  

p s i a  

sec from ESC2 

S-IVB-502 
FLIGHT - 

LI 

52** 

43.9*** 

4,451 

20.8 

32.8 

-127 

-1 

S-IVB-50 1 
FLIGHT 

80 

47 

4,2k0 

19.7 

32.0 

-325 

-245 

S-IVB-502* 
ACCEPT 

279 

40.5 

4,780 

15.5 

32.9 

-322 

-43 

*The r e p r e s s u r i z a t i o n  system w a s  supplemented by t h e  a u x i l i a r y  p r e s s u r i z a t i o n  system. 

This  i s  n o t  accounted f o r  i n  mass c a l c u l a t i o n s .  

**This inc ludes  37 sec dur ing  t h e  f i r s t  r e p r e s s u r i z a t i o n  c y c l e  and 15  sec dur ing  t h e  

makeup cycle .  

***This inc ludes  35.8 lbm used d u r i n g  t h e  f i r s t  r e p r e s s u r i z a t i o n  c y c l e  and 8.1 lbm used 

dur ing  t h e  makeup cyc le .  
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TABLE 13-4 (Sheet 1 of 2)  
LH2 CHILLDOWN SYSTEM PERFORMANCE DATA 

PARAMETER 

NPSP 

A t  Engine S t a r t  Command* 

With C h i l l  Pump Head 

Without C h i l l  Pump Head 

Min imum requi red  a t  engine start 

Maximum during chilldown 

Average flow c o e f f i c i e n t  

Fuel q u a l i t y  i n  sections** 2 and 3 

Maximum during unpressurized 
chilldown 

A t  p repressur iza t ion  

Fuel pump i n l e t  condi t ions  

S t a t i c  pressure  a t  Engine S t a r t  
command* 

With C h i l l  Pump Head 

Without C h i l l  Pump Head 

Temperature a t  Engine S t a r t  Command 

Amount of subcooling a t  engine start 
(deg below s a t u r a t i o n  a t  pump i n l e t )  

Heat absorp t ion  r a t e  during unpres- 
sur ized  chilldown 

Sec t ion  1** 

Sect ions  2 and 3** 

To ta l  

UNITS 

p s i  

P s i  

PS i 

;ec2/in .2f t 3  

.b gas /  l b  
i i x tu re  

deg R 

deg R 

Btu/hr 

Btu/hr 

Btu/hr 

S-IVB-502 
FLIGHT 

FIRST 
BURN 

22.8 

15.9 

6.3 

29.0 

19.0 

0.0495 

0.045 

42.5 

35.6 

38.3 

5.7 

22,000 

29,000 

51,000 

SECOND 
B U h  

N/A 

9.5 

6.3 

18.9 

19.0 

N /A 

N/A 

N/A 

32.6 

39.4 

2.5 

0.W 
28,000t 

28,OOOt 

S-IVB-501 
FLIGHT 

FIRST 
BURN 

21.5 

13.41 

6.3 

27.3 

16.5 

0.023 

0.020 

43.9 

35.8 

38.9 

3.6 

8,200 

27,500 

35,700 

3ECOND 
BURN 

N/A 

0.17 

6.3 

16.5 

16.5 

N /A 

N/A 

N/A 

28.0 

40.7 

0.08 

N/A 

N/A 

N /A 

S-IVB-502 
ACCEPT 

?IRST 
3URN 

N/A 

14.3 

6.3 

25.6 

18.8 

0.049 

0.042 

N/A 

38.2 

39.6 

3.7 

L9,OOO 

$4,000 

!5,000 

SECOND 
BURN 

N/A 

10.5 

6.3 

18.6 

18.8 

0.29 

0.065 

N /A 
35.1 

39.8 

2.7 

21,000 

35,000 

56,000 

*The S-IVB-501 f l i g h t  and S-IVB-502 f l i g h t  f i r s t  b u m  NPSP's and pump i n l e t  p re s su re ' s  are high a t  t h i s  
t i m e  as the  prevalves were slow i n  opening. 

**Section 1 is tank t o  pump i n l e t ;  s ec t ion  2 is pump i n l e t  t o  b leed  valve; s ec t ion  3 is bleed valve t o  
tank. 

tValues a t  r ep res su r i za t ion  i n i t i a t i o n .  

N/A = Not Applicable 
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I PARAMETER 

TABLE 13-4 (Sheet 2 of 2) 
LH2 CHILLDOWN SYSTEM PERFORMANCE DATA 

~ - 

H e a t  absorp t ion  rate dur ing  p r e s s u r i z e d  
chilldown 

Sec t ion  It 
Sect ion  2 t  

Sec t ion  3t  

T o t a l  

Chilldown f lowra te  

Unpressurized 

A f t e r  CVS c l o s u r e  

A f t e r  r e p r e s s u r i z a t i o n  Pressur ized  

Chilldown pump p r e s s u r e  d i f f e r e n t i a l  

Unpress u r i  zed 

Pressur ized  

Events 

Chilldown i n i t i a t i o n  

Prevalve c losed  

CVS c losed  

P r e p r e s s u r i z a t i o n  

Prevalve OPEN Command 

Prevalve c losed  s i g n a l  dropout 

Prevalve open s i g n a l  pickup 

Chilldown pump of f  

Chilldown pump of f  

Engine S t a r t  Command 

UNITS 

3tu/hr 

3 tu /hr  

3 t u l h r  

3tu/hr 

gpm 

gpm 

p s i  

p s i  

sect? 

S-IVB-502 
FLIGHT 

FIRST 
BURN 

2,500 

7,000 

7,500 

17,000 

92 

N /A 

133 

9.0 

6.4 

-299.008 

-275.076 

N / A  

-96.506 

576.596 

577.429 

579.671 

578.470 

i o t  Sent  

577.270 

SECOND 
BURN 

500 

23,000 

23,500 

10 t o  
100 

125 

134 

? t o  8.5 

7.4 

-737.446 

-727.446 

-325.696 

-126.993 

-10.79 

-9.839 

-5.909 

-0.791 

qot Sent 

0 

S-IVB-501 
FLIGHT - 

'IRST 
URN - 

100 

.2,000 

1,500 

.3,600 

115 

N/A 

143 

8.7 

7.4 

-302.8 

-272.8 

N / A  

-96.5 

520.0 

520.9 

522.8 

521.9 

625.5 

520.7 

SECOND 
BURN 

3,500 

11,500 

15,000 

32 t o  
95 

N/A 

143 

2 t o  16.5 

7. e 

-567.7 

-551.9 

-325.8 

-326.2 

-10.8 

-9.E 

-7.2 

-0. E 

Not Sent 

C 

S-IVB-502* 
ACCEPT 

FIRST 
BURN 

13,500 

18,000 

24,500 

56,000 

91 

N /A 

135 

8.8 

7.5 

-200.7 

-197.0 

N /A 

-111.5 

N /A 

N /A 

511.3 

510.9 

511.5 

511.9 - 
*During acceptance t e s t i n g ,  l i f t o f f  is simulated.  

?Section 1 is tank t o  pump i n l e t ;  s e c t i o n  2 i s  pump i n l e t  t o  bleed va lve ;  s e c t i o n  3 is b leed  va lve  t o  
tank. 

? * A l l  f i r s t  b u m  d a t a  are referenced  to l i f t o f f  ( o r  s imula ted  l i f t o f f ) ;  a l l  second burn d a t a  a r e  
re ferenced  t o  ESC2 

N/A = Not Applicable 

- 
SECOND 
BURN - 

L9,OOO 

!1,000 

15,000 

55,000 

82 

N /A 

133 

9.1 

7.2 

-716. S 
-744.5 

N lP 

N / p  

N /P 
-0.E 

-0.5 

-0.: 

C 

-323.: 
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LH2 PLr 

PARAMETER 

Pump I n l e t  Conditions 

S t a t i c  p r e s s u r e  a t  Engine S t a r t  
Command 

With chil ldown head* 

Without chil ldown head 

S t a t i c  p r e s s u r e  a t  engine  c u t o f f  

Temperature at  engine start 

Temperature at engine c u t o f f  

NPSP Requirements 

Minimum at  Engine S t a r t  Command 

A t  high EMR 

A f t e r  EMR cutback 

NPSP Avai lab le  

A t  Engine S t a r t  Command 

With ch i l ldo?  head* 

Without chil ldown head 

A t  S t a r t  Tank Discharge Valve Open 
Command 

Maximum dur ing  engine b u m  

Minimum dur ing  engine b u m  

A t  Engine Cutoff Command 

LH2 Feed Duct 

A t  high EMR 

P r e s s u r e  drop 

Flowrate 

A f t e r  EMR cutback 

Pressure  drop 

Flowrate 

TABLE 13-5 
INLET CONDITION DATA 

UNITS 

- 
3sia 

psia 

ieg  R 

3eg R 

P s i  

P s i  
p s i  

P s i  

p s i  

p s i  

p s i  

P s i  

p s i  

lbmlsec 

P s i  
lbml se ( 

S-IVB-502 
FLIGHT - 

PIRST 
3uRN - 

k2.5 
35.6 

30.5 

38.3 

38.5 

6.3 

5.37 

N/A 

22.8 

15.9 

16.5 

16.5 

11.8 

11.8 

1.0 

82.5 

N/A 

N /A 

- 

SECOND 
BURN 
= 

N / A  

32.6 

28.2 

39.4 

38.5 

6.3 

6.37 

5.8 

N /A 

9.5 

11.2 

11.5 

7.7 

7.7 

1.25 
60 

N /A 

N/A 

s-I' 
FL 

FIRST 
BURN 

- 

= 

43.89 
35.8 

27.5 

38.9 

38.8 

6.3 

6.3 

N / A  

21.5 

13.41 

19.1 

16.0 

7.5 

7.5 

1. c 
81 

N 11 
N 11 

- 

501 
T 

SECOND 
BURN 
= 

N/A 

28.0 

31.0 

40.7 

39.45 

6.3 

6.3 

5.8 

N /A 

0.17 

5.8 

11.0 

0.17 

8.75 

0.5 
80 

0.5 

77 

S-IVB-502 
FLICHT - 

FIRST 
BURN - 
&/A 

38.2 

27.0 

39.6 

38.0 

6.3 
6.3 

5.8 

N / A  

14.3 

17.2 

17.8 

9.5 

9.5 

1.0 

79.5 

N /A 

N /A 

- 

SECOND 
BURN - 

N /A 

35.1 

30.8 

39.8 

39.0 

6.3 
-- 
5.8 

N/A 

10.5 

16.0 

16.0 

10.0 

10.0 

1.8 

78.5 

1.7 
76.3 

*The NPSP and pump i n l e t  p r e s s u r e  are high a t  t h i s  t i m e  because t h e  preva lves  w e r e  slow 
i n  opening. 

N/A = Not Applicable 
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1 
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CONTROLAND SPHERES 
PURGE SYSTEM 

NOTE : 
( X )  ITEMS 

PARTS LIST FIGURE 4-1 
SEE FIGURE 4-1 FOR 
LEGEND 

Figure 13-1. LH2 Tank Pressurization System 

13-14 



Section 13 
Fuel System 

0 0 
c 

* 8 . -  v) N 0 m u) 
m 0 d 

0 0  
0 O O  
0 O O  Z N  O -  

(WISd) 3WlSS31d 

3 
D 

3 3 n 

3 3 * 

0 

U L 
0 

0 -  
N J  

r 

LL 

o t  

s 
8 "  - E  

I- 

O 

0 
51 

0 0 N 

13-15 



Section 13 
Fuel Sys tern 

( M e )  3MnlWM3dW31 ( M , )  3MnlWM3dW31 

0 0 0  

MOl3WJ 3SdVl103 

0 0  a s H  
(WISd) 38nSS3Md 

0 

:". C O Y 0  , -  0 0 

(33S/WBl) 31W8HOU 

13-16 



Section 13 
Fuel System 

0 0 0 0  m o m 0  
N N - ?  

(Mo) 3MnlWM3dW31 

(WISd) 3MIlSS3Md 

u! 0- y 0 1  

c u r - - 0  

a o g g o  
2 0 m E i O  
a o  

(WISd) 3MnSs’;kId (M,) 3MnlW3dW31 

S 
L 
3 

-0 s 
0 
V 
a, 
v, 
I 

aJ 
V 
S 
(d 

0 + 
L 
aJ a 
S 
0 

c, 
(d 
N 
L 
S 
fn 
fn 
a, 
L 
P aJ 
CE 

c, s 
a, 
n 
E 
4 

m 

E 

.r 

*I- 

.r 

Y 
S 
(d 
I- 
N 
I 
-J 

Kl- 
I 

cv) 

a, L 
3 
m 
LL 

- 
*F 

13-17 



Section 13 
Fuel System 

0 W 0 
O O D  5? 

O N N N N  



Section 13 
Fuel System 

01  I I I I I  
11,600 11,650 11,700 11,750 11,800 

TIME FROM LIFTOFF (SEC) 

Fi gure 13-6. Nonpropul si ve Vent Sys tem Performance 
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Figure 13-8. LH2 Tank Continuous Vent System Operation - Restart  
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NOTE : 
( X )  ITEM NUMBERS FROM 

PARTS LIST FIGURE 4-1 
SEE FIGURE 4-1 FOR 
LEGEND 

LH2 TANK 
PRESSURIZATION 

Figure 13-19. LH2 S u p p l y  System 

LH2 TANK 
TEMPERATURE PROBE 

LEVEL 
MEAS (INCHES FROM 
NO. TANK BOTTChO 
NO021 431 
COO39 417 
NO022 401 
COO68 395 
KO676 383 14 
NW23 370 
Coo38 350 
NO024 340 
COO67 333 
NO025 309 
COO66 303 
COO37 288 
Nom6 279 
CW65 273 
Nom7 148 
CW36 227 
NO028 218 
C W M  212 
NO029 187 
COO63 180 
COO35 166 
NO030 157 
COO62 152 
NOD31 126 
cw34 105 
NO032 96 
coo51 87 
LOO02 60 
coo53 55 
LOO01 28.5 
COO52 20 

FROM 
ENGINE 
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Figure 13-22. Effect of LH2 Mass Level on LH2 Pump Inlet Temperature 
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S e c t i o n  14  
Auxi l ia ry  Propuls ion  System 

14. AUXILIARY PROPULSION SYSTEM 

The a t t i t u d e  of t h e  S-IVB is c o n t r o l l e d  by two a u x i l i a r y  propuls ion  system ( A P S )  modules 

( f i g u r e  14-1) mounted 180 deg a p a r t  on t h e  a f t  s k i r t  of t h e  s t a g e .  

conta ined  u n i t  composed of f o u r  b a s i c  systems: (1) Oxidizer  system; (2) f u e l  system; 

(3) helium p r e s s u r i z a t i o n  system; and (4) t h e  engines .  The ins t rumenta t ion  u n i t ,  mounted 

above t h e  S- ID,  provides  s i g n a l s  f o r  o p e r a t i o n  of t h e  APS modules. 

Each module conta ins  two 150-lbf engines  which provide  r o l l  c o n t r o l  dur ing  S-IVB powered 

f l i g h t ,  and yaw and r o l l  c o n t r o l  dur ing  t h e  c o a s t  per iods .  

module provides  p i t c h  c o n t r o l  dur ing  t h e  c o a s t  per iods .  Each module a l s o  conta ins  a 72-lbf 

engine t o  provide  t h r u s t  f o r  LOX and LH2 tank  u l l a g e  c o n t r o l  a f t e r  f i r s t  burn and dur ing  

res tar t  p r e p a r a t i o n .  

Each module is  a s e l f -  

A t h i r d  150-lbf engine  i n  each 

14.1 APS F l i g h t  Operat ion 

The APS o p e r a t i o n  w a s  adequate  t o  f u l f i l l  t h e  a t t i t u d e  c o n t r o l ,  maneuvering, and u l l a g i n g  

requirements  of  t h e  miss ion  u n t i l  A P S  p r o p e l l a n t  d e p l e t i o n .  The APS p r o p e l l a n t  usage w a s  

g r e a t e r  than  p r e d i c t e d  as a r e s u l t  of t h e  b o o s t e r  problems encountered dur ing  t h e  miss ion .  

A d i s c u s s i o n  of usage i s  presented  i n  t h e  module 1 o x i d i z e r  paragraph 14.2.2. 

The p i t c h  engine of each module e x h i b i t e d  reduced chamber p r e s s u r e  a t  s p e c i f i c  t i m e s  dur ing  

t h e  miss ion  as shown i n  f i g u r e s  14-2, 14-3, and 14-4. The reason  f o r  t h e  low chamber pres-  

s u r e  i s  expla ined  i n  t h e  engine performance paragraph 14-4. 

14.1.1 APS F l i g h t  Objec t ives  

A l l  o b j e c t i v e s  of  t h e  f l i g h t  with r e s p e c t  t o  t h e  A P S  modules were accomplished. These were 

as fol lows:  

a. To e v a l u a t e  A P S  o p e r a t i o n  under a c t u a l  f l i g h t  c o n d i t i o n s  

b. To b e t t e r  s u b s t a n t i a t e  A P S  requirements  

c. To e v a l u a t e  t h e  a b i l i t y  of t h e  A P S  t o  f u l f i l l  t h e  a t t i t u d e  c o n t r o l ,  maneuvering, 

and u l l a g i n g  requirements .  

14.1.2 APS F l i g h t  D e s c r i p t i o n  

Approximately 1 see a f t e r  S-I1 engine c u t o f f ,  t h e  APS w a s  a c t i v a t e d  t o  provide  r o l l  c o n t r o l  

dur ing  f i r s t  burn. 

Following f i r s t  burn engine c u t o f f ,  APS p i t c h  and yaw c o n t r o l  w a s  a c t i v a t e d  t o  main ta in  t h e  

v e h i c l e  i n  t h e  d e s i r e d  a t t i t u d e .  The APS u l l a g e  engines  f i r e d  f o r  88 see fol lowing 5-2 

f i r s t  burn t o  provide  slosh c o n t r o l  and p r o p e l l a n t  s e t t l i n g .  

Approximately 330 sec p r i o r  t o  restart t h e  A P S  u l l a g e  engines  w e r e  aga in  i g n i t e d  t o  provide  

u l l a g e  c o n t r o l  dur ing  restart p r e p a r a t i o n s .  

second burn  Engine S t a r t  Command. 

The u l l a g e  engines  w e r e  s h u t  o f f  3 sec a f t e r  
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During t h e  r e s t a r t  attempt t h e  APS p i t c h  and yaw con t ro l  w a s  deac t iva ted  and the  APS 

provided r o l l  con t ro l  only. When the  5-2 engine f a i l e d  t o  restart, APS p i t ch  and yaw con- 

t r o l  w a s  reac t iva ted .  The APS maintained p i t ch ,  yaw, and r o l l  c o n t r o l  of t he  s t a g e  u n t i l  

module 1 propel lan t  deple t ion  at approximately RO +22,030 sec .  A t  t h i s  time t h e  s i g n a l  

from t h e  IU w a s  a c t i v a t i n g  t h e  va lves  of engine 1-1 continuously,  attempting t o  maintain 

cont ro l .  

14.2 A P S  Module No. 1 

The opera t ion  of the  helium p res su r i za t ion  system of module No.  1 w a s  as expected. The 

p rope l l an t  supply system pressure  l e v e l s  and t h e  propel lan t  temperatures measured i n  t h e  

propel lan t  c o n t r o l  module were i n  the  expected range. 

The performance of t h e  module 1 engines w a s  s a t i s f a c t o r y  throughout t h e  mission wi th  t h e  

exception of t h e  p i t c h  engine which had low chamber p re s su re  a t  var ious  times during the  

mission. 

1 4 . 2 . 1  Helium Pres su r i za t ion  System - Module 1 

The module No. 1 helium p res su r i za t ion  system opera t ion  was normal wi th  no problems encoun- 

t e r ed  throughout t he  f l i g h t .  P r i o r  t o  APS ac t iva t ion ,  t h e  helium b o t t l e  pressure  was 

3,120 p s i a  and t h e  temperature w a s  558 deg R y i e ld ing  an i n i t i a l  mass i n  the  b o t t l e  of 

1.015 lbm. 

Figure 14-5 shows t h e  helium temperature, p ressure ,  and mass as a func t ion  of mission time. 

The nominal and three-sigma p red ic t ions  a r e  included f o r  comparison. The mass of helium 

remaining i n  t h e  b o t t l e  a t  module 1 propel lan t  dep le t ion  w a s  0.470 lbm. This corresponds 

t o  a helium temperature of 552 deg R and a pressure  of 1,330 p s i a .  

Figure 14-5 shows t h a t  t h e  module 1 helium usage was g r e a t e r  than nominal but w a s  s t i l l  l e s s  

than t h e  three-sigma p red ic t ion  p r i o r  t o  second u l l age  burn. However the  disturbances 

r e s u l t i n g  from t h e  f a i l u r e  of t he  5-2 t o  restart r e s u l t e d  i n  more p rope l l an t  usage than  

predic ted .  

Following p rope l l an t  deple t ion ,  t he  helium b o t t l e  m a s s  l eve led  o f f  a t  approximately 0.45 lbm 

ind ica t ing  no leakage i n  t h e  p re s su r i za t ion  system. 

The helium regu la to r  o u t l e t  p re s su re  was maintained a t  approximately 192 p s i a  throughout APS 

operation. The propel lan t  tank u l l age  pressures  were 188 p s i a ,  which is  on the  low end of 

t h e  expected range of 188 t o  203 p s i a .  

14.2.2 A P S  Oxidizer System - Module 1 

The ox id ize r  manifold supply pressure  of module 1 w a s  as expected during the  f l i g h t .  The 

p res su re  w a s  approximately 188 p s i a  during A P S  operation. The ox id ize r  temperature measured 

at  t h e  propel lan t  con t ro l  module was a l s o  i n  t h e  expected range. The maximum temperature 

recorded w a s  570 deg R. Evaluation of t h e  d a t a  i n d i c a t e s  t h a t  t h e  ox id ize r  bulk temperature 

( i n  t h e  tank) remained near  t he  l i f t o f f  value of 557 deg R. 
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The ox id ize r  remaining i n  the  APS is  shown as a func t ion  o f  mission t i m e  i n  f i g u r e  14-6. 

The nominal and three-sigma p red ic t ions  are included f o r  comparison. 

load of module 1 w a s  188.6 lbm. 

following t h e  s t a g e  f i r s t  burn. 

p i t c h  engine followed by approximately 43 sec of rap id  pulsing. 

f i r i n g  w a s  requi red  t o  c o r r e c t  f o r  an unusually high guidance-induced p i t c h  rate a t  engine 

cu to f f .  Following t h i s  a t t i t u d e  co r rec t ion  t h e  ox id ize r  consumption rate w a s  c lo se  t o  the  

p red ic t ed  rate u n t i l  t h e  restart attempt.  I 

a f t e r  t h e  restart attempt,  engine 1-3 f i r e d  s teady-s ta te  f o r  18 sec  followed by approximately 

30 sec of rapid puls ing .  

were f i r e d  on engine 1-2. 

t h e  5-2 engine and t o  perform commanded maneuvers. 

t h e  moment of i n e r t i a  of t h e  veh ic l e  w a s  l a r g e r  than p red ic t ed ,  and t h e  cen te r  of g rav i ty  

(CG) lower. 

l a r g e  quan t i ty  of propel lan t  usage a t  t h i s  t i m e .  

during s i g n i f i c a n t  per iods  of t h e  f l i g h t .  The ox id ize r  i n  module 1 w a s  deple ted  a t  

RO +22,053 see  a f t e r  l i f t o f f .  

manifold pressure.  

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

The i n i t i a l  ox id i ze r  

The ox id ize r  consumption exceeded t h e  pred ic ted  immediately 

This was due t o  a 43-sec s teady-s ta te  burn by the  module 1 

The excessive p i t c h  engine 

When the  APS pitch-yaw con t ro l  w a s  r eac t iva t ed  

Within t h e  next 300 sec ,  s t eady- s t a t e  pu lses  of 26 and 34 sec 

These f i r i n g s  were required t o  c o r r e c t  f o r  e r r o r  r a t e s  induced by 

Because of the  l a r g e  LH2 and LOX r e s idua l ,  

The low CG r e su l t ed  i n  s h o r t e r  A P S  p i t c h  and yaw moment arms r e s u l t i n g  i n  t h e  

Table 14-1 shows t h e  propel lan t  consumption 

The t i m e  of deple t ion  w a s  determined by examining the  ox id ize r  

Figure 14-7 shows t h e  ox id ize r  manifold pressure  drop a t  RO +22,053 sec  

14.2.3 A P S  Fuel System - Module 1 

The f u e l  system of module 1 performed as expected during t h e  f l i g h t .  

supply p re s su re  remained a t  approximately 190 p s i a .  

p rope l l an t  con t ro l  module remained below 566 deg R. Again, t h e  d a t a  i n d i c a t e  t h a t  t h e  

f u e l  bulk temperature remained nea r  t h e  l i f t o f f  value of 555 deg R ( f i g u r e  14-6). 

The f u e l  remaining i n  module 1 during the  mission is shown i n  f igu re  14-6. 

va lue  was nominal a t  124.4 lbm. Like t h e  oxid izer  t he  f u e l  consumption exceeded predic ted  

usage immediately following s t a g e  f i r s t  burn f o r  the  reason mentioned i n  the  oxid izer  sec- 

t i on .  

d i s turbances ,  the  f u e l  consumption rate w a s  near  nominal. 

t he  f u e l  consumption g r e a t l y  exceeded t h a t  pred ic ted  f o r  t h e  reasons mentioned i n  the  

ox id ize r  s ec t ion .  The f u e l  w a s  deple ted  a t  RO +21,953 sec .  

determined by examining engine chamber p re s su re  d a t a  and f u e l  manifold pressure .  

shows t h e  decrease i n  engine 1-2 chamber p re s su re  s t a r t i n g  a t  21,953 see.  

p ressure  d a t a  were no t  obtained at  t h i s  t i m e ;  however, t h e  drops i n  pressure  can be seen wi th  

each pu l se  a f t e r  RO +21,993 sec .  No problems r e su l t ed  from t h e  f u e l  being deple ted  f i r s t .  

The f u e l  consumption during s i g n i f i c a n t  po r t ions  of t h e  f l i g h t  is presented i n  t a b l e  14-1. 

The f u e l  manifold 

The f u e l  temperature measured a t  t h e  

The l i f t o f f  

Af te r  t he  a t t i t u d e  con t ro l  engine burned t o  co r rec t  f o r  guidance-induced veh ic l e  

Following t h e  restart attempt,  

The t i m e  of deple t ion  was 

Figure 14-7 

The f u e l  manifold 

14.3 APS Module No.  2 

The opera t ion  of APS module 2 w a s  s a t i s f a c t o r y .  

p ressures  w e r e  recorded at  var ious  t i m e s  i n  t h e  mission. 

usage w a s  g r e a t e r  than predic ted .  

600 sec a f t e r  module 1 deple t ion .  

A s  i n  module 1 low p i t c h  engine chamber 

Also as i n  module 1 t h e  propel lan t  

Module 2 propel lan t  dep le t ion  occurred approximately 
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14.3.1 Helium P r e s s u r i z a t i o n  System - Module 2 

The module No. 2 helium p r e s s u r i z a t i o n  system o p e r a t i o n  w a s  normal w i t h  no problems encoun- 

t e r e d  throughout t h e  f l i g h t .  P r i o r  t o  APS a c t i v a t i o n ,  t h e  hel ium b o t t l e  p r e s s u r e  w a s  

3,100 p s i a  and t h e  temperature  was 545 deg R. The m a s s  of helium i n  t h e  b o t t l e  was 1.035 lbm. 

Figure 14-5 shows t h e  helium temperature ,  p r e s s u r e ,  and mass as a f u n c t i o n  of miss ion  t i m e .  

The nominal and three-sigma p r e d i c t i o n s  are inc luded  f o r  comparison. 

F igure  14-5 shows t h a t  t h e  module 2 helium usage w a s  c l o s e  t o  nominal u n t i l  a f t e r  t h e  

restart a t tempt .  A t  t h i s  t i m e  t h e  A P S  burn requirements  g r e a t l y  exceeded p r e d i c t e d  f o r  t h e  

reason mentioned i n  paragraph 14.2.2. 

Following p r o p e l l a n t  d e p l e t i o n  t h e  hel ium b o t t l e  m a s s  l e v e l e d  o f f  a t  approximately 0.45 lbm 

i n d i c a t i n g  no  leakage i n  t h e  p r e s s u r i z a t i o n  system. 

The helium 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  maintained a t  193 t o  195 p s i a  throughout A P S  opera- 

t i o n .  The p r o p e l l a n t  u l l a g e  p r e s s u r e s  were 192 p s i a .  

14.3.2 APS Oxidizer  System - Module 2 

The o x i d i z e r  system of module 2 performed as expected during t h e  f l i g h t .  The manifold supply 

p r e s s u r e  w a s  approximately 193 p s i a .  The o x i d i z e r  temperature  (measured a t  t h e  p r o p e l l a n t  

c o n t r o l  module) remained i n  t h e  expected range throughout t h e  A P S  o p e r a t i o n .  

temperature  recorded was 561 deg R. 

bu lk  temperature  ( i n  t h e  tank)  remained n e a r  t h e  l i f t o f f  temperature  of 546 deg R. 

The o x i d i z e r  remaining i n  t h e  APS as a f u n c t i o n  of miss ion  t i m e  is presented  i n  f i g u r e  14-6. 

The i n i t i a l  o x i d i z e r  load  w a s  189.4 lbm. The o x i d i z e r  q u a n t i t y  p r i o r  t o  restart a t tempt  w a s  

w i t h i n  t h e  three-sigma p r e d i c t e d  range.  For t h e  reasons  mentioned i n  paragraph 14.2.2 t h e  

o x i d i z e r  consumption exceeded p r e d i c t e d  fol lowing t h e  restart a t tempt .  Engine 2-1 w a s  f i r e d  

s t e a d y - s t a t e  f o r  31 sec, and engine 2-2 had two long s t e a d y - s t a t e  burns of 69 and 64 sec. 

Table  14-1 shows t h e  p r o p e l l a n t  consumption dur ing  s i g n i f i c a n t  p e r i o d s  of t h e  f l i g h t .  The 

o x i d i z e r  i n  module 2 w a s  d e p l e t e d  a t  RO +22,634 s e c .  

determined from t h e  o x i d i z e r  manifold p r e s s u r e .  F igure  14-8 shows t h e  drop i n  manifold pres-  

s u r e  a t  t h e  t i m e  o f  d e p l e t i o n .  

The maximum 

A s  with  module 1, t h e  d a t a  i n d i c a t e  t h a t  t h e  o x i d i z e r  

The t i m e  of o x i d i z e r  d e p l e t i o n  w a s  

14.3.3 APS Fuel  System - Module 2 

The f u e l  system of module 2 performed as expected dur ing  t h e  f l i g h t .  

supply p r e s s u r e  w a s  approximately 193 p s i a  throughout t h e  f l i g h t .  

measured at  t h e  p r o p e l l a n t  c o n t r o l  module remained i n  t h e  expected range  throughout t h e  A P S  

opera t ion .  

t h e  f l i g h t .  

The q u a n t i t y  of f u e l  remaining i n  t h e  A P S  is p r e s e n t e d  as a f u n c t i o n  of miss ion  t i m e  i n  

f i g u r e  14-6. 

usage w a s  s l i g h t l y  less than  nominal u n t i l  t h e  restart a t tempt .  A t  t h i s  t i m e ,  as i n  t h e  

case of t h e  o x i d i z e r ,  t h e  f u e l  consumption exceeded p r e d i c t i o n .  

consumption dur ing  s i g n i f i c a n t  p o r t i o n s  of t h e  mission.  

RO +22,602 sec. 

The f u e l  manifold 

The f u e l  temperature  

The d a t a  i n d i c a t e  t h a t  t h e  bulk  temperature  remained n e a r  545 deg R throughout 

The q u a n t i t y  of f u e l  i n  t h e  module 2 APS a t  l i f t o f f  w a s  124.7 lbm. The f u e l  

Table  14-1 shows t h e  f u e l  

The f u e l  w a s  d e p l e t e d  a t  

The t i m e  of f u e l  d e p l e t i o n  w a s  determined from t h e  drop i n  f u e l  manifold 
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pressure  and t h e  decrease i n  chamber pressure .  

t o  t h e  ox id ize r  without any de t r imen ta l  a f f e c t s  on t h e  module. 

i n  both modules because t h e  p rope l l an t s  were loaded f o r  an a t t i t u d e  con t ro l  engine EMR of 

1.65 t o  1, while t h e  a t t i t u d e  con t ro l  engines opera te  a t  an EMR of approximately 1.60 t o  1 

during minimum puls ing  of which a l a r g e  po r t ion  of t h e  mission is composed. Another reason 

f o r  t h e  f u e l  t o  dep le t e  f i r s t  w a s  an apparently reduced ox id ize r  flow a t  var ious  t imes 

during t h e  mission. This is explained i n  g r e a t e r  d e t a i l  i n  t h e  following paragraphs. 

A s  i n  module 1 the  f u e l  w a s  deple ted  p r i o r  

The f u e l  was depleted f i r s t  

14.4 Engine Performance 

The performance of t h e  APS engine w a s  adequate t o  f u l f i l l  t h e  a t t i t u d e  con t ro l  and u l lag ing  

requirements u n t i l  APS propel lan t  deple t ion .  The two p i t c h  engines,  1-2 and 2-2, had low 

chamber pressures  a t  var ious  t i m e s  during t h e  mission. The u l l age  engine i n  module 2 had a 

s l i g h t l y  extended chamber pressure  t a i l - o f f  a f t e r  t he  second u l l age  engine burn. 

Low chamber pressure  (85 ps i a )  w a s  f i r s t  observed a t  RO +5,565 sec  on engine 1-2. This w a s  

t h e  f i r s t  pu lse  of a series on t h i s  engine a f t e r  no t  having f i r e d  f o r  approximately 100 sec .  

P r i o r  t o  t h i s ,  the  f i r i n g  on t h i s  engine w a s  q u i t e  ex tens ive .  The chamber pressure  increased 

wi th  each success ive  pulse .  

while t he  t h i r d  w a s  94 ps i a .  

pu lses  on t h e  module 2 p i t c h  engine l a t e r  i n  the  mission. The chamber p re s su re  of t he  

i n i t i a l  pu lse  w a s  55 ps i a ,  but by the  seventeenth pu l se  the  chamber p re s su re  w a s  up t o  

92 ps i a .  This engine had two s teady-s ta te  f i r i n g s  of 69 and 64 s e c  as we l l  as ex tens ive  

puls ing  p r i o r  t o  t h i s  t i m e .  I n  f igu res  14-2 and 14-3 t h e  engine chamber pressures ,  i n j e c t o r  

temperature, and p rope l l an t  temperature a r e  presented as func t ions  of mission t i m e .  The 

propel lan t  temperatures measured i n  t h e  propel lan t  con t ro l  module remained wi th in  t h e  

acceptable region throughout t he  mission. A cor re l a t ion ,  however, can be made between the  

low chamber p re s su re  of t he  module 2 p i t ch  engine and t h e  i n j e c t o r  temperature. 

shows t h a t  a s  the  engine i n j e c t o r  temperature inc reases  t h e  engine chamber pressure  decreases.  

A similar c o r r e l a t i o n  could not  be made d i r e c t l y  on t h e  module 1 p i t ch  engine because module 

1 i n j e c t o r  temperature d a t a  were not  obtained a f t e r  RO +2,500 sec .  Because of t h e  ex tens ive  

f i r i n g  on engine 1-2 p r i o r  t o  the  t i m e s  when low chamber pressures  were observed, i t  is very 

The second pu l se  i n  t h e  series had a chamber pressure  of 92 p s i a ,  

Figure 14-4 shows t h e  chamber pressure  inc rease  i n  a s e r i e s  of 

Figure 14-3 

l i k e l y  t h a t  t h e  i n j e c t o r  temperature w a s  high. 

The following conclusions have been reached i n  regard t o  t h e  low chamber pressures  obtained 

during t h e  f l i g h t .  

problems caused h igh  engine i n j e c t o r  temperatures. Heat soak back from t h e  engines during 

t h e  o f f  periods increased  t h e  i n j e c t o r  temperature and p rope l l an t  temperatures i n  t h e  l i n e s  

near  t he  i n j e c t o r .  

ox id i ze r  vapor iza t ion  and helium l i b e r a t i o n .  The vapor and gas i n  t h e  l i n e s  reduced t h e  

ox id ize r  flow and r e su l t ed  i n  t h e  lower chamber p re s su re  during t h e  i n i t i a l  pu lses  i n  a 

series. As t h e  s e r i e s  of pu lses  continued t h e  cooler  p rope l l an t s ,  which were not a f f ec t ed  

by the  high engine temperature, en te red  t h e  i n j e c t o r  and decreased t h e  i n j e c t o r  temperature. 

The ox id ize r  vapor iza t ion  w a s  reduced and t h e  ox id ize r  mass flow increased .  This r e su l t ed  

i n  t h e  chamber pressure  inc rease  wi th  success ive  pulses  as shown i n  f i g u r e  14-4. 

Extensive a t t i t u d e  con t ro l  engine f i r i n g  as a r e s u l t  of the  boos te r  

When t h e  engine valves were opened t h e  drop i n  l i n e  pressure  caused 
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The t o t a l  A P S  impulse f o r  t h e  a t t i t u d e  c o n t r o l  engines  i n  each module is presented  as a 

f u n c t i o n  of miss ion  t i m e  i n  f i g u r e  14-9. 

53,830 lbf -sec  f o r  a t t i t u d e  c o n t r o l  when t h e  p r o p e l l a n t s  were d e p l e t e d .  

p r o p e l l a n t  used f o r  a t t i t u d e  c o n t r o l  w a s  approximately 201 lbm. 

s p e c i f i c  impulse f o r  t h e  module a t t i t u d e  c o n t r o l  engines  w a s  268 sec. 

c o n t r o l  t o t a l  impulse at p r o p e l l a n t  d e p l e t i o n  w a s  55,959 l b f / s e c .  

l a n t  used by module 2 f o r  a t t i t u d e  c o n t r o l  was 202 lbm. 

impulse of t h e  module 2 a t t i t u d e  c o n t r o l  engines  w a s  277 sec. 

The A P S  engine t o t a l  impulse is p r e s e n t e d  i n  f i g u r e  14-10 as a f u n c t i o n  of  p u l s e  width. 

The t o t a l  impulse w a s  ob ta ined  by i n t e g r a t i n g  the chamber p r e s s u r e  and mul t ip ly ing  t h e  

i n t e g r a l  by t h e  t h r u s t  c o e f f i c i e n t  (C,) and t h e  t h r o a t  area (At). 

two-sigma impulse v a r i a t i o n  f o r  s i n g l e  and m u l t i p l e  p u l s e s  are included i n  t h i s  f i g u r e  f o r  

comparison purposes .  The d a t a  p o i n t s  below t h e  TRW two-sigma l i n e  are t h e  low performance 

p u l s e s  on t h e  two p i t c h  engines  and t h e  p u l s e s  which occurred on t h e  engines  a f t e r  t h e  f u e l  

had deple ted .  

The APS engine average t h r u s t  is presented  as a f u n c t i o n  of miss ion  t i m e  i n  f i g u r e  14-11. 

The average t h r u s t  of each p u l s e  w a s  determined by d i v i d i n g  t h e  t o t a l  impulse by t h e  

p u l s e  width. 

i n  t h i s  f i g u r e  f o r  comparison. 

low t h r u s t  va lues  on t h e  p i t c h  engines  and t h e  p u l s e s  which occurred  a f t e r  f u e l  d e p l e t i o n .  

The s l i g h t l y  extended t a i l - o f f  ( 1  s e e )  of t h e  module N o .  2 u l l a g e  engine at  t h e  end of  t h e  

second u l l a g e  burn is presented  i n  f i g u r e  14-12. The module 1 u l l a g e  engine chamber pres-  

s u r e  i s  presented  f o r  comparison. No t a i l - o f f  w a s  observed on t h i s  engine a f t e r  t h e  f i r s t  

u l l a g e  burn. 

Module 1 had suppl ied  a t o t a l  impulse of 

The q u a n t i t y  of 

Therefore ,  t h e  average 

The module 2 a t t i t u d e  

The q u a n t i t y  of  propel-  

Therefore ,  t h e  average s p e c i f i c  

The TRW p l u s  and minus 

TRW nominal p l u s  and minus two-sigma t h r u s t  va lue  l i n e s  have been included 

The p o i n t s  which are below t h e  minus two-sigma l i n e  are t h e  

This  s l i g h t  t a i l - o f f  i s  n o t  seen  as a problem. 
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Sect ion  15  
Pneumatic Control  and Purge System 

15. PNEUMATIC CONTROL AND PURGE SYSTEM 

The pneumatic c o n t r o l  and purge system ( f i g u r e  15-1) performed s a t i s f a c t o r i l y  throughout  

t h e  f l i g h t .  The helium supply w a s  adequate  t o  m e e t  a l l  miss ion  requirements  and t o  

accomplish a l l  purges. The S-IVB-502 w a s  t h e  f i r s t  t o  i n c o r p o r a t e  S t e r e r  a c t u a t i o n  

c o n t r o l  modules, and t h e  modules performed s a t i s f a c t o r i l y .  

w a s  near  zero.  

The o r b i t a l  leakage ra te  

1 5 . 1  Ambient Helium Supply 

The pneumatic supply w a s  adequate ,  and only one d e v i a t i o n  i n  system o p e r a t i o n  occurred  

dur ing  t h e  f l i g h t .  

engine  c u t o f f  (approximately 7 sec l a t e ) ,  and t h e  purge p r e s s u r e  w a s  near  o p e r a t i n g  

l e v e l  w i t h i n  1 .5  sec. This  purge i n i t i a t i o n  is r e q u i r e d  a minimum of 5 sec b e f o r e  

Engine Cutoff Command t o  e n s u r e  t h a t  t h e  requi red  c o n d i t i o n s  are p r e s e n t  a t  t h e  customer 

connect  panel  w i t h i n  0.2 sec of Engine Cutoff Command. The purge i s  conducted t o  purge 

t h e  o x i d i z e r  t u r b i n e  seal, f u e l  t u r b i n e  seal ,  and f u e l  turbopump primary sea l  c a v i t i e s  

of mois ture ;  t o  clear t h e  gas  g e n e r a t o r  (GG) combustor of combustion products ;  and t o  

main ta in  an i n e r t  mois ture- f ree  atmosphere a t  t h e  GG i n j e c t o r  f a c e .  The only problems 

l i k e l y  t o  be caused by a purge d e l a y  are blockage,  o r  p a r t i a l  blocakage,  of t h e  GG LH2 

i n j e c t o r  and f r e e z i n g ,  o r  s t i c k i n g ,  of t h e  GG LH2 v a l v e  poppet. S ince  t h e  GG was 

s u c c e s s f u l l y  r e s t a r t e d  dur ing  t h e  second burn a t t e m p t ,  t h e s e  problems d i d  n o t  occur ;  

t h e r e f o r e ,  t h e  purge d e l a y  had no d e t r i m e n t a l  e f f e c t .  The d e l a y  w a s  caused by an  

e r r o r  i n  t h e  launch v e h i c l e  d i g i t a l  computer (LVDC) t i m e  t o  go equat ions  and w a s  n o t  

a f a u l t  of pneumatic system components. It is  understood t h a t  t h e  LVDC c o n t r a c t o r  

i s  p r e s e n t l y  s tudying  means t o  prevent  recur rence  of t h i s  problem. 

During t h e  AS-502 countdown demonstrat ion t es t ,  t h e  LOX chi l ldown pump motor c o n t a i n e r  

purge p r e s s u r e  (D0103) reached t h e  v e n t  s e t t i n g  (86 p s i a )  b e f o r e  chi l ldown w a s  i n i t i a t e d  

and remained a t  86 p s i a  throughout t h e  test .  The c o n t a i n e r  p r e s s u r e  dur ing  t h e  f l i g h t  

showed a similar p r o f i l e  and i s  compared wi th  t h e  S-IVB-501 f l i g h t  i n  f i g u r e  15-2. 

The lower prelaunch c o n t a i n e r  p r e s s u r e  on S-IVB-501 i n d i c a t e s  t h a t  t h e  prelaunch s t a t i c  

leakage  w a s  g r e a t e r  on S-IVB-501. 

occurred because t h e  motor seals w e r e  dynamic seals which l e a k  less when t h e  pump is 

running. During engine  burn on S-IVB-501, t h e  chi l ldown pumps w e r e  s topped ,  r e s u l t i n g  

i n  an  increased  leakage rate. This  accounts  f o r  t h e  decreases  i n  DO103 dur ing  both 

engine burns.  

On S-IVB-502 t h e  DO103 p r e s s u r e  decay, which began a t  l i f t o f f ,  i n d i c a t e d  a n  increased  

leakage  rate t h a t  could have r e s u l t e d  from poor s e a l i n g  due t o  v i b r a t i o n  o r  t o  a chipped 

seal. 

wearing i n  process ,  and t h a t  they  can seal d i f f e r e n t l y  a t  d i f f e r e n t  speeds.  

and subsequent  s t a g e s ,  t h e  chi l ldown s h u t o f f  v a l v e s  are normally l e f t  open dur ing  engine  

The engine pump purge w a s  i n i t i a t e d  approximately 0 .1  sec b e f o r e  

The i n c r e a s e s  i n  DO103 dur ing  t h e  S-IVB-501 chi l ldowns 

Also, tests have shown t h a t  seals can change s e a l i n g  c h a r a c t e r i s t i c s  dur ing  t h e  

O n  S-IVB-502 
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burn, allowing sufficient flow (approximately 10 gpm) to spin the chilldown pump at 
low speed. 

during the S-IVB-502 flight first engine burn. 

Therefore, the difference in seal boundary conditions between S-IVB-501 and -502 during 

boost (S-IVB-502 experienced significant 5 cps longitudinal vibration) and the variance 

in system configuration (chilldown shutoff valve closed on S-IVB-501 during burn) support 

the indicated behavior of the system levels. 

Good sealing at slow speed could account for the low leakage rates observed 

15.2 Pneumatic Control 

Significant valve actuations through the end of first burn and their respective demands 

on the system are shown in figure 15-3. 

(D0014) responded to the J-2 engine anomaly at RO +700 sec by increasing from 550 to 

554 psia, but pneumatic control system performance was not affected by this indicated 

change in pressure. The control sphere temperature (C0205) during the last half of 

the engine pump purge was obtained from less accurate tape recorder data, but an 

extrapolation of the valid data indicated an average mass usage rate of 5.9 scfm, 
which is near prediction of 6 to 8 scfm. 

the mass loss rate was insignificant until RO +10,877 sec when the prevalves were 

closed for orbital chilldown (figure 15-4). During the period of prevalve closure 

the average mass usage rate was 1.7 scfm which agrees very well with predictions. 

pneumatic system performance parameters during the restart attempt and during the third 

and fourth orbits are shown in figures 15-5 and 15-6, respectively. During periods of 

no pneumatic actuations, the mass loss rate continued to be insignificant (approximately 

zero). 

Pneumatic system performance data at significant times are compared with S-IVB-501 flight 

and S-IVB-502 acceptance firing data in table 15-1. 

The control helium regulator discharge pressure 

After the engine pump purge was terminated, 

The 
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Parameter 

TABLE 15-1 
PNEUMATIC CONTROL AND PURGE SYSTEM DATA 

Sphere Volume 

Sphere Pressure  

A t  l i f t o f f  

A t  Engine S t a r t  Command 

A t  Engine Cutoff 
Command 

Sphere Temperature 

A t  l i f t o f f  

A t  Engine S t a r t  Command 

A t  Engine Cutoff 
Command 

Helium Mass 

A t  l i f t o f f  

A t  Engine S t a r t  Command 

A t  Engine Cutoff 
Command 

Usage during engine 
opera t  ion  

Usage during 10-min 
p o s t f i r i n g  engine 
Pump purge 

Regulator Out le t  Pressure  

Maintained pressure  
band 

Minimum system p res su re  
during start and cu to f f  
t r a n s i e n t  

hverage LOX chilldown 
notor con ta ine r  purge 
pressure  

Uni t s  

cu f t  

p s i a  

p s i a  

gs i a  

deg R 

deg R 

deg R 

lbm 

lbm 

lbm 

lbm 

lbm 

p s i a  

ps i a  

ps  ia  

S-IVB-502 Fl igh t  

F i r s t  
Burn 

4.5 

3,063 

3,003 

3,010 

545 

541 

541  

8.54 

8.49 

8.49 

0.0 

0.72 

525 
t o  
560 

510 

42 

Second 
Burn 

4.5 

-- 
2,429 

2,429 

-- 
496 

496 

-- 
7.56 

7.56 

0.0 

-- 

525 
t o  
560 

48 3 

43 

S-IW-501 F l i g h t  

F i r s t  
Burn 

4.5 

2,921 

2,892 

2,932 

547 

543 

552 

8.19 

8.17 

8.14 

0.03 

0.62 

5 20 
t o  
555 

420 

65 

Second 
Burn 

4.5 

-- 
1,474 

1 ,515* 

-- 
461 

473* 

-- 
5.08 

5.0e* 

O* 

-- 

5 20 
t o  
540 

415 

59 

S-IVB- 

F i r s t  
Burn 

4.5 

3,205 

3,220 

3,110 

555 

549 

549 

9.75 

8.98 

8.76 

0.22 

0.84 

515 
t o  
545 

425 

4 1  

I2 Accept 

Second 
Burn 

4.5 

-- 
2,640 

2 , 640 

-- 
545 

546 

-- 
7.39 

7.36 

0.03 

-- 

515 
t o  
545 

425 

4 1  
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P r o p e l l a n t  U t i l i z a t i o n  

3 

16. PROPELLANT UTILIZATION 

The 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  accomplished t h e  requirements  a s s o c i a t e d  

w i t h  p r o p e l l a n t  l o a d i n g  and f i r s t  burn p r o p e l l a n t  management. A LOX mass measurement system 

mal funct ion  p r i o r  t o  t h e  at tempted restart might have prevented proper  o p e r a t i o n  of  t h e  PU 

system dur ing  second burn opera t ion ,  had restart been achieved.  

Loading computer i n d i c a t e d  f u l l  load  p r o p e l l a n t  v a l u e s  a t  l i f t o f f  were 100.07 and 99.88 per- 

c e n t  of t h e  d e s i r e d  i n d i c a t e d  v a l u e s  f o r  LOX and LH2, r e s p e c t i v e l y .  The a c t u a l  b e s t  

estimate p r o p e l l a n t  mass v a l u e s  a t  l i f t o f f  were 194,140 lbm LOX and 42,448 lbm LH2 as 

compared t o  t h e  d e s i r e d  m a s s  v a l u e s  of 193,273 lbm LOX and 42,493 lbm LH2. These v a l u e s  

are w e l l  w i t h i n  t h e  requi red  51.39 percent  s t a g e  loading  accuracy.  

The PU v a l v e  slewed t o  t h e  LOX r i c h  ( f u l l  c losed)  p o s i t i o n  a f t e r  PU a c t i v a t e  and remained 

i n  t h a t  p o s i t i o n  f o r  t h e  d u r a t i o n  of t h e  extended f i r s t  burn.  Second burn PU v a l v e  o p e r a t i o n ,  

through restart a t tempt ,  w a s  c o n s i s t e n t  w i t h  proper  sequencing followed by a response t o  a 

LOX mass measuring system anomaly. 

S i m i l a r  t o  t h e  f l i g h t  of AS-501 t h e  r i s i n g  of p r o p e l l a n t s  w i t h i n  t h e  s e n s o r s  due t o  

c a p i l l a r y  a c t i o n  w a s  noted d u r i n g  t h e  low a c c e l e r a t i o n  c o a s t  per iod.  

c o a s t  per iod  a mal func t ion  of t h e  LOX m a s s  measuring system occurred ,  r e s u l t i n g  i n  an 

i n d i c a t i o n  of a LOX tank o v e r f i l l e d  condi t ion .  S ince  restart w a s  n o t  achieved t h e  e f f e c t  

of c a p i l l a r y  a c t i o n  on t h e  hydrogen mass probe w a s  n o t  completely removed. 

P r o p e l l a n t  s l o s h  experienced by t h e  s t a g e  had no e f f e c t  on PU opera t ion  dur ing  f i r s t  burn 

because of t h e  h igh  engine  mixture  r a t i o  (EMR) opera t ion .  

S e v e r a l  tests are i n  progress  t o  f u r t h e r  d e f i n e  t h e  PU system f a i l u r e s  mode as w e l l  as t o  

e v a l u a t e  proposed f i x e s  andfor  product  improvement. The r e s u l t s  of  t h e s e  s t u d i e s  are n o t  

a v a i l a b l e  f o r  i n c l u s i o n  i n  t h i s  r e p o r t .  However, i t  should be noted t h a t  t h e  a f t  s e c t i o n  of 

t h e  s t a g e  w a s  subjec ted  t o  a h igh  temperature  environment which may have degraded t h e  LOX 

probe wir ing  dur ing  f i r s t  burn. 

During t h e  o r b i t a l  

16.1 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  masses a t  t h e  d e s i r e d  f u l l  load c a l i b r a t i o n  poin t  were determined 

by e x t r a p o l a t i n g  t h e  S-IVB-502 acceptance f i r i n g  f u l l  load  d a t a .  S-IVB-502 acceptance 

f i r i n g  f u l l  load d a t a  was determined by t h e  flow i n t e g r a l  a n a l y s i s  method. 

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 t a n k  volumes 

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  d a t a .  The corresponding capac i tance  v a l u e s  were determined 

by adding a mean d e l t a  capac i tance  based on measured d a t a  t o  t h e  S-IVB-502 vendor a i r  

c a p a c i t a n c e  v a l u e s .  
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The fo l lowing  t a b l e  p r e s e n t s  a summary of t h e  PU m a s s  s e n s o r  c a l i b r a t i o n  d a t a :  

16.2 P r o p e l l a n t  Mass His t o r y  

The p r e d i c t e d ,  measured, and b e s t  estimate p r o p e l l a n t  masses a t  s i g n i f i c a n t  f l i g h t  events  

are presented  i n  t a b l e  16-1. 

nonpropel lan ts  (dry  s t a g e ,  u l l a g e  gases ,  e t c . )  from AS-502 t h i r d  f l i g h t  s t a g e  b e s t  estimate 

masses presented  i n  s e c t i o n  9. 

LH2 according t o  t h e  p r e v a i l i n g  mixture  r a t i o  a t  t h e  s p e c i f i c  f l i g h t  e v e n t  t i m e .  

The p r o p e l l a n t  mass measurement s y s t e m s  represented  i n  t a b l e  16-1 are ( a )  PU i n d i c a t e d  

c o r r e c t e d  (b) f l i g h t  flow i n t e g r a l  (c )  PU volumetr ic  (d)  l e v e l  s e n s o r s ,  and (e )  t r a j e c t o r -  

r e c o n s t r u c t i o n .  A b r i e f  d e s c r i p t i o n  of each measurement system i s  as fo l lows:  

The b e s t  estimate p r o p e l l a n t  masses are der ived  by s u b t r a c t i n g  

The remaining p r o p e l l a n t  m a s s  i s  then  d iv ided  i n t o  LOX and 

a. 

b .  

C. 

d. 

e. 

The PU i n d i c a t e d  c o r r e c t e d  method measures p r o p e l l a n t  m a s s  from r a w  PU probe 

output  which i s  reduced accord ing  t o  t h e  p r e f l i g h t  flow i n t e g r a l  c a l i b r a t i o n  s l o p e  

and a d j u s t e d  f o r  acceptance 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  

dynamics e f f e c t s .  

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 i m e  t o  o b t a i n  t o t a l  consumed p r o p e l l a n t  

masses d u r i n g  engine burn. 

Command (ESC) are determined by adding p r o p e l l a n t  a t  Engine Cutoff  Command (ECC) 

t o  t h e  t o t a l  p r o p e l l a n t  consumed by t h e  engine,  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 r o p e l l a n t  l o s t  t o  b o i l o f f .  

The PU volumetr ic  masses are der ived  from r a w  PU probe o u t p u t  d a t a  which is 

reduced accord ing  t o  volumetr ic  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 volumetr ic  tank t o  s e n s o r  mismatch. The c a l i b r a t i o n  s l o p e s  

(pounds p e r  p i c o f a r a d )  were computed from t h e  capac i tance-propel lan t  mass r e l a t i o n -  

s h i p s  a t  t h e  upper and lower probe a c t i v e  element e x t r e m i t i e s .  

a t  t h e  e x t r e m i t i e s  were c a l c u l a t e d  from unique tank volume determined from tank  

measurements and p r o p e l l a n t  d e n s i t y .  

The l e v e l  s e n s o r  system measures p r o p e l l a n t  m a s s  a t  s e n s o r  a c t i v a t i o n  and t h e s e  

masses are e x t r a p o l a t e d  t o  i g n i t i o n  o r  c u t o f f  masses by t h e  f l i g h t  flow i n t e g r a l  

da ta .  Data w a s  ob ta ined  from t h r e e  l e v e l  s e n s o r s  i n  t h e  LOX tank and f o u r  l e v e l  

s e n s o r s  i n  t h e  LH2 tank.  

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 determines v e h i c l e  m a s s  changes from t h r u s t /  

a c c e l e r a t i o n  r e l a t i o n s h i p s .  

The flow i n t e g r a l  p r o p e l l a n t  masses a t  Engine S t a r t  

P r o p e l l a n t  masses 
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The r e s u l t s  of t h e  f i v e  methods of p r o p e l l a n t  mass e v a l u a t i o n  are presented  i n  t a b l e  16-1. 
The f l i g h t  flow i n t e g r a l ,  t h e  PU volumetr ic ,  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  t o t a l  

p r o p e l l a n t  masses a g r e e  v e r y  c l o s e l y  t o  t h e  b e s t  estimate p r o p e l l a n t  masses. The PU i n d i c a t e d  

c o r r e c t e d  t o t a l  p r o p e l l a n t  masses are 881 and 883 lbm less a t  Engine S t a r t  Command and Engine 

Cutoff Command, r e s p e c t i v e l y ,  than t h e  b e s t  estimate. The l e v e l  s e n s o r  t o t a l  p r o p e l l a n t  

masses are 879 and 805 lbm more a t  Engine S t a r t  Command and Engine Cutoff Command, r e s p e c t i v e l y ,  

than  t h e  b e s t  estimate. 
agreed favorably  w i t h  t h e  b e s t  estimate consumption v a l u e s .  

p e l l a n t  consumption between a l l  measurement systems w a s  314 lbm. 

P r o p e l l a n t  consumption v a l u e s  from t h e  v a r i o u s  measurement systems 

The maximum d e v i a t i o n  i n  pro- 

16.2.1 P r o p e l l a n t  Loading 

Table 16-2 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  masses a t  l i f t o f f .  

The d e s i r e d ,  measured, and b e s t  estimate masses are presented  and t h e  d e v i a t i o n s  of t h e  

d e s i r e d  and measured v a l u e s  from t h e  b e s t  estimate are shown. The b e s t  estimate l i f t o f f  

p r o p e l l a n t s  are der ived  from t h e  AS-502 t h i r d  f l i g h t  s t a g e  b e s t  estimate masses presented  

i n  s e c t i o n  9 and from t h e  S-IVB s t a g e  p r o p e l l a n t  m a s s  h i s t o r y  presented  i n  paragraph 16.2. 

The b e s t  estimate t o t a l  p r o p e l l a n t  l i f t o f f  mass w a s  822 lbm (0.347 percent )  g r e a t e r  than 

d e s i r e d ;  t h e  LOX m a s s  was 867 lbm g r e a t e r  and t h e  LH2 mass w a s  45 lbm less than  d e s i r e d .  

Both LOX and LH2 loaded masses were w e l l  w i t h i n  t h e  s p e c i f i e d  loading  accuracy.  

16.2.2 O r b i t a l  Boi lof f  

LOX l o s s  between f i r s t  burn Engine Cutoff  Command and second burn restart p r e p a r a t i o n s  was 

343 lbm i n c l u d i n g  f i r s t  burn engine t h r u s t  decay and o r b i t a l  b o i l o f f .  

The LH2 b o i l o f f  between f i r s t  burn Engine Cutoff Command and second burn restart p r e p a r a t i o n s  

w a s  3,024 lbm. This  v a l u e  w a s  determined by a n a l y s i s  of  t h e  LH2 tank  u l l a g e  gas  and 

cont inuous vent  system (CVS) f l o w r a t e  a n a l y s i s  ( s e c t i o n  1 3 ) .  

16.2.3 PU N o n l i n e a r i t y  Analys is  

A comparison of t h e  LOX and LH2 mass s e n s o r  n o n l i n e a r i t i e s  as determined by t h e  PU volumetr ic  

and flow i n t e g r a l  methods is presented  i n  f i g u r e  16-1. 

ob ta ined  by normalizing t h e  volumetr ic  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  observed f l i g h t  f u l l  

p r o p e l l a n t  load  and p r o p e l l a n t  s e n s o r  empty p o i n t .  

w a s  ob ta ined  from smoothed acceptance f i r i n g  d a t a  and p r e d i c t e d  i n f l i g h t  dynamics e f f e c t s .  

The flow i n t e g r a l  a c t u a l  d a t a  are smoothed n o n l i n e a r i t i e s  from t h e  f l i g h t  flow i n t e g r a l  

a n a l y s i s ,  which i n f l i g h t  dynamics e f f e c t .  

The t o t a l  c o r r e c t i o n  t o  t h e  i n d i c a t e d  PU mass f o r  vo lumetr ic  a n a l y s i s  i s  t h e  sum of t h e  PU 

f l i g h t  dynamics c o r r e c t i o n ,  p r o p e l l a n t  t a n k  t o  s e n s o r  mismatch, and t h e  d i f f e r e n c e  i n  

p r e f l i g h t  flow i n t e g r a l  and volumetr ic  c a l i b r a t i o n  s l o p e s .  

a p p l i e d  are g iven  i n  paragraphs 16.2.3.1 and 16.2.3.2. 

The volumetr ic  n o n l i n e a r i t i e s  were 

The p r e d i c t e d  f low i n t e g r a l  n o n l i n e a r i t y  

A d i s c u s s i o n  of c o r r e c t i o n s  
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The d e v i a t i o n  of t h e  volumetr ic  der ived  a c t u a l  n o n l i n e a r i t y  from t h e  p r e d i c t e d  (volumetr ic)  

i s  less than 50 lbm f o r  bo th  LOX and LH2. 

The magnitude of t h e  flow i n t e g r a l  n o n l i n e a r i t i e s  compare favorably  w i t h  p r e d i c t i o n s .  The 

maximum d e v i a t i o n  of flow i n t e g r a l  LOX mass s e n s o r  n o n l i n e a r i t y  from p r e d i c t e d  i s  180 lbm. 

The LH2 flow i n t e g r a l  m a s s  h i s t o r y  demonstrates  good agreement w i t h  t h e  p r e d i c t i o n  except  

a t  engine s t a r t  when t h e  LH2 m a s s  n o n l i n e a r i t y  d e v i a t e s  by approximately 210 lbm. 

condi t ion  demonstrates  t h e  e f f e c t s  of t h e  LH2 p r o p e l l a n t  t i l t  which had r e s u l t e d  from t h e  

launch v e h i c l e  response t o  t h e  S-I1 engine  mal func t ions .  

This  

16.2.3.1 I n f l i g h t  Dynamics E f f e c t s  

The PU mass s e n s o r  c o r r e c t i o n s ,  due t o  i n f l i g h t  dynamics, are shown i n  f i g u r e  16-2 f o r  t h e  

LH2 and LOX tanks.  These c o r r e c t i o n s  are t h e  sum of t h e  tank d e f l e c t i o n  and CG o f f s e t  

c o r r e c t i o n s  as descr ibed  i n  t h e  fol lowing paragraphs.  

The p r o p e l l a n t  t a n k  d e f l e c t i o n  c o r r e c t i o n  t o  t h e  PU i n d i c a t e d  mass 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 r e n t i a l  tank p r e s s u r e  d i f f e r e n c e  from those  experienced 

dur ing  acceptance f i r i n g .  

Figure 16-3 and 16-4 p r e s e n t  a comparison of t h e  p r e d i c t e d  and a c t u a l  f l i g h t  t a n k  d e f l e c t i o n  

c o r r e c t i o n s  f o r  t h e  LOX and LH2 m a s s  s e n s o r s .  The p r e d i c t e d  LOX c o r r e c t i o n  shows good 

agreement w i t h  t h e  a c t u a l  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  c o r r e c t i o n  

f o r  t h e  LH2 s e n s o r  w a s  a t t r i b u t e d  t o  a lower s k i n  temperature  than  p r e d i c t e d  p r i o r  t o  t h e  

f l i g h t .  Consequently t h e  a c t u a l  p o s t f l i g h t  c o r r e c t i o n  due t o  t h i s  e f f e c t  w a s  38 lbm less 

than  p r e d i c t e d  a t  S-IVB Engine S t a r t  Command. 

The o f f s e t  c o r r e c t i o n  i s  caused by t i l t i n g  of t h e  p r o p e l l a n t  l e v e l  due t o  t h e  engine t h r u s t  

v e c t o r  pass ing  through t h e  v e h i c l e  cg when t h e  cg i s  d isp laced  from t h e  l o n g i t u d i n a l  c e n t e r -  

l i n e .  

F igure  16-5 and 16-6 p r e s e n t  t h e  p r e d i c t e d  v e r s u s  t h e  f l i g h t  e v a l u a t i o n  c e n t e r  of g r a v i t y  

o f f s e t  c o r r e c t i o n  f o r  t h e  LOX and LH2 mass s e n s o r s .  The d i f f e r e n c e  between the  a c t u a l  and 

p r e d i c t e d  v a l u e s  is due t o  a MSFC change i n  t h e  payload d i s t r i b u t i o n  p r e d i c t i o n .  

d i s t r i b u t i o n  change w a s  n o t  r e f l e c t e d  i n  t h e  p r e d i c t e d  va lues .  

The payload 

16.2.3.2 Volumetric P r o p e l l a n t  Tank t o  Sensor Mismatch 

The volumetr ic  p r o p e l l a n t  tank  t o  s e n s o r  mismatch n o n l i n e a r i t y  w a s  computed from t h e  vendor ' s  

s e n s o r  d a t a  and measured unique tank  volume-height d a t a .  The vendor ' s  r a w  manufactur ing non- 

l i n e a r i t y  w a s  smoothed f o r  t h e  sensor  d i s c o n t i n u i t y  introduced dur ing  t h e  t es t  procedure.  

The smoothed S-IVB volumetr ic  t a n k  t o  s e n s o r  mismatch n o n l i n e a r i t y  is presented  i n  f i g u r e s  

16-7 and 16-8 f o r  LOX and LH2 r e s p e c t i v e l y .  The n o n l i n e a r i t y  w a s  normalized t o  t h e  s e n s o r  

active element e x t r e m i t i e s .  

16.2.4 

Table  16-3 p r e s e n t s  t h e  l e v e l  s e n s o r  m a s s  and volumetr ic  PU mass a t  each l e v e l  s e n s o r  a c t i v a t i o n  

dur ing  f l i g h t .  The l e v e l  s e n s o r  masses were computed from p r o p e l l a n t  volume a t  t h e  l e v e l  s e n s o r  

h e i g h t  l o c a t i o n  and p r o p e l l a n t  d e n s i t y  a t  t h e  l e v e l  s e n s o r  a c t i v a t i o n  t i m e .  

Comparison of Level  Sensors  and Volumetric PU Mass a t  Level  Sensor A c t i v a t i o n  

= $  
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F igures  16-9 and 16-10 show t h e  d e v i a t i o n s  between l e v e l  s e n s o r  and volumetr ic  PU m a s s  a t  

l e v e l  sensor  a c t i v a t i o n  t i m e s  f o r  acceptance  f i r i n g ,  countdown demonstrat ion test (CDDT) 

and f l i g h t .  In o r d e r  t o  compare t h e  l e v e l  sensor  d a t a  t o  t h e  PU d a t a  f o r  t h e  t h r e e  tests, 

t h e  PU masses f o r  t h e  acceptance f i r i n g  were recomputed based upon t h e  pounds p e r  p icofarad  

f l i g h t  c a l i b r a t i o n  s lope .  This  procedure normalizes  t h e  volume d a t a  so t h a t  t h e  d i f f e r e n c e s  

between l e v e l  sensor  and PU mass f o r  t h e  t h r e e  tests (acceptance f i r i n g ,  CDDT, and f l i g h t )  

are a measure of system r e p e a t a b i l i t y .  

The g e n e r a l  t rend  and magnitude of t h e  d e v i a t i o n s  f o r  bo th  t h e  LOX and LH2 tanks  are 

approximately t h e  same as experienced f o r  t h e  S-IVB-501. During f i r s t  burn,  t h e r e  i s  good 

agreement between t h e  CDDT and f l i g h t  d a t a  a l though t h e  magnitude of t h e  d e v i a t i o n s  are 

g r e a t e r  than  t h e  acceptance f i r i n g  d a t a .  

s i m i l a r i t y  between t h e  S-IVB-501 and S-IVB-502 d a t a  and t h e  g r e a t e r  than  expected m a s s  

d e v i a t i o n s .  

Fur ther  a n a l y s i s  w i l l  be  conducted i n  view of t h e  

16 .3  PU System Response 

The f i r s t  burn PU v a l v e  p o s i t i o n  i s  i l l u s t r a t e d  i n  f i g u r e  16-11. During f i r s t  burn,  t h e  PU 

v a l v e  w a s  pos i t ioned  a t  n u l l  f o r  s tar t  and remained t h e r e  u n t i l  PU a c t i v a t e  a t  f i r s t  burn 

ESC +8 see. The PU v a l v e  w a s  then  commanded t o  t h e  f u l l y  c losed  (high EMR) p o s i t i o n  a t  

a c t i v a t i o n  and remained t h e r e  u n t i l  ESC +171.9 s e c ,  a t  which t i m e  t h e  PU system w a s  

deac t iva ted .  The extended burnt ime r e s u l t i n g  from t h e  e a r l y  shutdown of two of t h e  S-I1 

engine caused 30.7 s e c  of a d d i t i o n a l  S-IVB o p e r a t i o n  a t  t h e  LOX-rich s t o p .  

The a c t u a l  second burn PU v a l v e  p o s i t i o n  i s  presented  i n  f i g u r e  16-12. A t  RO +11,574.7 sec 

(40 sec p r i o r  t o  second burn Engine S t a r t  Command) t h e  PU v a l v e  low hardover  command was 

i s s u e d ;  0.8 s e c  later,  t h e  PU v a l v e  reached t h e  low s t o p  and remained t h e r e  u n t i l  

ESC +13 s e c ,  a t  which t i m e  PU a c t i v a t e  w a s  commanded by t h e  I U .  Following PU a c t i v a t e  

t h e  v a l v e  t r a v e l l e d  t o  t h e  h igh  s t o p  i n  3 s e c ,  and remained t h e r e  u n t i l  PU d e a c t i v a t e  

(1 sec l a t e r ) .  Following PU d e a c t i v a t e ,  t h e  v a l v e  s t a r t e d  back toward n u l l  bu t  t h e  removal 

of t h e  PU system power l e f t  t h e  v a l v e  a t  26.7 deg. 
pu v a l v e  would have r e t u r n e d  t o  n u l l .  

Had restart been achieved,  w i t h  a normal LOX mass system o p e r a t i o n ,  i t  i s  h i g h l y  probable  

t h e  PU system would have descr ibed  t h e  rev ised  second burn p r e d i c t i o n  ( f i g u r e  16-13). 

p r e d i c t i o n  i s  based on t h e  a c t u a l  S-IVB f i r s t  burn and c o a s t  d a t a  which inc luded  t h e  

i n i t i a l  LOX overload,  extended S-IVB f i r s t  burn o p e r a t i o n ,  and b o i l o f f  d a t a .  

Had t h e  power n o t  been s h u t  o f f ,  t h e  

This  

During t h e  second r e v o l u t i o n ,  t h e  LOX m a s s  b r idge  experienced d i s t u r b a n c e s  on n i n e  d i f f e r e n t  

occasions which caused t h e  LOX br idge  t o  s l e w  toward t h e  f u l l  s t o p .  On each occas ion  t h e  

b r i d g e  subsequent ly  recovered except  f o r  t h e  l a s t  d i s t u r b a n c e  a t  RO +11,091 s e c  of f l i g h t  

when t h e  LOX m a s s  b r idge  slewed t o  t h e  f u l l  mechanical s t o p  and remained t h e r e  f o r  t h e  

remainder of t h e  8-IVB mission.  
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Had second burn been s u s t a i n e d  w i t h  t h e  PU system i n  t h e  malfunct ioned mode, t h e  engine 

would have opera ted  i n  t h e  h igh  EMR mode u n t i l  v e l o c i t y  c u t o f f .  In t h a t  mode, guidance 

c u t o f f  is p r e d i c t e d  t o  occur  a t  second burn ESC +263 sec. In t h e  h i g h  EMR hardover  mal- 

f u n c t i o n  mode, p r o p e l l a n t  d e p l e t i o n  would occur a t  second burn ESC +265 sec. 

16.4 PU System Anomalies 

PU system o p e r a t i o n  w a s  normal dur ing  t h e  CDDT and dur ing  p r o p e l l a n t  loading  f o r  the  

S-IVB-502 f l i g h t .  AS-502 l i f t o f f  w a s  a t  12:OO:Ol and f i r s t  burn engine  c u t o f f  occurred 

approximately 747 sec a f t e r  l i f t o f f .  

as shown i n  f i g u r e  16-14. 

t h r u s t  requi red  d u r i n g  t h i s  i n i t i a l  p o r t i o n  of  f l i g h t .  Some t i m e  a f t e r  engine c u t o f f ,  

t h e  PU e l e c t r o n i c s  i n d i c a t e d  t h e  expected c a p i l l a r y  a c t i o n  on both  t h e  LOX and LH2 PU probes.  

Data i s  a v a i l a b l e  f o r  t h e  per iods :  RO +5,400 t o  RO +6,300 sec, RO +10,300 t o  RO +10,800 sec, 

and RO + 10,960 sec up t o  and i n c l u d i n g  t h e  restart a t tempt .  F igure  16-15 shows t h a t  d a t a  

a v a i l a b l e  f o r  t h e  per iod  BO +10,960 sec through restart. P r i o r  t o  RO +10,610 sec, t h e  LOX 

mass br idge  i n d i c a t e d  t h a t  t h e  probe w a s  completely f i l l e d  w i t h  p r o p e l l a n t .  The PU 

e l e c t r o n i c  assembly c a l i b r a t i o n  f o r  t h e  S-IVB would a l low t h e  c o a r s e  mass i n d i c a t i o n  t o  

read approximately 4.5 vdc and t h e  f i n e  mass i n d i c a t i o n  t o  i n d i c a t e  approximately 2.2 vdc 

when t h e  probe i s  completely f i l l e d .  

A t  RO +10,610 and RO +10,635 sec i n t o  f l i g h t ,  t h e  LOX br idge  began t o  s l e w  a t  t h e  maximum 

rate  toward t h e  f u l l  s t o p .  The br idge  recovered each t i m e  w i t h i n  1 sec and o p e r a t i o n  

re turned  t o  normal. A t  RO +10,660 sec, t h e  LOX b r i d g e  aga in  slewed a t  maximum rate t o  t h e  

f u l l  s t o p  i n d i c a t i n g  an  o v e r - f u l l  i n d i c a t i o n .  The LOX b r i d g e  remained i n  t h i s  p o s i t i o n  

u n t i l  d a t a  dropout ,  which occurred  a t  RO +10,880 sec. The n e x t  a v a i l a b l e  d a t a  beginning 

a t  RO +10,960 sec shows t h e  b r i d g e  had recovered at  some per iod dur ing  d a t a  dropout .  

A t  RO +10,967 s e c  i n t o  f l i g h t ,  t h e  LOX br idge  a g a i n  slewed a t  t h e  maximum rate i n d i c a t i o n  

an o v e r - f u l l  condi t ion .  The b r i d g e  recovered w i t h i n  3 sec and o p e r a t i o n  r e t u r n e d  t o  normal. 

A t  RO +11,066, RO +11,072, RO +11,087, and RO +11,090 sec t h e  f i n e  m a s s  aga in  i n d i c a t e d  

an anomaly by s t a r t i n g  t o  s l e w  towards t h e  f u l l  s t o p  a t  t h e  maximum rate. Each of t h e s e  

malfunct ions w e r e  of less than  1 sec d u r a t i o n .  A t  RO +11,091 sec t h e  b r i d g e  slewed a t  

maximum rate and t h i s  t i m e  reached t h e  f u l l  mechanical s t o p  of t h e  output  po ten t iometer .  

The br idge  d i d  n o t  recover  from t h i s  p o s i t i o n  f o r  t h e  remainder of t h e  S-IVB mission.  

During t h i s  per iod ,  PU system o p e r a t i o n  w a s  normal 

The EMR v a l v e  w a s  p o s i t i o n e d  a t  5 . 5 : l  t o  provide  t h e  h i g h  

16.4.1 F a i l u r e  Analys is  

The PU system i s  an  i n f l i g h t ,  c losed-loop,  propel lant-mass-rat io  c o n t r o l  system c o n s i s t i n g  

of  two capac i tance  m a s s  probes,  an e l e c t r o n i c s  assembly, and a l i q u i d  oxygen f low-control  

v a l v e  w i t h  va lve-pos i t ion ing  assembly. 
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a 

The PU system provides continuous 0-5 vdc analog output  s i g n a l s  of the  p rope l l an t  masses. 

These outputs  are obtained from the  coarse  and f i n e  mass telemetry potentiometers and are 

s e n t  t o  the  s t a g e  telemetry system f o r  transmission t o  the ground s t a t i o n .  

I n  opera t ion ,  i nd ica t ed  LOX m a s s  is compared t o  t h e  product of i nd ica t ed  LH2 mass t i m e s  t h e  

predetermined p rope l l an t  mass-ratio re ference .  

predetermined p rope l l an t  m a s s  i s  then used to  propor t iona l ly  con t ro l  the  LOX pump bypass 

f lowra te ,  thereby a l t e r i n g  t h e  EMR. A change i n  t h e  EMR produces a change i n  the  remaining 

p rope l l an t  mass r a t i o .  

The LOX mass br idge  i s  a servo  balanced capacitance type which converts changes i n  

p rope l l an t  m a s s  t o  a propor t iona l  output voltage.  The br idge  cons i s t s  of a capac i tance  

mass probe i n  one l eg ,  a s t a b l e  re ference  capac i tor  mounted i n  a temperature con t ro l l ed  

oven i n  another l eg ,  and transformer vol tage  sources  i n  t h e  t h i r d  and f o r t h  leg .  

Figure 16-16 is  a schematic diagram of t h e  servo  balanced bridge. 

The capacitance of the  mass probe changes i n  d i r e c t  p ropor t ion  t o  the  v a r i a t i o n s  i n  pro- 

p e l l a n t  m a s s .  This change i n  capac i tance  w i l l  unbalance the  br idge ,  r e s u l t i n g  i n  an output 

s i g n a l  t o  the  br idge  ampl i f i e r ,  which i n  tu rn  d r i v e s  the  servomotor and rebalance poten- 

t iometer to seek a n u l l  condition. When rebalance occurs,  no output  is developed by the  

b r idge  network, and the re fo re ,  t h e  motor and potentiometer w i l l  remain i n  t h a t  pos i t i on .  

In orde r  f o r  t he  capacitance br idge  t o  slew a t  maximum r a t e  toward the  f u l l  s top ,  i t  is 

necessary t o  have a condi t ion  which causes the br idge  t o  unbalance s o  t h a t  t h e  rebalance 

potentiometer w i l l  at tempt t o  n u l i  a t  o r  p a s t  t he  f u l l  s top .  

In orde r  t o  c r e a t e  such a condi t ion  i n  the  PU e l e c t r o n i c s  assembly, an open c i r c u i t  i s  

requi red  i n  the  f u l l  a d j u s t  potentiometer,  rebalance potentiometer,  o r  re ference  capac i tor .  

These open c i r c u i t s  are ind ica t ed  by X's on the  schematic diagram shown i n  f i g u r e  16-16. 

The over - fu l l  condi t ion  could a l s o  be caused by t h e  LOX m a s s  probe o r  its assoc ia ted  cabling. 

Figure 16-17 i n d i c a t e s  the  f a i l u r e  modes of the  capacitance probe. Summarized below a r e  

t h e  four  probe andfor  cab l ing  f a i l u r e s  which could cause t h e  br idge  t o  s l e w  t o  the  f u l l  

The d i f f e rence  between t h e  a c t u a l  and 

s top .  

a.  

b. 

C. 

d. 

The Inner  Element Shorted t o  Ground 

This w i l l  cause the  b r idge  t o  s l e w  a t  a slow rate t o  the  f u l l  s top .  

The Inner  Element Shie ld  Shorted t o  the  Outer Element 

This w i l l  cause the  b r idge  t o  s l e w  a t  maximum rate t o  the  f u l l  s t o p  i f  t he  

s h o r t  is no g r e a t e r  than 2K ohms. 

Inner  Element Shie ld  Open 

This w i l l  cause the  b r idge  t o  s l e w  a t  maximum rate t o  t h e  f u l l  s top .  

The Inner  Element Shorted t o  the  Outer Element 

This w i l l  cause the  br idge  t o  s l e w  a t  maximum rate t o  the  f u l l  s top .  
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The i n t e r m i t t e n t  o p e r a t i o n  o f  t h e  LOX b r i d g e  p r i o r  t o  restart t e n d s  t o  i n d i c a t e  a c o n d i t i o n  

which e l i m i n a t e s  component f a i l u r e s  such  as r e s i s t o r s  , t r a n s i s t o r s  , c a p a c i t o r s  , e tc .  

anomaly appears  t o  b e  o f  t h e  t y p e  p r e s e n t  w i t h  either an open w i r e l c a b l e  s h i e l d  o r  a s h o r t  

between probe elements. 

The 

16.4.2 Anomaly Gonclusions 

A t  t h i s  t i m e  t h e r e  appears  t o  b e  two p o s s i b l e  causes  f o r  t h e  PU sys tem anomaly noted dur ing  

t h e  S-IVB f l i g h t .  These causes  are: 

a. An i n t e r m i t t e n t  c a b l e  s h i e l d  between t h e  mass probe and t h e  PU electronics 

assembly . 
Metallic d e b r i s  o f  some type i n  the LOX tank  which caused a s h o r t  between t h e  

i n n e r  and o u t e r  e lements  o f  t h e  LOX PU probe.  

b .  

PU system o p e r a t i o n  w a s  normal d u r i n g  f i r s t  burn  and t h e  f i r s t  appearance of  t h e  b r i d g e  

anomaly occurred d u r i n g  o r b i t i n g  c o n d i t i o n s .  

could  b e  d i s t r i b u t e d  anywhere i n  t h e  tank  and p o s s i b l y  lodge  between t h e  probe elements .  

As  t h e  PU system o p e r a t i o n  w a s  normal d u r i n g  powered f l i g h t  w h i l e  t h e  LOX m a s s  probe,  its 

a s s o c i a t e d  c a b l e  and PU e l e c t r o n i c s  assembly, were under  t h e  h i g h e s t  v i b r a t i o n  levels 

experienced d u r i n g  f l i g h t ,  t h e  p o s s i b i l i t y  of  an i n t e r m i t t e n t  c a b l e  s h i e l d  appears  t o  b e  

remote. Therefore ,  t h e  most probable  cause  of  t h e  PU system anomaly w a s  metall ic d e b r i s  

i n  t h e  LOX tank  s h o r t i n g  t h e  i n n e r  and o u t e r  e lement  o f  t h e  LOX probe ,  t h u s  caus ing  t h e  

LOX b r i d g e  t o  s l e w  a t  a maximum rate t o  t h e  o v e r - f i l l  c o n d i t i o n .  

F igure  16-18 shows t h e  s l e w  rates of  t h e  L H 2  b r i d g e  d u r i n g  t h e  f a i l u r e  t h a t  occurred on 

the S-IVB-503N a t  Sacramento, t h e  s l e w  rate of  t h e  LOX b r i d g e  d u r i n g  t h e  S - I V B - 5 0 2  f l i g h t ,  

and t h e  l a b  test  d a t a  o b t a i n e d  on a PU system breadboard a t  Space Systems Center ,  

Huntington Beach, when a LOX mass probe f a i l u r e  w a s  s imula ted  by s h o r t i n g  t h e  e lements  

of a s imula ted  mass probe. 

Debr is  i n  t h e  tank  d u r i n g  o r b i t a l  c o n d i t i o n s  
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P r o p e l l a n t  U t i l i z a t i o n  

ITEM 

PROPELLANT LOAD 

Des i red  

PU i n d i c a t e d  

PU i n d i c a t e d  ( c o r r e c t e d )  

F l i g h t  f low i n t e g r a l  

PU v o l u m e t r i c  

Level  s e n s o r  

T r a j e c t o r y  r e c o n s t r u c t i o n  

Best estimate 

DEVIATION FROM BEST ESTIMATE 

Des i red  

PU i n d i c a t e d  

PU i n d i c a t e d  ( c o r r e c t e d )  

F l i g h t  f low i n t e g r a l  

PU v o l u m e t r i c  

Level s e n s o r  

Tra j ec t o r y  r e c o n s t r u c t i o n  

LEVEL 
SENSOR 

~ 

(LOX TANK) 

LO013 

LO012 

LOO11 

(LH2 TANK) 

NO023 

NO024 

NO025 

NO026 

TABLE 16-2 
PROPELLANT LOADING SUMf.zARY 

LOX 
( Ibm) 

193,273 

193,412 

193,412 

194,097 

194,272 

194 , 893 
-- 
194,140 

-867(-0.447%) 

-728(-0.375%) 

-728 (-0.375%) 

-43(-0.022%) 

+132(+0.068%) 

+75 3 (+O .388%) 
-- 

42,493 

42,442 

42,482 

42,440 

42,266 

42,569 
-- 

42,448 

+45 (+O. 106%) 

-6(-0.014%) 

+34 (+0.080%) 

-8 (-0.019 %) 

-182(-0.429%) 

+121(+0.285%) 
-- 

TABLE 16-3 
LEVEL SENSOR AND VOLUMETRIC PU MASS AT 
LEVEL SENSOR ACTIVATION DURING FLIGHT 

ACTIVATION 
TIME (sec)  

FROM RO 

LEVEL 
SENSOR 

MASS 
(Ibm) 

586.2 

626.1 

687.1 

596.4 

637.8 

685.6 

731.8 

193,508 

174,946 

147,354 

1 4 1  , 349 

37,800 

33,809 

29,898 

VOLUMETRIC 
PU MASS 

(Ibm) 

192,906 

174,491 

146,761 

40,994 

37,450 

33,437 

29,580 

~ Ohm) 

235,766 

235 , 854 

235,894 

236,537 

236,538 

237,462 

236,526 

236,588 

-822(-0.348%) 

-734(-0.310%) 

-694(-0.293%) 

-51(-0.022%) 

-5O(-0.021%) 

+874(+0.369%) 

-62 (-0.026%) 

DEVIATION 
LEVEL SENSOR-PU 

(lbm) 

+602 

+455 

+593 

+355 

+350 

+372 

+318 
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Figure 16-1. Total  Mass Sensor F l i g h t  Nonl inear i ty  
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Figure 16-5. LOX PU Mass Sensor Correction Due t o  CG Offset 

INDICATED MASS (1000 LBM) 

Figure 16-6. LH2 PU Mass Sensor Correction Due t o  CG Offset 
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Figure 16-9. Level Sensor and Volumetric PU Mass Comparison - LOX Tank 
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TIME FROM RANGE ZERO (SEC) 

Figure 16-15. LOX Mass History - Restar t  Preparations 

QUADRATURE 
REJECTION 

PROBE SHIELD 1 TRIGGER 1 

/ P 

COARSE MASS 
(T/M & LOADING) 

115 VDCO 

I 
I 

FINE MASS I 

I 

115 VDCO 

I * (T/M & LOADING) 

I 
117 V D C O G  I 

I UTILIZATION 
CIRCUITRY II TO BRIDGE 

FEEDBACK POT 117 V D C o  
RETURN 

Figure 16-16. Servo Bridge 
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Sect ion  17 
S-II/S-IVB Stage Separa t ion  

1 7 .  S-111s-IVB SEPARATION 

Separation of t h e  S-IVB from t h e  S-I1 w a s  accomplished f a s t e r  than predic ted  f o r  a nominal 

s epa ra t ion  by 0.07 sec .  

due t o  two engines ou t .  

Separation Command (es tab l i shed  from extensometer d a t a ) .  

out on t h e  S-I1 a r e s u l t a n t  unbalanced moment is introduced on t h e  S-I1 causing a p o s i t i v e  

S-I1 p i t c h  r a t e  making t h e  c r i t i c a l  s epa ra t ion  poin t  on p o s i t i o n  I s i d e  of t h e  S-IVB t h r u s t  

s t r u c t u r e .  The c learance  d i s t ance  used f o r  s epa ra t ion  was approximately 6.7 i n .  i n  t h e  

d i r e c t i o n  of pos i t i on  I. 

pos i t i on  a+ t h e  t i m e  of separa t ion .  

Table 17-1 conta ins  s i g n i f i c a n t  times and events  f o r  S-111s-IVB separa t ion .  

Figure 17-1 p re sen t s  t h e  a x i a l  s epa ra t ion  h i s t o r y  of t h e  S-111s-IVB separa t ion .  

included i n  t h i s  f i g u r e  a r e  t h e  pred ic ted  and a c t u a l  S-IVB-501 sepa ra t ion  h i s t o r i e s .  

Figure 17-2 shows the  long i tud ina l  acce le ra t ions  €or t h e  S-I1 and S-IVB. 

acce le ra t ion  h i s t o r i e s  were obtained from S-I1 and S-IVB accelerometer data.  A time base 

w a s  applied t o  these  acce le ra t ion  h i s t o r i e s  t o  compensate f o r  the  time l a g  inhe ren t  i n  

the  accelerometer da ta .  

t i m e  b i a s .  

This w a s  caused by lower than nominal S-I1 t a i l -o f f  t h r u s t  l e v e l  

F i r s t  a x i a l  motion between t h e  s t ages  occurred 0.049 sec  a f t e r  t h e  

Due t o  engines two and t h r e e  being 

I n  add i t ion ,  approximately 12 i n .  were used due t o  engine gimbal 

Also 

The recons t ruc ted  

Retrorocket chamber pressure  d a t a  w a s  used t o  determine the  

Figure 17-3 presents  the  l a t e r a l  acce le ra t ions  f o r  t h e  S-I1 and S-IVB. 

acce le ra t ion  va r i ed  between 0.65 f t / s e c 2  t o  -0.4 f t / s e c 2  and the  yaw acce le ra t ion  var ied  

between 0.5 f t / s e c 2  and -0.4 f t / s e c  . 
- +0.6 f t / s e c 2  and yaw 20.2 f t / s e c  . 
The angular ve loc i ty  f o r  both t h e  S-I1 and S-IVB i s  presented i n  f igu re  17-4. The S- I1  

r a t e s  w e r e  a l l  approximately zero a t  f i r s t  motion. The S-I1 p i t c h  r a t e  increased t o  

approximately 2 deg/sec by the  end of separa t ion .  The yaw r a t e  increased t o  0.95 deg/sec 

by the  end of s epa ra t ion  and the  r o l l  r a t e  remained approximately zero throughout separa- 

t ion.  The inc rease  i n  both the S-I1 p i t c h  and yaw r a t e s  a f t e r  f i r s t  motion w e r e  caused 

by t h e  combination of two engines ou t  on t h e  S-I1 and r e t ro rocke t  misalignment of 

approximately 0 .1  deg. 

below 0.2 deg/sec and the  r o l l  rate remaining below 0.5 degjsec.  

The path of the  i n t e r s t a g e  l i p  during sepa ra t ion  is shown i n  f i g u r e  17-5. The c l o s e s t  

approach po in t  w a s  a po in t  on the  S-IVB engine b e l l  a t  p o s i t i o n  I. During sepa ra t ion  

6.7 in .  of lateral  c learance  w a s  u t i l i z e d .  The S-IVB engine w a s  i n  a hardover (6.7 deg) 

pos i t i on  i n  the  d i r e c t i o n  of pos i t i on  I but a c learance  of approximately 64 i n .  s t i l l  
remained. 

The S-I1 p i t c h  

2 The S-IVB l a t e r a l  acce le ra t ions  w e r e  f o r  p i t c h  
2 

The S-IVB r a t e s  were a l l  s m a l l  wi th  p i t c h  and yaw r a t e s  remaining 

Figure 17-6 p resen t s  t he  r e l a t i v e  v e l o c i t y  between t h e  two s t ages  during separa t ion .  

17-1 
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TABLE 17-1 
SEQUENCE OF EVENTS DURING S - I I / S - I V B  SEPARATION 

EVENT 

S- I1  ECC 

Ul lage  r o c k e t  i g n i t i o n  

75% u l l a g e  t h r u s t  

S e p a r a t i o n  Command 

S -I I re t ro  r o  cke t i g n i  t i o n  

10% r e t r o r o c k e t  t h r u s t  

F i r s t  axial  motion 

90% r e t r o r o c k e t  t h r u s t  

S-IVB ESC 

S e p a r a t i o n  complete 

TIME FROM 
RANGE ZERO 

+576.327 

+576.956 

+577.07 

+577.079 

+577.076 

+577.11 

+577.125 

+577.13 

+577.268 

+578.066 

TIME FROM SEPARATION 
COI: 

ACTUAL 

-0.766 

-0.12 

-0.006 

0.0 

0.0 

0.034 

0.049 

0.054 

0.192 

0.99 

AND 

PREDICTED 

-0.8 

-0.1 

- 

0.0 

0.0 

0.075 

- 

0.2 

1.06 
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Sec t ion  18 
Data Acquis i t ion  System 

t 6 

18. DATA ACQUISITION SYSTEM 

18.1 Data Acquis i t ion  System Objec t ive  

The o b j e c t i v e  of t h e  d a t a  a c q u i s i t i o n  system w a s  t o  ga the r  information desc r ib ing  t h e  per for -  

mance of s t a g e  systems and environments. The measurements c o l l e c t e d  are s p e c i f i e d  i n  t h e  

Douglas Drawing 1B43567, "AL" change Ins t rumenta t ion  Program and Components L i s t  (IP&CL). 

The information acqui red  from t h e  measurements w a s  converted i n t o  te lemet ry  format and 

t ransmi t ted  t o  ground s t a t i o n s  loca t ed  throughout t h e  f l i g h t  path.  The f i n a l  d a t a  w e r e  

processed t o  conform with t h e  requirements  of the  measurement requirement drawings. 

Data s h a l l  be eva lua ted  t o  requirements s p e c i f i e d  i n  the  IP&CL, from automatic  sequence 

s t a r t  through S-IVB Command Serv ice  Module sepa ra t ion .  

18.2 Summary of Performance 

The performance of t he  d a t a  a c q u i s i t i o n  system w a s  e x c e l l e n t  throughout t h e  f l i g h t  mission.  

A l l  systems performed as designed,  and the re  were no system malfunct ions.  The number of  

measurement f a i l u r e s  w a s  low f o r  t h e  two eva lua t ion  phases of t he  AS-502 mission as 

summarized below: 

Measurements ass igned  

Measurements monitored by S-I1 

Measurements i nope ra t ive  due t o  s t a g e  conf igura t ion  

Checkout measurements 

Measurements de l e t ed  p r i o r  t o  f l i g h t  

Measurements prevented from be ing  t ransmi t ted  

Phase I 

Phase I1 

Measurements a c t i v e  f o r  f l i g h t  

Phase I 

Phase I1 

Phase I measurement f a i l u r e s  

Phase I measurement e f f i c i e n c y  

Phase I1 measurement f a i l u r e s  

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

616 

4 

1 

11 

9 

0 

3 

591 

588 

10 

9 8 . 3  percent  

14 

97 .6  percent  

A d e t a i l e d  p re sen ta t ion  s t a t u s  f o r  t h e  f l i g h t  mission is presented  i n  t a b l e  18-1. 

de l e t ed  measurements p r i o r  t o  t h e  f l i g h t  are descr ibed  i n  t a b l e  18-2. The t h r e e  mzasurements 

prevented from being t r ansmi t t ed  f o r  phase I1 are e l abora t ed  on i n  t a b l e  18-3. 

The n ine  

1 8 . 3  Ins t rumenta t ion  System Performance 

The performance of t he  ins t rumenta t ion  system w a s  s a t i s f a c t o r y  throughout t h e  AS-502 

mission.  Ten measurements w e r e  considered phase I f a i l u r e s  ( l i f t o f f  t o  f i r s t  S-IVB engine 

cu tof f  +10 s e c ) .  An a d d i t i o n a l  f o u r  measurements f a i l e d  a f t e r  phase I t o  g ive  a t o t a l  of 14 

phase I1 measurement f a i l u r e s .  Table 18-4 e l abora t e s  on each measurement f a i l u r e .  Measure- 

ments which w e r e  n o t  f a i l u r e s  bu t  considered as ques t ionable ,  are covered i n  t a b l e  18-5. 
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The remote au tomat ic  checkout system (RACS) c a l i b r a t i o n  l e v e l s  were eva lua ted  a t  

RO -1,161 see (11:40:40 h r  GMT). 

D0031-415 ( P r e s s  - APS Chamber 2-2), D0206-404 ( P r e s s  I n t ,  Af t  S k i r t ,  LOC l), and SOO92-426 

( S t r a i n  - Dyn, Fwd S k i r t ,  P n l  55) .  The fo l lowing  list d e l i n e a t e s  t h e  measurements t h a t  

Three measurements exceeded t h e  3 percent  l e v e l  t o l e r a n c e .  

exceeded 2 percent .  

Measurement No. 
and T i t l e  

D0031-415 
P r e s s  - APS Chamb 2-2 

D0206-404 
P r e s s  - I n t ,  Af t  S k t ,  LOC 1 

SOO92-426 
S t r a i n  - Dyn, Fwd S k t ,  P n l  55 

D0192-426 
P r e s s  - Ext ,  Af t  I n t r s t g ,  LOC 1 4  

D0196-4 19 
Press  - Ext,  Af t  I n t r s t g ,  LOC 18 

D0198-419 
Press  - Ext,  Af t  I n t r s t g ,  LOC 2 

DO19 9 -4 19 
Press  - Ext ,  A f t  I n t r s t g ,  LOC 2 1  

D0201-427 
Press  - Ext,  Af t  S k t ,  LOC 5 

D0210-402 
P r e s s  - I n t ,  I n t r s t g ,  LOC 6 

RACS 
Leve 1 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

High 
Low 

PCM B i t  
count  

( FM) 
(FM) 

787 
188 

( FM) 
( FM) 

827 
246 

786 
19 7 

788 
194 

795 
198 

826 
243 

783 
199 

Percent  from 
Nominal 

-3 
-3 

-1.7 
-3.2 

-3 
-1 

+2.7 
+2.8 

-1.8 
-2.6 

-1.6 
-2.6 

-0.9 
-2.2 

+2.3 
+2.5 

-2.2 
- 2 . 1  

18.4 Telemetry System Performance 

The te lemet ry  system performance w a s  w i t h i n  expected nominals. No d e v i a t i o n  from t h e  normal 

w a s  observed. 

18.4.1 P u l s e  Code Modulation Subsystem 

A l l  analog m u l t i p l e x e r s  w e r e  p r o p e r l y  synchronized with r e s p e c t  t o  t h e i r  p u l s e  code modula- 

t i o n  (PCM) assembl ies .  

coded. Analog-to-digi ta l  conversion appears  uniform throughout  t h e  l i f e  of t h e  s t a g e .  

PCM w a s  u t i l i z e d  as t h e  prime d a t a  source  f o r  sampled d a t a .  

The PCM wave t r a i n  w a s  p r o p e r l y  s e r i a l i z e d  and sync words proper ly  

18.4.2 P u l s e  Amplitude Modulation Subsystem 

PAM w a s  t h e  secondary d a t a  source  f o r  sampled d a t a ;  t h e r e f o r e ,  a l l  channels  were n o t  

reduced f o r  e v a l u a t i o n .  

d a t a ,  t h e  p u l s e  ampli tude modulation (PAM) systems appear  normal. Higher d a t a  n o i s e  w a s  

However, from t h e  l i m i t e d  reduced d a t a  and t h e  PCM/PAM comparison 

observed on PAM as compared t o  PCM; however, t h i s  w a s  expected and i s  i n h e r e n t  i n  PAM 

s y s  t e m s  . 

7 

,2 

t 
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? 

18.4.3 Frequency Modulation Subsystem 

The frequency c h a r a c t e r i s t i c  f o r  i n d i v i d u a l  s u b c a r r i e r  o s c i l l a t o r s  (SCO) are l i s t e d  i n  

t a b l e  18-6. A l l  SCO's w e r e  w i t h i n  band t o l e r a n c e s .  System c a l i b r a t i o n s  were v e r i f i e d  

whenever commanded by t h e  swi tch  s e l e c t o r .  

d i s t i n g u i s h a b l e .  

A l l  c a l i b r a t i o n  l e v e l s  w e r e  p r e s e n t  and e a s i l y  

18.4.4 S ingle  Sideband Subsystem 

Data from t h e  s i n g l e  s ideband system v e r i f i e d  t h e  proper  sampling of  t h e  245 mul t ip lexer .  

The 1,700 Hz c a l i b r a t i o n  s i g n a l  w a s  a c t u a l l y  1,713 Hz, which w a s  w e l l  w i t h i n  t h e  c a l i b r a t i n g  

to le rance .  The presence of  t h e  c a l i b r a t i o n  s i g n a l  w a s  v e r i f i e d  whenever c a l i b r a t i o n  w a s  

commanded. 

The system w a s  commanded OFF/ON/OFF at RO +296, RO +11,496, and RO +11,640 sec, 

r e s p e c t i v e l y .  

ou tput  power. 

System o p e r a t i o n  w a s  v e r i f i e d  by t h e  presence of t h e  SS/FM t r a n s m i t t e r  RF 

18.4.5 Tape Recorder 

The c r i t i ca l  d a t a  l o s s  p e r i o d  a t  S-IC/S-I1 s e p a r a t i o n  w a s  n o t  recovered due t o  t h e  i n s u f f i -  

c i e n t  preprogrammed playback t i m e  t h a t  r e s u l t e d  from t h e  over-burn of t h e  S-I1 f l i g h t  phase. 

The t a p e  recorder  w a s  commanded t o  f a s t  record  a t  RO +135 t o  RO +160 sec t o  recover  d a t a  

dur ing  S-IC/S-I1 s e p a r a t i o n .  

t h e  t i m e  of S-111s-IVB s e p a r a t i o n ,  w a s  commanded t o  f a s t  record  a t  RO +483 sec 

(TB4 +335 s e c )  and w a s  n o t  commanded t o  s t o p  record ing  u n t i l  RO +597 s e c  (TB5 +21 s e c ) .  

The t o t a l  t i m e  f o r  t h e  second record ing  w a s  114 sec. Upon i n s e r t i o n ,  t h e  t a p e  r e c o r d e r  w a s  

commanded t o  p lay  back a t  RO +835 sec f o r  t h e  preprogrammed t i m e  of 73 s e c .  This  playback 

t i m e  w a s  n o t  s u f f i c i e n t  t o  completely p lay  back t h e  second record ing  phase. 

The s h o r t  playback from t h e  launch phase f a s t  record ing  t h a t  r e s u l t e d  i n  an incomplete  

rewinding of t h e  r e c o r d e r  tape ,  e q u i v a l e n t  t o  528 sec of s low recording,  w a s  n o t  d e t r i m e n t a l  

t o  t h e  programmed recovery of out-of-range o r b i t a l  da ta .  

Except f o r  d i f f i c u l t i e s  i n  timing c o r r e l a t i o n  due t o  t h e  abnormal o r b i t  t r a j e c t o r y ,  a l l  

o r b i t a l  record ings  w e r e  s u c c e s s f u l l y  recovered and reduced. 

The e v a l u a t i o n  of  t h e  f a s t  o p e r a t i o n  per iod  i n d i c a t e d  an  average speed of  29.99 i n . / s e c  wi th  

a wow amplitude of 0.24 i n . / s e c  

ampli tude of 0.45 in./sec2 P-P a t  t h e  rate of 4,690 Hz. 

t o  a t t a i n  speed s t a b i l i t y  i n  t h e  f a s t  o p e r a t i o n  mode. 

The second f a s t  record ,  programmed t o  recover  d a t a  dur ing  

2 peak t o  peak (P-P) a t  t h e  rate of 15.5 Hz and a f l u t t e r  

The t a p e  r e c o r d e r  r e q u i r e d  2.11 sec 

18.4.6 C a l i b r a t i o n  Subsystem 

The remote automatic  checkout system (RACS), used f o r  ins t rumenta t ion  system e v a l u a t i o n ,  w a s  

e x e r c i s e d  a t  RO -1,161 sec. High mode w a s  i n i t i a t e d  a t  RO -1,161 sec, low mode a t  

RO -1,144 sec, and re turned  t o  run mode a t  RO -1,130 sec. 

a l l  channels .  

RACS l e v e l s  were v e r i f i e d  on 

18-3 



S e c t i o n  18 
Data Acquis i t ion  System 

Telemetry system c a l i b r a t i o n  w a s  s e n t  t o  t h e  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  assemblies  i n  

t h e  proper  sequence and a l l  c a l i b r a t i o n  l e v e l s  w e r e  p r e s e n t .  

18.5 Radio Frequency System 

The performance of t h e  RF system w a s  w i t h i n  expected nominal as shown i n  t a b l e  18-7. 

performance f i g u r e s  w e r e  taken a t  f o u r  d i f f e r e n t  p l a c e s  because of d a t a  d r i f t s  encountered 

dur ing  t h e  launch per iod .  The s e l e c t e d  t i m e s  are: Prelaunch (RO -1 s e c ) ,  p r i o r  t o  f i r s t  

burn (RO +500 s e c ) ,  p o s t  f i r s t  burn when s i n g l e  s ideband w a s  OFF (RO +780 sec), and p r i o r  

t o  second burn (RO +11,600 s e c ) .  Major d r i f t i n g  of t h e  d e t e c t o r s  occurred  a t  l i f t o f f  and 

max q; s t a b i l i t y  w a s  a t t a i n e d  by RO +600 sec. 

The t r a n s m i t t e r  ou tput  power of  FM/FM 2,  FM/FM 3, and SSB/FM w a s  h i g h e r  than  s p e c i f i e d  by 

s p e c i f i c a t i o n s ;  however, d e t r i m e n t a l  e f f e c t s  w e r e  n o t  observed. The h igh  power output  w a s  

confirmed dur ing  d e t e c t o r  c a l i b r a t i o n .  

The 

The RF system blackout  p e r i o d  dur ing  

t a p e  recorder  playback d a t a  w e r e  n o t  

f o r  0.83 sec. Flame a t t e n u a t i o n  w a s  

Good system performance w a s  v e r i f i e d  

w a s  observed due t o  t h e  d e p l e t i o n  of 

18.6 S i g n a l  S t r e n g t h  

S-IC/S-I1 s e p a r a t i o n  w a s  n o t  e v a l u a t e d  because t h e  

recovered.  Data lo s s  w a s  observed a t  RO +149.23 sec 

n o t  observed dur ing  S-111s-IVB s e p a r a t i o n .  

u n t i l  RO +33,000 sec when degrada t ion  of performance 

t h e  electrical  power source .  

Based upon a v a i l a b l e  d a t a  reviewed, i t  is concluded t h a t  o v e r a l l  f l i g h t  coverage w a s  good 

as i n d i c a t e d  by d a t a  recovery. The rece ived  s i g n a l  l e v e l s  were g e n e r a l l y  as expected when 

t h e  antenna r a d i a t i o n  p a t t e r n s  are considered w i t h  r e s p e c t  t o  t h e  a t t i t u d e  and range of t h e  

v e h i c l e .  

F igures  18-1 and 18-2 show t h e  s i g n a l  s t r e n g t h  l e v e l  rece ived  a t  t h e  noted ground s t a t i o n s  

from t h e  S-IVB-502 PCM te lemet ry  l i n k .  The t i m e  per iods  shown w e r e  s e l e c t e d  t o  d e p i c t  t h e  

prime i n t e r e s t  areas of  t h e  f i r s t  burn (RO +577 t o  RO +747 s e c )  and second burn (RO +11,615 

t o  RO +11,630 s e c )  p o r t i o n s  of t h e  f l i g h t .  Both l e f t  hand c i r c u l a r  p o l a r i z e d  (LHCP) and 

r i g h t  hand c i r c u l a r  p o l a r i z e d  (RHCP) are shown except  f o r  t h e  T e l  4 ground s t a t i o n  from 

RO +11,500 t o  RO +11,980 sec, f o r  which t h e r e  w a s  no RHCP d a t a  a v a i l a b l e .  The der ived  

s i g n a l  l e v e l s  shown are t h e o r e t i c a l  l e v e l s  expected a t  t h e  ground s t a t i o n s ,  computed from 

t h e  a c t u a l  f l i g h t  t r a j e c t o r y .  

There w e r e  two sets of d a t a  rece ived  f o r  MILA-CIF RHCP from RO t o  RO +570 s e c ;  one set 

showed a rece ived  s i g n a l  s t r e n g t h  approximately 10 db lower than  t h e  o t h e r .  

shows t h e  lower l e v e l  set of s i g n a l  s t r e n g t h  d a t a .  However, t h e  s i g n a l s  rece ived  a t  

MILA-CIF, both RHCP and LHCP, were approximately 40 db g r e a t e r  than  expected throughout  t h e  

a c q u i s i t i o n  per iod .  The s i g n a l  l e v e l  rece ived  a t  Bermuda f o r  approximately 75 sec s t a r t i n g  

a t  RO +490 sec v a r i e d  from 10 t o  40 db lower than  expected.  A t  p r e s e n t ,  i n v e s t i g a t i o n  is  

s t i l l  i n  progress  t o  determine t h e  c o r r e c t  l e v e l  of MILA-CIF RHCP and t h e  reasons f o r  t h e  

rece ived  s i g n a l  s t r e n g t h  t r a n s i e n t s .  

F igure  18-1 

3 
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18.7 Electromagnet ic  Compat ib i l i ty  

An e lec t romagnet ic  compa t ib i l i t y  (EMC) review of t h e  S-IVB-502 prime f l i g h t  d a t a  d i sc losed  

two measurements wi th  marginal  no i se  content .  Measurements MOO69-404 and M0070-404 

d isp layed  between 2 and 2-112 percent  peak t o  peak (P-P) n o i s e  during chilldown f o r  both 

burns. 

Douglas Report No. SM-47376, T e s t  P lan  f o r  t h e  Electromagnet ic  Compat ib i l i ty  T e s t  o f  S-IVB/V 

Systems Sa turn  S-IVB-501 and Subsequent, l i m i t s  long term (over  1 sec) v a r i a t i o n s  t o  

2 percent  P-P. 

ECP 10012 w i l l  r e rou te  wi r ing  i n  o rde r  t o  e l imina te  t h i s  n o i s e  problem on S-IVB-504N and 

subs.  

i 
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TABLE 18-1 (Sheet  1 of 2)  
MEASUREMENT STATUS 

1. Measurements Assigned by IP&CL 

2. Measurements Not F l i g h t  Act ive  

Landl ine Measurements Avai lab le  P r i o r  t o  L i f t o f f  Only -(3)  

D0545-407 P r e s s  - Common Bulkhead I n t  - H/W 
D0576-408 
D0577-406 

P r e s s  - Fuel  Tank Ul lage  Umb - H/W 
P r e s s  - Oxid Tank Ul lage  Umb - H/W 

I n a c t i v e  Measurement 

KO152-404 Event - R t  Gyro Whl Speed OK Ind 

Measurements Used f o r  Checkout and Prelaunch Only -(8) 

K0141-411 
K0142-411 
K0149-404 
KO150-404 
K0168-404 
K0169-404 
K0176-404 
K0177-404 

Event 
Event 
Event 
Event 
Event 
Event 
Event 
Event 

- R/S 1 P u l s e  Sensor 
- R/S 2 Pulse  Sensor  
- Ullage Rocket J e t t i s o n  1 PIS 
- Ullage Rocket J e t t i s o n  2 PIS 
- Switch S e l e c t o r  R e g i s t e r  T e s t  
- EBW P u l s e  Sensor OFF Ind 
- Ullage  Rkt Ign P/S 1 Ind 
- Ullage Rkt Ign P/S 2 Ind 

3. S-IVB-502 Measurements Monitored by S-I1 S tage  

D0153-423 Press - Chamber Ret ro  Rocket Pos I V  - I 
D0154-421 P r e s s  - Chamber Ret ro  Rocket Pos I1 - I11 
D0155-420 P r e s s  - Chamber Ret ro  Rocket Pos I - I1 
D0156-422 P r e s s  - Chamber Ret ro  Rocket Pos I11 - I V  

4. Measurements Waived from F l i g h t  Act ive  L i s t  

COO41-406 
COO56-406 
CO150-401 
CO155-404 
CO205-403 
CO301-415 
D0018-401 
D0058-401 
50087-426 

Temp - LOX Tank, P o s i t  2 
Temp - LOX Tank Ul lage  G a s ,  20% 
Temp - Eng LH2 Pump Surface  
Temp - LH2 Prevalve Bypass Line 
Temp - H e  P r e p r e s s  Sphere, No. 4 G a s  
Temp - A P S  Oxid, Tank 2 
P r e s s  - Eng Reg O u t l e t  
P r e s s  - PU Valve I n l e t  
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  1 7  

5. Measurements Prevented from being Transmit ted 

Phase I 

Phase I1 

C0010-403 Temp - Engine Area Ambient 
CO152-403 
E0209-401 Vib - Combustion Chamb Dome, Long 

Temp - LOX Main Line  F l g  Wall 

6. N e t  Measurements Avai lab le  f o r  F l i g h t  T e s t  

Phase I 
Phase I1 

616 

12  

4 

9 

0 

3 

591  
588 
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7. 

8. 

9. 

TABLE 18-1 (Sheet 2 of 
MEASUREMENT STATUS 

Measurement F a i l u r e s  

Phase I1 

60189-414 Temp - APS I n j  Wall, Eng 1-2 
C2015-401 
D0003-403 P res s  - LOX Pump I n l e t  
D0224-401 P r e s s  - LH2 Pump I n t r s t g  Ou t l e t  

Temp - Crossover Duct Ext Wall 

Phase I 

B0023-404 
COOO8-403 
COO49-405 
60058-406 
CO111-426 
CO151-40 1 
CO286-415 
DO10 5 -40 3 
E0114-411 
E0210-401 

Acoust ic  - Aft  (2400 - 4800), I n t  
Temp - Heat Exch H e  I n l e t  
Temp - Electrical Tunnel, LOC 1 
Temp - LOX Tank Ullage,  80 percent  
Temp - Fwd S k i r t ,  LOC 8 
Temp - LOX Pump Surface  
Temp - APS Fa i r ing  2-4 
P r e s s  - LOX Tank P r e s s  Mod, H e  G a s  
Vib - Fwd S k i r t ,  EBW R/S Pnl ,  Radial  
Vib - LH2 Turbopump - L a t e r a l  

P a r t i a l l y  Successfu l  

CO274-403 Temp - Gas, I n t r s t g  A r e a ,  LOC 6 
60305-418 Temp - Aft ,  I n t r s t g ,  LOC 7 
D0002-403 Press - LH2 Pump I n l e t  
D0055-424 P r e s s  - LOX Tank I n l e t  
E0117-411 Vib - Fwd S k i r t ,  Bat te ry  1 and 2 ,  Tan 

Aberrant Measurements 

COO37-408 
CO153-403 
CO205-403 
C2035-401 
D0016-425 
D0018-401 
DOO71-414 
D0073- 415 
K0008-401 
MOO69-404 
MOO70-404 
N0012-411 
N0015-411 
N0016-411 
N0017-411 
N0019-411 
N0033-411 
N0036-411 
SOO54-426 
50055-426 
50062-426 
SOO63-426 
SOO86-426 
SOO87-426 
SOO88-426 
SOO89-426 
S0090-426 
SOO91-426 
SOO92-426 
SOO93-426 
SOO94-426 
50095-426 
SOO96-426 
SOO97-426 
SOO98-426 
50099-426 
S0100-426 
S0101-426 

Temp - LH2 Tank Ullage,  70 percent  
Temp - Oxid Main Supply Line Wall 
Temp - H e  Repress Sphere 4 
Temp - Gas Generator LOX I n l e t  
P r e s s  - Cold Helium Sphere 
P r e s s  - Engine Reg Out l e t  
P r e s s  - APS Oxid Sup Manf, Mod 1 
Press - APS Oxid Sup Manf, Mod 2 
Event - I g n i t i o n  Detector  
Volt - Aft  T/M F u l l  Sca le  Ref 
Volt  - Aft  T/M Zero Volt  Ref 
Misc - RF Power, T/M Ant 2, Fwd 
Mise - RF Power, FM/FM 1 Transmi t te r  
Misc - RF Power, FM/FM 2 Transmi t te r  
Misc - RF Power, FM/FM 3 Transmi t te r  
Misc - RF Power, SS/FM Transmi t te r  
Misc - RF Power, T/M Ant 3, Fwd 
Misc - RF Power, TIM Ant 4, Ref1 
S t r a i n  - Axial ,  Fwd S k i r t  LOC 10A 
S t r a i n  - Axial ,  Fwd S k i r t  Loc 10B 
S t r a i n  - Axial ,  Fwd S k i r t  Loc 14A 
S t r a i n  - Axial, Fwd S k i r t  LOC 14B 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  13 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  1 7  
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  26 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  33 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  40 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  46 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  55 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  6 1  
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  69 
S t r a i n  - Dyn, Fwd S k i r t ,  P n l  76 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  80 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  87 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  94 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  101  
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  108 
S t r a i n  - Dyn, Fwd S k i r t ,  Pnl  7 

14 
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S e c t i o n  18 
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TABLE 18-2 (Sheet  1 of  2)  
MEASUREMENT DELETIONS 

COO41-406 Temp - LOX Tank, P o s i t  2 

The l e v e l  p r i o r  t o  l i f t o f f  w a s  6 deg R h i g h e r  than nominal LOX tempera tures .  A t  l i f t o f f ,  
t h e  level a b r u p t l y  decreased  t o  nominal LOX tempera tures  and subsequent ly  proper  o p e r a t i  -n 
w a s  v e r i f i e d .  The e r roneous  tempera ture  d a t a  p r i o r  t o  l i f t o f f  w a s  probably due t o  a h i &  
resistance c o n t a c t  i n  t h e  s e n s o r  resistance system. The reason  f o r  t h e  resistance changes 
a t  l i f t o f f  (change i n  a c c e l e r a t i o n )  is p r e s e n t l y  under  i n v e s t i g a t i o n .  

COO56-406 Temp - LOX Tank Ul lage  Gas, 20% 

The measurement w a s  d e l e t e d  from t h e  f l i g h t  l i s t  because of  i ts erratic behavior  d u r i n g  
countdown demonstrat ion test (CDDT) de tanking  process .  During t e r m i n a l  countdown t h e  
measurement w a s  off-scale- low.  A t  RO +70 sec, t h e  measurement a b r u p t l y  came on-scale  a t  t h e  
proper  LOX temperature .  It  e x h i b i t e d  good d a t a  u n t i l  RO 4-575 s e c  when it  suddenly decreased 
t o  off-scale- low and remained t h e r e  throughout  t h e  .remainder of  t h e  miss ion .  

S i n c e  t h e  RACS were w i t h i n  s p e c i f i c a t i o n s ,  t h e  a m p l i f i e r l b r i d g e  sys tem w a s  o p e r a t i n g  proper ly .  
The c h a r a c t e r i s t i c  of  t h e  d a t a  i n d i c a t e s  a s h o r t  c i r c u i t e d  s e n s o r ;  however, t h e  l o c a t i o n  of  
t h e  mal func t ion  i s  s t i l l  under s tudy .  

CO150-401 Temp - Engine LH2 Pump Surface  

The d a t a  remained i n  t h e  off-scale-high s ta te  throughout  t h e  f l i g h t  tes t .  A debonded 
temperature  s e n s o r  i s  s u s p e c t e d ,  p o s s i b l y  an open c i r c u i t  r e s u l t e d  from t h e  debonding. This  
t r a n s d u c e r  w a s  bonded us ing  t h e  newer i n s t a l l a t i o n  method. However, t h e  mal func t ion  w a s  
probably t h e  r e s u l t  of  improper technique.  

CO155-404 Temp - LH2 Pre-Valve Bypass Line 

The d a t a  level  w a s  off-scale-high p r i o r  t o  launch and remainded o f f - s c a l e  through t h e  mission.  
S ince  t h e  upper end of  t h e  tempera ture  range w a s  460 deg R ,  i t  was expec ted ,  even i f  a 
debonded c o n d i t i o n  occurred ,  t h e  tempera ture  i n d i c a t i o n  would be  in-range sometime dur ing  
f l i g h t .  It  is, t h e r e f o r e ,  s u s p e c t e d  t h a t  a s imilar  c o n d i t i o n  t o  measurement C0150 occurred,  
i .e . ,  debonding w i t h  an open-c i rcu i t  sensor .  

CO205-403 Temp - H e  Repress Sphere No. 4 Gas 

This  measurement w a s  d e l e t e d  from t h e  f l i g h t  test  l i s t ,  however, good d a t a  w a s  rece ived  
throughout  t h e  mission.  The measurement w a s  d e l e t e d  because of  i n t e r m i t t e n t  o p e r a t i o n  dur ing  
prelaunch countdown. 

CO301-415 Temp - A P S ,  Oxid Tank 2 

The measurement i n d i c a t e d  off-scale-high p r i o r  t o  l i f t o f f  and throughout  t h e  mission.  The 
malfunct ion is c h a r a c t e r i s t i c  o f  a debonded temperature  t r a n s d u c e r  t h a t  r e s u l t e d  i n  an open 
c i r c u i t  sensor .  The t r a n s d u c e r  w a s  bonded u s i n g  a method t h a t  i s  s u s c e p t i b l e  t o  debonding 
under environmental  c o n d i t i o n s .  

D0018-401 P r e s s  - Engine Regula t ion  O u t l e t  

The measurement p r e s e n t e d  v a l i d  d a t a  dur ing  t h e  f l i g h t  test. The measurement w a s  d e l e t e d  
because of  an off-scale- low i n d i c a t i o n  dur ing  CDDT. During launch countdown t h e  p r e s s u r e  
i n d i c a t i o n  w a s  a t  normal ambient. 
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D a t a  Acquisit ion System 

TABLE 18-2 (Sheet 2 of 2) 
MEASUREMENT DELETIONS 

D0058-401 Press  PU Valve I n l e t  

The measurement w a s  de l e t ed  because of erratic va r i a t ions  of 40 p s i  during CDDT. 
condition pe r s i s t ed  during launch, S-IC, and S-I1 f l i g h t  phases. 
no t  exhib i ted  a f t e r  the i n i t i a l  p ressure  increase  a t  S-IVB ign i t ion .  
attempted restart w a s  good. 
l i n e  w a s  p resent  which was c leared  a f t e r  t he  i n i t i a l  p ressure  surge a t  S-IVB ign i t ion .  

The erratic 
The erratic phenomenon w a s  

Data during t h e  
It w a s  surmised t h a t  a r e s t r i c t i o n  i n  the pressure  monitoring 

SOO87-426 S t r a i n  - Dyn, Pwd S k i r t ,  P n l 1 7  

This measurement could no t  be ca l ib ra t ed  during CDDT and w a s  de le ted  p r i o r  t o  i n i t i a t i o n  of 
t he  automatic sequence. 
8.5 percent  low and the  low l e v e l  w a s  2.5 percent low. It appears t h a t  t h e  ga in  s e t t i n g  of 
the  ampl i f ie r  w a s  0.87 of t he  nominal gain. It w a s  no t  determined i f  the  ampl i f ie r  ga in  
s e t t i n g  w a s  a t  its maximum pos i t ion .  
However, s ince  the  da t a  l e v e l  w a s  on-scaley no de t r imenta l  e f f e c t s  w e r e  introduced. The 
response of t he  measurement during launch appears normal except f o r  poss ib l e  amplitude 
suppression; the  measurement could be c l a s s i f i e d  as trend. 

Evaluation of t h e  p r e f l i g h t  RACS ind ica ted  t h e  high l e v e l  w a s  

The balance adjustment w a s  s l i g h t l y  lower than nominal. 

TABLE 18-3 
DEGRADED MEASUREMENTS PREVENTED FROM BEING TRANSMITTED 

The following measurements have been de le t ed  from the  Phase I1 measurement e f f i c i ency  base l ine .  
The f a i l u r e  of these  measurements have been a t t r i b u t e d  t o  the  rupture  of t h e  AS1 f u e l  f eed l ine  
and the  abnormal conditions e x i s t i n g  (beyond design l imi t a t ions )  as a r e s u l t .  
transducers were subjec ted  t o  conditions beyond t h e i r  design limits, it does n o t  r e f l e c t  on 
the  instrumentation system performance and therefore  cannot be considered as instrumentation 
f a i l u r e s .  

Since these  

C0010-403 Temp - Engine Area Ambient 

The measurement f a i l e d  a t  RO +699 sec. The transducer was i n i t i a l l y  subjected t o  a very 
high temperature as shown by a 10G deg temperature rise i n  3 sec.  
i nd ica t ing  an off-scale-low condition. The malfunction was probably caused by excessive 
hea t ing  t o  the  temperature probe and i t s  assoc ia ted  wir ing ,  causing an apparent s h o r t  
c i r c u i t  t o  the  sensor  element. 

It then shor t -c i rcu i ted  

CO152-403 Temp - LOX Main Line Flange Wall 

The measurement f a i l e d  i n  the  off-scale-high mode at  RO +696 sec. The transducer w a s  
subjec ted  t o  a high temperature a t  RO +695 sec  p r i o r  t o  the  f a i l u r e .  The f a i l u r e  w a s  
probably caused by excessive hea t  deforming t h e  bonding material t h a t  subsequently r e su l t ed  
i n  an open-circuit  sensor.  

E0209-401 Vib - Combustion Chamber Dome, Long 

The measurement ceased t o  d isp lay  v a l i d  d a t a  a t  RO +694 sec. 
malfunction appears as a coaxia l  cab le  problem. 
function w a s  caused by a s h o r t  c i r c u i t  of the coaxia l  cab le  ou te r  conductor t o  the  inne r  
conductor then, due t o  v ib ra t ion ,  an electrical d i scon t inu i ty  occurred. The f a i l u r e  w a s  
i n i t i a t e d  by the  abnormal environment i n  t h e  engine area. 

The erratic d a t a  during t h e  
It has been surmised t h a t  t h e  i n i t i a l  m a l -  
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TABLE 18-4 (Shee t  1 of 3)  
MEASUREMENT FAILURES 

PHASE I FAILURES 

L i f t o f f  t o  f i r s t  burn Engine Cutoff  Command (ECC) +10 sec. 

The measurement d i d  n o t  respond t o  sound p r e s s u r e s .  
w a s  expected a t  l i f t o f f  and max q as e x t r a p o l a t e d  from measurements BO022 and BO024 i n  t h e  
same area. A redundant t ransmiss ion  of t h i s  channel  d i g i t a l  i n  n a t u r e  i n d i c a t e d  some 
i n c r e a s e  of n o i s e  q u a n t i t y  dur ing  t h e  t i m e  of i n t e r e s t ;  however, t h e  n o i s e  w a s  much lower 
than  t h e  expected sound p r e s s u r e  l e v e l s .  I t  i s  suspec ted  t h a t  t h e  t r a n s d u c e r  exper ienced  
an i n p u t  s i g n a l  adjustment  change o r  an erroneous sound p r e s s u r e  c a l i b r a t i o n .  

Some i n d i c a t i o n  of  sound p r e s s u r e s  

COOO8-403 Temp - Heat Exchanger, H e  I n l e t  

The d a t a  e x h i b i t e d  off-scale-high c o n d i t i o n  throughout  t h e  f l i g h t  test. The temperature  
w a s  expected t o  be on-scale  dur ing  c o l d  helium f low a t  LOX tank  p r e s s u r i z a t i o n .  S ince  
t h e  RACS l e v e l s  were w i t h i n  proper  l i m i t s ,  t h e  o f f - s c a l e  c o n d i t i o n  w a s  due t o  an open 
c i r c u i t  sensor .  

COO49-405 Temp - E l e c t r i c a l  Tunnel, LOC 1 

The d a t a  i n d i c a t e d  a sharp  i n c r e a s e  t o  off-scale-high a t  RO +70 sec. The o f f - s c a l e  condi- 
t i o n  w a s  probably caused by a n  open c i r c u i t  t r a n s d u c e r .  This temperature  s e n s o r  w a s  a 
pa tch  type bonded by a method t h a t  w a s  s u s c e p t a b l e  t o  debonding under max q c o n d i t i o n s .  

COO58-406 Temp - LOX Tank Ullage,  80% 

The temperature  i n d i c a t e d  a decrease  a t  l i f t o f f  5 deg R lower than  nominal LOX temperature .  
The measurement performance c h a r a c t e r i s t i c s  appear  normal; t h e  probe uncovering charac- 
teristics were s imilar  t o  t h o s e  recorded f o r  t h e  S-IVB-501. A t  t h e  p r e s e n t  t i m e ,  i n v e s t i -  
g a t i o n  i s  being conducted t o  determine t h e  LOX tank  i n f l u e n c e  on e l e c t r i c a l  components a t  
l i f t o f f .  

CO111-426 Temp - Forward S k i r t ,  LOC 8 

The measurement d i d  n o t  d i s p l a y  v a l i d  d a t a  dur ing  t h e  reg ion  of max q .  The d a t a  appears  
normal except  from l i f t o f f  t o  RO +148 sec when i t  w a s  off-scale-high,  from RO +525 t o  
RO +557 sec when e r ra t ic  d a t a  i n c r e a s e s  were noted ,  and a f t e r  RO +664 s e c  when t h e  tempera- 
t u r e  s t a r t e d  i n c r e a s i n g  u n t i l  i t  w a s  off-scale-high a t  RO +712 sec. The malfunct ion w a s  
caused by a debonded temperature  s e n s o r  e x h i b i t i n g  e r r a t i c  d i s c o n t i n u i t i e s  and high 
r e s i s t a n c e  i n t e r f a c e  connect ions.  The bonding method w a s  a type s u s c e p t a b l e  t o  debonding 
under environmental  condi t ions .  

CO151-401 Temp - LOX Pump Surface  

The d a t a  i n d i c a t e d  off-scale-high c o n d i t i o n  throughout t h e  f l i g h t  tes t .  
w a s  probably caused by a debonded sensor .  The debonding could have a l s o  
c i r c u i t  sensor .  S ince  p r e f l i g h t  RACS l e v e l s  were w i t h i n  nominal l e v e l s ,  
w e r e  i n t a c t .  

The malfunct ion 
caused an open 
s e n s o r  connect ions 

CO286-415 Temp - A€S  F a i r i n g  2-4 

The measurement response w a s  very s low wi th  r e s p e c t  t o  o t h e r  s i m i l a r  f a i r i n g  temperatures .  
The c h a r a c t e r i s t i c  appears  as a p a r t i a l l y  debonded t ransducer .  The bonding method w a s  a 
type s u s c e p t a b l e  t o  debonding under environmental  c o n d i t i o n s .  

3 
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MEASUREMENT FAILURES 

D0105-403 Press  - LOX Tank P r e s s  Mod H e  G a s  

The measurement displayed i n v a l i d  d a t a  during S-IVB f i r s t  burn. 
off-scale-high a t  RO +92 s e c  and d i d  not  r e t u r n  t o  nominal l e v e l  u n t i l  RO +7,260 see and 
subsequently presented v a l i d  da ta .  

The d a t a  increased t o  

E0114-411 Vib - Fwd S k i r t ,  EBW R/S Pnl ,  Rad 

The v i b r a t i o n  d a t a  w a s  erratic during t h e  presence of stage v ib ra t ion .  The malfunction 
appears to be a loosened coax ia l  connection t h a t  w a s  suscep t ib l e  t o  v i b r a t i o n  causing 
d i scon t inu i ty  of t h e  accelerometer output s igna l .  The v i b r a t i o n  s p e c t r a l  power dens i ty  
p l o t s  i n d i c a t e  excessive low frequency components, which confirms d is turbance  from a low 
response source. 

E0210-410 Vib - LH2 Turbopump, Lat 

The da ta  ind ica ted  very h igh  l e v e l s  between RO +667 and RO +695 sec ,  and h igher  than nominal 
l e v e l s  a t  o the r  turbopump opera t ing  t i m e s .  
higher than nominal levels a t  engine s tar t  as compared t o  AS-501. A t  t he  RO +667 sec 
sample, t h e  l e v e l  w a s  very high; t h e  peaks w e r e  c l ipped  by ampl i f i e r  l imi t ing .  
sec ,  a f t e r  t h r e e  samples, t h e  l e v e l  decreased t o  a nominal level. Due t o  t h e  na tu re  of 
t h e  d a t a  during t h i s  per iod ,  t h e  measurement did no t  provide usable  information f o r  t h e  
purpose of de f in ing  t h e  v i b r a t i o n  environment and is  c l a s s i f i e d  a f a i l u r e  f o r  phase I. 
However, i nves t iga t ion  of t h e  measurement subsequent t o  t h e  f a i l u r e  i n d i c a t e  t h a t  t he re  i s  
s u f f i c i e n t  i n t e l l i g e n c e  i n  t h e  d a t a  t o  provide information u s e f u l  i n  c o r r e l a t i n g  engine 
performance. To ta l  l o s s  of measurement response w a s  observed t o  occur a t  RO +11,625 sec .  

Extensive labora tory  tests and analyses performed i n  t h e  inves t iga t ion  of t h e  measurement 
f a i l u r e  i n d i c a t e  t h a t  s eve re  overdriving of t he  ampl i f i e r  from high v i b r a t i o n  l e v e l s  a t  low 
f requencies  can r e s u l t  i n  t he  dup l i ca t ion  of t he  f l i g h t  da t a  observed on AS-502. The 
v i b r a t i o n  transducer i s  mounted on a b lock  with t h e  block bol ted  t o  t h e  turbopump. It is  
suspected t h a t  a problem may e x i s t  i n  t he  mounting method. Resolution of t h e  problem is 
under study and t h e  implementation of Change Order 1789 and 1796 is  expected to inc lude  
c o r r e c t i v e  a c t i o n ,  

The v i b r a t i o n  c h a r a c t e r i s t i c  appears good with 

A t  RO +699 

PHASE I1 FAILURES - LIFTOFF TO PLANNED LV/SC SEPARATION 

CO189-414 Temp - APS I n j e c t o r  Wall, Eng 1-2 

The measurement f a i l e d  i n  t h e  off-scale-high mode a t  approximately RO +2,400 sec .  
f a i l u r e  occurred dur ing  t h e  f i r s t  revolu t ion  coas t  period where the  A P S  was enabled. The 
cont inua l  temperature v a r i a t i o n  a s soc ia t ed  wi th  APS f i r i n g s  probably caused debonding of 
t h e  transducer and subsequently open c i r c u i t e d  the  sensor  cont inui ty .  The bonding method 
w a s  a type suscep t ib l e  t o  debonding under environmental condi t ions .  

The 

C2015-401 Temp - Crossover Duct, Ext Wall, LOC 1 

The da ta  w a s  off-scale-high during t h e  attempted restart. 
f a i l u r e  occurred a t  RO +722 sec  when a n  off-scale-high response w a s  observed. 
coas t  mode t h e  temperature appeared t o  r e t u r n  t o  scale. 
were noted, then a t  RO +4,700 sec i t  f i n a l l y  remained off-scale-high. 
of t h e  range w a s  1,660 deg R,  and off-scale-high condi t ion  during o r b i t a l  coas t  phase seems 
unl ike ly .  

The malfunction w a s  probably due t o  a temperature patch debonding causing a n  i n t e r m i t t e n t  
high r e s i s t a n c e  contac t  of t h e  sensor  wiring. This temperature measurement w a s  i n s t a l l e d  
by Rocketdyne on t h e  5-2 engine. 

The i n i t i a l  i nd ica t ion  of 
During 

Severa l  erratic temperature rises 
Since t h e  upper end 
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T O L E  18-4 (Sheet 3 of 3 )  
MEASUREMENT FAILURES 

D0003-403 Press  - LOX Pump I n l e t  

The d a t a  ind ica t ed  off-scale-high subsequent t o  RO +5,400 sec.  
approximately t h e  LOX u l l age  pressure .  
ducer.  
however, some p o s s i b i l i t i e s  are presented  here:  

The expected pressure  w a s  
This transducer w a s  a potentiometer type  t rans-  

A t  t h e  present  t i m e  d e f i n i t e  cause of t h e  malfunction has  no t  been determined; 

a. Potentiometer d e t e r i o r a t i o n  - Dete r io ra t ion  of t h e  potentiometer winding 
caused by rap id  p re s su re  v a r i a t i o n s  as seen  between RO +696 and engine 
c u t o f f .  

Diaphragm damage - Overpressurizing a t  engine cu tof f  caused over-flexing of t h e  
mechanical diaphragm. 

I n t e r n a l  p re s su re  r e l i e f  - Loss of i n t e r n a l  p re s su re  t o  reduce t h e  diaphragm 
backpressure.  

LOX inges t ion  - LOX en te r ing  t h e  sense  tube causing i n t e r n a l  damage. 

b. 

c .  

d. 

A t  RO +33,500 s e c  t h e  d a t a  abrupt ly  came on s c a l e  t o  t h e  47 p s i a  l e v e l ,  s t i l l  approximately 
46 p s i a  above t h e  u l l a g e  pressure .  This phenomenon is  a l s o  unexplained. 

D0224-401 Press - LH2 Pump I n t e r s t a g e  Out le t  

The d a t a  decreased abrupt ly  from 20 ps i a  t o  below zero ps i a .  The malfunction occurred a t  
RO +2,730 sec during t h e  coas t  mode. 
t h e  remainder of t h e  mission. The malfunction is s t i l l  under inves t iga t ion ;  t h e  pressure  
sens ing  system and t h e  output  connector d i scon t inu i ty  are t h e  prime suspec ts .  

The d a t a  l e v e l  w a s  approximately 2 percent  through 
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QUESTIONABLE MEASUREMENTS 

P a r t i a l l v  Successful 

CO274-403 Temp - G a s  I n t e r s t a g e  Area, LOC 6 

The measurement abrupt ly  increased  t o  off-scale-high a t  S-111s-IVB sepa ra t ion  and remained 
i n  t h a t  state f o r  t he  du ra t ion  of t h e  mission. The malfunction occurred a f t e r  t h e  per iod  
of i n t e r e s t .  
i ts  as soc ia t ed  wir ing  probably caused by temperature shock at S-111s-IVB separa t ion .  

The off-scale-high condi t ion  ind ica t e s  an open c i r c u i t  of t h e  sensor  o r  t o  

CO305-419 Temp - Aft I n t e r s t a g e ,  LOC 7 

The temperature ind ica t ion  from RO +90 t o  RO +117 sec increased  abnormally rap id  with 
respec t  t o  o the r  a f t  i n t e r s t a g e  temperatures.  
sensor  subjec ted  t o  loca l i zed  heating. 
stress o r  aerodynamic pressures)  a t  RO +117 sec and cooled t o  ambient sk in  temperature a t  
RO +119 sec .  
mental conditions.  

The response resembles a p a r t i a l l y  debonded 
The sensor  eventua l ly  resea ted  i t s e l f  (due t o  bond 

The bonding method used w a s  a type susceptab le  t o  debonding under environ- 

D0002-403 Press  - LH2 Pump I n l e t  

The d a t a  l e v e l  i nd ica t ed  2.5 p s i a  ( 4  percent )  above u l l age  pressure  dur ing  t h e  coas t  phase. 
The p res su re  during t h i s  phase w a s  expected t o  be very c lose  t o  the  u l l age  p re s su re  because 
of t h e  very low a x i a l  acce le ra t ion  l eve l .  
RO +762 sec when a high p res su re  surge  w a s  observed. This  pressure  surge damaged t h e  pres- 
su re  sensor  and o f f s e t  i ts c a l i b r a t i o n  +4 percent.  
c a l i b r a t i o n  s h i f t .  

The t ransducer  malfunction occurred a t  

Data w e r e  recoverable by a manual 

D0055-424 Press  - LOX Tank I n l e t  

Inva l id  d a t a  ind ica t ion  of zero p re s su re  a reas  from RO +11,410 t o  RO +11,430 s e c  and 
subsequent t o  RO +11,730 sec w a s  observed. 
potentiometer wiper from t h e  winding i n  t h e  v i c i n i t y  of excess ive  w e a r .  
were not  de t r imenta l  t o  t h e  eva lua t ion  of the  LOX p res su r i za t ion  system. 

The probable malfunction w a s  t h e  l i f t i n g  of t h e  
The i n v a l i d  areas 

E0117-411 Vib - Fwd S k i r t ,  Bat te ry  1 and 2,  Tan 

E r r a t i c  v ib ra t ion  d a t a  w e r e  displayed except during l i f t o f f  and max q.  
appears t o  be due t o  a loose coaxia l  cab le  connector. This measurement was not  cont inua l ly  
monitored (multiplexed);  t he re fo re ,  t r a n s i t i o n  from good t o  i n v a l i d  d a t a  w a s  not d e f i n i t e l y  
d iscernable .  The malfunction probably occurred j u s t  a f t e r  l i f t o f f ,  then  a t  max q ,  good d a t a  
were obtained f o r  one sample. The s p e c t r a l  power dens i ty  p l o t s  a t  l i f t o f f  and max q appear 
s i m i l a r  t o  AS-501. 

The malfunction 

Aberrant: 

COO37-408 Temp - LH2 Tank Ullage,  70 Percent  

The temperature l e v e l  i nd ica t ion  w a s  f a r  below LH2 b o i l i n g  po in t ,  and t h e  l e v e l  changed i n  
i r r e g u l a r  s t e p s .  
gas temperatures. The c a l i b r a t i o n  curve i s  l i n e a r  u n t i l  c l o s e  t o  t h e  l i q u i d  temperature 
where i t  is then exponential .  
exponent ia l  po r t ion  of t h e  curve and cannot be  p rec i se ly  represented  by the  computer 
Ca l ib ra t ion  program. 

The range of t h i s  measurement w a s  intended t o  measure both l i q u i d  and 

The accuracy of t h e  measurement i s  markedly degraded by t h e  

CO153-403 Temp - Oxid Main.Supply Line W a l l  

The measurement r e f l e c t e d  a cooling t rend  during t h e  coas t  per iod  through RO +3,600 sec. 
A t  RO +5,400 sec, which w a s  t he  next  a v a i l a b l e  d a t a  per iod ,  t h e  measurement ind ica t ed  o f f -  
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t 

scale-low and remained t h e r e  f o r  t h e  d u r a t i o n  of f l i g h t .  S ince  t h e  measurement w a s  
p a r t i a l l y  s u c c e s s f u l  i n  phase I1 w i t h  f a i l u r e  occurr ing  between RO +3,600 and 
RO +5,400 sec, i t  w a s  considered good f o r  phase I1 i n  accordance w i t h  t h e  e v a l u a t i o n  
ground r u l e s .  

CO205-403 Temp - He Repress Sphere 4 

This  measurement w a s  d e l e t e d  p r i o r  t o  f l i g h t  test;  however, t h e  f l i g h t  d a t a  appear  
v a l i d .  

The measurement went off-scale-high a t  RO +10,230 sec. A patch-type t r a n s d u c e r  is  
u t i l i z e d  and i t  is  suspec ted  t h a t  debonding occurred.  S ince  t h e  measurement w a s  p a r t i a l l y  
s u c c e s s f u l  i n  phase 11, i t  w a s  considered good f o r  phase I1 i n  accordance wi th  t h e  eva lua-  
t i o n  ground r u l e s .  

D0016-425 P r e s s  - Cold Helium Sphere 

The measurement w a s  off-scale- low a t  RO +22,375 sec, a f t e r  c o l d  helium dump, on t h e  d a t a  
p l o t s .  D i g i t a l  d a t a  showed t h e  p r e s s u r e  t o  be below zero  a t  -175 p s i a .  
t o  be w i t h i n  t o l e r a n c e  and t h e  p r e s s u r e  a t  l i f t o f f  w a s  w i t h i n  50 p s i a  of t h e  ground supply 
p r e s s u r e ;  however, i n v e s t i g a t i o n  i n t o  t h e  measurement h i s t o r y  i n d i c a t e s  t h e  p r e s s u r e  t o  be 
lower than t h e  ambient expected.  
e x i s t s  and t h e  problem i s  be ing  i n v e s t i g a t e d  f u r t h e r  t o  c o r r e c t  t h e  lower end p o i n t  of 
c a l i b r a t i o n .  

RACS w e r e  v e r i f i e d  

It is  b e l i e v e d  t h a t  an ambient c a l i b r a t i o n  degrada t ion  

D0018-401 Press  - Engine Reg O u t l e t  

T h i s  measurement w a s  d e l e t e d  p r i o r  t o  f l i g h t  test. It  responded proper ly  dur ing  f l i g h t .  

D0071-414 P r e s s  - APS Oxid Supply Manf, Mod 1 
D0073-415 Press - APS Oxid Supply Manf, Mod 2 

Appearance of a c t i v i t y  dur ing  l i f t o f f ,  mach 1, and max q w a s  i n d i c a t e d ,  a l though no 
a c t i v i t y  w a s  expected.  
which are known t o  be s u s c e p t i b l e  t o  a h igh  v i b r a t i o n  environment. 

These t ransducers  are poten t iometer  type  p r e s s u r e  t ransducers  

K0008-401 Event - I g n i t i o n  Detected 

No a c t i v i t y  w a s  expected from t h i s  measurement. 
tes t .  

A dummy probe w a s  i n s t a l l e d  f o r  f l i g h t  

MOO69-404 Volt  - Aft  T/M F u l l  Sca le  Ref 
MOO70-404 Volt  - Aft  TfM Zero Volt  Ref 

These measurements w e r e  s u s c e p t a b l e  t o  n o i s e  c r e a t e d  by t h e  chi l ldown i n v e r t e r s .  The 
n o i s e  q u a n t i t y  was d i s c e r n a b l e ;  however, i t  w a s  n o t  d e t r i m e n t a l  t o  t h e  te lemet ry  system. 
Noise i n  t h e s e  measurements w a s  observed on previous  tests. 

N0017-411 Misc - RF Power, FM/FM 3 T r a n s m i t t e r  
N0019-411 Misc - RF Power, SS/FM T r a n s m i t t e r  
N0033-411 Misc - RF Power, T/M Ant 3, Fwd 
NO036-411 Misc - RF Power, TIM Ant 4 ,  Ref1 

These measurements i n d i c a t e d  d r i f t i n g  c h a r a c t e r i s t i c s  which w e r e  q u i t e  pronounced dur ing  
t h e  launch phase. These d r i f t i n g  responses  w e r e  of a random n a t u r e  t h a t  could n o t  be 
a t t r i b u t e d  t o  the  change of RF power. The d r i f t i n g  c h a r a c t e r i s t i c  manifested i t s e l f  as an 
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i n c r e a s i n g  o r  decreas ing  s t e p  s h i f t  a t  l i f t o f f .  
decreased t o  some peak va lue ,  then  s t a b i l i z e d  at  a nominal l e v e l .  The d r i f t s  d i d  n o t  
exceed system requirements ,  and they w e r e  used f o r  system eva lua t ion .  It  appears  t h e  
d e t e c t o r s  were s e n s i t i v e  t o  v i b r a t i o n  and temperature  changes. S i m i l a r  c h a r a c t e r i s t i c s  
w e r e  observed on t h e  S-IVB-501 f l i g h t .  

A f t e r  l i f t o f f  they  s lowly  i n c r e a s e d  o r  

N0016-411 Misc - RF Power, FM/FM 2 Transmi t te r  

The measurement i n d i c a t e d  a l o s s  of ou tput  power a t  RO +27,950 sec. 
w a s  observed,  and t h e  antenna powers d i d  n o t  decrease.  Thus, a measurement l o s s  w a s  
experienced.  Probably a d e t e c t o r  l o s s  of s e n s i t i v i t y  w a s  incur red .  

No te lemet ry  d a t a  l o s s  

SOO54-426 S t r a i n  - Axia l ,  Fwd S k i r t  LOC 10A 
SOO55-426 S t r a i n  - Axia l ,  Fwd S k i r t  LOC 10B 
SOO62-426 S t r a i n  - Axial, Fwd S k i r t  LOC 14A 
SOO63-426 S t r a i n  - Axial, Fwd S k i r t  LOC 14B 

These measurements show p o l a r i t y  r e v e r s a l s .  There i s  no degrada t ion  of d a t a  and t h e  
measurements have been used i n  ana lyses  of s t a t i c  s t r a i n .  

SOO86-426 S t r a i n  - Dyn, Fwd S k i r t ,  P n l  13 
t o  
S0101-426 S t r a i n  - Dyn, Fwd S k i r t ,  P n l  7 

A l l  dynamic s t r a i n  measurements were i n a d v e r t e n t l y  d isp layed  with t h e i r  c a l i b r a t i o n  header  
i n v e r t e d .  Dynamically, t h e  d i r e c t i o n  of d e f l e c t i o n  w a s  n o t  c r i t i ca l ;  however, f o r  s t a t i c  
d e f l e c t i o n ,  c o r r e c t i o n  should be appl ied .  

50100-426 S t r a i n  - Dyn, Fwd S k i r t ,  P n l  108 
S0101-426 S t r a i n  - Dyn, Fwd S k i r t ,  P n l  7 

These s t r a i n  measurements i n d i c a t e d  behavior  quest ioned by Acoust ics  and S t r u c t u r a l  
Dynamics. 
RO +79.5 and RO +82.5 s e c ,  and between RO +84.5 and RO +87.5 sec, r e s p e c t i v e l y .  A t  
RO +91.5 sec, S0101-426 showed a dc  s h i f t  from 52 percent  t o  70 p e r c e n t  of t h e  measurement 
range and maintained t h e  dc  o f f s e t  f o r  two d a t a  samples. 
l e v e l  of S0101-426 t o  approximately 42 percent  of  range, S0100-426 e x h i b i t e d  l e v e l  v a r i a -  
t i o n s  dur ing  one sample per iod  of approximately 10 p e r c e n t  from RO +lo9 sec. 

I n v e s t i g a t i o n  and a n a l y s i s  of p o s s i b l e  e lec t r ica l  malfunct ions t o  t h e  measurements d i d  n o t  
produce evidence of e l e c t r i c a l  f a i l u r e s  which would account  f o r  t h e  anomalous behavior  of 
t h e  d a t a  dur ing  t h e  p e r i o d s  s p e c i f i e d  above. S i n g u l a r  f a i l u r e  modes which can e x h i b i t  t h e  
type  of d a t a  observed were i n v e s t i g a t e d  and analyzed but  no reasonable  s i n g u l a r  f a i l u r e  
mode could be determined. In view of t h e  e lec t r ica l  c h a r a c t e r i s t i c s ,  m u l t i p l e  f a i l u r e s  of 
two s e p a r a t e  measurements, over  a c o i n c i d e n t  per iod  of t i m e ,  is p o s s i b l e  but  is considered 
unl ike ly .  
considered i m p r a c t i c a l .  

S0101-426 and S0100-426 showed h igher  than  expec ted  d a t a  ampli tudes between 

A f t e r  t h e  r e t u r n  of t h e  d a t a  

No l a b o r a t o r y  t e s t i n g  w a s  performed s i n c e  s i m u l a t i o n  of f l i g h t  c o n d i t i o n s  i s  
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

I 

1828 1826 1815 
1572 1569 15 72 

1700 1699 1695 

2473 2466 2468 

2127 2132 2135 
2300 2305 2296 

3225 3217 3190 
2775 2768 2784 

3000 2993 2988 

4193 4190 4183 

3607 3607 3596 
3900 3867 3891 

5805 5804 5783 

4995 4989 4977 

7901 7899 7878 
6799 6797 6778 

5400 5396 5385 

7350 7346 7332 

11288 11299 11267 
9712 9709 9681 

10500 10505 10484 

15588 15572 15530 
13412 13406 13369 

14500 14488 14459 

23650 23632 23576 

20350 20341 20290 
22000 21980 21944 

32250 32229 32144 

27750 27722 27656 
30000 29964 29928 

785 
675 

1828 
1572 

2473 
2127 

3225 
2775 

FM SYSTEM 2 
I 

784 
729 I 674 
I 

1831 
l7O0 1 1571 

2477 
2301 1 2126 

3001 I 

783 
730 1 674 

1701 I ::;: 

3230 

2778 
3004 
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FC f~~ 

1699 

2299 

3000 

3898 

5399 

7346 

1828 1830 
1701  

1571  1572 

2474 2475 
2 302 

2126 2127 

3224 3228 
3003 

2774 2777 

4190 4194 
3900 

3605 3611 

5803 5806 
5402 

4990 4995 

7895 7907 
7353 

6794 6802 

TABLE 18-6 (Sheet 2 of 3 )  
SUBCARRIER OSCILLATOR FREOUENCY 

POST RESTART NOMINAL IRIG 
CHANNEL 

9 

10 

11 

12  

13  

1 4  

,634)  

f~~ 

(RO +. 

FC FC fBE 

3900 
4193 

3607 
3905 

4201 

3611 

4197 

3611 
3906 1 
I 

5400 
5 805 

4995 

5813 

5000 

5798 

4989 
5395 1 5407 

7350 
7904 

6805 
7351  1 7921 

6807 

7901 

6799 

11288 

9712 

7364 

I 
11289 1 9710 

10500 
11307 

9722 

15626 

13429 

10500 10514 

14526 14500 
15588 

13412 

15610 

13412 
14510 

23650 

20350 
22027 

23699 

20376 
22000 

23644 

20344 
21990 

30000 
32250 

27750 
30032 

32302 

27780 

32211 

27715 
29969 

I 
40000 

43000 

37000 

43000 

37027 
39996 

43033 

37022 

56469 

48616 

40020 

52500 52522 
56440 

48560 

75250 

64750 

56424 

48560 
52487 

70122 
75453 

64837 
70000 

75350 

64848 
70089 

FM SYSTEM 3 
I I I 

1828 

1572 
1700 I 

2473 

2300 1 2127 

3225 

2775 
3000 1 

4193 

3607 
3900 I 

5805 

4995 
5400 1 

7901 

6799 
7350 1 
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13 

14 

15 

15588 15567 15586 
13412 13399 13409 

14500 14485 14499 

23650 23632 23663 
20350 20331 20354 

22000 21970 22006 

32250 32238 32271 
27750 27766 27801 

30000 30004 30032 

TABLE 18-7 
RF SYSTEM PERFORMANCE SUMMARY 

LAUNCH TIME 

T r a n s m i t t e r  o u t p u t  ( w a t t s )  (min  15w) 

FM/FM 1 (~15) 
FM/FM 2 (N16) 
FM/FM 3 (N17) 
PCM/FM (N18) 
SS/FM (N19) 26.4 

A n t e n n a  Power  ( w a t t s )  

A n t  1 (Nl) 

A n t  2 (N12) 
A n t  3 (N33) 
A n t  4 (N35) 

A n t e n n a  VSWR (max 1.7 :1) 
A n t  1 

A n t  2 
A n t  3 
A n t  4 

Insertion L o s s  (max 7.5 db) ( A t  RO +500) 
A n t  1 

A n t  2 

A n t  3 
A n t  4 

10.0 

9.8 
20.2 
17.4 

1.19:l 
1.37:l 
1.11:l 

1.13:l 

RO +500 

20.2 
25.2 
27.6 
23.0 
25.4 

9.8 
9.4 
19.4 
17.2 

1.69:l 
1.47:l 
1.12:l 
1.63:l 

6.88 db 
7.07 db 

5.79 db 
6.31 db 

RO +780 

20.0 
25.2 
27.6 
23.0 

0 

9.8 
9.8 
13.8 
11.6 

1.69:l 
1.47:l 
1.06:l 
1.44:l 

RO +11,600 

23.8 
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Figure 18-1. Telemetry Signal Strength - MILA and BDA 
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19 ELECTRICAL SYSTEMS 

The e l e c t r i c a l  control  system, with the exception of t he  PU system, and 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 phases I and I1 of the AS-532 f l i g h t  as defined 

i n  Douglas Report N o .  DAC-56610AY S-IVB-502 Stage Technical Performance C r i t e r i a  Document, 

revised March 1968. 

throughout phase I, LOX mass measurements went t o  a LOX tank mass-full condition during re- 

start  preparation of phase 11, indicat ing possible PU system malfunction. 

gat ion v e r i f i e d  the PU system malfunction, and the analysis  is delineated i n  sec t ion  16. 

Evaluation of the e l e c t r i c a l  system performance during the c r i t i c a l  analysis  period of 

RO +133 sec  did not  disclose any e l e c t r i c a l  system malfunction. 

Although the propellant u t i l i z a t i o n  (PU) system performed s a t i s f a c t o r i l y  

Subsequent invest i -  

19.1 E l e c t r i c a l  Control System 

The operational i n t e g r i t y  of t he  e l e c t r i c a l  control  system is  ve r i f i ed  i n  the sequence of 

events i n  sect ion 5 of t h i s  evaluation. A l l  responses t o  switch se l ec to r  commands were 

sa t i s f ac to ry .  Seventeen nonprogrammed cormnands were i n i t i a t e d  t o  command the S-IVB from 

Carnarvan, Hawaii, aed Guaymas ground s t a t i o n s .  These commands are included i n  the sequence 

of events. 

19.1.1 J-2 Engine Control System 

A l l  event measurements v e r i f i e d  t h a t  the engine control  sys tern had responded properly t a  

the Engine S t a r t  Command and Engine Cutoff Command given f o r  f i r s t  burn and fo r  the engine 

restart attempt. 

cutoff being i n i t i a t e d  a t  RO +747.032 sec ,  r e su l t i ng  i n  a t o t a l  engine f i r s t  burn t i m e  of 

169.764 sec.  Second burn engine start  was f n i t i a t e d  a t  RO +11,614.667 sec .  Due t o  the 

f a i l u r e  of the S-IVB engine to restart, the mainstage OK pressure switches did not pick up 

and engine cutoff was i n i t i a t e d  a t  RO +11,630.394 sec.  

of engine performance occurred i n  the proper sequent ia l  order .  

19.1,2 Control Pressure Switches 

A review of the event and pressure measurements associated with the control  pressure switches 

ve r i f i ed  t h a t  each switch functioned properly. The following paragraphs l i s t  these measure- 

ments and del ineate  the performance of each pressure switch. 

The engine pump purge control  module pressure switch regulates  the pressure of the helium 

gas i n  the pump purge l i n e  t o  s t a y  between 105 and 130 p s i a  when the Engine Pump Purge 

Control Valve Enable ON Command is  given. Data from the following measurements showed 

t h a t  purge pressure never reached the  actuat ion l i m i t  (130 psia)  and t h a t  the pressure 

switch, therefore ,  remained i n  the de-energized posi t ion (105 psia) .  

F i r s t  burn engine start w a s  i n i t i a t e d  a t  RO +577.268 sec with engine 

All telemetry event measurements 

K0105-404 

D0050-403 

Event - Pump Purge Regulator Backup Pressure Switch De-en 

Press - Engine Pump Purge Regulator 
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The LH2 tank f i r s t  burn f l i g h t  con t ro l  pressure  switch ac tua te s  t h e  f i r s t  b u m  bypass c o n t r o l  

valve so t h a t  tank u l l a g e  pressure  is maintained between 28 and 31 p s i a  during the  t i m e  t h a t  

the  f i r s t  burn r e l ay  is on. 

and never decreased below 32 p s i a  dur ing  mainstage. 

i n  the  a c t u a t e  (31 ps i a )  pos i t i on  dur ing  t h i s  t i m e .  The following measurements v e r i f i e d  

these  condi t ions .  

The f u e l  tank w a s  p ressur ized  t o  35 p s i a  p r i o r  t o  first b u m  

Therefore, t he  pressure  switch remained 

KO184-404 

K0107-404 

D0177-410 Press  - Fuel Tank Ullage EDS 1 

D0178-410 P r e s s  - Fuel Tank Ullage EDS 2 

The LH2 tank prepress ,  r ep res s ,  and second b u m  f l i g h t  con t ro l  pressure  switch ac tua te s  a t  

34 p s i a  and deac tua tes  at  31  ps ia .  

LH2 Repress Control Valve Open ON Command and the  LH2 tank s t e p  p res su r i za t ion  con t ro l  

va lve  during the  t i m e  t h a t  t he  second burn r e l ay  is on. During r ep res su r i za t ion ,  the  switch 

allowed u l l age  p res su re  t o  inc rease  from 20 t o  34 p s i a  a t  which t i m e  i t  closed t h e  r ep res s  

con t ro l  valves.  P r i o r  t o  the  second b u m  a t tempt ,  u l l age  pressure  decreased s u f f i c i e n t l y  

t o  allow deac tua t ion  of the  switch.  During the  second burn attempt t h e  pressure  d i d  no t  

reach the  ac tua t ion  l i m i t  o f  t h e  swi tch  be fo re  the  engine w a s  c u t  o f f .  

Event - Fuel Tank F l i g h t  Control Pressure  Switch 

Event - LH2 Tank Step  Pressure  Valve En 

I t  con t ro l s  the LH2 repress con t ro l  va lves  dur ing  the  

These condi t ions  are v e r i f i e d  by the  following measurements: 

K0101-404 Event - LH2 Repres s  Control Switch De-en 

KO107-404 Event - LH2 Step  Pressure  V a l v e  En 

D0177-410 Press  - Fuel Tank Ullage EDS 1 

D0178-410 P res s  - Fuel Tank Ullage EDS 2 

The LOX tank prepress  and f l i g h t  c o n t r o l  p re s su re  swi tch  r egu la t e s  the  co ld  helium shutof f  

valves during t h e  OFF por t ion  of  t h e  LOX tank f l i g h t  pressure  system command and the  heat 

exchanger bypass va lve  dur ing  t h e  ON po r t ion  of  t h i s  command. Actuation and deac tua t ion  

of  the  switch occurs ,  respec t ive ly ,  at 41  and 38 p s i a  of LOX u l l a g e  pressure.  The pressure  

switch also con t ro l s  t he  LOX tank r ep res s  c o n t r o l  va lves  a f t e r  t h e  LOX Tank Repress Control 

Valve Open ON Command is given. Data from the  following measurements v e r i f i e d  t h a t  t h e  

switch responded proper ly  t o  u l l age  pressure  changes throughout f l i g h t .  

KO102-404 Event - LOX Prepress  F l i g h t  Switch En 

KO108-404 Event - LOX Prepress  F l i g h t  Switch De-en 

D0179-424 Press - Oxid Tank Ullage EDS 1 

D0180-424 Press  - Oxid Tank Ullage EDS 2 

The LOX chilldown pump purge p res su re  switch ac tua te s  a t  41 p s i a  and deac tua tes  a t  38 p s i a  

of pressure  i n  the  pump purge line. I t  con t ro l s  the  LOX chilldown pump purge c o n t r o l  va lve  
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when the  LOX Chilldown Pump Purge Cont ro l  Valve Enable ON Command is  given p r i o r  t o  LOX 

loading.  The p res su re  swi tch  responded t o  p re s su re  f l u c t u a t i o n s  i n  t h e  pump purge l i n e  

throughout f l i g h t  as is v e r i f i e d  by t h e  fo l lowing  measurements. 

K0131-403 

D0103-403 P res s  - Helium Pres su re  t o  LOX Motor Control  

Event - LOX Chilldown Purge Switch De-en 

The c o n t r o l  hel ium r e g u l a t o r  backup p res su re  swi tch  is  employed i n  t h e  pneumatic power 

c o n t r o l  module as a redundant c o n t r o l  of t h e  helium l i n e  p re s su re  should t h e  module 

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

490 225 ps i a .  

below the  ac tua t ion  l i m i t  of  t h e  p re s su re  switch du r ing  f l i g h t .  

The switch a c t u a t e s  a t  600 515  p s i a  and deac tua tes  a t  

P res su re  measurement 00014 showed t h a t  t h e  r e g u l a t o r  kep t  t he  l i n e  pressure  

D0014-403 P r e s s  - Control  Helium Regulator Discharge 

The ope ra t ion  of  t h e  LOX tank r e g u l a t o r  backup p res su re  swi tch  i s  redundant t o  t h a t  of t he  

co ld  hel ium p res su re  r e g u l a t o r  i n  t h e  LOX tank p res su re  c o n t r o l  module. 

f a i l s ,  t he  p re s su re  swi tch  can a c t u a t e  (450-485 ps ia )  and c l o s e  t h e  co ld  helium supply 

shu to f f  va lves  thereby r e g u l a t i n g  the  cold helium supply l i n e  pressure .  S ince  the  r egu la to r  

funct ioned proper ly ,  t h e  pressure  switch remained i n  the  de-energize (335-370 ps i a )  p o s i t i o n  

dur ing  f l i g h t .  

K0156-404 

D0225-403 Press - Cold Helium Control  Valve I n l e t  

I f  the  r egu la to r  

Proper  ope ra t ion  w a s  v e r i f i e d  by the  fol lowing measurements. 

Event - LOX Tank Regulator  Backup P res su re  Switch En 

The LOX and LH2 t r ans luna r  vent  te rmina t ion  pressure  swi tches  were i n s t a l l e d  b u t  were n o t  

ope ra t iona l  f o r  f l i g h t .  

19.1.3 APS Electr ical  Control  System 

A review of t he  APS feed va lve  d a t a  v e r i f i e d  t h a t  t h e  APS e l e c t r i c a l  con t ro l  system performed 

wi th in  p re sc r ibed  l i m i t a t i o n s .  

K0132-404 

K0133-404 Event - APS Engine 1-2 Fd Vlv - Open 

K0134-404 

K0135-404 Event - AF'S Engine 2-2 Fd Vlv - Open 

Event - APS Eng 1-111-3 Fd Vlv - Op 

Event - APS Engine 2-112-3 Fd Vlv - Op 

19.1.4 Chilldown Shutoff  Valves 

The LOX and LH2 chilldown shu to f f  va lves  responded t o  t h e  chilldown shu to f f  p i l o t  va lve  

commands and opera ted  properly.  

KO136-409 

K0137-409 

KO138-424 

K0139-424 

Event - Fuel SOV Chill System - C 1  

Event - Fuel  SOV C h i l l  System - Op 

Event - Oxid SOV C h i l l  System - Op 

Event - Oxid SOV C h i l l  System - C 1  

b 
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19.1.5 Vent Valves 

A review of t h e  following measurements i nd ica t ed  tha t  t he  LOX and LH2 vent  va lves  responded 

t o  t h e i r  r e spec t ive  commands and operated properly.  

K0001-410 Event - Fuel Tank Vent Valve - C 1  

KOOO2-424 Event - Oxid Tank Vent Valve - C 1  

K0016-404 Event - Oxid Tank Vent Valve 1 - Op 

KOO17-410 Event - Fuel Tank Vent Valve 1 - Op 

19.1.6 F i l l  and Drain Valves 

The LOX and LH2 f i l l  and d r a i n  va lves  w e r e  commanded closed through the  umbilical  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 

KOOO4-404 Event - Oxid F i l l  Valve - Closed 

19.2 E l e c t r i c a l  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  i n  meeting e l e c t r i c a l  load requirements 

throughout phase I and the  restart attempt of  phase 11. 

19.2.1 F l igh t  Batteries 

All b a t t e r i e s  performed wi th in  the  expected l i m i t s  a s  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  19-1 through 19-4. 

19.2.2 Chilldown I n v e r t e r s  

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  dur ing  phases I and I1 of t h e  f l i g h t  

eva lua t ion  period. The i n v e r t e r s  r eac t ed  t o  t h e  load change demands of t h e  chilldown 

pumps without d i f f i c u l t i e s .  

w a s  515 deg R. 

LH2 chilldown i n v e r t e r  temperature increased  t o  527 deg R a t  tu rnof f .  Both t h e  LOX and 

LH2 chilldown i n v e r t e r  temperatures were a t  499 deg R a t  turnon a f t e r  t h e  coas t  period 

and increased  t o  511  deg R and 515 deg R r e spec t ive ly  a t  turnof f  be fo re  t h e  restart attempt.  

The opera t ing  temperature of t h e  i n v e r t e r s  p r i o r  t o  l i f t o f f  

The LOX chilldown i n v e r t e r  temperature increased t o  524 deg R and the  
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f MEASUREMENT MEASUREMENT 
NUMBER NOMENCLATURE 

MOO26-404 Volt-Phase A-B Fuel Chilldown 
Inve r t e r  

MOO27-404 Volt-Phase A-B LOX Chilldown 
Invert  er 

MO028-404 Freq-Fuel Chilldown Inve r t e r  

MOO29-404 Freq-Oxid Chilldown Inve r t e r  

MOO40-404 Volt-Phase 

MOO41-404 Volt-Phase 

MOO44-404 Vol t-Phase 

MOO45-404 

Inve r t e r  

Inve r t e r  

Inve r t e r  

Vo 1 t -Ph as e 
Inve r t e r  

MOO46-404 Volt-Phase 
Inve r t e r  

MOO47-404 Vol t-Phase 
Inve r t e r  

A-C LOX Chilldown 

A-C Fuel Chilldown 

Al-B1,  LOX Chilldown 

A1-C1, LOX C h i l l d m  

A1-B1, LH2 Chilldown 

A1-C1, LH2 Chilldown 

ACCEPTABLE 
RANGE 

56 +4 vac 

56 24 vac 

400 210 Hz 
400 210 Hz 

56 +4 vac 

56 54 vac 

56 2 4  vac 

56 5 4  vac 

56 +4 vac 

56 +4 vac 

ACTUAL 
VALUE 

57.0 vac 

56.0 vac 

401.0 Hz 

402.0 Hz 
57.0 vac 

57.0 vac 

58.0 vac 

- 

58.0 vac 

57.0 vac 

58.0 vac 

19.2.3 5 Volt Excitation Modules 

Both 5 v exc i t a t ion  modules performed s a t i s f a c t o r i l y .  The output values are l i s t e d  below: 

MEASUREMENT MEASUREMENT ACCEPTABLE ACTUAL 
NUMBER NOMENCLATURE RANGE VALUE 

MOO24-411 Volt-5 Volt Exci ta t ion Mod Fwd 5.00 5 . 0 2 5  vdc 5.01 vdc 

MOO25-404 Volt-5 Volt Esci ta t ion Mod Aft 5.00 k0.025 vdc 5.00 vdc 

MOO42-404 Freq-5 Volt Exci ta t ion Mod Aft 2,000 5200 Hz 2,000 Hz 
MOO43-411 Freq-5 Volt Exci ta t ion Mod Fwd 2,000 2200 Hz 2,000 Hz 

19.2.4 S t a t i c  Inve r t e r  Converter 

The s ta t ic  inve r t e r  converter operated within design l i m i t s  with the exception of the 

5 vdc output,  measured by measurement MO004-411 (Stat ic  Inve r t e r  Converter, 5 vdc) which 

w a s  30 mv higher than the  tolerance l i m i t  during normal PU operation and 90 mv out  of 

tolerance when the  PU Valve Hardover Command was acted upon. The 5 vdc output being’out 

of tolerance does not a f f e c t  t he  operation of the PU control  system since i t  i s  used f o r  

a telemetry exc i t a t ion  o f  t he  mass potentiometers only. No e r r o r  is introduced i n t o  

propel lant  mass calculat ions s ince  r a t i o s  of voltage l eve l s  are u t i l i z e d  i n  evaluating 

m a s s  potentiometer data. 

The inve r t e r  frequency went t o  406.2 Hz when the PU Valve Hardover Command w a s  given a t  

second burn Engine S t a r t  Command. 

Command, and there  is no degradation i n  the operation of the PU system. 

The s h i f t  i n  frequency is  expected a t  the PU Hardover 
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The minimum temperature w a s  541 deg R a t  l i f t o f f .  A t  i nve r t e r  power turnoff ,  the tempera- 

t u re  w a s  546 deg R. 

MEASUREMENT 
NUMBER 

MEASUREMENT 
NOMENCLATURE 

MOOO1-411 Volt-Static Inverter  Converter 

MOOO4-411 Volt-Static Inve r t e r  Converter 

MoO12-411 Freq-Static Inve r t e r  Converter 

M023-411 Volt-Static Inve r t e r  Converter, 
21 vdc 

ACCEPTABLE 
RANGE 

ACTUAL 
VALUE 

115 53.45 vrms 114.5 vrms 

5.00 2:;; vdc 5.130 vdc 

$00 26 Hz 402 Hz 

5.190 vdc* 

406.2 Hz* 

21.0 vdc 21.80 vdc 

*Levels during PU hardcver period. 

s 
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20. RANGE SAFETY SYSTEM 

The range s a f e t y  system w a s  n o t  required f o r  p rope l l an t  d i spe r s ion  during the  f l i g h t .  

i nd ica t ions  are t h a t  it operated properly and would have s a t i s f a c t o r i l y  terminated an 

erratic f l i g h t .  

All 

20.1 Contro l le rs  

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  comand s i g n a l s  f o r  engine cu tof f  exploding 

bridgewire (EBW) charge and f i r e ,  and t o  d i s t r i b u t e  power t o  the range s a f e t y  components. 

No abnormal conditions w e r e  evident.  

20.2 Fi r ing  Unit Monitors 

The following measurements i nd ica t e  t h a t  the  f i r i n g  u n i t s  were not  charged throughout the  

f l i g h t .  
I 

MOO30-411 

MOO31-411 

Volt - F/U 1 EBW Range Safe ty  

Volt - F/U 2 EBW Range Safe ty  

20.3 Receivers S igna l  S t rength  

The signal s t r eng th  monitors i n d i c a t e  t h a t  the  range s a f e t y  system w a s  on a t  l o s s  of d a t a  

a t  RO +785 sec.  Although s a f e  commands were s e n t  from Bermuda during the o r b i t a l  i n s e r t i c  

phase of f l i g h t ,  t h e  range sa fe ty  system d id  no t  respond s i n c e  the  f l i g h t  veh ic l e  w a s  ou t  

of range of t he  range s a f e t y  t r ansmi t t e r .  This i s  due t o  the  extended burn t i m e s  of the  

S-I1 and S-IVB s t ages  r e s u l t i n g  from the  S-I1 engines-out conditions.  The s a f e  command 

w a s  s e n t  from Bermuda on the  f i r s t  o r b i t a l  pass and the following measurements v e r i f i e d  

t h a t  the  range s a f e t y  system w a s  s a fed  a t  RO +5,889 sec. 

N0056-411 

NOO57-411 

N0062-411 

Misc - Sec R/S Rcvr 2 H/L Sig  S t r  

Misc - Sec R/S Rcvr 1 L/L Sig  S t r  

Misc - Sec R/S Rcvr 2 L/L S i g  S t r  
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i )  

21. FLIGHT CONTROL 

The t h r u s t  vec to r  con t ro l  system (TVCS) responded s a t i s f a c t o r i l y  t o  instrument u n i t  (IU) 

command s i g n a l s  providing p i t c h  and yaw con t ro l  dur ing  S-IVB f i r s t  burn. The sepa ra t ion  

t r a n s i e n t  i n  the  p i t c h  p lane  w a s  considerably l a r g e r  than that experienced on previous 

f l i g h t s .  

mately 6.7 deg which i s  near the  maximum design engine d e f l e c t i o n  of 7 deg. This l a r g e  

sepa ra t ion  t r a n s i e n t  w a s  a t t r i b u t e d  t o  a l a r g e  p i t c h  a t t i t u d e  e r r o r  (7.6 deg) e x i s t i n g  a t  

S-111s-IVB separa t ion .  

adequate con t ro l  following S-111s-IVB separa t ion .  

w e r e  experienced during guidance mode changes and f i r s t  burn engine cu tof f .  These t r a n s i e n t s  

w e r e  expected and were w e l l  w i th in  t h e  c a p a b i l i t i e s  of  t h e  con t ro l  system. 

The maximum p i t c h  engine d e f l e c t i o n  following S-111s-IVB sepa ra t ion  w a s  approxi- 

The TVCS responded normally dur ing  t h i s  i n t e r v a l  and provided 

Addi t iona l  con t ro l  system t r a n s i e n t s  

Inadequate hydraul ic  system supply pressure  p r i o r  t o  restart prevented t h e  5-2 engine from 

be ing  centered  a t  the  t i m e  of Engine S t a r t  Command (ESC). 

S t a r t  Command w a s  approximately 1.5 deg i n  p i t c h  and - 2 . 3  deg i n  yaw. 

experienced during the  restart i n t e r v a l ,  r e s u l t e d  i n  p i t c h  and yaw angular rates o f  

-0.5 deg/sec and 0.45 deglsec  a t  t h e  t i m e  of Engine Cutoff Command. 

respond normally t o  con t ro l  system commands during this i n t e r v a l  because of i n s u f f i c i e n t  

hydrau l i c  pressure .  

The engine pos i t i on  at  Engine 

Disturbances,  

The TVCS d id  n o t  

The a u x i l i a r y  a t t i t u d e  con t ro l  system (MCS) 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 c h ,  yaw, and r o l l  con t ro l  during o r b i t .  During 

S-111s-IVB sepa ra t ion ,  a 0 . 3  s e c  p i t c h  AACS f i r i n g  (engine I ) accurred commencing wi th  

the  S-111s-IVB Separa t ion  Command and terminating wi th  t h e  S-IVB Burn Mode ON Command. 

The design c h a r a c t e r i s t i c s  of t h e  f l i g h t  con t ro l  computer (FCC) r e su l t ed  i n  a temporary 

t r a n s f e r  of a t t i t u d e  con t ro l  t o  the  S-IVB coas t  mode following t h e  S-111s-IVB Separa t ion  

Command which w a s  terminated by the  S-IVB Burn Mode ON Command. The noted temporary 

S-IVB coas t  mode and subsequent p i t ch  AACS f i r i n g ,  although undes i rab le  because of 

unnecessary use of AACS p rope l l an t s ,  was not  de t r imenta l .  

P 

A l l  o r b i t a l  maneuvers w e r e  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  u n t i l  approximately RO +22,040 sec, a t  which t i m e  t h e  yaw angular rate diverged 

a t t a i n i n g  a maximum angular  r a t e  of -7.5 degBec  followed by an o s c i l l a t o r y  veh ic l e  

motion. AACS p rope l l an t  deple t ion  i n  module 1 (ox id ize r  - RO +22,053 sec)  and a LOX 

vent  (RO +22,020 see )  accounted f o r  t h e  d iverg ing  angular  rate a t  t h i s  t i m e .  Depletion 

of t h e  AACS p rope l l an t s  and subsequent l o s s  of a t t i t u d e  con t ro l  a t  t h i s  t i m e  is much 

earlier than expected €o r  a nominal mission; however, t h i s  is  reasonable when considering 

t h e  r e l a t i v e l y  l a r g e  and unexpected demands on t h e  con t ro l  system, p a r t i c u l a r l y  due t o  

h igh  i n i t i a l  angular rates a t  f i r s t  and second burn engine c u t o f f ,  l a r g e  p rope l l an t  masses 

remaining following second engine c u t o f f ,  and an e a r l y  LV/SC separa t ion .  

w a s  earlier than expected, a t t i t u d e  con t ro l  w a s  maintained beyond t h e  t i m e  per iod  necessary 

t o  m e e t  mission requirements. 

Although dep le t ion  

3 
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LOX and LH2 p rope l l an t  s lo sh ing  during powered f l i g h t  w a s  comparable t o  t h a t  experienced 

on previous f l i g h t s .  A l a r g e  LH2 s losh  wave occurred a t  S-111s-IVB sepa ra t ion  due t o  the  

l a r g e  con t ro l  system t r a n s i e n t  experienced a t  t h a t  t i m e ,  however, t h e  LH2 s losh ing  w a s  

r ap id ly  damped by the  LH2 d e f l e c t o r  and b a f f l e .  

appreciable e f f e c t  on the  con t ro l  system during f i r s t  burn. 

LOX and LH2 s losh ing  d id  not  have an 

21.1 

The TVCS and AACS responded normally t o  guidance commands during f i r s t  burn and provided 

s a t i s f a c t o r y  con t ro l  i n  t h e  p i t c h  and yaw axes and r o l l  ax i s  r e spec t ive ly .  

A t t i t ude  Control - Powered F l i g h t  

21.1.1 

A l a r g e  p i t ch  a t t i t u d e  e r r o r  (7.6 deg) e x i s t i n g  a t  S-111s-IVB sepa ra t ion  r e s u l t e d  i n  a 

s i g n i f i c a n t  con t ro l  system t r a n s i e n t  (6.7 deg engine de f l ec t ion )  following t r a n s f e r  of 

a t t i t u d e  con t ro l  from t h e  S-I1 t o  t h e  S-IVB (RO +577.4 s e c ) .  The l a r g e  a t t i t u d e  e r r o r  

a t  S-111s-IVB sepa ra t ion  is a t t r i b u t e d  pr imar i ly  t o  S-I1 engine t r i m  (engines 1 and 4) 

requi red  t o  compensate f o r  t h e  l o s s  of two con t ro l  engines (engines 2 and 3). 

engines are shown i n  conjunction wi th  the  veh ic l e  coordinate system and p o l a r i t i e s  i n  

f i g u r e  21-1. The sepa ra t ion  t r a n s i e n t  was considerably l a r g e r  than t h a t  experienced on 

any previous f l i g h t ,  however, the  con t ro l  sys  ten opera t ion  appeared normal during t h i s  

i n t e r v a l .  TVCS c a p a b i l i t y  w a s  demonstrated f o r  t h e  engine i n  a near  hardover pos i t i on  

a t  the  t i m e  of i n i t i a l  5-2 engine t h r u s t  buildup. A sequence of events  r e l a t e d  t o  a t t i t u d e  

con t ro l  during powered f l i g h t  is presented i n  t a b l e  20-1. 

con t ro l  sys  t e m  parameters are presented i n  t a b l e  20-2. 

Thrust  Vector Control System Performance - F i r s t  Burn 

These 

Maximum values  o f  s i g n i f i c a n t  

Following guidance i n i t i a t i o n  ( t h i r d  phase i t e r a t i v e  guidance mode [IGM]) a t  RO +582.5 sec ,  

t he  guidance system commanded t h e  S-IVB t o  p i t c h  nose down a t  a l imi t ed  rate of 1 deg/sec 

t o  co r rec t  f o r  nonoptimum t r a j e c t o r y  condi t ions  e x i s t i n g  a t  S-111s-IVB separa t ion .  Discussion 

of t h e  t r a j e c t o r y  condi t ions  e x i s t i n g  at S-111s-IVB sepa ra t ion  are presented i n  sec t ions  8 and 

1 7 .  Approximately RO +645 sec ,  t h e  guidance system commanded t h e  S-IVd nose up t o  achieve t h e  

des i r ed  t a r g e t  f l i g h t  path angle  a t  S-IVB engine cu to f f .  This maneuver became r a t e  l imi t ed  

a t  1 deg/sec nea r  t h e  end of S-IVB burn. The S-IVB i n e r t i a l  a t t i t u d e  (0 ) a t  f i r s t  b u m  

engine cu tof f  was -71 deg, approximately 50 deg above t h e  l o c a l  ho r i zon ta l .  
Y 

P i t ch  and yaw guidance commands and a c t u a l  veh ic l e  a t t i t u d e s  (p la t form gimbal angles) 

during f i r s t  burn are shown i n  f i g u r e  21-2. 

wi th  t h e  commanded a t t i t u d e  ind ica t ing  normal con t ro l  system opera t ion .  

The a c t u a l  veh ic l e  a t t i t u d e  c o r r e l a t e s  w e l l  

P i t c h  a t t i t u d e  e r r o r ,  angular  rate, and ac tua to r  p o s i t i o n  during f i r s t  burn are presented 

i n  f i g u r e  21-3. 

The maximum angular  rates experienced during f i r s t  burn occurred during t h e  i n t e r v a l  of 

S-111s-IVB sepa ra t ion  and i n i t i a t i o n  of t h e  t h i r d  phase IGM. The maximum p i t c h  and yaw 

The corresponding parameters i n  t h e  yaw plane are shown i n  f i g u r e  21-4. 

f 
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i 

angular rates were -3.5 deg/sec and 1 deglsec ,  r e spec t ive ly .  

i n i t i a t i o n  t r a n s i e n t  decayed by approximately 30 sec a f t e r  a c t i v a t i o n  of t h e  S-IVB 

a t t i t u d e  con t ro l  system. The s t eady- s t a t e  p i t c h  a t t i t u d e  e r r o r  during the pitch-down 

maneuver a t  1 deg/sec w a s  1.5 deg. 

t he  p i t c h  a t t i t u d e  e r r o r  s h i f t e d  from 1.5 deg t o  -0.3 deg and gradual ly  increased  t o  

-1 deg a t  approximately RO +705 sec. A t  t h i s  t i m e  t he  p i t c h  angular rate a t t a i n e d  the  

rate l i m i t  of 1 deg/sec and the  p i t c h  a t t i t u d e  e r r o r  remained cons tan t  a t  approximately 

-1 deg u n t i l  f i r s t  burn  engine cu to f f .  The yaw a t t i t u d e  e r r o r  w a s  approximately -0.9 deg 

throughout f l i g h t .  The s teady-s ta te  a t t i t u d e  e r r o r s  experienced dur ing  powered f l i g h t  

r e s u l t e d  from a combination of cons tan t  veh ic l e  angular  r a t e s  and/or e f f e c t i v e  t h r u s t  

vec to r  misalignment. The e f f e c t i v e  t h r u s t  vec to r  misalignment inc ludes  t h e  t h r u s t  

v e c t o r  misalignment wi th  r e spec t  t o  t h e  5-2 engine cen te r l ine ,  ac tua to r  t o l e rances ,  

engine ls tage  misalignment, and system e l e c t r i c a l  b i a ses .  

t h r u s t  vec to r  misalignments determined f o r  f i r s t  burn w e r e  0.25 deg and -0.4 deg 

r e spec t ive ly .  These va lues  a r e  comparable t o  those experienced on previous f l i g h t s .  

The separa t ion lguidance  

Following the  p i t c h  up maneuver a t  RO +645 sec, 

The e f f e c t i v e  p i t c h  and yaw 

LVDC Guidance commands w e r e  f rozen  ( c h i  f reeze)  a?proximately 0.9 sec p r i o r  t o  guidance 

cu to f f .  Guidance commands a r e  frozen t o  minimize d is turbances  a t  S-IVB cu to f f .  Immediately 

following c h i  f r eeze ,  t h e  p i t c h  a t t i t u d e  e r r o r  became p o s i t i v e  and increased  as t h e  veh ic l e  

a t t i t u d e  deviated from t h e  frozen guidance commands due t o  angular rates a t  t h e  t i m e  of 

c h i  f reeze .  The p i t c h  ac tua to r  r e t r a c t e d  responding t o  a t t i t u d e  con t ro l  s i g n a l s  t o  remove 

t h e  angular r a t e  and r e s u l t i n g  a t t i t u d e  e r r o r  u n t i l  RO +750.7 s e c  a t  which t i m e  t h e  FCC w a s  

switched to  coas t  mode enabling the  p i t c h  and yaw channels of  the  AACS. 

yaw ac tua to r s  re turned  t o  n u l l  a s  expected following a c t i v a t i o n  of coas t  mode cont ro l .  

Both p i t c h  and 

The a t t i t u d e  con t ro l  system response during f i r s t  burn was simulated t o  determine the  

na tu re  of experienced d is turbances  and t o  v e r i f y  s a t i s f a c t o r y  con t ro l  s y s  t e m  opera t ion .  

I n i t i a l  condi t ions  and cons tan t  parameter va lues  requi red  i n  the  s imula t ion  a r e  presented  

i n  t a b l e  21-4. A comparison of a c t u a l  and simulated p i t c h  and yaw a t t i t u d e  e r r o r s ,  angular 

rates and ac tua to r  pos i t i ons  a r e  shown i n  f igu res  21-3 and 21-4, respec t ive ly .  The r e s u l t s  

i n d i c a t e  t h a t  t he  TVCS responded normally to  a t t i t u d e  con t ro l  s igna l s .  

21.1.2 Auxiliary A t t i t u d e  Control System 

The AACS opera t ion  f o r  r o l l  s t a b i l i z a t i o n  during S-IVB powered f l i g h t  appeared normal. 

During S-111s-IVB sepa ra t ion  a 0.3 sec p i t c h  AACS f i r i n g  (engine I ) occurred commencing 

wi th  the  S-111s-IVB Separation Command and terminating wi th  the  S-IVB Burn Mode ON Command. 

The sequence of events  and noted AACS engine f i r i n g  immediately following S-111s-IVB 

sepa ra t ion  are shown i n  f i g u r e  21-6. The r o l l  con t ro l  system is  ac t iva t ed  by the  S-IVB 

Burn Mode ON Command. 

the  J-2 engine during powered f l i g h t .  

P 

This command a l s o  enables the  TVCS f o r  p i t c h  and yaw con t ro l  wi th  

Inves t iga t ion  of design c h a r a c t e r i s t i c s  of  t h e  FCC 
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i n d i c a t e  t h a t  the a t t i t u d e  con t ro l  system is temporarily i n  coas t  mode opera t ion  during 

the  t i m e  i n t e r v a l  between the S-111s-IVB Separation Command and the  S-IVB Burn Mode ON 

Command (0.3 sec) .  As a r e s u l t ,  the appropr ia te  i n i t i a l  conditions ( a t t i t u d e  e r r o r s  and 

angular r a t e s )  a t  S-111s-IVB sepa ra t ion  can induce p i t c h ,  yaw, o r  r o l l  AACS f i r i n g s  during 

t h i s  i n t e rva l .  

the  noted AACS p i t ch  f i r i n g .  

although undesirable due t o  unnecessary use of AACS p rope l l an t s ,  w a s  no t  detrimental .  

Employment of a l t e r n a t e  sequence TB4a would p lace  t h e  FCC i n  coas t  mode opera t ion  f o r  

4.4 s e c  as opposed t o  0 . 3  s e c  which w a s  observed during the  AS-502 mission. This may 

r e s u l t  i n  the unnecessary use of as much as 3 lbm of AACS propel lan ts  from one module. 

An i n i t i a l  p i t ch  a t t i t u d e  e r r o r  of 7.6 deg a t  S-111s-IVB separa t ion  induced 

The S-IVB coas t  mode opera t ion  a t  S-111s-IVB separa t ion ,  

A t t i t ude  con t ro l  system f i r i n g s  during t h e  sepa ra t ion  i n t e r v a l  have been experienced 

on one previous f l i g h t .  

before  the  FCC w a s  switched t o  S - I D  burn mode. This pu lse  is aga in  a t t r i b u t e d  t o  

a t t i t u d e  cont ro l  s i g n a l s  commanding engine f i r i n g s  while the  FCC w a s  temporarily i n  

coas t  mode operation. 

During the  AS-501 S-111s-IVB separa t ion ,  engine IIV pulsed 

Roll  cont ro l  during f i r s t  b u m  appeared normal. The r o l l  a t t i t u d e  e r r o r ,  angular rate, 

and a t t i t u d e  con t ro l  system engine f i r i n g s  required f o r  r o l l  s t a b l i z a t i o n  are shown i n  

f igu re  21-5. S ign i f i can t  r o l l  disturbances w e r e  observed during the  i n t e r v a l  from 

S-111s-IVB separa t ion  t o  guidance i n i t i a t i o n  and following a change i n  p i t ch  guidance 

commands a t  approximately RO +645 sec.  

separa t ion  and guidance i n i t i a t i o n  w e r e  induced by a combination of u l l age  rocket misalign- 

ment (F l igh t  T e s t  Data ind ica ted  t h a t  the  e f f e c t i v e  u l l age  rocket misalignment w a s  approxi- 

mately 0.6 deg),  5-2 engine exhaust gas s w i r l ,  and coupling r e su l t i ng  from the engine p i t ch  

and yaw def lec t ions .  The r o l l  disturbance experienced during the  change i n  p i t ch  guidance 

commands w a s  induced by the  p i t c h  t r a n s i e n t  which occurred a t  t h i s  time. 

The r o l l  disturbances experienced a t  S-IIfS-IVB 

The frequency of AACS r o l l  engine f i r i n g s  during powered f l i g h t  w a s  h igher  than t h a t  

experienced on previous f l i g h t s .  This i s  a t t r i b u t e d  to  a h igher  s teady-s ta te  r o l l  torque 

(approximately 40 f t - l b f  i n  a clockwise d i r e c t i o n ) ,  r e su l t i ng  from 5-2 engine exhaust gas 

s w i r l .  The h ighes t  s teady-s ta te  r o l l  torque experienced previously w a s  27 f t - lb f  (AS-204). 

AACS engines 111 and I11 

state  r o l l  torque. Propel lan t  requirements and impulse usage f o r  r o l l  cont ro l  during f i r s t  

burn were approximately 2.8 lbm and 620 lbf-sec f o r  module 1 and 2.6 lbm and 570 l b f - s e c  

f o r  module 2.  

of engine t h r u s t  da t a  and assuming an I s p  of 230 sec. 

i n  t a b l e  21-5. 

i s  a t t r i b u t e d  pr imar i ly  to  the  p i t c h  f i r i n g  from module 1 (40 lbf-see) during the separa t ion  

sequence and a l so  t o  AACS engine performance va r i a t ions .  The AACS propel lan t  usage f o r  r o l l  

cont ro l  during f i r s t  b u m  w a s  h igher  than expected. 

f i r e d  t o  co r rec t  f o r  disturbances r e su l t i ng  from the  steady- I V  

The propel lan t  usage w a s  determined using impulse d a t a  derived from in t eg ra t ion  

A summary of AACS impulse is presented 

The d i f f e rence  i n  AACS impulse requirements between module 1 and module 2 

The expected propel lan t  usage ranged 
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between 0.8 and 2.0 lbm. The h i g h e r  than  expected usage 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  

r o l l  induced d i s t u r b a n c e s  r e s u l t i n g  from t h e  l a r g e  s e p a r a t i o n  t r a n s i e n t  and t o  t h e  

r e l a t i v e l y  h i g h  s teady-s tate r o l l  torque.  

I n v e s t i g a t i o n  of rate gyro d a t a  i n d i c a t e d  t h e  presence of low ampli tude o s c i l l a t i o n s  

(17 t o  22 cps)  s imilar  t o  t h a t  exper ienced  on AS-204. These o s c i l l a t i o n s  were noted  

p r i m a r i l y  on t h e  p i t c h  and r o l l  ra te  gyros  dur ing  S-111s-IVB s e p a r a t i o n .  

and d u r a t i o n  of  t h e s e  o s c i l l a t i o n s  on AS-502 were much less than  t h a t  experienced on 

AS-204, and no apparent  e f f e c t  on t h e  a t t i t u d e  c o n t r o l  system w a s  noted. 

The ampli tude 

21.2 A t t i t u d e  Cont ro l  - O r b i t  

The AACS responded normally t o  guidance commands dur ing  o r b i t  and provided s a t i s f a c t o r y  

a t t i t u d e  c o n t r o l  dur ing  o r b i t a l  d i s t u r b a n c e s  , l i m i t  c y c l e  o p e r a t i o n ,  and maneuvering 

per iods .  The a t t i t u d e  c o n t r o l  system engine  f i r i n g  h i s t o r y  during o r b i t  is shown i n  

f i g u r e  21-7. 

Loss of normal a t t i t u d e  c o n t r o l  w a s  evidenced a t  RO +22,040 sec as t h e  yaw angular  rate 

diverged t o  approximately -7.5 d e g l s e c  followed by an  o s c i l l a t o r y  v e h i c l e  motion. The 

l a r g e  yaw a n g u l a r  rate i s  a t t r i b u t e d  t o  te rmina t ion  of AACS engine f i r i n g s  i n  module 1 
due t o  AACS p r o p e l l a n t  d e p l e t i o n  ( s e e  s e c t i o n  1 4 )  and a LOX v e n t  i n i t i a t e d  a t  RO +22,023 sec. 

AACS p r o p e l l a n t  d e p l e t i o n  of module 2 occurred  approximately RO +22,630 sec. 

t h e  AACS p r o p e l l a n t s  occur red  earlier than  expected f o r  a nominal miss ion  b u t  i s  reasonable  

when cons ider ing  t h e  r e l a t i v e l y  l a r g e  and unexpected demands on t h e  c o n t r o l  system, 

p a r t i c u l a r l y  dur ing  t h e  i n t e r v a l s  fo l lowing  f i r s t  burn  engine  c u t o f f  and second burn engine 

c u t o f f .  A t t i t u d e  c o n t r o l  w a s  maintained beyond t h e  r e q u i r e d  per iod  as covered i n  s e c t i o n  7 

of t h i s  r e p o r t .  

Deplet ion of 

21.2.1 F i r s t  Burn Engine Cutoff  

Launch Vehicle  D i g i t a l  Computer (LVDC) guidance commands were f r o z e n  approximately 0.9 sec 

p r i o r  t o  S-IVB engine  c u t o f f .  

t o  minimize d i s t u r b a n c e s  at  engine c u t o f f .  

approximately 15  sec a f t e r  c u t o f f  a t  which t i m e  guidance commands w e r e  i s s u e d  t o  a l i g n  t h e  

S-IVB w i t h  t h e  l o c a l  h o r i z o n t a l .  

This  is normally r e f e r r e d  t o  as c h i  f r e e z e  and is implemented 

The guidance commands remained f r o z e n  u n t i l  

The S-IVB a t t i t u d e  a t  c u t o f f  w a s  approximately 50 deg above t h e  l o c a l  h o r i z o n t a l .  I n i t i a l  

c o n d i t i o n s  a t  f i r s t  burn engine  c u t o f f  are summarized as fo l lows  : 

P i t c h  A t t i t u d e  E r r o r  - 0.9 deg 

Yaw A t t i t u d e  E r r o r  - 0.8 deg Yaw Angular R a t e  - 0.04 deglsec  

R o l l  A t t i t u d e  E r r o r  - 0.35 deg R o l l  Angular Rate  - 0.07 d e g l s e c  

P i t c h  Angular Rate - 0.7 deglsec  

These c o n d i t i o n s  r e s u l t e d  from guidance o p e r a t i o n  d u r i n g  S-I1 and S-IVB burn phases ( s e e  

s e c t i o n  8 ) .  The AACS p i t c h  and yaw channels  w e r e  a c t i v a t e d  approximately 3.5 sec a f t e r  

engine  c u t o f f .  Following a c t i v a t i o n  of  t h e  AACS, p i t c h  engine  I came f u l l  on f o r  
P 

21-5 



S e c t i o n  2 1  
F l i g h t  Control  

approximately 43 sec t o  reduce the i n i t i a l  p o s i t i v e  rate (0.7 degfsec)  and e s t a b l i s h  

t h e  maneuvering rate of -0.3 d e g f s e c  t o  a l i g n  t h e  v e h i c l e  w i t h  t h e  l o c a l  h o r i z o n t a l .  

P r i o r  t o  achiev ing  t h e  l o c a l  h o r i z o n t a l ,  t h e  v e h i c l e  w a s  commanded t o  r o l l  180 deg 

(counterclockwise looking  forward) t o  p o s i t i o n  I up. This command w a s  i n i t i a t e d  a t  

RO +837 sec w i t h  a maneuvering rate of  -0.5 degisec .  

The a t t i t u d e  c o n t r o l  system o p e r a t i o n  appeared normal fo l lowing  engine  c u t o f f .  

p e l l a n t  usage fol lowing engine  cutof  f w a s  h i g h e r  than expected 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  i n i t i a l  p i t c h  rate e x i s t i n g  a t  engine c u t o f f .  

fol lowing f i r s t  burn  engine  c u t o f f  are shown i n  f i g u r e  21-8. The corresponding p i t c h ,  yaw 

and r o l l  c o n t r o l  system response fo l lowing  engine  c u t o f f  are shown i n  f i g u r e s  21-9, 21-10, 

and 21-11. 

AACS pro- 

Actua l  and commanded v e h i c l e  a t t i t u d e s  

21.2.2 

A 20 deg p i t c h  down maneuver w a s  i n i t i a t e d  a t  RO +3,207 sec f o r  t h e  purpose of  e v a l u a t i n g  

p r o p e l l a n t  s l o s h  dynamics. 

engine  I11 

which w a s  maintained u n t i l  t h e  v e h i c l e  a t t i t u d e  approached t h e  commanded a t t i tuc’e ;  engine  I 

then  f i r e d  t o  reduce t h e  angular  rate t o  t h e  d e s i r e d  o r b i t a l  p i t c h  rate. The ccmmanded and 

a c t u a l  v e h i c l e  a t t i t u d e s  dur ing  t h i s  maneuver are shown i n  f i g u r e  21-12. The corresponding 

a t t i t u d e  e r r o r s ,  angular  rates and AACS engine f i r i n g s  are shown i n  f i g u r e s  21-13, 21-14, 

and 21-15 f o r  p i t c h ,  yaw, and r o l l ,  r e s p e c t i v e l y .  The AACS response appeared normal during 

t h i s  maneuver. 

20 Deg P i t c h  Down Maneuver 

P r o p e l l a n t  behavior  is presented  i n  paragraph 21.4.4. AACS 

f i r e d  t o  e s t a b l i s h  t h e  r e q u i r e d  maneuvering rate of H.3 d e g l s e c  (nose down) 
P 

P 

Low ampli tude o s c i l l a t i o n s  a t  19.5 t o  22 cps ( s e e  f i g u r e  21-15) were observed on t h e  p i t c h  

and r o l l  rate gyro s i g n a l s  beginning a t  RO +3,311 sec and te rmina t ing  approximately 15 sec 

later. This  t i m e  c o r r e l a t e s  w i t h  t h e  t i m e  per iod  of an AACS engine f i r i n g  frequency of  

approximately 5 t o  6 f i r i n g s  p e r  sec r e q u i r e d  t o  te rmina te  t h e  p i t c h  maneuver. The noted 

o s c i l l a t i o n s  appeared t o  t e r m i n a t e  as t h e  AACS engine  f i r i n g  frequency w a s  reduced t o  

less than 4 f i r i n g s  p e r  sec. C o r r e l a t i o n  o f  t h e  noted o s c i l l a t i o n s  and AACS f i r i n g s  

i n d i c a t e s  t h a t  t h e  o s c i l l a t i o n s  are r e l a t e d  t o  t h e  AACS engine f i r i n g s .  The o s c i l l a t i o n s  

appear  t o  b e  s i m i l a r  t o  t h a t  exper ienced  on previous  f l i g h t s  and dur ing  o t h e r  i n t e r v a l s  

of  t h e  AS-502 mission.  The observed o s c i l l a t i o n s  were n o t  of s u f f i c i e n t  magnitude t o  

e f f e c t  a t t i t u d e  c o n t r o l  system o p e r a t i o n .  

4 

21.2.3 20 Deg P i t c h  Up Maneuver 

A 20 deg p i t c h  up maneuver t o  t h e  l o c a l  h o r i z o n t a l  w a s  i n i t i a t e d  a t  RO +5,427 sec. (An 

e v a l u a t i o n  o f  p r o p e l l a n t  s l o s h i n g  dur ing  t h i s  maneuver i s  p r e s e n t e d  i n  paragraph 21.4.4) 

AACS p i t c h  engine  I f i r e d  t o  xemove t h e  e x i s t i n g  o r b i t a l  p i t c h  rate and e s t a b l i s h e d  a 
P 
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maneuvering rate of -0.3 deglsec (nose up). 

commanded a t t i t u d e ,  AACS engine 111 f i r e d  to  remove the maneuver rate and e s t ab l i sh  an 

o r b i t a l  p i t ch  rate (nose down). High frequency o s c i l l a t i o n s  were a l s o  observed during 

t h i s  maneuver, pa r t i cu la r ly  on the pi tch and r o l l  rate gyros. Again, these o s c i l l a t i o n s  

exis ted during i n t e r v a l s  of high frequency AACS engine f i r i n g s  (approximately 5 f i r i n g s  

per  see) .  

up maneuver. 

As the ac tua l  vehicle  a t t i t u d e  approached the  

P 

The a t t i t u d e  control system operation appeared normal during the 20 deg p i t ch  

The commanded and ac tua l  vehicle  a t t i t u d e s  during t h i s  maneuver are shown i n  f igu re  21-16. 

The corresponding a t t i t u d e  e r ro r s ,  angular rates and AACS engine f i r i n g s  are presented i n  

f igures  21-17, 21-18, and 21-19 f o r  pi tch,  yaw, and r o l l ,  respectively.  

Impulse requirements t o  i n i t i a t e  and terminate the  p i t ch  up maneuver were much l a r g e r  than 

f o r  the pi tch down maneuver. 

the maneuvering rate during the pi tch down maneuver and opposes the maneuvering rate during 

the pi tch up maneuver. 

up maneuver. 

was as follows: 

This is normal s ince  the  o r b i t a l  p i t ch  r a t e  contributes to  

A s  a r e s u l t ,  addi t ional  impulse is required to  complete the pi tch 

APS impulse requirements t o  i n i t i a t e  and terminate each of t he  pi tch maneuvers 

Pitch Down Maneuver 

I n i t i a t i o n  1,060 lbf-sec (module 2) 

Termination 1,130 lbf-sec (module 1 )  

Pi tch Up Maneuver 

I n i t i a t i o n  2,270 lbf-sec (module 1) 

Termination 2,220 lbf-sec (module 2) 

21.2.4 

A 180 deg counterclockwise r o l l  maneuver was i n i t i a t e d  approximately RO +5,787 s e c  to  r o t a t e  

posi t ion I down. 

-0.5 deglsec and the a t t i t u d e  e r r o r  l imited a t  3.5 deg as expected. 

remained l imited u n t i l  approximately RO +6,090 sec a t  which t i m e  the ac tua l  vehicle  a t t i t u d e  

approached the commanded a t t i t u d e  and AACS engines IIv and 11111 f i r e d  to  reduce the 

maneuvering rate.  

maneuver. The commanded and ac tua l  vehicle  a t t i t u d e s  are shown i n  f igu re  21-20. The 

corresponding a t t i t u d e  e r ro r s ,  angular rates, and AACS engine f i r i n g s  are presented i n  

f igures  21-21, 21-22, and 21-23 f o r  p i t ch ,  yaw, and r o l l ,  respectively.  

180 Deg Roll  Maneuver (Counterclockwise Looking Forward) Posi t ion I Down 

AACS engine IIIIv f i r e d  t o  e s t a b l i s h  the required maneuvering rate of 

The a t t i t u d e  e r r o r  

The a t t i t u d e  control  system response appeared normal during t h i s  

21.2.5 Restart Orientat ion Manewer t o  Spacecraft Separation 

21.2.5.1 R e s  t a r t  Orientation Maneuver 

Restar t  preparations w e r e  i n i t i a t e d  a t  RO +11,287.6 sec (TB6). Shortly a f t e r  t h i s  t i m e ,  
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t h e  APS u l l age  engines w e r e  commanded ON t o  provide acce le ra t ion  t o  set t le  the  p rope l l an t s  

f o r  restart. During u l l ag ing ,  a s m a l l  nose down d is turbance  w a s  observed w i t h  a r e s u l t i n g  

rate of approximately -0.01 deglsec  which corresponds to  an e f f e c t i v e  u l l age  t h r u s t  un- 

balance of approximately 0.6 l b f .  This e f f e c t i v e  unbalance w a s  probably a combination of  

a s m a l l  u l l age  engine misalignment and t h r u s t  unbalance. 

A restart o r i e n t a t i o n  maneuver w a s  i n i t i a t e d  a t  RO +11,488 s e c  t o  positdon the  veh ic l e  i n  

the  des i r ed  a t t i t u d e  f o r  restart. 

below the  l o c a l  ho r i zon ta l .  Upon attainment of t h i s  a t t i t u d e ,  t h e  p i t c h  guidance commands 

w e r e  frozen r e s u l t i n g  i n  a p i t c h  a t t i t u d e  of approximately 4 deg below t h e  l o c a l  ho r i zon ta l  

a t  the  t i m e  of Engine S t a r t  Command (RO +11,614.7 sec)  . The yaw and r o l l  guidance commands 

a t  i n i t i a t i o n  o f  the restart o r i e n t a t i o n  maneuver w e r e  +0.9 deg (nose r i g h t )  and 0 deg 

respec t ive ly .  

con t ro l  system response appeared normal. 

t h i s  maneuver are shown i n  f i g u r e  21-24. The corresponding a t t i t u d e  e r r o r s ,  angular rates, 

and AACS engine f i r i n g s  are presented i n  f igu res  21-25, 21-26, and 21-27, f o r  p i t c h ,  yaw, 

and r o l l ,  respec t ive ly .  

The commanded p i t c h  a t t i t u d e  w a s  approximately 10 deg 

The restart o r i e n t a t i o n  maneuver w a s  performed s a t i s f a c t o r i l y  and t h e  a t t i t u d e  

The commanded and a c t u a l  veh ic l e  a t t i t u d e s  during 

21.2.5.2 Restart 

The FCC was t r ans fe r r ed  from t h e  S-IVB coas t  mode t o  t h e  S-IVB burn mode a t  RO +11,622.3 sec 

to  provide p i t c h  and yaw a t t i t u d e  con t ro l  wi th  the  5-2 engine during second burn. I n s u f f i c i e n t  

hydrau l i c  system p res su re  ( see  s e c t i o n  22) prevented t h e  main engine from providing s a t i s f a c t o r y  

p i t c h  and yaw con t ro l  during t h i s  i n t e r v a l .  

1.5 deg i n  p i t c h  and -2.3 deg i n  yaw. 

r e s u l t e d  i n  p i t c h  and yaw angular rates of -0.5 deg/sec and 0.45 deglsec  at  Engine Cutoff 

Command. These rates r e s u l t e d  from t h e  i n a b i l i t y  of  the  TVCS t o  respond normally to  con t ro l  

s i g n a l s  due t o  inadequate supply pressure .  The LVDC i ssued  TB7 a f t e r  f a i l u r e  to  restart. 

The AACS p i t c h  and yaw channels w e r e  ac t iva t ed  3.5 sec a f t e r  i n i t i a t i o n  of TB7. 

during the  S-IVB burn mode on phase w a s  minimal and appeared normal. 

e r r o r s ,  angular rates, and a c t u a t o r  pos i t i ons  during the i n t e r v a l  are shown i n  f igu res  21-28, 

and 21-29. The r o l l  a t t i t u d e  e r r o r ,  angular rate, and AACS f i r i n g  h i s t o r y  are shown i n  

f i g u r e  21-30. 

The engine pos i t i on  a t  Engine S t a r t  Command w a s  

Disturbances experienced during the  restart i n t e r v a l  

Rol l  cont ro l  

P i t ch  and yaw a t t i t u d e  

21.2.5.3 Cutoff 

Following engine cu tof f  and i n i t i a t i o n  of TB7, t h e  p i t c h ,  yaw, and r o l l  guidance commands 

O z ,  and 8 ) and (xy, x,, and x ) w e r e  set equal t o  t h e  s t a b l e  platform gimbal angles  ( e  
an i n e r t i a l  ho ld  commanded u n t i l  TB7 +20 sec, a t  which t i m e  t he  spacec ra f t  s epa ra t ion  

o r i e n t a t i o n  maneuver w a s  i n i t i a t e d .  Noticeable decreases i n  t h e  p i t c h ,  yaw, and r o l l  

a t t i t u d e  e r r o r s  w e r e  experienced a t  the  time t h e  guidance commands w e r e  set equal t o  the  

platform gimbal angles ( f igu res  21-28, 21-29, and 21-30). This change i n  a t t i t u d e  e r r o r  

is normal. 

Y' X X 

" $  
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P r i o r  t o  engine cutoff ,  p i t ch  and yaw angular rates increased to  approximately -0.5 deg/sec 

(nose up) and 0.45 deg/sec (nose r igh t ) .  

are a t t r i b u t e d  t o  inadequate t h r u s t  vector control  during the restart in t e rva l .  

second burn engine cu to f f ,  the a t t i t u d e  e r r o r  l i m i t s  and command rate limits are changed 

to  r ewnf igu re  f o r  coast  mode control  ( t a b l e  21-6). 

are changed ( t a b l e  21-7) and the p i t ch  and yaw channels of t he  AACS are act ivated approxi- 

mately 3.5 sec a f t e r  TB7. A t  t h i s  t i m e ,  AACS engines I11 

t o  reduce ex i s t ing  i n i t i a l  rates. 

posi t ions following second burn engine cutoff a r e  shown i n  f igures  21-28 and 21-29. The 

r o l l  a t t i t u d e  e r r o r ,  angular r a t e  and AACS engine f i r i n g  h i s to ry  during t h i s  i n t e r v a l  i s  

presented i n  f igu re  21-30. 

These angular rates a t  second burn engine cutoff 

Following 

The a t t i t u d e  control  system gains 

111, and 11111 came f u l l  on 
P’ 

Pitch and yaw a t t i t u d e  e r r o r s ,  angular rates and actuator  

21.2.5.4 Launch Vehicle/Spacecraft Separation Maneuver 

The pi tch and yaw a t t i t u d e  e r r o r  l i m i t s  and command rate l i m i t s  w e r e  changed again a t  

TB7 +15 see  ( t a b l e  21-6) t o  provide increased maneuvering capabi l i ty  during the spacecraf t  

separat ion o r i en ta t ion  maneuver. Normal s t e p  changes i n  the pi tch and yaw a t t i t u d e  e r r o r  

were observed a t  t h i s  t i m e  (see f igures  21-28 and 21-29). 

The launch vehicle/spacecraf t  (LV/SC) separation maneuver w a s  i n i t i a t e d  at TB7 +20 sec.  

The a t t i t u d e  commands during t h i s  maneuver were x (pi tch)  +158 deg (nose up), xz (yaw) 
Y 

-5.5 deg (nose l e f t ) ,  and x ( r o l l )  180 deg (clockwise looking forward). The maximum 

maneuvering r a t e  i n  a l l  three axes w a s  Tl.2 deg/sec. 

a t t i t u d e s  during the LV/SC separation maneuver are shown i n  f igure 21-31. 

a t t i t u d e  e r ro r s  angular r a t e s ,  and AACS engine f i r i n g s  are presented i n  f igures  21-25, 

21-26, and 21-27. 

X 
Commanded and ac tua l  vehicle  

The corresponding 

21.2.5.5 LV/SC Separation 

The LV/SC separat ion w a s  programmed t o  occur a t  TB7 +180 sec; however, due t o  the restart 

f a i l u r e ,  a ground command w a s  issued to  i n i t i a t e  LV/SC separat ion a t  RO +11,666.1 s e c  

(TB7 +35.8 sec) .  A t  t h i s  t i m e  the  vehicle  a t t i t u d e  w a s  8 -128.9 deg (0.2 deg below the 

l o c a l  ho r i zon ta l ) ,  B Z  -2.6 deg, and 0 

w e r e  0 . 4 ,  -0.9, and 1.3 deg/sec, respectively.  The f i r s t  detectable  disturbances r e su l t i ng  

from t h e  LV/SC separat ion occurred a t  RO +11,667.85 sec. 

Y 
15.0 deg. Pi tch,  yaw, and r o l l  angular v e l o c i t i e s  

X 

Telemetry da t a  from both the  CSM, and the S-IVB I U  indicated unexpected disturbances 

w e r e  applied t o  both vehicles  during the separat ion in t e rva l .  

w a s  obtained from ava i l ab le  f l i g h t  data: 

The following information 

a. The spacecraf t  p i t ch  rate increased by 1.53 deg/sec (from 0.3 to  1.83 deglsec 

i n  the nose up direct ion)  ( f igu re  21-32) over a period of 0.1 sec  immediately 

following physical separat ion which occurs 1.7 see a f t e r  i n i t i a t i o n  of the 

LV/SC separat ion sequence. 

I 
J 
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b.  

C. 

d. 

e. 

The S-IVB p i t ch  rate decreased by approximately 0.3 deg/sec (from 0.38 deg/sec 

to  0.1 deglsec nose up) ( f igu re  21-32), i n  a similar i n t e r v a l  immediately 

following physical separation. 

The S-IVB p i t ch  rate abruptly increased by approximately 0.3 deglsec (from 0.1 

to  0.4 degfsec nose up) a t  1.0 sec  following physical CSM separation. 

Longitudinal accelerat ion impulses i n  the  a f t  direct ion w e r e  detected by the IU 
accelerometer a t  the  t i m e  of physical  separat ion and 1.0 sec later. 

Additional da t a  r e l a t i n g  t o  the noted disturbance were a l so  evaluated and 

correlated with the above data. 

The following phenomena were considered as possible causes of the observed disturbances: 

a. A s h i f t  i n  posi t ion of a l a rge  m a s s ,  such as the LM, on the launch vehicle. 

b. Unbalanced forces  from Spacecraft  Lunar Module Adapter (SLA) panel separat ion 

ordnance (MDF). 

c. CSM RCS (Command se rv ice  module react ion control  system) thrust .  

d. 

e. S-IVB APS thrust .  

CSM RCS plume impingement on the  launch vehicle.  

f .  Launch vehicle  venting thrust .  

g. 

h. 

A momentary interference o r  hangup betwaen a SLA panel and the CSM. 

Fai lure  of one o r  more SLA panels to deploy properly. 

Of the phenomena evaluated as possible sources of the moments required to  cause the 

separat ion disturbances,  the following were ruled out  as primary causes of the disturbances. 

a. A s h i f t  of a l a rge  m a s s  on the  launch vehicle  such as the  LM was ruled ou t  

because i t  could not contr ibute  to t h e  CSM disturbances,  and t h e  sequence 

of events connected with the launch vehicle  behavior is not consis tent  with 

a s h i f t i n g  m a s s .  

b. Unbalanced SLA ordnance (MDF) forces during separat ion could not  account f o r  

the S-IVB disturbances 1 sec a f t e r  physical  separation. 

e. RCS t h r u s t  moments were too s m a l l  t o  account f o r  CSM rate changes. 

d. RCS plume impingement forces on the launch vehicle  were too s m a l l  to account 

f o r  the observed rate changes, and the pulsing h i s to ry  did not  co r re l a t e  with 

the observed rate changes. 

e. S-IVB APS moments w e r e  too small t o  account f o r  the observed rapid rate changes 

and the thrust ing h i s to ry  did not co r re l a t e  with the observed rate changes. 
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f .  Launch veh ic l e  venting could no t  cause the  CSM disturbances.  P o t e n t i a l  venting 

moments applied t o  the S-IVB (even with worst case asymmetry) are too s m a l l  t o  

account f o r  t he  observed rate changes, and the  a c t u a l  venting h i s t o r y  d i d  n o t  

c o r r e l a t e  w i t h  t h e  observed rate changes. 

From ana lys i s  of t h e  d a t a  i t  w a s  concluded t h a t  the  primary cause of the d is turbances  noted 

previously can b e  explained by: 

a. A momentary in t e r f e rence  o r  hangup between the  SLA panel on pos i t i on  I and 

the  CSM during the  0.1 sec following a c t u a l  s epa ra t ion ,  which induced the  CSM 

dis turbance  which r e su l t ed  i n  t h e  angular rate change of 1.53 deglsec. 

b. The asymmetrical forces  and moments appl ied  t o  the  S-IVB by the  acce le ra t ion  

of the SLA panel on pos i t i on  I11 and the  f a i l u r e  t o  acce le ra t e  t he  SLA panel 

on p o s i t i o n  I coupled wi th  the  CSM in te r f e rence  during deployment could account 

f o r  t he  f i r s t  observed S-IVB rate change of approximately 0.3 deg/sec. 

c. Action of the ordnance a t  separa t ion  can account f o r  the  f i r s t  noted l o n g i t i d i n a l  

acce le ra t ion  pulse.  

Deceleration of the  SLA panel on pos i t i on  I11 during panel a r r res tment  without 

a corresponding dece le ra t ion  of the  SLA panel on pos i t i on  I accounts f o r  t h e  

observed S-IVB rate change of approximately 0.3 deglsec.  

The second observed long i tud ina l  acce le ra t ion  pulse can be accounted f o r  by 

dece lera t ion  of SLA panels on pos i t i ons  11, 111, and IV. 

d. 

e. 

From evalua t ion  of the observed d a t a  i t  w a s  concluded t h a t  a momentary in t e r f e rence  

o r  hangup occurred between the launch veh ic l e  and spacec ra f t  preventing normal deployment 

of the  SLA panel on pos i t i on  I. The momentary in t e r f e rence  o r  hangup temporarily a f f ec t ed  

the  motion of both t h e  launch vehic le  and spacec ra f t ,  however, t h e  spacec ra f t  separa ted  

successfu l ly  and the  launch vehic le  and spacecraf t  each recovered from t h e  momentary 

a t t i t u d e  deviation. 

21.2.6 Loss of A t t i t ude  Control 

O r b i t a l  a t t i t u d e  con t ro l  was v e r i f i e d  u n t i l  approximately RO +22,040 sec (Hawaii four th  

revolu t ion)  a t  which t i m e  the  yaw angular rate s t a r t e d  t o  diverge a t t a i n i n g  an angular 

rate o f  -7.5 deglsec  followed by an o s c i l l a t o r y  motion. 

t o  producing the  i n i t i a l  yaw a t t i t u d e  divergence: 

Two f a c t o r s  w e r e  conductive 

a. A LOX ven t  i n i t i a t e d  a t  RO +22,023 s e c  

b. AACS p rope l l an t  deple t ion  (module 1 )  a t  RO +22,053 s e c  ( sec t ion  1 4 ) .  

Since the  LOX ven t  is  o r i en ted  approximately 14.5 deg o f f  of p o s i t i o n  IV toward pos i ton  111, 
venting d is turbances  w e r e  experienced pr imar i ly  i n  t h e  yaw plane. AACS engine IIIIv f i r e d  
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t o  co r rec t  f o r  t he  r e s u l t i n g  yaw dis turbance  bu t  introduced a negat ive  r o l l  angular 

rate and a t t i t u d e  e r ro r .  

o r b i t a l  con t ro l ,  engine IIIIv terminated yaw cor rec t ion  f i r i n g s  (RO +22,227 sec)  when 

the r o l l  angular rate and a t t i t u d e  e r r o r  increased t o  a s u f f i c i e n t  magnitude t o  requi re  

AACS engine 11111 t o  f i r e  f o r  r o l l  a t t i t u d e  cor rec t ion .  

the  yaw platform gimbal angle reached i t s  phys ica l  l i m i t  (61.3 deg) causing l o s s  of the 

platform i n e r t i a l  reference.  

Ro +22,630 sec. 

Since yaw/roll  signal mixing is  employed i n  t h e  FCC during 

Approximately RO +22,112 sec ,  

AACS propel lan ts  i n  module 2 w e r e  depleted a t  approximately 

AACS propel lan t  deple t ion  and subsequent l o s s  of a t t i t u d e  con t ro l ,  although earlier than 

expected f o r  a normal mission, w a s  reasonable when considering con t ro l  system requirements 

due t o  i n i t i a l  angular r a t e s  e x i s t i n g  a t  f i r s t  and second burn engine c u t o f f ,  l a r g e  pro- 

p e l l a n t  mass remaining following second burn engine cu to f f ,  and an e a r l y  spacecraf t  

separa t ion .  Commanded and ac tua l  veh ic l e  a t t i t u d e s  following l o s s  o f  a t t i t u d e  cont ro l  

are shown i n  f i g u r e  21-33. 

i n t e r v a l  a r e  shown i n  f igu res  21-34 through 21-39. 

The vehic le  dynamics and con t ro l  system response during t h i s  

21.3 

Propel lan t  u t i l i z a t i o n  (PU) system sensor  f i n e  mass da t a  w a s  u t i l i z e d  t o  determine LH2 and 

LOX s losh  frequencies and amplitudes during S-IVB f i r s t  burn. LH2 and LOX s losh  frequencies 

and amplitudes are shown i n  f igu res  21-40 and 21-41, respec t ive ly .  The LH2 probe sensor 

da t a  ind ica ted  a l a r g e  s losh  wave occurring a t  S-111s-IVB separa t ion  which has been attr i-  

buted t o  the l a r g e  con t ro l  system t r ans i en t  experienced a t  t h a t  t i m e .  This s lo sh  wave 

appeared to  be  rap id ly  damped by the  LH2 de f l ec to r .  

ind ica ted  a t  approximately RO +645 sec which coincides with the t i m e  of t he  veh ic l e  p i t ch  

maneuver. 

were comparable t o  those experienced on previous f l i g h t s .  

s i g n i f i c a n t l y  a f f e c t  con t ro l  opera t ion  during f i r s t  burn. 

Propel lan t  Sloshing During S-IVB Powered Fl ight  

Increased LH2 s losh  a c t i v i t y  was a l so  

This s losh ing  w a s  rap id ly  damped. LOX s losh  amplitudes and frequencies 

Propel lan t  s losh ing  d id  not  

21.4 Propel lan t  Behavior During Orbi t  

The dynamic behavior of the  LH2 and LOX aboard the  S-IVB has been evaluated using d a t a  from 

instrumentation in s ide  the tanks, f l i g h t  AACS impulse usage, a t t i t u d e  e r r o r  d a t a  and angular 

rate data.  The r e s u l t s  of t h i s  eva lua t ion  f o r  the t i m e  period between J-2 f i r s t  burn 

engine cu tof f  and restart attempt are presented i n  t h i s  s ec t ion  of the  f l i g h t  eva lua t ion  

repor t .  

b 
4 

The LH2 behavior w a s  evaluated using da ta  obtained from the  i n t e r n a l  sensors,  b u t  LOX 
s losh ing  could no t  be  evaluated during o r b i t  using the  tank sensor  da ta .  The LOX sensors 

are mounted i n t e r n a l l y  t o  the  hollow ins t rumenta t ion  probe. For periods of low g coas t ,  

cap i l l a ry  ac t ion  i n  this probe preclude an accura te  evaluation of LOX behavior i n  the  tank. 

21-12 



Sect ion  2 1  
F l igh t  Control 

LOX s losh ing  behavior has been determined during the  o r b i t a l  maneuver from AACS f i r i n g s ,  

a t t i t u d e  e r r o r  d a t a  and angular  rate data.  

21.4.1 Tank Instrumentation 

The loca t ions  of t h e  sensors  i n  t h e  LH2 tank from which d a t a  on propel lan t  behavior has  

been obtained a r e  shown i n  f i g u r e  21-42. Three types of sensors  are used. These are: 

(1) w a l l  temperature pa tches ,  (2) instrumentation probe temperature sensors ,  and (3) l i q u i d l g a s  

d i f f e r e n t i a t o r s  l oca t ed  on both t h e  tank w a l l  and ins t rumenta t ion  probe. Data from these  

sensors  have been converted i n t o  cha r t s  ( f igu res  21-43 through 21-46) presenting a continuous 

d isp lay  of l i q u i d  o r  vapor condition. 

The cri teria used t o  d iscr imina te  between l i q u i d  and vapor conditions f o r  the  various 

temperature sensors  are as follows: 

a. Liquid Condition 

Temperature a t  o r  below s a t u r a t i o n  temperature. 

b .  Vapor Condition 

Temperature above s a t u r a t i o n  temperature. 

c. Trans i t ion  Condition 

Temperature changing from o r  to  a s teady-s ta te  condition ind ica t ing  l i qu id .  

The l i q u i d l g a s  d i f f e r e n t i a t o r s  g ive  a simple high o r  low capacitance reading, which ind ica t e s  

vapor o r  l i q u i d ,  respec t ive ly .  

During boost and S-IVB powered f l i g h t  phase of opera t ion ,  the various sensors  performed 

s a t i s f a c t o r i l y .  Both the  w a l l  temperature patch and instrumentation probe da ta  show a 

progress ive  t r a n s i t i o n  from l i q u i d  t o  vapor conditions as  the  propel lan t  su r f ace  l e v e l  

dropped during S-IVB burn. 

cated by the  PU probe da ta  and the t r a n s i t i o n  t i m e  f o r  the  various sensors.  This comparison 

demonstrates t h a t  these  sensors  w e r e  ope ra t iona l  and performing s a t i s f a c t o r i l y  during high g 

veh ic l e  operation. 

Figure 21-43 shaws a comparison between the su r face  l e v e l  ind i -  

During the  o r b i t a l  coas t  period da ta  from the wal l  temperature patches appear t o  g ive  an 

accura te  ind ica t ion  of t he  presence of l i q u i d  p rope l l an t  a t  t h e  sensor.  

r e l a t i v e l y  easy t o  d i f f e r e n t i a t e  between l i q u i d  and vapor conditions.  When the patches 

w e r e  immersed i n  t h e  LH2, t h e  d a t a  ind ica t ed  l i q u i d  conditions.  When the patches w e r e  

surrounded by vapor, the  d a t a  ind ica ted  a temperature even h igher  than t h a t  of t he  vapor. 

This is due t o  the low h e a t  t r a n s f e r  between the patch and vapor compared with t h e  

r e l a t i v e l y  high thermal conductivity between the patch and the  tank w a l l .  Hence, t h e  w a l l  

patch temperature d a t a  w a s  considered t o  be  giving an accura te  d i f f e r e n t i a t i o n  between 

l i q u i d  and vapor conditions.  

It has been found 
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The ins t rumenta t ion  probe sensors  are considered less r e l i a b l e  than t h e  w a l l  temperature 

patches during o r b i t  coas t .  

temperature decreases t o  t h e  l i q u i d  hydrogen temperature. Therefore, t he  probe temperature 

sensor da t a  cannot be  used to  d i f f e r e n t i a t e  between l i q u i d  and vapor conditions.  The 

l iqu id lgas  d i f f e r e n t i a t o r s  have shown a tendancy t o  be  s e n s i t i v e  t o  condensation and 

globules on the sensor. Therefore, one of these  sensors  could b e  ind ica t ing  l i q u i d  propel lan t  

due t o  s m a l l  amounts of l i q u i d  trapped on t h e  sensor ,  even though the  sensor  i s  w e l l  above 

the l i q u i d  l eve l .  When these l i qu id lgas  

d i f f e r e n t i a t o r s  i n d i c a t e  vapor, the  d a t a  i s  considered r e l i a b l e ,  s ince  i t  does no t  appear 

t o  be  probable t h a t  a submerged sensor would be  surrounded by a s i n g l e  l a r g e  vapor bubble. 

Af te r  o r b i t a l  i n j e c t i o n  and a c t i v a t i o n  of the  CVS, t h e  u l l age  

However, t he  converse of t h i s  does n o t  apply. 

21.4.2 

A b a f f l e  and d e f l e c t o r  a r e  i n s t a l l e d  i n  the  LH2 tank of a l l  S-IVB/V veh ic l e s  to:  

LH2 Slosh Behavior a t  F i r s t  Burn Engine Cutoff 

a. Minimize the  s lo sh  amplitude a t  5-2 engine cu tof f  

b .  Increase  s lo sh  damping during o r b i t a l  coas t  

c. Minimize the  amount of l i q u i d  which travels i n t o  the forward dome area  

of t he  LH2 tank. 

Slosh ampl i f ica t ion  during t h e  3-2 engine t h r u s t  termination and u l l age  th rus t ing  could 

have caused high amplitude s losh ing  e a r l y  i n  t h e  coas t  period. To minimize the  amount of 

t h i s  s losh  ampl i f ica t ion ,  t h e  u l l age  th rus t ing  sequence f o r  the S-IVB was ca re fu l ly  timed. 

The theo re t i ca l  maximum poss ib l e  s losh  wave ampl i f ica t ion  with t h i s  t h r u s t  sequencing has  

been determined to  be 39. With the  s lo sh  wave ind ica ted  i n  the  LH2 tank a t  t he  t i m e  of 

engine cutoff ( l e s s  than 1 in . )  the t h e o r e t i c a l  maximum s losh  wave due t o  ampl i f ica t ion  

would have been less than 40 i n .  

Immediately a f t e r  engine cu to f f ,  a number of events  occurred ( rocke t  i g n i t i o n  and cu tof f ,  

CVS a c t i v a t i o n ,  p i t c h  down maneuver, and 180 deg r o l l  maneuver) which could have had a 

s i g n i f i c a n t  e f f e c t  upon propel lan t  behavior. Because of the number and c lose  proximity 

of these  events ,  i t  is very d i f f i c u l t  to  e s t a b l i s h  a cause le f f ec t  r e l a t ionsh ip  f o r  these  

events and s losh  ampl i f ica t ion  wi th  t h e  a t tendant  propel lan t  behavior.  

Within 20 s e c  a f t e r  S-IVB f i r s t  burn engine c u t o f f ,  a l l  of t he  w a l l  sensors  i n  t h e  p i t ch  

plane ind ica ted  l i q u i d  propel lan t .  The same type of response w a s  noted i n  the  yaw plane 

approximately 20 sec later. The d a t a  ( f igu res  21-4 and 21-44) showed t h a t  these  sensors  

continued t o  i n d i c a t e  l i q u i d  f o r  q u i t e  a t i m e  (g rea t e r  than 7000 s e c ) ,  un l ike  d a t a  from 

S-IVB-203 and S-IVB-501 which ind ica ted  the  l i q u i d  motion t r a n s i e n t s  had subsided wi th in  

300 sec a f t e r  engine cu tof f .  The instrumentation probe da ta  i n d i c a t e  t h a t  l i q u i d  propel lan t  

inundated the  probe sensors  between 100 and 140 sec a f t e r  engine cu tof f .  Unlike S-IVB-501 

and S-IVB-203 da ta ,  sensors  on the ins t rumenta t ion  probe above the  l e v e l  of t he  de f l ec to r  

(N0023, C0068, N0022, COO39 and N0021) i nd ica t ed  l i q u i d  a t  t h i s  t i m e .  Hence, t he  propel lan t  
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dynamics a t  engine cu tof f  appeared t o  have been more severe  than that ind ica t ed  on the 

previous f l i g h t s .  

of s l o s h  ampl i f ica t ion  a t  engine cu tof f  and a t t i t u d e  con t ro l  system engine f i r i n g s .  

con t ro l  system f i r i n g s  were required t o  remove a h igh  i n i t i a l  p i t c h  rate and maneuver the  

veh ic l e  t o  the  l o c a l  hor izonta l .  

This increased s l o s h  a c t i v i t y  could have been the  r e s u l t  of a combination 
A t t i t u d e  

21.4.3 

The w a l l  sensor  d a t a  during the  o r b i t a l  coas t  period (except f o r  t h a t  from C2020 and C2023) 

continuously ind ica t ed  l i q u i d  conditions u n t i l  approximately RO +8,200 sec. 

t h i s  t i m e ,  a number of sensors  i n  both the p i t c h  and yaw planes ind ica ted  a t r a n s i t i o n  from 

l i q u i d  t o  vapor condi t ions .  

no t  i n d i c a t e  e i t h e r  s lo sh ing  o r  bubble formation ( a s  w a s  pos tu la ted  i n  the  S-IVB-501 f l i g h t  

eva lua t ion) .  The topmost sensor  i n  both planes (sta 605) continued t o  i n d i c a t e  l i q u i d  even 

though sensors  lower on the  probe ind ica ted  vapor. 

One poss ib le  explanation f o r  the  response of these  sensors  is  t h a t  a f t e r  engine cu tof f  

(where l a r g e  p rope l l an t  motion w a s  ind ica ted)  a s u b s t a n t i a l  amount of p rope l l an t  became 

trapped between the  tank wa l l  and the  bottom of the  de f l ec to r  due t o  su r face  tens ion  e f f e c t s .  

However, the amount of trapped l i q u i d  was g r e a t e r  than could be sus t a ined  i n d e f i n i t e l y  by 

these  su r face  tension forces  and l i q u i d  moved down the  w a l l  toward the  main bulk of LH2 
u n t i l  the  volume of t h i s  trapped l i q u i d  reached a s teady-s ta te  condition. I n  the  steady- 

state condition, t he  sensors  above t h e  su r face  l e v e l  and below the trapped l i q u i d  would 

become exposed t o  vapor. This explanation would c o r r e l a t e  the  w a l l  temperature sensor da t a  

t o  p rope l l an t  behavior. 

I f  t he  p rope l l an t  conf igura t ion  pos tu la ted  above is c o r r e c t ,  then the  propel lan t  would appear 

t o  have been s e t t l e d  p r i o r  t o  TB6 and the  su r face  l e v e l  as determined from w a l l  sensor d a t a  

would have been between s t a  530 and 545. 

LH2 Slosh Behavior During O r b i t a l  Coast 

S t a r t i n g  a t  

The na tu re  of the  change i n  readings f o r  these sensors  does 

Data obtained from temperature sensors  on the  instrumentation probe during o r b i t a l  coas t  

i nd ica t e s  l i q u i d  conditions a t  a l l  sensors  below s ta  660. This w a s  not unexpected, s i n c e  

on previous f l i g h t s  d a t a  from these  sensors  d id  n o t  i n d i c a t e  t r a n s i t i o n  from l i q u i d  t o  vapor 

conditions during o r b i t a l  coas t  periods.  This can be  a t t r i b u t e d  t o  the  sensor p e c u l i a r i t i e s  

noted i n  paragraph 21.4.1. Therefore, t h i s  d a t a  does not  necessa r i ly  d i s c r e d i t  the sur face  

l e v e l  i nd ica t ed  by the  w a l l  patch sensors.  

21.4.4 LOX and LH2 Slosh Behavior During P i t ch  Maneuvers 

Two 20 deg p i t c h  maneuvers were performed during the o r b i t a l  coas t  i n  order  t o  a s ses s  pro- 

p e l l a n t  s losh  dynamics r e s u l t i n g  from veh ic l e  maneuvers. Propel lan t  s lo sh  behavior r e s u l t i n g  

from these  maneuvers have been determined through comparison of AACS f l i g h t  d a t a  wi th  pre- 

d i c t ions .  

The f l i g h t  impulse d a t a  f o r  both maneuvers w e r e  compared to  the  pred ic ted  (dynamic model) 

impulse requirements and r i g i d  body impulse requirements. The predic ted  impulse requirements 

21-15 



Section 2 1  
F l igh t  Control 

w e r e  obtained from an analog s imula t ion  of t h e  S-IVB AACS and included the  e f f e c t s  of pro- 

p e l l a n t  sloshing. 

represent  the amount of impulse required t o  s t a r t  o r  s top  the des i red  maneuver rate excluding 

the  e f f e c t s  of propel lan t  sloshing. 

2 f o r  t h e  20 deg p i t c h  down and p i t c h  up maneuvers are given i n  f igu res  21-47 and 21-48. 

The 20 deg p i t c h  down maneuver w a s  i n i t i a t e d  by engine f i r i n g s  from module 2 (I11 ) and 
P 

terminated by engine f i r i n g s  from module 1 (I ). For the 20 deg p i t c h  up maneuver engine 

f i r i n g s  from module 1 ( I  ) i n i t i a t e s  the  maneuver and f i r i n g s  from module 2 ( I11  ) termi- 

na te s  the maneuver. 

The r i g i d  body impulse requirements w e r e  ana1ytic;ally determined and 

The AACS impulse usage requirements from modules 1 and 

P 

P P 

Comparison of ac tua l  AACS impulse and ca l cu la t ed  r i g i d  body impulse requirements 

( f igu res  21-47 and 21-48) during the  noted maneuvers ind ica t e  the  ex is tence  of r e l a t i v e l y  

l a r g e  LOX s losh  disturbances following i n i t i a t i o n  and termination of each maneuver. 

ac tua l  impulse da t a ,  however, d id  no t  i n d i c a t e  sus ta ined  s losh  a c t i v i t y .  This w a s  evidenced 

by the lack  of pe r iod ic  impulse usage following each maneuver. This i s  a l so  evidenced i n  

the p i t ch  a t t i t u d e  e r r o r  and angular rate da ta  ( f igu res  21-13 and 21-17) which do not 

i nd ica t e  any s i g n i f i c a n t  i n t e rac t ion  between propel lan t  s losh ing  and the AACS as would be 

expected i f  sus t a ined  s losh  a c t i v i t y  had occurred. A s  discussed i n  paragraph 21.4.2, LH2 

w a l l  temperature sensor da t a  ind ica t e  a wet condition before  and during both p i t ch  maneuvers. 

Therefore, LH2 s losh ing  during t h i s  t i m e  cannot b e  determined. 

The 

An inves t iga t ion  of ac tua l  impulse usage during these maneuvers i s  being continued i n  order 

t o  eva lua te  and improve, i f  necessary,  the e x i s t i n g  s losh  model used i n  cont ro l  system 

simulations.  

21.4.5 

P r i o r  to  the engine restart attempt,  a number of events occurred (u l l age  rocket i g n i t i o n ,  

LH2 r ep res su r i za t ion ,  and APS f i r i n g  t o  r ea l ign  the  vehic le )  which would e f f e c t  p ropel lan t  

s lo sh  dynamics. The LH2 tank sensor d a t a  and the  sequence of events  related t o  restart 

prepara t ion  are given i n  f igu res  21-45 and 21-46. 

LH2 Slosh Behavior During Restart Preparations 

Af te r  the app l i ca t ion  of u l l age  t h r u s t ,  a number of sensors  on the  instrumentation probe 

ind ica ted  a t r a n s i t i o n  from l i q u i d  t o  vapor conditions ( f igu re  21-45), The sensors  indi-  

ca t ing  t h i s  t rend  were both temperature sensors  (COO68 and C0069) and l i qu id lgas  d i f -  

f e r e n t i a t o r s  (N0022, N0023, and N0024). This t r a n s i t i o n  would correspond e i t h e r  t o  the 

expulsion of en t ra ined  vapor from the  l i q u i d  bulk o r  t o  the  dra in ing  of l i q u i d  a t tached  t o  

the  probe and sensors.  Since these  sensors are r e l i a b l e  when ind ica t ing  vapor conditions,  

da t a  from these  sensors  give a sound ind ica t ion  t h a t  the l i q u i d  su r face  l e v e l  a t  Engine 

S t a r t  Command w a s  below sta 550. 

and NO026 a l s o  showed a t r a n s i t i o n  from l i q u i d  t o  vapor conditions.  Hence, the  su r face  

level a t  t h a t  t i m e  w a s  below sta 524. This would i n d i c a t e  that the  propel lan t  w a s  s e t t l e d  

wi th  very l i t t l e  en t ra ined  vapor i n  the  bulk  at this t i m e .  

Within 20 s e c  a f t e r  Engine S t a r t  Command, sensors NO025 
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The w a l l  temperature patch d a t a  ( f igu re  21-46) f o r  t h i s  s a m e  t i m e  period (around Engine 

S t a r t  Command) ind ica ted  l i q u i d  conditions ex i s t ed  as high as sta 605. The discrepancy i n  

the p rope l l an t  su r f ace  level as i nd ica t ed  by instrumentation probe d a t a  and w a l l  sensor  

da ta  must b e  explained i n  order  t o  pos i t i ve ly  e s t a b l i s h  the  propel lan t  conf igura t ion  a t  

Engine S t a r t  Command. 

sensors  became w e t  during the  restart prepara t ion  period. 

became w e t  i nd ica t ed  p rope l l an t  motion downward along the  tank w a l l .  This could be a t t r i -  

buted t o  increased acce le ra t ion  during u l l ag ing  causing the  u n s e t t l i n g  of propel lan t  which 

had become trapped between the  LH2 d e f l e c t o r  and the  tank w a l l  during o r b i t .  Hence, w a l l  

temperature sensors  above the  propel lan t  su r f ace  level could have been ind ica t ing  l i q u i d  

propel lan t .  Therefore, t he  w a l l  sensor  d a t a  does n o t  d i s c r e d i t  the  v a l i d i t y  of the su r face  

l e v e l  pos tu la ted  from instrumentation probe d a t a  p r i o r  t o  engine restart. 

Approximately 100 see a f t e r  the  i n i t i a t i o n  of r ep res su r i za t ion  and t h e  a t t i t u d e  realignment 

maneuver, instrumentation probe sensors  high i n  the  tank (NO021 and C0039) ind ica ted  the  

presence of l i qu id .  This phenomenon appears to  b e  q u i t e  similar t o  t h a t  experienced on 

S-IVB-501. 

the forward dome area, the dura t ion  of t h e  l i q u i d  ind ica t ion  by the sensors would tend t o  

i n d i c a t e  t h a t  t h i s  response r e su l t ed  from a s m a l l  amount of sp l a sh ,  

The r ep res su r i za t ion  d i f f i c u l t i e s  encountered on S-IVB-501 were not  encountered on S-IVB-502. 

This appears to  be  the r e s u l t  of the  rev ised  restart prepara t ion  sequence which employs 

u l l ag ing  p r i o r  t o  repressur iza t ion .  

propel lan t  con t ro l  during r ep res su r i za t ion  and the restart o r i en ta t ion  maneuver than on 

The w a l l  temperature patch d a t a  i n  both planes ind ica ted  t h a t  t he  

The order  i n  which these  sensors  

Although i t  is n o t  poss ib le  t o  determine the  amount of p rope l l an t  t h a t  reached 

This sequence appears t o  have cont r ibu ted  t o  b e t t e r  

AS-501. 

On the S-IVB-501 the  realignment maneuver and r ep res su r i za t ion  occurred immediately a f t e r  

u l l age  engine i g n i t i o n .  On S-IVB-502 these two events took p lace  about 200 sec a f t e r  the  

i n i t i a t i o n  of u l l a g e  th rus t .  A s  a r e s u l t  of the dura t ion  of t h i s  t h r u s t  period, a sub- 

s t a n t i a l  amount of en t ra ined  vapor appears t o  have been purged from the  l i q u i d ;  hence, 

lowering the  su r face  l e v e l  as  i nd ica t ed  by probe data.  A t  t he  t i m e  of the  a t t i t u d e  re- 

alignment maneuver t h i s  su r f ace  w a s  much nearer  the l e v e l  of t h e  s lo sh  15;3f%I+ thereby 

increas ing  b a f f l e  e f f ec t iveness  f o r  propel lan t  con t ro l  during r e s t a r t  preparations.  

21.4.6 Conclusions 

LH2 w a l l  temperature sensor  da t a  ind ica t ed  t h a t  LH2 s losh ing  following f i r s t  burn engine 

cu tof f  w a s  g r e a t e r  than t h a t  experienced on S-IVB-501. Propel lan t  s losh ing  following 

engine cu tof f  has been a t t r i b u t e d  t o  a combination of s l o s h  ampl i f ica t ion  and the  p i t c h  

down maneuver. 

S-IVB-501 (0.7 in .  compared t o  9 .1  in.) .  A s  a r e s u l t ,  t he  LH2 s losh  wave r e s u l t i n g  from 

s losh  ampl i f ica t ion  could be  h igher  on S-IVB-502, depending on t h e  phase angle of the pro- 

p e l l a n t  sur face .  I n  add i t ion ,  con t ro l  system a c t i v i t y  following S-IVB-502 engine cu tof f  

w a s  much more seve re  than t h a t  experienced on S-IVB-501, due pr imar i ly  t o  a high i n i t i a l  

LH2 s losh  amplitudes p r i o r  t o  engine cu tof f  w e r e  g r e a t e r  on S-IVB-502 than 
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p i t c h  rate a t  engine cu tof f  (approximately 1 deg/sec). 

a f t e r  engine cu tof f  on S-IVB-502 is  , t he re fo re ,  a t t r i b u t e d  t o  the  increased  con t ro l  system 

a c t i v i t y  i n  conjunction wi th  t h e  i n i t i a l  s l o s h  condi t ions .  

Propel lan t  s lo sh ing  a c t i v i t y  dur ing  the  two 20 deg p i t c h  maneuvers remained wi th in  accept- 

ab le  levels. Although the re  w a s  a r e l a t i v e l y  l a r g e  i n i t i a l  LOX s l o s h  wave exc i ted  by each 

maneuver, sus t a ined  s losh ing  w a s  no t  evident.  

During the  f i r s t  po r t ion  of the  o r b i t a l  coas t ,  LH2 w a l l  temperature sensor  da t a  ind ica t ed  

l i q u i d  condi t ions  i n  bo th  p i t c h  and yaw as high as S-IVB s ta  605. 

coas t ,  a number of  t hese  sensors  i nd ica t ed  a t r a n s i t i o n  from l i q u i d  t o  vapor. Because of 

t he  manner of t h i s  t r a n s i t i o n ,  i t  w a s  pos tu l a t ed  t h a t  LH2 was trapped i n  the  c o m e r  between 

the  w a l l  and t h e  bottom of t h e  d e f l e c t o r  and t h a t  the  propel lan t  su r f ace  l e v e l  w a s  below 

s ta  545 p r i o r  t o  TB6. 

The S-IVB-502 d a t a  during TB6 i n d i c a t e s  condi t ions  i n  t h e  LH2 tank more conducive t o  a 

successfu l  restart than t h a t  of  S-IVB-501. Instrumentation probe d a t a  ind ica t ed  a su r face  

l e v e l  i n  the  v i c i n i t y  of t h a t  which would be expected under high acce le ra t ion .  This would 

p l ace  the  LH2 su r face  l e v e l  nea r  t h e  b a f f l e ,  thus  increas ing  t h e  e f f ec t iveness  of t he  s lo sh  

b a f f l e  f o r  p rope l l an t  c o n t r o l  during r e s t a r t  p repara t ions .  

success fu l ly  completed, the  more favorable  condi t ions  i n  the  LH2 tank on S-IVB-502 should 

have enhanced a success fu l  restart. 

For add i t iona l  information concerning p rope l l an t  behavior r e f e r  t o  paragraph 26.4. 

The l a r g e r  LH2 s losh ing  experienced 

L a t e  i n  the  o r b i t a l  

Since S-IVB-501 restart was 

b 

3 
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3 

TABLE 21-1 
SEQUENCE OF EVENTS RELATED TO ATTITUDE CONTROL 

DURING POWERED FLIGHT 

EVENT 

Guidance reference release 

S-II/S-IvB s e p a r a t i o n  

Engine S t a r t  Command 

S-IVB Burn Mode ON 

Guidance i n i t i a t i o n  

End of a r t i f i c i a l  t a u  guidance 

Chi f r e e z e  

S-IVB f i r s t  burn engine c u t o f f  (TB5) 

S-IVB Burn Mode OFF 

Time b a s e  6 

Ullage  engines  ON 

Engine S t a r t  Command 

S-IVB Bum Mode ON 

Guidance i n i t i a t i o n  

5 - I V B  second burn engine  c u t o f f  (TB7) 

S-IVB Bum Mode OFF 

LV/SC s e p a r a t i o n  

TIME FROM RANGE ZERO ( s e c )  

-16.84 

577.12 

577.27 

577.40 

582.50 

593.90 

746.10 

747.03 

750.76 

11,287.73 

11,287.89 

11,614.67 

11,622.29 

11,627.73 

11,630.32 

11,633.78 

11,667.80 

TABLE 21-2 
MAXIMUM VALUES OF CRITICAL FLIGHT CONTROL PARAMETERS 

P i t c h  a t t i t u d e  e r r o r  

Yaw a t t i t u d e  e r r o r  

R o l l  a t t i t u d e  e r r o r  

P i t c h  rate 

Yaw ra te  

R o l l  rate 

P i t c h  a c t u a t o r  p o s i t i o n  

Yaw a c t u a t o r  p o s i t i o n  

UNITS SEPARATION, GUIDANCE I N I T I A T I O N  
AND ARTIFICIAL TAU 

7.6 

-2.4 

-1.0 

-3.5 

1.0 

-0.6 

6.7 

-1.3 

CHI  
TILDE 

-1.0 

-0.9 

0.3 

1.1 

-0.2 

0.5 

0.2 

-0.5 

S-IVB 
c/o 

-0.9 

-0.8 

0.4 

1.0 

-0.1 

0.0 

0.2 

-0.6 

i 
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TABLE 21-3 
ORBITAL MANEUVERS 

COMMANDED 
MANEUVER 

Maneuver t o  l o c a l  
h o r i z o n t a l  fol lowing 

Roll 180" CCW 
p o s i t i o n  I up 

P i t c h  20" nose down 

S-IVB c u t o f f  

P i t c h  20" nose up 

R o l l  180" CCW 
p o s i t i o n  I down 

Restart o r i e n t a t i o n  
maneuver 

S-IVB second b u m  
engine c u t o f f  

S p a c e c r a f t  s e p a r a t i o n  
maneuver 

P o s t  s e p a r a t i o n  maneuver 

Maneuver t o  l o c a l  
h o r i z o n t a l  (ground 
command) 

INITIATION TIME 
(set) 

TB5 +15 
(754) 

TB5 +90 
(837) 

(3,207) 

(5,427) 

TB5 +5040 
(5,787) 

TB6 +O.O 
(11,288) 

TB7 +o.o 
(11,630) 

TB7 +20 
(11,650) 

TB7 +600 
(12,230) 

TB7 +7200 
(16,201) 

TB5 +2460 

TB5 +4680 

COMMANDED ATT 
PRIOR TO INIT 

OF MANEUVER 

X 
Y 

-70.17 

-99 

74.6 

-9 1 

-95 

-115.6 

-128.0 

129.99 

ND 

ND 

ND - No d a t a  X - P i t c h  Xz - Yaw 

* - E s t a b l i s h  o r b i t a l  p i t c h  rate 
Y 

- 
xz 
- 
~ 

.67 

f0.1 

-0.9 

0.8 

0 .8  

w.75 

-1.51 

4.57 

ND 

ND 

___ 

UDE 
TION 
e s )  - 

xX 
- - 

0 

0 

1-180 

0 

180 

0.0 

0 

0.47 

ND 

ND 

~~ 

COMMANDED ATTITUDE 
AT ' 

MA 

X 
Y 

-131* 

-145.94 

51.1* 

-74" 

-115.6 

-128.0 

-129.99(x) 

28. 02(x) 

ND 

ND 

Xx - R o l l  

TABLE 21-4 

S imula t ion  I n i t i a l  Condi t ions and Constant  Parameter  Values 

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  yaw a t t i t u d e  e r r o r  - p o s i t i v e  nose r i g h t  
I n i t i a l  r o l l  a t t i t u d e  e r r o r  - p o s i t i v e  clockwise looking  forward 
I n i t i a l  p i t c h  angular  v e l o c i t y  - p o s i t i v e  nose up 
I n i t i a l  yaw angular  v e l o c i t y  - p o s i t i v e  nose r i g h t  
I n i t i a l  r o l l  a n g u l a r  v e l o c i t y  - p o s i t i v e  clockwise looking  forward 
I n i t i a l  p i t c h  engine  p o s i t i o n  
I n i t i a l  yaw engine  p o s i t i o n  
I n i t i a l  s l o s h  parameters  
I n i t i a l  p i t c h  a n g l e  of a t t a c k  - p o s i t i v e  nose up 
I n i t i a l  yaw a n g l e  of  a t t a c k  - p o s i t i v e  nose r i g h t  
E f f e c t i v e  p i t c h  t h r u s t  v e c t o r  misalignment 
E f f e c t i v e  yaw t h r u s t  v e c t o r  misalignment 
S teady-s ta te  r o l l  to rque  - p o s i t i v e  clockwise looking  forward 

RMINATION OF 
WER (de 

xz 

f n . 0 5  

0.11 

-0.9 

1.0 

0.59 

+1.5 

4.5 7 (x) 

-0.85 

ND 

ND 

-47 

180 

+180 

0 

0.0 

0.0 

0. 47(x) 

178. 73(x) 

N D  

ND 

(x) - Chi f r e e z e  

7.21 deg 
0 deg 

-0.2 deg 
0 .2  deglsec  

-0.1 deglsec  
0 degjsec  

0 deg 
0 deg 
0 deg 
0 deg 
0 deg 

-0.25 deg 
0.418 deg 
40 f t - l b f  
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LADDER RATE LIMIT 
TIME OF (-deg/minor loop) 

TABLE 21-6 
ATTITUDE CONSTANTS 

LADDER MAGNITUDE 
LIMIT (-deg) 

ROLL 

0.48 

0.48 

0.48 

0.24 

0.48 

0.48 

0.48 

0.24 

0.24 

CHANGE 

0 ( I n i t i a l  
Values) 

TB4 +O 

TB5 +O 

TB5 +lo0 

TB6 +0* 

TB6 +327 

TB7 +O 

TB7 +15 

TB7 +600 

YAW 

0.48 

0.48 

0.48 

0.24 

0.48 

0.48 

0.48 

0.24 

0.24 

0.48 15 .3  

TIME 
bet> 

TB4 fl.1 

TB5 +3.7 

TB6 +334.6 

TB6 +597* 

TB7 +3.7 

0 * 4 8  I 2.5 

PITCH AND YAW ROLL 

0.809 0.97 1.0 5 . 0  

1.0 5 .0  1.0 5 .O 

0.809 0.97 1.0 5.0 

0.809 0.698 1.0 5.0 

1.0 5.0 1 .0  5.0 

0.24 I 2.5 

0.48 I 2 . 5  

0.48 0.48 I I::: 

ROLL 

15 .3  

15 .3  

15.3 

15 .3  

15 .3  

15 .3  

15 .3  

7.0 

15.3 

PITCH 

15.3  

1 5 . 3  

2.5 

2.5 

2.5 

1 5 . 3  

2 .5  

7.0 

2.5 

ATTITUDE COMMAND 
RATE LIMIT 
(-deg/sec) 

YAW 

1.0 

1.0 

0 . 4  

0.4 

0.4 

1.0 

0.4 

1.44 

0 . 4  

ROLL 

1.0 

1.0 

0.6 

0.6 

0.6 

1.0 

0 . 6  

1.44 

0 . 6  

PITCH 

1.0 

1.0 

0 .4  

0.4 

0.4 

1.0 

0 .4  

1.44 

0.4 

*This change should be made when switchover  from o r b i t  t o  boost  n a v i g a t i o n  occurs .  

“ 3  
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1 

NOTES: S-IVB ACTUATOR AND 

1. ALL SIGNAL ARROWS INDICATE P O S I T I V E  
VEHICLE MOVEMENTS. 

2. VEHICLE PITCHES OVER POSITION 1 .  
3. ENGINE ACTUATOR LAYOUTS SHOWN AS 

VIEWED FROM AFT END OF VEHICLE. 
4. DIRECTIONS AN0 POLARITIES  SHOWN ARE 

TYPICAL FOR ALL STAGES. 
5. +B INDICATES ENGINE DEFLECTION 

REQUIRED TO CORRECT FOR P O S I T I V E  
VEHICLE MOVEMENT. 

NOZZLE LAYOUT 

S - I C  & S-I1 ACTUATOR LAYOUTS +IYR CG = CENTER O F  GRAVITY 

EXT = ACTUATOR EXTENDED 
RET = ACTUATOR RETRACTED 

+&R 7 F = NOZZLES ON 

B = THRUST VECTOR ANGULAR DEFLECTION 
6. THE ACTION SHOWN IN THE POLARITY TABLES 

FOR THE ACTUATORS AND NOZZLES WILL TURN 
THE VEHICLE IN A DIRECTION OPPOSITE TO 
THE INDICATED ERROR SIGNAL. 

F i g u r e  21-1. S a t u r n  V C o o r d i n a t e  S y s t e m  a n d  P o l a r i t i e s  
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TIME FROM RANGE ZERO (SEC) 

IO 

TIME FROM RANGE ZERO (SEC) 

Figure 21-2. P i t c h  and Yaw Commanded and Actual  Vehic le A t t i t u d e  - S- IVB Powered F l i g h t  
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1 2  3 4 5 
rY 
0 
rY 
CY 
W 

W 
I- s 

n r s '  

s -  
O W  
I-n 

I- 
V 
4: 

8.0 
6 .O 
4 .O 
2 .o 
0 

-2.0 
-4.0 
-6 .O 
-7.0 

4.0 
3.0 
2.0 
1 .o 

0 
-1 .o 
-2.0 
-3 .0 
-4.0 

TIME FROM RANGE ZERO ( S E C )  

1.  ENGINE START COMMAND 
2. GUIDANCE I N I T I A T I O N  
3. 
4. 
5. CHI FREEZE AND ENGINE CUTOFF 

END A R T I F I C I A L  TAU GUIDANCE MODE 
P I T C H  COMMAND TO NOSE UP ATTITUDE 

F i g u r e  21-3. P i t c h  A t t i t u d e  C o n t r o l  - F i r s t  B u r n  
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1 2 3  4 5 
h 
a 
W n 
V 

cz 

cz 
W 

2 
W 

3 

I- 
I- e 

n 

t; 

- 
u 
W 
v, 
\ a 
W n 
V 

W 

5 

a 
W n 
v 

z 

I- 

v, 
0 

2 
Y 

n 
pc 
0 I- s 
!J e 

4 
3 
2 
1 
0 

- 1  
-2  
-3  
-4 

4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 

4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 

560 580 600 620 640 660 680 700 720 740 760 

TIME FROM RANGE ZERO (SEC) 

1. ENGINE START COMMAND 
2. GUIDANCE INITIATION 
3. 
4. 
5. CHI FREEZE AND ENGINE CUTOFF 

END ARTIFICIAL TAU GUIDANCE MODE 
PITCH COMMAND TO NOSE UP ATTITUDE 

Figure 21-4. Yaw Attitude Control - First Burn 
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1 2 3  4 5 
3.0 
2.0 
1.0 
0.0 

-1 .o 
-2.0 

4.0 
3.0 
2.0 
1 .o 
0.0 

-1 .o 
-2.0 

I P  
w 111 

cl I I V  
E m  

'"''560 580 600 620 640 660 680 700 720 740 760 
TIME FROM RANGE ZERO (SEC) 

1. ENGINE START COMMAND 
2. GUIDANCE INITIATION 
3. 
4. PITCH COMMAND TO NOSE UP ATTITUDE 
5. C H I  FREEZE AN0 ENGINE CUTOFF 

EN0 ARTIFICIAL TAU GUIOWCE MODE 

Figure 21-5. Ro l l  A t t i t u d e  Control - F i r s t  Burn 

TAPS ENGINE 
ROLL/YAW PULSE 

[TCH & YAW 
:TUATORS 
[ART TO MOVE 

/-APS PITCH ENGINE 
FEED VALVE OPEN 
(K0133) 

Figure 21-6. P i t c h  AACS Engine F i r i n g  and Related Sequence o f  Events - S-II/S-IVB Separation 
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Section 2 1  
Flight Control 

293 
1145 6 7,8 
I I  I I I  

DATA NOT 
AVAILABLE 

1. COMMAND FREEZE 

3. ULLAGE ENGINES ON 
4. APS ACTIVATE 

2. FIRST S-IVB ENGINE CUTOFF 
5 .  COMMAND LOCAL HORIZONTAL 
6. LH2 CVS ON 
7. ULLAGE ENGINES OFF 
8. COMMAND -180" ROLL POSITION I11 TOWARD EARTH 

Figure 21-8. Comnanded and Actual Pitch, Yaw and Roll Atti tudes following First B u r n  
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-I ]-DATA NOT AVAILABLE w z 
H m  aa 
W H  

VU- 
4 
4 

zz I P  
mz I I I p  

725 775 825 875 925 975 1025 1075 1125 1175 1225 
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22. HYDRAULIC SYSTEM 

The S-IVB hydrau l i c  system performance w a s  w i th in  p red ic t ed  l i m i t s  and t h e  e n t i r e  system 

operated s a t i s f a c t o r i l y  during l i f t o f f  and f i r s t  burn. 

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 i d  thermal expansion. System i n t e r n a l  

leakage w a s  0.64 gpm which is wi th in  the  0.4 t o  0.8 gpm allowable range. 

requi red  5.6 hp from the  engine during first burn. 

Both t h e  a u x i l i a r y  and main hydraul ic  pumps f a i l e d  t o  develop pressure  i n  t h e  period 

preceding and during second burn. It is  believed t h a t  t h e  pumps w e r e  c a v i t a t i n g  due t o  an 

obs t ruc t ion  of f rozen  hydraul ic  f l u i d  i n  t h e  pump suc t ion  l i n e  between t h e  r e se rvo i r  and 

main pump. F l i g h t  d a t a  ind ica ted  t h a t  t h e  f r eez ing  w a s  i n  a l oca l i zed  area and poss ib ly  

caused by f l u i d  impingement from a leaking  cryogenic f u e l  l i n e .  

temperature and p res su re  l e v e l s  were normal during t h i s  t i m e  period. 

A summary of system pressure  measurements obtained during var ious  phases of f l i g h t  is 

presented i n  t a b l e  22-1. Figures 22-1 through 22-5 graphica l ly  dep ic t  var ious  system 

parameters p l o t t e d  aga ins t  t i m e  from l i f t o f f .  

There w a s  no l o s s  of  system f l u i d  

The hydraul ic  pump 

Reservoir f l u i d  l e v e l ,  

22.1 Prelaunch 

During countdown the  a u x i l i a r y  hydraul ic  pump w a s  switched t o  coas t  thermal mode ON a t  

RO -6.5 h r ,  j u s t  p r i o r  t o  start  of p rope l l an t  loading. The accumulator w a s  precharged t o  

2,200 p s i a  a t  40 deg F. Reservoir f l u i d  l e v e l  ( a u x i l i a r y  pump OFF) w a s  78.5.percent a t  

26 deg F. There were no thermal cyc les  p r i o r  t o  launch. 

The a u x i l i a r y  hydraul ic  pump w a s  switched t o  f l i g h t  mode ON, coas t  mode OFF a t  RO -8.5 min 

(11:51:20 GMT). Af t e r  s t a b i l i z a t i o n  the  following measurements were recorded: 

Sys t e m  pressure  (D0041) : 3,600 p s i a  

Reservoir pressure  (D0042) : 170 p s i a  

Pump i n l e t  f l u i d  temperature (C0050): 52 deg F 

Reservoir f l u i d  temperature (C0051): 45 deg F 

Reservoir f l u i d  l e v e l  (L0007): 17 percent  

22.2 Boost and F i r s t  Bum Phases 

During boos t  the  pump i n l e t  and r e s e r v o i r  f l u i d  temperatures rose  s t e a d i l y  as a u x i l i a r y  pump 

opera t ion  warmed t h e  f l u i d .  Accumulator gas and ac tua to r  cy l inder  temperatures remained 

low dur ing  boost bu t  s t a r t e d  t o  rise as soon as the  engine dr iven  pump s t a r t e d .  

The p i t c h  ac tua to r  d i f f e r e n t i a l  p ressure  recorded a 5.5 cps pressure  o s c i l l a t i o n  between 

RO +121.5 t o  RO +135.0 sec .  

The yaw ac tua to r  d i f f e r e n t i a l  p ressure  d id  not  show a change i n  pressure  during t h i s  

i n t e r v a l  of t i m e .  

w a s  t ak ing  p lace .  

The maximum amplitude recorded was 400 p s i  (peak t o  peak). 

These o s c i l l a t i o n s  occurred when the  maximum S-IC s t a g e  pogo e f f e c t  
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System temperatures d i d  n o t  rise normally during f i r s t  burn. 

have no t  been experienced on previous f l i g h t s :  

The following c h a r a c t e r i s t i c s  

a. 

b. 

C. 

A t  Engine Star t  Command (ESC) +111 sec  (RO +688 sec)  t h e  yaw ac tua to r  suddenly 

s t a r t e d  t o  l o s e  temperature a t  the  rate of approximately 0.3 deg F/sec. 

A t  ESC +124 sec  (RO +701 sec)  t h e  pump i n l e t  f l u i d  temperature suddenly jumped 

30 deg F i n  14 sec and then decreased 12 deg F a t  cu to f f .  

The main pump d ischarge  l i n e  temperature r o s e  normally from t h e  start  of engine 

burn. A t  ESC +lo7 sec (RO +684 sec) i t  suddenly s t a r t e d  t o  drop and then  leve led  

of f  a t  engine cu to f f .  

Engine de f l ec t ions  i n  t h e  p i t c h  plane exceeded previous ly  observed excursions on o the r  

Sa turn  f l i g h t s  by a considerable amount. 

than those encountered i n  the  p i t c h  p lane  throughout f i r s t  burn. The l a r g e  amount of p i t c h  

ac tua to r  a c t i v i t y  w a s  due t o  abnormal SII /S- IVB sepa ra t ion  t r a n s i e n t s  caused by engines 

No. 2 and 3 on the  S-I1 c u t t i n g  o f f  earlier than scheduled during the  S - I1  boost po r t ion  

of t he  powered f l i g h t .  These engines are symmetrical about the  S-IVB p i t c h  plane.  

P r i o r  t o  the event  F l igh t  Control Computer S-IVB Burn Mode ON, the  p i t c h  and yaw ac tua to r  

pos i t i ons  (GOO01 and G0002) were a t  n u l l .  During S-IVB f i r s t  burn,  t h e i r  average o f f s e t  

values were +0.37 and -0.75 deg respec t ive ly .  A t  engine cu tof f  a f t e r  t he  event F l i g h t  

Control Computer S-IVB Burn Mode OFF, the  ac tua to r s  re turned  t o  t h e i r  o r i g i n a l  n u l l  

pos i t i ons .  The ac tua to r s  were o f f s e t  from n n l l  during powered f l i g h t  due t o  the  displace- 

ment of t he  veh ic l e ' s  cen te r  o f  g rav i ty  of f  t he  v e h i c l e ' s  l ong i tud ina l  a x i s ,  and due t o  

5-2 engine i n s t a l l a t i o n  to le rances  , t h r u s t  misalignment , and uncompensated gimbal clearances 

and t h r u s t  s t r u c t u r e  compression e f f e c t s .  

The p i t ch  a c t u a t o r ' s  f i r s t  movement a t  s epa ra t ion  occurred a t  RO +577.5 sec, the yaw 

ac tua to r  a t  RO +577.9 sec .  

due t o  sepa ra t ion  t r a n s i e n t s  a t  RO +580.9 sec ;  thus the  displacement of t h e  engine from 

its o f f s e t  during t h i s  por t ion  of powered f l i g h t  w a s  6.32 deg. The maximum s l e w  r a t e  of 

t h e  engine w a s  15.1 deglsec.  

10.5 51.5 gal/min. 

pressure  w a s  no t  developed. The engine responded t o  p i t c h  guidance commands a t  RO +643.8 sec  

and moved t o  -0.437 deg, o r  0.807 deg from the o f f s e t  pos i t ion .  

S-IVB engine cu to f f  s i g n a l  w a s  received. A t  t h i s  t i m e ,  t he  p i t c h  a t t i t u d e  rate signal 

w a s  causing the  p i t c h  ac tua to r  t o  retract a t  a rate of 0.68 deg/sec.  

respond to  the  guidance s i g n a l s  s ince  engine t h r u s t  w a s  cu to f f .  The ac tua to r  continued t o  

move and reached +2.79 deg. A t  RO +750.76 sec t h e  guidance s i g n a l  w a s  removed. This caused 

the  engine t o  n u l l  a t  a rate of 16.3 deglsec.  The a c t u a t o r  w a s  ab l e  t o  r e t u r n  t o  n u l l  s i n c e  

hydraul ic  p re s su re  w a s  s t i l l  on the  system. 

d e f l e c t i o n  of -1.35 deg a t  RO +586.0 s e c  which is 0.6 deg from its o f f s e t  pos i t ion .  The 

maximum p i t c h  and yaw ac tua to r  d i f f e r e n t i a l  p ressures  dur ing  f i r s t  burn were -800 p s i  a t  

The de f l ec t ions  i n  t h e  yaw plane  were much less 

A maximum d e f l e c t i o n  of 6.69 deg occurred i n  the  p i t c h  plane 

This rate f a l l s  w i th in  the  hydraul ic  se rvo  flow l i m i t  of 

The ac tua to r  d id  no t  r e t r a c t  t o  i ts  l i m i t  s i n c e  f u l l  d i f f e r e n t i a l  

A t  RO +747.30 sec, the  

The veh ic l e  could not  

The yaw ac tua to r  experienced i ts  maximum 
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RO +577.6 s e c  and -650 p s i  a t  RO +585.3 s e c  respec t ive ly .  

18.9 percent  of  t h e  r e spec t ive  ac tua to r ' s  maximum torque c a p a b i l i t y  a t  t h a t  p a r t i c u l a r  t i m e .  

A d i f f e r e n t i a l  p ressure  b i a s  of -200 p s i  ex i s t ed  i n  both planes a t  t h e  beginning of  powered 

f l i g h t .  

RO +750.76 sec when guidance w a s  removed. This is  equiva len t  t o  26.2 percent  of  t h e  

a c t u a t o r  s maximum torque capab i l i t y  . 
Actuator s epa ra t ion  t r a n s i e n t  loads  w e r e  no t  considered excess ive ,  

ac tua to r  dynamic pressure  feedback mechanism is  ind ica t ed  by not ing  t h e  damping of  t h e  

p i t c h  and yaw ac tua to r  d i f f e r e n t i a l  p ressure  t r aces .  

properly t o  the  guidance s igna l s .  

Figure 22-1 shows t h e  a c t i v i t y  of var ious  system measurements during t h i s  phase of f l i g h t .  

This is equiva len t  t o  25.7 and 

A d i f f e r e n t i a l  p re s su re  of +900 p s i  was developed i n  the  p i t c h  ac tua to r  a t  

Proper opera t ion  of t he  

The hydraul ic  se rvoac tua tors  responded 

22.3 Parking Orb i t  

Af te r  engine cu tof f  the  pump i n l e t  f l u i d  temperature continued t o  r i s e  as h e a t  was t rans-  

f e r r e d  from the  LOX tu rb ine  dome t o  the pump manifold. I t  rose  t o  a peak of 185 deg F a t  

RO +8,300 sec  and then s t a r t e d  to  decrease a t  a rate of 0.39 deg Ffmin. 

temperature dropped approximately 30 deg F during o r b i t a l  coas t  p r i o r  t o  second burn. 

p i t c h  ac tua to r  temperature f e l l  o f f  very sharp ly .  

The yaw ac tua to r  was a t  -28 deg F p r i o r  t o  restart. 

a minimum of 2 deg F a t  r e s t a r t .  

The a u x i l i a r y  hydraul ic  pump was commanded t o  coas t  mode ON (thermal switch con t ro l )  after 

engine cu to f f .  There were no thermal cyc les  dur ing  t h e  coas t  phase. 

A t  RO +10,822 sec the  pump w a s  commanded t o  f l i g h t  mode ON and coas t  mode OFF bu t  t he  pump 

f a i l e d  t o  produce any d iscernable  hydraul ic  pressure.  

draw t o  the  pump motor of  1 2  amp which i s  an ind ica t ion  t h a t  the  pump w a s  cav i t a t ing .  

Normal motor cu r ren t  is 45 amp. 

250 sec  l a t e r  b u t  t h i s  w a s  of s h o r t  dura t ion .  

F l igh t  h i s t o r y  dur ing  t h i s  phase i s  shown on f igu res  22-2 through 22-4. 

Reservoir f l u i d  

The 

J u s t  p r i o r  t o  r e s t a r t  i t  w a s  -60 deg F. 

The pump discharge l i n e  declined t o  

There was an inc rease  i n  cu r ren t  

A 10 p s i  r e se rvo i r  pressure  inc rease  occurred approximately 

22.4 Second Burn 

Af te r  second burn Engine S t a r t  Command, t he  main engine d r iven  hydrau l i c  pump f a i l e d  to  

produce any measurable hydraul ic  system pressure .  

RO +11,622 s e c  which corresponds t o  s tar t  of LOX tu rb ine  s p i n  a f t e r  second burn Engine 

S t a r t  Command. A t  t h i s  t i m e  t he re  w a s  a small f l u c t u a t i o n  i n  r e s e r v o i r  o i l  p ressure ,  t he  

ac tua to r s  moved s l i g h t l y  and the re  w a s  27 deg F momentary drop i n  pump i n l e t  f l u i d  tempera- 

t u re .  This i nd ica t ed  t h a t  t h e  main pump w a s  tu rn ing  and moving f l u i d  b u t  unable t o  develop 

sys  t e m  pressure .  

It has been concluded t h a t  both t h e  a u x i l i a r y  and main hydraul ic  pumps d id  not produce 

p res su re  preceding and dur ing  second burn due t o  c a v i t a t i o n .  

F l igh t  d a t a  w a s  c a r e f u l l y  analyzed a t  

Since t h e  r e s e r v o i r  f l u i d  l e v e l  
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and pressure  w e r e  normal i t  is be l ieved  t h a t  t he  condi t ion  w a s  caused by loca l i zed  f r eez ing  

of t he  pump suc t ion  l i n e  hydraul ic  f l u i d  by an unusual source  such as f l u i d  impingement 

from a leaking  cryogenic f u e l  l i n e .  The pump suc t ion  l i n e  runs across  t h e  gimbal plane i n  

l i n e  with pos i t i on  I11 between t h e  accumulator r e s e r v o i r  on t h e  t h r u s t  s t r u c t u r e  and 

the  main hydraul ic  pump on t h e  LOX tu rb ine  dome. 

f r eez ing ,  a blockage of f l u i d  would r e s u l t  i n  t he  l i n e  (pour po in t  of MIL-H-5606 i s  

-90 deg F) which would prevent r e s e r v o i r  f l u i d  from reaching the  i n l e t s  of both pumps. 

The p i t c h  and yaw hydraul ic  ac tua to r s  were o f f s e t  from n u l l  +1.2 and -3.0 deg r e spec t ive ly  

a t  RO +10,822.83 sec when the  hydraul ic  a u x i l i a r y  pump w a s  comanded ON f o r  second burn. 

The ac tua to r s  attempted t o  cen te r  the engine,  however, s i n c e  hydraul ic  system p res su re  was 

not  s u f f i c i e n t l y  developed nor sus ta ined  they were only a b l e  t o  move to  +0.9 and -2 .1  deg 

pos i t i ons .  A t  RO +11,070 and RO +11,500 s e c  both ac tua to r s  attempted t o  cen te r  and a t  

RO +11,620 sec  the  yaw ac tua to r  again moved i n d i c a t i n g  some hydraul ic  pressure  a c t i v i t y .  

Other hydraul ic  parameters a l s o  ind ica t ed  a c t i v i t y  a t  these  t i m e s .  The p i t c h  and yaw 

ac tua to r s  w e r e  unable t o  respond to  t h e  incoming I U  s i g n a l s .  Their d i f f e r e n t i a l  p ressures  

were zero during t h i s  po r t ion  of  t h e  f l i g h t .  

Two attempts were made t o  s t a r t  the  a u x i l i a r y  hydraul ic  pump by ground command b u t  with no 

success.  The pump i n l e t  and r e s e r v o i r  f l u i d  temperatures continued t o  s i n k  a t  approximately 

the  same r a t e s .  The pump discharge l i n e  temperature measurement which was loca ted  near the  

system thermal swi tch ,  apparently var ied  with exposure to  s o l a r  r a d i a t i o n  o r  e a r t h ' s  

shadow. Curve p l o t s  of f l i g h t  measurements during attempted second burn a r e  shown i n  

f igu res  22-2 through 22-5. 

If t h i s  l i n e  is subjec ted  t o  cryogenic 

TABLE 22-1 
HYDRAULIC SYSTEM PERFORMANCE 

RESERVOIR 

Pump ON 

Pump OFF 

PREDICTED DURING 
PUMP OPERATION 

(psis) 

3 ,500  t o  3,650 

3 ,500  t o  3,650 

165 t o  185 

250 t o  450 

1 5  t o  35 p s i g  

PREDICTED 
(percent) 

20 t o  25 

80 t o  90 

*Corrected t o  68 deg F 

LIFTOFF 
(psis) 

3,600 

3,610 

170 

425 

20 p s ig  

LIFTOFF 
(percent )  

18 
- 

FIRST BURN 
(psis) 

3 ,600  

3,610 

172  

4 30 

36 p s i g  

FIRST BURN 
(percent) 

2 1  

2,370* 

67  

430 

35 p s ig  

PARKING ORBIT 
(percent) 

- 
82 

SECOND BURN 
( p s i 4  

2 , 3ao* 

62 

425 

36 ps ig  

SECOND BURN 
(percent) 

- 
83 
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,3 23. STAGE STRUCTURE AND ENVIRONMENT 

23.1 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  

An eva lua t ion  of s t r a i n ,  acce le ra t ion ,  pressure ,  and temperature d a t a  from the  S-IVB f o r  

t h e  AS-502 t r a j e c t o r y  ind ica t ed  adequate s t r u c t u r a l  s t r e n g t h  ex i s t ed  i n  the  s t a g e  f o r  t he  

condi t ions  encountered. 

The f l i g h t  environment of t he  S-IVB devia ted  from expected condi t ions  i n  two s t r u c t u r a l l y  

s i g n i f i c a n t  r e spec t s .  F i r s t ,  dur ing  S-IC boos t ,  the  AS-502 veh ic l e  and spacec ra f t  

experienced r e l a t i v e l y  severe  5 1 / 2  c p s  l ong i tud ina l  v i b r a t i o n s  as repor ted  i n  s e c t i o n  25. 

Second, during S-IC boos t  a t  RO +133 sec, the  S-IVB experienced an unusual load r e d i s t r i b u -  

t i o n  i n  the  forward s k i r t  a s  i nd ica t ed  by s t r a i n  gage measurements a t  s k i r t  s t r i n g e r s .  

This load r e d i s t r i b u t i o n  w a s  ev ident  throughout t h e  remainder of the  high a x i a l  loads  of 

f i r s t  s t a g e  boost t o  cen te r  engine cu tof f  (CECO) a t  RO +144 sec .  The combined loads  from 

the  load r e d i s t r i b u t i o n  and the long i tud ina l  v ib ra t ions  were wi th in  the  s t r u c t u r a l  

c a p a b i l i t y  of the  S-IVB forward s k i r t .  

The load d i s t r i b u t i o n  t o  t h e  a f t  s k i r t  was normal, which ind ica t e s  the  p rope l l an t  tank 

s t r u c t u r e  w a s  e f f e c t i v e  i n  uniformly d i s t r i b u t i n g  t h e  unusual a x i a l  load d i s t r i b u t i o n s  of 

the  forward s k i r t  t o  t h e  a f t  s k i r t .  

The f l i g h t  test d a t a  i n d i c a t e  t h a t  the sudden change i n  a x i a l  load d i s t r i b u t i o n  through the  

S-IVB forward s k i r t  a t  RO +133 s e c  r e su l t ed  from changes i n  s t r u c t u r e  loca ted  above the  

forward s k i r t .  The cha rac t e r  of these  s t r u c t u r a l  changes and t h e i r  causes w e r e  i nves t iga t ed  

by an engineering task  group a t  NASA Manned Spacecraf t  Center,  Houston, Texas. 

of t h a t  i nves t iga t ion  a r e  t o  be published i n  a NASAfMSC r e p o r t  e n t i t l e d ,  Anomaly Report 

No. 6 - Unexpected S t r u c t u r a l  Ind ica t ions  During Launch Phase, unpublished a s  of t h i s  wr i t i ng .  

Body bending moments and sk in  d i f f e r e n t i a l  p ressures  were less than t h e  maximum predic ted  

va lues  due t o  comparatively moderate wind shears  and gus ts .  Vehicle a x i a l  acce le ra t ions  

w e r e  c lo se  t o  pred ic ted  va lues  which v e r i f i e d  the  computed p r e f l i g h t  a x i a l  loads  f o r  t he  

S-IVB, except f o r  the  s t r u c t u r a l l y  n o n c r i t i c a l  anomaly of  two S - I 1  engines c u t t i n g  ou t  

prematurely a t  about RO +414 sec .  

d a t a  a r e  i n  agreement wi th  p r e f l i g h t  computed a x i a l  loads  from l i f t o f f  t o  approximately 

RO +60 s e c .  Beyond t h i s  f l i g h t  t i m e ,  t h e  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  appeared t o  be  low apparent ly  due t o  thermal e f f e c t s  on the  s t r u c t u r e  from aerodynamic 

hea t ing  and t o  an approximate in t eg ra t ion  r e s u l t i n g  from t h e  l imi t ed  number of instrumented 

s t r i n g e r s  . 
Recorded maximum temperatures of t h e  S-IVB s t r u c t u r e  subjec ted  to  aerodynamic hea t ing  

ind ica t ed  t h e  f l i g h t  temperatures did no t  exceed maximum predic ted  temperatures. 

The LH2 and LOX tank u l l a g e  pressures  d id  not  exceed corresponding design u l l age  pressures .  

The d i f f e r e n t i a l  tankage pressures  a c t i n g  on the  common bulkhead w e r e  a s  expected. The 

i n t e r n a l  pressure  of the  common bulkhead remained s u b s t a n t i a l l y  cons tan t  a t  less than 

1 p s i a  as predic ted .  

The r e s u l t s  

Axial loads computed from f l i g h t  s t r a i n  gage a f t  s k i r t  
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23.1.1 

Thirty-two a x i a l  s train gages were i n s t a l l e d  on e x t e r n a l  h a t  s t r i n g e r s  of  the  S-IVB. 

gages were loca ted  a t  veh ic l e  s ta  3145 o f  t he  forward s k i r t  and sta 2821 of  t h e  a f t  s k i r t .  

Eight measurement loca t ions  a t  each s t a t i o n  were approximately equal ly  spaced around t h e  

circumference. 

one gage w a s  mounted t o  the  s i d e  of  the  s t r i n g e r  nea r  the n e u t r a l  a x i s ,  and the  o the r  t o  

the  top of the  s t r i n g e r .  

t i o n  of s t r a i n s  a t  the  s t r i n g e r  n e u t r a l  ax i s  and hence more accurace ca l cu la t ions  of s t r i n g e r  

a x i a l  loads and body bending moments. 

whieh s t r i n g e r  i n t e r n a l  bending moments could be evaluated. A l l  s t r a i n  gages w e r e  tempera- 

t u r e  compensated. 

The recorded d a t a  from the  s t r a i n  gages were determined t o  be v a l i d  by the  S-IVB-502 Data 

Qua l i f i ca t ion  Review Board. These d a t a  w e r e  reviewed thoroughly and i n  d e t a i l  and no 

e l e c t r i c a l  anomalies w e r e  de tec ted .  

occurred a t  RO +133 s e c  and which remained through CECO a t  approximately RO +144 s e c  were 

found t o  be v a l i d  by the  Review Board. An a n a l y t i c a l  ca l cu la t ion  a t  S-I1 engine i g n i t i o n  

ind ica ted  t h a t  measured t h r u s t  computed from S-IVB s t r a i n  measurements and predic ted  t h r u s t  

were wi th in  3 percent,and t h a t  t h e  s t r a i n  gages a t  t h a t  l a t e r  t i m e  were performing normally. 

The s t r a i n  h i s t o r i e s  f o r  t h e  16 gages on the  a f t  s k i r t  are presented i n  f i g u r e  23-1, and 

those f o r  t he  16 gages on t h e  forward s k i r t  are shown i n  f i g u r e  23-2. A t  RO -10 sec a l l  

measured s t r a i n s  have been ad jus ted  t o  the  computed c o r r e c t  s t r a i n  corresponding t o  the  

1 g a x i a l  load condition. This adjustment w a s  necessary s ince  the  i n i t i a l  s t r a i n  readings 

had d r i f t e d  considerably due t o  the  combined e f f e c t s  of added payload and p rope l l an t  

weights,  p rope l l an t  cryogenic temperatures, and u l l age  p res su r i za t ions .  The adjustment 

t o  each measured s t r a i n  a t  l i f t o f f  was applied uniformly t o  t h e  corresponding measured 

s t r a i n  t r a c e  throughout f l i g h t ,  s o  t h a t  measured s t r a i n  increments dur ing  f l i g h t  w e r e  no t  

a f fec ted .  The increments of s t r a i n  on t h e  S-IVB due t o  bending moments from ground winds 

were computed and found t o  be r e l a t i v e l y  small. 

i n  t he  adjustments t o  cor rec ted  s t r a i n s  a t  l i f t o f f .  

The maximum and minimum s t r a i n  envelopes shown i n  f igu res  23-1 and 23-2 were ca l cu la t ed  

from des ign  condi t ions  and inc lude  the  e f f e c t s  of  maximum expected aerodynamic gus t s  and 

wind shears .  

system and 53 percent f o r  pred ic ted  engine th rus t .  

mounted gages w e r e  computed us ing  c o e f f i c i e n t s  obtained from t h e  AS-501 veh ic l e  c a l i b r a t i o n  

conducted 19 Apr i l  1967. 

The s t r i n g e r  s i d e  mounted gages on t h e  a f t  s k i r t  ( f i gu re  23-1) 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 predic ted  except a t  t i m e s  approaching CECO and outboard engines cu tof f  

(OECO). A t  t hese  f l i g h t  t i m e s ,  a i r l o a d s  should be  nea r ly  non-existent and body bending 

negl ig ib le .  Hence, the  s i d e  gage s t r a i n  t r aces  i d e a l l y  would converge approximately to  

Body S t r a i n s  and S t r i n g e r  Loads 

The 

Two s t r a i n  gages w e r e  i n s t a l l e d  a t  each measurement loca t ion ,  o f  which 

The dual s t r i n g e r  s t r a i n  gage i n s t a l l a t i o n  permitted the  evalua- 

The dua l  gage i n s t a l l a t i o n s  a l s o  provided d a t a  from 

I n  p a r t i c u l a r ,  t he  unusual s t r a i n  changes which 

Ground wind s t r a i n s  have been neglected 

The envelope a l s o  inc ludes  t h e  to le rances  of  2 7  percent  f o r  t h e  telemetry 

The predic ted  s t r a i n s  f o r  t h e  top 
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p a common value a t  OECO. The non-convergence of the measured s t r a i n s  a f t e r  RO +80 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 o r  cont rac t ion  from aerodynamic 

heat ing.  However, the hea t ing  d i d  not  s i g n i f i c a n t l y  a f f e c t  t h e  evaluat ion of f l i g h t  body 

bending moments which peaked a t  approximately RO +68 sec .  

in f luence  was minimized i n  the eva lua t ion  o f  maximum a x i a l  loads a t  CECO by using d i f f e r -  

e n t i a l  s t r a i n s  referenced t o  zero t h r u s t  s t r a i n s  a t  s-IC separa t ion .  

The s t r i n g e r  top mounted gages on the  a f t  s k i r t  ( f i g u r e  23-1) provided s t r a i n  d a t a  having 

less convergence a t  OECO than i n  t h e  s i d e  gage da ta .  

the s t r i n g e r  n e u t r a l  a x i s  and were s e n s i t i v e  t o  l o c a l  s t r i n g e r  bending. 

u s e f u l  i n  analyzing t h e  s t r i n g e r s  f o r  l o c a l  bending. The s t r a i n s  from t h e  top gages, l i k e  

those from the s i d e  gages, w e r e  less than t h e  maximum design straiils shown i n  the  f igures .  

It is t o  be  noted t h a t  t h e  a f t  s k i r t  s t r a i n  t r a c e s  i n d i c a t e  no unusual s t r a i n  changes 

a t  RO +133 s e c ,  such as subsequently w i l l  be  discussed f o r  the forward s k i r t .  I t  appears 

t h a t  the propel lan t  tankage s t r u c t u r e  d i s t r i b u t e d  a x i a l  loads  from t h e  forward s k i r t  

uniformly t o  the a f t  s k i r t .  

Figure 23-3 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 .  

d a t a  from gages No. 70 and No. 74 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  mounted 

gages, and t h e  broken l i n e  curves show the  t r a c e s  adjusted t o  remove temperature e f f e c t s .  

The adjustments r e s u l t  from the assumption t h a t  without  aerodynamic hea t ing ,  the  measured 

s t r a i n  t r a c e s  would i d e a l l y  decrease t o  zero s t r a i n  (zero  t h r u s t )  a t  S-IC separa t ion  

(RO +148 s e c ) .  However, the  a c t u a l  measured s t r a i n  t r a c e s ,  a f t e r  c o r r e c t i o n  t o  the  1 g 

condi t ion ,  d id  n o t  decrease to  zero s t r a i n s  a t  RO +148 s e c  and the  r e s i d u a l  s t r a i n s  were 

assumed t o  b e  measurements of thermally induced s t r a i n s .  Residual compressive s t r a i n s  a t  

RO +148 s e c  were subt rac ted  from measured s t r a i n s  a t  CECO (RO +144 sec)  t o  show f l i g h t  

s t r a i n s  independently of temperature e f f e c t s .  S imi la r ly ,  r e s i d u a l  tension s t r a i n s  were 

a d d i t i v e  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 cons tan t  from CECO (RO +144 s e c )  back t o  RO +120 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.  This s t r a i n  adjustment d i s t r i b u t i o n  corresponds 

wi th  the  aerodynamic hea t ing  which began a t  approximately RO +60 s e e  and s t a b i l i z e d  a t  

higher  temperatures near  RO +120 sec .  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  d a t a  t o  allow more accura te  c a l c u l a t i o n s  of body 

bending moments and s t a g e  a x i a l  loads.  However, thermally induced s t r a i n s  were reac ted  

i n t e r n a l l y  by the  s t r u c t u r e ,  and hence these  increments of s t r a i n  were included i n  d e t a i l e d  

s t r i n g e r  s t r e s s  analyses .  

The s t r a i n  h i s t o r i e s  ( f i g u r e  23-2) f o r  the  1 6  forward s k i r t  s t r a i n  gages i n d i c a t e  g r e a t e r  

aerodynamic hea t ing  e f f e c t s  than occurred i n  t h e  a f t  s k i r t .  I t  is a l s o  seen t h a t  a number 

of s t r a i n  measurements experienced load s h i f t s  a t  RO +133 s e c ,  and t h a t  t h e s e  s h i f t s  were 

re ta ined  throughout the remainder of S-IC powered f l i g h t .  These s t r a i n  s h i f t s  a t  

RO +133 s e c  a r e  summarized i n  the p o l a r  b a r  c h a r t  of f i g u r e  23-4. 

values  i n d i c a t e  increases  i n  compression and p o s i t i v e  values  i n d i c a t e  decreases  i n  

A l s o ,  t h e  aerodynamic hea t ing  

The top gages were displaced from 

These d a t a  were 

The s t r a i n  

I n  the c h a r t ,  negat ive 
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compression. Figure 23-4 includes i d e n t i f i c a t i o n  of gage o r  measurement numbers, s k i r t  

s t r i n g e r  numbers, v e h i c l e  p o s i t i o n  numbers (I through I V ) ,  and va lues  of s t r a i n  changes 

i n  micro inches per  inch. 

0.00115 i n . / i n .  which corresponds t o  an increase  of t h e  s t r i n g e r  a x i a l  compression load 

of approximately 4,800 l b f .  

i n  compression. 

changes i n  s t r a i n  a t  the  top mounted gages. 

a x i a l  loads ,  l o c a l  s t r i n g e r  bending, and s h i f t s  of the  l o c a t i o n s  of the  appl ied a x i a l  

s t r i n g e r  loads.  

gages could r e s u l t  from changes i n  s t i f f n e s s e s  o r  load paths  of s t r u c t u r e  above the S-IVB 

forward s k i r t .  

The sudden change i n  s t r i n g e r  a x i a l  loads  is f u r t h e r  i l l u s t r a t e d  by f i g u r e  23-5 which shows 

polar  p l o t s  a t  RO +132 sec compared t o  RO +134 sec f o r  the  S-IVE-502 forward s k i r t .  

l a r g e  change is evident  a t  s t r i n g e r  N o .  81. 

shown f o r  t h e  S-IVB-501 forward s k i r t  a t  RO +135.5 s e c .  

ad j u s  ted t o  represent  the  to  t a l  a x i a l  load. 

The s t r a i n  changes a t  RO +133 s e c  i n  the  S-IVB forward s k i r t  s t r i n g e r s  appear t o  be due 

to  a change i n  load path through the  s k i r t  apparent ly  caused by a load path s h i f t  i n  

s t r u c t u r e  above the  s k i r t .  This conclusion r e s u l t e d  a f t e r  i t  was determined t h a t  the 

gross  loads on the v e h i c l e  were normal, t h a t  the temperatures of the forward s k i r t  were 

normal, and t h a t  t h e  forward s k i r t  s t r i n g e r  s t r a i n  gage da ta  were v a l i d  throughout powered 

f l i g h t .  The ind ica ted  load change i n  s t r i n g e r  No. 81 from s t r a i n  measurements w a s  

4,800 lbf  a t  t h e  g loading of RO +133 sec, o r  about 1,200 lbf  when r e l a t e d  t o  a 1 g weight 

condi t ion.  Assuming s e v e r a l  s t r i n g e r s  adjacent  t o  s t r i n g e r  No. 81 were a l s o  a f f e c t e d ,  then 

t h e  t o t a l  load change may have been of t h e  order  of approximately 2,500 l b  o r  more r e l a t e d  t o  

t h e  1 g condi t ion.  The l a r g e s t  s i n g l e  weight i n  t h e  S-IVB forward s k i r t  was 100 l b  and 

t h e  l a r g e s t  i n  t h e  instrument u n i t  (TU) w a s  approximately 150 l b .  In c o n t r a s t ,  the  LM weighed 

26,000 l b  and t h e  weight above the  s e r v i c e  lunar  adapter  panels  was 64,000 l b .  

l a r g e  load change i n  the  load path a t  s t r i n g e r  No. 81 ev ident ly  r e s u l t e d  from load red is -  

t r i b u t i o n s  from the  l a r g e  weights above the  forward s k i r t  r a t h e r  than from any f a i l u r e  of 

supports  f o r  t h e  r e l a t i v e l y  small  weights i n  t h e  s k i r t .  

of t h e  forward s k i r t  using measured s t r a i n s  throughout f l i g h t  ind ica ted  t h a t  t h e r e  w a s  no 

s t r i n g e r  buckling and t h a t  p o s i t i v e  margins of s a f e t y  ex is ted  f o r  t h e  s k i r t .  

d a t a  showed increas ing  compressive s t r i n g e r  loads  wi th  increas ing  a x i a l  load f a c t o r s  a f t e r  t h e  

anomaly a t  RO +133 sec thereby providing support ing evidence t h a t  s k i r t  s t r i n g e r  buckling d id  

not  occur.  Thus, i t  a p p e a r s  evident  t h a t  t h e  forward s k i r t  s t r u c t u r a l  i n t e g r i t y  w a s  maintained 

and t h a t  a change i n  load pa th  or ig ina ted  i n  s t r u c t u r e  above t h e  S-IVB s t a g e  forward s k i r t .  

The s t r a i n  changes a t  RO +133 sec involved e i g h t  s t r a i n  gages. 

t h e r e  w a s  an i n d i c a t i o n  of a similar sudden s h i f t  of increased compressive s t r a i n  from t h e  

The s t r a i n  s h i f t  at  t h e  s i d e  gage of s t r i n g e r  No. 81  w a s  

S t r i n g e r s  No. 95 and N o .  27 experienced much smaller increases  

S t r i n g e r s  No.  14,  27, 54, 81, 95 and 108 experienced r e l a t i v e l y  small  

These gages r e f l e c t e d  the combined e f f e c t s  of 

Changes i n  readings of the  s t r i n g e r  top mounted gages and s i d e  mounted 

The 

For purposes of comparison, a similar p l o t  i s  

Only the S-IVB-502 p l o t s  have been 

Hence, the  

A d e t a i l e d  p o s t f l i g h t  stress a n a l y s i s  

The s t r a i n  gage 

However, a t  RO +lo7 sec  
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s i n g l e  measurement of s i d e  gage No. 66 a t  s t r i n g e r  No. 95. 

f i g u r e  23-2. 

s t r u c t u r e  above t h e  S-IVB forward s k i r t  preceeding the more pronounced s t r u c t u r a l  changes 

at  RO +133 sec. Further  d e t a i l s  of t h e  anomalies, including cons idera t ions  of the s t r u c t u r e  

above t h e  forward s k i r t ,  are presented i n  t h e  Anomaly Report No. 6 referenced in paragraph 

23.1. 

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  t h e  a f t  and forward s k i r t s  a t  

respec t ive  s t r a i n  measurement s ta  2821 and 3145 are shown i n  t a b l e  23-1. 

the  maximum f l i g h t  loads  der ived from s t r a i n  gage d a t a  t o  t h e  corresponding s t r i n g e r  l o c a l  

design loads .  For t h e  a f t  s k i r t ,  t h e  c r i t i c a l  maximum uq condi t ion design loads w e r e  n o t  

exceeded, and inc luding  temperature e f f e c t s  a p o s i t i v e  margin of s a f e t y  ex is ted .  The forward 

s k i r t  f l i g h t  moments and a x i a l  loads ca lcu la ted  from measured s t r a i n s  exceeded design values.  

The r e s u l t s  of t h e  corresponding p o s t f l i g h t  stress a n a l y s i s  a r e  presented i n  t a b l e  23-2. 

S t r i n g e r  No. 95 w a s  c r i t i c a l  and t h e  corresponding minimum margin of  s a f e t y  w a s  +97 percent .  

This s t r a i n  s h i f t  i s  shown i n  

This  s i n g l e  s t r a i n  s h i f t  may have been the r e s u l t  of a prel iminary change Ln 

The t a b l e  compares 

23.1.2 Axial  Loads 

The s t r a i n  d a t a  measured f o r  s t a  2821 and 3145 dur ing  f l i g h t  were used f o r  computing a x i a l  

load h i s t o r i e s  as presented i n  f i g u r e s  23-6 and 23-7. 

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 ad jus ted  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 cont rac t ions  from aerodynamic heat ing.  From these  

ad jus ted  d a t a ,  the  a x i a l  f l i g h t  loads  a t  the r e s p e c t i v e  s t a t i o n s  were computed. These 

a x i a l  load h i s t o r i e s  are shown compared t o  p r e f l i g h t  computed a x i a l  loads.  

of the  f l i g h t  measured p l o t s  above RO +60 t o  RO +80 s e e  i s  a t t r i b u t e d  t o  thermal e f f e c t s  

on the  s t r u c t u r e  from aerodynamic hea t ing  and t o  t h e  l imi ted  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. 

A x i a l  load f a c t o r s  measured during powered f l i g h t  are presented i n  t a b l e  23-3. 

maximum a c c e l e r a t i o n  of 4.78 g occurred at  S-IC CECO. This w a s  s l i g h t l y  h igher  than the  

4.73 g pred ic ted  value,  and g r e a t e r  than t h e  design l i m i t  a x i a l  load f a c t o r  of 4.68 g a t  

CECO as expected. Detai led stress a n a l y s i s ,  including t h e  e f f e c t s  of S-IVB f l i g h t  

The neasured s t r a i n  d a t a  w e r e  

The divergence 

The 

measured temperatures,  ind ica ted  p o s i t i v e  margins of 

condition. 

23.1.3 Body Bending Moments 

The s t r a i n  d a t a  measured during f l i g h t  w a s  a l s o  used 

as shown i n  f i g u r e  23-8 f o r  t h e  a f t  s k i r t  and f i g u r e  

s a f e t y  f o r  t h e  4.78 g a x i a l  

i n  computing bending moment 

23-9 f o r  the  forward s k i r t .  

l o  ad 

h i s t o r i e s  , 
I n  each 

case, t h e  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 n s  w a s  converted to  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 ad jus ted  t o  remove i n t e r n a l  s t r a i n s  induced by aerodynamic heat ing.  

From these  ad jus ted  d a t a ,  the  maximum bending moments a t  the  respec t ive  s t a t i o n s  from f l i g h t  

loads  w e r e  computed. I n  the f i g u r e s ,  t h e  computed f l i g h t  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. The design curve is  a p a r t i a l  
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envelope covering t h e  t i m e  of maximum aq and showing the  t o t a l  e f f e c t  of d i s c r e t e  wind 

shears  and gus ts  occur r ing  a t  each t i m e  po in t .  

t o  r e l a t i v e l y  moderate aerodynamic loading  a s  compared t o  maximum des ign  values.  

During S-I1 powered f l i g h t ,  two adjacent  outboard engines c u t  ou t  inadver ten t ly  a t  about 

RO +414 sec ( re ference  f i g u r e  8-6) .  The bending moment a t  sta 2821 of t h e  a f t  s k i r t  w a s  

computed using f l i g h t  measured s t r a i n s .  The r e s u l t i n g  moment w a s  9 ,600 ,000  in.-lb which 

was only  about one-sixth of t h e  l i m i t  design maximum bending moment, i n d i c a t i n g  ample 

margin of s a f e t y  f o r  t h e  S-IVB with t h i s  anomalous condition. 

The curves show the  S-IVB was subjec ted  

23.1.4 Pressures  - S k i r t s  and I n t e r s t a g e  

For t h e  forward s k i r t  o f  t h e  S-IVB, no pressure  measurements were taken because of  confidence 

i n  p red ic t ion  methods gained from S-IVB/IB f l i g h t  test experience. 

For t h e  a f t  s k i r t  and i n t e r s t a g e ,  t h e  maximum 

based on pressure  sensor  measurements was 2.9 

maximum l i m i t  design bu r s t ing  pressure  of 3.9 

d i f f e r e n t i a l  crushing pressure  w a s  -0.80 psid 

the  maximum l i m i t  design crushing pressure  of 

23.1.5 Temperatures 

ca l cu la t ed  b u r s t i n g  pressure  during f l i g h t ,  

p s id  a t  RO i-75 s ec .  This was l e s s  than the  

ps id  a t  RO +73 sec .  

a t  RO +60 s e c ,  which compares favorably t o  

-1.66 p s id  a t  RO +58 s e c .  

The peak f l i g h t  measured 

A summary of maximum measured 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 hea t ing  is given i n  t a b l e  23-4. The temperatures are shown sepa ra t e ly  f o r  

s t r i n g e r s  and sk in .  Predic ted  maximum temperatures based on the  maximum hea t ing  t r a j e c t o r y  

a r e  a l s o  shown. A comparison of va lues  shows f l i g h t  temperatures d id  not  exceed maximum 

predic ted  temperatures. This supports o t h e r  evidence t h a t  S-IVB s t r u c t u r a l  i n t e g r i t y  was 

maintained. 

23.1.6 LH2 and LOX Tank Ullage Pressures  

The maximum LH2 u l l age  pressure  recorded during prelaunch and through powered f l i g h t  t o  

S-IVB f i r s t  b u m  engine cu tof f  w a s  37.0 ps ia .  Subsequent u l l age  pressures  during o r b i t a l  

coas t  reached a maximum of 34.0 ps ia .  These va lues  compare favorably wi th  the  l i m i t  design 

u l l age  pressure  of 37.0 p s i a  f o r  t he  LH2 tank. 

The l i m i t  design u l l age  pressure  f o r  t h e  LOX tank is 44 p s i a ,  and the  maximum u l l a g e  

pressure  recorded during prelaunch and powered f l i g h t  through f i r s t  burn was 43.0 p s i a .  

The maximum LOX tank u l l a g e  pressure  recorded dur ing  o r b i t a l  coas t  was 42.0 p s i a .  

23.1.7 Common Bulkhead Pressure  Environment 

The S-LVB-502 u l l age  d i f f e r e n t i a l  p ressures  on the  common bulkhead dur ing  prelaunch, powered 

f l i g h t ,  and t y p i c a l  o r b i t a l  coas t  are shown i n  f i g u r e  23-10. A p o s i t i v e  d i f f e r e n t i a l  

p ressure  i n d i c a t e s  t he  LOX tank u l l a g e  p res su re  exceeds the  LH2 tank u l l age  pressure .  

t he  apex of t h e  common bulkhead these  d i f f e r e n t i a l  u l l a g e  pressures  are the  pressures  across  

A t  
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the  bulkhead a f t e r  allowances f o r  the  l i q u i d  hydrogen head. 

are curves showing the 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  of t h e  comon bulkhead, and these l i m i t  

curves have been ca l cu la t ed  t o  inc lude  the  l i q u i d  hydrogen head e f f e c t s .  

The maximum negat ive  ope ra t iona l  pressure  dur ing  f l i g h t  occurred due t o  a temporary decrease 

i n  LOX u l l a g e  pressure  from 41.0 ps id  t o  3 4 . 5  ps id  a f t e r  S-IVB f irst  b u m  ign i t ion .  

r e s u l t a n t  nega t ive  d i f f e r e n t i a l  p ressure  w a s  -1.0 ps id  a t  RO +600 sec ( f igu re  2 3 - 1 0 ) .  

appl ied  pressure  w a s  w e l l  below t h e  l i m i t  bulkhead c a p a b i l i t y  of - 2 4 . 2  ps id  corresponding 

t o  t h i s  per iod  of f l i g h t .  

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 ressure  occurred dur ing  i n i t i a l  p re s su r i za t ion  of t h e  

LOX tank while t he  LH2 tank 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  pressure  condition. 

The pressure  obtained w a s  +24.8  ps id ,  and t h i s  w a s  expected s ince  the  sequencing permits 

p re s su r i za t ion  t o  the  LOX tank ven t  and r e l i e f  va lve  s e t t i n g  of 44 p s i a  whi le  the  LH2 tank 

is unpressurized. 

corresponding 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  of 3 0 . 0  ps id .  

The u l l age  d i f f e r e n t i a l  p ressures  a t  a l l  o the r  t i m e s  were normal and a l s o  below the l i m i t  

s t r u c t u r a l  capab i l i t y .  

Common bulkhead i n t e r n a l  vacuum pressure  dur ing  prelaunch and through powered f l i g h t  t o  

f i r s t  burn engine cu tof f  and 'through o r b i t a l  coas t  d id  no t  exceed 0 . 3  ps ia .  

corresponds t o  expected va lues  of l e s s  than 1.0 ps i a .  

Also included i n  the  f i g u r e s  

The 

This 

The measured maximum p o s i t i v e  d i f f e r e n t i a l  p ressure  w a s  below the  

This favorably 

2 3 . 2  Explosive Ordnance Equipment 

A l l  exploding bridgewire i n i t i a t e d  ordnance systems performed as required.  The s t a g e  

sepa ra t ion  system, which u t i l i z e s  a dual mild de tona t ing  fuse  assembly, functioned on 

command and e f f e c t e d  a complete disconnection of t h e  S-IVB from t h e  S-11. The two u l l a g e  

rocke ts  and four  r e t ro rocke t s  f i r e d ,  thus  accomplishing a normal sepa ra t ion  sequence. 

Approximately 12 sec a f t e r  s epa ra t ion ,  t h e  two u l l age  rocke ts  and t h e i r  f a i r i n g s  w e r e  

j e t t i s o n e d .  This has been v e r i f i e d  by telemetry da t a .  The j e t t i s o n  ind ica t ion  w a s  a drop 

t o  zero of  t he  chamber p re s su re  transducer potentiometer e x c i t a t i o n  voltage.  

The s a f e t y  and arming device ,  an element of  t he  range s a f e t y  system, w a s  cycled e l e c t r i c a l l y  

from ARMED t o  SAFE p o s i t i o n  several t i m e s  dur ing  terminal countdown and functioned as 

requi red .  
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MOMENT 
(in.  -1b) 

-6,800 

-5,700 

+1,857 

+1,080 

TABLE 23-1 
MAXIMUM LOCAL STRINGER BENDING MOMENTS AND AXIAL LOADS I N  AFT AND FORWARD SKIRTS 

AXIAL LOAD 
(lb) 

-14,168 

-11,756 

-8,287 

-4,804 

Tension 

Compression +Moment as shown 

Max aq 

CECO 

Max clq 

CECO 

Axial Load 

- Compression 

+ Tension 

MOMENT 
( i n .  -1b ) 

-1,364 

-2,611 

+118 

-1,217 

SKIRT 

~ 

MAX. FLIGHT LOAD 
(CALCULATED FROM TOP I I AND SIDE S STATION CONDITION 

STRINGER 
NO. 

14 

27 

41 

54 

68 

81 

95 

108 

GAGE* 
NO. 

54 
55 

56 
57 

58 
59 

60 
6 1  

62 
63 

64 
65 

66 
67 

68 
69 

A I N  GAGES) 

-7,319 

-13,047 

-3,065 

-6,853 

TABLE 23-2 

OF SAFETY AT STA 3145 - CONDITION OF RO +144 SEC 
FORWARD SKIRT LOCAL STRINGER LOADS AND MINIMUM MARGIN 

STRAIN** 
(micro in . / i n . )  

-1,040 
-890 

-560 
-1,210 

-840 
-800 

-600 
-700 

-1,250 
-580 

-1,810 
-1,010 

-1,890 
-830 

-520 
-640 

STRINGER*** 
MOMENT 

( in .  -1b) 

-184 

719 

-50 

127 

-800 

-925 

-1,217 

154 

STRINGER 
AXIAL 

LOAD 
(lb) 

-4,437 

-3,319 

-3,695 

-2,794 

-4,813 

-6,785 

-6,853 

-2,471 

MINIMUM 
MARGIN 

OF SAFETY 
(percent) 

-- 

_- 

__ 

-- 

-- 

-- 

+97.0 

-- 

e t  I 

*Even numbered gages w e r e  s t r i n g e r  s i d e  mounted, and odd numbered were top mounted. 

**Measured s t r a i n  values  w e r e  adjusted t o  1 g ca l cu la t ed  condi t ions a t  RO -10 sec. 

***Positive moment corresponds t o  tension i n  skin.  
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PRZDICTED 
LOAD FACTOR 

( 8) 

1.27 

4.73 

3.96 

2.02 

0 .84  

TABLE 23-3 
AXIAL LOAD FACTORS - POWERED FLIGHT 

FLIGHT TIME 
OF PRED. L.F. 

( g) 

2.0 

143.4  

1 4 8 . 4  

5 15 

660 

1 MAXIMUM 

S-IC L i f t o f f  

*S-IC CECO 

S-IC OECO 

S-I1 ECO (Max g) 

S-IVB ( F i r s t  Burn)  

MEASURED 1 LOAD FACTOR CONDITION 

(9) 

1.27 

4.78 

3.98 

1 .58  

0.85 

FLIGHT TIME 
OF MEASURE- 
MENT (sec) 

2.0 

144.7 

148.4  

410 

747 

I I 

* C o n d i t i o n  S-IC CECO design load factor  = 4.68 g 

TABLE 23-4 
MAXIMUM TEMPERATURES OF MAJOR STRUCTURAL ASSEMBLIES 

SUBJECT TO AERODYNAMIC HEATING 

STRUCTURAL 
ASSEMBLY 

S tr inge rs 

Forward 
s k i r t  

A f t  s k i r t  

In te rs  tage 

S k i n  - 
Forward 
s k i r t  

LH2 tank 
cy l .  w a l l  

A f t  s k i r t  

In te rs  tage 

MEASURED* 
MAX. TEMP. 

(deg F) 

220 

140  

19  1 

286 

90 

176  

185  

FLIGHT TIME 
OF MEASURE- 
MENT (sec) 

1 5 0  

140 

1 6 0  

160  

130 

130 

1 6 0  

THERMAL DESIGN TRAJECTORY 

MAXIMUM 
TEMPERATURE 

(deg F) 

320 

243 

248 

3 89 

1 5 9  

258 

265 

FLIGHT TIME 
OF MAX. TEMP. 

(set) 

1 5 0  

150 

150 

150 

150 

150  

180  

EXTERNALLY** 
INSULATED 
STRUCTURE 

No 

Yes 

Yes  

No 

No 

Y e s  

Y e s  

*Measured temperatures are adjusted f o r  measurement l a g  due t o  m a s s  o f  t e m p e r a t u r e  sensors.  

**At l oca t ion  of t e m p e r a t u r e  sensor. 
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Figure 23-1. Flight Axial Strain vs Flight Time - Aft Skir t  Sta 2821 (Sheet 1 of 2) 
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Figure 23-1. Fl igh t  Axial S t r a i n  vs Fl igh t  Time - Aft S k i r t  S t a  2821 (Sheet 2 o f  2) 
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Figure 23-2. F l igh t  Axial S t r a i n  vs F l i g h t  Time - Forward S k i r t  S t a  3145 (Sheet 1 o f  2) 
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Figure 23-2. F l i g h t  Axial Strain  vs F l i g h t  Time - Forward S k i r t  Sta  3145 (Sheet 2 of 2)  
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BAR CHART SHOWING STRAIN CHANGES AT RO +133 SEC 
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NOTE: THESE CHANGES HELD UNTIL CECO. 
BAR VALUES ARE STRAIN (MICRO 
INCHES PER IN.). NEGATIVE 
VALUES INDICATE INCREASES IN 
COMPRESSION. POSITIVE VALUES 
INDICATE DECREASES IN COMPRESSION 

LOOKING AFT 

I 
GAGE 68 

69 

Figure 23-4. Forward S k i r t  S t ra ins  
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Figure 23-5. Forward S k i r t  S t r i n g e r  Load 

23-16 



b 

Section 23 
Stage Structure and Environment 

1f 

h 

LL 

-1 

0 

m 

0 12 
4 
12 

s 
- 1 E  
2 

0 

v 

0 

-1 

x 
4 

4 

C 

COMPUTED FROM AS-502 
FLIGHT STRAIN DATA 
PREFLIGHT COMPUTED 
LIMIT AXIAL LOAD 

----. 

0 
TIME FROM RANGE ZERO (SEC) 

h 

LL 

-I 

0 
0 

0 0 

m 

0. 

- v 

n 
4 0 -1 

-1 

x 
4: 

5 

1 
/ TIME FROM RANGE ZERO (SEC) 

Figure 23-7. F l i g h t  Axial Load vs Time - Forward S k i r t  S t a  3145 
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Figure 23-8. F l i g h t  Stage Bending Moment vs Time - A f t  S k i r t  Sta 2821 
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Figure 23-9. F l i g h t  Stage Bending Moment vs Time - Forward S k i r t  Sta 3145 
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24. FORWARD SKIRT THERMOCONDITIONING SYSTEM 

The thermoconditioning system operated normally dur ing  f l i g h t .  A l l  parameters (temperature, 

p ressure ,  and f lowra te)  w e r e  w i th in  t h e i r  design l i m i t s .  

24.1 Temperature 

The methanollwater con t ro l  temperature (COO15-601) , which is the  i n l e t  temperature f o r  t he  

S-IVB thermoconditioning panel  system, w a s  59.2 deg F a t  l i f t o f f  and increased  t o  63.5 deg F 

i n  32 sec, decreased t o  62.2 deg F by RO +115 sec, increased  t o  66.4 deg F a t  RO +496 sec, 

and decreased t o  63.5 deg F a t  the  end o f  f irst  burn (approximately RO +560 sec ) .  

t h e  remainder of t h e  monitored f l i g h t  .periods,  t h e  con t ro l  temperature va r i ed  between a 

minimum of 53 deg F and a maximum of 66 deg F. 

t h e  acceptab le  i n l e t  temperature range of 45 t o  70 deg F. 

The e x i t  temperature from the S-IVB thermoconditioning system (COO26-601) w a s  62.2 deg F 

a t  l i f t o f f  and decreased t o  60.8 deg F a f t e r  93 s e c  and increased t o  66.9 deg F a t  

20 +560 sec .  

66 deg F f o r  t h e  remainder of t he  monitored f l i g h t  per iods ,  

During 

This temperature range is e n t i r e l y  wi th in  

The ex i t  temperature va r i ed  between a minimum of 53  deg F and a maximum of  

24.2 Pressure  

The coolan t  manifold i n l e t  p ressure  (D0017-601) w a s  approximately cons tan t  a t  41.3 p s i a  

during t h e  f i r s t  560 s e c  of f l i g h t .  

RO +560 sec  u n t i l  RO +33,780 sec .  

opera t ing  pressure  of 53  ps i a .  

The coolant manifold e x i t  temperature (D0018-601) increased from 26.8 p s i a  a t  l i f t o f f  t o  

30.0 p s i a  during t h e  f i r s t  148 s e c  of f l i g h t .  A t  148 sec ,  t he re  w a s  a pressure  drop from 

30.0 t o  26.8 ps i a .  

RO +400 sec. 

f o r  t he  remainder of  t he  f i r s t  560 sec of f l i g h t .  

t he  e x i t  p ressure  remained between 26.5 and 28.0 ps i a .  

The i n l e t  p ressure  va r i ed  between 41 and 44 p s i a  from 

These p re s su re  levels are a l l  below the  maximum allowable 

The p res su re  then gradually increased  from 26.8 p s i a  t o  27.5 p s i a  a t  

The p res su re  then decreased back t o  26.8 p s i a  a t  RO -4-420 sec and s t a b i l i z e d  

From RO +560 sec u n t i l  RO +33,750 sec, 

24.3 Flowrate 

The S-IVB coolant  i n l e t  f lowra te  (F0010-601) w a s  7.9 gal/min a t  l i f t o f f  and decreased t o  

7.8 gallmin a t  RO +17 sec. 

RO +560 s e c  u n t i l  RO +33,780, t h e  f lowra te  var ied  between 7.9 and 8.3 gallmin. 

I t  then increased  t o  8.0 gallmin a t  RO +560 sec. From 
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25. ACOUSTIC, VIBRATION, AND DYNAMIC STRAIN MEASUREMENTS 

A t o t a l  of 65 acous t i c ,  v i b r a t i o n  and dynamic s t r a i n  measurements w e r e  monitored on the  

S-IVB-502 s t age .  Four measurements d id  not  provide da ta .  I n  genera l ,  t h e  acous t i c  and 

v i b r a t i o n  environments w e r e  s imilar  t o  those  measured on t h e  AS-501 f l i g h t .  The dynamic 

strain l e v e l s  w e r e  h igher  than those  measured on the  AS-204 f l i g h t ;  however, t h e r e  w e r e  no 

ind ica t ions  of pane l  f l u t t e r .  The f a t i g u e  l i f e  of t h e  forward s k i r t  sk in  panels,  as 

demonstrated i n  t h e  wind tunnel q u a l i f i c a t i o n  t e s t ,  w a s  no t  impaired during t h e  f l i g h t .  

There w e r e  two unexpected dynamic occurrences noted on the  S-IVB. The f i r s t  w a s  a 5.5 cps 

o s c i l l a t i o n  (POGO) during t h e  la t ter  period of S-IC powered f l i g h t  and secondly a shock 

t r a n s i e n t  a t  approximately RO +133.3 sec .  There w e r e  no adverse e f f e c t s  on the  S-IVB due t o  

these  events .  

25.1 Data Acquis i t ion  and Reduction 

A l i s t  of t he  37 v i b r a t i o n  and 12 acous t i c  measurements i s  presented i n  t a b l e  25-1. The 

t ransducer  l oca t ions  are shown i n  f i g u r e  25-1. The 16 dynamic s t r a i n  measurements a r e  

l i s t e d  i n  t a b l e  25-2 and gage loca t ions  are d e t a i l e d  i n  paragraph 25.4. 

during s p e c i f i c  f l i g h t  periods a r e  a l s o  presented i n  both t ab le s .  

Three sepa ra t e  telemetry systems were used t o  acqui re  the  d a t a :  PAM/FM, FM/FM, and SSB/FM. 

The PAM/FM system, i n  conjunction with a f i l t e r i n g  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  frequencies above 2,400 cps. 

frequency (5 t o  220 cps) v i b r a t i o n  da ta .  Both systems provided extended frequency informa- 

t i o n  t o  supplement the  d a t a  from t h e  SSB/FM system which has  a nominal frequency range of 

50 t o  3,000 c p s .  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  

SSB set w a s  not a s  severe  as expected, and the re fo re ,  30 cps information w a s  recoverable on 

t h i s  f l i g h t .  

800 cps).  

A t i m e  sha r ing  arrangement was u t i l i z e d  t o  obta in  more measurements than the  number of 

a l l o c a t e d  telemetry channels. 

every 12 s e c  commutation period. T i m e  shar ing ,  however, prevented the  a c q u i s i t i o n  of maximum 

response amplitudes and s p e c i f i c  events ( l i f t o f f ,  s epa ra t ion ,  e t c . )  f o r  some of t h e  measure- 

ments. The t i m e  shared channels are r e f l e c t e d  i n  t h e  time-history p l o t s  by in t e rpo la t ed  

l i n e s  between t h e  t i m e  i n t e r v a l s  of t he  a c t u a l  measured da ta .  

The d a t a  from the  SSB/FM and FM/FM measurements w e r e  cor rec ted  f o r  d a t a  a c q u i s i t i o n  system 

and da ta  reduction 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 co r rec t ions  w e r e  appl ied  t o  the  

spectrum p l o t s  and t o  the  o v e r a l l  l e v e l s  i n  t ab le s  25-1 and 25-2. Because the re  w a s  no 

convenient way t o  c o r r e c t  t h e  t ime-history p l o t s ,  t he  l e v e l s  shown may d i f f e r  from t h e  values 

i n  t h e  t ab le s .  The l e v e l s  below 40 c p s  i n  t h e  power s p e c t r a l  dens i ty  (PSD) p l o t s  from the  

Overa l l  l e v e l s  

The FM/FM system w a s  used t o  provide low 

The FMfFM system w a s  a l s o  used t o  provide the  dynamic s t r a i n  d a t a  (0 t o  

This method of a c q u i s i t i o n  provided d a t a  f o r  3 o r  6 s e c  f o r  

SSB measurements are t o  be disregarded because the  system d id  not provide v a l i d  d a t a  below 

t h i s  frequency. 

Both analog and d i g i t a l  techniques w e r e  u t i l i z e d  i n  reducing the  da ta .  

cons is ted  of both instantaneous and root-mean square (rms) composite t i m e  h i s t o r y ,  and one- 

t h i r d  octave band and PSD spectrum p l o t s  ( f igu res  25-2 through 25-57). 

The f i n a l  ana lys i s  
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25.2 Vibrat ion Environment 

The S-IVB v ib ra t ion  environment w a s  induced by a c o u s t i c a l  n o i s e ,  aerodynamic pressure  

f l u c t u a t i o n s ,  and mechanical e x c i t a t i o n .  The predominant sources  were t h e  F-1 engine 

exhaust no ise  during launch, unsteady aerodynamic flow condi t ions during t h e  t ransonic  

per iod of f l i g h t ,  boundary l a y e r  turbulence during t h e  per iod  of high dynamic pressures ,  

5-2 engine combustion chamber processes  during S-IVB powered f l i g h t ,  and s t ag ing  t r a n s i e n t s  

a t  sepa ra t ion  and S-IVB engine i g n i t i o n  and c u t o f f .  

w e r e  l oca t ed  on t h e  S-IVB t o  determine t h e  response amplitudes of t h e  s t a g e  s t r u c t u r e  

and components t o  t h e s e  e x c i t a t i o n  sources .  

For d iscuss ion  purposes, t h e  measurements w e r e  grouped i n t o  engine, t h r u s t  s t r u c t u r e ,  a f t  

s k i r t  and LH2 tank, and forward s k i r t  measurements. Data from corresponding measurements 

from t h e  AS-501 f l i g h t  are presented f o r  comparison purposes. 

Thirty-seven v ib ra t ion  pickups 

25.2.1 Engine Measurements 

Vibrat ion measurements were made on t h e  combustion chamber dome i n  t h e  t h r u s t  d i r e c t i o n  and 

on t h e  f lange  above t h e  turbopump housing, i n  t h e  r a d i a l  d i r e c t i o n ,  of each main p rope l l an t  

pump. The d a t a  from the  LH2 turbopump measurement were i n v a l i d .  A d e t a i l e d  d iscuss ion  of 

t h e  problems a s soc ia t ed  with t h i s  measurement system is  presented i n  sec t ion  18. Although 

t h e  d a t a  w e r e  i n v a l i d  f o r  determining the LH2 turbopump v ib ra t ion ,  the  d a t a  were considered 

usable  f o r  t rend  purposes. The r m s  composite t ime-his tory ( f i g u r e  25-2) showed changes i n  

amplitude which c o r r e l a t e  i n  t i m e  wi th  o the r  measurement anomalies. A discuss ion  of t h e  

anomalous behavior  i s  presented i n  s e c t i o n  2. 

The v ib ra t ion  amplitudes on the  combustion chamber dome and LOX turbopump were s i m i l a r  t o  

those measured on t h e  AS-501 f l i g h t  ( f i g u r e s  25-3 and 25-4). Between RO +685 and RO +694 s e c  

the  measurement on t h e  combustion chamber dome f a i l e d  and d id  no t  provide d a t a  f o r  t h e  

remainder of t h e  f l i g h t .  The f a i l u r e  appears t o  be  r e l a t e d  t o  o the r  measurement anomalies 

noted during t h i s  t i m e  per iod ( s e c t i o n  2) .  

25.2.2 Thrust S t ruc tu re  Measurements 

The t h r u s t  s t r u c t u r e  measurements were loca ted  on t h e  gimbal block and a t  t h e  a t t a c h  po in t s  

of an ambient helium b o t t l e  and t h e  LH2 feedl ine .  Three measurements on t h e  gimbal block 

w e r e  o r ien ted  i n  t h e  t h r u s t ,  p i t c h ,  and yaw d i r e c t i o n s .  The d a t a  ( f i g u r e s  25-5, 6 ,  and 7) 

showed t h e  amplitudes w e r e  nea r ly  i d e n t i c a l  i n  t h e  t h r e e  axes. The highes t  v ib ra t ion  l e v e l s  

occurred during S-IVB powered f l i g h t .  

Three helium b o t t l e  measurements were loca ted  on t h e  t h r u s t  s t r u c t u r e  a t  one of t h e  tie-down 

s t r a p s  and o r i en ted  i n  t h e  t h r u s t ,  p i t c h ,  and yaw d i r ec t ions .  The measurement a t  t h e  LH2 

feed l ine  w a s  loca ted  on t h e  t h r u s t  s t r u c t u r e  nea r  t h e  support  b racke t .  The d a t a  from these  

measurements are shown i n  f i g u r e  24-8 through 24-11. The measured amplitudes during the  

f l i g h t  w e r e  approximately 75 percent  lower than those measured during acceptance f i r i n g .  In 

genera l ,  t h e  v ib ra t ion  energy w a s  concentrated below 300 cps a t  l i f t o f f  and above 300 cps 

during S-IVB powered f l i g h t  and acceptance f i r i n g .  
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25.2.3 Aft  S k i r t  and LH2 Tank Measurements 

The a f t  s k i r t  measurements were monitored on t h e  sepa ra t ion  r i n g  frame, a t  two v ibra t ion-  

i s o l a t e d  ambient pane ls ,  and a t  APS module N o .  1. The measurement on the  sepa ra t ion  r i n g  

frame w a s  loca ted  a t  p o s i t i o n  I1 and o r i en ted  i n  t h e  t h r u s t  d i r e c t i o n .  The PSD l e v e l s  

( f i g u r e s  25-12) w e r e  i n  good agreement with those measured on t h e  AS-501 f l i g h t .  The 

increased  amplitude i n  t h e  composite time-history a t  RO +125 sec w a s  due t o  a 5.5 cps 

long i tud ina l  o s c i l l a t i o n  (POGO). The v ib ra t ion  l e v e l  w a s  approximately 70 percent  h igher  

than t h a t  measured on t h e  AS-501 f l i g h t .  

The ambient pane l  measurements provided t h e  v ib ra t ion  input  and response of the  sequencer 

(pane l  No.  1 )  and switch s e l e c t o r  (pane l  No. 2) panels .  The da ta  from these  measurements 

are shown i n  f i g u r e s  25-13 through 25-18. In  addi t ion ,  t h e  PSD's from corresponding AS-501 

f l i g h t  measurements are shown. The comparisons show t h e  peaks i n  t h e  spectrum f o r  t h e  panel  

input  d a t a  were a t  a lower frequency on t h i s  f l i g h t .  However, t h e  panel  response d a t a  were 

i n  good agreement. 

The measurements a t  the  MS module monitored t h e  v ib ra t ion  inpu t  t o  t h e  module a t  t h e  forward 

and a f t  a t t a c h  poin ts .  The l e v e l s  shown i n  f i g u r e s  25-19, 20, and 2 1  show good agreement 

wi th  those measured on the AS-501 f l i g h t .  

S imi l a r  d i f f e rences  w e r e  noted i n  t h e  acceptance f i r i n g  da ta .  

There w a s  one measurement loca ted  on t h e  LH2 tank nea r  t h e  PU probe support  s t r u c t u r e .  The 

maximum amplitude w a s  measured during launch with most of t h e  energy concentrated a t  

approximately 100 cps ( f i g u r e  25-22). 

25.2.4 Forward S k i r t  Measurements 

The v ib ra t ion  environment i n  the  forward s k i r t  w a s  measured on t h e  f i e l d  s p l i c e ,  a t  two 

v ib ra t ion - i so l a t ed  cold p l a t e  panels ,  and at  b a t t e r y  N o .  1. Except f o r  s h o r t  dura t ion  

t r a n s i e n t s  a t  approximately RO +133.3 s e c  and s t a g e  separa t ion ,  t h e  v ib ra t ion  amplitudes 

diminished t o  n e g l i g i b l e  values  ( l e s s  than 1 grms) a f t e r  RO +110 sec. 

The measurements on t h e  f i e l d  s p l i c e  w e r e  monitored near  pos i t i ons  I and 11. There w e r e  

t h r e e  measurements a t  each loca t ion  monitored v i a  SSB. The t h r u s t  measurement system a t  

pos i t i on  I w a s  a l s o  monitored on FM/FM t o  provide l o w  frequency ( f i g u r e  25-23) da ta .  The 

5.5 cps long i tud ina l  o s c i l l a t i o n  noted on t h e  a f t  s k i r t  w a s  a l s o  measured i n  t h e  forward 

s k i r t .  The maximum amplitude w a s  20.5 g, measured on both  t h e  a f t  and forward s k i r t s .  

The v ib ra t ion  amplitudes on t h e  f i e l d  s p l i c e  w e r e  s i m i l a r  t o  those measured on t h e  AS-501 

f l i g h t  ( f i g u r e s  25-24 through 25-28), except  f o r  measurement E0097-411 ( f i g u r e s  25-29). The 

AS-501 f l i g h t  d a t a  w e r e  considerably h igher  due t o  a 700 cps peak which w a s  absent  i n  the 

AS-502 da ta .  This  d i f f e rence  i n  v ib ra t ion  response w a s  a l s o  not iced  during t h e  acceptance 

f i r i n g .  

The cold p l a t e  pane l  measurements provided the  v ib ra t ion  inpu t  and response of t h e  PU 

e l e c t r o n i c s  (pane l  No. 9) and EBW range s a f e t y  (pane l  N o .  16) panels .  The d a t a  from these  

measurements are shown i n  f igures  25-30 through 25-34. In general ,  t h e  amplitudes were i n  

good agreement with those measured on the  AS-501 f l i g h t .  
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The accelerometers  a t  t h e  b a t t e r y  were mounted on the  s t r u c t u r e  ad jacent  t o  t h e  b a t t e r y  

support  bracket .  Rms time-history and PSD p l o t s  are presented i n  f i g u r e s  25-35, 36, and 37. 

Measurement E0117-411 d i d  no t  provide v a l i d  d a t a  throughout t h e  f l i g h t  due t o  an instrumenta- 

t i o n  malfunction ( s e c t i o n  18). The v ib ra t ion  c h a r a c t e r i s t i c s  a t  t h e  b a t t e r y  were similar t o  

those measured a t  t h e  cold p l a t e  panels .  

A shock t r a n s i e n t  with f o u r  s epa ra t e  impulses wi th in  a t i m e  i n t e r v a l  of 0.25 sec w a s  noted 

a t  approximately RO +133.3 sec. Due t o  time-sharing, only t h r e e  forward s k i r t  measurements 

were monitored a t  t h i s  t i m e .  The maximum measured l e v e l  w a s  217 g which w a s  s l i g h t l y  h igher  

than t h a t  measured dur ing  s t a g e  separa t ion .  

s k i r t ,  t h r u s t  s t r u c t u r e ,  o r  engine measurements. The RO +133.3 sec inc iden t  is discussed i n  

g r e a t e r  d e t a i l  i n  s e c t i o n  2. 

The t r a n s i e n t  w a s  hard ly  not iceable  on t h e  a f t  

25.3 Acoustic Environment 

The acous t i c  environment w a s  produced by F-1 engine exhaust no ise  a t  launch, unsteady flow 

condi t ions during the  t ransonic  per iod of f l i g h t  (near  mach l ) ,  and by boundary l a y e r  pres-  

s u r e  f luc tua t ions  during t h e  per iod of high dynamic pressures .  There were four  microphones 

on the S-IVB t o  measu re  t h i s  environment. Two (ex te rna l  and i n t e r n a l )  w e r e  loca ted  on t h e  

a f t  s k i r t  near  pos i t i on  I ,  approximately 36 in .  forward of t h e  sepa ra t ion  plane. The o ther  

two were loca ted  on t h e  forward s k i r t  near  pos i t i on  I (ex terna l )  and I1 ( i n t e r n a l ) ,  approxi- 

mately 6 i n .  a f t  of t h e  f i e l d  s p l i c e .  Each t ransducer  system had a mul t ip le  output  capa- 

b i l i t y  with t h e  d a t a  s i g n a l  below 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  

7th (2,400 t o  4,800 cps) and 8 t h  (4 ,800 t o  9,600 cps) octave bands t ransmi t ted  v i a  PAM/FM. 

Rms time-history and one-third octave band p l o t s  f o r  these  measurements are shown i n  

f i g u r e s  25-38 through 25-41. Data from s i m i l a r  AS-501 f l i g h t  measurements are a l s o  

presented.  I n  genera l ,  t h e  comparisons during s e l e c t e d  f l i g h t  per iods w e r e  in reasonable  

agreement between f l i g h t s .  

One of the  d iscrepancies  noted i n  the  AS-501 a f t  s k i r t  acous t i ca l  d a t a  a t  l i f t o f f  w a s  t h a t  

t h e  i n t e r n a l  l e v e l s  w e r e  h igher  than t h e  e x t e r n a l  i n  t h e  low frequencies .  The i n t e r n a l  

l e v e l s  on t h i s  f l i g h t  w e r e  lower than t h e  e x t e r n a l  throughout t h e  spectrum. 

N o  comparison w a s  made of t h e  forward s k i r t  e x t e r n a l  d a t a  because t h e  AS-501 f l i g h t  measure- 

ment w a s  loca ted  a t  a d i f f e r e n t  loca t ion .  The major d i f f e rence  noted on t h i s  f l i g h t  w a s  t h e  

increase  i n  amplitude between RO +85 t o  RO +96 sec. This phenomenon co r re l a t e s  i n  time with 

the increased  wind shea r  loading  noted a t  t h i s  t i m e  and repor ted  i n  appendices 3 and 5. 

25.4 Dynamic S t r a i n  Measurements 

S ix teen  dynamic s t r a i n  measurements were made t o  d e t e c t  t h e  poss ib l e  ex i s t ence  and degree of 

s k i n  panel  f l u t t e r 5 n  t h e  forward s k i r t  during supersonic  f l i g h t .  

i n s t a l l e d  on approximately every 7th pane l  at s ta  3135, o r i en ted  i n  t h e  t h r u s t  axis, 

loca ted  midway between s t r i n g e r s  and 4 in .  forward o f  the panel  t r a i l i n g  edge. 

l a t i o n  w a s  similar t o  AS-204. 

as t h e  i n t e r n a l  gages 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 performed on a f u l l  

scale segment of t h e  S-IVB forward s k i r t  i n  t h e  Arnold Engineering Development Center 

t r anson ic  wind tunnel. 

The s t r a i n  gages were 

The i n s t a l -  

The gages w e r e  external t o  t h e  s k i n  and a t  t h e  same loca t ion  

" 9  
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A l oca t ion  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 a r e  

shown i n  f i g u r e  25-42. PSD p l o t s ,  s a m p l e s  of t h e  ins tan taneous  wave forms and rms 

composite t i m e  h i s t o r i e s  are shown f o r  s e l e c t e d  f l i g h t  per iods  i n  f i g u r e s  25-43 through 

25-57. 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 ransonic ,  and supersonic per iods  

of f l i g h t  are presented i n  t a b l e  25-2. 

One measurement, 50087,  w a s  found t o  be opera t ing  e r r a t i c a l l y  p r i o r  t o  launch and w a s  

de le ted .  Two measurements, SO100 and S0101, w e r e  no t  found t o  be malfunctioning p r i o r  t o  

launch; bu t  t h e  s i g n a l s  t h a t  they w e r e  sending back during launch and later i n  f l i g h t  

during per iods  of maxima c ross  winds a l o f t  i nd ica t ed  high wide-band random no i se  l e v e l s  on 

the  channels, as w e l l  as a dc s h i f t  of approximately one v o l t  which occurred on the  channel 

of SO101 a t  91.5 sec. The high wide-band random no i se  l e v e l s  seemed t o  be a func t ion  of 

t he  high e x t e r n a l  e x c i t a t i o n  environments. 

w a s  r a i sed ,  which i s  not t h e  expected response of a v i b r a t i n g  sk in  pane l  a s  shown i n  t h e  

o the r  f l i g h t  dynamic s t r a i n  measurements. The noise  l e v e l s  dropped t o  s a t i s f a c t o r y  va lues  

during low e x t e r n a l  exc i t a t ion .  These two measurements w e r e  i nves t iga t ed  f o r  e l e c t r i c a l  

malfunction and no s i n g l e  f a i l u r e  mode could be i d e n t i f i e d  ( see  sec t ion  18, t a b l e  18-5 )  but 

because of t h e i r  p e c u l i a r  behavior, they have been c l a s s i f i e d  a s  aber ran t .  The d a t a  from 

these  measurements are included i n  t h i s  r e p o r t ,  see f igu res  25-56 and 25-57. 

The spectrum l e v e l  over a broad frequency band 

The t i m e  h i s t o r y  of t he  composite dynamic s t r a i n  l e v e l s  from most measurements followed a 

t rend  s i m i l a r  t o  t he  ex te rna l  acous t i c  l e v e l s  measured on t h e  forward s k i r t  as shown i n  

f i g u r e  25-40. The f i r s t  maxima l e v e l s  occurred a t  l i f t o f f  followed by lower l e v e l s  during 

subsonic f l i g h t .  The next  maxima l e v e l s  occurred during t r anson ic  f l i g h t  followed by lower 

l e v e l s  during low supersonic f l i g h t  before maximum dynamic pressure .  The f l i g h t  veh ic l e  

then encountered t r a n s i e n t  a i r  loads as i t  t raversed  the  maxima c ross  winds a l o f t  which 

ranged from approximately 50 t o  80 f t / s e c ,  between RO +75 and RO +85 sec, a s  shown i n  

appendix 3 and appendix 5 .  During t h e  period of c ross  winds the  measured dynamic s t r a i n  

increased  on ind iv idua l  panels then decreased a s  ind ica t ed  i n  f i g u r e  25-42. 

The dynamic s t r a i n  t r a n s i e n t s  during supersonic  f l i g h t  can be explained as follows: The 

wind tunnel  tests showed t h a t  (with the  Mach number, d i f f e r e n t i a l  p ressure ,  and dynamic 

pressure  he ld  cons tan t )  t h e  dynamic s t r a i n  l e v e l s  due t o  t h e  f l u c t u a t i n g  pressures  i n  t h e  

boundary l a y e r  increased  a s  the  compression loads ,applied t o  the  sk in  panels w e r e  increased 

The maximum dynamic s t r a i n  l e v e l s  occurred when t h e  pane l  compression load was equal  t o  o r  

g r e a t e r  than the  s t a t i c  buckling load. S imi la r ly  i n  f l i g h t  t h e  dynamic s t r a i n  response 

increased  as the  s ta t ic  s t r a i n  i n  t h e  sk in  panel approached t h e  c r i t i c a l  buckling r a t i o .  

The c r i t i c a l  buckling r a t i o s  during f l i g h t  w e r e  es t imated  from t h e  s t a t i c  s t r a i n s  measured 

on e i g h t  forward s k i r t  s t r i n g e r s  as a r e s u l t  of bending moments induced by the  c ross  winds. 

The s ta t ic  s t r a i n s ,  reported i n  sec t ion  2 3 ,  w e r e  ad jus ted  f o r  t h i s  dynamic ana lys i s  t o  

r e f l e c t  t h e  t o t a l  load on each s t r i n g e r ,  inc luding  t h e  s t r a i n - e f f e c t s  due t o  loading the  

S-IVB with cryogenic fue l s .  The e f f e c t s  of d i f f e r e n t i a l  p ressure  w e r e  included i n  t h e  

es t imat ion  of t he  s t a t i c  buckling load. 
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The dynamic s t r a i n  d a t a  were analyzed by high speed osc i l lograph  traces and power s p e c t r a l  

dens i ty  ana lys i s  as shown i n  f i g u r e s  25-43 through 25-57. Panel  f l u t t e r ,  which w a s  

searched f o r ,  w a s  t o  b e  d is t inguished  by t h e  sus ta ined  c h a r a c t e r i s t i c  of a s i n g l e  dominant 

mode with a wave shape t h a t  w a s  p r imar i ly  pe r iod ic  and of constant  amplitude, s i g n i f i c a n t l y  

h igher  than t h e  expected random and narrow band random v ib ra t ion .  N o  such dominant mode 

w a s  found i n  t h e  dynamic s t r a i n  d a t a  during supersonic  f l i g h t .  Therefore ,  i t  is  concluded 

t h a t  pane l  f l u t t e r  d i d  n o t  occur. The predominant dynamic response w a s  narrow band random 

v ib ra t ion  of two o r  more modes of  t h e  pane ls  occur r ing  simultaneously as shown i n  t h e  

f igures .  This dynamic response is t y p i c a l  of s k i n  panel  v ib ra t ion  response to acous t i c  

no ise  o r  random pressure  f luc tua t ions  i n  t h e  aerodynamic boundary layer .  

The composite dynamic s t r a i n  l e v e l s  which are tabula ted  i n  t a b l e  25-2 show t h a t  t h e  aber ran t  

measurements SO100 and SO101 i nd ica t ed  t h e  h ighes t  va lues ;  498 Uin./in. rms and 460 pin . / in .  

rms, respec t ive ly .  These va lues  are approximately f o u r  t i m e s  h igher  than t h e  maxima values  

of rms s t r a i n  measured on AS-204 but  only approximately one-half of t h e  maximum l e v e l s  

recorded i n  t h e  wind tunnel  pane l  f l u t t e r  q u a l i f i c a t i o n  t e s t i n g .  I f  t h e  abe r ran t  measure- 

ments are disregarded because of t h e  p e c u l i a r i t i e s  noted i n  t h i s  r e p o r t , t h e  h ighes t  dynamic 

s t r a i n  during supersonic  f l i g h t  occurred on measurement 50092. The dynamic s t r a i n  l e v e l  

would then be approximately 253 pin . / in .  rms, approximately twice as high as t h e  maximum 

value measured on AS-204, and approximately one-third of t h e  l e v e l s  recorded i n  t h e  wind 

tunnel  panel  f l u t t e r  q u a l i f i c a t i o n  t e s t i n g .  

The dynamic s t r a i n s  a f t e r  100 sec ( f i g u r e  25-42) were a l l  due t o  t h e  predominantly low 

frequency (approximately 5.5 Hz) v i b r a t i o n  which w a s  a t t r i b u t e d  t o  POGO, ( s e c t i o n  2 ) .  These 

dynamic s t r a i n s  were no t  due t o  random pressure  f luc tua t ions  i n  t h e  boundary layer .  

I n  summary i t  is  concluded t h a t  pane l  f l u t t e r  d i d  not  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  s k i n  pane ls ,  as demonstrated i n  t h e  wind tunnel  q u a l i f i c a t i o n  tes t ,  w a s  n o t  

impaired by t h e  dynamic s t r a i n s  measured during t h e  AS-502 f l i g h t .  

3 
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Section 25 
Acoustic and Vibration Environment 

TABLE 25-1 (Sheet 1 of 2) 
COMPOSITE VIBRATION AND ACOUSTIC LEVELS 

MEASUREMEN: 
NO. 

E0041-403 

E0042-403 

E0043-403 

E0061-403 

E0062-409 

E0090-403 
E0091-411 

E0092-404 

E0093-411 

E0094-411 

E0095-411 

E0096-411 

E0097-411 

E0098-411 

E0103-404 
E0104-404 
E0105-404 
E0106-404 
E0107-404 
E0108-404 
E0109-411 
E0110-411 

EOlll-411 
E0112-411 

E0113-411 

E0114-411 

E0115-411 

E0116-411 

E0117-411 

MEASUREMENT 

Vibration 

Helium Bottle, Thrust 
Struct 

Helium Bottle, Thrust 
Struct 

Helium Bottle, Thrust 
Struct 

LH2 Feedline, Thrust 
Struct 

PU Probe, LH2 Tank 
Cylinder 

Gimbal Point 
Field Splice 
Position I 

Station 2748 
Position I1 

Field Splice 
Position I 

Field Splice 
Position I 

Field Splice 
Position I 

Field Splice 
Position I1 

Field Splice 
Position I1 

Field Splice 
Position I1 

Sequencer Panel 
Sequencer Assembly 
Sequencer Panel 
Switch Selector Panel 
Switch Selector Unit 
Switch Selector Panel 
PU Electronic Panel 
PU Electronic 
Assembly 

PU Electronic Panel 
EBW Range Safety 
Panel 

EBW Range Safety 
Unit 

EBW Range Safety 
Panel 

Forward Skirt 
Battery 1 

Forward Skirt 
Battery 1 

Forward Skirt 
Battery 1 

DIRECTION 

Thrust 

Pitch 

Yaw 

Thrust 

Radial 
Thrust 

Thrust 

Thrust 

Thrust 

Pitch 

Yaw 

Thrust 

Pitch 

Yaw 
Thrust 
Radial 
Radial 
Thrust 
Radial 
Radial 
Thrust 

Radial 
Radial 

Thrust 

Radial 

Radial 

Thrust 

Radial 

Tangentia 

FREQUENCY 
RANGE 
(CPS) 

40 to 3,000 

40 to 3,000 

40 to 3,000 

40 to 3,000 

40 to 3,000 
40 to 3,000 

10 to 220 

10 to 220 

40 to 3,000 

40 to 3,OOC 

40 to 3,000 

40 to 3,OOC 

40 to 3,000 

40 to 3,000 
40 to 3,000 
40 to 3,000 
40 to 3,000 
40 to 3,000 
40 to 3,000 
40 to 3,000 
40 to 3,000 

40 to 3,000 
40 to 3,000 

40 to 3,000 

40 to 3,000 

40 to 3,000 

40 to 3,000 

40 to 3,000 

40 to 3,000 

S-IC POWERED 

LIFTOFI 

1.8 

2.2 

2.1 

2.2 

6.8 
0.4 

0.7 

0.8 

2.9 

6.5 

2.1 

1.3: 

1.1 

4.2 
4.2 
1.6 
4.4 
4.1 
3.5 
4* 
3.2 

5.5 
10.6 

1.31 

2.2 

I 

1.0 

3.2 

1.9 

.NFLIGHT 

Accelr 

1.0 

1.4 

1.2 

1.4 

4.6 
0.3 

0.4 

0.5 

5.0 

7.6 

4.7 

4.4 

3.0 

8.6 
5.9 
2.8 
7.8 
4.8 
3.1 
6.6 
4.3 

4.9 
9.8 

3.2 

1.6 

I 

2.1 

4.2 

I 

tion (g 

NF 

NF 

NF 

NF 

NF 
NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

w 
NF 
NF 
NF 
NF 
NF 
NF 
NF 

NF 
NF 

NF 

NF 

I 

NF 

NF 

I 

- S) 

1.8 

2.2 

2.1 

1.7 

0.4 
4.5 

NF 

NF 

0.2 

0.2 

0.2 

0.2 

0.1 

0.2 
0.4 
0.3 
0.4 
0.4 
0.3 
0.4 
0.2 

0.2 
0.3 

0.2 

0.2 

I 

0.2 

0.3 

I 

MAX 
AS-501 
FLIGHl 
LEVEL 

= 

NM 

NM 

NM 

NM 

NM 
3.0 

1.17 

0.92 

4.8 

8.2 

2.7 

5.0 

5.7 

7.2 
6.3 
3.5 
7.5 
10.9 
3.6 
8.1 
5.9 

3.5 
9.0 

5.2 

2.3 

8.1 

2.6 

5.7 

4.8 
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MEASUREMENT 
NO. 

E0118-427 

E0119-427 

E0120-427 

E0209-401 

E0210-401 
E0211-401 
E0212-403 
E0213-403 

B0016-411 
B0017-411 
B0018-411 
B0019-427 
B0020-427 
BOO 21-4 27 
B0022-404 
B0023-404 
B0024-404 
B0025-426 
B0026-426 
B0027-426 

I 

2.8 

4.2 

NF 

NF 

MEASUREMENT 

Vibration 

APS Mod 1 Aft  Attach 

APS Mod 1 Aft Attach 

A P S  Mod 1 Fwd Attach 

Combustion Chamber 

LH2 Turbopymp 
LOX Turbopump 
Gimbal Poin t  
Gimbal Point  

Poin t  

Poin t  

P o i n t  

Dome 

Acoustics 

Forward S k i r t  
Forward S k i r t  
Forward S k i r t  
Aft S k i r t  
Aft  S k i r t  
Aft  S k i r t  
Aft S k i r t  
Aft  S k i r t  
Aft  S k i r t  
Forward S k i r t  
Forward .Skirt 
Forward S k i r t  

TABLE 25-1 (Sheet 2 of 2) 
COMPOSITE VIBRATION AND ACOUSTIC LEVELS 

DIRECT I O N  

Thrust  

Radial  

Radial  

Thrust  
Radial  
Radial  
Yaw 
P i t c h  

I n t e r n a l  
I n t e r n a l  
I n t e r n a l  
Externa l  
Externa l  
Externa l  
I n t e r n a l  
I n t e r n a l  
I n t e r n a l  
Externa l  
Externa l  
Externa l  

S-IVB 
S-IC POWERED 

FREQUENCY 

LEVELS 

INFLIGHT 

40 t o  3,000 

40 t o  3,000 

40 t o  3,000 

40 t o  3,000 
40 t o  3,000 
40 t o  3,000 
40 t o  3,000 
40 t o  3,000 

30 t o  3,000 
2,400 t o  4,800 
4,800 t o  9,600 

30 t o  3,000 
2,400 t o  4,800 
4,800 t o  9,600 

30 t o  3,000 
2,400 t o  4,800 
4,800 t o  9,600 

30 t o  3,000 
2,400 t o  4,800 
4,800 t o  9,600 

NF - System Noise Floor  
NM - Not Monitored 
* - Estimated Level 
I - Data Inva l id  
N - No Data 
C - Data Corrected f o r  System Noise 

0.8* 

2.7 

4.7 

NF 
NF 
NF 
I 

0.7* 

140.7 
l l l C  
105C 
151.9 
130C 
12oc 
144.1 

N 
10% 
152.0 
130C 
123C 

NF 
NF NF 

Sound Pressure  Le% 

132.6 

129.4 

108C 
151.8 
138 
134 

ls, 

0.6 

0.4 

0.8 

9 .1  
I 

21,o 
4.2 
5.3 

NF 
NF 
NF 
NF 
NF 
NF 
NF 

N 
NF 
NF 
NF 
NF 

MAX 
AS-501 
FLIGHT 
LEVEL 

2.6 

4.5 

5.5 

7.7 
I 

NM 
NM 

28* 

139.5 
126 
119 
150 
129c 
130C 
145 
l l0C 
l0 lC 

NM 
NM 
NM 

a 3 
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TABLE 25-2 
COMPOSITE DYNAMIC STRAIN LEVELS 

I 

I 
ME AS UREMEN T 

NO. 

SOO86-426 

SOO87-426 

SOO88-426 

SOO89-426 

S0090-426 

50091-426 

SOO92-426 

50093-426 

SOO94-426 

50095-426 

SOO96-426 

SOO97-426 

SOO98-426 

SOO99-426 

S 0 100 -42 6 

SO 101-426 

MEASUREMENT 

Forward S k i r t  Panel  13 

Forward S k i r t  Panel  17 

Forward S k i r t  Panel  26 

Forward S k i r t  Panel  33 

Forward S k i r t  Panel  40 

Forward S k i r t  Panel  46 

Forward S k i r t  Panel  55 

Forward S k i r t  Panel  6 1  

Forward S k i r t  Panel  69 

Forward S k i r t  Panel  76 

Forward S k i r t  Panel  80 

Forward S k i r t  Panel  87 

Forward S k i r t  Panel  94 

Forward S k i r t  Panel  10: 

Forward S k i r t  Panel  101 

Forward S k i r t  Panel  7 

DIRECTION 

Thrust  

Thrus t  

Th rus  t 

Thrust  

Thrust  

Thrust  

Thrust 

Thrust  

Thrust  

Thrus t  

Thrust  

Thrust  

Thrust  

Thrust  

Th rus  t 

Thrust  

FREQUENCI 
RANGE 
(CPS) 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

2 t o  800 

S-IC POWERED FLIGHT LEVELS 

STRAIN (u in . / in .  rmS)* 

LIFTOFF 

39.8K 

D 

44**K 

30.1K 

144.0 

60** 

80"" 

67.1 

115.3 

40**K 

115.3K 

102.4 

56.9 

go** 

133.8A 

95.OA 

TRANSONIC 

29.9 

D 

40"" 

30.6 

73.7 

93.2 

100"" 

36.2 

77.6 

25.7 

67.4 

74** 

65.5 

67.6 

51.8A 

64.2A 

SUPERSONIC 

25.8 

D 

28.6 

25.8 

112.3 

66.7 

252.6 

106.8 

182.5 

31.8 

46.4 

105.0 

36.6 

64.4 

497.78 

459.8A 

*The poss ib l e  accumulated measurement e r r o r  i s  +25 percent .  

**Estimated l e v e l .  

K = Panel  e i t h e r  p a r t i a l l y  o r  completely coated wi th  0.010 i n .  th ickness  of Korotherm f o r  

A = Aberrant measurement. 

D = Deleted p r i o r  t o  launch. 

thermal p ro tec t ion  nea r  protuberances. 
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BO025 EXTERNAL 

PU PROBE- 
E0062 

APS MODULE NO. 1 
FWD E0120--\ 

I 
,.. AFT E0118, E 0 1 1 9 7  p, 

ACOUSTIC 
EXTERNAL BOOl 9 

BO020 
BO021 

FIELD SPLICE 
POS I 1  E0096, 
E0097, E0098 

EDW RANGE SAFETY 
E01 13 L - E0112, E0114 

ACOUST I C 
B O O l  6 INTERNAL 

L. ::;;:dY B::: "1 
E0115, E0116, 
E01 17 

SWITCH SELECTOR 
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l E 0 1 0 3 ,  E0105 

SEPARATION PLANE INTERNAL BO022 
BO023 
BO024 POSITION I 1  E0092 

HELIUM BOTTLE 
LH2 FEEDLINE E0041, E0042, E0043 

E0061 GIMBAL POINT 
LH2 TURBOPUMP E0090, E0212, E0213 

E021 0 LOX TURBOPUMP 
E021 1 

THRUST CHAMBER DOME 
E0209 

'4 
d Figure  25-1. Acoust ic  and V i  b r a t i o n  Measurement Locat ions 

25-10 



Section 25 
Acoustic and Vibration Environment 

0 
Y) h 

0 3 h 

0 M h 

0 01 h 

0 
4 h 

0 
0 h 

0 
01 Lo 

0 

Lo 

0 
h Lo 

0 Lo Lo 

0 ln Lo 

m 

s 
ID 

0 M Lo 

0 
N Lo 

0 
4 Lo 

0 

8 : :  

B z , w  

W o m  0 1 "  
tn 

* 

s g  
2 5  U 
0 

o w  * 
c 

4 5  

2 
0 

0 
M 4 

0 cv 4 

0 
4 4 

0 0 4 

0 01 

0 m 

0 h 

0 ro 

0 * 

0 3 

0 c\ 

0 N 

2 

0 

0 4 

I 

Ln 

6 n 

0 
0 0 

0 .-i 

0 
0 0 

4 

0 4 

A m 
Q. LJ v 

c 
0 d I 
0 
N 
0 w 

7 

a 
E S 
a 
0 
n L 
S 
F 
N 
I 2 

c, 
m 

S 
0 
-I-' 

L 

5 

.r 

m 
n 
.r 

N 
I u) 

N 

aJ L 
S 0, 

e 

25-11 



Section 25 
Acoustic and Vibration Environment 

0 Ln h 

0 

i? 

0 M h 

0 
N h 

2 
h 

0 0 h 

0 m u3 

0 

Ln 

0 
h u3 

0 
ID ID 

0 
VI rD 

0 f u3 

0 M u3 

0 
N u3 

0 
4 u3 

0 

m 

z o  
W 

o m  
m u  
v\ 

0 
.W VI 

0 h Ln 

0 u3 4 

0 m 4 

0 :: 
0 M 4 

0 r* 4 

0 
.4 4 

0 0 r( 

.O 0, 

0 'W 

0 'h 

,z 
.", 
0 
-3 

-x 
0 'cu 

-2 

-0 

0 -4 
I 

m c 

a s 
>- 
t 
5 
m 

0 

2 
c V W 

m 
a. 

r- 

oc 

d 

0 0 0 

0 

0 0 

0 

0 

0 
4 0 

m a u v 

r: " z 

0 W oc II 

5 

7 

0 * I 

rn 0 N 

0 W 

I 

c, 
u) 3 L 
r 
I- 

B 
O 
L 

i I: 
V 3 

8 
0 

U 
m L 3 
u) 
mJ 

P 
8 
0 

c, m I- 
n 
> 

v- 

.C 

m 
I 

Ln N 

m L 
3 

u. 
m 
.r 

25-12 



0 Ln h 

s 
h 

0 M h 

0 N h 

0 
4 h 

0 0 h 

0 
GI 10 

0 
a) u3 

0 
h u3 

0 
u) u3 

0 VI tn 

s 
u3 

0 M u3 

0 N u3 

0 
,-I 10 

0 z = :  
$ 2  

E: 
P w  

0 %  2 3  
Z B  

o w  

L n N  

d M  U 

o w  
Lo 

c 
4 5  

:: 0 

0 M 4 

0 N 4 

0 
4 4 

0 0 4 

0 cn 

0 
m 

0 I-. 

0 u) 

Section 25 
Acoustic and Vibration Environment 

... 
111 

5 n 

A 111 

V 
n. 
L, 

0 r( 

I 

> 
V z 

0 W M U 

Y 

- 
0 
d - 
7 
N 
0 w 

I 

S 0 

c, u 
aJ L 

.r 

.r 
n - 
.r 
a 

a -0 

CT 

a 
5 
n 
n 0 
L 
S 
I- 
% 
0 -I 

+J a 
-0 
ar L 3 
VI a 

S 
0 
c, 

L 

> 

.r 

a 
o 
.I- 

d I Ln 
N 

aJ L 
3 
m 
iI 

25-13 



Section 25 
Acoustic and Vibration Environment 

0 
Ln h 

s 
h 

0 M h 

0 
N h 

0 
A h 

0 0 h 

0 

10 

0 m Lo 

0 h 

m 

0 
10 10 

0 0 0 

0 r( 

0 
0 0 

4 

c 0 .-( 

d 
A 

0 In 10 

O f 10 

0 M 10 

0 
N 10 

0 
4 u3 

0 M 4 

0 
N 4 

0 
4 A 

0 0 4 

0 
m 

0 m 

0 h 

.:: 

.=: 
Q 
-3 

-", 

0 N 

.:: 

.O 

0 

I 
.d 

VI +- 
s 
n 
> t- r\ VI 

U 
n. 
L, 

cc) 
0 

0 01 0 

0 W 

P 

I 

S 
0 

c, V 

a, L 

.r 

.r n 

Y 
V 
0 - 
m 
7 
m n 
E 
CII 
.r 

S 
0 

TJ a, L 5 

In m 
2! 
E 
0 
+ 
L 

> 

.I- 

m 
n 
.r 

Ln 
I Ln 

N 

a 

al I- 
S Ol 

LL 
.r 

25-14 



v) 1- 

a s 
t 
v) 

8 
u 
a w 
v) 

z 

a 

Section 25 
Acoustic and Vibration Environment 

c*) 
0 d 

N 

N 
0 w 

7 

S 
0 

C, 
.I- 

i 
.r 
0 

T 
>- 

24 u 
U c 
m 
c 
4 n 
E .i- 

E 
0 

S 0 

c, 4 
L 

> 

.r 

n 
.r 

d 
co N 

25-15 



Section 25 
Acoustic and Vibration Environment 

v, 

0 
n 

o w  Uv, z 
30 
0% 
dv, w w  mcx 

m 
0 
P 
m 
7 
N 
0 w 

I 
S 
0 

+ u 
W L 

.I- 

.I- a 

r\ 

24 
In 

u n. V 
" 0 

7 c m 
7 

z 
m a 

W 

S 
0 

4 
E E 

.I- o w  U 

W 

z S 

S 0 

+ 
m I- 

> 

.I- 

n ..- 
h 

I Lo N 

0 L 
3 m 
z 



i 

0 d 0 
4 0 0 d 

NoIlW31333V 

1 \ 

3 

3 

3 

3 3 

3 n 

3 0 

3 . 
3 0 

3 n 
11) 

u a 

o w  * V I  
3 5 4 %  
3 w w  9 m a  

Ln I- 

a s 
t. 

VI 
t 
B 

VI 

Section 25 
Acoustic and Vibration Environment 

r\ 
VI 

U L, 
n. 

t. 
U z w 

E 
O M  
O I L  - 
0 

0 ,.i 

0 
0 0 

4 

0 0 A 

I 

m 
0 d I 

7 
0 
0 W 

+ VI 

=I L 
.s 
I- 

W 

c, + 
0 

7 

m 

0 
c, 
u 
S n 
S H 

c, m 
TI W L S 

11) m 

S 
0 
* 
L 

> 

.r 

m 
n 
.r 

W 
I U J  N 

W L 
S 

u. 
m 
.r 

25-17 



Section 25 
Acoustic and Vibration Environment 

c\ u 
W m " 
0 cr 
W N 

H 
U 
W 

I- 
5 

- 
B 
3 
I- u 
W a m 

a( W 

H 

m 
8 

m 
0 
d I N 
d 
0 0 w 

i 
P 
S - 
c1 5 

U 
W L 
S 
VI 5 

2 
S 
0 

c, 
5 L 

> 

.r 

n .? 
m 
I In N 

25-18 



! 

n 
U 
W 
In v 

O CL 
W N 

9 
H 

U 

W 

l- 

8 

E 

vi a U 

Section 25 
Acoustic and Vibration Environment 

0 
0 0 

0 
4 

0 
0 0 

4 

0 0 4 

vi b- 

a s 
t 0 4 

I 

A 

vi C. 
U L! 

CL U. 

m 
0 d I 
m 
d 0 

0 w 
I 

E 0 

c, u 
a, I- 

0 

.- 

.+- 

B =- 
aJ 
c, 
c, 
0 
M 

7 

0 c, 

c, 
S Q 

S Y 

-0 
a, I- 
J 
m 
R) 

P 
E 
0 

c, 

L 

> 

.+- 

m 
n .+- 

0 

I 
Ln 
N 

c 

a, L 
J m 

25-19 



Section 25 
Acoustic and Vibration Environment 

A 
V w 
VI " 
0 
CT w N 

i 
5 
U 

w 

c 
f 

VI c 

a 9 
P 
L 

0 

A 
VI 

u v 
n. 

> u 

3 0 
6 
w LL U 

m 
0 
d 

W 
0 0 w 

7 

I 
S 
0 

c, V 
.r 

L 
.I- 
O 

c, in 
S L 
c 
I- 

W L 
S c, 
V 3 L 
c, 
v) 

-e, 
u) S 
L 
c 
I- 

S 0 

c, S 

0 
.? 
a 
c V m 
c, 
2 

S 
0 
c, 
I- n 
> 

.r 

m 

.r 

25-20 



Section 25 
Acoustic and Vibration Environment 

0 
Ln h 

a 
;f, 

0 M h 

0 
N h 

0 
r( h 

0 
0 h 

0 

'n 
m 

0 
W 'n 

0 h 'n 

0 
u3 'n 

0 
L n  'n 

0 3 'n 

0 M ID 

0 N ro 

0 
r( u3 

0 .g r\ 
V 

L n v  
8 %  

0 2  
-", IY 
.? 
g 5  
A c t  U 

o w  

e 
.Y\ d f  
0 .-f -4 

0 M -4 

0 N 4 

0 
.d 4 

0 
.O 4 

.z 
0 '03 

0 'h 

0 "n 

0 
'rn 

3 

0 -I.-? 

0 N 

.o 
-4 

-0 

0 .r( 

I 

N -  
00 *tn 

i4 

I I  

A 

m a. V v 

k " 
z 
W 
3 
0' 
W 
& U 

d 
0 d 
I 

N 

0 0 W 

m 

I 

-c, VI 
S L 

ir 
u H 

S 0 

N 

0 

VI 0 
Q 

aJ 
S 5 
c 
a 

S 0 

-c, 
m L 
m n 
aJ 
m 

.r 

I Ln 
N 

aJ L 
S 0, 

L L  
.r 

25-21 



Section 25 
Acoustic and Vibration Environment 

VI + 
s a 
t 
VI 

8 
V W 

VI 
a 

A VI 
(1. 
U L, 

d 
0 
rt 

m 0 

0 w 
c 

S 
0 

c, V 
.r 

E 
.r n 
c, 
VI 
S L 
r 
I- 

? 

aJ 
S m 
a 

0 
0 0 

0 d 

0 0 0 

4 

0 0 4 

0 d 

VI 
V 
a 

> 
V Z w 
3 
0 
W w U 

L aJ 
V S 

aJ S 

0- aJ 
In 

f 

0 c, 

c, 

-0 aJ L 
3 
VI 

m 

m 
2! 
S 
0 

c, 
L 

> 

.r 

m 
n 
.r 

m 
I 

U J  N 

- 
aJ L S 

LL 

m .? 

25-22 



Section 25 
Acoustic and Vibration Environment 

ffl t 

s a 
- 
ffl z 
8 

3 
t u W 

II) 
a 

U u " 
5 
4 
z 

0 
W aY U. 

d 
0 d 
I In 
0 

0 w 
I 

- 
S 0 

c, 
V 
a, L 

0 

.r 

.r 

7 
m 

m 
.I- 
-0 

Di 

7 

a, S 

m a 

L 
W V 
E: 
al S 
0- 
W 
Lo 

c, 
m 
-0 
W L 

VI 
a 

S 
0 

c, 
L 

> 

.r 

m 
n 
.r 

cr' - 
I 

In N 

L 
J 
0 - 2  

LL 
.r 

25-23 



Section 25 
Acoustic and Vibration Environment 

0 tn h 

s 
h 

0 M h 

0 N h 

0 

h 

0 
0 h 

0 

a 

0 
W rD 

0 
.h a 

0 '0 a 

0 

m 

.2 
0 .;r a 

0 -M a 

0 

.% 
0 .- a 
0 

-% r\ 

.g c 
0 8  

-A w 

U 
o w  

-E g 
L 
0 

-2 H 
-2 z 

U 

0 

I- 

O -3 4 

0 -m 4 

0 
-N .4 

0 
-A r( 

0 -0 4 

-0 m 

0 -m 

0 -h 

-% 

-z 
-? 
Lo IC) 

-0 
N 

-0 
.-I 

-0 

0 -* 
I 

V W a v) 

* 0 * 
0 

0 W 

I 

4 
7 

S 
0 
c, 
U 
W L 

.r 

.r 
n 
c 
m 

U m E 

.r 

L 
W 
u S 

W S 
m 
W v) 

0 c, 

c, 31 

SL 
S CI 

c, 
m 
U 
W L S 

v) 

i! 
S 
0 

c, m L 
.r 

n 
5 

Lo 

I 
Lo cu 

W L 
31 cn 

F- 

;f 

25-24 



Section 25 
Acoustic and Vibration Environment 

0 0 

d 
0 
d 
W 
0 

0 W 
- 
I 

S 0 

c, 
V 
at L 

0 

.r 

.r 

c, 
u) 3 L 
r 
I- - 
W S 

Q 
m 

L 
0 c, 
V 
W 

W 
fn 

- 
r 0 c, 

3 fn 

0 c, 

.r 

c, 
m 
-0 
W L S 

u) tu 
P 
S 
0 

c, 
m L 

> 

.C 

o 
.r 

W 
I 

m cu 
- 
W L J 
m 
L 
.r 

25-25 



Section 25 
Acoustic and Vibration Environment 

0 YI h 

0 f h 

0 M h 

0 
N h 

0 
4 h 

0 
0 h 

0 

ID 

0 

ID 

0 
h ID 

0 
ID ID 

0 Ln ID 

0 f ID 

0 'M ID 

0 
N ID 

m 

m 

0 
_4 ID 

0 -0 - s  
o w  

.% 3 

.m 0 0  

.z 5 

V \ N  

.E $j 
U 

0 

'2 + 
0 .f * 

0 -M 4 

0 
.N 4 

0 
-4 4 

0 -0 * 

-0 01 

0 -m 

0 -h 

0 
-ID 

-=: 
0 

-3 

-", 

0 -N 

-z 
-0 

0 - A  

I 

0 
0 0 

0 4 

0 
0 0 

4 

c 0 4 

0 
4 

c V 
c, 

I ul 

0 c, 

+J 
3 a 
S 

+J 

.I- 

Y 

m 

0 0 0 

0 * 

0 0 0 

4 

0 0 4 

0 4 
4 r( 
0 0 

4 

0 0 

0 

0 

0 

9 9 
0 

4 0 

d 
0 
d I 

03 0 

0 w 
I 
S 
0 

* 
V 
a, L 

7 

.r 

.r n 
7 

.r 
m 
-0 
m [L 

7 

aJ c 

LL 
m 

U 
aJ L 
S 
In m 

S 
0 

c, 
L n 
> 

.r 

m 

.r 

h 

1 LrJ 
N 

aJ L 
S 

c 

m iz 

a 

25-26 



Section 25 
Acoustic and Vibration Environment 

VI I- 

a 
> 

v) 

s 
t. 
6 n z V 

W a VI 

CL W 

B 

0 

* 
0 * I 
h 
0 

0 W 
c 

I 
S 
0 
c, 
V 

.r 

2 
.C 
0 

L 
0 c, 
u 
a, 

W 
v) 

- 

0 c, 

+ 
S Q 

S Y 

S 
0 
c, 
L 

.r 

a 
n 
5 

03 

I Ln 
N 

- 
a, L 
S m 
L L  
.r 

25-27 



Section 25 
Acoustic and Vibration Environment 

0 In h 

0 

-f, 

0 

h 

0 
N h 

m 

0 
4 h 

0 
0 h 

0 

Lo 

0 

19 

0 
'h 19 

0 
.rD rD 

0 
.Y) 19 

0 

m 

m 

fA 
0 

'M Lo 

0 
.N 19 

0 
.4 19 

0 -0 

a = :  
o w  .", :: 
o g  

-5 
.? 3 

-% N 

U 
o w  

c 
-m 4 5  
0 -3 4 

0 
-c\ 4 

0 -a e . 4  

0 
-4 4 

0 -0 4 

-0 
CP 

0 -m 

0 -h 

0 
-Lo 

-=: 
0 

-3 

0 -m 

-E 

tr 

0 0 0 

0 4 

0 0 0 

4 

0 0 4 

0 
4 

2 
I- 
0 
W a VI 

ci 

O 
0 0 

0 4 

0 
0 0 

4 

8 

0 0 .4 

0 4 

h N 
d 

1 m 

0 
w 

I 
S 
0 

c, 
V 
W L 

7 

7 

.C 

25 
c, 
u) 
SJ L 
c 
I- - 
W 

J 
-0 

c 

r" 
v, a 
4: 
% 
0 

c, S 

0 a 
c 
V 

c, c, 
5 

c, v- 
4: 

c, m 
-0 
W L 
2 
VI 

.r 

m 

m 
P 
S 
0 

c, 
L 

> 

.r 

m 
n 
.r 

0) 

I 
L n  N 

W L 
J cn 

c 

iE 

B 

25-28 



Section 25 
Acoustic and Vibration Environment 

k 

I 
0 In h 

s 
h 

0 M h 

0 
N h 

0 
P.4 h 

0 
0 h 

0 

co 

0 m co 

m 

0 
h co 

0 co co 

0 m 0 

0 f co 

0 M ul 

0 
N co 

0 .- co 
0 '8 r\ 

V 
o w  .E z 

.m o g  

.? 2 

Y \ N  

.E f 
U. 

o w  

+ 
.m 4 5  
0 -3 4 

0 
-M 4 

0 
.N 4 

0 
-4 4 

0 -0 - 
-0 QI 

0 -m 

0 -r. 

0 
-10 

0 -* 

-? 

0 -c\ 

0 
- w  

-2 

-0 

0 -+ 
I 

W 

m 
a 

e 

8 
0 
0 0 

0 
d 

0 
0 0 

3 

0 0 4 

0 4 

r\ m 
0. 
V L I  

lil 
CY U 

h 
N 
d 

I m - 
7 

0 W 
I 
S 
0 

c, u 
W L 

.r 

.r 
n 
c 

.r 
m 

m 
-0 

CT 

ln a 
5 
v- 
0 

c, S 

0 
.r 

a 
.s 0 

c, 
c, 
5 

m 

0 N 

I Ln 
N 

a, L S 

U 
m 
.C 

25-29 



Section 25 
Acoustic and Vibration Environment 

0 
-3 

-x 
0 'N 

-2 

-0 

0 -+ 
I 

I 

m z 
W n 

2 
I- 
U w a 

s-4 
rl 4 rl 

0 0 
0 0 

4 

0 3 
0 9 0 

3 
4 

0 

h cu * I 
0 cu 
0 w 
I 
S 
0 

c, u 
a, L 

0 

c 

.r 

.r 

a, 

TJ 
TI 
7 

P 
v) 

4: 
v- 
0 

a. 

c, 
S 

0 
.r 

a 

c, 
m 
-0 
W L 
3 
v) 
m 
i2 
S 
0 
c, 

L 

> 

.r 

m 
n 
.C 

- cu 
I LrJ  

cu 
W L S 

m x 

25-30 



Section 25 
Acoustic and Vibration Environment 

0 0 

i 

0 m h 

0 

i? 

0 M h 

0 
N h 

0 
4 h 

0 0 h 

0 

'n 
m 

0 m 'n 

0 
h 10 

0 
'n 'n 

0 m 19 

s 
'n 

0 M ID 

0 
N 'n 

0 
.rl 10 

0 
o n  ' n u  
O W  g s  

8 .z 
l n N  

g g  
Z H  LL 

0 

2 :  
c 

0 

5 
0 .M .-I 

0 
.rU 4 

0 
.4 .-I 

0 .O 4 

.a m 

0 .a 

0 .h 

0 
'10 

:: -=: V 

VI + 
a s 
t 
VI 

8 
3 
c V W 

VI 
a 

VI 

V 
a. 
L, 

m 
0 * I 

N W 
0 
0 w 
I 

E 0 

c, 0 
a, L 

- 
6 - 
.r 
m 

m 
-0 

tY 

a, n 

a 2 
3 

N 
S 
-I 

0 c, 

n 

CI 
S P 
S c( 

c, m 

-0 
a, L S 

ul m 

2 
S 
0 

c, m L 
n 

.C 

5 

N N 

I 
LrJ N 

a, L S 

0 
LL 
.r 

25-31 



Sect ion 25 
Acoustic and Vibrat ion Environment 

0 tn h 

0 

i? 

0 M h 

0 N h 

0 
-4 h 

0 
0 h 

0 

Lo 

0 

u3 

0 
h u3 

m 

m 

0 
u3 10 

0 tn v) 

s 
u3 

0 M u) 

0 
N u3 

0 
r( u3 

0 
'0 r\ 
- 0  

m o x  
I n w  

:: 
o w  -", N 

.E 
tn 

% 5  
U 

o w  

b- 

.* 4 5  
0 .;r 4 

0 .M 4 

0 .e4 4 

0 .* 4 

0 .O * 

.O m 

0 -a 

0 -h 

0 
-u3 

-E 

0 
-3 

-x 
0 -N 

-0 
-4 

-0 

0 -.-I 

I 

A m 

V 
n. 
LI 

>- u z 
W 
3 
0 
W 
& LL 

7 .-- 
d I 

L n  

0 0 w 

I 

7 

S 0 

c, 
V a, L 

.r 

.r 

t? 

S 
0 

c, 

ul 
0 

.r 

.r 

a 

-0 

3 
VI 

?.! 

P 
tu 

3 
2 
S 

0- 
a, I- L L  

m 
N I Lo 
N 

a, I- S 

m 
.r- 
LL 

3 

25-32 



Section 25 
Acoustic and Vibration Environment 

A 
U 
W 
vt " 
2 
w N 

9 
5 
U 

W 

c 
E 

vt a U 

o w  -fvt 

ij 3 %  
w w  m w  

0 
0 0 

c c 

d I 
m 
0 7  
0 
0 w 

I 

S 0 

c, U 

a, L 

.c 

.r 
n 

C( 

.- 
ul 0 
a 
W V 

0. 
v, 

.C - 
-0 

a, 
L L  

C 
0 

c 

.r 

-0 

S 
v) 
rd 

E 

S 
0 
-I2 

r(l L 
a 
> 

.r 

-r 

3 
N I 
Ln 
N 

25-33 



Sect ion 25 
Acoustic and Vibration Environment 

r\ 
V 
W 
VI " 
8 
W N 

f 
$ 
W 
5 
L 

VI e 

n. s 
I 

VI 

8 

V 
W n. vl 

CY W 

a 

A In 

0 0 

0 

VI U V 

W CL U 

I 

S 0 

.r 
0 

,.- 
a 
.r 
U 
m cc 

Y 

r: 
0 

+J 
v) 

0 n 

.r 

.r 

W V 

a 
.r ,.- 

m 
73 

W 
LL 

S 
0 

r- 

.r 

.r > 

Lo 
N I 

m N 

I 

aJ L 2 

LL 

m 
.r 

25-34 



Section 25 
Acoustic and Vibration Environment 

m I- 

a 9 
> I- 

e W 

P 

,-, 

n 
Ln 

U 
n. 
C' 

c - 
P 
Ln 

0 0 w 
m 

I 

S 0 

4.J 
U 

.C 

E 
6 
7 
m 
.r 

c, S 

W m 
S m + 
H 

S 
0 

S 
0 

W N 
I Ln 

&I 

W L 
3 

LL 

m 
.r 

25-35 



Section 25 
Acoustic and Vibration Environment 

n u 
W m v 

0 

W N 

i 
H 
U 

w 

I- 
5 

m 
8 

7 - 
d I 

W 
0, 
0 
0 w 

I 

S 

n 
v) a 
V " 

H Y 

S 
0 

c, 

v) 
0 

.r 

.r 

a 

.r 
LL 

m 
o L 

> .r 

h 
N 
I Lo 

N 

.r 
LL 

25-36 



Section 25 
Acoustic and Vibration Environment 

0 r( 0 
4 0 0 4 

(smJ6> WIlW31333tl . 

a 

3 

3 -l 

3 

3 

3 3 

3 

3 

3 

3 

3 

3 

3 3 

3 

3 

i? 

3 n 

3 

D 

3 

D 

3 ; s  
: . t =  
3 3  ::; 

Y 

3 w  

: 2  
: H  LL 

3 z  
c 

3 
5 
3 h 

3 

3 

3 3 

3 r, 

3 0 

3 . 
3 0 

3 n 

3 

3 * 

3 

5 

3 

0 
4 I 

v) c. 
9 n 
> 
t 
v) 

8 
d 
c u 
W a v) 

CL W 

B 

In 
U 
o w  

a 

sr 3% 
w w  mar 

W 3 

'Y U 

7 7 

d I 
CO 

0 0 W 

m 

I 

S 
0 
c, 
V 
W L 

0 

m 
D 
a CT 

.r 

.r 

7 

.r 

Y Y 

S 0 
.r 

.r 
c, 

In 0 Q 

W V 

R 
v, 

.r - 
F! 
i= 
W 

S 0 

D 
W L. 
3 
u) 

W x 
m 

S 
0 
c, 
m L 

> 

.r 

n 
-r 

CO 
N 
I Ln 

N 

a, L 
TJ cn 
.r 
LL 

25-37 



Section 25 
Acoustic and Vibration Environment 

0 ln h 

0 x 
0 n h 

0 N h 

0 
4 h 

0 0 h 

0 

Io 
m 

0 

Io 

0 
h u7 

0 
Io Io 

0 
ln Io 

m 

s 
Io 

0 M Io 

0 
N Io 

0 
4 Io 

0 .O - = :  
g s  

0 2  
-2 s 
0 8  

Y I "  

% f 
: @  
o w  

e 
.ln 4 5  
0 .f 4 

0 .M 4 

0 .N 4 

0 
.4 4 

0 .O 4 

.O 01 

0 .m 

0 .h 

0 

-=: Y) 

8 

7. 
VI e u L, 

7 - 
d 
I h 

m 
0 
0 W 

0 

>- 

W 

0 W 

L L  

% Y) 0 

aJ V 

a 

.r 
? 
0. m 
u 
aJ 
LL 

S 
0 

7 

.r 

S 
0 

.e 
L 

5 

.r 

m 
n 
.r 

0, N 

I m 
N 

9 
J 

LL 

m 
.r 

25-38 



Section 25 
Acoustic and Vibration Environment 

0 
y\ h 

0 

l? 

D M h 

0 
N h 

0 
,-I h 

0 
0 h 

0 

ID 
m 

0 co ro 

0 h Io 

0 ro ro 

0 
In ID 

s 
ro 

0 M Io 

0 
N 10 

0 
rl ro 

0 z = :  
g x  

8 
P w  

I n -  

I n N  
W 

2 8  

- 5  
U 

o w  
Ln 

+ 
0 f ..i 

0 

rl 
m 

0 
N 4 

0 
.-I 4 

0 .O .i 

.O m 

0 .rn 

0 .h 

0 
'Io 

0 
-VI 

0 -3 

0 -m 

0 -N 

-0 
rl 

-0 

0 
-4  t 

V 

El 
0 

t. 

W 
u .r L 

2 
0 
W z U 

L 
c, 
V 
W 

W 

3 

0 
c, 

.F, 
S P 
r: 

c, a 
-0 
W L J 

VI a 

c 

a 

- 

s 
S 
0 
c, a 
L- 

.r 

n 
5 

0 

I Ln 
N 

a, L 
3 

L L  

m 

m 
.I- 

25-39 



Section 25 
Acoustic and Vibration Environment 

m I- 

3 a 
L: 

3 
I- 
V W 

m 
a 0 c 0 

0 I-( 

0 
0 0 

4 

0 0 4 

0 4 

0 

V 
v 

I 
S 
0 

C, V 

W L 

.r 

.r 
0 

7 m 
.r 
-0 

Tr 
m 

c 

W 
S ra a 

V 

S 0 L 
C, 
V a, 

w 

.r 

7 

13 

0 c, 

a 

+I J 
Q 
S CI 

C, m 

c 
0 
C, 

L 

> 

.I- 

m 
n 
.r 

c 
m 

I 
L n  N 

W L 
=I m .I- 

U 

25-40 



0 .VI h 

0 

if^ 
0 M h 

0 
c1 h 

0 
d h 

0 '0 h 

0 

In 

0 
W In 

0 
'h In 

0 
'In In 

0 
.Y\ In 

0 f In 

0 to In 

0 N In 

0 
.-I In 

.m 

0 N 

.O 
d 

.O 

(0 

V 
a 

Section 25 
Acoustic and Vibration Environment 

0 0 

c 
c 
d I 
0 

0 W 

I 

c 
c 

I 

m 

8 z U 

W 
U 

S 
0 

c, 
V 

.r 

L 
.r 
0 

V 

S 0 L 
c, 
V 
aJ 
W 

.r 

c 

C.i m 
I Lo 

N 

a, L 
S (5, 

U 
.r 

0 

3 

0 c, 

a 

c, 
S 

S 
a 
c( 

c, m 

U 
aJ L 
S 
v) 
m 
P 
S 
0 

c, m L 
.r 

n 
5 

0 ..-I 

I 

r\ 
v) a 
U v 

>- 
U z 
W 3 

0 5 

25-41 



Sect ion 25 
Acoustic and Vibrat ion Environment 

r\ u 
W 
VI " 
0 ol 
W N 

!l 
H 
U 
W 

+ f 

m 
u n 

o w  * V I  a 
IL 
3k 

VI c 

a 4 
>. I- - 
VI z w n 

n m 
C. u " 
>- ; 
3 0 
'u 
ol U 

7 7 

d I N 

0 W 

I 
S 
0 
c, u 
a, L 

? 
7 

.r 

- 
a, S 

a m 

h + 
a, v- 
m 
Lo 

aJ cn 
S 

z m 

z 
w 

0 c, 

-0 
W L 3 
v) 
m 
P 
S 
0 
c, 
RI L 

> 

.r 

n 
.I- 

rn 
m I m 
N 

aJ L 
S m 

iL 

b 

25-42 



Section 25 
Acoustic and Vibration Environment 

0 
y\ h 

0 x 
0 M h 

n 
N h 

0 
...I h 

0 0 h 

0 

ID 

0 m ID 

0 h ID 

0 
ID ID 

0 m ID 

0 f ID 

cn 

0 M ID 

0 
N ID 

0 
...I ID 

0 z s  
$ b  

:: 
z w  

o w  

Y \ N  

5 1  
0 
2 :  L L  

0 

2 2  
c 

0 
5 
0 M .-I 

0 N .-I 

0 
.-I 4 

0 0 .-I 

.O 0 

0 'W 

0 'h 

.:: 

.E 

0 
-3 

-", 

0 'N  

-2 

-0 

0 -...I 

I 

In a U 

o w  *In 

6 3 %  
w w  
mLy 

3 0 4 

0 

r\ In 

V " n. 

> 
V 2 
W 
3 0 

I 
S 
0 
c, 
V 

.r 

E 
6 
7 

.r 
m 

-3 m CT 

c, 
S 
3 

.r 

W m 
E 

e m 

x m W 

0 c, 

c, 
3 Q 

S Y 

c, 
m 
-0 
0) L 3 
v) 
m 

* m 
I vt 

N 

W L 
S 

U 
m 
.r 

25-43 



Section 25 
Acoustic and Vibration Environment 

n 
V W 
VI v 

P 
W N 

I 
VI 

8 

VI 

u n 

A 
m 
u v 
n. 

t, 
N G 
i3 
& u. 

S 
0 
c, 
.r 

E 
.I- 
n 

0 z 

2 
a, c, c, 
I a 

t2 
c 
Y 
v, 

U L 

E 
0 U 

0 c, 

v) m 
I In 

N 

25-44 



Section 25 
Acoustic and Vibration Environment 

VI a u 

o w  a m  

w w  m K  

0 0 

n :: 
V 
v 

ti 
z w 
3 
0' 
W 
K U 

I 
E 
0 

c1 u 
W L 

.C 

.r 
n 
7 

.r 
5 

W 

2 

0 z 
2 
a, CI 

CI 5 
m 
c1 L 

Y 
v) 

.F 

CI 
5 

7J 
W L 3 
v) 

P 

E! 

z 
3 m 

25-45 



Section 25 
Acoustic and Vibration Environment 

a 
>- 

VI 

S : n  
VI e V v 

9 1  j 
t 
8 

r_ 

.I- 
m 
C, 
E 
W 

E tu 
I- 

rn 

0 z 
2 
h, 

m 

c, 
c, 
m 

c, I- 

Y In 
- 

0 C, 

c, 
S 
E 
n. 
Y 

E 
0 
c, 
.I- 

E 
n 
.I- > 

4 

r: m 
I In N 

25-46 



Section 25 
Acoustic and Vibration Environment 

3 

m m 
I LD N 

in a U 

25-47 



Section 25 
Acoustic and Vibration Environment 

W t. 

A 
m 
u v 
n. 

0- 
0 rl 

0 N 0 0 
ID 2 4 

L 
Y 
v) 

.r 

-3 W L a 
v) 
m 
i?! 
v) 

W > 
al 1 

7 

aJ 5- 

m 
VI al L 
a 

a 

-0 S 

3 0 
v) 

7 
m 
S L 
W c, 
S Y 

25-48 



Section 25 
Acoustic and Vibration Environment 

0 
ln h 

0 

;t 

0 M h 

0 cv h 

0 
4 h 

0 
0 h 

0 

u) 

0 m 0 

m 

0 
h L o  

0 
u) u) 

0 
Ln u) 

0 z 
0 M Io 

0 
N u) 

0 
4 in 

0 

8 G  
8 :  

0 8  
.", w 
.E 

Y I U  

2 5  LL 

o w  

e 
5 

4 

0 .3 4 

0 .M 4 

0 
.N 4 

0 
.4 4 

0 .O 4 

*8 

0 -a 

0 -h 

a -a 

-=: 
0 

-3 

0 -m 

0 -N 

-0 
4 

-0 

0 -4 
I 

. .  

0 0 

0 0 - 0  

.o 
4 

i 

i -  

I k- 
_. 

0 
u) 4 

0 0 
-0 

4 
0 0 r( 

0 N 4 

A 

m e 
V " 

(zW3/S3NAa ZOOO'O W> 
(Cia> 13A31 aWCi 3AWl30 QaIHl-3NO 

25-49 

+I 
L 
Y 
v, 

TJ L 

.c 

: 
0 LL 

S 
0 

TI 
W L 
S 
In m 

2 
In 

W > 
W -I 

c 

0 
d I 

Ln N 

E 

L' 
S zs, 



Section 25 
Acoustic and Vibration Environment 

0 Ln h 

0 

i? 

0 M h 

0 
N h 

0 
5 4  h 

0 0 h 

0 

19 
m 

0 co 19 

0 
h 19 

0 
19 19 

0 Ln 19 

0 

2 
0 M Lo 

0 
N 19 

0 

LD 

0 

rl 

'0 c\ - u  
0 3  .R " 

s .z w 
In 

.: 8 

.: gj 

-2 z 
U 

0 

+ 
0 -3 4 

0 -m .-+ 

0 
.N rl 

0 
-4 4 

0 -0 -4 

-0 
0, 

0 -m 

0 -h 

0 
-Lo 

-", 

0 -* 
0 -m 

-z  
-2 

r\ m 
V 
n. 
L I  

Y 
2 
V 0 

m 
8 
o w  m m  

3z 
$ 3  

> V z W 

2. 
tij 
OL U. 

c, L 

Y 
m 
.r 

-0 L 

2 
0 LL 

S 
0 

-0 W L 
J 
VI z 
m 

W > 
W -I 

7 

W L 
J VI 

m 
W L P 

V S 
3 
0 m 

7 m 
C L 
a, 
c, 
S Y 

25-50 



Section 25 
Acoustic and Vibration Environment 

COMPARATIVE TIME-HISTORIES 

I 
SO086 -/i"- 
SO087 I MEASUREMENT OELETED PRIOR TO LAUNCH 

SO088 

SO089 

so090 

I 
I I I 

so091 

so092 

SO093 

SO094 

SO095 

SO096 

SO097 

SO098 

so099 

so100 

I I p LIFTOFF MACH 1 4  
1 1 1 1 1 1 1 1 1 1 1 1 , 1 , 1 1  

-10 0 10 20 30 40 50 60 70 80 90 100 110 120130 140 150 

RANGE TIME (SEC) 

MEASUREMENT LOCATIONS 

SO094 

TYPICAL 

F i g u r e  25-42. Forward S k i r t  Dynamic  S t r a i n s  

25-51 



Section 25 
Acoustic and Vibration Environment 

. 

I I 1  -<O b lb 2b i0 40 5’0 i0 +o i0 do 160 110 120 130 1$0 150 160 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM 

1 10 100 1000 

WAVE FORM 

WAVE FORM 

1 10 100 1000 

WAVE FORM 
FREQUENCY (CPS) 

100.0 i 
INTENTIONALLY 
LEFT BLANK 

1 10 100 1000 1 10 100 1000 
FREQUENCY (CPS) 

Figure 25-43. Dynamic Strain Measured on Forward Skirt  Panel 13 - 50086-426 

25-52 



Section 25 
Acoustic and Vibration Environment 

- i o  6 lb  io io do i o  io !o 80 do 100 110 120 130 1io 150 lko 1 . I  I 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM WAVE FORM 

1 I 

WAVE FORM 

t------.l 
FREQUENCY (CPS) 

WAVE FORM 

I 

1 10 100 1000 1 10 100 1000 
FREQUENCY (CPS) 

Figure 25-44. Dynamic Strain Measured on Forward Skir t  Panel 26 - SOO88-426 

25-53 



Section 25 
Acoustic and Vibration Environment 

I -Ib 6 lb $0 i o  bo i o  60 i o  80 do 100 110 120 130 140 150 160 
I I I .  I I 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM 

100.0 

10.0 

1 .o 

0.1 

n n i  
1 10 100 1000 

WAVE FORM 

WAVE FORM 

1 10 100 1000 

WAVE FORM 
FREQUENCY (CPS) 

I 
INTENTIONALLY 
LEFT BLANK 

"."I 

1 10 100 1000 
FREQUENCY (CPS) 

Figure 25-45. Dynamic Strain Measured on Forward Skirt Panel 33 - SOO89-426 

I\ 
25-54 



Section 25 
Acoustic and Vibration Environment 

RMS COMPOSITE TIME-HISTORY 
1,000.0 

100.0 z 
< L o  
W E  
-- 
6 .L 
z>  10.0 

5 v .r 

< E :  z -P > z l  
0- 

1 .o 

1 

- i o  b lb 20 i o  40 5'0 do i o  go do 160 110 120 130 140 150 &o 
I I 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM WAVE FORM 

1 10 100 1000 1 10 100 1000 
FREQUENCY (CPS) 

WAVE FORM WAVE FORM 

1, 

- 1  70 100 1000 
FREQUENCY (CPS) 

Figure 25-46. Dynamic Strain Measured on Forward Skirt  Panel 40 - S0090-426 

25-55 



Sect ion 25 
Acoustic and Vibrat ion Environment 

-Ib b lb io io k i o  i o  +o 80 bo l i o  110 120 130 l t o  150 lko 
1 I 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM 

1 10 100 1000 

WAVE FORM 
FREQUENCY 

" * -  -1 10 100 1000 

WAVE FORM 

I I 

1 10 100 1000 
0.011 

FREQUENCY (CPS) 

Figure 25-47. Dynamic Strain Measured on Forward Skir t  Panel 46 - SOO91-426 

25-56 



Section 25 
Acoustic and Vibration Environment 

a 

I -Ib 6 lb 2b i0 (0 S'O 60 7(0 80 90 100 110 120 130 1$0 150 160 
TIME FROM RANGE ZERO (SEC) 

I 1 I . . .  I '  I 

WAVE FORM WAVE FORM 
I 1 

I I I I 

1 10 100 1000 1 10 100 1000 
FREQUENCY (CPS) 

WAVE FORM WAVE FORM 

I I I I 
1,000.0 

100.0 

10.0 

1 .o 

0.1- 
1 10 100 1000 

FREQUENCY (CPS) 

Figure 25-48. Dynamic Strain Measured on Forward Skir t  Panel 55 - SOO92-426 

25-57 



Sect ion 25 
Acoustic and Vibrat ion Environment 

-+o b ib i o  io do sb i o  i o  $0 9'0 160 110 120 130 lbo  150 lko 
TIME FROM RANGE ZERO (SEC) 

WAVE FORM WAVE FORM 

I I 

1 10 100 1000 
" . " I  

1 10 100 ' 1000 
FREQUENCY (CPS) 

WAVE FORM WAVE FORM 

I I I 

INTENTIONALLY 
LEFT BLANK 

1 10 100 1000 
FREQUENCY (CPS) 

Dynamic S t r a i n  Measured on Forward S k i r t  Panel 61 - SOO93-426 Figure 25-49. 

00 

25-58 



Section 25 
Acoustic and Vibration Environment 

1,000 

1 

1 
-1'0 6 lb i0 i0 40 60 & 80 90 100 110 120 130 140 150 160 

I I I I .  I I 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM WAVE FORM 

1 10 100 1000 1 70 100 1000 
FREQUENCY (CPS) 

WAVE FORM WAVE FORM 
I I i 

L I I I 

1 10 100 1000 
FREQUENCY (CPS) 

Figure 25-50. Dynamic S t r a i n  Measured on Forward S k i r t  Panel 69 - SOO94-426 

25-59 



Section 25 
Acoustic and Vibration Environment 

-;O 6 1b 20 $0 40 do 60 i o  80 90 100 110 120 130 li0 150 160 
TIME FROM RANGE ZERO (SEC) 

WAVE FORM WAVE FORM 

I I . . I  1 I 1  

1 10 100 1000 1 10 100 1000 

FREOUENCY (CPS) 
WAVE FORM 

. .  
WAVE FORM 

FREQUENCY (CPS) 

Figure 25-51. Dynamic Strain Measured on Forward Skirt Panel 76 - SO095426 

25-60 



Sect ion 25 
Acoustic and Vibrat ion Environment 

-io b lb  2b 3’0 i o  i o  BO i o  8’0 i o  1bO 110 120 130 140 150 lko 
TIME FROM RANGE ZERO (SEC) 

1 I 

WAVE FORM 

10 100 1000 

WAVE FORK 

100.0 

10.1, 

1 .o 

0.1 

0.01 
1 10 100 1000 

FREQUENCY 

WAVE FORM 

100.0 

10.0 

INTENTIONALLY 
LEFT BLANK 

1 .o 

FREQUENCY (CPS) 

Figure  25-52. Dynamic S t r a i n  Measured on Forward S k i r t  Panel 80 - SOO96-426 

25-61 



Section 25 
Acoustic and Vibration Environment 

RMS COMPOSITE TIME- H I STORY 

-Ib 6 1b 20 4b 5'0 60 h 80 90 100 110 120 130 150 150 1ko 
TIME FROM RANGE ZERO (SEC) 

I I I . I  I I 

1 10 100 1000 
FREQUENCY 

WAVE FORM 

1 10 100 1000 
FREQUENCY 

WAVE FORM 
I I 

WAVE FORM 

1 10 100 1000 

WAVE FORM 

Figure 25-53. Dynamic Strain Measured on Forward Skir t  Panel 87 - SOO97-426 

25-62 



Sect ion 25 
Acoustic and Vibrat ion Environment 

,000.0 

100.0 

10.0 

1 .o 

i 
-<O b lb 2b i o  do 5'0 60 i o  80 $0 100 110 120 130 140 150 160 

I 1 1 1  I 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM 

'I 10 100 1000 

WAVE FORM 

WAVE FORM 

V . " ,  

1 10 100 1000 
FREQUENCY (CPS) 

WAVE FORM 

1 10 100 1000 
FREQUENCY (CPS) 

Figure 25-54. Dynamic S t r a i n  Measured on Forward S k i r t  Panel 94 - SOO98-426 

25-63 



Section 25 
Acoustic and Vibration Environment 

10.0 

1 .o 

0.1 

0.01 

1, 

INTENTIONALLY 
LEFT BLANK 

- f O  6 lb 2b i o  do i o  BO i o  i 0  do lbo 110 120 130 l i0  150 lko 
TIME FROM RANGE ZERO (SEC) 

WAVE FORM , WAVE FORM , 
L I I I 

FREQUENCY 

FREQUENCY (CPS) 

Figure 25-55. Dynamic Strain Measured on Forward Skirt  Panel 101 - SOO99-426 

25-64 



Section 25 
Acoustic and Vibration Environment 

1 

RMS COMPOSITE 

r I . 8 
-10 b lb 20 io do i o  60 ;o 80 do 100 110 120 130 1b 150 ltjo 

I 

TIME FROM RANGE ZERO (SEC) 

WAVE FORM 

1,000. 

* 
l n I  z -I- 
w lno 
u =  

-I\ 
4 N  0 

L - 100. 

o n-  

E z s  10. 
z: 8" n t v )  
ln v)n 

-V 
ti 
W d  x -  
0 1 .  
a 

0. 

WAVE FORM 

1 10 100 1,000 1 10 100 1,000 
FREQUENCY (CPS) 

1 10 100 1,000 

0.50 

0.25 
0 
I- 

w ti 

M 

5 

8 
P 

t i 0  

3 
4: 

-0.25 

-0.50 
0 0.025 0.050 0.075 0.100 

FREQUENCY (CPS) SECONDS 

Figure 25-56. Dynamic Strain Measured on Forward Skirt  Panel 108 - S0100-426 

25-65 



Section 25 
Acoustic and Vibration Environment 

-h b lb 20 3’0 i o  i o  60 j o  80 90 100 110 120 130 110 150 12io 
I 1 I I I I 

TIME FROM RANGE ZERO (SEC) 

1 

WAVE FORM WAVE FORM ’ 
I 

1,000.0 

1 10 100 1,000 1 10 100 1,000 
FREQUENCY (CPS) 

WAVE FORM 

, - , . - . , . - I  I . . . . .  I ,  

0. 
1 10 100 1,000 

z 0 
f l  
4 

8 
e 

W cT CT 

3 e 

-0.50 
0 0.025 
L 

0.050 0.075 
- 
0. 

FREQUENCY (CPS) SECONDS 

Figure 25-57. Dynamic Strain Measured on Forward S k i r t  Panel 7 - S0101-426 

25-66 



b 

I 

SECTION 26 

AERO/THERMODYNAMIC ENVIRONMENT 



Sect ion  26 
Aero/Thermodynamic Environment 

26. AERO/THERMODYNAMIC ENVIRONMENT 

26.1 

Pressures  on the  S-IVB w e r e  measured by 1 i n t e r n a l  t ransducer  i n  t h e  forward compartment and 

21  e x t e r n a l  and 3 i n t e r n a l  measurements f o r  t he  a f t  compartment. 

Figure 26-1 shows the  p red ic t ed  i n t e r n a l  minus ambient pressure  d i f f e r e n t i a l s  f o r  t h e  for -  

ward compartment t oge the r  wi th  f l i g h t  d a t a  f o r  both AS-501 and AS-502. The vent  a r e a  f o r  

AS-502 w a s  150 sq  i n .  as compared t o  200 s q  in .  f o r  AS-501. With t h e  t r a j e c t o r i e s  flown, 

t h e  smaller vent area on AS-502 should have r e su l t ed  i n  h igher  i n t e r n a l  pressures  than 

AS-501 and correspondingly h igher  pressure  d i f f e r e n t i a l s .  

shown i n  f i g u r e  26-1 f o r  t he  f i r s t  60 sec  of t h e  AS-502 f l i g h t  (0.05 ps id)  are a t t r i b u t e d  t o  

ins t rumenta t ion  accuracy (20.75 p s i ) .  Also, t h e  f a c t  t h a t  t h e  AS-502 d a t a  exceed t h e  

p red ic t ed  by a maximum of 0.08 ps id  i s  considered t o  be  wi th in  t h e  da t a  accuracy. 

Figure 26-2 shows p res su re  d a t a  f o r  measurement DO051 a t  approximately RO +133 sec. 

pressure  dropped approximately 0.2 p s i .  

veh ic l e  eva lua t ion  of unusual behavior a t  RO +133 see produced t h e  following r e s u l t s :  

Surface P res su re  and Compartment Venting 

The lower i n t e r n a l  pressures  

The 

T e s t s  conducted a t  Douglas t o  support  t he  o v e r a l l  

a. 

b. 

The maximum response t i m e  requi red  t o  release the  t ransducer  mechanical s t a t i c  

f r i c t i o n  p res su re  buildup w a s  70 m s .  The maximum response t i m e  f o r  a sudden p r e s -  

su re  drop from 0.2 p s i a  t o  0 p s i a  w a s  180 m s .  The f l i g h t  d a t a  w e r e  recorded every 

250 m s .  Therefore,  i t  w a s  poss ib l e  t h a t  either a p res su re  drop o r  a s ta t ic  f r i c t i o n  

release occurred during the  f l i g h t  s i n c e  both  responses occurred i n  less than  

250 m s  during t h e  tests. 

P r e f l i g h t  and p r e t e s t  c a l i b r a t i o n s  on t h e  f l i g h t  and t e s t  t ransducers  compared t o  

test c a l i b r a t i o n s  of t he  test t ransducers  showed t h a t  ageing can inc rease  t h e  s ta t ic  

f r i c t i o n  buildup percentage. Based on test  d a t a  and t h e  l a t t e r  f a c t ,  i t  w a s  

poss ib l e  f o r  t h e  f l i g h t  t ransducer  t o  bu i ld  up an ind ica ted  s t a t i c  f r i c t i o n  p r e s -  

s u r e  of 0:2 p s i  o r  g rea t e r .  

It must, t he re fo re ,  be concluded t h a t  t h e  ground tests were inconclus ive  i n  showing 

whether a s ta t ic  f r i c t i o n  release o r  an a c t u a l  p re s su re  drop of 0.2 p s i  occurred 

a t  RO +133 sec. 

Figures 26-3 and 26-4 show p red ic t ed  and measured p res su re  d i f f e r e n t i a l s  f o r  t h e  a f t  compart- 

ment as internal-minus-ambient and internal-minus-external,  respec t ive ly .  The f l i g h t  da t a  

f a l l  w i th in  t h e  p red ic t ed  band dur ing  t h e  cr i t ical  f l i g h t  period and t h e  maximum bur s t ing  

and crushing pressures  (2.9 ps id  and 0.8 ps id ,  r e spec t ive ly )  are w e l l  below the  design 

va lues  (4.69 p s i d  and 2.24 ps id ) .  

26.2 Thermodynamic Environment 

26.2.1 S t r u c t u r a l  Heating (Boost) 

Figure 26-5 presents  t he  veh ic l e  geometry and i n d i c a t e s  t h e  loca t ions  of t h e  temperature 

measurements used f o r  t h e  s t r u c t u r a l  hea t ing  eva lua t ion .  A l l  measured temperatures w e r e  

below design temperatures as w a s  expected from t h e  r e l a t i v e l y  cool  boost t r a j e c t o r y  flown. 
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Table 26-1 t a b u l a t e s  t h e  sensors  l i f t o f f  temperatures,  s imulated m a x i m u m  sensor  and 

s t r u c t u r a l  temperatures,  AS-501 m a x i m u m  measured sensor  temperatures,  AS-502 maximum 

measured sensor  temperatures,  and est imated maximum AS-502 s t r u c t u r a l  temperatures.  

From t a b l e  26-1 it can be  seen t h a t  t h e  AS-502 f lew a somewhat h o t t e r  t r a j e c t o r y  than 

t h e  AS-501 f l i g h t .  

Comparisons between f l i g h t  d a t a  and s imula t ions  are shown i n  f i g u r e s  26-6 through 26-20. 

The s imulat ions used t h e  a c t u a l  AS-502 f l i g h t  t r a j e c t o r y  and assumed boundary l a y e r  t r a n s i -  

t i o n  from turbulen t  t o  laminar flow a t  t h e  t i m e  t h e  wall-temperature-to-recovery-temperature 

r a t i o  (TWITr) equals  0.5. This method r e s u l t e d  i n  a c l o s e r  s imula t ion  with measured d a t a  

than t h e  design method of a n a l y s i s  (using a t r a n s i t i o n  Reynolds number of 500,000) and 

gave maximum simulated temperatures,  wi th  few except ions,  h igher  than the  recorded f l i g h t  

data .  The s imula t ions  matched t h e  AS-502 f l i g h t  d a t a  very w e l l  during t h e  subsonic f l i g h t  

from RO t o  RO +60 sec. 

26.2.1.1 Forward S k i r t  

The forward s k i r t  temperature d a t a  are shown i n  f i g u r e s  26-6 through 26-9, along with the 

sensor  and s t r u c t u r a l  temperature s imulat ions.  A l l  of t h e  sensors  were loca ted  i n  regions 

unaffected by protuberance induced hea t ing  ( i . e . ,  h/ho = 1). 

sensor  s imulat ion and f l i g h t  d a t a  is indica ted .  The maximum s t r u c t u r a l  temperature simula- 

t i o n s  a r e  found t o  be from 1 7  t o  57 deg R higher  than t h e  maximum sensor  s imulated tempera- 

tu res .  The est imated maximum s t r u c t u r a l  temperature w a s  746 deg R f o r  t h e  s k i n  near  sensor  

C0081, which is  a t  t h e  forward end of the  s k i r t  and pos i t ioned  toward t h e  sun. 

Good c o r r e l a t i o n  between t h e  

26.2.1.2 LH2 Tank 

The LH2 tank temperatures are shown i n  f i g u r e  26-10 along with t h e  s imulated sensor  and s k i n  

temperatures.  A l l  of t h e  sensors  were loca ted  i n  regions unaffected by protuberance induced 

hea t ing  ( i . e . ,  h/ho = 1). 

not  consider  t h e  presence of f r o s t  and ice formation which w a s  evident  from the  low l i f t o f f  

temperatures (391 t o  490 deg R ) .  As a r e s u l t ,  both sensor  and s k i n  temperature s imulat ions 

gave much higher  values  than t h e  recorded temperature.  The est imated maximum s t r u c t u r a l  

temperature w a s  550 deg R based on sensor  C0078. Only two sensors  recorded temperatures 

higher  than the  f reez ing  poin t  of water and t h e s e  w e r e  COO78 (541 deg R) and C0106 (497 deg R) 

The s imulat ions start a t  t h e  l i f t o f f  sensor  temperature,  bu t  do 

26.2.1.3 Aft S k i r t  

The a f t  s k i r t  temperature d a t a  are shown i n  f i g u r e s  26-11 through 26-16, along wi th  t h e  

s imulated sensor  and s t r u c t u r a l  temperatures.  The est imated m a x i m u m  s t r u c t u r a l  temperature 

w a s  646 deg R based on sensor  COO48 which w a s  no t  i n s u l a t e d  by Korotherm. 

Figure 26-11 and 26-12 present  t h e  temperatures i n  t h e  i n s u l a t e d  (0.01 i n .  KoroL.lerm) 

protuberance induced hea t ing  area adjacent  t o  t h e  A P S .  

aerodynamic hea t ing  rate 50 percent  higher  (h/h 

regions of the  s tage.  

hea t ing  areas (adjacent  t o  t h e  protuberance) ,  and values  as much as 100 deg R h igher  i n  t h e  

lower hea t ing  areas as seen f o r  sensor  C0291. The s imulated s k i n  temperatures w e r e  found 

The s imula t ions  employ a d is turbed  

= 1.5) than experienced i n  undisturbed 
0 

This approach g i v e s  good s imula t ion  f o r  t h e  sensors  i n  t h e  higher  
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' I  

t o  b e  approximately the  same as t h e  s imulated sensor  temperatures.  

temperature i n  a protuberance induced hea t ing  area i n s u l a t e d  wi th  0.01 in .  of Korotherm 

w a s  636 deg R (sensor  C0165). 

The maximum s t r u c t u r a l  

Figures  26-13 and 26-14 p r e s e n t  t h e  temperatures i n  the i n s u l a t e d  protuberance induced 

hea t ing  area adjacent  t o  t h e  LH2 f e e d l i n e  f a i r i n g  (C0045, C0113, C0114, and COllS) and 

ad jacent  t o  t h e  LOX vent (C0046). 

f a c t o r ,  h/ho = 1.5,  which gave s imulat ions up t o  65 deg R h igher  than t h e  d a t a  f o r  t h e  s k i n  

s imula t ion  and up t o  30 deg R higher  f o r  t h e  s t r i n g e r  s imulat ion.  The s imulated s t r u c t u r a l  

temperatures w e r e  found t o  be n e a r l y  equal  t o  t h e  s imulated sensor  temperature.  

i n i t i a l  and maximum temperature recorded by COO46 w e r e  due t o  t h e  inf luence  of t h e  LOX 

vent ing which w a s  n o t  considered i n  t h e  s imulat ion.  

t h i s  sensor  (C0046) was 562 deg R and w a s  92 deg R lower than the s imulat ion.  

Figure 26-15 p r e s e n t s  the  temperature d a t a  and s imulat ions f o r  the  uninsulated a f t  s k i r t  

s k i n .  Sensors C0047, C0048, C0116, and C0117 w e r e  loca ted  on the s k i n  s u f f i c i e n t l y  removed 

from protuberances s o  as t o  requi re  no i n s u l a t i o n  and the  s imulat ion employed a hea t ing  

rate f a c t o r  of h/ho = 1.0. 

t u r e s  from 0 t o  15 deg R h igher  than t h e  recorded temperatures.  The est imated maximum 

s t r u c t u r a l  temperature w a s  631 deg R based on sensor  C0048. 

The s imulat ions employed a d is turbed  hea t ing  r a t e  

The low 

The maximum temperature recorded f o r  

This approach gives  e x c e l l e n t  c o r r e l a t i o n  and p r e d i c t s  tempera- 

26.2.1.4 Aft I n t e r s t a g e  

Figure 26-16 presents  t h e  a f t  i n t e r s t a g e  temperature d a t a  and t h e  sensor  and s t r u c t u r a l  

temperature s imulat ions.  

a b l a t i v e  i n s u l a t i o n .  The s imulated temperatures w e r e  analyzed with h/h 

l a y e r  t r a n s i t i o n  a t  t h e  t i m e  T /T = 0.5. This method p r e d i c t s  temperatures s l i g h t l y  h igher  

than t h e  d a t a  with the  s imulat ion being 20 t o  24 deg R higher  f o r  t h e  s t r i n g e r s  and 27 t o  

47 deg R h igher  f o r  the  s k i n .  The est imated maximum s t r u c t u r a l  temperature was 647 deg R 

based on s k i n  sensor  C0305. 

The temperature sensors  on t h e  a f t  i n t e r s t a g e  were covered with 

= 1.0 and boundary 

w r  

26.2.1.5 LE2 Feedl ine F a i r i n g  

The temperature d a t a  and s imula t ion  of the LH2 f e e d l i n e  f a i r i n g  forebody is  presented i n  

f i g u r e  26-17. For t h e  s imula t ion ,  l o c a l  flow p r o p e r t i e s  w e r e  assumed t o  be those f o r  a 

30 deg semi-apex angle  cone. 

h igher  than the  maximum sensor  temperature. 

754 deg R. 

The s imulated maximum s k i n  temperature i s  seen t o  be 14 deg R 

The est imated maximum s k i n  temperature is 

26.2.1.6 Main Tunnel 

The main tunnel  centerbody temperature d a t a  are shown i n  f i g u r e  26-18 with t h e  s imulated 

sensor  and s k i n  temperatures.  The forebody sensor  COO49 w a s  l i s t e d  as a f a i l u r e  during 

boost  and t h e r e f o r e  w a s  no t  analyzed. The est imated maximum s t r u c t u r a l  temperature w a s  

685 deg R based on sensor  C0227. 

temperatures i s  indica ted .  

Good c o r r e l a t i o n  between d a t a  and s imulated sensor  
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26.2.1.7 APS F a i r i n g  

Figure 26-19 shows t h e  temperature d a t a  o f  t h e  APS centerbody wi th  t h e i r  corresponding 

s imulated s k i n  and s e n s o r  temperatures.  

sensors  C0287 and C0289 are loca ted  approximately h a l f  way down e i t h e r  s i d e  of t h e  f a i r i n g .  

As ind ica ted  i n  t h e  da ta ,  t h e r e  is l i t t l e  d i f f e r e n c e  between the aerodynamic hea t ing  on t h e  

top o r  s i d e s .  

temperature q u i t e  w e l l .  
41 deg R h igher  than t h e  s imulated sensor  temperatures.  

temperature w a s  7 1 1  deg R based on sensor  C0288. 

Sensor C0288 is  l o c a t e d  on top o f  t h e  f a i r i n g  and 

The simulated sensor  temperatures w e r e  found t o  match t h e  recorded sensor  

The s imulated s k i n  temperatures were found t o  be approximately 

The m a x i m u m  est imated s t r u c t u r a l  

26.2.2 Plume Impingement Heating 

26.2.2.1 

The h e a t  f l u x  on t h e  5-2 engine b e l l  during r e t r o r o c k e t  f i r i n g  (RO +577.076 see)  w a s  measured 

by ca lor imeters  C2000 and C2004. 

along with the  s imulated hea t  f luxes .  Sensor C2000 ind ica ted  a maximum hea t  f l u x  of 

0.56 B t u / f t  -sec and sensor  C2004 i n d i c a t e d  a maximum hea t  f l u x  of 1.13 B t u / f t  -sec. 

s imulat ion i n d i c a t e s  no hea t ing  u n t i l  t h e  S-IVB w a s  s u f f i c i e n t l y  separa ted  from the  S-I1 

t o  o r i e n t  t h e  5-2 engine b e l l  w i t h i n  the  r e t r o r o c k e t  f low f i e l d  (approximately 1 see a f t e r  

re t rorocket  s t a r t ) .  The i n i t i a l  hea t ing  ind ica ted  by t h e  da ta  i s  due t o  re t rorocket  gases  

en ter ing  the  a f t  compartment during i n i t i a l  separa t ion  whereas t h e  pred ic ted  values  are 

based only on flow impingement. 

C2000 (with maximum h e a t  f l u x  equal  t o  2.29 B t u / f t  -sec) whereas t h e  d a t a  i n d i c a t e  a maximum 

condi t ion f o r  sensor  C2004. It is suspected t h a t  t h i s  is a t t r i b u t a b l e  t o  the s impl i f ied  

ana lys i s  method which does not  consider  f lowf ie ld  i n t e r r e l a t i o n  between r e t r o r o c k e t s  as w e l l  

as between r e t r o r o c k e t s  and u l l a g e  rockets .  

5-2 Engine Heat Flux - S-111s-IVB Separat ion 

The recorded hea t  f l u x  h i s t o r i e s  are shown i n  f i g u r e  26-20 

2 2 The 

The s imula t ion  a l s o  shows a maximum condi t ion f o r  sensor  
2 

26.2.2.2 A P S  Ullage Rocket Plume Impingement on 5-2 Engine 

Calorimeters C2000 and C2004 were a l s o  used f o r  measuring t h e  hea t ing  rates on t h e  5-2 engine 

during t h e  a u x i l i a r y  propuls ion system ( A P S )  u l l a g e  rocke t  f i r i n g  ( i n i t i a t e d  a t  RO +11,288 sec) .  

The maximum increase  i n  h e a t  f l u x  f o r  these  measurements during t h i s  t i m e  w a s  0.014 B t u / f t  - 2 

sec; however, the  i n i t i a l  increase  occurred approximately 40 s e c  p r i o r  t o  u l l a g e  i g n i t i o n .  

Examination of the  d a t a  from t h e  previous o r b i t  (RO +5,760 s e c ) ,  when t h e  u l l a g e  rockets  were 

not  f i r i n g ,  i n d i c a t e d  s i m i l a r  t rends  wi th  approximately t h e  same (0.012 B t u / f t  -sec) hea t  f lux .  

This would i n d i c a t e  t h a t  s o l a r  in f luences  are t h e  primary source of hea t ing  measured during 

t h e  u l lage  rocket  f i r i n g  and t h e  hea t ing  due t o  t h e  A P S  u l l a g e  rocket  plume impingement is 

much less than t h e  design h e a t  f l u x  (0.15 B t u l f t  -sed.  

2 

2 

26.2.3 Auxil iary Propuls ion System 

The o r b i t a l  temperatures f o r  t h e  APS w e r e  determined by 10 sensors  (C0294 through C0303) 

mounted i n t e r n a l l y  t o  t h e  A P S  f a i r i n g ,  on var ious components and propel lan t  t r a n s f e r  l i n e s ,  
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and 4 sensors  (60286 through C0289) mounted on t h e  f a i r i n g .  

and one f a i r i n g  measurement (C0288) were s e l e c t e d  f o r  a n a l y r i c a l  c o r r e l a t i o n  with t h e  f l i g h t  

d a t a .  A l l  measurements were evaluated wi th  regard t o  t h e i r  proper opera t ion  and whether t h e  

temperatures were w i t h i n  t h e  al lowable opera t iona l  l i m i t s  and t h e  pred ic ted  range. 

Sensor C0301 w a s  found t o  be  inoperable  and w a s  d e l e t e d  p r i o r  t o  t h e  f l i g h t .  

d i d  not  respond properly a f t e r  l i f t o f f  and i t  i s  bel ieved t h a t  t h i s  measurement p a r t i a l l y  

debonded during t h e  boost phase of t h e  f l i g h t .  

Table 26-2 lists t h e  maximum and minimum temperatures during t h e  f l i g h t  f o r  t h e  APS measure- 

ments. The va lues  f o r  t h e  AS-501 f l i g h t  a r e  a l s o  included f o r  comparison. 

t h a t  a l l  components remained wi th in  t h e i r  a l lowable l i m i t s  wi th  t h e  except ion of t h e  propel lan t  

t r a n s f e r  l i n e s .  Four l i n e  measurements (C0294, C0295, C0297, and C0298) exceeded t h e i r  maximum 

al lowable temperature of 585 deg R because of extended A P S  engine f i r i n g  r e s u l t i n g  from f a i l u r e  

of t h e  engine t o  restart. 

a l lowable value,  and two measurements (GO294 and C0297) w e r e  wi th in  20 deg R of the maximum 

al lowable value.  

The excessive l i n e  temperatures w e r e  produced by r a d i a t i o n  from t h e  APS engines.  

have a d i r e c t  r a d i a t i o n  pa th  t o  t h e  propel lan t  t r a n s f e r  l i n e s  and components i n  t h e  a f t  engine 

compartment. The e f f e c t  of t h i s  r a d i a t i o n  on t h e  oxid izer  c o n t r o l  module can be seen i n  f i g u r e  

26-21 where c o r r e l a t i o n  of measurement C0303 is presented.  The a n a l y t i c a l l y  pred ic ted  temper- 

a t u r e s  (which do not  inc lude  t h e  r a d i a t i o n  e f f e c t s  of the  abnormal engine temperatures) agree  

f a i r l y  w e l l  wi th  t h e  f l i g h t  d a t a  u n t i l  a f t e r  restart at tempt  (approximately RO +11,615 s e c ) .  

Af te r  t h i s  t i m e ,  t h e  f l i g h t  d a t a ,  al though s t i l l  w e l l  wi th in  t h e  opera t iona l  l i m i t s ,  exceed 

t h e  a n a l y t i c a l l y  pred ic ted  values  by as much as 20 deg R. 

l a r g e  hea t  capaci tance,  r e t a i n  t h e  high temperatures u n t i l  te lemetry d a t a  drop out .  

Figure 26-22 presents  a comparison of t h e  APS f a i r i n g  o r b i t a l  f l i g h t  da ta  wi th  respec t  t o  

t h e  pred ic ted  design temperature envelope. The f i g u r e  shows t h a t  t h e  f a i r i n g  f l i g h t  d a t a  

f a l l  wi th in  the  design limits and i n d i c a t e s  t h a t  t h e  high i n t e r n a l  l i n e  and component 

temperatures w e r e  i n t e r n a l l y  produced ( i . e . ,  due t o  t h e  w a r m e r  than expected APS engines) .  

I f  t h e  increase  i n  component temperature w a s  a r e s u l t  of t h e  e x t e r n a l  environment (through 

a change i n  v e h i c l e  o r i e n t a t i o n  o r  a degradation of e x t e r n a l  s u r f a c e  o p t i c a l  p r o p e r t i e s )  

t h e  f a i r i n g  f l i g h t  d a t a  would have r e f l e c t e d  t h i s  condi t ion .  Figure 26-22, however, 

i n d i c a t e s  t h a t  while  t h e  l i n e  and component temperatures w e r e  increas ing  i n  temperature 

a f t e r  restart at tempt ,  t h e  APS f a i r i n g s  w e r e  decreasing i n  temperature. 

temperatures would need t o  be considerably outs ide  t h e  range of t h e  maximum design tempera- 

t u r e  envelope t o  produce t h e  response ind ica ted  by t h e  f l i g h t  da ta  on the  l i n e s  and 

components. 

Figure 26-23 shows t h e  c o r r e l a t i o n  of measurement C0288 loca ted  on t h e  A P S  f a i r i n g .  This 

f i g u r e  i n d i c a t e s  t h a t  no apprec iab le  change i n  o p t i c a l  p r o p e r t i e s  occurred such as w a s  

One component measurement (C0303) 

Sensor C0286 

It can be  seen 

Two measurements (C0295 and 60298) were w i t h i n  5 deg R of t h e  maximum 

The engines 

The engines ,  which have a r e l a t i v e l y  

The f a i r i n g  

encountered during t h e  AS-501 f l i g h t .  F a i r l y  good c o r r e l a t i o n  w a s  achieved f o r  t h e  f i r s t  

two o r b i t s .  Af te r  t h i s  t i m e ,  i t  is  bel ieved t h a t  t h e  f l i g h t  s imulat ion parameters (e.g., 

i n e r t i a l  hold) used t o  e s t a b l i s h  t h e  v e h i c l e  o r i e n t a t i o n  d i d  n o t  match t h e  a c t u a l  f l i g h t  

parameters.  
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26.2.4 Propel lan t  Heating 

This s e c t i o n  presents  t h e  LE2 and LOX tank hea t ing  values  during boost and t h e  f i r s t  two 

o r b i t s  of the  AS-502 f l i g h t .  

26.2.4.1 LH2 Heating - Boost 

The n e t  h e a t  t r a n s f e r r e d  t o  the  LH2 during boost w a s  a n a l y t i c a l l y  determined by two methods. 

A comparison between t h e  r e s u l t s  obtained from these  two methods and t h e  maximum and minimum 

design hea t ing  values  is shown i n  fltgure 26-24. 

temperature and tank w a l l  hea t  t r a n s f e r  c o e f f l c i e n t  h i s t o r i e s  based on the  f l i g h t  t r a j e c t o r y .  

I n i t i a l  LH2 tank s k i n  temperatures from f l i g h t  d a t a  w e r e  used. Maximum values .of  i n s u l a t i o n  

thermal conduct ivi ty  as a func t ion  of temperature as determined from S-IVB loading and 

acceptance f i r i n g  test d a t a  w e r e  used. The h e a t  t r a n s f e r r e d  through hea t  s h o r t s  ( i . e . ,  

hea t ing  paths  o t h e r  than t h e  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 propel lan t  

hea t ing  a n a l y s i s .  

r e s u l t i n g  from p r o p e l l a n t  hea t ing  during ascent .  The LH2 hea t ing  values  f a l l  wi th in  t h e  

design range. 

Curve A is  a s imulat ion using t h e  recovery 

Curve B w a s  c a l c u l a t e d  by i n t e g r a t i n g  LH2 bulk temperature change 

26.2.4.2 LH2 Heating - Orbit  

The predicted LH2 heat ing values  during t h e  f i r s t  two o r b i t s  w e r e  determined using t h e  

a c t u a l  AS-502 o r b i t a l  path.  A comparison between the  a n a l y s i s  r e s u l t s ,  t h e  ca lcu la ted  

max imum and minimum design hea t ing  values ,  and LH2 hea t ing  values  obtained from LH2 

b o i l o f f  d a t a  is shown i n  f i g u r e  26-25. 

The hea t ing  values  w e r e  based on t h e  maximum values  of i n t e r n a l  i n s u l a t i o n  thermal 

conduct ivi ty  discussed i n  paragraph 26.2.4.1. 

an average s o l a r  a b s o r p t i v i t y  (a) of 0.42 and i n f r a r e d  emiss iv i ty  (E) of 0.87 w e r e  used. 

These average values  w e r e  determined by meashrements taken on t h e  LH2 tank a few days before  

t h e  f l i g h t .  

assumed t o  be s e t t l e d  a t  t h e  a f t  end of t h e  tank wi th  t h e  e f f e c t i v e  l i q u i d  l e v e l  a t  t h e  

d e f l e c t o r .  

temperature sensors  (C2017 t o  C2028). 

The LH2 hea t ing  value der ived from b o i l o f f  d a t a  is equiva len t  t o  2,600 lbm of b o i l o f f .  

b o i l o f f  occurred during t h e  per iod  between f i r s t  burn engine cu tof f  and second b u m  Engine 

S t a r t  Command and d id  not  inc lude  the  b o i l o f f  during blowdown. The LH2 evaporat ion which 

occurred during blowdown w a s  t h e  r e s u l t  of h e a t  accumulated during boost  and w a s  subt rac ted  

from t h e  t o t a l .  As shown i n  f i g u r e  26-25, the  c a l c u l a t e d  hea t ing  values  agree w e l l  wi th  

each o t h e r  and f a l l  w i t h i n  the  design range. 

For the  c y l i n d r i c a l  tank o p t i c a l  p r o p e r t i e s ,  

(Design values  f o r  maximum hea t ing  w e r e  a = 0.40 and E = 0.87.) The LH2 w a s  

This assumption w a s  based a t  t h e  l iquid-vapor i n d i c a t i o n s  given by i n t e r i o r  w a l l  

This 

2 6 . 2 . 4 . 3  

The predic ted  LOX hea t ing  va lues  during t h e  f i r s t  two o r b i t s  w e r e  determined using t h e  

a c t u a l  AS-502 o r b i t a l  path. 

wi th  t h e  e f f e c t i v e  l i q u i d  level a t  sta 256 ( j u s t  above t h e  common bulkhead j o i n t ) .  

Heating of t h e  LOX caused by t h e  helium pressurant  gas w a s  considered n e g l i g i b l e  i n  t h e  

ana lys i s .  The r e s u l t s  of  t h i s  a n a l y s i s  are presented i n  f i g u r e  26-26. As shown, t h e  

t o t a l  h e a t  t r a n s f e r r e d  t o  t h e  LOX w a s  approximately 2,800 Btu. 

The LOX w a s  assumed t o  be s e t t l e d  a t  t h e  a f t  end of the tank 
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'3 2 6 . 2 . 4 . 4  LH2 Tank Externa l  Temperatures - Orbit  

Figure 26-27 compares the LH2 tank s k i n  temperature h i s t o r i e s  f o r  t h r e e  tank reg ions  during 

t h e  second o r b i t .  

toward I V Y  p o s i t i o n  I V Y  and a p o i n t  30 deg from p o s i t i o n  I11 toward IV.  

During most of t h e  f i r s t  o r b i t ,  t h e  v e h i c l e  p o s i t i o n  I11 w a s  facing the  e a r t h .  

end of t h e  f i r s t  o r b i t .  t h e  v e h i c l e  r o l l e d  180 deg; thus,  during t h e  second o r b i t ,  v e h i c l e  

p o s i t i o n  I w a s  toward e a r t h .  For s i m p l i f i c a t i o n ,  t h e  i n i t i a l  temperature d i s t r i b u t i o n s  f o r  

t h e  s imulated curves w e r e  es t imated using f l i g h t  temperature da ta .  

t h e  s imulated curves are s l i g h t l y  h igher  than t h e  measured ones and account f o r  t h e  calcu- 

l a t e d  h e a t  input  being s l i g h t l y  high. 

The f i g u r e  shows t h e  tank temperature at a poin t  30 deg from p o s i t i o n  I 

A t  t h e  

As shown i n  t h e  f i g u r e s ,  

2 6 . 3  Elec t ronic  Components Thermal Environment 

The electronic component temperature d a t a  appear t o  be v a l i d  throughout t h e  f l i g h t .  The 

temperature extremes recorded during the  f i r s t  3 3 , 8 0 0  sec of f l i g h t  are presented i n  

t a b l e  26-3 .  

The temperatures of t h e  a f t  s k i r t  components mounted on f i b e r g l a s s  panels  ranged from 

10 t o  20 deg R cooler  than those recorded on vehic le  AS-501 a t  l i f t o i f .  

components mounted on cold p l a t e s  ranged up t o  9 deg R w a r m e r  than those on vehic le  AS-501. 

All temperatures at  l i f t o f f  were w e l l  wi th in  the  components' upper and lower temperature 

l i m i t s .  

The forward s k i r t  

A l l  components, except  t h e  chilldown i n v e r t e r s  and t h e  propel lan t  u t i l i z a t i o n  assembly, 

remained wi th in  t h e i r  respec t ive  temperature limits throughout t h e  f l i g h t .  Ground hold and 

o r b i t a l  d a t a  through t h e  f i r s t  1 6 , 0 0 0  sec of f l i g h t  are presented i n  f i g u r e  26-28 f o r  t h e  

chilldown i n v e r t e r s .  The r e s u l t s  of t h e  p o s t f l i g h t  a n a l y s i s ,  s imulat ing t h e  environment 

experienced by t h e  LOX i n v e r t e r  ( C 0 1 3 9 ) ,  are a l s o  presented.  A s  ind ica ted ,  t h e r e  i s  

s a t i s f a c t o r y  c o r r e l a t i o n  between t h e  f l i g h t  d a t a  and t h e  a n a l y t i c a l  r e s u l t s .  

i n v e r t e r s  (C0139 and C0140)  exceeded t h e i r  lower temperature l i m i t  a t  approximately 

RO + 2 4 , 0 0 0  sec.  The propel lan t  u t i l i z a t i o n  (PU) assembly exceeded i t s  low temperature l i m i t  

a t  3 3 , 4 0 0  sec. Nei ther  event  i s  considered t o  be a problem because t h e  normal opera t ion  

per iod  of both t h e  chilldown i n v e r t e r s  and t h e  PU assembly extends only over t h e  f i r s t  

1 6 , 2 0 0  sec of a nominal Saturn V f l i g h t .  

The chilldown 

2 6 . 4  Propel lan t  Behavior 

Figure 26-29 shows t h e  l o c a t i o n  of temperature sensors  on t h e  instrumentat ion probe, l i q u i d -  

vapor sensors  and temperature sensors  a t tached  t o  t h e  i n s u l a t i o n  which w e r e  used t o  eva lua te  

t h e  propel lan t  behavior immediately a f t e r  o r b i t a l  i n s e r t i o n .  Only t h e  sensors  a t tached  t o  

the  i n t e r n a l  i n s u l a t i o n  were used t o  eva lua te  t h e  propel lan t  behavior during t h e  o r b i t a l  

coas t  per iod.  

l iquid-vapor i n d i c a t i o n  because t h e  u l l a g e  temperature decreased t o  l i q u i d  hydrogen tempera- 

t u r e  a f t e r  t h e  i n i t i a l  phases of o r b i t a l  cocst .  

because most of t h e s e  sensors  gave continuouk l i q u i d  i n d i c a t i o n s  - a f t e r  t h e  u l l a g e  

The temperature sensors  on t h e  instrumentat ion probe could n o t  be used f o r  

The l iquid-vapor sensors  could n o t  be  used 
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temperature decreased t o  l i q u i d  temperature l e v e l .  This w a s  probably caused by l i q u i d  

drople t  c o l l e c t i o n  at  t h e  sensors .  

vapor ind ica t ions .  

these  sensors  increased  i n  temperature when t h e  tank w a l l  a t  t h e  sensor  l o c a t i o n  dr ied .  

The w a l l  temperature sensors  gave very d e f i n i t e  l i q u i d -  

Since e x t e r n a l  tank hea t ing  creates a warm vapor l a y e r  a t  t h e  tank w a l l ,  

The w a l l  temperature sensors  became w e t  s h o r t l y  a f t e r  S-IVB engine cu tof f  and t h e  sensors  

loca ted  on the  instrumentat ion probe became w e t  approximately 100 s e c  later. A t  t h e  t i m e  

the w a l l  temperature sensors  became w e t ,  t h e  continuous vent ing system w a s  s t i l l  closed and 

t h e  bulk of t h e  l i q u i d  w a s  i n  a subcooled state. 

s i g n i f i c a n t  dis turbances and t h e  w a l l  sensor  wet t ing  w a s  probably caused by propel lan t  

dynamic dis turbances.  Sensors on t h e  instrumentat ion probe became w e t  a f t e r  t h e  pressure  i n  

the  tank decreased below s a t u r a t i o n  pressure.  Hence, b o i l i n g  wi th in  t h e  l i q u i d  bulk w a s  a 

cont r ibu t ing  f a c t o r  t o  t h e  propel lan t  dis turbances a t  t h i s  t i m e .  The sensor  wet t ing  could 

have been caused by e i t h e r  propel lan t  d i s turbances  o r  l i q u i d  l e v e l  rise induced by 

propel lan t  bo i l ing .  

A l l  of t h e  sensors  remained w e t  during t h e  f i r s t  o r b i t .  Dur.ing t h e  second o r b i t ,  some of the  

sensors  became dry as shown i n  f i g u r e  26-30. 

the nominal l i q u i d  level and t h e  s l o s h  d e f l e c t o r .  

d r i e d  i n  t h e  following sequence: C2024, C2017, C2018 and C2025 on p o s i t i o n  I, C2020, C2021, 

and C2022 on p o s i t i o n  11. Sensor C2027 f l u c t u a t e d  between l i q u i d  and vapor readings.  A 

drying t rend  which goes up from the  forward dome j o i n t  area towards t h e  s l o s h  d e f l e c t o r  i s  

indicated.  

d e f l e c t o r  during t h e  i n i t i a l  phases of t h e  o r b i t a l  coas t  per iod,  then receded, leaving some 

of t h e  l i q u i d  a t tached  t o  t h e  s l o s h  d e f l e c t o r .  

trapped under t h e  s l o s h  d e f l e c t o r  cannot be c a l c u l a t e d  accura te ly .  

depends on t h e  Bond number, based on a t y p i c a l  dimension of a t tached  f l u i d .  

s e t t l i n g  a c c e l e r a t i o n  l e v e l ,  some f l u i d  can be maintained under t h e  s l o s h  d e f l e c t o r .  

The t o t a l  l i q u i d  l e v e l  rise depends on t h e  volume of vapor generated during pressure  decrease 

a f t e r  o r b i t a l  i n s e r t i o n  and t h e  vapor volume generated by boundary l a y e r  b o i l i n g  caused by 

e x t e r n a l  tank heat ing.  Since both the  pressure  decrease and t h e  maximum propel lan t  hea t ing  

occur immediately a f t e r  o r b i t a l  i n s e r t i o n ,  the  l i q u i d  l e v e l  rise should reach a maximum 

e a r l y  i n  the f i r s t  o r b i t ,  then recede. Such behavior i s  indica ted  by t h e  f l i g h t  da ta .  

Sensors C2017, C2018, C2021, and C2022 became w e t  again a f t e r  t h e  u l l a g e  rockets  were f i r e d  

as shown i n  f i g u r e  26-30. The sequence of wet t ing suggests  t h a t  l i q u i d  w a s  f lowing from t h e  

top down the  s idewal l ,  f i r s t  wet t ing  t h e  higher  sensors .  This lends support  t o  t h e  assump- 

t i o n  t h a t  a l i q u i d  volume e x i s t e d  under t h e  s l o s h  d e f l e c t o r  p r i o r  t o  t h e  u l l a g e  rocke t  

i g n i t i o n .  

A t  t h e  t i m e  of u l l a g e  rocket  i g n i t i o n ,  t h e  l i q u i d  level w a s  c l o s e  t o  sensors  C2025 and 

C2027. This is i n d i c a t e d  by continuous l i q u i d  readings recorded by sensors  C2026 and C2028 

and a f l u c t u a t i o n  between l i q u i d  and vapor readings,  recorded by sensor  C2027. Such l i q u i d  

he ight  is equiva len t  t o  1,300 f t 3  of en t ra ined  vapor. 

Hence, b o i l i n g  could n o t  cause any 

The f i r s t  sensors  t o  dry w e r e  loca ted  between 

As can be seen i n  f i g u r e  26-30, t h e  sensors  

Such behavior can be explained by assuming t h a t  t h e  l i q u i d  he ight  reached t h e  

The maximum volume of l i q u i d  t h a t  can be 

A s t a b l e  conf igura t ion  

Hence, f o r  any 

" i  
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During t h e  tank p r e s s u r i z a t i o n ,  a l l  of t h e  s idewal l  temperature sensors  measured t h e  sa tura-  

t i o n  temperature corresponding t o  the  tank pressure.  

shaded areas i n  f i g u r e  26-30. 

l i q u i d  f i l m  o r  is  i n  the  v i c i n i t y  of a two phase system, such as  a b o i l i n g  boundary layer .  

rhe decrease i n  pressure  a f t e r  t h e  restart at tempt  caused t h e  wet t ing  of a l l  temperature 

sensors .  

sensors  between t h e  s l o s h  d e f l e c t o r  and t h e  nominal l i q u i d  l e v e l  w e r e  a l ready dry. 

shown i n  f i g u r e  26-31. 

n o t  p o s s i b l e  t o  determine the  sequence of drying. 

very s i m i l a r  t o  t h a t  dur ing  t h e  second o r b i t .  It can be  concluded, t h e r e f o r e ,  t h a t  a f t e r  

both t h e  o r b i t a l  i n s e r t i o n  and t h e  restart attempt,  p rope l lan t  behavior w a s  very s i m i l a r .  

I n  both cases  a t  least one temperature sensor  loca ted  under t h e  s l o s h  d e f l e c t o r  remained w e t  

i n d i c a t i n g  trapped l i q u i d .  

The propel lan t  behavior r e s u l t s  obtained during t h e  f l i g h t  i n d i c a t e  t h a t  the  e f f e c t i v e  tank 

s i d e w a l l  wet ted area was much l a r g e r  than t h e  minipmum poss ib le  area and t h i s  f a c t o r  must be 

considered i n  such a r e a s  as the  p r o p e l l i t  hea t ing  a n a l y s i s  and t h e  design of t h e  pressur i -  

za t ion  system. The minimum wetted a r e a  i s  def ined as t h e  area f o r  a completely s e t t l e d  

propel lan t  wi th  no vapor en t ra ined  wi th in  t h e  l i q u i d ,  dry tank s idewal l s  i n  t h e  u l l a g e  space,  

and zero meniscus he ight  a t  t h e  tank s idewal l .  

a 1 g environment, bu t  devia tes  from t h e  minimum considerably i n  a low g r a v i t y  f i e l d ,  as  

ind ica ted  by t h e  f l i g h t  da ta .  

For a d d i t i o n a l  information concerning propel lan t  behavior r e f e r  t o  paragraph 21.3 and 21.4. 

This  per iod  is  indica ted  by t h e  

Such behavior i s  p o s s i b l e  when a sensor  is  covered by a t h i n  

The sensors  remained w e t  up t o  17,700 sec o r  longer.  A t  approximately 20,000 s e e ,  

This i s  

Data between 17,700 and 20,000 sec are not  a v a i l a b l e ;  hence, i t  is 

The p a t t e r n  of dry and w e t  sensors  i s  

The wetted area i s  very c l o s e  t o  minimum i n  

26.5 Unusual Changes i n  Thermal Environment 

26.5.1 F i r s t  Burn Thermal Environment 

Thrust  s t r u c t u r e  and engine temperatures experienced an unexpected and s i g n i f i c a n t  change dur- 

ing  boost  beginning a t  approximately RO +675 sec.  

decreased a t  an abnormal rate f o r  approximately 20 sec, underwent a 3 t o  10 sec  increase  and, 

aga in ,  cooled a t  a rate higher  than normal. A comparison of t h e  r a t e  of change of t h e  a f f e c t e d  

S-IVB-502 temperatures wi th  t h e  temperatures experienced on S-IVB-501 f o r  t h e  same r e l a t i v e  

f l i g h t  t i m e  is shown i n  f i g u r e  26-32. 

probes while  C0203 and C0204 are hydraul ic  o i l  temperature probes. 

sensors  shown i n  t h e  f i g u r e s  are e x t e r n a l  temperature patches installed on plumbing and s t ruc-  

tu re .  

The temperatures i n  t h e  a f f e c t e d  reg ions  

Sensors COO10 and C0275 a r e  ambient gas  temperature 

The remaining temperature 

The gas  temperature probes show a high cool ing r a t e  ( r e l a t i v e  t o  S-IVB-501) i n d i c a t i n g  t h a t  

convect ive cool ing of t h e  probes occurred a t  t h i s  time. 

of sensor  COO87 wi th  t h e  temperature rise rate t h a t  occurred during S-IVBfS-I1 s tag ing  (retro-  

rocke t  plume impingement hea t ing  of 3 Btufsec-f t  ) produces a t h r u s t  s t r u c t u r e  cool ing rate 

of 0.25 Btu/sec-ft  . This  cool ing rate is 20 t i m e s  t h a t  p o s s i b l e  due t o  r a d i a t i o n  cool ing.  

The response of sensor  C O O 8 8  showed t h e  s a m e  t rends  as C0087, but  t h e  temperature changes 

w e r e  less due t o  i t s  l o c a t i o n  under t h e  LH2 f e e d l i n e .  

A comparison of t h e  rate of cool ing 

2 

2 
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Aero/Thermodynamlc Environment 

The thrust structure temperature (C0087) increases at an average rate of 2.5 deg F/sec 
during this time. 
rocket plume impingement. The maximum heating rate available from the natural environment 
and 5-2 engine is approximately 30 percent of the heating rate required to produce the 2.5 
deg Flsec temperature rise. 
ing environment other than the natural environment. 
convective heating is occurring at this time which indicates either plume impingement from 

a hot gas source or external combustion. Sensors C0204, C2005, C2013, C2014, and C2016 
showed the initial cooling response, but did not increase in temperature at RO +695 sec. 
Except for C2016, all of the sensors that did not respond to heating were located between 
position I-IV and 111-IV. 
temperature rise approximately 22 sec after the other sensor responses. 

Figure 26-32 shows the temperature decrease rates during the second cooling phase (RO +705 
to RO +715 sec) that were two to six times as great as during the initial cooling phase that 
started at RO +675 sec. 
cooling environment was more severe (1.8 deg F/sec versus 0.35 deg F/sec) during the latter 
phase which indicates the possibility that either the initial gas mass flowrate has increased 
or that the flow had shifted direction. 

This rate is approximately one-half the rate that resulted from retro- 

Thus, to produce the observed temperature rise requires a heat- 
The two gas temperature probes indicate 

C2015 showed little initial cooling, but responded with a rapid 

Comparing COO87 for the two cooling phases shows that the convective 

26.5.2 Thermal Environment During Attempted Restart 

The attempted restart (RO +11,614 sec) provided the next opportunity for the thrust structure 
and 5-2 engine instrumentation to be subjected to a cold, gaseous environment. 
shows a comparison during restart of the rate of temperature change of selected instrumentation 
for both S-IVB-501 and S-IVB-502. 
environment during boost responded during the attempted restart. 
rates was less than during boost except for C2005 (main oxidizer valve pneumatic line temper- 

ature). This measurement was very near the AS1 LH2 line (suspected fa€lure point) and was 
probably in the denser portion of the flow for both boost and restart. 

Figure 26-32 

In general, those sensors that responded to the cooling 
The magnitude of the cooling 

" i  
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TABLE 26-1 
STRUCTURAL TEMPERATURES (BOOST) 

I 

REMARKS 
MEASUREMENT NWEI 

AND LOCATION 

tE  (deg R) FLIGHT TEMPERA' 

MEASURED CRUE STRUCTURE' 
AS-502 AS-501 - 

645 
6 80 
690 
660 
640 
599 
6 10 
6 10 
492 
610 
540 - 

550 
5 10 
475 
505 
490 
490 
480 
480 

AS-502 
v 

690 
6 80 
660 
677 
663  
663  
618 
Fai led  
624 
650  
538 

468 
490 
475 
541  
465 
478 
49 7 
470 

Forward S k i r t  
COO81 
COO82 
COO83 
COO84 
C0108 
CO109 
c o n 0  
C O l l l  
c0112 
C0239 
C0240 

LH2 Tank Externa l  
COO75 
COO76 
COO77 
COO78 
COO79 
COO80 
C0106 
C0107 

Aft S k i r t  ( Insulai  
COO24 
COO25 
COO26 
COO2 7 
COO28 
COO29 
COO45 
COO46 
COO47 
COO48 
C0113 
C0114 
C0115 
C0116 
C0117 
C0164 
C0165 
C0291 
C0292 
C0293 

Aft I n t e r s t a g e  ( Insu la ted  with 0.01 in .  Korotherm) 
co119 520 660 670 595 
c0120 520 660 670  592 

C0123 520 660  670 623  
C0305 518 672  670 617 
C0306 520 672  670 575 

c0121  517 672 670 - 

LH2 Feedl ine Fa i r ing  

Main Tunnel 

coo91 505 740 754 670 

- - - COO49 702 
C0227 500 648  698  612 
C0242 5 10 650  700 590 

C0286 - 755 
C0287 547 665 706 657 
C0288 5 40 665 706 655 
C0289 544 665 706 6 4 1  

APS Fai r ing  - - 

*True s t r u c t u r a l  temperature was est imated sis by t h e  temperature d i f fe rences  of t h e  s t r u c t u r e  
ca lcu la ted  with and without  the  sensor  i n s  

546 
528  
52 8 
528 
542 
525 
528 
510 
490 
530 
496 

687 
687 
687 
687 
6 5 3  
692 
653  
692 
690  
658  
6 3 1  

744 
744 
744 
744 
6 70  
745 
670 
745 
735 
673  
620 

746 
7 35 
7 15 
733  
680 
713 
635 

S t r i n g e r  adjacent  t o  COO81 

S t r i n g e r  ad jacent  t o  C O l O S  
off-scale-high 

664 
665 
528 

436 
476 
451  
490 
42 2 
460 
480 
391  

560 
570 
565 
573 
560 
565 
5 70  
550 

565 
575 
572 
582 
565 
572 
575 
560 

475 
495 
482 
550 
470 
485 
502 
480 

noted) 
588 
6 34 
628  
588 
593 
615 
595 
562 
590 
601 
6 00 
605 
598 
597 
585 
591  
636 
565 
480 
613  

588 
6 34 
628  
588 
593 
615 
595 
562 
625 
6 3 1  
600 
605 
598 
627 
615 
591  
6 36 
565 
480 
622 

L with 0.01 i n .  Korotherm except  
533 670 669 595 
534 670  669 633  
530 686 685 625 
526 686 685 590 
5 30 686 685 590 
5 34 670 669 615 
527 660 659 595 
503 654  652 480 
518 600  630  593 
528 600 630 593 
528 626 626 585 
550 664  664 585 
547 630 630 580 
522 600  630 580 
5 1 1  600 630 485 
5 3 1  686 685 583 
534 686 685 620 
495 654  652 570 
470 465 
515 634  644 608 

- - 

No i n s u l a t i o n  
No i n s u l a t i o n  
S t r inger  adjacent  t o  COO45 

S t r i n g e r  ad jacent  t o  60114 
No i n s u l a t i o n  
No i n s u l a t i o n  

Covered by APS f a i r i n g  

650 
646 
625 
6 5 1  
645 
626 

S t r i n g e r  ad jacent  t o  C030t 
S t r i n g e r  adjacent  t o  C012. 

640 
636 
627 
6 4 1  
647 
6 2 8  

740 

Failed 
6 35 
626 

Failed 
665 
6 70 
6 5 3  

S t r i n g e r  adjacent  t o  C0301 

754 

Off-scale-high 
684 
675 

No response 
706 
7 1 1  
694 
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TABLE 26-2 
APS ORBITAL 3MPERATURES 

I N E  
MAXIHUM 

(d - 

- 
MINIM 
- 

M I N  
LIMIT - 

480 
480 

480 

480 
480 
480 
480 
480 
480 
480 - 

MEASUREMENT NO. 
AND DESCRIPTION 

OR LOCATION 

CGHT 
WERATURE 
c R) 

IFLIGHT 
TEMPERATURE 

.deg RI 
MEA 

TEMPERATURE 
eg R) 

MEASURED 

LIFTOF 

XPECTED 

- 
RED 

AS-502 
- 
- 

498 
490 
505 
475 

550 
550 

548 

550 
548 
550 
550 
t 
548 
548 - 

MAX 
LIMIT 
- - 

5 35 
535 

585 

585 
5 85 
585 
585 
585 
585 
585 - 

MEA 

LS-501 
- 
- - 

585 
650 
610 

505 

575 
566 

557 

550 
559 
566 
563 
555 
570 
550 - 

'RED EXCEED 
TIME* 
(set> -- 

16,500 
16,850 

16,500 
16,850 

- 
is-502 - ____. 

533 
546 
540 
542 

545 
545 

545 

545 
545 
545 
548 
t 
546 
5 46 - 

is-501 - 
533 
542 
537 
537 

547 
546 

545 

545 
545 
546 
545 
545 
545 
545 

AS-502 

508** 
600 
5 82 
540 

603 
587 

576 

601 
590 
570 
560 
t 
563 
554 

AS-501 - 
485 
496 
507 
465 

545 
546 

540 

545 
544 
543 
550 
540 
550 
528 

AIRING 
C0286 Forebody 

C0287 Right s i d e  

C0288 Top 

C0289 Lef t  s i d e  

NTERNAL 

C0294 Fuel  l i n e  
C0295 Fuel i n l e t  ( r i g h t  

C0296 Fuel i n l e t  ( l e f t  

C0297 Ox l i n e  

60298 Ox i n l e t  ( l e f t  s i d e )  

C0299 Ox i n l e t  ( r i g h t  s i d e )  

C0300 Fuel tank support  

C0301 Ox tank support  

C0302 Fuel  cont  mod 

C0303 Ox cont mod 

s i d e )  

s i d e )  

545 +7 

545 +7 

545 57 

545 57 
545 t7 
545 57 
545 57 
545 57 
545 27 
545 +7 

*Time a t  which temperature l i m i t  was exceeded 

+No Data 
**Apparent f a i l u r e  during boost 

r a i l ab le  data)  

TABLE 26-3 
JENT TEMPERATURE* FORWARD AND AFT SKIRT COM 

M I N  FLIGHT TEMP 
(deg R) 

LIFTOFF TEMPERATURE 
(deg R) 

REMARKS MEA: LED MEASURED . I M I  - 
610 - 

610 - 

620 
620 
620 

620 
620 
620 

570 

5 70 - 

J M I  
s___ 

470 - 

470 - 

395 
395 
395 

395 
395 
395 

500 

500 - 

- 
LS-50 

435 
444 

440 
447 

490 
490 
487 

424 
411 
422 

493 

505 

9 

500 - 

509 - 

5 16 
516 
516 

46 7 
474 
434 

521 

515 - 

Exceeded minimum l i m i t  approx 
Lmately 24,000 sec a f t e r  
LFf tof  f 

495 - 540 530 
495 - 540 - 

495 - 540 535 
495 - 540 - 

500 - 540 516 
500 - 540 516 
500 - 540 516 

460 - 540 508 
460 - 540 505 
460 - 540 525 

500 - 560 528 

500 - 560 533 

5 36 
- 

545 - 

524 
524 
524 

508 
505 
525 

537 

537 

523 
516 

527 
516 

529 
526 
523 

499 
489 
511 

5 30 

546 

515 
505 

515 
505 

525 
524 
517 

499 
489 
511 

527 

541 - 

Exceeded minimum l i m i t  approx 
Lmately 24,000 s e c  a f t e r  
L i f to f f  

PU ASSEMBLY 

STATIC INVERTER 
3xceeded m i n i m u m  l i m i t  33,400 
3ec a f t e r  l i f t o f f  

*During f i r s t  33,800 sec of f l i g h t .  
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Section 26 
AerofThermodynamic Environment 

501 FLIGHT DATA 
502 FLIGHT DATA 

--- 
------502 POSTFLIGHT PREDICTED, a = 0 

TIME FROM RANGE ZERO (SEC) 

Figure 26-1. Forward Compartment Internal Pressure Minus Ambient Pressure 

0.3 - 
2 
n - 0.2 
v) 

W E 3 
v) 

E 
y 0.1 
n 

0 
132.0 132.5 133.0 133.5 134.0 134.5 135.0 135.5 136.0 136.5 

TIME FROM RANGE ZERO (SEC) 

Figure 26-2. Raw Data O u t p u t  From Measurement DO051 
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3.1 

2. 

- 
M 
0 

v) Q - 2.1 
8 

Q 

I 

Q 

A 

I- 
z W 
PI 
w LL U 

0 

.r 

2 1. '  

u 

2 1 .I 
3 
v) 

v) W w Q 

0. 

- FLIGHT DATA 

--- PREDICTED DATA 

TIME FROM RANGE ZERO (SEC) 

\ 

\ 
\ 

- 
0 1 

Figure 26-3. A f t  S k i r t  and In t e r s t age  In te rna l  Pressure Minus Ambient Pressure 

TIME FROM RANGE ZERO (SEC) 

Figure 26-4. A f t  S k i r t  and In t e r s t age  In te rna l  Pressure Minus Local External Pressure 
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Section 26 
Aero/Thermodynamic Environment 

h 

oc 0 
v 

W CT 
3 
I- 

W 

W 
I- 

2 
% 

TIME FROM RANGE ZERO (SEC) 

Figure 26-6. Forward S k i r t  Temperature Hi s to r i e s  - Sta  670 

I SIMULATION I 
SENSOR I DATA I SENSOR I SKIN I DAC STA 

I CO109 I 0 I - I --- I 600 I 

0 

TIME FROM RANGE ZERO (SEC) 

Figure 26-7. Forward S k i r t  Temperature His tor ies  - S t a  600 and 570 

4 
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SIMULATION 

- I ----- SENSOR I DATA SENSOR I SKIN 
c0112 I 0 

i 

DAC STA 
560 

TRAJECTORY AS-502 
h/h, = 1.0 

a = 0.3 

E = 0.9 

SENSOR I DATA 
C0239 I 0 

SIMULATION 
SENSOR 1 SKIN 

-I----- 

0 

TIME FROM RANGE ZERO (SEC) 

Figure 26-8. Forward S k i r t  Temperature His tor ies  - S t a  556 f 560 

TIME FROM RANGE ZERO (SEC) 

Figure 26-9. Forward S k i r t  Temperature History - S t a  615 

- 
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SENSOR I DATA 
COO77 I 0 

TRAJECTORY AS-502 

h/ho = 1.0 

a = 0.42 

E = 0.87 

SIMULATION 
SENSOR I S K I N  DAC STA 

-I---- 5QQ 

I I C T M I I I  nrrnhi I 1 I J L I W L ~ I  AUII I 

SENSOR I DATA I SENSOR I S K I N  I OAC STA 
COO75 I I 296 0 ---- 

TIME FROM RANGE ZERO (SEC) 

TRAJECTORY AS-502 

h/ho = 1 .O 

a = 0.42 

E = 0.87 

I cnom I P 1-1 ----I ~ 7 i  I 
I rnn78 I n I-----I --I mi 1 

TIME FROM RANGE ZERO (SEC) 

Figure 26-10. LH2 Tank Temperature H is to r ies  
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i 

860 

76C 

460 

36C 
IO 

TIME FROM RANGE ZERO (SEC) 

Figure 26-11. Aft Skirt Temperature Histories Near APS NO. 1 - S t a  215 

TRAJECTORY AS-502 

a = 0.3 

E = 0.9 

0 20 40 60 80 100 120 140 160 180 200 

TIME FROM RANGE ZERO (SEC)  

Figure 26-12. Aft Skirt Temperature Histories Near APS NO. 2 
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C0113 I A 

COO46 0 

TRAJECTORY AS-502 

h/ho = 1.5 

ct = 0.3 

E = 0.9 

_.-- --_I 

- ----- 

S I MULAT ION 

COO45 

860 

760 

660 

560 

0 20 40 60 80 100 120 140 160 1 80 200 
460 

TIME FROM RANGE ZERO (SEC) 

Figure 26-13. A f t  S k i r t  Temperature H is to r ies  - Insulated (Sta 210.65) 

I SIMULATION 
SENSOR DATA I SENSOR I SKIN 

0 ---- C0114 I 
C0115 I A ------- 

TIME FROM RANGE ZERO (SEC) 

I 

C0115- r C O l 1 4  

Q a 
s 

I I I 
I I 

TRAJECTORY AS- 502 

h/ho = 1.5 

a = 0.3 

E = 0.9 
I 

0 120 140 160 1 80 

Figure 26-14. A f t  S k i r t  Temperature H i s t o r i e s  - Insulated (Sta 250) 

3 
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TRAJECTORY AS-502 

h/ho = 1.0 

a = 0.3 

E = 0.9 

TIME FROM RANGE ZERO (SEC) 

1 
DAC STA 

280 

Figure 26-15. Aft S k i r t  Skin Temperature Histor ies  - Uninsulated 

TRAJECTORY AS-502 
h/h, = 1.0 
a = 0.3 
E = 0.9 

TIME FROM RANGE ZERO (SEC) 

Figure 26-16. Aft In t e r s t age  Temperature Hi s to r i e s  - Insulated 
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SENSOR I DATA 
0 coo91 I 

SI  MU LA TI ON 
SENSOR I SKIN 

---_.- 

TIME FROM RANGE ZERO (SEC) 

Figure 26-17. LH2 Feedline Fair ing Temperature History 

I SIMULATION OAC 
SENSOR I DATA I SENSOR I SKIN STA 

860 

760 

660 

560 

460 

0 20 40 60 80 
360 0 120 140 160 1 80 200 

TIME FROM RANGE ZERO (SEC) 

Figure 26-18. Main Tunnel Temperature Hi s to r i e s  

26-22 



Section 26 
Aero/Thermodynamic Environment 

SENSOR I DATA 
cn287 I 0 

, 

SIMULATION 
SENSOR 1 SKIN - ----- 

h 
IY 
0 
v 

W z 3 
I- 

w a 

W 
I- 

s 

0 20 40 60 80 100 120 1 40 160 1 80 IO 
TIME FROM RANGE ZERO (SEC) 

Figure 26-19. APS Centerbody Temperature H is to r ies  

I I I I I 
HEAT FLUX I C2004 I 3 . 6 *  10.35(1.1)** I 1.10 I POSITION 111 I 

* AS-202 FLIGHT DATA 

** NUMBERS I N  PARENTHESIS REPRESENT ANALYTICALLY 
PREDICTED MAXIMUMS 

TIME FROM RANGE ZERO (SEC) 

Figure 26-20. 5-2 Engine Heat Flux Due t o  Retrorocket Impingement 
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NOTE: EFFECTS OF APS ENGINE OPERATION 
NOT INCLUDED I N  ANALYSIS. 

13 C0303 - FLIGHT DATA - ANALYTICAL CORRELATION 

580 

560 - a: 
0 
v 

w a: 
=) 540 

9 
5 
w 

W 
I- 

520 

500 I I 
0 5,000 10,000 15,000 20 

TIME FROM RANGE ZERO (SEC) 

DO 

Figure 26-21. APS Oxid izer  Control Module Temperature Cor re la t ion  . 

70 I 

A C0287 
0 C0288 
0 C0289 

DESIGN MA 
(v. = 0.24, E = 

I I 
5,000 10,000 

TIME FROM RANGE ZERO (SEC) 

Figure 26-22. APS F a i r i n g  Temperature Comparison 
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000 

0 FLIGHT DATA 
ANALYTICAL DESIGN c( = 0.24; E = 0.22 - 

---ANALYTICAL CORRELATION a = 0.2 ; E = 0.22 
700 

h 
CT 
0 600 v 

W e 
3 z 
W 

25 
a 

500 

400 
0 5,000 10,000 15,000 20 

TIME FROM RANGE ZERO (SEC) 

Figure 26-23. APS Fa i r ing  Temperature Cor re la t ion  

NOTE: HEAT SHORTS INCLUDED I N  CURVE A = 54,700 BTU 
DESIGN VALUES ARE BASED ON 180 SEC PREPRESSURIZATION 
AND 690 SEC BOOST PERIOD. 

TIME FROM RANGE ZERO (SEC) 

Figure 26-24. LH2 Heating - Boost 
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h 

0 0 
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7 v 
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TIME FROM ORBITAL INSERTION (1000 SEC) 

1 

Figure 26-25. LH2 Heating - Orbi t  

h 

0 
0 
0 
7 v 

3 
i- m 

TIME FROM ORBITAL INSERTION (1000 SEC) 

Figure 26-26. LOX Heating - Orbi t  
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0 FLIGHT DATA 
POSTFLIGHT 
SIMULATION 

- 
$ 

TIME FROM RANGE ZERO (100 SEC) 

Figure 26- 27. LOX and LH2 Chi 11 down Inve r t e r s  Temperatures 
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INTERNAL MEASUREMENTS 
x C0139 LOX INVERTER 

OC0140 LH2 INVERTER 

0C2032 & 62033 LOX and LH2 EXTERNAL MEASUREMENTS 

540 

520 

CI 
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PI 

’;;; 50C 

s 
PI 
3 
I- 

&I n 
48C 

I- 

46C 

44c 

TIME FROM RANGE ZERO (1000 SEC) 
3 

Figure 26-28. LOX and LH2 Chilldown Inve r t e r s  Temperatures 

STA 605.0 (SLOSH 
STA 590.0 
STA 575.0 
STA 560.0 
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STA 530.0 

DEFLECTOR) 

Figure 26-29. Ullage Space Instrumentation 
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VAPOR READING 
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Figure 26-30. Wall Temperature Sensors Liquid-Vapor Indica t ions  - Second Orbit  through Res tar t  Attempt 
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Figure 26-31. Wall Temperature Sensors Liquid-Vapor Indica t ions  - Fourth Orbi t  through Blowdown 
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Figure 26-32. Thrust  S t ruc tu re  and Engine Instrumentation Temperature Change Rates 
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Appendix 1 
Mass Charac te r i s t i c s  Data. (WS11) 

1. MASS CHARACTERISTICS DATA (WS11) 

This appendix presents  t h e  m a s s  breakdown summary and t h e  m a s s  c h a r a c t e r i s t i c s  summary as 

ca lcu la t ed  by t h e  WSll computer program f o r  t he  AS-502 t h i r d  f l i g h t  s t a g e  (S-IVB s t age ,  I U ,  

spacec ra f t ,  l una r  module, and the  launch escape system). 

Table AP 1-1 def ines  the  terms and abbrevia t ions  used i n  t h e  p r in tou t s .  

The m a s s  breakdown ( t a b l e  AP 1-2) is an i temized l i s t i n g  of  major components ( inc luding  a l l  

p rope l l an t s ,  gases ,  e t c )  giving m a s s ,  c e n t e r  of g rav i ty  and moments of i n e r t i a  inc luding  a 

summation f o r  t h e  ind ica t ed  t i m e .  I n  add i t ion  t o  t h e  above, a j e t t i s o n e d  i t e m  summary is  

presented at t h e  appropr ia te  t i m e .  The m a s s  c h a 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-502 t h i r d  f l i g h t  s t age  m a s s  c h a r a c t e r i s t i c s .  

A l l  m a s s  characteristics parameters are t i m e  referenced t o  AS-502 veh ic l e  range zero and 

progress  chronological ly  from range zero t o  LV/SC separa t ion .  

Figure AP 1-1 is a diagram of the coordinate  system used i n  the WSll computing program and 

S-IVB Douglas s t a t i o n  numbers. 

Term - 
T i m e  

DAC 
S ta t ion  

H A r m  

L Arm 

V Arm 

Pound 
Inches 
Square 

TABLE AP 1-1 (Sheet 1 of 2) 
DEFINITIONS FOR MASS CHARACTERISTICS 

COMPUTER PROGRAM WSll  

Units - Defin i t ions  

T i m e  is referenced t o  range t i m e .  A l l  computing w a s  done i n  the  pounds, Seconds 

inches,  and pound inches squared system of un i t s .  

REMAINING l i n e  w e r e  converted t o  o t h e r  u n i t  systems.) Pound m a s s  is 

def ined  as 1132.174 s lugs .  

Distance along t h e  H ax i s  from an a r b i t r a r y  S-IVB-502 s t age  re ference  zero. 

The ZERO s t a t i o n  is loca ted  so t h a t  t h e  S-IVB-502 s t a g e  engine gimbal 

po in t  is s t a t i o n  100.0. 

and negat ive  values  are a f t  of s t a t i o n  zero. 

Distance along t h e  c e n t e r l i n e  of t he  S-IVB-502 s t a g e  from t h e  center  of Inches 

g rav i ty  of  the  i t e m  under cons idera t ion  t o  S-IVB-502 s t a g e  DAC s t a t i o n  zero. 

Distance from t h e  cen te r  of g rav i ty  of t he  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 he  S-IVB-502 s t a g e  along an axis perpendicular  t o  t h e  center-  

(Items below the  TOTAL 

Inches 

P o s i t i v e  values  inc rease  i n  the  forward d i r e c t i o n  

Inches 

l i n e  and coinciding with pos i t i on  I1 and IV.  

pos i t i on  I V  is pos i t i ve .  

Distance from the  cen te r  of g rav i ty  of i t e m  under cons idera t ion  t o  the  

c e n t e r l i n e  of t he  s t a g e  along an a x i s  perpendicular  t o  t h e  H and L axes 

and coinciding wi th  pos i t i ons  I and 111. Pos i t i on  I is  negat ive  and 

p o s i t i o n  I1 is pos i t i ve .  

Moment of i n e r t i a  about the  cen te r  of g rav i ty  of each i t e m  o r  t o t a l  of 

i t e m s  . 

Pos i t ion  I1 i s  negat ive and 

Inches 

2 Lbm-In. 
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Mass C h a r a c t e r i s t i c s  Data (WS11) 

TABLE AP 1-1 (Sheet 2 of 2) 
DEFINITIONS FOR MASS CHARACTERISTICS 

COMPUTER PROGRAM WSll 

Term D e f i n i t i o n s  - 
R o l l  M O I  Moment of i n e r t i a  of any i t e m  of t o t a l ,  about an a x i s  through its 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  H axis. 

P i t c h  MOI Moment of i n e r t i a  of any i t e m  of 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  V a x i s .  

Yaw MOI 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 its 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  L a x i s .  

A l i s t i n g  of a l l  i t e m s  being considered a t  the  cur ren t  computing t i m e  

t h a t  w i l l  b e  considered a t  t h e  next  computing t i m e .  

Items 
Remaining 

T o t a l  A summation of the  above. 
Remaining 

I t e m s  
Jettisoned 

A l i s t i n g  of a l l  i t e m s  being considered a t  the  cur ren t  computing t i m e  

t h a t  w i l l  no t  be  considered at  t h e  next computing t i m e .  

T o t a l  A summation of the  items being j e t t i s o n e d  a t  t h e  cur ren t  computing t i m e .  
J e t t i s o n e d  

KGM Kilograms 

SLG Slugs 

vs Vehicle s t a t i o n  (when c e n t e r  of g r a v i t y  i s  expressed i n  coordinates  

o ther  than S-IVB-502 s t a g e ) .  

Center of g r a v i t y  expressed i n  terms of d i s t a n c e  from engine gimbal 

po in t  of t h e  s t a g e  being considered. 

Center of g r a v i t y  expressed i n  terms of s t a g e  coordinates  when 

indiv idua l  i tems are i n  another  coordinate  system. 

GS 

ss 

SLF Slug f e e t  squared. 

m2 Kilogram meters squared. 

Inches 

Inches 

Inches 

Units  

Lbnr-In. 

- 
2 

2 Lb-In. 

2 Lb-In. 

None 

None 

None 

None 

AP 1-2 



ITEM 

FROST 
SEPARATIUN PKG 

MASS X ARM Y ARM 2 ARY 
(CBht)  I S T A - I N 1  ( S T A - I N ) L S T A - I N l  

100 420.40 vo .o 
5ilno 200~69 a 0  10 

TOTAL JETTISONED 51100 200.69 8 0  10 

ULLAGE ROCKETS 
COMMANO MODULE 
SERVICE MODULE 
SM PROPELLANT 

249.94 
12543.00 
9836100 
32785.00 

ADAPTER G i N c  
AOAPTER I S L A )  
LUNAR M'JDULE 
VEH INSTR UNIT 
548502 DRY S I C  

- 91;OO 
3795 8 00 
26001,OO 
4874100 
26252180 

LOX I N  TANK 
LOX ULLAGE GAS 
LOX BELUW TANK 
LHZ I N  TANK 
LH2 ULLAGE GAS 
LH2 BELuW TANK 
COLO HELIUM 
APS PROP FP 1 
APS PROP FP 3 
CH2 I N  STRTANK 

SERVICE ITEMS 

TOTAL REMAINING 

HtLlUM-REPRESS 

193768i03 
33100 
367800 

42400r00 
78.00 
68.00 
332.00 
314iOO 
315100 

5.00 

73 I 00 
78.00 

Appendix 1 
Mass Characteristics Data (WS11) 

TABLE AP 1-2 (Sheet 1 of 9) 
MASS BREAKDOWN SUMMARY 

TIME 0.690 SEC S-IC LIFTOFF ITEMS REMAINING 

MASS 
1SBP) 

X ARM I Y ARM 1 2  ARM 
I S l ' A r I N )  ( S T A r l N ) ( S T A - I N I  

I T E M  

LAUNCH ESCAPE 
FROST 
SEPARATION PKG 
ULLAGE ROCKETS 
COMMAND MODULE 
SERVICE MUDULE 
SM PROPELLANT 
ADAPTER RlNG 
ADAPTER I S L A )  
LUNAR MODULE 
VEH INSTR U N I T  
She502 DRY STG 
LOX I N  TANK 
LOX ULLAGE GAS 
LOX BELOW TANK 
LH2 I N  TANK 
LH2 ULLAGE GAS 
LH2 BELOW TANK 
COLD HELIUM 
APS PROP FP 1 
APS PRRP FP 3 
CHZ I N  STRTANK 
HELIUMmREPRESS 
SERVICE lTEMS 

0886100 
100.00 
51800 
253.20 

12543 q 00 
9836 9 00 
3278Y e00 

91100 
9795100 
26001 8 00 
4874 e 00 
26252 I 80 
193773100 

28,OO 
367.00 

42403.00 
78.00 
48aOO 
332aOO 
314iOO 
315iOO 
5.00 

78.00 
73000 

-183 
10 
S O  

$0 
8 0  

;0  10 
'13 be7 

200969 
223.50 
12491 90 
1122 e20 
1111150 

850.60 
799.10 

1047870 

TOTAL REMAINING 363279.00 

S-II/S-IVB SEPARATION ITEMS JETTISONED 

. 0 0 0 0 0 0 0 ~  ,00000000 
,85792657tOb a60659825*06 

TIME 577.079 SEC ITEMS REMAINING S- I I/S-IVB SEPARATION 

354238,76 468,45 



Appendix 1 
Mass Characteris t i c s  Data (WS11) 

TABLE AP 1-2 (Sheet 2 of 9) 
MASS BREAKDOWN SUMMARY 

TIME 577.280 SEC S-IVB FIRST ENGINE START CO!MAND ITE REMAINING 

I T E M  
,S i%*  t 

X ARM 
t STAR I N) 

223.50 
1249 I 90 
1122 a 20 
11 11 e 50 
1047.70 
850a60 
799s 10 
699 00 
325.46 
241192 
318a60 
114.94 
455.84 
646.81 
148.00 
494 . 30 
246 20 
2 4 6 r 2 0  
88 s 40 

442163 
153. $a 

M4SS 
( C B Y I  

243.86 
12543e00 
9836aOO 
32789.00 

91.00 
3795.00 
26001aOO 
4874100 

2 4 2 5 2 a 8 0  

33000 
367.00 

42100 a00 

48000 
332.00 
314~00 

5000 
78.00 
73.00 

i9376a.03 

78:oo 

315800 

Y ARM 
S7Am 1 N 

;0  
;3 
a 1  

11)s 
e6 

1;2 
;1 

e; 7 
6; 2 

; 0  
; 0  
3)2 

.'o 
a 0  

-39; 2 
100.5 

1;s 
*l)8 
-22.0 

;0 
S.8 

1 .b 

ULLAGE ROCKETS 
COMMAND MODULE 
SERVICE MODULE 
S M  PROPELLANT 
ADAPTER RING 
ADAPTER I S L A )  
LUNAR HdDULE 
VEH INSTR UNIT 
S48902 DRY STG 
LOX I N  TANK 
LOX ULLAGE GAS 
LUX 8ELllW TANK 
LH2 I N  TANK 
LH2 ULLAGE GAS 
LH2 BELOW TANK 
COLD HELIUM 
APS PROP FP 1 
APS PROP FP 3 
GH2 I N  STRTANN 
HELlUHmKEPRESS 
SERVICE ITEMS 

468.43 TOTAL REMAINING 

END FUEL LEAD TIME 580.280 SEC 

ITEM X ARM 
I STA- IN  I 

223.50 
1249.90 
1122.20 
1111 # 5 0  
1047.70 

850.60 
799a10 
699 a00 
329046 
241.92 
318.60 
114.94 
455.82 

148 a 00 
494.30 
246.20 
246a20 

153850 
442r63 

646 78 

88.40 

468.51 

HhSS 
(60YI 

153.17 
12543 e00 
9R36a00 
32 78 9 I OQ 

91aOO 
3795.00 
26001vOO 
4874.00 

24292.80 
193768 a0 

34108 
367 a 00 

42392eOO 
79 s 09 
53a45 
330.98 

314195 
2.82 

78 e 00 
73 I 00 

313899 

35413a .2e 

ULLAGE ROCKETS 
COMMAND MODULE 
SERVICE MODULE 
SM PRUPECLANT 
ADAPTER RING 
ADAPTER I S L A )  

VEH INSTR U N I T  
S40JO2 DRY STG 
LOX IN TANK 
LOX ULLAGE GAS 
LOX BELIJW TANK 
LH2  IN TANK 
LH2 ULLAGE GAS 
L H 2  BELOW TANK 

APS PROP FP 1 
APS PROP CP 3 
GH2 IN STRTANK 
HELIUHRREPRESS 
S E R V l C E  ITEMS 

TOTAL REMAlNING 

LUNAR nr iDuLE 

t a u  HELIUM 

a P 

AP 1-4 



Appendix 1 
Mass Characteristics Data (WSll) 

TABLE AP 1-2 (Sheet 3 of 9) 
MASS BREAKDOWN SUMMARY 

TIME 582.788 SEC ITEMS REMAINING [RST 90 PERCENT THRUST 

X ARH 
I STA- I N ) 

ITEM 

U G A G L  ROCKETS 
COHHAND HOOULL 
SERVICE MODULE 
SM PRD?PLLANT 
ADAPTER RING 
AOAPTER I S L A )  
LUNAR MoOULE 
VEH I N S T R  UNIT 
S4OgOZ ORV STG 

LOX ULLAGE GAS 
LOX BELOW TANK 
LHZ I N  TANK 
LHX ULLAGE GAS 
L H 2  BELllW TANK 
COLD HELIUM 
I P S  PROP FP 1 
APS PROP PP 3 
GH2 I N  STRTANK 
HLLIUMrREPRBSS 
SERVICE ITEMS 

Lax IN TANK 

135130 
12343eOO 

9836;OO 
32785.00 

91eoo 
3795000 

26001800 
4674900 

262521 80 
934POsOO 

35.00 
397.00 

4 2 2 7 8 0 0 0  
80800 
S ~ e O O  

3301 13 
313.90 
314.90 

78 00 
73eOO 

i800  

223.50 
1249.90 
1122.20 
11ll.fO 
1047.70 

8SO.60 
799.10 
699 I 00 
325.46 
2 4 1 ~ 8 1  
318.34 
114.94 
455.37 
646r07 

494 I 30 
2 4 6 ~ 2 0  
2461 20 

8 8 * 4 0  
153.50 
442.63 

468.57 

148.00 

;1 e o  
4 7  -10.8 
612 -2.8 

)O S O  
s o  a0 

3iE be5 
e0 e o  
i o  ~ 3 9 . 2  

roo; s 
1: 8 

SO 
-42 . 5 
-27.8 

14083 
14.6 

mo 
3.8 

TOTAL REMAINING 93742.03 

SUMMARY PRINTOUS TIME 600.000 SEC ITEMS REMAINING 

ITEM MASS 
Ct'SV) 

12543 8 00 
9836 e OP 

3278JaOO 

3795 8 00 
26001100 
4 8 7 4 ~ 0 0  

tb252a 80 
181641e68 

50093 
397,OO 

60827.42 
88.38 
58800 

326.29 
313060 
3 1 4 ~ 6 0  

9 i r o 0  

3e07 
78eOO 
73eOO 

344347176 

COMMANO MoDULE 
SERVICE NODULE 

ADAPTER R l N G  
ADAPTER I S L A )  
LUNAR MnDUL6 
VEH lNSTR U N I T  
S48bOZ ORV STG 

LOX ULLAGE GAS 
LUX BELOW TANK 
LW2 I N  TANK 
LH2 ULLAGE GAS 
LH2 BELUW TANK 

APS PROP PP 1 
APS PROP FP 3 
CH2 I N  STRTANK 
HEL lU~mREPRESS 

sn PROPELLANT 

Lax I N  TANK 

COLO w I u n  

s e R v r c E  ITEMS 

471.721 1'.7 TOTAL REMAINING 

AP 1-5 
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1 TEM 

CUMHAND MODULE 
SERVICE MODULE 
SM PRU?ELLANT 
AOAPTER R I N G  
AOAPTER ( 5  A t  
LUNAR t l W b E  
VEH INSTR U N I T  
S4B5 2 D R Y  STG 
LOX !N TANK 
LOX U L L A G O  GAS 
LOX BELOW TANK 
LH2  I N  TANK 
LH2 ULLAGE GAS 
LH2  BELOW TANK 
COLO HELIUM 
APS PRUP FP 1 
APS PROP FP 3 
GH2 I N  STRTANK 
HtL lUMrREPRESS 
SERVXCE I T E M S  

TOTAL REMAINING 

MASS 
t w 4 )  

12543eOO 
9836.00 

32785000 
91 e00 

1795.00 
26001100 
4874,OO 

267L52180 
162900~81 

97420 
397900 

36613~57 
112874 
58.00 

307.32 
332.72 
313.72 

7 e O O  
78.00 
73800 

317448,89 

TABLE AP 1-2 (Sheet 4 of 9) 
MASS BREAKDOWN SUMMARY 

T I E  650.000 SEC SUMMARY PRINTOUT ITEMS REMAINING 

X ARC( 
I STA- IN)  

1249.90 
l l22a20 
1111 r5O 
1047 e 70 
830.60 
799.10 
699.00 
325.46 
231.78 
299.29 
114.94 
433.40 
615.22 
148.00 
494.30 
246 e 20 

88040 
1 5 3 ~ 5 0  
442 e 63 

246 20 

ILL 
l l&IN2) 

~2244J064608 
~49165141+08 
e 11181921609 
(25949196606 
*38&84549+08 
e96749721+08 
r33173462+D8 
011662142+10 
.00000000 
I00000000 
e90183932606 
a11223433609 
,00000000 
~2llbO73t+O6 
~ 3 3 5 2 8 5 4 4 ~ 0 6  

elL325248*Ob . 00000000 
~95550001+04 
a54290643+07 

,405ll165*11 

. i it0914a+01 

1; 8 ,65356077209 

SUMMARY PRINTOUT TIME 700.000 SEC ITEI REMAINING 

X ARM I Y ARM 
S T A a I Y i  ( S T A - I N  

1 TEM 

~ 

COMMAND HOOULE 
SERVICE NODULE 
SH PROPELLANT 
ADAPTER R l N G  
AOAPTER ( S L A I  
LUNAR M o D U L E  
VEH INSTR U N I T  
548502  ORV STG 
LUX I N  TANK 
LOX ULLAGE GAS 
LOX 8 E l W  TANK 
LH2 IN TANK 
LH2 ULLAGE GAS 
LHZ BELOW TANK 
COLD HELIUM 
APS PROP FP 1 
APS PRDP FP 3 
CH2 I N  STRTANK 
HELIUMnIEPRESS 
SERVICE ITEMS 

TOTAL REMAINING 290% b I 07 

AP 1-6 
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TABLE AP 1-2 (Sheet 5 of 9 )  
MASS BREAKDOWN SUMMARY 

TIME 747.032 SEC ITEMS REMAINING F COMMAND 5-IVB FIRST ENGINE CUT1 

ITEM S 
I 

4 
1 
0 
9 
9 

7 
4 
6 
8 
9 
1 
6 
I 
7 
1 
1 

7 
7 

4 

- 

a 

- 

- 

X 
la - 
I5 

Y ARM 
l S T A i f N  

i: 
11;9 

;4 
1; 0 

OMHAND MODULI E r R V l C E  MODULE 
SM PROPRLLANT 
ADAPTIR RING 
ADAPTER I S L A )  
LUNAR MODULE 
VIH INSTR UNIT  
S6BlO2 DRY STG 
LOX I N  TANK 
LOX ULLAGE GAS 
LOX 8 t L W  TANK 

,000 
,000 
e214 

10 
10 
I1 

CHZ IN TANK 
LH2  ULLAGE GAS 
LHZ BELQW TANK 
COLD HELIUM 
APS DROP FP 1 

; o  I .o I ;oooooooo 

i ~ 3  i n i j p  FP j 
GH2 IN SVRTANK 
HCLIUMaREPRESS 
SCRVICE ITEMS 

TOTAL REMAINING 

S-IVB FIRST E N D  OF THRUST DECAY TIME 748.432 SEC ITEMS REMAINING 

ITEM Y ARM 
S T A i I N  

) 3  
* 1  

11:. 3 
e 6  

1)Z 
8 1  "; 7 

6; 2 :. 0 
.O 

3.2 
80 
;0 

139; 2 
10oj5 

1.8 

-22;o 
;0 

5; 8 

2; 1 

12543~ 00 
9836 I 00 
32785 I 00 

91.00 
3795 00 
26001,OO 

4874.00 
26252.80 
118609,OO 

187.00 

COMMAND MODULE 
SRRVICE MODULE 
5H PROPELLANT 
ADAPTER R f N a  
ADAPTER I S L A )  
LUNAR MODUL6 
VLH INSTR U N I T  
SbB50Z DRY STG 
LOX I N  TANK 
LOX ULLAGE GAS 
LOX B E L W  TANK 
LHZ IN TANK 
LH2 ULLAGE GAS 
LHZ BELOW TANK 
COLa HELIUM 
APS PROP PP 1 
APS PROP PP 3 
GH2 I N  STRTANK 
HELIUMaREPRESS 
SERVlCE ITEMS 

TOTAL REMAINING 

1249.90 
1122.20 
1111e50 
1047~70 
850.60 
799.10 
699.00 
325 8 46 
218162 
282.02 
114.95 
40Xe82 
580.63 
148~00 
494 e 30 
246e20 
246 I 20 
88.40 

153.50 
4424 63 

517.27 

28407eOO 
160,OO 
48 a 00 
2?4,39 
310851 
311.70 

7.00 
78 I 00 
73000 

265010~39 

AP 1-7 



MASS 
( L ' B Y I  

12543nOO 
9836300 

32785.00 
9 1  100 

3793.00 
26001100 

4874.00 
26252.80 

118467161 
328.39 
367.00 

26556.08 
309,96 

226.55 
205052 
249181 

78.00 
73.00 

263094.71 

48.00  

7.00 

X ARM 
f S T A m I Y )  

1249.90 
1122120 
1111.50 
1047.70 

850.60 
799010 
699.00 
325.46 
218.79 
282.21 
114.94 
395.02 
573.85 

494.30 
246.20 
24bet0 

153.50 
442.63 

517.71 

148.00 

H R . ~ O  

Appendix 1 
Mass Characteristics Data (WS11) 

TABLE AP 1-2 (Sheet 6 of 9 )  
MASS BREAKDOWN SUNMARY 

TIME 3,600.UUU >CL ITEMS REMAINING SUMMARY PRINTOUT 

ITEM 
- 

X ARM 
f STA- IN)  

1249.90 
1122.20 
1111 s 50 
1047 I 70 
850.60 
7990 10 
699 e00 
325*46 
218.69 
282.10 
114094 
398.82 
577.63 
148.00 
494.30 
2461 20 
246 1 20 

88.40 
153150 
442.63 

517.52 

MASS 
( i 8 M )  

12543100 
9836.00 

32785 e00 
91800 

3795 e 00 
26001 100 

4874100 
26252180 

249 49 
367.00 

27588190 
226e28 

4A.00 
247. 19 
220.07 
258 e 4 1  

7.00 
78.00 
73100 

tia546.51 

COMMAND MODULE 
S E R V I C E  MODULE 
SH PROPELLANT 
AOAPTPR RING 
ADAPTER ( S L A )  
LUNAR MODULE 
VLH (NSTR U N I T  
s48502 DRY STG 
LOX I N  TANK 
LOX ULLAGE GAS 
LOX BELOW TANK 
LH2  I N  TANK 
LH2 ULLAGE GAS 
LH2 BELOW TANK 
CaLD HELIUM 
APS PROP FP 1 
APS PROP FP 3 
tH2 I N  STRTANK 
HELIUM-REPRESS 
SERVICE I T E M S  

TOTAL REMAINlNG 264087.68 2; 1 

SUMMARY PRINTOUT TIME 7,200.000 SEC ITEMS REMINING 

I T E M  

CUMMANO MODULE 
S E R V I C E  MODULE 
SM PROPELLANT 
ADAPTER R l N G  
AOAPTER ( S L A )  
LUNAR NUDULE 
VEH INSTR UNIT 
5485 2 DRY 5TG 
LOX !N TANK 
LOX ULLAGE GAS 

LH2  I N  TANK 
LH2 ULLAGE GAS 
LH2 BELflW TANK 
C O L D  HELIUM 
APS PRRP FP 1 
APS PRnP FP 3 
GH2 I N  STRTANK 
HELIUM-REPRESS 
S E R V I C E  1TEqS 

TOTAL REMAINIIdG 

LUX a w w  TANK 

B 
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Appradix 1 
Mass Characteristics Data (WS11) 

TABLE AP 1-2 (Sheet 7 of 9) 
MASS BREAKDOWN SUMMARY 

TIME 10,800.000 SEC S-IVB SECOND ENGINE START COMMAND ITEMS REMAINING 

X ARM I Y ARM MASS 
( L B M )  

12543.00 
9836 I 00 
32765100 

91000 
3795 1 00 

26001100 
4874 a 00 

26252180 
118388~71 

407.29 
367100 

25523125 
393164 

48 a 00 
205.72 
190.97 
241817 

7.00 
78 I O 0  
73.00 

COMMAND MODULE 
SERVICE MODlJLE 
SU PRtIPELLANT 
ADAPTER RfNG 
ADAPTER ( S L A )  
LUN4R MODULE 
VEH INSTR U N I T  
S40302 DRY STG 
LOX I N  TANK 

LOX BELOW f 4 N K  
LH2 I N  TANK 

Lox ULLAGE GAS 

L H 2  ULLAGE GAS 
LH2 BELOW TANK 
COLD HECfUM 
APS PRUP FP 1 
APS PROP FP 3 
GHZ IN-STRTANK 
HELIUMmREPRESS 
SERVICE I T E N S  

TOTAL REMAINING 262101.55 

TIME 11,614.667 SEC ITEMS REMAINING SUMMARY PRINTOUT 

I T E M  MASS 
(LBM) 

X ARM 
I STARIN)  

2 ARM 
STAmlN)  

12 543 a 00 
9836rOO 
32785 a 00 

91100 
3795eOO 

26001 r 00 
4874.00 

26Z5288Q 
L 18378 e 00 

423a00 
367100 

25383.00 
448aOO 

48 e 00 

102,17 
138eS6 

7100 
30 n 00 
73.00 

201800 

COMMAND MORULE 
SERVICE MODULE 
SM PROPELLANT 
ADAPTER RING 
ADAPTER f S L A )  

VEH INSTR U N I T  
5468OP ORY S t t  
LOX I N  TANK 
LOX ULLAGE GAS 
LOX BELOW TANK 
LHZ I N  TANK 
LHZ ULLAGE GAS 
LH2 BELOW TANK 
Cola HELIUM 
APS PROP FP 1 
APS ?ROP FP 3 
GHP I N  STRTANK 
HELIUMrREPRESS 
SERVICE ITEMS 

LUNAR n a D u L L  

1249.90 
1122.20 
1 1 1 1 . ~ 0  
1047 I ' 0  

850.60 
7991 10 
699.00 
329.46 
218,91 
282 . 34  
114194 
390 . 69 
S69.58 
148,OO 
494 30 
246.20 
246.20 

88.40 
153.50 
442 v 63 

518,22 TOT& REHAININC 
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Appendix 1 
Mass Characteris ties Data (WS11) 

TABLE AP 1-2 (Sheet 8 of 9) 
MASS BREAKDOWN SUMMARY 

TIME 11,623.239 SEC ITEl END FUEL LEAN 

I T E M  2 ARU 
S T A - I N )  

6.7 

-1.8 
-1.8 

8 5  

COMMAND MODULE 
SERVICE MODlJLE 
SH PROPELLANT 
AOAPTER R I N G  
ADAPTER t S L A t  
LUNAR MoDlJLE 
VLH I N S T R  U V l T  
548102 DRY S I C  

LOX ULLAGE GAS 
LOX BELOW TANK 
LHZ IN TANK 
LHZ LJLLAGE GAS 
LHZ BELIIW TANK 
COLD HELIUM 
APS PROP PP 1 
APS P R W  F P  3 
GHZ I N  STRTANK 
HELIUVaREPRCSS 
SERVICE I T E M S  

TOTAL REMAINING 

inx IN TANK 

518.23 2; 1 

-1VB SECOND ENGINE CUTOFF COMWND TIME 11,630.320 SEC ITEMS REMAINING 

2 ARU 
STA-IN0 

t TEM 

12343 00 

32785600 
9 i 8 0 0  

3795,OO 
2600 1 00 

4874,OO 
26252e80 

1166859 00 
423600 
397eOO 

24863eOO 
448 00 

5 8 0 0 0  
198850 

133870 
l * O O  

30,OO 
73100 

9836 8 00 

98+01 

1249.90 
1122ez0 
1 l l l e 5 0  
1047.70 

8S0860 
799.10 
6 9 9 , O O  
329 I 46 
218,'39 
281J6 
114.94 
388.65 
567.57 
148,OO 
494,30 
2660 20 
246.20 

153e90 
442.63 

88840 

319.96 

IHZ ULLAGE GAS 
LH2 BELOW TANK 
COLD HELlUM 
APS PROP f P  1 
APS PROP FP 3 

SERVICE ITEMS 

cw2 I N  STRTANK 
HELIUM-REPRESS 

00000000 
,36750000+0S 
a54290643+07 

25958ba01 
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Appendix 1 
Mass Characteristics Data (WS11) 

ADAPTER ( S L A )  
LUNAR MODULE 
VEH XNSTR UNIT 
S 4 0 5 0 2  DRY STG 
LOX I N  TANK 
LOX ULLAGE GAS 
Lnx ~ e ~ t l w  TANK 
LH2 IN TANK 
LH2 ULLAGE G A S  
LH2 BELOW TANK 
c o i o  HELIUM 
APS PRWP FP 1 
APS PRQP FP 3 
CH2 IN STRTANK 
HELlUMmREPRESS 
SERVICE lTEVS 

TOTAL REMAINIYG 

COMMAND SERVICE MODULE SEPARATION 

3 7 9 5 . 0 0  
26001iOO 

4 8 7 4 i O O  
262S2e80 
116683~00 

345100 
3 6 7 8 0 0  

2 4 8 6 3 1  00 
4 4 8 ~ 0 0  
48 a 00 

1 9 7 1  5 0  
88101) 
122~06 

1 . 0 0  
30104 
7 3 . 0 0  

2 0 4 2 9 3 1 4 0  

TABLE AP 1-2 (Sheet 9 of 9) 
MASS BREAKDOWN SUMMARY 

TIME 11,667.820 SEC ITEMS JETTISONED 

COMMAND SERVICE MODULE SEPARATION TIME 11,667.820 SEC ITEAS REMAINING 

Ap 1-11 



A p p e n d i x  1 
Mass C h a r a c t e r i s t i c s  D a t a  (WS11) 

TABLE AP 1-3 ( S h e e t  1 of 2) 
MASS CHARACTERISTICS SUMMARY 

T I MI. 
( S E C )  

0 6 9 0  

L 84 7 6 6  

l H 4  7 6 6  

300 .  ooo 

576 t 97 1 

577 9 079 

5 T f . 0 7 9  

577.280 

5AOr2RO 

580.871 

582.788 

5 8 9  e 066 

5R9 e 066 

590 r 000 

6 0 0  000 

610.000 

6 2 0 , 0 0 0  

630.000 

632.788 

6 4 0  9 000 

6 5 0  I PO0 

6601 000 

6 7 0  000 

680*000 

6 9 0 ~ 0 0 0  

7 0 0 . 0 0 0  

7 10.000 

7 2 0 ~  OOQ 

7 3 0 ~ 0 0 0  

7 4 0  s 000 

747.032 

7 4 7  . 556 

748.432 

835% 210 

J. a m .  ooo 

3074 I 000 

363279,(?0 

363217.51 

354331.51  

3 5 4 2 9 3 , O l  

354293903 

354289.75 

394238.76 

9.54232.69 

354138.23 

35+031.25  

353742.03  

3 5 0 3 6 4 ,  R b  

35P229.56 

349727s 1 3  

344347.76 

338968.40  

3335R9.14 

328209.6a  

326709s 3 1  

3228299 4 5 

31764e 8 9  

312068.31 

306687 75 

301307 27 

295926.64  

290546.37 

28S165.52 

2 7 9 7 8 4 m  96 

274404,39  

269023.84 

~ a 9 2 4 0 . 2 1  

265174.48  

2 6 5 0 1 ~ ~  3 9  

264908 44 

2 6 4 6 2 3 + 3 1  

264246.81 
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Appendix 1 
rhss C h a r a c t e r i s t i c s  Data (WS11) 

TABLE AP 1-3 (Sheet 2 of 2) 
MASS CHARACTERISTICS SUMMARY 

264237.79 

264174.51 

264151.39 

2 h w 7 . ~ a  

269591.24 

263625.77 

253094.71 

262598.13 

262101155 

261966.99 

261966 I 9 5  

26 1966 12 

261908.62 

261831.46 

261777.26 

261776.63 

261776 53 

26348a. 5 5  

260836.84 

259586.01 

259584.54 

259564 53 

259462.31 

259443 e 47 

259445.41 

20419O1 40 

204190i30 
~ 

Y AQy 
STA-IN 

2.1  

2.1 

2 .1  

2.1 

2 1 1  

211 

7 . 1  

2.1 

2.1 

7 . 1  

2.1 

2.1 

2.1 

2 1 1  

2.1 

2 . 1  

2.1 

2.1 

2 . 2  

2 Q 2  

7 .2  

212 

2.2 

2.2 

7.Qt 

1.0 

1 r O  
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Appendix 1 
Mass Characreris t i c s  nata (WS11) 

Z 

I- 
E! 
a z 

n 
4 
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Appendix 2 
Engine Performance Program (PA491 

1. ENGINE PERFORMANCE PROGRAM (PA49) 

This appendix conta ins  t h e  d i g i t a l  p r i n t o u t  of computer program PA49 which is a compilation 

of computer programs G105 and AA89. These computer programs are employed i n  t h e  propulsion 

system performance recons t ruc t ion  of t h e  S-IVB-502 s t a g e  f l i g h t .  

and a s soc ia t ed  p l o t s  are presented  i n  s e c t i o n  10. 

Table AP 2-1 de f ines  t h e  p r i n t o u t  symbols; t a b l e  AP 2-2 is t h e  d i g i t a l  p r i n t o u t  f o r  S-IVB 

engine burn. 

The performance ana lys i s  

FSUBl 

WDOTTl 

WDOTOl 

WDOTFl 

EMR 1 

ISP  1 

MSUBOl 

MSUBFl 

FSUB2 

WDOTT2 

WDOTO2 

WDOTF2 

TABLE AP 2-1 
PROGRAM PA49 PRINTOUT SYMBOLS 

Stage t h r u s t  from G105 ( l b f )  

Tota l  f lowra te  from G105 (lbm/sec) 

LOX f lowra te  from G105 (lbm/sec) 

LH2 f lowra te  from G105 (lbm/sec) 

Engine mixture r a t i o  from G105 

Spec i f i c  impulse from G105 (sec)  

LOX mass on board from G105 (lbm) 

LH2 mass on board from G105 (lbm) 

Stage t h r u s t  from AA89 ( l b f )  

To ta l  f lowra te  from AA89 (lbm/sec) 

LOX f lowra te  from AA89 (lbm/sec) 

LH2 f lowra te  from AA89 (lbm/sec) 

EMR 2 

ISP 2 

MSUBO2 

MSUBF2 

THRUST 

T FLOW 

0 FLOW 

F FLOW 

*EMR* 

*ISP* 

0 MASS 

F MASS 

Engine mixture r a t i o  from AA89 

S p e c i f i c  impulse from AA89 (sec)  

LOX m a s s  on board from AA89 

LH2 m a s s  on board from AA89 (lbm) 

Composite s t a g e  t h r u s t  ( l b f )  

Composite t o t a l  f lowra te  (lbm/sec) 

Composite LOX f lowra te  (lbm/sec) 

Composite LH2 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 (lbm) 

Composite LH2 mass on board (lbm) 

, 

AP 2-1 



A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA49) 

T I M E  
FSUB 1 
I FLU4 
30OTF2 
ISP 1 
0 M4SS 

000 
000 

1.029 
.003 
,000 

193335,003 

1.003 
,003 
.343 

2.565 
* 003 

193334.633 

2.00:) 
,003 
* 338 

2.565 
,003 

193334.243 

3.000 
003 

4.475 
2,565 
.003 

193333.853 

TABLE AP 2-2 ( S h e e t  1 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

* 030 
* 333 

11373 
,073 

42+ 73.301 

180q6 73 
,073 
,343 

73.41 7 
42468,911 

183. r i i  
* 3'13 
* 338 

73r422 
42467.9'4 1 

THRUST WoarTl 
MOOT32 11 F L O M  
E Y R  1 EMR 2 
*ISP* MS JBOl 
F"SUBF2 F Y A S S  

,000 1.023 
t 300 ,003 
* 000 ,333 
,000 193335.033 

42433.301 42470r031 

,300 ,343 
,000 ,333 
* 300 0 3 3  
.000 193334.630 

42430.473 42468.971 

I 000 ,338 
* 000 .033 
* 300 ,033 
,300 193334.24 3 

42407.905 42467.941 

. D O 0  4.475 
346 ,003 

* 300 ,018 
,000 193333.855 

47485,337 42465.983 

033 
1.029 

.ooo 
193273.000 

2.566 
.343 . 000 

193272.61 0 

2 . 5 6 6  
.33A 
00:) 

193272.223 

2.612 
4.475 

193271.790 
. oon 

4.003 
5258.775 38871,7>3 5258.775 105.365 136 026 
105,366 55*074 59.369 55.304 50.352 
46.657 53.352 1.392 1.277. 1 * 072 
49.913 356.674 49.910 193315.663 193234.140 

133315.663 47432,312 42456.556 42432,372 

5.003 
155344.423 132585,043 1553*4.420 355.443 283,324 

6a.643 355.443 286.8 30 223.692 256.833 
57.633 58 I 5 '# 3 4,178 3.751 4.178 

437.049 457.952 437.344 1931829203 1931140910 
193182.203 42374.373 42434.085 42374.393 

6 003 
188 i! 8 2.500 1 0 7  9 5 7.9') 3 18 8 2 8 2.5UO 435.261 633.833 

435.281 356,871 357.780 356.671 78.410 
76.054 18.41 3 4.551 Q. 734 4.551 

432.554 433.213 432.554 192842.623 132832.180 
192842.823 't229R. 0 5 3  42334,162 42298.363 

7,003 
191313.683 230737,913 191379.580 442.383 450.553 

442.98 3 353.759 381.270 363.163 79.214 

431.348 435,1351 431.348 192482.523 192432.580 
79.283 79.214 4.592 4.837 4.532 

192482.520 4221 4U6 42255.492 42218,485 

8.003 
193613.813 215 IcJa. 3 - 3  19361 0.810 450.423 432 729 

453.423 J70* 1 2 1  411,166 370.731 79.690 
81.563 79.573 4.652 5.J41 4.652 

429.845 437,375 /t2?.945 192115.373 192037.350 
1921 15.3 1 3  42138.2S3 42174,363 42138.253 
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Appendix 2 
Engine Performance Program (PA49) 

TABLE AP 2-2 (Sheet 2 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGaAM (PA49) a 

7.003 
L37381.360 

483.593 
82.596 

428.214 
191725.603 

229785,573 
402.351 
81.232 

435.4i4 
42057,173 

207081.360 
445.144 

4.953 
428.214 

42031.666 

483.593 527.746 
402.361 81.232 

5.383 4.953 
191726.603 191610*430 
42057.193 

13.000 
L19319.260 

515.355 

425.568 
191309.603 

82.638 

L30108q870 
432,687 
82.549 

424.854 
41914.7q5 

219319.240 
458.968 

5.234 

42038.600 
425.S68 

515.355 541.606 
432,687 82 669 

191309.603 191158.036 
5.554 5.234 

41374.78S 

11.000 
226239,843 

524,823 
82.685 

427.273 
190871,383 

224239,840 
458,832 

5 267 
427.270 

41 92 5 + 388 

524.823 541.517 
441 -071 83.749 

5.543 5.257 
199871.883 190698.730 
41891,237 

12.003 
224689,263 

528.406 
82.717 

190428.473 
425.221 

528 4 3 5  541.417 
444.855 83.551 

5.544 5.324 
193428.473 193239.560 
41807,345 

230010e573 
44 4.8*>5 
$3.551 

424,341. 
418O7.145 

224689,260 
458.700 

5.324 
425,221 

41 861 q 735 

13,000 
L24727.273 

5 3 1 .Ob'* 
82.738 

423.164 
139982.823 

729958,550 
447.815 
83.239 

224727.270 
458.571 

5.380 
473,164 

41 758.344 
424.823 

41 123,193 

1 4 , 0 0 3  
L25355.793 

531.683 
82.752 

424.982 
189534.673 

531.683 541.193 
448.123 83.560 

5.543 5 363 
189534,673 189321.610 
41639.994 

229937,193 
448.323 
83.550 

424.81 5 
41639,096 

225955.790 
458.442 

5.363 
424.982 

41674.758 e 

15.003 
225195.373 

532.408 
82.782 

422.375 
189085.633 

730181,053 
449.456 
82.952 

425,171 
41554.923 

225195.370 

5.418 

41 591.539 

458 666 

472.975 

532.439 341.449 
449.455 82.952 

5.541 5.418 
189385.633 188852.670 
41554.923 

15.303 
L21513.713 

534.22 3 
82,813 

188636.563 
425,817 

L30455.313 
453.675 
83*5%7 

425.425 
41470r371 

534.223 541 9 734 
450.675 83.547 

5.541 5.394 
188534.563 188403.498 
41470.921 

727513.710 
458 391 

5.394 
425,877 

41 533.090 

1 7.00:) 
227524,853 

535.569 
82.823 

'+24.827 
138182.573 

535.563 541.607 
452.182 83.38b 

188182.373 187944.250 
5.547 5.423 

41386.727 

230426,630 
452.1P2 
83.396 

425,453 
41336,777 

127524.850 
458.787 

5,423 
424.829 

41424.520 

13.003 
229049.993 

535.963 
82.827 

427.362 
187728,932 

230378.223 
4 52.3 72 

- 83,571 
425.4 77 

41 332.51 6 

2 29369 990 
458.603 

5.412 
477.362 

41361.149 

535.953 541.535 
452 372 83.591 

187728.933 187485.110 
5,533 5,412 

41302.51 5 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA491 

TABLE AP 2-2 ( S h e e t  3 of 1 7 )  
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

19.003 
228565.673 

535 .811  
82.824 

425.785 
187275.103 

230359.773 
453 .070  

8 3 , 7 2 1  
4 1  5 ,5  P 5 

41218 ,073  

7 2 8 5 5 6 , 6 7 0  
458.579 

5.412 

41757.676 
425 ,786  

536.811 
453.093 

5.537 
187275.105 

43218.073 

541.433 
83.721 

5.412 
187326 .083  

23.003 
229321.323 

5 3 7 . 8 9 3  
82.826 

425.335 
186823.813 

2 3 0 3 4 1 , 3 ! 3  
454 ,2?6  

83.594 
4259532  

4 1 1 3 3 , 9 7 4  

729321 .320  
458.475 

5 ,435  
426.335 

41174 ,197  

537.893 
454  2 9 4  

5,535 
186820.873 

41  133.974 

541.332 
83 .534 

5.435 
186567.16D 

21.003 
228167 .213  

537.685 
82.833 

424.333 
186366.395 

230331 ,383  
454  . 0 4 6  

8 3.6'4 1 

41U49.713 
425 ,548  

541.258 
8 3 , 6 4 1  

S 4 2 9  
186138 .310  

228167.210 
458 428 

5 429  
424 ,350  

41370.717 

537.685 
454.045 

5.535 
186366 ,393  

41349 ,713  

22.003 
229228 .913  

535.038 

427.635 
185911 .533  

82  833  

2 3 0 3 2 1 . 4 ~ 3  
453.526 

425 ,554  
82 ,511  

40955 ,673  

229228 .910  
458 .381  

5.497 
427.636 

41007.235 

536.038 
453.325 

5.534 
185911 .533  

40365 .629  

541 .214  
82 .511  

5 * 497 
185549 .530  

23 .000 
230278 .913  

533.743 
02.839 

426.648 
185455 ,713  

230332.473 
456.4'39 

8 3 , 3 3 1  
425 .577  

4 0 8 8 1 , 6 7 5  

230278.910 
458.385 

5.477 
426.648 

40923,748 

539.743 
456.407 

5.533 
185455.7X3 

49881.625 

541 .224  
83 .331  

51477 
3 8 5 1 9 0 . 7 1 0  

24 .003  

537.037 
82.849 

185003.480 

227773.473 

424.130 

230343.623 
453.677 

4 2 5 . 5 8 5  
40737  + 6 13 

8 3 , 4 1 3  

227773.470 
458.390 

5.438 
4741 130 

40840 .253  

537.037 
453.627 

5.533 
185300 .483  

40797.633 

541.239 

5.430 
83.410 

184731 .920  

25 .000  
229843.913 

537.738 
82 .861  

427 ,421  
184545.343 

230341.613 
454 ,445  

83.292 
425.581 

40723.532 

229840.710 
458.380 

5 456  
427 ,421  

40756.747 

537.738 
454.445 

5.532 
1 8 4 5 4 5 r 3 4 3  

40733.532 

541.241 
83.212 

5.456 
384273.140 

26 .000  
230276 .850  

538.147 
82.873 

427 ,907  
184090.265 

230339 ,593  
454 ,752  

8 3 . 3 8 5  
425 ,575  

43623,495 

538.147 
454 ,762  

84090.263 
5.531 

40629.495 

541.243 
83 .385 

5.454 
183814 .370  

230276.850 
456.370 

5.454 
4271 907  

40673 ,228  

2 7 , 0 0 3  
L29696 .910  

537 .993  
82 ,885  

426.954 
183636.673 

230343 ,153  
454.952 

8 3 , 0 3 8  
4 2 5 r 5 5 7  

40545.718 

229696.976 
458.373 

5.479 
426.954 

40589.697 

537.993 
454.952 

5.533 
83536.673 
46545.718 

541.259 
83.038 

5.479 
183355 .590  

28.003 
228476 .943  

8 2 . 8 9 8  
423.708 

183181.300 

539.232 
230346 ,720  

83 ,135  

4 0 4 6 1 , 9 4 0  

456 ,127  

425.553 

228476.940 
458,377 

5 , 4 8 9  
423.708 

40536.154 

539.232 
4 5 6 .  I 2 7  

5.529 
183181.303 

43461 ,943  

541.276 
83.105 

5 ,489  
182896 ,820  
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  Program (PA491 

TABLE AP 2-2 ( S h e e t  4 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

‘B 
29.000 

L28193.080 
533.755 
82.912 

422.765 
182724.830 

230355,463 
456,528 
83.229 

40378,110 
4259 555 

228130,080 539.755 541.305 
458.393 456.528 83.229 

5 . 485 5.525 5.485 
m . 7 6 5  i82724,833 ie2438,0+0 

40422.597 43318.113 

33.000 
228057.883 

538,315 
82.925 

423 m 6 5 1  
182269.283 

2303641210 

82.711 

40294,373 

455 , 694 

425,549 

228057.880 538.315 541.335 
458,410 455.604 82.711 

423.651 182269.283 181979*240 
5 t 508 5 528 5.508 

40339.927 40294,323 

31.003 
50421.933 

541.025 
82.939 

181813.733 
93 197 

50421 -930 541.025 541.365 
458 426 457,903 83.122 

5.509 5.527 5.539 
93.197 181813.733 181520.420 

40255,443 40210.595 

230373,203 
457,933 
83,172 

425,542 
43210.596 

32.000 

536.046 
82.953 

425.595 
181358.333 

2281389253 230382,179 
452,954 
83,081 

425,535 
40127,634 

228138.250 536,045 541,395 

5,451 5.527 5.451 
425.595 181358.333 181361.596 

458 442 452.954 83.091 

40171.846 40127.604 

33.003 
229481.953 

543.318 
82.967 

424.716 
180902.923 

230394,353 
457,163 
83.159 

425,572 
40043.685 

229481e950 540,318 541.439 
458.472 657.163 83.159 

5.697 5.525 5.497 
424.716 183902.923 160632.730 

40088.235 40043.685 

3 4  e 003 
229914v460 

539.85 1 

425.885 
180445,700 

e2.982 

239406,779 
456,509 
83,342 

425*510 
399601 034 

229914,460 539.851 541.484 
458.502 456.503 83.342 

5.478 5.525 5.478 
425,985 180445,733 180143.8+0 

40034,610 39960.004 

35 I 003 
228067,200 

543.507 
82,996 

421.950 
179988,340 

L30419,183 
457,351 
83,156 

425.498 
39876.261 

228067.200 540.507 541,529 
458,533 457.351 83.156 

5.500 5.525 5 500 
421.950 179988.343 179684.930 

39920,969 398769261 

36.000 
229340.550 

539.822 

424.845 
83.013 

179533.610 

230431,593 
456, 8 0 2  
83rOZO 

425.485 
39792 484 

229340.550 539.822 541.573 
458.563 4569 832 83,020 

5,502 5.52% 5.502 
424.845 179530.613 179225.980 

39837.314 39792.484 

37,000 
228864.180 

539 . 6 16 
83.025 

424.124 
179072.530 

230444,033 

839023 
425, 473 

456,592 

39 708.856 

228864e180 539,616 541.618 
458.593 456,592 83.023 

5,500 5.524 5,500 
424.124 1790729533 178767.030 

39753.645 397081 855 

38.000 

538 309 
83.039 

423.344 
178615.2 79 

427893,120 230456,400 
4561 135 
82,174 

. 425r461 
39625,249 

227890.120 536 303 541.663 

5.551 5.523 5.551 
423,344 178615.273 178308.000 

458.624 4569 1 3 5  82.174 

39669.961 39625.243 
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Appendix 2 
Engine Performance Program (PA49) 

TABLE AP 2-2 (Sheet 5 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

39.000 
230466.440 

536,295 
83.054 

429.738 
1 7 8 1 5 8 * 0 9 0  

2304689810 
453 601 

82.694 

395419675 
425,148 

1 3 0 4 6 6 . 4 4 0  
458.654 

5.485 
429,738 

39586.2b4 

536,295 
453.601 

5.522 
178158.093 

39541.675 

561.708 
82 6 9 4  

5.685 
177848.960 

40.000 
229873.740 

541.343 
8 3 , 0 6 8  

424.631 
1 7 7 7 0 1 , 5 3 3  

230481 9 2 1 d 

' 83 ,029  
425,436 

39458,025 

458,324 
229870.740 

458 t 6 8 5  
5.520 

424.631 
3 9 5 3 2 , 5 5 1  

541.343 
458.314 

5.522 

39458,025 
177701.533 

S41 7 5 3  
83.029 

5 , 5 2 0  
177389.880 

4 1 , 0 0 0  
229084.373 

560.194 
83.083 

177244.140 
424.078 

2 3 0 4 9 3 *  753 
4 5 7 @ 2 8 7  

a2.937 

229084.370 
458.715 

5.516 
424.378 

39418.823 

540.194 
457.287 

5.521 
177244.143 

39374.443 

541 s 798 
82.907 

5 ,516 
176930.790 425 q 424 

39374,449 

42.000 
2 2 8 9 9 1 , 3 3 0  

5401869 
83.098 

4 2 3 , 3 7 6  
176786.610 

2 3 0 5 0 6 r 2 8 0  
4 5 7 . 8 5 6  

8 3 . 0 1 4  
425 ,412 

392939 7 1 8  

228931,330 
458,745 

5.515 
423.376 

39335.082 

540.863 
457,854 

5.521 
1 7 6 7 8 6 r 6 1 3  

39290.71  8 

5 4 1 . 8 4 3  
83.014 

5.515 
1 7 6 4 7 1 , 6 6 0  

43 .003 
L29931.230 

541,392 
83 .111 

424.703 
176329.193 

230518.813 
458,346 

8 3 * 0 4 6  

39237,153 
425.403 

5 4 1 , 3 9 2  
458.345 

5.523 
176329.193 

3 9 2 0 7 r 1 6 3  

541.887 
83.046 

5.519 
176012.490 

229931.230 
458 L 7 7 5  

5.519 
424.703 

39251 v 326 

4 4 , 0 0 3  
228844,030 

541,462 
8 3 , 1 2 4  

422,642 
175871.463 

2 3 0 5 3 1 , 3 3 3  
458 I 442 

8 3 . 0 1 9  
4 2 5 , 3 8 9  

3 9 1 2 3 , 5 2 9  

541.930 

5.522 
175553.310 

8 3 , 0 1 9  
228844.330 

458.806 
5 ,522 

422.642 
39157,557 

541 e461 
458.442 

1 7 5 8 7 1 , 4 6 3  
5.523 

39123.523 

45 .003 
229947.963 

540.652 
83 ,138 

425.316 
3754141S80 

230543,670 
457,584 

8 3 , 3 6 8  
425.37b 

39033,791 

229947.960 
4581838 

5.509 
425,316 

39083.774 

5 4 0  652 
457.584 

5.51'3 
1 7 5 4 1 4 , 5 8 3  

39339.791 

543.976 
83.058 

5 .539 
175094.080 

4 6 , 0 0 3  

54 1.222 

426.628 
174956.340 

L30900.530 

83.151 

230556.180 
4 5 8 , 1 9 0  
83*012 

4 2 5 , 3 6 3  
389569268 

230930,530 
458.8 7 2  

5 ,518 
426.628 

38999.978 

541,222 

5.519 
174956.343 

36956.265 

450.193 
542.023 

5.518 
174634.830 

83.032 

47.000 
227915,913 

5 3 9 , 1 4 3  
83.164 

422.733 
174499.740 

230568q690 
4561 135  

8 2 , 9 5 4  
425,343 

38872,627 

227935.310 
458.905 

5,499 
422.733 

3891 6.169 

539.143 
456.195 

5 ,518 

38872 627 
174499.743 

542.069 
82.954 

5.499 
174175.550 

48 003 
228539.133 

5 4 0 , 1 5 5  
83,178 

423.099 
174043.450 

233581.233 
457.156 

8 2 , 9 9 3  

38789.179 
4259 336 

228539,130 
458 , 938 

5.508 
42 3 099 

38832,346 

540.155 
457.155 

5.518 
174343,453 

38789.179 

542.116 
82 .999 

5.538 
173716.22b 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA491 

TABLE AP 2-2 (Sheet 6 of 17) 
FIRST BURN ENGINE PERFOBMANCE PaOGRAM (PA49) 

3 43.000 

542.340 
83.191 

424.118 
173585.793 

230015.860 542 162 
83.222 
5.517 

173256,870 

230593,713 

83,222 
425.322 

38705, 295 

459,118 
230015.860 

458.971 
5.517 

424,118 
38748,510 

542.343 
459.118 

5.517 

38705 295 
173585.799 

53.000 
L27998.600 

8 3 , 2 0 4  
535,846 

425.325 
173128.120 

535.846 
452.719 

173128.123 
30621.493 

5.517 

542 209 
83.127 
5,446 

172797.49O 

230606*220 
452.719 

8 3 .  127 

227938.600 
459,004 

5.446 
425.325 

38654.6bl 
425,339 

38621,493 

51 1.000 
228459.430 

540,427 
83.218 

422 e 739 
172670.890 

230618,710 
457,363 
a3.058 

4251296 
38537,745 

228459.430 
459.036 

5.507 
422 739 

38583,798 

5401427 
457.363 

5.516 
172670.893 
38537.745 

542.255 

5.507 
172338.060 

83.osa 

52 003 
228248.770 

540.718 
83.231 

422.122 
172213.710 

230631.313 
457,622 
831095 

425,282 
38453,897 

228248.770 
453.071 

5.507 
422, I22 

38496.923 

540,718 
457 t 622 

5.516 
1722113,713 
38453.897 

542.302 
83.095 
5.597 

171878rblO 

53 e 003 
228226.890 

541.421 
83.244 

421.533 
171755.210 

230643,850 
458,314 
839 LO7 

425,259 
38370,103 

228226.890 541 s 421 
458.31  4 

5.513 
171755.213 
38370.103 

542,3+a 
83,137 
5.515 

171419v120 

459I 104 
5.515 

421.533 
38413,034 

54 003 
229873.933 

543.777 
83.258 

425.075 
171297.133 

230656.393 
457,712 
a 3 . 0 ~  

425,255 
38286.314 

229870,930 
459,137 

5.510 
425,075 

38329.131 

540.r71 
457.712 

5.515 
171297.133 
382a6.314 

542.395 
83 065 
5.510 

170959,600 

55.000 
L29313.580 

549.124 
8 3 . 2 6 9  

424.002 
170838.990 

230668,943 
456.954 

83.159 
425,244 

30232 t 627 

229013*580 
459.170 

5.494 
424.302 

3a245.216 

540.124 
456.954 

5.514 
170838.993 
38202.627 

542,439 
83.169 

5 .  494 
1705O0.050 

56.000 
230400.469 

539,775 
83.278 

426.845 
170382,463 

233681,489 
456,498 
83.277 

425.234 
38118,812 

230430,460 
459,203 

5 482 
426.845 

38 161.291 

539.775 
456.498 

5.51'4 
373382.466 
38iia.812 

542 * 481 
83.277 

5.482 
170040.460 

57.000 
230662.553 

540,034 
83.288 

427.126 
169924.783 

233694,033 
456,933 

425,274 
38035,061 

83,132 

230662,550 
459,236 

5.496 
427,126 

30077.356 

540.034 
456.903 

5,51?r 

38035.081 
169924.783 

542.524 
83.132 
5.496 

169580.840 

58.003 
230174.320 

538,327 
83.297 

427.812 
169466.613 

230736,560 
454.828 
83.199 

425.2 13 
37951,225 

230174.320 
459.269 

5 e 467 
427,812 

37933.412 

538 027 
454 828 

5.514 
169446.613 
37951.225 

542,567 
83,199 
5.467 

169121.190 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA49) 

TABLE AP 2-2 ( S h e e t  7 of 17)  
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA491 

59.003 
229755,163 

541,742 
83.307 

424.104 
159008.433 

230719.223 
458,583 
83,159 

42 5,2n 3 
37867,402 

229755.160 
459.303 

5.514 
4?4.104 

37939.459 

541.742 
45R.S83 

5.513 
169308*433 
37867.407 

542.610 
83.159 
5.514 

168651.500 

63,000 
229771.170 

540.770 
83.316 

424,897 
168559.693 

230 131 9 3 3  
457.516 
83,253 

425,193 
37783,738 

729771.175 
459.336 

5,495 
424.897 

3782 5.496 

540.773 
457.515 

5.513 
16855’3.693 
37783, 708 

542 652 
83.253 
5 * 475 

168231.780 

61.000 
L30135.953 

541.191 
83,326 

4 2  5.2 4 1 
168391,843 

230744,953 

82.864 
425.183 

37693,B 1 5 

458,377 
730136.950 

459,370 
5.531 

475.241 
37741.523 

541,191 542.696 

5.531 
82.864 

167742.030 

458.327 

168091.843 
5.513 

37699.8 15 

62.003 
L30427.123 

541.951 
83.335 

425.181 
16 7633.063 

230758,073 
458,613 
83,3‘,3 

425.173 
37615.935 

230427.120 
459.403 

5.503 

37657,541 
475. i a i  

54 1 t 951 

5.513 
458.613 

167633.063 
37515.905 

542 740 

5.503 
167282.250 

83.340 

63.000 
230343.453 

541,233 
83.345 

2 30343 460 
459.437 

5.505 
425,591 

37573.548 

541,233 
458.023 

5.512 
167174.773 
37532.149 

5 4 2  9 783 
83.234 
5.505 

166822.430 b 83.284 
425,153 

37532.1’49 
425.591 

167174,770 

64,000 
230863.613 

541.851 
83.355 

426.059 
156716.233 

2307841113 
458,743 
83,103 

425,153 
37448,394 

739853,610 
459.470 

5.520 
426.099 

37489.546 

541.851 
458.743 

542.827 
83.109 
5 520 

166352.570 
5.517 

166716.233 
37448.394 

65.000 
230120.413 

541,722 
83.365 

424.794 
166257.643 

230797,160 
458,4bb 
83,256 

425,143 
37364.490 

230120,410 
459.504 

5.507 
424.794 

37435.533 

541,722 
458,465 

5.512 
166257.643 
37364.483 

542 870 
83.256 
5,537 

165932,690 

66.000 
130035.213 

542.312 
83.316 

424.1 I5 
165798.763 

230810.213 
458 493 
83,818 

425.132 
37280,574 

230035.210 
459,537 

5.470 
424.175 

37321,511 

542.312 
458.433 

5.512 
65798,763 
37280.574 

542.914 
83.818 
5 470 

165442.760 

67.003 
229423.843 

543.638 
83,385 

424.352 
165343,083 

230823,263 
457,513 

229420.840 
459,571 

5 504 
424.352 

37237.478 

540,638 

5.511 
65340.083 
37196.652 

457.513 
542,957 
83,119 

164982.810 
5.504 83,119 

425,122 
37196,653 

68rOO0 
230607.993 

541.558 

425.823 
164881.933 

83,396 

230637.990 
459.605 

5,507 
425.823 

37153.435 

230836,303 
458,327 
83,231 

425,112 
37112,724 

541 558 
458.327 

5.511 
164881.933 
37112.724 

543.001 
83 .231  
5.537 

164522,830 
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Appendix 2 
Engine Performance Program (PA49) 

TABLE AP 2-2 (Sheet 8 
FIRST BURN ENGINE PERFORMANCE 

o f  17) 
PROGRAM (PA49) 

6 9  003 
L29788.823 

83.406 
424.131 

541.787 

1644241130 

233849,350 
458,65+ 

63,133 
425,102 

37028+827  

229788.820 

5,517 
424.131 

37059.383 

459.638 
541.787 
458.654 

5 ,511  
164424.133 

37328.827 

54 3 * 044 
83.133 

5.517 
164362.810 

73.003 
228529.103 

83.416 
422.067 

163966.113 

541.452 
230862,41)3 

458,176 
83.275 

425.092 
36944,037 

228529,100 
459.672 

5.502 
422.967 

36985.320 

541.452 
458.175 

5.511 
163966.113 

36944r837  

543.088 
83.275 

5.532 
163602.750 

71.009 
L28745,203 

541.945 
83.425 

422.081 
163507,309 

543.132 
83.435 

5.498 
163142.660 

230875,710 
458.541 

83,405 
425,082 

36863 ,833  

?287/t5.200 

5 * 498 
422 4 081 

36931.240 

4 5 9 , 7 0 5  
561,945 
458.541 

5 ,513  
163507,333 

36860 ,833  

72.000 
230533.330 

541.654 

425.613 
363348,323 

83.437 

230883,013 

83.282 
425.073 

36777 ,051  

‘t58.372 
543.176 

83.282 
5.534 

162682.540 

230533.330 
459.739 

5.504 
425.610 

36817.165 

541,654 
458,372 

163348,323 
36777.361 

5.515 

73 ,000  
L30169,273 

541.743 

424.868 
83?4%7 

~ 6 2 5 a 3 . 0 1 3  

543.220 
83.471 

162222.330 
5.490 

230932.373 
458,272 

425.353 
83.471 

366338 11 8 

730159.270 
459.773 

5 $90 
424.968 

36733.372 

541.743 
458.272 

5.513 
162589.315 

3b693.118 i 

74.003 
2306131043 

542.643 
63.457 

424.978 
162129.700 

230915.733 
459,477 

83,164 
425 ,353  

36609.115 

230613.340 
459.807 

5.525 
424.978 

36640 369 

543,264 
83.164 

5 525 
161752*190 

542 4 6 4 3  
459.47’1 

5.533 
162129.703 

36609.115 

75.000 
230218.433 

535.552 
83.467 

429.812 
161671.090 

230929,220 

83.312 
4259013 

36525,254 

452.239 
230218.430 

459,841 
5 428 

4294072 
36554.855 

535.552 
452.239 

5.539 
1616711093 

36525r26! ,  

543.308 
83.312 

161331.970 
5.428 

76.003 
230539.680 

543.318 
&3.478 

426.627 
L61213.493 

230942,643 
457,086 

83,232 
425 ,333  

36461.334 

230539,680 
459.075 

5,408 
426,627 

364801730 

540 378 
457.385 

5.503 
161213.433 

36441 39+ 

543.352 
83.292 

5.488 
160841.710 

77.000 
229890.863 

83.488 
543.562 

422.934 
160755.050 

233956.073 
460.521 

425 ,023  
363571458 

83.040 

229090.860 
459.909 

5 9 546 
422.934 

36396s 596 

543rS6Z 
460.521 

5.509 
163755.053 

36357.468 

543.397 

5.546 
160381.420 

a3.040 

78 003 
230567,463 

542 * 0 4 3  
83.498 

425 368 
160296.160 

230969*503 
458.699 

83.343 
425.013 

36273 ,497  

5 4 2 . 0 4 3  
458 ,693  

5 ,501  
160296.163 

36273.497 

543.441 
83.343 

5.504 
159921.090 

230567,460 
459.943 

5.504 
425.368 

36312.451 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA49) 

TABLE AP 2-2 ( S h e e t  9 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

79.000 

537,825 
83.509 

159838,230 

230392,340 

428.211 

2309821923 
454 362 
83,462 

36189,286 
425,003 

230332,340 
459,977 
5,444 

428.21  1 
36228.297 

537.825 
454 362 

5.508 
159838.233 
36189.285 

543.485 
83.462 
5 * 444 

199Q60.740 

80.000 
229752,640 

543.109 
83.519 

159381.170 
425.382 

543.529 
83,472 
5.473. 

159330.340 

230996.353 
456,636 

424,993 
83.472 

36105.163 

229752.640 
450,331 

5.471 
425.382 

36144,131 

540.107 

5.538 
159381.173 
36105% 163 

456.635 

81.003 
228272.083 

543,228 
83,528 

422.548 
158924.363 

231009,073 
456,898 

424,984 
36021.145 

83,329 

128272.380 
460.044 

5" 483 
422.548 

36059,956 

540.22a 
456.898 

5.538 
158924,363 
36321.145 

543,572 
83.329 
5,483 

158539,910 

82 , OD0 
229711.303 

538.573 
231021.783 

455.344 
83,227 
424,974 

35937,250 

229711.3QO 
460,077 
5.471 

426.521 
35975.774 

538,573 
455,344 

5.500 
158467,803 
353371 2 5 3  

543.613 
83,227 
5,471 

158079.460 
83.536 
426.521 

158467.803 

83.003 
229566.363 

541,132 
83.544 
424.233 

158011.213 

231034.503 
451,891 
83.331 

4 2 4.9 b 5 
35853.203 

229556.360 
460.111 
5.494 

424,233 
35871.5a2 

541 e 132 

5.507 
156011.211 

457.801 

35a53.203 

543,655 
83.331 
5 494 

1576l8r960 

84.000 
L28h14.613 

539.332 
83.552 
423.885 

157555.523 

539.332 
456.092 

5.537 
157555.523 
35769.384 

543.697 
83.241 
5.479 

157158.430 

231047,223 
456.092 
83,241 

424,956 
35763.394 

228614.510 
460,144 

5,479 
4 2 3 . 8 8 5  

35837.382 

85.000 
227995,023 

540,755 

421.623 
1570991140 

83.514 

542r737 
83.300 
5.492 

156698.350 

230233,813 
457"456 
83,303 

424,203 
35685.493 

227995.920 
459.223 
5.492 

421 623 
35723.197 

540.755 
457.455 

51493 
157399.147 
35685.493 

86.003 
228194.630 

537.581 

424.405 
156642.260 

83.513 

228194,630 
459. 157 
5.451 

424.485 
35639.330 

537.581 
454,241 
5.498 

15S642.263 
35601.372 

542.675 230202,653 
454,241 
83.339 

424.203 
35631,372 

83,339 
5.451 

156238.750 

87.000 
229913,873 

83.521 
424.480 

156185.813 

541.629 
230174. 133  

458.158 
83,451 

424,197 
35517,320 

229910.a70 
459.391 

5 490 
424.480 

35554.859 

542 612 
83.461 

155779.244 
5,490 

88.0D3 
229545.663 

541.204 
83.524 

155728.383 
4241 139 

230146,933 

83.131 
424.135 

35433 273 

453,373 
2295+5,560 

459,326 
5.510 

424.139 
35470.585 

541,234 
458.373 
5,496 

155728.383 
35433.273 

5$2,550 

5.513 
83.131 

155319.790 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA49) 

TABLE AP 2-2 ( S h e e t  10 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

89,000 

540.851 
83.528 

422.197 

L28345.500 

155269.700 

2301191150 
457,045 
83,806 

4249 192 
35349.072 

228345.500 
458.961 

5,454 
4221 197 

35386.506 

540.851 
457.045 

5 495 
155249.700 
353490072 

542.4~1 
83.806, 
5 * 454 

154860.390 

90,003 

542.629 
~30~~03.590 

83.531 
423 864 

154811.990 

230091.393 
458,881 

424.189 
35264.798 

83*747 

230030.590 
458,896 

5.479 
423s 864 

35302.327 

542 629 
458.881 

5 * 49Q 
1548llr993 
39264.798 

542.427 
83.147 
5.479 

194401r070 

91 .OOO 
' 229765.133 

541,149 
83,535 

424.587 
154354.313 

230063.880 
457,445 

8 3 *  704 
424,186 

351801 520 

129755.130 
458.831 

5.465 
424,587 

35218.143 

541.149 
457.449 

5,493 
154354.313 
35180.523 

542.365 

5.465 
153941.810 

83.704 

92.000 
L30103.000 

542.578 
83.538 

424.092 
153895.769 

230036,383 
458.543 
84,035 

424,184 
35096,166 

230133.300 
458 e 766 

5.457 
424.392 

35133.954 

542.578 
458 * 543 

5 v 492 
153896* 763 
35396. 165 

542 304 
84,035 
5,457 

153482.620 

93.000 
230564.280 

542.876 
83.542 

424.703 
153437.850 

230008*873 
459,240 
83.635 

424,181 
35011.724 

2 30554.280 
458.700 

5.491 
424.709 

35049,763 

542 1876 
459,243 

5.491 
153437.853 
35011.724 

542.242 
83 636 
5,491 

153023.480 

94.000 
230377.560 

541.947 
83.545 

425,093 
152979.430 

229981,353 
458,353 
83,594 

424,178 
34927- 529 

230377.560 
4 5 8 . 6 3 5  

5.483 
425.393 

34955.568 

541 947 
4581353 

5.493 
152979.433 
34927.529 

542.181 
83.594 
5.483 

i52564.420 

95,003 
230100.440 

539.763 
83.549 

426.294 
152521.693 

229953.8h3 
4 5 6 ,  172 
83,596 

34843,241 
424,176 

230130.440 
458.570 

5,457 
426 e 294 

34881,368 

539 763 
456.172 

5.483 
152521,693 
34843.241 

5421 120 
83.596 
5.437 

152105.420 

96.000 
L29861.203 

541.471 
83.553 

424.513 
152064.573 

542 * 058 
83.596 
5.477 

1516Q6.480 

229926,363 
4571875 
83.595 

4241 173 
3 4 1 5 ~ ~ 9 3 7  

229861.200 
4581505 

5.477 
424.513 

34737.166 

541.171 
457,875 

5.488 
152064.573 
34758.937 

97.000 
L29878.8 73 

54 3.9 7 9 

424.931 
151605.933 

83.603 

230 736,800 
456,295 

424.91 4 
34674.578 

84.683 

229878 * 870 
453.417 

5.388 
424.931 

34712.935 

540.979 
456.295 

5.495 
351605.935 
34674.578 

543.P20 
84 * 683 

131187.120 
5.38a 

98.000 
L29969.290 

542.972 
83.613 

423.538 
151148.190 

230159,070 

83,717 
424.903 

34590,133 

459,255 
229969.290 

459.473 
5.486 

423.538 
34628. 676 

542.972 
459.259 

5.499 
151148.193 
34590,133 

543.086 
83,717 
5.486 

150727.280 
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Appendix 2 
Engine Performance Program (PA49) 

TABLE AP 2-2 (Sheet 11 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

99.003 
230445.823 230780,333 2304~5.820 542.495 543.151 

542.498 458,443 459.528 458.443 84.054 
83.623 84,054 5.454 5,495 5.454 

424.787 424,893 424.787 150689.593 150257,380 
150689.59'3 34505.757 34544.406 34505.757 

100.003 

542 845 
83.632 

4241 114 

230227.850 

150230,683 

230802.853 230227.050 
459.382 459.584 
83,462 5.504 

424,~az 424r114 
34421.393 34460.127 

542 t 845 
459.382 

5.495 
150230.683 
34421.399 

543.216 
83.462 
5 v 504 

149837.420 

101 003 
229543.393 

533.840 
83,642 

425.238 
149771.500 

102,000 
22944 3.363 

543.582 
83.652 

424.438 
149315.013 

2 3 0 8 2 4 , 8 1 3  229550.390 
455.b33 459.639 
84,207 5.411 

424.872 425.238 
34337,010 34375,838 

539.843 
455.633 

5.495 
149771.533 
34337,010 

543.281 
84.207 

149347.410 
5.411 

230846,773 2294'43.360 
456.971 459.694 
83,611 5.465 

424.851 424,438 
34252,493 34291.540 

540.582 
456.971 

5.495 
349315.013 
34252.493 

543 346 

5.465 
148887.340 

83,611 

103,000 
L29721.753 

83.661 
425.217 

148857.680 

543.245 
2308681730 229721.750 

4 5 5 . 7 7 2  459.750 
83,524 5 468 

424.851 425.217 
34168.21 6 34237.233 

543.41 1 
83.524 
5 468 

148427.230 

540.245 
456.722 

5.495 
148857,683 
34168,215 

204. 003 
229725.843 

543.697 
83,670 

424.873 
148400.560 

2338?0.650 229725,~40 
457,197 459.805 
83.500 5 475 

424,842 424,070 
34084.0Z3 34122.916 

543.475 
83,536 
5 475 

l(t7967.050 

540.697 
457,197 

5.435 
148400,563 
34084v023 

105 000 
227658.713 

538.913 
83.678 

147945.200 
422 441 

2309iz.6a3 ~27658.710 
455,259 459.861 
83.644 5.443 

424,832 422,441 
33939.909 34038.591 

538.913 
455,263 

5,495 
147945*233 
33399.909 

543.538 
83.644 
5.443 

147506,810 

106.000 
L27655.543 

537.888 
83.685 

423.239 
147493.413 

230934.720 227655.540 
454,196 459,916 
83,634 5.427 

424,823 423.239 
33915.593 33954.258 

537.888 
454.194 

5.495 
147490.413 
33915.593 

543.602 

5.427 
147046.520 

83.694 

107,000 
228999.273 

535.888 
83.693 

426r531 
147034.880 

230956,770 128999.270 
453,310 459,972 
83.577 5.424 

33831.276 33869.916 
424,814 426.531 

536.888 
453r313 

5.495 
147034.883 
33831 -276 

543.665 
83.577 
5.424 

146586.180 

108.000 
229302.060 

537.575 
83.701 

426.549 
146578.570 

230978,820 2293329060 
454,050 450.027 
83,526 5.436 

424,805 . 426.549 
33746.932 33785.567 

537.574 
454 053 

5.495 
146578.573 
33746.902 

543.729 
83,526 
5.436 

1461251780 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA491 

TABLE AP 2-2 ( S h e e t  12 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA491 

lO3IOU0 
227642.890 231000.853 227642.890 537.263 543.792 

531.260 453,463 450.083 453.463 83.800 
83 .709 83.8’30 5.411 5.495 5.411 

423.71 1 424,796 423.711 146123.133 145665.330 
146123.130 33662.483 33731,210 33662.483 

113.003 

534.685 4 5 1 , 1 4 6  450.138 451.145 
227715.970 231022,913 727715.970 534.685 543.855 

83.540 
83 .717 83.540 5.400 5.495 5.409 

425.888 424,787 425.888 145668.653 145234.820 
1 4 5 6 6 8 , 6 5 0  33578.227 3361 6.846 33578,227 

111.003 
L27353.993 230201.593 227953.990 536.868 542.882 

536.868 453.341 459.205 453.341 83,527 

424.600 424,037 424.600 145213r21 ’ l  144744.750 
83.677 83 ,527 5 ,427 5 .489 5.427 

145213.213 33433,925 33532.497 33493.925 

112.000 
228263.983 2 3 3 1 6 8 r 7 3 0  228250.980 539.965 542 8P4 

539.965 456,343 459.126 456.343 8 3 , 6 2 3  
8 3 r 6  18 83,623 5.457 5.487 5.457 

422.733 4 2 4 , 0 3 5  422.733 1 4 4 7 5 8 , 3 9 3  164285.180 
144758.093 33409.588 33448.167 33409.589 

113.000 
228271.163 230136,333 728271.160 541.713 542.728 

83.680 841033 5.446 5.485 5.446 
541.713 4 5 7 , 6 7 7  459.048 457.677 84 $ 0 3 3  

421.390 4 2 4 , 0 3 6  421.390 1 4 4 3 0 0 r 5 2 0  143825.690 
144300.523 3 3 3 2 5 , 2 0 4  33363.836 33325.206 

114.0O0 
L29202.110 230133,310 229232.110 540.015 542.65 1 

540.016 456.873 458.971 456.873 83.143 
8 3 . 6 8 1  83.143 5.495 5.485 5.495 

424.436 424,035 424,436 143843.363 143356.289 
143843.360 33240.917 33279.505 33240.917 

115.003 
228691.443 2 3 0 0 7 0 + 6 1 3  228631.446 540.502 542.575 

83.682 83r254 5.492 5.484 5.492 
540.502 4 5 7 , 2 4 7  458.893 457.247 83.254 

422.943 424,035 422.943 143386.123 142936.950 
143385.120 33156.676 33135,173 33156.675 

U 6 . 0 0 0  
228314.180 2 3 0 0 3 7 , 9 1 3  228314.180 5 4 1  322 542.498 

541.022 4 5 7 , 3 5 0  458.815 457.363 83.662 
83 .683 83 ,662 5.667 5.483 5.467 

422 * 005 424.334 422.005 142927.943 1 4 2 4 4 7 , 7 3 0  
142927.943 33072.206 33110.838 33072.20S 

1 1 7 , 0 0 0  

542.413 458 9 6 5 9  458,737 458.653 
2 2 8 3 5 1 , 3 2 0  230005,215 226351.320 542.413 562,422 

83.685 8 3 , 7 5 1  5,476 5 . 4 8 2  5.476 
83.751 

423.994 424,034 420.394 142471.483 141988.520 
142471.483 3 2 9 8 7 ,  695 33026,592 32987.695 

118.005 
227679.133 2 2 9 9 7 2 , 5 1 3  227679.130 541 453 542.345 

541.453 4 5 7 , 4 9 5  458.559 457.49s  83 ,955 
83.686 83,955 5.449 5 , 4 8 1  5.449 

420.499 4 2 4 , 0 3 4  420,499 142013.273 1 4 1 5 2 9 , 4 3 0  
142013.270 3 2 9 0 3 1 3 4 1  329421 167 32903.161 

.. 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  P r o g r a m  (PA491 

TABLE AP 2-2 ( S h e e t  13 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA491 

119,000 
227373.030 229939,8?3 2273730330 540.422 

540.422 456,423 458.582 456,423 
83,687 83.999 5 . 6 3 4  5.483 
423.732 424,033 420.732 141555,253 

141555.250 32818 9 514 328570829 32818.514 

120.000 
225784.640 229937,130 225784.640 542.465 

542.465 458.61 5 4 5 8 . 5 0 4  458.615 

416.219 424,033 416.219 141097.333 
141097.330 32733.975 32773,489 32133,975 

83.688 83,851 5 469 5.473 

121.000 
225617.820 230739.493 225617.820 540.933 

543.939 457,087 459,399 457.087 
83.736 83.852 5.451 51485 

411.086 424,176 417.386 140639,823 
140639,823 32649,276 32689,127 32649 v 275 

122.000 
226005r313 230123eb13 226006.310 541.383 

541.383 457,454 459.431 457.464 
03.744 83,913 5,451 5.485 
417,461 4 2 4 , 7 6 9  417.461 143182*993 

140102,993 32564.613 32634.736 32564.613 

123.000 
825793.233 230r37,623 225790.230 542.787 

542.787 458.757 459.467 458.751 
83.751 64,030 5.459 5.485 
415.983 424,761 415.983 139725,993 

139725.993 3 2 4 r 9.8 l4 3 32520,339 32479.843 

124 003 
224512.503 230751*643 224612.500 539.933 

539.909 455.975 459.503 455.925 
83.758 83,983 5.429 5.485 

416.013 424,153 416.319 139268.823 
139268.823 32395.268 32435.935 32395.263 

125.000 
223545.293 230765,650 223555.290 542,144 

542.144 458,266 459,539 458.266 

412.313 424,746 412,373 138810.743 
83.765 83.877 5 464 5.485 

138813.743 323101589 32351,524 32310.589 

126.000 
L23723.540 230 179,690 223723,540 539.723 

537.729 455.892 459.575 455.882 
03.772 83,847 5.437 5 . 4 8 6  
414.511 424,738 414.511 138353.603 

138353.603 32226.010 32267,106 32226.013 

127.000 
224509.940 230793.713 224609.940 541.732 

541.732 457.882 459 ,610 457.882 
83.779 83,853 5.461 5,485 

414.614 424.733 414.614 137896,453 
137896.453 3214ir4a8 32182.681 32141,488 

128.003 

541.244 457.327 459.546 457,327 
83.786 83,917 5,450 5.485 

L24763.800 230837,743 224763.800 541.244 

415.267 424,773 415,267 137440,383 
137443.383 32056.854 32038.249 32356.854 

542.269 
83,999 

5 , 4 3 4  
141370.410 

542.192 
83,851 
5.469 

140611.470 

543.132 

5.451 
83.852 

143152.120 

563.175 
83.919 
5,451 

339692.310 

543.218 
84*030 
5,459 

139232.460 

543.260 
83.983 
5.429 

338772.570 

543.333 
83.877 

5 . 4 6 4  
138312.650 

543,346 
83.847 

5 . 4 3 7  
137852.639 

543.389 
8 3 . 8 5 0  
5,461. 

137392.730 

543.432 

5.450 
136932.670 

83.917 
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Appendix 2 
Engine Performance Program (PA49) 

TABLE AP 2-2 (Sheet 14 of 17)  
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

129.000 
224289.340 

536,645 
83.793 

417,947 
136984,390 

230821,760 
452.867 
83.778 

424,715 
31972 q 425 

224289.340 
459.682 

5.406 
417.947 

32013r810 

536,645 
452.86'1 

5 , 486 
1369841393 
31972.429 

543.475 
83.778 

5 , 406 
136472.610 

133.000 
224539,720 

543,999 
83 9 800 

415.046 
136529.350 

2308359 790 

83,655 

31887.973 

457,344 

424,737 

224539,720 
459,718 

5,467 
415.046 

31929,363 

540.999 
457.344 

5,485 
336529.352 
31887.973 

543.518 
83.655 
5.467 

136012,510 

131.000 
223197,250 

535.284 
83.807 

416,192 
136375,090 

230849*820 
452,432 

83,852 
424,699 

31803,422 

223197.250 
459.754 

5,396 
416.192 

31844 910 

5361286 
452 e 432 

5.485 
136075.093 
31803.422 

543 560 
83.852 
5.396 

135552,373 

132 e 000 
223279.500 

539.331 
83.814 

413,994 
135637.733 

543 .603  

5 432 
83.849 

135092,203 

230863.853 
455.482 

424.692 
3 1  71 8 q 820 

83.849 

223279,500 

5.432 
459.790 

413,994 
31760,450 

539.331 
4 5 5 , 4 8 2  

5.485 
135617.733 
31718,823 

133.000 

543.519 
223396.570 

83.779 
413.300 

135163.070 

230089,320 
456,716 

423,933 
8 3 . 8 3 3  

31634,142 

2233361570 
458,970 

5 , 450 
413.300 

31676 e 003 

540.519 
456.715 

5 478 
135163,073 
31634.142 

542. 749 
83.803 
5.450 

134632.420 

134.000 
224303.953 

83.786 
538,626 

415.437 
134706e913 

230103~063 
454,845 

839 781 
423.926 

31549.690 

224303.950 
459.305 

5.429 

31531,570 
416.437 

538 9 625 
454.845 

5 478 
134706.313 
3 1549 e 695 

542,791 

5.429 
83.781 

134173.040 

135 * 003 
224298.153 

538,361 

415.632 
134251.653 

83 792 

542.833 
83.572 
5,442 

133713.610 

L30117,093 
454,788 

8 3 . 5 7 2  
423.919 

31465.112 

224298,150 
459 9 341 

5.442 

31537.131 
416.632 

538.361 
454* 788 

5,478 
134251,653 
31465 11 2 

136.000 
224542.593 

538.211 
83,797 

417.202 
133796.793 

230131.173 
454.399 
83.812 

423.913 
31383,729 

538 e 2 1 1  
454,399 

5.478 
133796.793 
31380.723 

542.873 
83.812 

133254.150 
5 422 

224542,590 
459,377 

51422 
41 7.202 

31 422 e 686 

137.000 

536.020 
83.802 

L24261.543 

418.383 
133344.180 

230145,160 
452,128 
83,892 

423 q 907 
31236,153 

536,023 
4521 129 

5" 479 

31296,153 
i33344.ia3 

542.914 

5.389 
132794,663 

83.892 
224251.540 

459,112 
5.389 

31338.236 
418.383 

138.003 
224695.593 

539.464 
83.807 

416,516 
~ 3 2 ~ 9 . 8 3 3  

230159.233 
455.785 

423.9'31 
~33.67~ 

31211,554 

224675.590 
459.148 

5.447 
416.516 

31 2 53 782 

539.464 
455.785 

5.479 

31211r 554 
i328a9.833 

542.955 
83.678 
5.447 

132335.330 
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A p p e n d i x  2 
E n g i n e  P e r f o r m a n c e  Program (PA 4 

TABLE AP 2-2 ( S h e e t  15 of 1 7 )  
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

139.003 
L24456.300 

539.165 
8 3 . 8 1 2  

416.2n8 
132433 .880  

230173 ,240  
455 ,399  

83.796 
4 2 3 , 8 3 5  

31126.968 

224456.300 
459.184 

5 ,635  
41 6 .288  

31169 ,322  

539,185 
455.383 

5.473 
1324339883  

31126.969 

542.996 
8 3  796  

5.435 
131875 ,570  

140.000 
2 244 1 5 .4  2 3  

539.288 
4.697 

131978 .030  
416 ,133  

1242OrO31 
455 ,403  

83.887 
393.295 

3 1042  391  

724415 .420  
26.399 

5.429 
416 .133  

31113 ,838  

539.289 
455 ,433  

5.621 
131978 ,353  
31342 ,391  

31.097 
83.867 

131574 ,560  
5.429 

141.003 
222946.320 

538 * 543 

413 ,980  
131522.280 

222946.320 

5 ,428  
41 3 . 9 8 0  

538 ,543  
454 ,765  

131522 .283  
3 3 9 5 7 .  a23 

454 ,765  
8 3 . 7 1 8  

30957 ,823  

83.778 
5 . 4 ~ 1  

142.000 
224663.173 

539 ,428  

416.495 
L310661281  

2 2 4 6 6 9 . 1 7 ~ 1  

5.439 
4 16  495 

539  428 
455 .651  

131066 .281  
30873.139 

4 5 5 , 6 5 1  
83.777 

30M 73.118 

83.777 
5.439 

143.003 
L 2 4444.580 

543.636 

415.149 
130603.304 

724444 ,580  

5 , 4 4 3  
415 ,149  

540 ,636  
456.724 

133509 .334  
33788.503 

456 ,724  
8 3 , 9 1 3  

30788 ,533  

83.913 
5.443 

144  e 000  
225025.210 

541.623 

415.463 
130153 .355  

725025 .210  

5,453 
4 15.460 

5411629  
457.693 

130153 .355  
33703 .885  

457 .633  
83.935 

30733.885 

83.935 
5.453 

145.000 
224353.253 

5 6 0 . 4 5 1  

415 ,122  
129694 .726  

724353 ,250  

5.448 
415.122 

540 4 5 1  
456.533 

123694.725 
30619 .241  

4 5 6 , 6 3 3  
8 3 , 8 2 1  

30619 ,241  

146.000 
224669 ,890  

540.899 

415.364 
129237.823 

224669.890 

5.435 
41 5 364  

540 893 
456.843 

129237 .823  
33534.592 

456 ,845  
84.054 

30534.5’52 

8 4  t O S 4  
5.435 

147.000 
224896 ,863  

5 4 1 , 7 1 9  

415.154 
~ 2 a 7 7 3 . 8 5 2  

224836 ,860  

5.451 
415,144 

541.71)  
4 5 7 , 7 4 9  

128779.852 
30449.952 

457,740 
83 ,973  

30449,952 

83 ,979  
5.451 

148.000 

543.615 
225386.150 

415.907 
128322.962 

225386.150 

5.431 
416  9 0 7  

456,347 
84 ,068 

30365,326 

84,058 
5.431 
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Appendix 2 
Engine Performance Program (PA49) 

TABLE AP 2-2 (Sheet 16 of 17) 
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

143,000 
225036,690 

541.448 

415.584 
127864,484 

725016.690 

5.435 
415.sa4 

541.448 
457.313 

127866.48% 
33280.695 

457,313 
84,137 

30280q495 

8 4 . 1 3 7  
5 . 4 3 9  

153.003 
L25108,600 

543.713 

415.321 
127409.787 

225138.500 

5.455 
416.321 

540. 713 
456.959 

127489,787 
33195,924 

456,953 
83,750 

30195,924 

83.760 
5.455 

151,000 
L25496.760 

533,474 

4ia.032 
126952.808 

225496,760 

5 . 4 2 3  
418.332 

539.424 
455,472 

126352.808 
3011 1 243 

455,472 
83,953 

30111,263 

83.953 
5.425 

152 9 000 
225223.310 

533.454 

417.497 
126495.737 

2 2 5 2 2 0 . 3 1 0  

5.423 
417.497 

5399454 
455.437 

26495,737 
33326.635 

455,437 
84.017 

30026,636 

153,000 
225218.473 

543.865 

415.404 
126038.913 

125218,470 

S.441 
4 16. 404 

540.865 
456.890 

26038.913 
29941.134 

456.833 
83.975 

29941,934 

83.975 
5.441. 

1!%,000 
225342.773 

542.46 r 
414.851 

125579,953 

225042.770 

5.456 
414.851 

542.467 
456.433 

125579.353 
298570334 

458,439 
84.078 

29857,334 

84,026 
5.456 

155.000 
L25802.750 

542 , 547 
416.190 

125121,78+ 

225832.750 

5.471 
416.190 

542r547 
458,708 

125121.786 
29772.70.) 

83,840 
5.471 

458.108 
83.843 

29772,770 

156 003 
223911,580 

533.813 

419,457 
124663.9 14 

533.813 
449.703 

124663,974 
29687,963 

323911.580 

50347 
419,457 

84.134 
5.347 

449.739 
84,104 

29687,963 

LS7i000 

537.950 

417.871 

L24793.793 

1242 03.2 ’I 4 

724733.790 

5 407 
417,871 

537.955 
453 9 992 

126209.274 
29603,533 

453,992 
83,958 

29603,533 

83.958 
5,407 

158.000 
224830,590 

535.67 0 

410,969 
123753.367 

226858.590 

5,419 
418.989 

5369b73 
453,Qbl 

123753.367 
23519.173 

453,057 
63.603 

2.951 9,179 

030603 
5.419 
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A p p e n d i x  2 
E n g i n e  Performance Program (PA491 

TABLE AP 2-2 (Sheet 1 7  of 17)  
FIRST BURN ENGINE PERFORMANCE PROGRAM (PA49) 

159eOOO 

536 .215 
L24660.860 536.215 

452.186 

123300.438 
29434.635 

224660.860 

5.381 
416.975 

452,186 
84,029 

29434,635 

84.029 
5.381 

418,975 

160 , 000 

538,173 

123300.418 

226160,050 

426,521 
122845.946 

Z24610.880 
530.673 

161.000 

416,971 
122390,111 

162 003 
224324.030 

538.0-79 

436,898 
121934.351 

163.003 
223175.993 

535.810 

415.523 
121473.163 

164 00;) 
224201.493 

538.887 

415.046 
121324.568 

165.003 

224160.050 

5,407 
416,521 

538.173 
454.113 

122845.945 
20349.955 

63 994 
5 407 

454,179 
83,994 

29349.955 

538.673 
654.575 

122390.111 
29265,362 

454.576 
04.097 

292659 362 

84,097 
5.405 

224324,330 

5,420 
416.899 

538.079 
454.267 

321934.353 
29180, 823 

83,811 
5.420 

454,261 
83,811 

29183.873 

223175.990 

5.393 
416,520 

535,817 
451.99‘4 

121479.163 
29096.319 

451*934 
83,816 

29096,319 

83,816 
5,393 

224231.490 

5,413 
416,346 

538,887 
454.851 

121024.568 
29311.693 

454,861 
84,026 

2901 1.693 

84.026 
5.413 

223765,753 
538.777 

223755.750 

5.435 
415,322 

538.717 
455.045 

320568.615 
28927.143 

455,046 
83,731. 

28927.143 

83.731 
5.435 

415.322 
120568.615 

L23119.670 
534.258 

417.625 
120113.975 

lb71003 
224565.040 

538,407 

417,091 
119658.943 

166.000 

168.003 
223492.733 

538.863 

41’4,748 
119204.098 

169.003 
224158.990 

535,965 

418.234 
118753.471 

169.766 
222836.240 

513.595 

428.908 
118403.593 

223119.670 

5.376 
417.625 

534.258 
450.465 

120113,975 
28842 51 3 

450.465 
83,794 

28842 * 5 1  3 

83.794 
5,376 

224565r340 

5 e 427 
417,091 

538.407 
454.641 

119658.943 
28757 957 

83.767 
5.427 

454,bl.l 
83.757 

28757,957 

223492,730 

5.433 
414,748 

538.863 
Q55.095 

119204.098 
28673.478 

455.095 
83.758 

3.8613.478 

83.768 
5,433 

224158,990 

5.389 
418.234 

535.955 
452.077 

138750*471 
28588,965 

452.077 
8 3 . 8 8 8  

28588.966 

83.888 
5.309 

2.228369240 

5.189 
428.900 

519,595 
435.632 

118403.599 
29524.238 

435,632 
83,963 

28524.278 

83.963 
5.189 
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Appendix 3 
dbserved Tra jec tory  (AA83) 

1. OBSERVED TRAJECTORY (AA83) 

This appendix presents  a d e t a i l e d  t a b u l a t i o n  of t h e  AS-502 v e h i c l e  observed t r a j e c t o r y  from 

guidance re ference  release (RO -16.845 sec) t o  launch vehic le / spacecraf t  (LV/SC) separa t ion  

(RO +11,667.8 sec). 

explained i n  t a b l e  AP 3-1, while  t h e  aerodynamic d a t a  is based on t h e  f i n a l  meteorological  

summary of appendix 5. 

Table AP 3-2 presents  t h e  d e f i n i t i o n  of symbols f o r  t h e  t r a j e c t o r y  parameters furnished i n  

t a b l e s  AP 3-3 and AP 3-4. 

Coordinate System Standards.  

re fe rence  release t o  parking o r b i t  i n s e r t i o n .  

KSC launch complex 39A, Cape T e l  4, Grand Bahama, Bermuda, and t h e  I n s e r t i o n  Ship,  sites 

one through f i v e ,  respec t ive ly .  Table AP 3-4 presents  t h e  observed t r a j e c t o r y  from parking 

o r b i t  i n s e r t i o n  t o  LV/SC separa t ion .  Vehicle radar  parameters w e r e  ca lcu la ted  f o r  Bermuda, 

Canary I s land ,  Carnarvon, H a w a i i ,  and Guaymas, sites one through f i v e ,  respec t ive ly .  

Table AP 3-5 presents  t h e  v e h i c l e  a c q u i s i t i o n  and loss t i m e s  f o r  each of these  radar  

s t a t i o n s .  

The t r a j e c t o r y  d a t a  w a s  obtained from various radar  t racking  h i s t o r i e s ,  

A l l  t r a j e c t o r y  parameters a r e  c o n s i s t e n t  wi th  P r o j e c t  Apollo 

Table AP 3-3 presents  t h e  observed t r a j e c t o r y  from guidance 

Vehicle  radar  parameters were c a l c u l a t e d  f o r  

TABLE AP 3-1 
TRACKING HISTORY 

-16.845 s e c  t o  757.04 s e c  Boost composite f i t  of f i n a l  

Glo t rac  ( S t a  1 )  and Bermuda, 

3.18, 1.16, 0.18, and 19.18 

C-band radars  (CMP) 

757.04 sec t o  11,667.8 sec Orbi t  f i t  of Redstone t racking  

s h i p ,  Carnarvon, White Sands, 

M i l a ,  and H a w a i i  C-band radars  

AP 3-1 



Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 1 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

ACT I T  JDE LANGE tiAHMA S 8  1 
( F E t T  ( F E E T  1 (DEC, 1 

( F T / S E C  1 ( F T / S S Q )  ( D E G 9  ) 

r, S B  s 4 SH S F E  X I  
( F E E T  1 ( F F E T  1 (METER5 ) 

I 5D S ’f SB SFE E T A  
( F E t T  1 ( F E E T  1 (METERS 

SB I P SB I G A M N A ( 1 1 )  P ?  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

a 2  

13 

14 

15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15  

1 
2 
3 
4 
5 
6 
7 
8 
9 
13 
11 
1 2  
1 3  
14 
1s 

L Sa E 
( F E F 1  ) 

0-X S B  E 
( F T / S E C  1 

0-Y SA t 
( F T / S E C )  

0-2 S B  E 
( F T / S E C  ) 

DO-X 59 t 
( F T / S S P I  

b SH s Z SB SFE ZETA 
( F E E +  1 t F F f T  ) (METERS 1 

GAMYA 5 8  ? 
(DEG, ) 

G I I M Y A ( 2 I )  P k  
(DEG1 1 

X SR G S  
( FFE’f 1 

Y sa  GS 
( F E E T  ) 

Z S B  CS 
( F E E T  

0 - X  SB C.S 
( F T / S E C  1 

D-Y  SB GS 
( F  r / S f C  1 

0-2 5 8  GS 
( F  r / S E C  ) 

ii r-IU 
( D E i .  

C J I D A N C t  R E F E X E W E  RELEASE 
-16 .8453 193.3554 ,5455 

.0003 1 3 4 3 . 6 7 4 4  32 I 140  
193.6  1 0  -3137778.700 

.o e o  181 15556.0 

.o * O  996027416 
,000 r 0 : )  d - 1 3 2 1  ,021 
,000 414.211 -228,716 

000 3275.051 I 0 0 0 0  
,000 2 7 , 5 7 5  -9Or0000 
,000 147.2:j.’ -75 1 7 6 4  
.ooo 271571 a0244 
- 0  00 3 , ouoo 

.0003 1 6 , 6 3 1 4  314.4925 

5 5 5 4 1 7 v 8 3 L‘O 
1 9 3 . 4  5 4 9 1 1 ~ 5  1036753 1 

89.9901 1 1262 -1.4115 

s - I C  
-8.7703 

,0003 
193  6 

.o 

.o 
,000 
,000 
,000 
.OD0 
.ooo 
.OD0 
.OD03 

.0003 
89.9901 

193.4 

E N G I N E  START 
1 9 3 1 3 5 6 4  

1 3 4 Q r 6 7 s 4  
-2.8 

3343.9 
102969 6.  

-e693 
413,937 

1275.1 7s 
27.59t. 

147.27 ’  
2 7 . 5 7 1  

555417.8200 

1 6 1 6 0 2 4  
,1262 

5+911 e 5 

CflMMAND 
,5455 

32.140 
300 - 3 1 4 844 S 

1A11370610 
9960274 9 4 

-1320.886 
-229.494 

,0000 
-90,0000 
-75,1602 

,0244 
* 0000 

314.4925 
-1.4115 

10?6753r  1 

9 0 ~ 0 7 0 3  
* 0 I30 
V 3 7 G  
1033 
9 0 7 0  

- 1 0 7 0 0  
r 0 3 t 2  
I 0D3b 

~ 8 0 , 6 0 4 2  
526 r Y 5 3 7  

2 1 1 5 , 2 7 7 2  
e8546 

5 1 8 6 5 2 0 r 1  
259.  a173 

- 7 r 1 1 2 9  

90r371J0 
1’3033 

3 1 9 * 2 * 5  

* 0 9 1  
7 9 . 0 5 9 9  

,0776 
* 02 33 

-80, 6942 
S26.9597 

2 1 1 5 , 2 7 7 2  
, 8 5 4 5  

259.0173 
-711179 

,027 

5 1 8 6 5 2 0 , l  

nnoo 
90.0000 

-105O.189 
-1 .5n9 

.3n0 
- 2 6 0 r l 0 9  

- , ? 4 1  
, 053  

28 ,6n84 
e0023224 
gBR27 

34491884 

273,9795 
-15.4072 

11129393.6  

.pP 3-2 



Appendix 3 
Observed Trajectory (AA83: 

TABLE AP 3-2 (Sheet 2 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

RANGE ZERQ . 0000 193.3564 . 1455 90~0000 .oooo 
*oooo 1340r6744 32. 140 . 0000 90.0000 

193.6 -12e2 -3160028.100 1389rtSt  -4570r086 
.O 6972.4 1811166900 el76 4.829 
.o 21460.4 9966274.1 r535 490 
* 000 . 000 
.ooo 
,000 
.000 
,000 
* 0000 

.oooo 
89.9901 

193.4 

1 
2 
3 
4 s 
6 
7 
8 
9 
LO 
11 
12 
13 
14 
as 

1 
2 
3 
4 
5 
4 
7 
8 
9 
10 
Ll 
12 
13 
14 
15 

1 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
13 
11 
12 
13 
14 
1s 

-le446 
413.541 
1275r300 
27. 596 
1479203 
27r571 

555417r8300 

16 9 6024 
~1262 

5491fr5 

-iizoi i39 164.9451 4 4 2  s 604 
-230.339 ,0288 0~841 

* 0000 SO881 -,035 
m 9 0  . 0000 m 8 0 r  6042 28ibO84 
-75.1421 526r9597 80023224 

e0244 211512772 e0827 
,0000 8546 344s 1884 

31 4 492!5 259.0173 273.9795 
97.1129 -15.4072 

1036753.1 5186520tl 1112939387 

-1.4115 
FIRST HUTIDN 

e3800 19393564 
.Ob00 1340.6744 

193.6 -1297 
.O 7129.6 
.o 21965t0 
* 000 -1r478 . 000 4139524 
.ooo 12759306 

3.281 27r 596 
.ooo 147.200 

21,571 . 000 
,0003 55543Te8300 

.0000 16 8 6024 
89.9901 , 1 2 6 2  

193.4 549119s 

* 5455 
35.420 

-3160930*600 
18111601~0 
9960274r 1 
-1320.733 
-230,376 . 0000 
-90.0000 
*'IS. 1417 

I 0244 
r 0000 

314.4925 
-1,4115 

1036753. 1 

LIFTOFF SIGqAL - TB 1 
6903 193.6412 s 1954 87% 2967 

1.3122 1340.6350 37.474 ,0560 
193.8 -1289 -3160940e300 1405.477 

e 6  7258.4 18111531rO ,332 -. 0 223609 3 9960273.7 9 594 
1.311 -. 194 -1320.890 172 e 131 1 
,032 413 e543 -229.243 e0412 

-.053 1275,259 9 5062 to796 
5,335 279 598 -82  * 32 14 -80.6342 
-,012 147.183 103. 5285 52489600 
-e025 27.619 102411 tl15.2572 
.QOO3 556374.2330 e 0000 . e545 

193.6 54911 a 0 1036752.6 5186520.3 
160 9495 16,6328 31414925 259.0173 
89,8336 el265 *1.4114 -7.1129 

S T A R T  VAvJ YANELJVER 
i ,9000 

11.2023 
205.3 

2 . 4  
- * 2  
11.198 
.076 -. 280 

8.783 
* DO2 

-.146 
,0003 

205.2 
167.3974 
89.3457 

5.0005 
39.2345 

278.7 
13.2 
-3.9 
39.206 
1.041 

-1 e073 
9.291 
e035 

-e372 
.0000 

278.7 
102.9297 
87.7460 

205r3166 
1340.4789 
-3r3 

7760.4 
23903.3. 

9. 593 
4 13,5 37 
12751060 
27.676 
146.483 
29.807 

600190.9720 

16,6036 
9 1385 

54909.5 

278 8 501 5 
1340.5555 
64.6 

9049r8 
278539 3 

37.332 
414,379 

12 74 e 3 5 7  
289 075 
142r403 
48.541 

974824r8800 

16r6057. 
e 2 1 5 1  

54901 . 3 

1.816& 
40.923 

-3162540r600 
18111262~0 
9960277. b 

-13221 172 
-220,720 

5.2222 
*34.1508 
115~9181 

no264 
.oooo 

314,4924 
-1.4lOB 

1036751 e 5  

10,1728 
41.432 

-3166645,300 
18110414~0 
9960305,l 

-1326.00a 
-196.172 
17,6125 

-13,6248 
143,9750 

9 0430 
8 0000 

1036748.2 
314,4921 
-1 e 4 0 6 0  

88 P 5130 
,4787 

1723*93b 
e959 
9655 

18649532 
I OSDl 
,0269 

m 8 0 * 6 O G 2  
52619701 

2114.4174 
8524 

259.0173 
-7,1127 

5186521 9 

s 0000 
90~0000 

-4f78e601 
971153 . 476 

-5S4.045 
-sa62 
-e042 

28 bo84 
a0023224 
88827 

3449 1864 

273~9795 
-1 5 I 4072 

11129393~7 

220~3412 
90r0019 

-4952 I 151 
-7.423 

e462 
-564 830 

- r879  
- r o b 8  

2 8 . 6 0 8 4  
a0023224 
,8858 

344 s 1885 
11 129393; 7 

273.9795 - 15.4072 
234,7541 
9010055 

-5659 8 176 
-8.528 

,389 
-6030 806 - I947 

- e  073 
28.6084 

le0312 
344 8 1894 

273~9795 
-15, 4072 

r0023214 

1112939619 

871 8164 207,8672 
90.0518 1.6761 

2362 32 1 -76859 752 
3r496 -11q739 
- 9  0 4 3  * 044 

2258 0549 -703e6b2 
t 3 7 3 8  -1 9 125 

-,I534 -*152 
r80.6042 2 ~ 1 , 6 0 8 4  
52790345 I 0023154 
tlO9t0526 2.7279 

1 8390 3449 1968 

259,0372 27309793 
-711 119 -15.4068 

5186534~7 11129419r4 
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Appendix 3 
Observed T r a j e c t o q  (AA83) 

TABLE AP 3-2 (Sheet 3 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST HUSE W 8 3 )  

STd? YAW MlNEllVEU 
9 * 8000 57V.7837 46r 3304 87r7315 207i3901 
85.0435 3341.8853 421B04 396653 90e1117 
579.9 355.9 -3173094.600 3993.6T3 *11434*400 
46.0 1106% 1 18109783r0 14.718 -1701127 

-13.7 33965 e 9 9960616.6 -21013 -1.049 
85.776 63.492 -13329 901 287rOJO3 - 0 l l r  274 
2 9 386 415.545 *l55. 620 a8145 -1,414 

-2.419 
10. 164 

.Ob6 
0.374 
.OO01 

581r8 
178.6588 
85.2678 
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4 
5 
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6 
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9 
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12 
13 
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3 
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6 
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8 
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1: 
12 
13 
14 
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1273r188 38.4227 
391013 -12,1743 
133r930 155.4622 
949623 ,0838 

1879530.3000 .oooo 
548691 0 1036729.1 

16,6179 314.4906 
5300 -le1901 

9.14714 
080 e 6042 
527r2907 
2007. 2172 

# 7839 

259t0168 
5 186502 6 

-7.10~7 

-ell1 
26t6083 

10e25bl) 
34402246 

273.9793 
-1 5 I) 4053 

e0022911 

1112950687 

10.0003 
87.0661 
597.8 
47.9 
-14.2 
87.795 
2.529 

-2.459 
10.210 

,067 
0.339 
.0001 

599.7 
178.5024 
85.2303 

597r 7240 
1342e0236 
373v3 

1115317 
1422006 

85.494 
41br681 
1273e 157 
39e 128 
133.712 
969545 

1916469t9000 

16,6186 
,5485 

56861.5 

48etBb9 
421 550 

~3173361,800 
18109713.0 
9960123.5 
-1332,624 
-1 53 625 
39.2598 
-12 e 0179 
155.7761 

a0855 
* 0000 

334,4906 
-1.3891 

1036728 2 

S T A R T  
11.0100 
98.2897 

688 3 
41.0 
-16.6 
98.225 
2.515 
-20545 
10.442 

069 
172 

,0002 2 
691.1 
177,2592 
84.7518 

P I T C 4  AUD R O L L  MANEUVERS 
68894146 61 e 2536 
1342.6667 42.581 
461 0 4 -3174652.100 

1158491 18109603rO 
35506.6 996045S.4 

959836 -1334,115 
415.632 0144.684 
1273.114 441 2415 
39.475 -1 1 * 1010 

133.000 158.0676 

101395.4000 * 0000 
lbr6243 314.4901 

,6434 -1 . 3841 
106*210 0940 

54856.4 103672091 

1510003 116508328 
141.8243 1347,6661 

1165.8 928 t 7 
23.6 13194.8 
-27.6 40585*8 
141 e799 139.068 
2.328 415,311 - 1 340 12741512 
11.425 39.773 
0.270 137 q 78 7 
679 147.639 
oO001 2886850*5000 

21 1,4033 lbr5927 
88,tlll 1.1413 

1166.3 5488916 

20.0003 
201r3768 
2015.6 

-25.9 
201 e283 

-.695 
6,102 
12.640 
-.576 
2.429 

28.7 

.0001 

20389888 
2015.8 

88.9013 

2015.2992 
1361,3462 
1763~8 
1526+,4 
46967. 5 

1980108 
412.130 
1282r25L 
39~203 
1421574 
205.333 

3948445.4000 

16,5973 
54912 * 2 

2.0278 

33. 5763 
63.568 

-3179969,200 
1810908000 
996071 1.9 

-1341,742 
-107rR45 
65,5887 
-6.5898 

g 1309 
1OOOQ 

3149 4906 
-1 . 3571 

i 6 3 , e m  

1036770r3 

33.5427 
44 9 844 

-3186704.500 
18108656.0 
9961 1141 9 
-1356.425 
-608417 
98.6146 
-3.7112 
-10.3686 

t 1827 . 0000 
314.4905 
-1.3108 

1036787.4 

07~6995 
3,7513 

3651 9 5 0 4  
15.333 
-2,095 

289eb240 
(I 8599 

-14186 
-8Oe6042 
527 t 3145 
20851 9277 

r78R7 

259tOlb8 
-791385 

518658lr 3 

87t9131 
4.1957 

3949 a 5 66 
19 I 405 
-2 549, 

302 t 6 9 2 3  
,8637 

9,4795 
rSQe6042 
527,3940 
2079# 4168 

I 7641 

259~0166 
- 7 ~ 1 3 7 5  

5186599r 2 

88,9147 
6 ~ 0 4 0 0  

5261,341 
89478 
-4.514 
355 I 0406 

t 8433 
,0302 

~ 8 0 ~ 6 0 4 2  
525,9172 

204498427 
,7906 

2 59 9 0 1'7 1 
-7,1322 

5166668 t 6 

8892922 
le5324 

7201 8 56 
101837 
-1 9526 

422 * 1200 
q.0253 
2,4395 

r8Oe6342 
521.9185 

1984r1742 
,9312 

259rO 170 
-7.0329 

51~6772. 4 

2061 1970 
90.1248 

*ll606e699 
-16~111 
-le112 

-8640 716 
-1 I $26 
-0319 
28. bo81 

lOeb709 
344 e 2262 

273r079b 
-15.4052 

1o022e97 

11129511~9 

207,3361 
90,1241 

-12496.491 
-19,502 
-1.454 

-897.248 
-1.489 

-.358 
28,6083 

12 8734 
34412339 

273.9792 
-15,4048 

e0022824 

11129537e5 

191 e9210 
90.6953 

-163320903 
-26,025 
-31223 

-10259764 
-1 743 
-1534 

2 8 8 6 0 8 4  

24r5303 
343,7510 

273,9794 
-15.4n24 

a0022508 

1112967781 

65.4979 
8916673 

~21864r318 
-35 t 563 
-6,534 

-1 186 e BOO 
92.075 - ,799 
28 e 6083 

46.3865 
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273,9794 
-1513982 

00022004 
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i 
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Appendix 3 
Observed Trajectory (AAE?) 
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15 
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269.1644 

3187.6 
18.8 
36.2 
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0001 
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30r 0000 
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213 .0  
341.185 
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15.316 
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6.570 
,0006 
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5TW 
30.2000 

348.3831 
4779.1 

- 6 . 3  
223 0 
344.225 
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53.290 
15.372 
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6 ,654  
000 6 

4984.2 
70.4025 
87.3272 

35.0000 
430.4680 

6614.8 
-40.5 
556.4 
420.820 

-7 ,546  
90.312 
16.591 

- .173  
8.779 

00015 
6638 o 1 

69.8341 
850 1789 

40.0003 
526.5972 

8935 0 

1121.4 
-79.2 
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-7.977 
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11.404 
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67 9571 
82.8283 
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TABLE AP 3-2 (Sheet 4 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

31879 3901 46.3526 84 o 964 1 62a8328 
1388t1521 461999 1181352 8915126 
291898 -3193s31.300 9481e216 *282001@71 

1731603 18108483*0 41965 -46,801 
53411.3 9961701 SO 201 839 -1 1 I291 

2641 465 -1381 293 491e4248 - 1 3 4 7 ~ 6 2 1  
4081 892 991144 -a93S9 -21423 

1299.936 137e8883 71 9251 - la112 
31e850 - le8328 -80 e 6040 28 m 6084 

148.866 -?e7885 51be7385 I Q O 2 1 w  
2711951 e2433 190217431 74a8531 

510728Se2000 *OOOO ,9589 3401 6706 

1686447 314 e 4938 25% 0171 213*9?94 
392461 - le2460 -7110800 *15e 3921 

55012r6 1036798r5 5186856e4 l l l 3 0 1 S 3 a 7  

471083303 217r8133 
1429r9O06 47.896 
442212 - 3 2 0 0 ~ 2 4 . 2 0 0  

337r007 -1417.534 
406e297 43.038 

13289896 18Zib462 
259982 9112561 

144.931 -4c.1076 
346.785 ,3095 

6088788r5000 a 0000 
55243r7 1036778 e 4 

16,7819 3141 5030 
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1 9 3 5 7 ~ 4  18108910.0 
59971 I 7 9962498.0 

P ROLL MBVELJVER 
4 7 7 0 ~ 9 5 9 6  227,9530 
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4489.9 -3200808.300 

1943896 18108579.0 
602379 1 996253415 

340.025 -3439.204 
406s 194 49.204 

13301275 184.5522 
249640 .1192014 

144,605 -3.8538 
349.895 .3121 

6120411r8000 a OQOO 

16e7898 314.5035 
4.8860 -1,1580 

55256.2 10367769 8 

66141 3062 
1485,8959 
6304.1 

2 1 3 8 4 t l  
6670). 2 

4 lbs056 
404,807 

13679814 
14,069 

114,648 
4321681 

7 1 9 0 5 2 9 ~ 6 3 0 0  

1 7 r 5 9 3 2  
6 ~ 7 4 8 6  

556651 1 

8934,6454 
1558.9647 
8 5 9 8 1 9  

2340698 
73655.3 

501 e 749 
404.200 

1419. 592 
109607 

lL89*191 
525.230 

8 1 E5553 9 6000 

17.5053 
3.0678 

56344 9 7 

564 * 9877 
49 e 474 

-3207718e100 
18108927.0 

9963532i4 
-1464.292 

98 ,862  
232 e 2989 
-1 o 3436 
*P.ZB38 

,3873  
D 0000 

3 8 4 ~ 5 2 0 6  
-1 (0564 

2030709s2 

1133r4364 
91 * 1-74 

-321SOPls* 100 
18109590*0 
9964828.6 

- l 5 2 4 * 1 0 9  
154.799 
287.8842 

-1.0281 
* 4732 . 0000 

31405491 
-,92?1, 

,5060 

3036542.5 

8112893 
l3r8018 

121209279 
l e 0 1 9  

791239 

1801 I) 53 15 
,2522 

4186870e 3 
259 I 0173 

*7*0631 

81 1398 
13,9077 

12233tO84 
2 ,694  

829494 
565 0 4910 

-116131 
1702886 

a80a6035 
522 e 1951 

1797. l l 8 8  
e 2255 

2599 0173 
5186869s 0 

-7.0523 

7403954 
18 9802 

j.8482 ,858  
r~15r819 
369*450 
71099410 

-1.9893 
44* 7765 

-809 6339 
51213436 

1 5 6 6 ~ 8 7 9 4  
,1421 

259 v 0 1 7 9 
-7.0158 

51864969 6 

65e2kl5  
8910336 

~ 3 5 6 6 4 e 9 0 2  
*601378 
-18 I 037 

-1515e260 
-2 e 802 
-1 s 492 
28e6086 

122.5591 
341eb785 

a 0020022 

11130399m1 
27319796, 
-15r3842 

$ 8 9  7?4a 
7 ~ 9 5 0 8  

-520401383 
-91 e 906 
-36.733 

-1830a 735 
-3.561 
-2,358 
28 I 6096 

242,4642 
33813121 

27319803 
- 1 s  1 3623 

, 0 0 1 7 ~  

11130646e3 
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Appendix 3 
Obsented Trajectory (AA83) 

AP 3-6 
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11 
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15 

x 

a) 

4Sr0000 
634.2538 

1170207 
-120.3 
1976r* 
599,405 
-8 209 
207.181 
11.964 

000 
14 560 
r0055 

6805186 
80.3871 

11869.2 

50.0000 
754.7344 

14946 4 
-160.3 
3202 4 
697.498 
-7.782 

288.201 
-20.066 

e061 
17.856 . 0088 
69.1341 
77.8921 

15286.4 

55 *OOOO 
889.4363 

18695 -8 

487407 
-200.4 

800.793 
-8.524 
386.935 
20.989 

0 125 
21.505 

,0134 

69.6443 
75 e 3742 

19321.7 

60.0000 
1038.5323 

22971 5 
-244 e 0  
7087.3 
907.444 
-9.144 

504.986 
21.624 

192 
2 4  870 

,0195 

70.0279 
72.8439 

24041 e 0  

TABLE AP 3-2 (Sheet 5 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83' 

11702.4139 
16901 2335 
113310 6 
254261 0 
80904. 8 

590.202 
4039 765 
1486rO54 

2.757 
308 e 594 
633, 798 

9302096~5000 
S737b.8 

16.1930 
11~6914 

14946.4124 
1760r17Rl 

145480 1 
2744S.4 
88525 8 2 
690r397 
403.952 
15671921 

59414 
3339230 
7540506 

10304155~5000 
58867.3 

1% 1624 
14e6303 

18696*0310 
1889.8537 
1825915 
29463.2 
96598s 5 

792 1 6 4  I 
402,917 
16670 61 1 
171558 

2421788 
8818975 

10921820*4000 
6093819 

2004536 
11.7870 

22972.4240 
2039,7182 

22491 e 5 
31476r3 
105217.2 

898.057 
401 936 
1786.727 

191 389 
260.916 
1029.383 

ii4i827e,7000 
63724, 5 

22.0958 
21.0492 

MACH 1 
60.5050 2343496810 

1054.4861 2095.7883 
23433.6 22948 8 
-248 1 31679.5 
734502 106122~3 
918 633 9091111 
-9.133 401 9907 
51 7.659 1799.515 
21.683 lSr079 

* 199 250 875 
2 5 . 2 0 4  10471 161 

e0202 11481140r6000 
24558.9 64050.0 

10.0655 22. 2826 
72.5872 21, 3798 

1993.2401) 
53.099 

-32229681760 
18110s0s.0 
9966420.6 

-1S98.245 
219.264 
390.0678 

e 1304 
-1 64.01 

ST76 
00000 

314.5919 
...7742 

1036266.3 

3219.3185 
S 9 e  126 

-3231110.200 
18111735.0 
996833900 

-1687.525 
274.198 
418r6602 

I )  0595 
-1,5566 

,6976 
I 0000 

314 ,6524 
-05930 

1035841 I 1 

4893~0071 
57,257 

-3239859.200 
18113256.0 
9970621.2 
-1793s 347 
331.524 
495.5256 

lrOl26 
- 0  8963 
18265 
r OOOQ 

314,7349 
- 9  3848 

1035236.3 

71069 0755 
59s  167 

-3249121~500 
18115059.0 
997330409 
-1917.379 
385.633 
579,1352 

9322 
*1.1958 

,9813 . ooao 
1034419.7 

314. 8439 
* #  1457 

7363.891 1 
59.361 

-3250093.200 
18115256rO 
9973599r5 

-1 930.685 
391 I 244 
587.92 19 

17181 
-99769 
1 e0003 . 0000 

3 14 * 8566 
we1199 

1034323.4 

1068 t 0469 . 3567 
25900184 
-609333 

518b007rl 

6019198 
26,4368 

3 ~ 3 8 * 6 7 4  
-54,939 
Z236.133 
1027. 8 127 
-2,1512 
197.4227 
- 8 0 0 5 A 3 4  
458 * 0327 
899,9374 

1497 

259 0 184 
-6,8533 

518295914 

60r6146 
26.5327 

363601122 
e551859 
2318.517 
10368 1291 
-2 . 1458 
16183433 
-80,5827 
456. 1771 
883r0795 

~1471 

259.0184 
-6s 8478 

5L02lbbr 1 

70,7453 
8 5 8 6 5 0 8  

-831211159 
-1 9 4  1 322 

-84 ,474  
-2313, 293 

-4 * 838 
-4.095 
28 a6131 

510.7034 
325 I 2606 

273,9823 
- 1 5 s  3088 

e 00 1313 1 

11129650.13 

TOe9732 
84.7516 

-950891498 
-179,644 
-106tb78 
-24748032 

-5,294 
94"797 
28~6152 

606 . $891 
3191 7367 

273.9832 
-15,2845 

71,0001 
84,6642 

,0011449 

1112866985 

-96342.983 
-182,330 
-109r120 

-2490.263 
-5,341 
-4r072 
28r6153 

618.4738 
319.0926 

273.9834 
-15,2819 

lOollZs0 

11128545r6 
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65 o 0000 
1200 1 6319 

27786.8 
-286.8 
9931.2 
10160615 
-7.767 

438,710 
22.451 

e259 
28 0 504 

,0273 

700 3462 
70.3251 

29509.4 

70.0000 
1380.1774 

33158.6 
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1130.870 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 6 of 39) 
SATUBN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
27789t06i0 9940 e 7718 $7,8853 71e3179 
2206s 0397 610503 2784327 83 19221 

27256.4 -3259044elOO 41183eBBZ -1078ble359 
-207e285 3348786 1811712690 

1005,800 -2056,891 1109r6247 -2b04r701 
402e877 437,651 -1r7207 -3,765 
19219632 666-5374 39817'163 -5,BB7 

1192r032 1 9  1624 736,3311 696 e 665 1 
11742336r2000 * 0000 ,0976 312 0 5639 

6 734fr4 103335S.1, 5180159e6 11127228r7 
24 9 0992 31489839 25900183 27309844 

15 0 2S6T 24.2855 9 1244 -6.7944 

r64'751 -132.5S9 114472 e7 9976417. 5 3123,931 

20,600 ,6795 -80e5750 2e.6176 
288,193 * 1 9 3443 437,7597 ~0609803 

3316296500 
2391,9372 
3257hl 
35504.9 
124448.9 

11 16 9 403 
403 , 944 

2075,420 
30.936 

267,000 
1363.336 

1174845014000 
7191993 

26,4448 
27,3712 

13503r2101 
b4 I 207 

-3269708r000 
18119448eO 
9979983.7 

-22141 399 
4881 106 
9blo2841 

1 e 0307 
-,887S 
1 e 3672 
,0000 

31Se1590 
,4270 

1032010~3 

~ 5 ~ a s 8 2  
24e2098 

415941 a 166 
-72,139 
4230r622 
1192r8938 
-1.2471 
245 t 9380 
-800 5646 
4139 9691 
581,8676 

,1300 
51'173298 6 

2590 0179 
-6,7324 

75.0000 39123~7740 17866,5680 52,3809 
1579.1306 2599,3143 61.530 2a.7428 
3911603 38460.9 -3281209r400 33119~026 
-348 9 0 37527.5 16122017rO r77~008 
17862.2 33524693 998404495 $088.964 
1249.985 12359601 -2392.282 1277,5372 
-4 I 108 405~382 536.082 we6560 
964.973 2250.643 863,736b 299t5966 
24.136 691 029 2.0340 - 8 0 ,  55 16 

s 425 252  I 999 -p4890 388r4236 
37 9 505 1537 e 994 1 e 5923 4409 8581 

,0490 11285033t2000 90000 * 1870 
43003.1 77564 I) 2 1030355*4 517377519 

70.8838 29 (I 0947 31 5 g 3T44 259a0172 
65.4524 30r2001 ,9643 -6116506 

75.2430 39428r8810 18103r 3950 521 2690 
1589,3845 261940664 67,733 28.7565 
39421.5 38762~6 -3281791.900 53430,1P8 
-348.9 37626.1 18122149.0 ~770239 
18097.5 135794 0 0 9984255e2 $662 1019 
1255.653 12419368 -2401e 589 1281a6717 

-1,6387 
974.145 2259e886 86899793 30294289 
24.163 67,664 1. 9777 w 8 O e  5510 

,431 251.003 -13052 387,1665 
37,830 1548,836 196061 4340 421 5 

,0496 11266792r9000 * 0000 ,1762 

70.8954 29r2305 3as.3861 25910171 
65.3371 30.3293 17816 -6,6569 

M A X I M U M  D Y N A M I C  PRESSURE 

-4.042 405 * 4 14 538 9 239 

43378.3 77868r1 103026613 5173582.9 

80.0000 
lBbX19943 

-363.8 
23177 * 8 
13719258 
-1.744 

1169.116 
24.211 

,552 
43,662 

e0635 

71 * 1008 
63009t7 

45677.4 

51222.6 

45689.7640 
2834,4722 
4694496 
39557,3 
146994.1 
13549613 
406,957 

2456,348 
83rl43 

259 9 000 
1749 (I 653 

9897887r5000 

32sOOOb 
32,1747 

a44onr4 

231?t;0630 
710187 

-3293669.100 
1~124811~0 
9988641 e0 
-2598.2115 

47b0289 
975 8 2125 

2 0593 
*rS206 
1 'I 8422 
90000 

31 5.6369 
1 e l m  

1028349 e 4 

99,6128 
28.9387 

597221 129 
w79rO84 

7238 s 4 74 
1362,7339 

-80184 
362~6325 
r60e5360 
375,5373 
3191 3346 

,0900 

259rQLb2 
-68 m e  

5169376 6 

71 e 5725 
8311046 

-121436r375 
-237~320 
- 1 6 2 ~ 4 7 0  
-27958291 

,69251 
-69410 
2816207 

761 93281 
303.9439 

27309858 
-15 e 2251 

rOQOBX92 

11125253eO 

71.788a 
82r273b 

-136533r330 
*271* 468 
-198 t 576 
-2963,592 

-61 778 
-7,378 
28~6247 

784 e 4 783 
293,9241 

27319874 
-151 1877 

e0004540 

11122511rB 

71 v 9485 
81.5229 

-1509949160 
-304.674 
-2359926 

-31 16 8 200 

-8 I 338 
28,6298 

758.7882 
289.4806 

-7i270 

S o a o w 7  

11119311e$ 
2?3,989C 
-1s e 1496 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 7 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

85.0000 
2048.2097 

52839r7 
-367.1 
29592.7 
1490.374 

1.234 
1405.118 
23.509 

51.225 
.711 

.O8lO 

71 2894 
60 9 7473 

60563.0 

52860,3350 
30%. 6103 

52017.2 
4159512 
159849 3 
1473,077 

26% 010 
63.018 

2014,345 

4oa.953 

~ 8 8 ~ 6 0 3  

8135418,3000 

35e0994 
34.7149 

92577e2 

29568.3020 
75,545 

-3307229.700 
18127775*0 
9993813. 1 

-28339 208 
604 q 6 16 
1093r7866 

1,0545 
-1.1070 
2.1331 

* 0000 

315.9541 
1 e 5486 

1025943.9 

46.7673 
28.7859 

667499 118 
-77,825 

1447.06 17 
e7520 

435* 3770 

371,2888 
223 t 2831 

r0003 

259 t 0148 
- 6 ~ 4 9 2 6  

9227. 085 

5170 

5 163979r 5 

72 e 0932 
80e7643 

-166975cP50 
-342,545 
-280,127 
-3276,501 

-7,801 
*9,438 
2 8 . 6 3 4 5  

7110 1321 
roo03505 

2871 8376 

273.9916 
-15~1052 

11115092.9 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
I2 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
L3 
14 
14 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
I 
6 
7 
8 
9 
10 
11 
12 
I 9  
14 
14 

90.0000 
2319.7543 
60586 7 
-351.7 
37275 m 9 
1604.274 

3.807 
1675.575 
221300 

- e  1st 
58.063 

,1023 

71,4594 
58.3969 

71136.1 

60619.3150 
3386. 5947 
5966092 
4 3 6 4 6 1 3  
173981 n4 

1581r878 

29669 19B 
4101312 

?e263 

2318.523 
328.377 

6424564.5000 

38r3118 
36e2732 

1021B7e1 

3722403290 
79 e 508 

-3322045,206 

9999593.7 
iei30er(5,0 

-3098 s 524 
617.156 
1219.5480 

~0305 

2,4658 
@ 0000 

316,3371 
1.9967 

1288 

1023066o5 

72.1840 
80.0284 

-i837saot70 
-382 e91 1 
-330 ,478  
-34368667 

-81348 
-10. 640 
28 e 6409 

641,6328 
2869 5904 

273,9942 
-15.0560 

,0002381 

1110981316 

95 o 0000 
2619.4485 

68892.2 
-335 8 
46398.0 
1714.318 

2.273 
1980.561 
21.616 
9.407 

64.146 
1269 

71.5852 
56,0395 

83060.2 

60943.2320 
3705,2339 

67a45eo 

1 8 9 5 6 ~ ~  1 
45691 e 2 

1688e345 
407,  300 
32729 973 

6.807 
279.640 
2614 91 1 

4478616~0000 

4115312 
3793358 

1133571 2 

46308,2870 
830617 

-3338259e600 
18133935.0 
10006031~7 

-3393.061 
613.565 
13156.2595 

9 0869 
-*I434 . 0000 

3 16 e 7942 
214818 

2.7313 

1019154 q 2 

4180(151 
27.6362 

820481 3 x 1  
- 6 6 ~  678 

14429 i 383 
1610e8364 

,5885 
61216116 
r80.4574 
381.6109 
99 q 6052 

e0000 

2591 0101 
-68290% 

5149524tl 

72e 1328 
791 2694 

-2013421610 
-426eQ69 
-3860911 

-8,910 
-11.953 
28eW84 

520,1317 
291~8135 

273.9972 
-1 5 0 0020 

-3596.748 

rO001521 

11103313rl 

100.0000 
2946.6365 

77739 . 3 
m326r9 

57124 3 
1821.890 

1.219 

21.800 
00 131 

69 e 250 

2315.89a 

1561 

71.6721 
S3.6905 

96471 3 

77616.9420 
4050.6436 
765521 5 
47721.1 
2067541 1 

17919839 
4048 523 

3610.179 
12.292 
70. 669 

29569 291 
3135067,0000 

4$r6600 
3719320 

126203.7 

56902r5110 
87.701 

-3356017.700 
18136974qO 
10013169.9 

-3716 e 985 
S98.115 
1499e62 10 

e o  1476 
- 8  1646 
3.0401 

8 0000 

31 7 0 3362 
3,0044 

1015928 I 2 

38s 3475 
268 7974 

9030Se 770 
*65e 31 1 

1774% 934 
1691.1878 

-I 0848 
713r8298 
r80$4357 
393,5225 

65 8 2616 
e 0300 

5140135.6 
2 ~ 9 ~ 0 0 a 2  

-61 1762 

7281117 
78. $950 

-2197261230 
-472,033 
*4501214 

-3756t678 
-91186 

2616575 

422.3897 
2960 3350 

274e0009 

0138390 

q OOOOO67 

11095431.6 

-148943D 

105.0000 
3301.8072 

07133r0 
0321-4 
69591.9 
1933.330 

1 e016 
2676.596 
22.806 

,905 
74.493 

* 1901 

7107353 
41.3858 

111113.6 

87248rl410 
4421 e 61 11 
85784. 5 
49730.2 
225698r 1 

la94 701 
4021 342 
39720871 

124 o 574 
3314.143 

248937 

2113280*4000 

47.6168 
38r 1282 

140836.2 

69380.7240 
92 e 487 

*3375446,t00 
1Q13992210 
1002104s.1 

-4060.886 
477.967 
lbSlrOO40 

0s 1565 
om3412 
3 e 3422 
00000 

117 e 9722 
3 5662 

lOllb07,O 

3be0306 
26e0225 

90966. 632 
r668955 

2 1 W h  502 
177X ,4629 

- 9  5692 
826e8S75 
d o e  3989 
109* 3605 
42g1834 

9 0000 

259e0054 
4 e 0 9 2 8  

5129120*9 

721 1109 
78 o OA30 

-t3e909,i~o 
-5ZOa9II8 
-5% 1 . 032 
-39160 467 
-101 78 
-14.861 
20e6b80 

329i8886 
3021 2624 

214, 0051 
-14eOT87 

rOOOObO1 

1108604019 

B 
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A p p e n d i x  3 
Observed T r a j e c t o r y  (Ap.83) 

TABLE AP 3-2 (Sheet 8 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 
9 
3 

9 
b 

1 
2 
3 
4 

7 
8 
9 
10 
I t  
12 
13 
14 
19 

b 
2 
3 
4 
5 
6 
'I 
0 
9 
10 
11 
12 
l a ,  
16 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 

b 
t 

t 
i 

LQ 
it 
12 
i 3  
14 
I9 

l l O * O O O O  
3686.7237 

97095.5 
9316.4 

83931q5 
2049.457 

3064 581 
23.422 

,062 
80.323 

e 2292 

7 1  s 7839 
49vl589 

.991 

28343.7 

115.0000 
4102.4476 

lQlb41 r 6  
~ 3 1 0 . 5  

100287r8 
2166.372 

1,474 
3483 e 807 

23.245 
9.025 

87.416 
.2737 

71r8226 
47 0254 

147120.5 

120.0000 
9551.6505 

118768 e 9 
4 0 4  e 7 

11882919 
2201.775 

*sa7 
3936 e404 

23.050 
9 .234  

94.513 
,3241 

71.8330 
44 * 9852 

Lb6007*9 

125.0000 
5037.7882 

b304722.1 
-305.0 

139734 4 
2397 e 496 

0.659 
4430.725 

23,223 
-e234 

101*909. 
e 3808 

7198749 
43.0366 

191177.1 

130.0000 
5563.7190 

142756.2 
~ 3 1 2 1 0  

t b 3 2 W  e 6 
2514 bS3 

-3.130 
4963 e012 

23,847 
-e106 

110.491 
.4445 

71 * 8904 
2 t w 2 9 . 7  

4 1  e 1763 

97262,8410 
4820,2279 

95561r4 
51744.4 

24452414 
2009r704 

400?070 
43620985 

6.331 
1 2 3 ~ 1 5 3  

3690.024 
1449472.2000 

50 I 3463 
38 a 0026 

157376 8 8 

107880e3270 
5 2 4 8 ~ 5 6 8 7  

105894,6 
5373915 

249378.3 
21201862 

397 I 990 
4784,448 

9 e 770 
189r402 

4099 v 180 
966846r1300 
175958r7 

5298218 
3786238 

1191 04r 0680 
4709,6002 

116776*7 
5572097 

294429e5 
222Ve 870 

394,127 
5241.363 

389405 

4521e379 
228 e 350 

657171e8700 
196727.8 

55,0380 
37.0453 

130935r1030 
620616806 

128204i8 
57680.3 

32 18 54 9 8 
2334.428 

389 9 6 10 
5 7 3 6 ~  101 

29,425 
3 2 4 ~ 6 2 4  
$030~ 119 

42235789200 
219841aO 

5 T e O Q Z O  
3613132 

143387,7300 
6 7 4 1 ~ 6 1 6 1  

140113.9 
59615 e 4 

331850 9 2 
2447,612 

364131)s 
62700912 

3 7 9  866 
2911 263 

55379 612 
259617,9600 
24548br3 

5897322 
059 6468 

83629.3350 
97.760 

~ 3 3 9 6 6 6 8 ~ 9 8 0  
181427s700 
10029700r8 

-4432.396 
552 9 917 

181le8855 
*eD350 
*e1570 
3.6841 

.oooo 

34 e 03J.b 
2502878 

108036r980 
-71q028 

f6027r 2 6 2  
1854,9547 

-1r0771 
946rZ667 
r80.3567 
4 1 7 ~ 6 5 8 3  

f6r9544 
* 0000 "._.. 

1006813.2 5114361 10 11073025t9 
31887114 239r0021 274 e 0101 

l l l P 0 1  -5r9196 -14g8088 

99868,4500 
103,432 

-3419818.900 
18145W4e0 
10039182r3 

-4832e553 
518,439 

1981 a 1953 
r0278 

wsl254 
4r0514 

,0000 

319, 5645 
488106 

1001578.5 

118262r2450 
109e452 

-3449049,900 
1814792500 
10049935r0 

-5264gO48 
670,439 

2160 I 5629 
e2236 

- 0  1976 
4g4166 

,0000 

320 8 5444 
5r5131 

99S9511S 

138986.6200 
115.970 

-3472518,800 
18150136,O 
10060609,4 

-5729e718 
4101 157 

2350,5321 
,0510 

+*b828 
400271 

,0000 

321 06651 
602551 

990008 7 

r 0000 
983648.9 

322i9431 
790663 

2017982 
22,9789 

137715a780 
r1020756 

43346i267 
2100a8226 

-316856 
136617049 
r8Oe 1924 
$52 e 0599 

6r6S20 
rOO0O 

258e9893 
1066146t0 

-5.45411 

a 0000 

258 a 9840 
4 e 2 7 6 3  

SO44Ow 9 5 

72n 1765 
76,6341 

-301246t230 
-685,893 
-786,031 

-110938 
-200b28 

-4394, a99 

28.7092 

147r4b26 
312,0442 

27410221 
-14.6509 

~OOOtllQ4 

110475?1r2 
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Appendix 3 
Observed Trajecto 

TABLE AP 3-2 (Sheet 9 of 39) 
SATURN OBSERVED T-CTORY - BOOST PHASE (AA83) 

156486a4100 188176.1600 25,9615 
132298765 1320843 2194737 

152696r6 -3534912r200 159545e940 
61523.0 18153498r0 -153,063 
38464)r9 10006360r9 9@5778470 
25601 106 -b774,/1)4 12~9r2i44 
378.438 254n260 -6rbo33 

6850,341 2768n2858 1707e9016 
103a605 ,6291 r80. 0463 
252.947 W. 4862 493r 6 ~ ~ 2 4  

6042.016 3 I 5*87 2,4745 
lbLl49~4100 e 0000 eo000 
273862 5 977612.8 5020971~3 

6012498 324,3957 258 I 978 1 
34.54lO 7.8885 -5rO845 

1 
2 
3 
4 
5 
b 
7 
0 
9 
10 
11 
12 
13 
14 
19 

135 q 0000 
6134. 9688 

-326.7 
109444.3 
2636.025 
-3 850 

5539.783 
24.735 
9.505 

119.989 

t5s635.e 

,3156 

71r90ll 
39 4044 

265 17 6.9 

140.0000 
6757.2790 

169136.1 
-352.7 

218694.3 
2762.683 
-6.734 

6166.714 
25.823 
-e658 

131.088 
,5948 

71.9075 
37.7180 

276467.5 

370269r2100 

165792.9 
63396 7 
420453.8 

'r953.2786 

2676.876 
370.794 
7480,076 

003 
,oao 

6757,279 
108025,5330 
305209.5 

61 a 5780 
33.5628 

217080~1700 
143.430 

-3570244.100 

2417261 
toe7762 

171083e083 
-1921383 
675949 104 
2349.1409 

-8q 8936 
J900e7444 
-79 I 9604 
481 a5559 

le4191 
e 0000 

X56t97lb 
-4 . 8783 4994276 6 

7282 
15n3 

395503e2 
-95110 
-1296.2 
-50301 2 

-14r6 
-31eO 
28e7 

0 0  
39.2 

327011 

t71 1 
2 
b 
4 
5 
6 
7 
8 
9 
LO 
11 
12 
13 
14 
1s 

to2 
'0 

18154536,O 
10100~91r0 

-7363.497 
,l 
'9 

158 259 
300 1 I 4201 

n 0000 -, 5443 
6.2827 

* 0000 

326.0432 
8.7835 

971488r 5 

-0 
LO 
'22 

b93 
!48 

)oaoi7 

STOP P l T C r l  MAYEUVER 
140.9000 172825.7600 222614r3600 24,5334 72 8 25Ob 

6875,4384 8072.8223 145,442 LOebS2b 75.3142 
171633 9 9 168212e7 -3576922.300 1732040430 *400043e350 
-358.7 63730.0 181546?1.0 -2OOe 412 -964.224 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
i 4  
15 

224298.2 
2786.022 
-7.347 

6285.677 
26.150 
c.674 

133.135 
e6100 

71 9 9083 
37,4233 

282432.3 

s-IC 
14497200 

7395,2501 
1112473.2 
-392 e 0 

249309.2 
2886.750 

-10.008 
6808.546 
27.115 
0.674 

141 ,839 
,6776 

308952.5 
71.9098 
36.2009 

427239~9 ioio3502 e 3 69321 8 349 
2698n305 -7475.074 2364t3639 
369 I 261 139,383 -902328 
7599,557 3045,3758 1937t3336 

e 000 .0000 -79e9440 
e QOO -.55?4 478 . 548 6 

6875r438 6.4126 le2821 
100423e9860 , 0000 too00 
31118br6 970415.8 490?155,2 

61,7987 326,3621 25819704 
33r3830 8 o 9502 -4r8395 

C E N T E R  ENGINE tUTUFF S I G N A L  * TB 2 
183944r8100 24~301~1100 23.6529 
8598 I 2129 153.847 20.1449 

178700.9 *3606414r900 llL161r830 
65127e6 18155044eO -239r340 
457274.3 10115SO4.6 77029 e 426 

2790.586 -7965,155 942913571 
362,484 54 n 765 -110 13SO 

8 124,686 3237.6818 2098tl488 
* 000 nOOOO -79.8706 
0 000 *r6101 164e7552 

7395 a 2 SO 6.9991 e8252 
73278e9500 .OOOO # 0000 

6296780 327,7974 25899649 
32.6097 9,6174 -)e6691 

331766.4 966028.1 496627404 

D 000016 
36e8030 
32be 7991 

1 
2 
3 
4 
5 
b 
7 
0 
9 
LO 
11 
12 
13 
14 
15 

7 

-102 
-144 
-517 

-1 
-3 
2 

2 

27 
-1 

-41959 7 

1094070 32 

2 
I 
9 
1 
q 
9 
3 
4 
I 

I 
2 
1 
4 
4 

4 
4 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

145.0000 
74301 63b7 

103212*4 
w394.8 

251219.9 
2892 e 858 
*lo r227 
3844.387 

23.086 
- e  670 

127.362 
,6828 

71.9099 
36.1i33 

310972.6 

184776,5100 
8633,9922 

179483e0 
65229.0 
45955106 
2796,085 
361.965 

8160.682 
,000 
,000 

7430.637 
71568e6040 

61.7389 
3295926 

339791 n 1 

249166r2100 
138 e 940 

-3608649r200 

lOll6412e6 
iaissos8,a 

-7998 e 605 
48.227 

325011133 
,0000 

we6143 
le0116 
,0000 

327,9078 
9,7319 

964719.9 

2305935 
2Oe1077 

10042i630 
-242~469 

WblO e 244 
243387336 
ell e 281 1 
2101.1779 
r7918650 
463r 5667 

8 7984 
a 0000 

258 e 9644 
-4e6562 

4964525.0 

1699 
,LO@ 
180 
I15 
!13 
106 
110 
139 
1191 

;oooooro 
2787121 
f8116609 

27*.0609 
*1411937 

1093910784 
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1 
2 
3 
4 
5 
4 
7 
8 
9 
10 
11 
12 
1 3  
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
i i  
12 
13 
14  
1.5 

1 
2 
3 
4 
5 

7 
8 
9 
10 
11 
12 
1 3  
14 
& 9  

e 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14 
19 

1 
2 
3 
4 
5 
6 
7 
(I 
9 
10 
11 
12 
13 
i b  
i s  
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 10 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE E' 3-2 (Sheet 11 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

A C T I V A T E  P i i  S Y S T E M  
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 12 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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O b s e r v e d  T r a j e c t  
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TABLE AE' 3-2 (Sheet 13 of 39) ory (AA83) 

SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
I Y I T I A T E  I T E R A T I V E  GUIDANCE MODP 
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Appendix 3 
Observed T r a j e c t o r y  (AA83) 

TABLE AE' 3-2 (Sheet 14 of 39)  
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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Appendix 3 
Observed T r a j e c t o r y  (AA83) 

TABLE AP 3-2 (Sheet 15 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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Appendix 3 
nbserved Trajectory (AA83) 

TABLE AP 3-2 (Sheet 16 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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-200 s 445 

29 (I 5778 
~0000000 
I 0006 

505s 5972 

274 i )  4262 
-1 1 r3439 

30081900a4 

74~2700 
74.1086 

-l269171r400 
-4012e779 
-14215~415 
-8929.875 

-35rSbl 
-212.052 
29.6136 

t 0000000 
e0005 

523 s 6150 

274. 4447 
-1192235 

10036346eO 

7483700 
76.1747 

-1314205e500 
-4193,044 
*15305a530 
-9083a950 

-36.547 
-224.060 

29 t 6509 
,OOOOOOO 
(I 0004 

540.5505 

2741 4634 
-11p1029 

99900331 7 

74r4703 
76~2414 

-l360008~600 
- 4 3 7 8 ~  264 

-16456rb93 
-92370487 

-37.J43 
-236,472 
29,6873 

r 0000000 
e 000s 

556,6565 

274,4825 
-10198 111 

9942953.0 
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A p p e n d i x  3 
Observed T r a j e c  tory (AA83) 

AP 3-2 ( S h e e t  1 7  of 39) 
TRAJECTORY - BOOST PHASE (AA83) 

TABLE 
SATURN OBSERVED 

474487.2200 
11996.9477 

39251215 
113931.0 
ia77495*i 

257,919 
348r534 

11989.11 1 
t 000 
eo00 

106921 832 
I 2294 

7313915 
15 I 4997 

15741661 6 

1453137.9000 
35 I 068 

-49519891400 
17920886,O 
10561929tb 
-11104,369 
-33328035 
3085 e01 51 

,0000 
-e0852 
5.5661 
, 0004 

29,6661 
17,7848 

1414157.3 

7.0377 
692313 

5624871590 
-1943,328 

460729r383 
2987,7951 
-7,9803 

3345r6859 
-760 2452 
143813845 

~0000 
0600 

258.5176 
1,9890 

3814364~2 

74.6756 
76,3802 - 1 4  53919 

29,7621 
00000000 
e 0003 

585.5366 

27415216 
-1087385 

984643219 

1 
2 

285,0000 
10692.8015 

422953.0 
4140.2 

1484505.2 
571.078 
101.811 

30677.055 
-16.358 
1,237 

30 366 
3.9819 

72.1597 
15.9028 

1543587.4 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1505394~8000 
35.494 

-5007820~700 
17903908,O 
10577346.2 
-11228.781 
-3458,228 
3081.9750 

* 0000 
*no608 
5,5179 
, 0000 

31 v 2029 
17e4601 

1452752 e7 

6 a 7340 
5.9428 

577473.723 
r19821.395 

417583t170 
3006*4356 
-796311 

3396.0939 
-16,0863 
150Oi 3914 

e0300 
* 0000 

258,4867 
2.2562 

3763555e 1 

74.7793 
76.4512 

*1502025.500 
-4964.230 
920296,928 
-96970896 
-40,602 

-276,183 
29,7999 

lOOO0OOO 
e0003 

598.8569 

2741 5616 
-1Oib161 

979697192 

1 
z 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

290.0009 
10841.3900 

425604.2 

1538271 2 
4664.5 

488.924 
107.975 

10829,822 
-16.472 

1.264 
30 820 
4.1251 

48092689300 
1214697449 

39257394 
11565399 
1937818.4 

165.935 
3489648 

12140,608 
* 000 

108419390 
,2010 

1626679.4 13 
14 
15 

1596069.9 
72 1737 
15.4655 

70e4646 
15 08 12 

1 487146,5930 
12299.3034 

393172 i) 5 

1998905 v 0 
117391, o 

731213 
340 934 

122941 136 . 000 
r 000 

10992, 811 
e 1782 

70.5348 
14.6686 

1679914.3 

1558400,1000 
35.934 

-5064279r600 
17886297eO 
10592747.8 
-11355,002 
-358 5 e 6 16 
3078 t 9903 

,0000 
-I 0348 
5 . 4798 

n 0000 

32.6759 
17,1207 

1492713.5 

6t38l9 
5.6639 

5925521730 
e20 19 437 
494690,780 

3024.9318 
-702263 

3447,0906 
~75,9253 
1559,9284 

roo03 
~0300 

258,4542 
2,5282 

371 1976 e 5 

74.8851 
7605245 

-1550898eOOO 
-5169" 844 

121712eBb4 
-98519 104 

41,645 
-290.262 

29.8381 
e 0 ~ 0 0 0 0 0  
(10002 

611,4467 

274,5620 
-1Oe4931 

9746690,b 

295 0000 
10992.8113 

427843.3 
5220.7 

1592807e3 
406.215 
114 * 443 

10984.707 
-16.587 

1.296 
31.285 
4.2704 

1649276.2 
72.1877 
15.0352 

2 
3 

10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

3001 0000 
11147.5965 

429667.1 
5809.1 

a648124,z 
322.781 
120.945 

11142.266 
1 6 s  790 
1 e 320 

31,723 
4.4177 

72 s 2019 
14.6117 

I703220 s 7 

493149,4400 
12455.1523 

393306.0 
119 143 1 

20b076504 
-20,425 
3491 112 

12450,243 
e 000 
e000 

11147~ 597 
9 1599 

70r6022 
1492617 

1733885.8 

1612166r2000 
36.354 

-9121374.700 

6 8 0706 
5,3937 

60P723r120 
~8054,686 
51205bs040 
304310496 

-6r8SOE 
3499,0941 

r75.7612 
1614,6772 , 0000 

00000 

258.4199 
2,8051 

3659618 * 0 

74,9915 . 
76,5987 

-1400536e300 
-5380.699 
-232001266 
-10004~184 

-42 t 699 
-3049770 

2918765 
,0000000 
50002 

27485827 
- lO~;db96 

622, e521 
9695579,4 

17B6804410 
10608335~0 
-11483.396 
-3714,634 
3076.3559 

0000 
-r0103 
5,4552 
, 0000 

34.0871 
16 P 7691 

1534020 I 3 

305.000i) 
11305.2817 
431972.7 
6430.2 

1704234.3 
238.906 
127.571 

11302 9037 
-36.819 

1.345 
32.238 
4.5672 

72.2161 
14, L947 

17579 19 * 0 

498939r6600 
12613,8306 

392969 i )  6 
lt0889r0 

2123411e6 
-1 14s 692 
349.278 

12608 9473 
e 000 
# 000 

11 305, 282 
a 1465 

70.6670 
1 3 9  8601 

1788609r4 

1666706q4000 
96,848 

-~179116~100 
17849144*0 
10623510,2 
~11613r626 
-3144.855 
3074 I 0071 

0 0000 
0 0000 

5r7715 
5.1336 

622983r5QO 
*2088t035 
529683~200 
306089372 
4.4755 

1551,8772 
m u ,  5949 
lb56r1229 

4 
7 

9 
10 
11 
12 
13 
14 
SJ, 

5a4580 e 0000 I0002 - 
r 0 O O O  ~0000 631.t1047 

96436251 5 
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Appendix 3 
O b s e r v e d  T r a j e c t o r y  (AA83) 

TABLE AP 3-2 (Sheet 18 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

i 

J 

1 
2 
3 
4 
5 
b 
7 
8 
9 
LO 
11 
12 
13  
14 
15 

L 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
L3 
14 
15 

1 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
i x  
1 3  
14 
15 

1 
2 
3 
4 
5 
6 
7 
11 
9 
10 
11 
I 
1 
1 
15 

1 

4 

310.0003 
11466.2816 

432057. 3 
7085.4 

1761150r 1 
154 1394 
134.489 

11464.453 - 16.944 
1 * 373 

32 , 805 
4 .7188 

72 .2304 
13.7838 

1813367.2 

315 0000 
1 1 6 3 0 ~ 8 2 6 0  

43261 7 . 9  
7774 * 9 

1818885.1 
69 .425  

141 354 
11629.760 

*17.070 
1 400 

33.278 
4.8726 

72.2448 
13.3790 

A869642.1 

320.0003 
11798.2247 

432751.7 

&E77452 a4 
8498.7 

116.347 
148.215 

117971282 
-17.218 

1 . 4 2 8  
33.727 

5 .02e7  
A926700.2 

72 2593 
1219798 

325. 0000 
11968.2851 

432454.3 
9257.4  

1936862.0 
-102,931 

155.341 
11966 834 

m17.384 
1.456 

34.237 
5 r i e 7 0  

72,2738 
12 9 5862 

330.0000 
12141.8202 

4317220 6 
10052 e 3 

8997126, 6 
-190.334 

162.632 
12 139 e 2 39 

~ 1 7 , 5 5 6  

5O4521e9200 
1277517628 

3921 591 6 
122636e2 

2186855.6 
1209.796 

349.591 
12769.257 

I 002 
* 000 

L 1466. 28 1 
* 1350 

70,7294 
13,4639 

1844101r5 

509900*6700 
12943.1718 

390872.5 
124384r4 

2251110*3 
-305,562 

349,704 
129321838 

9 ODC 
* O O D  

116301 826 
r 1252 

70.7836 
13.0728 

5 1508 1 I 2200 
33109*3751 

38910399 
12613218 

2316188,6 

1900378 r 7 

-402e327 
349 9 666 

130981 535 
*OD0 
IO03 

11798 1 225 
*I167  

1957457.7 
7018477 
1216865 

1722034.9000 
31.393 

*5237514*700 
17829588.0 
1063a873.9 

- 1 1 7 4 6 r l l 6  
-3976.529 

3071,8266 
* 0000 
8 0000 

5.6659 
,0000 

36.7333 
16,0368 

1620606r 2 

520067e1200 
13280*1907 

386841117 

2382099.7 
127881.2 

-5009 101 
349r750 

1 3 2 6 6 ~ 1 6 3  
woo0 
a 000 

11968e285 
1093 

7 0 ~ 9 0 3 9  
121 305 1 

201 53% I) 7 

1778165*9000 
37 ,854  

-5296511.400 
17809370*0 
1M54228rO 

-118801981 
-4109171 6 

3076eZ557 
,0000 
.DO00 

5,4788 
,0000 

37.9930 
15 9 6591 

1665857 e 7  

1 8 3 ~ 1 1 4 ~ 1 0 0 0  
38.289 

-5356326r900 

10669S74.9 
i m w e 2 . 0  

-12017,569 
-4244 9 479 

3 0 6 e . 9 0 ~ 3  
e 0000 
I OOOO 

5.4952 
,0000 

39r 1601 
15,2779 

1712399.9 

5.4835 
4,8828 

6383321580 
+2119e335 

54'157br703 
3078a5311 

-6tOS19 
3605.5727 

175 e 4261 
1695.9360 

rOOO0 
.0000 

258,3453 
3,3737 

355251687 

5e2076 
406421 

6531691050 
-2148,689 

565741e050 
9095,8854 

-5,6858 
3660e2568 

~ 7 5 . 2 5 4 6  
1934e 1884 

eo400 
a 0000 

251)r 3047 
316704 

he9420 
4 e 4399 

349'1751 I 1 

669291r370 
-2L76 v 330 

58418Or88O 
3112,8975 

-5e3616 
311597233 

m 7 5 r 0 8 0 5  
1770 I 868 1 

* 0300 
e 0300 

258t2610 
319720 

3 4 m 6 0 e  0 

1892891.1000 

1760220i3  
40.2970 
14e89lO 

4e6867 
491863 

6 8 ~ 7 . 8 i a  
17766917,O -2202e263 
10684914,7 b01899e750 

-12155.813 3129e5650 
-4P80,660 -4,9974 

3067e4952 ¶77119177 
*0000 r74e9317 
,0000 1804~0730  

5.5158 e0300 
.oooo loo00 

258 1 2 163 
at2811 

75e2085 
76 e 7 5 2 4 

-1702107e500 
-5818e162 

-26398r133 
-10309,964 

-440841 
-335r096 

29 I 9542 
e 0000000 
* 0002 

b39e405Q 

2'14e6253 
* lO*l205  

9590815e 8 

52486396500 1951§10e6000 
13454,4316 39,332 

38410218 
1296308 2 

244885br 0 10700248,5 
012196eLl5 

349r844 -4518 e 581 
1 4 4 3 6 ~ 5 4 3  3066.3279 

roo0 . 0000 

059$1909 

7513182 
7 6 ~ 8 3 0 9  

-1754039e100 
-6045e285 

228112e999 
*10462eb67 

-45 a 930 
-350r 925 

29e993k 
e 00000~0 
e 9002 

6 4 7 ~ 9 8 8 0  

2 7 4 ~ 6 4 7 2  
-9.9949 

75e4284 
76 e 9104 

9537137eo 

-1806733r900 
-6277 e 679 

-29908t135 
*10615r246 

-.47e030 
~ 3 6 7  e 204 

30a032Q 

0002 
654.4020 

274e 6696 
-9 8 8685 

e 0004000 

9482575e 6 

80 Le482 * 000 e0000 183'988353 0 0000000 
P1 34.807 12 141 e 820 5 e 5402 e 0000 r ~ a ~ 2  
P 5.3476 I 1029 eOO0O B 0000 667 I) 993'1 
13 Z043281e7 2074076eB 1809309e6 3 3 2 @ 4 6 1 ~ 5  9 3 7 0 7 6 1 ~ 4  
a+ 72.26113 . 7019582 41eB85) 2SOilb62 2 7 4 e t l 5 1  
1s 121 1979 lAe9283 l 4 e l O t l  *.59bf **e6129 
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A p p e n d i x  3 
Observed T r a j e c t o r y  (AA83) 

TABLE Bp 3-2 ( S h e e t  1 9  of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 335.0003 
z 12318.8183 
3 430551.7 
4 10883.9 
5 2058260.4 
6 -278.584 
7 170.044 
8 12314.495 
9 -17.736 
10  1.509 
11 35.353 
12 5.5106 
13  2102838.3 
14 72,3023 
15 11.8147 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
1 2  
1 3  
14 
15  

340.0003 
12499.7476 

428936.8 
31753.2 

2120278 3 
-367,730 

177 * 720 
12493.073 

-17,887 
1 e 536 

35.935 
5.6760 

2163262.5 
72,3175 
11.4365 

1 345,0000 
2 12683,8154 
3 426875.0 
4 12660.7 

6 -457.525 
7 185.351 
8 12674.206 
9 -28.059 
1 0  1 e 564 
11 36.531 
12 5.8438 
1 3  222457390 
14 72.3322 
15 11.0631 

5 2183195.5 

1 350 e 0000 
2 12871,6788 
3 $ 2 4 3 6 1 ~ 2  
4 13607.1 
1 2247026r6 
4 -148.497 
7 193,196 
8 128589536 
9 -18 236 
1 0  1 e 592 
11 37,152 
10 6.0141 
14  2286787.3 
14 72.3463 
15  101 6944 

1 355r0000 
2 13063.4218 
0 42139018 
4 14392.8 

231 1717.5 
6 -6400 131 
7 201.097 

L3046 v 179 
-10.410 

16 1.620 
A1 37.ev4 
1 2  6.1870 

I4  72.3616 
13 10.3302 

52947401000 
13632.0877 
38086Q.0 
13137916 

251b471tO 
-698 9 78 1 

343.e97 
13609.670 

* 000 
9 003 

12318.819 
.ope2 

2133653.2 
7190108 
11.5560 

533903,4900 
13813,6321 

377114e6 
133129.3 

2584959.2 
-799 784 

350,053 
137868017 

* 000 
(I 000 

12499.748 
,0941 

71,0619 
l l r 1 8 8 l  

219408908 

538151,9900 
13998,2677 

3728624 4 

265433594 
i ~ + e 7 9 ~ 4  

-901 1652 

13964.8 1 5  
t 000 
,009 

12683,815 

3496999 

542242r0430 
14186r6623 

368097. 3 
136629.4 

2724613*5 
-1004~935  

349,988 
14146,697 

* ooc 
IO00 

12871,679 
r0871 

231764 1 5 
71t1596 
lor4649 

54616Jr8500 
14378.8964 

3628 1.) e 4 
1383VOe1 

279580888 
-11090123 

349 s 860 
14331.788 

e000 
9 000 

13063r422 
,0841 

71 9 2064 
108 1094 

2380790e3 

2010988.5000 482368 
39,864 3.7648 

-5539726.800 716356,670 
17721722rO *2248,538 
10715576.9 641192r683 

-12439.348 316188335 
-4658.283 -4.2640 

3065.4290 3887,2666 
,0000 -74,5419 
q0000 186087384 

9,5855 .0000 
.0000 I0330 

42.4292 258 t l173  
14e1108 4,9243 

1859661.8 321034318 

2071341*1000 
40.443 

-5602286r000 
17698075.0 
10730901tl  

-12585,085 
-4799,918 

3044.71317 
e 0000 
,0000 

5 e 6 3 3 8  
* 0000 

43.6290 
13 e 7188 

1911272.1 

21325a5.1000 
41,034 

~5665579q200 
17673715.0 
10746223.3 

-12732,849 
-4943r136 

3064.5537 
.0000 
0000 

5.6845 
,0000 

44,3874 
13.3266 

1964138r6 

2194736e4000 
411652 

~5729618r000  
1764863400 
10761544,b 

-1tB83r230 
*50(18,512 

30648 4514 
,0000 
e 0000 

5.1377 
roo00 

458 5064 
12.9349 

2010259r2 

2257012e5000 
42,375 

*9794415~300 
1762282010 
10776166r7 

-13036r316 
-S235#105 

3664 e (1840 
s 0000 
e6000 

5,7935 
,0000 

l b r l 8 8 1  
12eS44S 

. 2073634*T 

3.9820 
3 I 5668 

732205t090 
-22688908 

660776r760 
3 177 s 405 7 

-3 8 685 
3946,5272 

a74 13567 
188015336 

eo000 
,0300 

258,0628 
512599 

3211353 80 

75.7690 
7781607 

-1969391,600 
-7008 I) 265 

-357981004 
-11072e251 

-50.399 
-418. BO9 

3011532 
I ooo(3ooo 
10002 

672 . 2388 

274.7392 
-9.4837 

9313480 e7 

397582 
3,3782 

748130r720 * 
-2287.420 

660659.530 
3192,6771 

-315313 
6006 a 73 13 

r74r lS86 
1899,6393 

@OD00 
,0000 

258 io051  
5 , 6 3 5 9  

3151483.8 

99 e 8857 
7712478 

-2025133~100 
-7263.120 

-37937~211  
011224,343 

-51 1545 
m436~952 

3 0 ~ 1 9 3 8  
t l O O O Q 0 0 0  
,0002 

676.2624 

274s7633 
-91 353s 

925526403 

3r5632 
011970 

764131r5SO 
-2304 e 163 

700845 ,930  
320784809 

-3r1782 
4067,9640 

m73~977b 
1 9 1 7 ~  8136 

,0000 

257a9437 
589613 

ooao 
30%O725 I 5 

3a3693 
3 ~ 0 2 5 5  

780205e590 
= t a l 9  e 26 1 

72134le3bO 
9221 e9721 

-2 e 857 1 
4130t3531 

m73.7835 
1935 B 2368 

roo00 
8 0000 

25718702 
683331 

3029067~  4 

7 6 ~ 0 0 2 8  
77.3358 

4081634 8 800 
-7523,736 

-40168*333 
-11376,315 

-52,703 
-455 8 576 

30.2347 
10000000 
9 oooz 

680'1046 

274t7880 
"9,2221 

9196096.9 

76r l217  
77.4257 

*2138896,000 
-7790,170 

-424931790 
-115281147 

-53 I 872 
-474,687 

30t2759 
r OOOOOOO 
e 0002 

683,7728 
135963811 

214 8 0132 
-9,0895 

36,2415 
77.5170 

-21969168200 
-8062 I 4T9 

*44916*034 
~ 1 1 6 7 9 ~ 0 9 8  

-45,093 
-6941 292 

30.3173 

e 0002 
607e 2745 

274 I 9389 
4 9 9 5 5 7  

I ooooooo 

%074868 8 T 
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1 
2 
3 
6 
5 
4 
7 
8 
9 
10 
11 
12 
13 
14 
1 5  

1 
2 
3 
4 
5 
b 
7 
8 
9 
LO 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
13 
14 
i 5  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

360.0000 
1325899996 

417960.1 
15617 8 

2177494.9 
-732 9712 
208.938 

13237.090 
-18.613 

1.647 
38.478 
6.3624 

72.3763 
9.9704 

2414004.1 

365.0000 
13458.1672 

414064 9 0 
16682 e 6 

2444164.5 
-8 26 9 25 1. 
217.032 

13431.026 
-18.835 

1 675 
39.113 
6.5405 

2479045.5 
72.3913 
9.6149 

370 0000 
1366197890 

409696.5 
17788.7 

2911813.4 
-921.283 
225.333 

13628.826 
~19.058 

1 702 

6.7213 

72.4057 

39.862 

2545068.6 

9.2636 

375 .OOOO 
13869.3754 

404851 e 4 
18936.2 

-1017.257 
233,694 

13830,045 
-19.327 

1 729 

2580460.0 

40.653 
6.9047 

2612094.3 
72,4204 

.I 8.9363 

380.0000 
14081.5195 

399523.2 
20126.3 

2650122 e 8 
-1114.710 

242 e 306 
14035.238 
-19 * 600 

1,760 

7.0910 

72.4350 
8.5729 

41.375 

2680144.4 

A p p e n d i s  3 
O b s e r v e d  T r a j e c t o r y  (AA83) 

TABLE AP 3-2 ( S h e e t  20 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

549929.6106 
1457499159 

357005.9 
140127s 5 

2867937.7 
-1214.503 

349.495 
145209032 

9 000 
eo00 

13259eOOO 
,0815 

1102520 
9.7578 

2444880.7 

553533,5000 
14774.5153 

340668 3 
141874, 2 

294 1015 . 1 
-132i t 085 

349.206 
14711r 191 

1000 
* 000 

13458,1(57 
,0791 

2509931 14 

55699br5800 
14978.5319 
343793.5 
143619.8 

3015057~7 - 1429 e 428 
348,930 

14906r098 
roo0 
IO00 

136619789 
e0770 

2575962- 7 

560328~4700 
15286,4830 

336373, 7 
1453639 4 
3090083, 1 
-1538,975 

348,526 
15104,264 

IO00 
(I 000 

13869,375 
$0753 

71 9 3817 
@e7259 

264299506 

232183lo9000 
42 980 

-4859964r800 
17596a66.0 -29321916 
10792192r4 742fSli630 
-13192,088 32369 Ob3* 
-21384.995 *2 I 6049 
3065.7998 4191.8598 

.oooo a731 5863 
sooooooo ;OOOO 1951,9150 

.oooo . 0000 5.8518 roo00 BOO02 
b9Oe bl8? 

238681015000 
43.417 

-5926339.300 

10807522.8 
17568961,O 

-13350,327 
-5536,193 

306698665 
a 0000 
* 0000 

5,9123 
I 0000 

218816lr2 2903009.6 
47 8466 25717339 
I 1 . 7 ~  791147 

3.0111 
2 9  7079 

8 12566 o 130 
-2345~244 

7bS282~020 
3249. 7511 
-2,3258 

4258r4072 
m73r3860 
1967e8788 

* 0000 
s 0300 

2452768r5000 
44 869 

-59934921900 
17540893.0 
1082285910 
-13511.716 
-56900061 
3068,0938 

9 0000 
a 0000 

7 . 8448 
2e 5600 

828848.130 
-3356,086 
7114738e420 
126218651 

-2.0395 
4324.2506 
-73 I 1 825 
198381568 

s I9755 ,0000 ,9002 
,0000 rOi)00 696e6627 

48 1 6269 257,6542 214s919b 
llr3834 7.5291 4.545b 

224731913 281859016 888545015 

2519?2Se2000 
451159 

~6061460,100 
17512050.0 
10838202r4 
-13675,884 
-5846r036 
3069,7463 

,0000 
* 0000 

600469 
g 0000 

4993V68 
11.0015 

230774819 

2587700r8000 
45.887 

-6130257.000 
17482422.0 
10853554s5 
-13843.315 
-6004.699 
3071 9 5600 

* 0000 
8 OUOQ 

6.1223 
t OOOY 

50 I 0977 
23694S7q 9 

216885 
2 0 4209 

845194~630 
02365 1 689 
806526,970 

327515749 
-1 I 7885 

4391 125Bl 
~ 7 2  I 9757 
1993~824B . 0000 

9 0000 

25PeSb87 
7.9614 

2773233 e 2 

563505r9700 
35398e9685 

328402e 5 
1471OSe4 

3166109.2 
-1650r280 

348,171 
15306 0 326 

t 000 
* 00'3 

14O811520 
,0738 

271105119 
7194228 
8.3892 10.6223 8.4133 -8 I 2644 

285403 
2 9  2888 

86L603e430 
r2373r882 
826b53r920 
3287,7114 
=+le5192 

445995985 
r72e7655 
2002,9429 

10000 
4 on00 

257.6770 
270692208 

76.7336 
77.8979 

-t4365T4rSOO 
-921 1 I 640 
155623~037 
-122851612 

-5911194 
*577*7?7 

30.4853 
r OOOOOO0 
.) 0002 

699~0990 
882024220 2 

-8 8 4059 

AP 3-21 



Appendix 3 
O b s e r v e d  T r a j e c  tory (AA83) 

TABLE 
SATURN OBSERVED 

566563r8200 
15615,6631 

319870r2 
148845r5 

3L43154 9 0 
-1763r198 

347r857 
155118902 

,000 
* 000 

142971 895 
,0725 

71q46?0 
8.0560 

2780152 5 

AP 3-2 ( S h e e t  21 of 39) 
TRAJECTORY - BOOST PHASE (AA83) 

2 6 5 6 7 1 5 a 70 00 2 . 4608 76.9900 
46.650 2t1543 761 1003 

-6199897r800 8?8071*440 -2560941~700 
17451993.0 -23800736 -9822,986 
1oa68915.8 851125,550 -616231417 
-14013q742 3299‘3182 -125879733 
-6165 v 828 -392336, -62e383 
3073.5249 4529,1788 -6229 654 

* 0000 ~72,5920 30s 5711 
,0000 2 0 1 1 ~ 6 6 8 8  i) OOOUOOO 

6 r  1999 9 0000 r0002 
0 0000 ,0000 702,9194 

50s 7912 257,3784 275.0062 
2432454.7 263965703 1686601e2 

10.2463 8,8869 -8s1210 

385,0000 
14297.8948 

393704.0 
21359.9 

2720820.2 
-1213.499 
251.160 

14244.091 
-19.872 

1.791 

7.2801 
42.126 

2749240.1 
72,4497 
8.2333 

1 
2 
3 

4 
4 
5 
6 
7 
8 
9 
LO 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

390.0003 
14518.8561 

22638 e 0 
2792571.6 

387387.7 

-1313.526 
260.195 

14456.975 
-20.151 

1.822 
42.939 
7.4722 

72.4644 
7.8975 

2819403. 6 

56949994400 
1583699212 

310769.4 
150583r7 

3321 23589 
-1877.645 
347.516 

15721.380 
e 003 
r o o 0  

14518,856 
(0714 

2850320~2 
71 5022 
7r7261 

2726790.8000 
470477 

-6270398e400 
17420752.0 
10884298.0 
-14197g489 
-6329.493 
3075 e 8395 

9 0000 
6.2797 

*oooo 

51,4586 
9,8733 

Q 0000 

2496749. 6 

2,2705 
210480 

894596r210 
-2386 a 267 
873948g340 

3320*4211 
-89527 

4600~1137 
072 8 3349 

tOOO0 
$0300 

257e 2721 
9,3844 

2020Q0258 

257142880 

779 1208 
1 8  Q 2046 

,26242570 bOO 
-10138r033 
-64794,583 
-127380606 

-63.646 
-645.902 

308bl43 
80000000 
,0002 

704 7066 

275r0365 
-7,9758 

861 8 130.4 

2797948s7000 
48,264 

-6341776eOOO 
17368684.0 
10899672.5 
-143641396 
-64961 034 
3078.4441 

* 0000 
,0000 

6.3618 
,0000 

5201012 
9r5041 

2562355~1 

2,1493 
1.9387 

911174,900 
-2390,560 

8971291310 
332019132 

,87212 
4672r3884 
r72~1143 

2028,0356 
.OD00 
v 0000 

257,1572 
919085 

2502228 09 

77,2529 
78.3104 

-2688327,600 
*10459r46Z 
-68083~356 
-12889r353 

-64 e 920 
-669.698 
30,6577 

(I 0000000 
e O O O t  

706,4198 

275tO676 
844853114 

-7.~286 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

395 e 0000 
14744.3847 

380567.0 
23961.3 

2865397.9 
*1415,137 
269.270 

14673.846 
-20.443 

1.852 
43 e 705 
7,6672 

2890659.0 
72.4793 
7.5652 

572318r7530 
16062,7246 

301091 t 4 
15231997 

3400375 9 5 
-1993 9 968 
347.002 

15934,706 
a 000 
$ 0 0 9  

14744.385 
e 0703 

71 e 5496 
71 3996 

292 1578 e 7 

11 
12 
13 
14 
15 

1 
2: 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 

e 

40Q.0000 
14974,2730 

373235.6 
15331.1 

2939317.2 
-1518.029 

278 e 724 
14894.521 
-20.729 

1.876 
44.605 
7.8652 

72.4937 
7.2364 

2963027,Q 

575030r2700 
162926872.6 

2908281 5 
154053.7 

3480590t0 
-2111 e868 
346,655 

16153 ,705 
6 000 
roo0 

149749 273 
0694 

71,5782 
7.0763 

2993949 o 2 

287Q209.3000 
49ql88 

-6414045.700 
17355780.0 
1091S070t0 
-14544~482 

-6665.005 
3081~1499 

,0000 , OOOO 
6.4460 

2.0352 
1.8379 

927804q830 = 
~ 2 3 9 3  9 480 
920674~640 
3330t8855 

we4349 
4795e9526 
m7le9900 
2035,7213 

77e3n7b 
78r4190 

.27531501900 
-10787e268 
-71492,501 
-13039e970 

-66t205 
~694.051 
300 70 13 

# 0~00000 
s 0002 

704~0637 

275,0995 
-7r 6791 

6477786rb 

t~~~~ ; 0000 too00 
262928210 243205910 

5217203) 
9.1383 

40500000 
15209~1968 

365385 9 9 
26741.3 

3014352.0 
91622.334 
288 e 219 

15119.677 
-21.027 

1,698 
45.406 

8.0663 

72,15083 
br Plll 

1036134 2 

577641a4600 
16528,0360 

279973 (4 
155781.7 

3561901.2 
-2231~495 

346e 123 
16373 e 049 

@ 000 
e000 

2943SPbiT000 
5 0 ~ 0 2 0  

-6487X25r600 
1732202lrO 
10930412eb 
-14t28.i9b 
-6836r 881 

3086, 3619 . 0000 
* 0000 

6r 5225 
v 0000 

53.3169 
8 e 1’760 

269?549*3 

1 
2 
3 
4 
5 
b 
7 

9 
10 
l i  
11 
13 
14 
l9 

152099 197 
90686 

3067457.1 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 22 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

. i  
J 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13  
14 
15 

1 
2 
3 
4 s 
6 
7 
8 
9 
10 
11 
12 
13 
14 
13 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13  
14 
€ 5  

410.0000 580160.5800 
15448.9744 16768,0350 

357011 e6 26851213 

3090523 9 5 36443299 8 
28213.2 1575 14 e 5 

-1728.324 -2353r123 
297.767 345r416 

15349.105 16598.510 
-21.355 9 000 

1.925 e030 
46.320 15448.974 

8.2706 r0678 

72.5233 71r6510 
6.5892 694391 

3111203.6 3142126r8 

S-SI NO* 2 ENGINE 
412.9000 581574,2900 

15587.4585 16906,6320 
351902.7 261 578 + 2 

29084.7 15851514 
3135228.8 36926549 8 

-1790.341 -2424 278 
302.827 3448 465 

15481 338 16728.374 
-21.511 * 000 

1.934 q OD0 
35,048 15587.458 

8.3905 80674 
3155050 e 0  3ia5972,9 

72.5314 71.6716 
6.4039 6r2565 

S-II NO, 3 ENGINE 
414.2000 582199.3600 

15636.9917 16956~2090  
389555.9 258404.8 

29479.3 15896215 
3155385.4 3714431 98 

-1817r833 -24551550 
304.226 343.348 

15527.989 16773.952 
-21.318 e 000 

1.937 s 000 
29.827 15636,992 

8,4446 so672 

72.5352 71.6807 
6,3212 6 r  1751 

6174825.2 3205748.0 

1 415 e 0000 
2 15663.3072 
3 348093.8 
6 29723.1 

3167820.1 
-1834,635 

304.900 
15552r 503 

-20.521 
1% 1.938 
11 27.575 
1 2  8.4780 

11 72 e 5375 
15 6 e 2705 

10  
11 
12 
19 
14 
15 

42010000 
15799,5532 

938684.7 

3245903.5 
31258.8 

-1922.592 
309.719 

15679.082 
-14 e662 

1 935 
24.233 

6.6876 

72.5517 
4.9565 

3263676.6 

58258084500 
16982e5500 

256431.5 
159236.9 

372786219 
-2476,572 

342.534 
16797r804 

e005 
*ooo 

15663.307 
* 0670 

71 t 6862 
611251 

32179481 8 

3018133e6000 le8353 
50 e 964 1,6583 

-6561332e600 961207~390 
17287398.0 02395,622 
1094591213 968887~870 

-14915.304 3349,0476 
-7011.827 -e0186 

3087.8a06 ~ 8 9 7 ~ 5 3 2 3  
rO0OO .71.4333 
eo000 205082176 

6.6213 t OOOO 
*0000 ,0300 

5308922 256r7538 
8,4174 11,6720 

3061898.9000 1,7927 
39,849 l , 6 1 / 3  

2767160.4 228880185 

OUT 

~6604741e900 970924t600 
17266908,O -2395, 586 
30954865.5 983155t003 

-15022.703 3353,9210 
-71 13  759 - , 0 9 5 3  

3089.8347 6941t6716 
0000 -71 234 1 

,0000 2054.2318 
6.6727 , 0030 

,0000 I 0300 

54.2165 256,6594 
8.2110 12,0523 

2808158e5 224653290 

OUT 
3083636.0000 197562 

34.7774 1,5874 
-6624294.900 975285i74C 
17257636r0 -2395,836 
10958879.9 989589r700 

-1SO59.154 3356,2914 
-71559 294 z.3111 

3080,1589 495796392 , 0000 ~ 7 1 , 2 3 2 6  
*OOOO 2055r9625 

.oooo 8 0390 

54.3596 256 I 6169 
8,1190 1212271 

be6904 .0000 

2826677.3 222748983 

584914r4200 
17118r9420 

24378997 
160938e 6 

3812163s 1 
-2575,785 

338e 543 
169209666 

1000 
8000 

157999553 
e0660 

71,7234 
$e8156 

329459682 

3093U13r3000 
32 e 762 

-6636351,400 
1725189beO 
10961349,6 

-15077r744 
-7179,418 

3086.2010 
.oooo 
,0000 

6.6995 
*oooo 

54 , 6469 
8.0625 

2838111 17 

3170303r9000 
310632 

-6711977,700 
17215659r0 
1097674384 

-15173.094 
-71061 399 

307494013 
eoooo 
e 0000 

6.7445 
e 0000 

54Sr9795 
7,7131) 

2 910088 e 6 

'87 e 6608 
70sb41X 

-2885855r300 
-1l462vB09 
-78683.140 
-13340.612 

-681 811 
-744.457 

30.7891 
e OOOODOO 
ID002 

711, 1631 

275,1659 
-7,3733 

8332772r3 

77,7396 
78,7054 

-2923870eOOO 
-116621968 
-80863r940 
-134279056 

-69.575 
-759,505 

ao.oi4a 
,0000000 
,0002 

71290149 
8289820tO 

275. 1858 
~ 7 . 2 e 2 9  

77,7725 
78r7331 

-2941353,600 
*11753*639 
-81855r615 
-13467,005 

-69.919 
-766 , 3 15 

30,8263 
e 0000000 
roo02 

71288911 

275.1949 
-702420 

8270443s 3 

le6853 
le5236 

996792,510 - 
02400t942 

10185010023 
3372~7121  

-1,3351 
501 1 , 7 655 
-70 e 9564 

2063a5993 
0 0000 
roo00 

25bo4158 
13 e 0434 

216ZlObt6 

9 OOOQOOO 
(. 0002 

7 12 8 6204 

AP 3-23 



Appendix 3 
Observed Trajectory 

TABLE AP 3-2 (Sheet 23  of 3 9 )  
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
S 
6 
7 
1 
9 
10 
I1 
12 
13 
14 
15  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
V 
10 
11 
12 

14 
1I 
13 

425.0000 
15928.8821 

328890.6 
32826.9 

3324601.9 
~1994.885 

318,619 
15800.259 

1.926 

8.8983 

72 5656 

- 14.667 
24.526 

3340991.4 

5.6494 

430.0000 
16064.9492 
318722.9 
34453.0 

3403916.4 
-2075 312 
331.822 

15926.882 
-17.252 

1.896 
25.931 
9,1120 

72 5798 
5,3490 

3618979.0 

435.0000 
16207.8458 

308125.2 
36139.7 

3483878.8 
12166 4 10 
341,924 

lbO58.768 
-19.023 

1.854 
26.855 
9.3269 

$497664.6 
72, f943 

5 . 0 5 4 0  

440.0000 
16356,1524 

297050.7 
37866.1 

3S64530.9 
-2266.523 

348.591 
16194 0600 
-20.789 

1.806 
27.648 
9. 5438 

72.6086 
4 7635 

3577067.3 

445,0000 
16510.3450 

215452.6 
39629.1 

3645834. 1 
-23759070 
357.149 

113340717 
*22.165 

1.760 
28.248 
9.7626 

72.6227 
494766 

3457206.S 

587253.67~~0 
17248,4430 

230696. 4 
162629.2 

3897061 9 1 
-2661 344 

170389530 
# 000 
oOQG 

15928r882 
(0649 

71.7535 
5.5126 

338.758 

3371910a8 

5896079 0900 
17384t7720 

2171629 7 
1643331 8 

398255895 
-2755* 332 
3439034 

17161~608 
9 000 
.03D 

16064.949 
0639 

71 0 7861 
592151 

591941,1030 
17527*8860 

20313015 
16605307 

4068684.9 

3449895.3 

-2860r215  
343r941 

1 7 W r  526 
* 000 
9 003 

I 0630 
16207. e46 

324742694000 
31.970 

-6788077.200 
17178846.0 
10492092e6 
-15267e840 
-74169634 
3065 e 2294 . 0000 

mOO0O 
6.7864 

* 0000 

55.4900 
7.3716 

2 98 29.3 0 e 9 

332SlBO.9000 
329371 

-6864662r700 
17141473rO 
11007381r7 
-15367.629 
-75349151 
305090468 

e 0000 
m 0000 

6.8309 
,0000 

3056623.4 
~ . 9 e o i  
7*0376 

3403607m4000 
32 * 794 

-6941752r800 
1710348000 
1102259001 
-15468.912 
-7663.932 
3033,7712 

.0000 
,0000 

6.8782 
* 0000 

7L.8183 56.4514 
4*9249 6,7104 

3528576.8 3131180r0 

59421890400 
17676,3630 
188552r1 
167766,7 

425546091 
-2974r309 

341,171 
174209 992 

II 000 
9000 

14356*15?, 
,0621 

71 8498 
4,6379 

3607974e6 

596402~8300 

1733791 5 
a7830.7550 

169468, 5 
42429039 7 
-3097 s 09 1 
349,045 

175560431 
e 000 
* 000 

365101345 
80613 

368810803 
71 8 8804 
4,3144 

3482735.4000 
33.213 

-7019390elOO 
11064813.0 
11037718eT 
-15570.645 
-lea4 . 220 
3017.11 87 

0000 
,0000 

699281 
* 0000 

56*904S 
6.3899 

3206615.3 

3562f9414000 
33.623 

-7097463,600 
17025421r0 
11052793*6 
-15675e329 
-7992e600 
2996rO116 

9 0000 
e 0000 

6,9808 
* 0000 

57.3406 
6~0711 

3282 939 e 5 

1,6913 
1 5304 

1011705~033 
-2407, 112 

1043675,350 
3392,3362 

*e8331 
5055*9350 
~7017159 
2070.1560 

(0330 
“0300 

256 , 2256 
1397793 

2068116rO 

1,6761 
115177 

1028711,683 
02406~9 17 

10690690430 
3409 , 3479 

t 8 8 5 8  

e70 473 1 
2076r7580 

90330 
to300 

25bt0168 
14,6300 

1 r63lb 
1,4783 

5101m9350 

199382098 

1045794r593 
-2400t035 

3094697,933 
342299934 

1,5786 
5149tb525 
r70a2200 
2083,2845 

* on00 
9 0000 

255,7866 
15e4815 

191921219 

1 9 5642 
1~6169 

1062939r030 
-23938115 

1120561~130 
343307870 

ltlS63 
519885750 
r69,9835 
2089,639s 

to300 
* on00 

255,5325 
14,4207 

1846301 e9 

194771 
1 e 3376 

1080130~000 

1146686~700 
-23878 528 

3441,8856 
le2343 

!J248r 8340 
-6) , 7305 
2695,7283 

9 0000 
80300 

255v 2S07 
1704361 

176910784 

78  0696 
78 I 9904 

-3088545~900 
-1252Q~004 
-90443.147 
-13791,057 

-72rBO6 
-824 I 426 
30,9217 , 0P00300 

,0002 
715,4245 

275,2723 
-6.8978 

81075601 2 

*12991r714 
-946348631 
-13943,856 

-74~160 
-852,266 

30rP656 
*0000000 
00002 

716,8352 

275s 3093 
-6a7347 

8031122al 

78r3835 
79,2656 

-32279540100 
-13265,924 
-98946rl12 
-14090rSlO 

-75t526 
*880,105 
31t0093 

* 0000000 
*Ob02 

718t2297 

275,1470 
-6,5694 

7953983s7 

78,5238 
79,3878 

-3298780,500 
-13666,992 
-103442,691 
-14240,015 

-76 I 903 
-909.747 

31t0528 
* OOOOOOO 
9 0002 

27593855 
-6,4020 

7a9,5875 
1876108~5 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 24 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 

4 

5 

10 
11 
12 
t 3  
14 
15 

1 
2 
7 
4 
5 
6 
? 
8 
9 
10 
11 
12 
13 
14 
11 

1 
2 
3 
4 
a 
b 
? 
@ 
9 
10 
11 
12 
11 
14 
IS 

9 
10 
11 
12 
t l  
14 
13 

1 
2 
3 
4 
I 
6 
7 
8 
9 
i o  
1I 
119 
13 
I4 
11 

45080000 
16667.5400 
73298.8 
41440.2 

372'1862 e 2 
-2488,268 
367,284 

16476 ~ 6 6 6  
-23.060 

1.727 
21,676 
9.9835 

72.6368 
4.1927 

3738096.6 

455~0000 
16827.8980 

260568 t 5 
93290.6 

3IlO605. 3 
-2605.162 
375 664 

16620.775 
923.683 

1 700 
29.103 
10.2066 

72.6509 
3.9115 

b819749.1 

460.0000 
16991~2420 

247246.0 
45193.5 

3894074 0 
-2724.464 
382 387 

16767.033 
*24.046 

1 679 
29.465 
10.4317 

72.6648 
3.6328 

02 176.8 

465 r 0000 
1715703740 

233322 e 3  
47124.8 

390r429 
1691 5 e 296 
-24.278 

1.662 
29.816 

72.6786 
3.3563 

47O*QOOO 
17325r5970 

218791.7 
491001 0 

4069226.7 
~2966r819 
399.512 

17069 e 012 
-241 344 

1 e 643 
30.178 
10.8816 

72 e 6922 
3 e 0620 

4069111 e 2  

598475,8700 
17988tl65.0 

15757906 
171169r5 

4331028 e 3 
-3224g71b 

176939 488 
roo:, 

340,318 

9000 
16667.540 

9 0606 

7199105 
4,0737 

376899293 

600427,9200 
18148.6990 
141130r6 
172868.1 

44198420 3 
-3356r206 
338r657 

178329457 
, 003 
I) 000 

168279898 
80599 

71,9401 
3.7955 

3850638.0 

602253r3500 
18312r1840 

124014~ 1 
174552 9 5 

45093549 5 
-3490e278 
335,171 

179730 363 
0 000 
0000 

1699lt 242 
0594 

393305896 
71 9689 
3,5196 

603955e4600 
18478r4600 

106225e9 
176221 e9 

4599579e5 
-3626,098 

3329862 
18116r130 

e 000 
e 000 

17157, 374 
$0590 

7199971 
3.2459 

403626708 

605540~9100 
19446t8270 
8775807 
17788299 

469951994 
*3762,760 
391,478 

182601229 
* 000 

410027?; 0 
7 2 a  0248 
249743 

3643205*1000 
33 o 997 

-7176103r900 
16985276.0 
11067673~3 
-15781~298 
-81050 111 
2971.8586 

.oooo 
,0000 

7.0352 
0 0000 

57.7608 
5,7576 

3360155.4 

1 1  3828 
102516 

1097357r330 
-2380~038 

1113658a530 
3448 9 4617 

1.7443 
529918327 
-69,4778 
2101e4349 

e 0000 , 0300 
254 e 9361 
1 8 I 5 37 7 

1693673~4 

3724582,7000 1,2352 
34.431. 1.1623 

-7255275,000 1M61.4.050 
2694435690 -2371 9 160 
1108247lr5 199687,333 
-15881.691 34530 8121 
-8262.322 1.6683 
2947.9838 535106622 

,0000 m69r2225 
e0000 210699144 

7.0915 I0300 
,0000 so300 

58,1660 25415529 
5,4476 1907380 

3438267.5 1618067,t 

3006742r8000 
34.845 

-73349'781506 
lb902~40oO 
11097152.4 
-15994.767 
-0423eQ86 
2924,9242 

0 0000 
0000 

7.1497 
e 0000 

5E e 5567 
5 a 1408 

3089699r6000 

3517284e 5 

35.268 
-7415221.800 

11111714rB 
i6a60ii4~0 

-16103.721 
-8585.477 
2900.5670 

0000 
I oaoo 

7898256 
7996522 

-3442674,000 
-14429r930 
-t12837r477 
-145381567 

-799692 
-9699657 
31,1394 

t 0000000 
0 0002 

7221 1202 

275.4655 
- 6 e  061s 

7718008 e 3 

7.2096 9 0000 
*OOOO e0300 

3997213.8 146670507 

791 1191 
79 a 9097 

-3589549~900 

7912692 
80~0419 

-3664104a200 
m15657.196 
-128084r329 
-14985,224 

-83.961 
-1064, 166 

3192682 
r O O O O O ~ O  
eo002 

72Srf660 

2751 S931 
-5.5361 

7474619~7 

3973464.4000 le0122 
95rV20 19122 

~7496013eb00 1166517eOOO 
14016775.0 -Rlbbs167 
liiz6isz.3 I Z I L ~ ~ Z ~ ~ O Q  
*16214r132 WbSe8896 
-8748r624 17915 

2879,3628 SSl1~4274 
IO000 -68e4402 
e0000 2121e0143 

702709 Uoooo 
s 0000 too00 

59.09~0 253821 12 
4 e 3B64 24.0973 

367~05902 1191210~3 
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Appendix 3 
Observed Tra jec tory  (AA83) 

TABLE AP 3-2 (Sheet 25 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 475.0000 
2 17496,0413 
3 203652.5 
4 51119.5 
5 4148931.9 
6 -3088.646 
7 407 .903  
8 17216.426 

10 1.623 
11 30.484 
12 11.1204 
13 6154241.5 
14 72 7058 
15 2.8099 

9 -24.355 

1 480.0003 
2 17668,3630 
3 187904.3 
4 53177.1 
5 4235395.3 

7 415e235 
B 17369.282 
9 -24 308 
10  1.605 
11 30 .878  
12 11.3545 
13 4239894.8 
14 72.7193 
15 2.5401 

6 -3ZlQ.410 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
12 
19 
14 
15 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
13  
16 
19 

485 0000 
17e62,9190 

171548.4 
53274.4 

4322628 3 
-3331.783 

423 e 797 
17523,965 

-24 .223  
1.588 

30.888 
1 1  v 5909 

72.7325 
2.2725 

4326384 0 

607018e7800 
18817r3910 
68596.5 

17Y535r2 
4782 1849 4 

-3899.9 19 
329e135 

18405,805 
v 000 

17496.041 
,800 

I 0583 

72 ,0519 
2.7048 

4185098r6 

608400,400o 
189891 8100 
48753.3 

l 8 1 1 7 2 e l  
4874580.4 

-4037e103 
325,663 

38552*844 
roo0 . 030 

17668,364 
80581 

72r0785 
4270742.7 

2 ,4373  

609699.88ao 
19164.4640 
2 8 2 2 4 ~ 2  

182794.2 
496771 6 e 3 

-4174,259 
3239275 

1870 1 e 545 
V O O O  
e 000 

17842.919 
,0579 

72.1045 
2 .1720 

435722212 

61180109300 
1946384380 
4 2 5 r  5 

5131528.6 
ia5587 ,  2 

-4411 e670 
318e091 

18954.194 
,000 ; 000 

181411747 

405804980000 
3 6 s  124 

-7577360r300 
16772615.9 
11140465.4 

-16325e513 
-89138 069 

Z851e1578 
* 0000 
v 0000 

7,3336 
e 0000 

59  e 6501 
4.2387 

3759827e8 

4143461r4000 
36.622 

-7659265e100 
16727632.0 
11154661.5 

-164371637 
-9078,452 

2828r2014 
~0000 
.oooo 

7 3975 
v 0000 

5919904 
3.9441 

3842525.9 

4229713.3000 
3b.742 

-7741736e200 
1668182182 
11168742*2 

-16551.790 
-9243e 781 

2804.9009 
e 0000 
,0000 

7.4628 . 0000 

6013196 
3,6525 

3926161.6 

99355 
r8Ql9 

1183854r933 
~ 2 3 5 2 , 6 4 9  

1308846.030 
34691 3 158 

e5213 
4566,0032 

-68,1738 
Z 1 2 5 i  1559 

* 0000 
252 6391 

25.8772 

1316073e4 

e8681 
e 7801 

1201209e630 
-23514 623 

1316813e600 
3472,6577 

5621r1730 
-67.9366 

21281967b 
e0300 
,0000 

25199344 
27.8695 

-00097 

1241533e5 

e8112 
,7281 

1218%81e200 
* 2 3 5 2 r 8 4 3  

1 3 6 5 0 5 9 ~ 2 0 0  
3476eODBS 

5677. 071 1 
e67 9 6324 

Z132e5665 
#Ob00 
.oooo 

251 e0692 
309 1130 

0.3668- 

116789284 

490.0000 6 1 0 ~ 3 0 ~ 1 0 0 0  4316807.3000 17631 
18016.1040 19337r7410 36e 227 16861 

154587.1 701102 - 7 8 2 4 7 7 5 ~ 7 0 0  12159691800 
5741 5.4 184405.0 1663%106el  -2355.236 

4430632.1 5061592.8 11182705e8 13935830700 
a3452 v 535 -43100800 -16664.325 3479 4b60 

432 384 3200833 -9408e101 -e6574 
17676.908 18848r4Q5 2781.4036 5732.6079 

-24.116 v 000 e 0000 m67.3574 
1 .578  9 000 rOOOO 213589356 

30.257 18016.104 7.5277 soooo 
11.8295 e 0178 e 0000 a 0000 

72.7457 72e1101 60.6383 25080641 
2.0072 1 ~ 9 0 8 9  3.3640 32 fi 6539 

4413713 t 6 444454196 4010734r0 109l544e8  

S-I1 EMR S H I F T  (GUIDhNCC SENSED) 
493.7000 

18141e7470 
141 647.7  

59025.5 
4676241 8 

-3541.732 
437r828 

17787 I 282 
-24r032 

1.571 

12 0076 

72.7554 
1.8123 

29 ,2a7  

447e871.2 

w i 7 9 i  . ~ O O O  
35*347 

-7886181ebOO 
16600148.5 
11192963.3 

a7313 
,6551 

1 2 4 0 8 4 0 ~ 6 0 0  
4 8 5 0 r  51 Q 

1414149r300 
-16744eb35 3482tO452 

-9529,031 -1 e 15+@ 
2764eO929 5 T 7 2 ~ 9 5 3 7  

10000 - 6 7 t l 5 2 0  
e0000 3130e3344 

7.1749 0 0000 
8 0000 

269,1791 
34 i~ 7570 

i o + m i w 8 4  

79 ,7291 
80.4487 

-3892223e400 
-16949.251 

-144791e150 
-154308423 

-88e330 
-1 164 8 371 

31 ,3993 
e ObOOOOO 
a0002 

727r9882 

27507320 
-4.9910 

72236T7e1 

;ooo2- - 
7291 W 8 B  

6987559.2 

3 
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A p p e n d i x  3 
Observed T r a j e c t o r y  (AA83) 

TABLE AP 3-2 ( S h e e t  26 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 
2 
3 
4 
5 
4 
7 
8 
9 
1D 
11 
12 
13 
16 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
16 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
12 
13 
14 
19 

1 
2 
3 
4 
5 
6 
7 

10 
1 
1 
as 
14 
15 

b 
7 

13 
B4 
a5 

495r0003 
18184,9863 
1370231 1 
59595 * 8 

4499390 1 
-3573.011 
b39.605 

€7825 e096 
-23 991 

1.568 
28.926 
12,0705 

72.7588 
450  1370 4 

1.7442 

500.0003 
18347.8690 

11885902 
61811.0 

4588872 e 5 
-3692.313 

17966 9 958 
-23.740 

1 e 559 
27.858 

446.676 

12 * 3136 
4590827.5 

72s 7716 
1.4836 

505.0003 
18505.7300 

100102a3 
64064 e 5 

4679052.2 
-3809,870 
454.806 

LB104e6L6 
-23,255 

1.549 
27.369 
12.5589 

72.7844 
1.2255 

6680561 v 1 

510.0000 
18664.1419 
80764 e 3 
66358 e 7 

676991 6.3 
-3924.389 
462 e 575 

18241.027 
-22 * 590 

1 539 
270134 
12,8063 

72.7973 
1(p77106104 

,9699 

04034,822 
470 o 269 

72.8094 
,7172 

612101,1000 
19506~6940 

-14883.6 
186000 il0 

515619Zr8 
-4447,036 

316.995 
18990,380 

eo00 
* 033 
,0576 

72.1551 
1.6480 

i8184.9a6 

45326870 7 

613220*5900 
19669,6420 

-37456.9 
187574.6 

525148599 
-45829 030 

313,024 
19125~948 

9 003 
roo0 

18347. 869 
,0575 

729 1796 
I. * 3894 

462 1634 e0 

61429906600 
19828,5770 

-6070 I t 6 
18913292 

5347444.6 
-4715 9 28 J 

3101095 
192571271 

e 000 
t o03  

1 8 5 0 6 ~  730 
,0574 

4711356.0 
7212037 

1,1332 

615357m1600 
1998690540 

-84606 I 0 
19067590 
5444054.2 
-4845,577 
307~052 

19367,329 
,000 
* 003 

16664.141 
00573 

~ ~ 0 1 8 4 4 ~ 4  
72r2272 

a8795 

61~417*6700 
20142e0530 

-109 154 e 8 
19Z2Olr 1 

554131505 
-49439871 

303e288 
195161426 

o 000 
0 000 

18820a086 
e0171 

48930969 8 
72c 2504 

~ 6 2 8 5  

4404729,6000 (7206 80~2301 
35,019 e6454 80 a 8682 

-7908366.900 
16587732,l 
11196552~1 
-16771,918 
-9571,206 
2757.8907 

,0000 
,0000 

7,5911 
e OOOQ 

60 9 9467 
3.0787 

4096227n6 

125337Sa930 
-2360i 157 

1422383,3-20 
3482g9563 
-1,3596 

5786,8564 
*67,0794 
233901569 

,0000 
,0730 

24818335 
35, 5463 

1025004e7 

-41270690200 
-18307n593 
-163D44sbbO 
-19874~091 

-92 9 799 
-&270,415 

3Le5204 
t OOOOOOO 
n oa02 

730,1645 

27518834 
-4,4217 

6964819eO 

4493453mOOOO 
34.088 

-7992480,500 
16539469,S 
11210278e9 
-16873.802 
-973 1,314 
2733.3477 . 0000 

* OB00 
7,6523 

,aooo 
41 82613 e 0 

61.2653 
2 7965 

C582952.2000 
33,765 

-8077094e200 
L6490414e3 
11223878,7 
-16972,475 
-9888,195 
2707, bl5f 

IO000 
0 0000 

707118 
I m o o  

4269862.4 
61.5344 
2.5176 

4673215r9000 
33.725 

-8162198~500 
16440581g5 
1123735213 
-17070r395 
-10042.176 

2683r0517 
,000a 
.a000 

7.7708 
0 0000 

,6534 
,5396 

1288244e400 
-2380 t 769 

1480774,830 
3491t0558 
-215485 

58901 7530 
-66 51 53 

2 145 I 1946 
,0300 
8 0300 

245*3212 
42 a 6301 

892176.3 

80e6832 
81n3027 

-4368438~000 
-19733.691 
-182933r530 
~16dlbs137 

-97 d364 
-1382 640 

31 I 6430 
I OOOaOOO 
rO0OZ 

732e0738 
B698493p2 
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A p p e n d i x  3 
O b s e r v e d  Trajectory (AA83) 

TABLE AP 3-2 (Sheet 27 of .39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 520.0000 
2 18971.2873 
3 40425.1 
4 71061.8 
5 4953675.1 
6 -4 133 a 737 

18509.289 
9 -19.265 
10 1 529 

12 13.3072 
13 4954349a6 
15 72.8218 

1 477.677 

11 26.903 

15 ,4675 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1s 

525,0003 
19124.0470 

73469.2 
3046557.3 

19512.6 

-4230 e945 
485.327 

18643.839 
-19.201 

1 e 536 
26.945 
13.5607 

72 e 8343 
e2215 

5047129.7 

1 530r0003  
2 19278.4910 
3 -1881.4 
4 75914 9 9 
3 3140117.3 
6 -4327,243 
7 4921851 
0 18780. LO4 
9 -19.164 

11 27.150 
12 13,8162 
13 5140678*0 
14 72.8461 
15 -e0213 

10 1.543 

1 535.0000 
2 19432m6030 
3 -23756.1 
4 78398.0 

%234357,6 
6 -4422 e 8 12 

10 1 e 547 
11 27,231 
12 1410737 

14 72.8580 
13 -.2600 

1 
2 
3 
4 

9 
10 
11 
A 
1 
1 
A 

540eOOOO 
19588*0450 
46109 v 5 
60920 e 4 

506 e 464 
19052.958 
~19r062 

1 v 544 
27.480 
14 9 3333 

72.8698 
0.4957 

330093.4 

617521*6100 
20293r3370 

-134315 e 8 
193708.4 

5639214r7 
-5086,687 

299.603 
19643.172 

r o o 3  
root) 

18971.287 
,0570 

72.2731 
r3825 

4985107.8 

618732,6500 
20446112i)O 

-1600339 1 
195197.5 

5737751.1 
-5199.974 
29b.O'r7 

19771,639 
e 000 
I O 0 3  

1912C9 047 
e0568 

507787419 

620058,3530 
20600e6200 

-186312~8 
196666.5 

58369361 5 
-53120  525 

292.240 
19901 I 690 

t Q O O  
m 000 

19276e491 
* 0565 

72 3172 
- 9  1049 

5171409r8 

62153989200 
20754,7930 

-213154~ 9 
198120~ 1 

5936767e 1 
-5424.497 

288.425 
20031 r 3 14 

v 003 
too0 

19432 e605 
e0561 

72 v 3386 
-e3425 

526571685 

bZ3100e8800 
20910*3000 

-240557e7 
199553.4 

6037250.2 
-5536.772 

2840898 
20161,936 
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Appendix 3 
Observed Trajectory (AA83) 
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1 TFAJECTORY - BOOST PHASE (AA83) 
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Appendix 3 
Observed T r a j e c t o r y  (AA83) 

TABLE AP 3-2 (Sheet 29 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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7 563.856 
8 20039.457 
9 -18.772 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 30 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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A p p e n d i x  3 
Observed Trajectory ( f ig31 

TABLE AP 3-2 (Sheet 31 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

S - I V B  PU VALVE REACHES HARPOVER P O S l T I O ~  
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Appendix 3 
Observed Trajectory (kA83) 

TABLE AP 3-2 (Sheet 32 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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Appendix 3 
Observed Trajectory (AA83) 
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TABLE AE' 3-2 (Sheet 33 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST P W E  (AA83) 
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A p p e n d i x  3 
O b s e r v e d  Trajectory (AA83) 

TABLE AP 3-2 (Sheet 34 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 
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2791 321 3 

581748 

86.663s 
86.8521 

-7t4kBObe700 
-38748,331 

- 5 0 6 8 3 0 ~ 8 6 0  
-207531200 

-149.357 
-2912.861 

328 5997 
e OOOOOOO 
,0000 
(I 0000 

279.5299 
5.8134 

360975711 

86.8828 
8710587 

-73484181700 
-39499.651 

-521547,820 
-23891r556 

-151,173 
-2974.050 

32.6166 
r ODOVOOO ' , oaoo 
I ofloo 

279e7'517 
69 2666 

350177188 

8 1 1 9 7 4 2 ~ 1 0 0 0  -112213 
24 s 505 -1rlbL3 

.11248470,700 1904464~4JO - 
€4298713.7 4 5 3 2 r 2 5 4  
11579867.9 2643994,330 

-18315.586 325213007 
-156561990 3,1398 

634.4829 7 1 6 9 ~ 0 0 0 1  
r 0000 -5St1539 
* 0000 e2330 
* 0000 r0300 
* 0000 ,0300 

67.8560 85 t 3216 
-5 e 678 1 4,4721 

7759459.8 304b860r3 

8781nl9 
87e2b52 

-7453721.800 
-40260a077 

-536572e660 
-21029g595 

-1529 999 
-3036r 013 

32 6324 
.000fi400 

80900 

279 " 9 8 8  3 
6,7362 

3393281.6 

87,3208 
87.4716 

.7559214r 133 
-41029q658 

- 5 5 1 9 0 9 ~ 2 5 0  
-21167.316 

-1541835 
-3098 e 755 

32 6471 

,on00 
.OD00 

280 0 24 15 
7,2246 

, onosooo 

3284291n8 

AP 3-35 



Appendix 3 
Observed T r a j e c t o r y  (AA83, 

TABLE A€' 3-2 (Sheet 35 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

1 685.0000 
2 22902.4390 
3 -989301.3 
4 176053.8 
5 11269822.1 
6 -9259.2% 
7 843.135 
0 20930.262 
0 -39.544 
10 2.552 
11 9.642 
12 22.5549 
13 @330647.5 
14 73.2 195 
1s -6.8203 

1 690.0000 
2 23928.2950 
3 -A036093.3 
4 180304.6 
5 8374597.2 
6 -9454.191 
7 856 .458  
8 20980 L 637 
? -381446 
1Q 2.480 
11 10.424 
12 22 8599 
13 8440371.6 
14 73.2333 
19 -7,0511 

1 695.0000 
2 23156.7910 
3 -1083840.1 
4 184617.8 
5 8479433.9 
6 -9643.572 
7 868.813 
8 21035.295 
9 -37.214 
LO 2.405 
11 11.206 
12 23,1666 
13 B550612.9 
14 73.2472 
IS -7.2822 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

700.0003 
23286.0293 

*1132515.1 
i~e99i.i 

115414952.4 
-9825 -097 
880.579 

21093.392 
-35.529 

2.324 
11.984 
23.4753 

73.2613 
-7,5132 

8661392 -0 

1 705 a 0000 
2 23415.7640 
3 -11182076.1 
4 193422,b 
5 8690571.5 
b -9997.591 
7 892.020 
U 21 155,388 
9 -33.554 
10 2.235 
11 12.715 
12 23,7852 
13 8772727.3 
14 73,2749 
15 -7,7438 

657599e5500 
24227,2200 

-136399607 
23742S.4 
911968X14 
-10712,453 

269.831 
21721r525 

.000 
,000 
,003 
.oooo 

8360783, 8 
72.8948 
-6.8707 

8230417r1000 *le3321 
241bOb -1 e2661 

*11340033,600 1920669~900 
34219932.3 -3514,852 
11582100~1 2679911r130 
-11332.359 32280 5214 
-1SOS3r204 397262 

S40,0881 7198q0327 
* 0000 -54,7917 
*oooo ,2000 
*0000 I 0300 
0000 , 0000 

67,9709 8St2384 
*S,PlSO 7,8349 

7867882.6 315S562r4 

654837e1600 
24352r8700 

-1418086.2 * 
238772.9 
9228412.0 
-10922.447 

269,115 
21 764 423 

,000 
roo0  
,000 
* 0000 

72.9331 
-71 1090 

8470480~ 4 

651905,5900 
24481r1590 

-1473212~4 
2401 l5eR 
9337331.5 
-11127e109 

268 e 018 
21804.652 

(I 000 . 003 
e003 
e 0000 

72,9313 
-7*3395 

8580693.6 

648851.1500 
24610ql-950 

-1529343.5 
241451.4 

9446461 e 0 
-11324.105 

266t271 
21848 D 466 

r o o @  . 00,)  
e009 
*0000 

7299U94 
-7e57J1 

8691444 e 2 

645730q8500 
24739.7370 

-158643817 
242777.5 

-11512n291 
2649 142 

21896 I 393 
1 OO? 
ROO9 
,000 
* 0000 

72.9674 
-7 s 8002 

9555820.2 

8802750 r9 

8341704r8000 -114203 
24.816 -1r3493 

*11431S90,800 1936752,300 
1'+140177,5 -114959 323 
11585270e8 2715977*030 
-18313,168 i)206r2954 
-16046,199 4r0737 

44998758 7228n6260 
,0000 r 5 4 r 4 3 0 3  
,0000 ,2300 
,0000 ,0390 
,0000 *0300 

68,0837 8591333 
-bel522 7,2235 

7976824r7 326500398 

8453619.6000 
25,010 

-115231630800 
14059465.5 
11587300,C 
-18318,980 
-16236.06e 

363 7091 . on00 
,0000 
* 0000 . oooa 

68,1944 
-6,3895 

808630n e s 

8566172,3000 
25,097 

-1161477~~900 
13977616.7 
ii5a8912.0 
-18328.761 
-164ZOib67 

282.7275 
,0000 
,0000 
e ooon 
.oooo 

68,3032 
-6 6265 

8196354.6  

-ir4e56 
-194109 

19f2?31v530 
n3474,344 

2752399,330 
3185,5964 

493380 
72601 7333 
-54q0568 

,2300 
,0303 
*0000 

85,0356 
6.6361 

33'15192 7 

-195240 
-1.4470 

1968612*430 
~3452.734 

2788585*430 
3167,1260 

4.3475 
7294r1684 
a53~7311 

02500 
eOO00 
,0330 

8419145 
610715 

348613612 

17,5397 
87 0 b7B 1 

~7665394 e SO0 
-4 t8009445 
-5675619510 
-2130417L5 

-15br 681 
-31621278 

32t6607 
'I 0000000 

e0000 

280'15132 
7,734b 

0000 

3174814e A 

8679368.7000 -1 * 5327 
25.181 -1,4551 

*11706447+500 1984407~033 
13895259e2 -3431,174 
11590232e3 28251421733 
-183439467 3151 1 2 4 4 1  
-16599,062 4.2735 

20706004 732991330 
II 0000 -53.3333 
e 0000 ,2300 
(I 0000 I0330 
,0000 80330 

68.4101 84.8295 
e6 e 8630 5 e  5286 

830698004 3597839a3 

17,7581 
87,8842 

-7772260r100 
-42596.486 

-583533,350 
-2144lr790 
-158,537 

-32268568 
32,6733 

9 0000 , 0000 
2 8 0 ~ 8 0 5 1  

oooaooo 

3064866a 3 

802696 

87t9765 
88,0903 

-1879811.700 
-43393.u33 
-5998219720 
-215789535 

-1601403 
-3291r687 

32,6847 
r OOOdOOO 
,0000 
oO(100 

281,1215 
2954471 97 

898325 

88,1943 
8812958 

-79880459500 
-44200,537 
-616451.560 
-21714.946 

-162e280 
-3357,579 

32,6951 
0 0 ~ 0 0 0 ~ 0  
*oooo 
,0000 

281q4642 
284366287 

9,42es 

88.4121 
88~5014 

-8096960,600 
-45016,646 

-633405,840 

-164*166 
-3424,267 

-21851.020 

32.7043 
,Oi)O0000 
e 0003 
0 OOOQ 

281 e8372 
lot0624 

2732485e2 

AE' 3-36 



Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 36 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

710.0000 642601*9700 8793209elOOO -1 e 5099 
23545.0230 24868e8220 2Se3T9 -le4333 

-1232474.4 -1644450,2 -11798205,700 2000129~600 

8796509.5 9665428 t6  11590990e6 2841878eObO 
1979 10.7 24409213 13811828eO =Sc)lOe 164 

.rl0159.868 -11690e472 -1113639051 S1311e3044 
903.120 2619641 -16770914 1 410891 

21220 0970 2 1948 9 184 138e2226 7365e4587 
-31.441 *oao e 0000 -52 9633 

2.130 roo0 ,0000 e 2000 
13.421 8000 ,0000 r ~ O ~ ~  

73,2888 7219854 6895151 84 e 7498 
-7.9738 -810297 -7,0985 $90064 

IYTRODUCTIDN OF C H I  T I L D E  GUIOANC€ MODE 
712.5330 641045e4500 8851127,3000 -le4865 

-1 n 41 11 

24 a 0972 ,0000 , 0000 e 0000 
8884634 e 9  892462990 8418201eZ 3710304e8 

23610.1740 24933.8910 2S.525 
-1258308.9 -1674171e8 -11844730e500 2008071a800 
200204.2 244753.2 13769240r5 -33999 995 

*10238.114 -11776.853 -183740760 313298925 
908.547 2601169 -16853.962 319344 

21255.490 21975,829 105.5904 7384,3985 

2 050 I000 * 0000 e 2000 
13.747 IO00 * 0000 roo00 
24,2559 eOo@0 , 0000 eo000 

73,2958 7219944 68 e 5675 84e 7114 
-8.0899 -8.1456 97,2173 4r7495 

8850304.7 972105793 11591297,'1 2880558e400 

-30.387 * 030 ,0000 r 5 2 e  7750 

8941549.9 89715299 0 8474777.1 376V570e9 

1 
z 
3 

la 
11 
1Z 
13 
14 
15 

8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

715 0003 
23573.2130 

-1283658.0 
202452.b 

8902784 I 1 
-10311.717 

913.554 
21289.784 
-29.234 

1.940 
14.078 
24.4109 

73.3026 
-8.2026 

8997128.8 

720.0000 
23799.0763 

-1335513.5 
207044.6 

9009400.7 
-10452,439 

922 933 
21360.962 

1.871 
14.514 

-27.069 

24,7264 
9110217.6 

73.3164 
-8.4300 

1 
2 
3 -  

10 
11 
12 
13 
14 
15 

725.0000 
23922.0340 

,1388164.8 

9116394.7 
21 1682.6 

*10581.948 
932.282 

21434.013 
-24.741 

1.873 
14.763 
25 0436 

9223907.0 
73.3301 
-8.6557 

639547r0400 
24996r8560 

-1703326.9 
24539298 

97753059 4 
-11858.421 

258.456 
22003,498 

n 000 
rOOU 
* 0ou 
.oooo 

73.0032 
-Re2581 

9027093r 2 

636612r8600 
2512215850 

-1763016.4 
246675e 3 

9885465e7 
-1L015e430 

254.231 
22061 q 503 

WOO0 
.000 
IO00 
* 0000 

73r02C9 
- 8  e 4 8 5  1 

9140152.1 

633871~5300 
2524594330 

-1823463.4 
247935.9 
99959229 0 
-121b1.319 

250r009 
22121.750 

9 000 
r o o 9  , 000 
80000 

925381195 
73.0385 
-897194 

8907694.0000 -1 m 4561 
25,701 -183822 

.1189a073.400 2015795eooO - 
13727560.2 -33901623 
11591319.6 28987981700 
-183870119 3128e3759 
-16933.724 3.6994 

7594704 7403e1323 
mQ000 -.52*5911 
* 0000 02300 
* 0000 e 0000 
OOOO ROOaO 

8530031.0 3823533a7 
68,6182 84e6751 
-79 3327 4e5341 

9022814,600Q 
26.012 

-11982071r100 
13642494.7 
11591751.1, 
-18414.Afl8 
-37089,058 

19.5690 
,0000 
,0000 
,0000 
.oooo 

68,7195 
8642477.6 

-7.5652 

-193713 
-1r3316 

2031416e630 
-3373,636 

2935910.460 
3121 I 681 3 

2 e 9958 
7441 e 8707 
4 2  2168 

e2390 
e0000 
9 0300 

84,6349 
4e0213 

393'1521 e 7 

9138559.1000 -1: 2562 
26.311 -1.1924 

-12074216e900 2047016.930 * 
13556674.1 ~3360e426 
11591718,8 29132383330 
-18446,358 3118,2453 
-17235,515 202958 

~30r4303 748195373 
* 0000 m5118404 
.0000 I2300 
.OQ00 e0000 . 0000 0000 

68.~~89 84a5358 
-7,7958 3r5571 

875554600 405226193 

89,0625 
~ 9 ~ 1 ~ 5 8  

./427775e700 
-47521e914 

-686297,300 
-22257,137 

-169,885 
-3629 I 130 

3297250 
9Q0O0OOO 
t 0 ~ 0 0  
,0000 

283.1862 
12 e 2593 

89 e 279 1 
89.3204 

239740393 

~8539398e200 
-48376e147 
-704617e360 
-22391e783 
-1711810 
-3699 023 

32 P296 
9 0000000 
,0000 
1 0000 

253 e 1339 
13e118Q 

2285493.6 

AP 3-37 



Appendix 3 
Observed Trajectory ( f i 8 3 )  

TABLE AP 3-2 (Sheet 31 of 39) 
SATURN OBSERVED TMECTORY - BOOST PHASE (AA83) 

730.0000 631381~0900 9254910g9000 -1,1119 
-1,0553 

1 
2 24040.9720 2536482860 26 9 570 
3 -1441374.6 -1884611.2 -12166527r706 2062606~400 
4 216367.7 2491751 8 13470145~0 -3350,543 
5 9223748.1 10106683rl 11591450e7 3010726a100 
6 -10699.933 -12295r82R -184809808 311881712 
7 943.764 245~986 -173729427 1,6595 
@ 21 507 -972 221838308 -749 7770 7521 9 8488 
9 -22.350 e 000 9 0000 r51.462 1 
i o  1,879 9000 g 0000 S 2300 
11 14.773 e000 S 0000 ,0300 
12 25.3625 IO000 *OOOO 9 0 ~ 0 0  
as 9338195.8 9368070~2 8869214a5 416773887 
I4 73.3437 73r0559 68,9164 84 I 4764 
15 -8e8792 -8.9335 -8.0239 3,1112 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
13 
14 
15 

735*0000 
24154*1860 

-&49514407 
221 100.0 
9331470.9 
*10806*099 

951.115 
21581.203 
119.961 

1,887 
14.571 
25.6829 

73.3572 
-9,1004 

?453078.1 

1 
2 
3 -  
4 
5 
b 
7 
6 
9 
10 
11 
12 
13 
14 
15 

740,0000 
24260.6710 

-1 5494 15 v 4 
225879.0 

-10900.282 
960.503 

2 1652 747 
-17.627 

1.894 
14.200 
26.0049 

73.3707 
-9,3188 

9439556.0 

9566538.1 

629225~5300 
25477~4340 

-194640203 
25039997 

10217752~0 
-12418r557 

24lr940 
22244,564 

* O D 0  
I) 000 
t 000 
r O O 0 O  

73.0732 
-99 1543 

9482921 99 

627445.3600 
255831 8740 

-2008776g7 - 
251595e8 

10329125~2 
-12529~300 

238.096 
22304~588 

* 000 
e ODD 
,000 
q 0300 

73 e 0903 
-9~3724 

9598351 r 3  

9371846.5000 
269820 

..122590i5. 100 
1338f9S6r8 
11590974s9 
-18516,741 
-174999062 

-1 13, 5521 
,0000 
,0000 

,0000 

69.0126 
1.802494 

9 OOOO 

8983535.8 

948933212000 
2 7 ,  089 

*12351685,000 
1329516216 
11590318a8 
-18553.416 
-176lQOR74 
-147.0779 . 0000 

, 000@ , 0000 
69e1068 
-8.6719 

,oaoo 

9098433. 6 

- 0 9399 
-+8319 

2018204a330 
-3343a840 

3048436,330 
312lr 5692 

l r 0 t l l  
7562 I 3 133 

-5 1 0 08 18 
r2300 
* 0000 
,on30 

4283935*4 
84e  4176 
296830 

-1741s -, 7335 
20938289133 - 
30863488630 

- 3 3 4 0 s  193 

3128t4386 
64425 

7602 q 6469 
r50q 6997 

$2000 
9 0300 
rOOO0 

84 t 3620 
2c2720 

4400823e4 

89ett59 
89,1333 

-8764658r000 
-50113r618 

-742315,900 
-22659,926 

-1 75 690 
-3841 a 221 

32,7353 
~0000000 , 0000 
80000 

285,0301 
1590986 

2062117,3 

1 745.0000 626133*7300 9607331e8000 -05186 
2 24359,8580 25683.0330 279 252 -,4314 
0 -1604128*4 -2071676r0 -12444338~000 21094958000 
4 230704.7 252776.6 1320681514 -3339 04 15 
5 9547992.9 10440793t5 11589507*6 3124461e733 
6 010982.668 -12628e209 -185900216 3138,9791 
7 969.899 234r422 -17719.799 - t o 7 9 1  

10 1,901 t oo0  *oooo , 2300 
11 13,551 s 006 ,0000 ,0303 
12 26.3283 00000 9 0000 t0ot)o 
13 9184555.5 9714338r 1 9213906.4 4518370.2 
lb 73.3841 73. 1073 690 1994 84.3395 
k5 -9.5343 -915875 -8 e 691 2 )e0770 

I) 21721.948 223621728 -17505979 7642~6538 
9 015.315 *OD0 * 0000 -50 ,  3159 

C41 F R E E Z E  
1 746.1000 625872e2100 9633356r6000 -94667 
2 24380.5100 25703~61100 27.266 -*4421 
3 -1616219,l -2085578e7 -124649890703 2112949r03D 

5 V571894.6 1046539897 11589310,Z 3132873.330 
4 231772.7 2530341 1 13187310gl -33399 545 

6 -10999.301 -126461461 -18598*080 314lr6419 
7 971.955 233t632 -17741.414 -rlB81 
8 21736 ,604  22375t010 -181r3027 765193291 
9 -14.881 roo0 .0000 -50, 23 13 
10 1.903 ,030 ,0000 e 2300 
11 13.358 * 000 .0000 e0303 
12 26.3996 r0300 e 0000 r OOQO 
13 9710151.5 973'392714 9239385.0 454431593 
14 73.3870 73.1110 69,2195 8492383 

-9.5813 -9.6344 -8,7309 1 , 7 9 3 2  15 

8919361 
89r 941 5 

,8878291~600 
-509969947 
-7617028430 
122793,463 
-b77,6(t3 

-3913.525 
32,7362 

8 0400000 . on00 ; 0000 
1951010.Y 

285~8044 
16,2501 

90,1576 
9001509 

-89925910400 
-51890,067 
-781452.500 
-22926,468 

-179t606 
-39866631 

32.7360 
,0000000 
rOQOO 
* O O O O  

'286*6A5!5 
17,5354 

1840598. 4 

90~20b4 
90.1971 

-90178260190 
-52087,869 
17858461640 
-22955,685 

-1809039 
-40029822 

3297358 
1 OOOdOQO 
,0000 
,0000 

206e8958 
17,8385 

1816428 ( 8  

3 

AP 3-38 



Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-2 (Sheet 38 of 39) 
SATURN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

s-IVB GUIDANCE CUTOFF SIGNAL 
747r0400 62569414300 9654614,6000 -e4227 

24398.1380 25721e3040 271313 ~ ~ 4 3 0 3  
-1624965.2 -2097476r6 -12482474.400 2115903b330 

2326879 3 253253.5 1317062315 -3339 I733 
9992333.2 10486436e3 ll589137qO 3140069elOO 
-11013.670 -12665r920 -1B604e695 3143r9257 

973.771 233e014 -17759r959 0,2635 
21749.021 22385r391 -186g3308 765817195 

-14.461 * 000 ,0000 n5Oi 1589 
1.881 ,000 .oooo 9 2’)OO 

33.226 . 000 .0000 a 3900 
26. 4606 rOOOO a0000 e0500 

8412889 73.3895 7311141 4912367 
-9.6213 -9,6744 -8,7796 le7216 

9732045r5 9761815 9 6 9 2 6 1 179 1 4 5’66 5 10 7 

REDUNDANT S-IVB CUTOFF SIGNAL w 7 8  5 
747,3800 625632~9800 9663669,5000 -94137 

24401.9200 221725,0840 17,886 ~ ~ 3 9 1 6  
-163631115 -2101784e7 -12488799*200 2116972r230 

9999727.8 10494047r4 11589012~9 31426738430 
233018. 5 25333217 13164582.8 a33399836 

-11020.309 -126739505 -1a6mr536 3144,3635 
974.392 232-831 -17766.610 -12784 

21749,875 22385.444 -189,7958 766092663 
-15.664 V O O O  ,0000 -50,1327 

1.836 ,ooa rOOOO ,2333 
2 893 P 000 m00QO 9 0 3 0 3  

26.4827 ,0090 * 0000 10300 

73.3904 7311153 69 1 2429 84t2R55 
-9.6357 -916888 -8 7943 1. , 6 9 5 8  

9739968 .t, 976973682 9269066r0 657454396 

I. 
2 
3 
4 
5 
6 
7 
il 
9 
LO 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
$ 
6 
7 
b 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I1 
12 
13 
14 
19 

5 - I V B  P V  A C T I V A T E  OFF 
748.1500 625497r8300 9681908.5000 -e4389 

25725r5000 3,294 0.3871 
-211155093 -12503116e600 21193931533 
2535 11 e 9 1315089718 -334080 L9 

24402.3430 
-1638803.6 
233769.3 

9616470,l 
*11037.651 

975.739 
21741 9 495 
-21,679 

1 735 
-101195 
26.5326 

73.3925 
97379101 5 

-9.66~ 

750 0000 
24404.1900 

*&659262.5 
235577.2 

-110820284 
978.784 

21720.715 
-24.408 

1.642 
-12.244 
26.6528 

73.3974 
-9.7468 

P656678.2 

9801024.3 

755.0003 
24405*1400 

-1714980.5 
240491 9 5 

9765123.4 
-11203.970 

986 960 
21658 897 
-24,339 

1.634 
-12.422 
26.9774 

73.4107 
-9 9579 

9917490e7 

10511278q2 
-12692r511 

232,584 
22375,153 

9 030 
r 090 
@ 030 
* 0000 

73.1179 
-9,7214 

9707673s 9 

11588921~2 
-18591r212 
-17779.979 
-201,4811 

, 0000 
1 0000 
,000u 
,0000 

69.2568 
9286927.1 

-8 . 8275 

3i4e57it2m 
3144 e 7953 

-e2514 
7660 e6009 
m50t0734 

,2300 
10030 
,0703 

84 e 2779 
le6377 

4592736r1 

-794083r470 
-230100081 

-1809 846 
-40338 098 

32e7352 
1 000~000 
IO000 
,0000 

287,3354 
18.4243 

177f528.5 

625181.7100 9725742.7000 - *  4345 9093848 
25727,3260 0051 -93825 901 3662 

-2135074.7 -12537485.500 2125212rl33 -91075559500 
25394lr4 

1055265493 
-12741.100 

231.840 
223491633 

,000 
1000 
v 000 
* 0000 

739 1241 
-917997 

983077692 

624320.4200 
2 5 7 2 8 1  2220 

-219911295 
255095s 7 

106642llr5 
-12073,165 

229r 861 
22274. 880  

IO30 
0030 
t 000 
e 0000 

739 1409 
-1310135 

9947211~7 

1311797098 
11588522r8 
-18560.380 
-17814.443 

-231.0492 
.OOOO 
OOQO 

* 0000 
*OO00 

69.2903 
9329848.2 

-8 9072 

9a4~211,sooo 
0053 

-12630046~400 
13028662.7 
11587158.3 
-18471r679 
-17906,442 

-312.9122 
.oooo 
, OOOO 
0000 
,0000 

69.3793 
m9.1217 

9445807.1 

-33409536 
3162745,530 

314499290 
-r2553 

7661,1853 
-49,9308 

t 2350 
9 0 3 0 0  
,0000 

84.2593 
lr4991 

4636461 e 4 

-52793~019 
-801573rl00 
-230591109 
-1818577 
-4060.516 

321774s 

,0000 . oooer 

287~6958 
1819761 

e oaooooo 

1731200, + 

-94306 
-33782 

2140936r333 
-3341 9856 

3201050r230 
3144 s 9722 

-e2652 
7661~1698 
-49.5455 

(2700 
9 0030 
* 0300 

8412133 
lr1318 

4754649r4 

90.6158 
3015852 

-9223181,800 
-53705r847 

-822059.200 
-23191,316 
-183r556 
-4135,238 

32.7316 1 0000000 

8 OOOO 
q 0000 

288s8615 
23.5835 

/62327514 

AE 3-39 



A p p e n d i x  3 
O b s e r v e d  T r a j e c t o r y  (AA83) 

1 755.5000 
2 24405.2450 

4 240985.2 
5 9775951.1 
6 -11216e133 
7 987.776 
8 21652.662 
9 -24.324 

10633 
11 lo *l2.436 

3 - a n o m . 5  

l t  27.0099 
13 9929134.0 
14 73.4120 
15 -9.9790 

1 756.0000 
2 24405.3510 
3 -1726196.8 
4 241479.3 
5 9786775.9 
6 -1 12281 294 
7 988.592 
8 21646.461 
9 -24.317 
10 1.633 
11 -12,450 
12 27 o 0423 
13 9940776.9 
14. 73 e 41 34 
15 -10 .oooo 

1 756.5000 
2 24405.4573 
3 -1731814~0 
4 241973.8 
y 9797597.5 
6 -11240.451 
7 989.408 
8 21640.233 
9 -24.311 
1D 1.632 
11 -12.464 
12 27.0748 
13 9952419.0 
14 73.4147 
1 5  -10.0213 

1 757.0000 

3 -1737437.3 
4 242468.7 
5 9808416.0 

2 24405.5620 

6 -11252.604 
7 990,223 
8 21633.997 
9 -24.304 
10 1.631 
11 -12.478 
12 27.1073 
13 9964063.3 
14 73.4160 
15 -10.0423 

TABLE AP 3-2 ( S h e e t  39 of 39)  
SATlJRN OBSERVED TRAJECTORY - BOOST PHASE (AA83) 

624235,3100 
2572893230 

-2205552.5 
255210.6 

1067534T,O 
-12886.361 

2299663 
22267.366 

,000 , 000 
9 000 
*0000 

73,1425 
-13, 0315 

9958853.9 

624149,8000 
25728r4230 

-2211999el 
255325 4 

1068b478q8 
-128999554 

229,465 
22259,844 

so00 
,000 
,003 
.0000 

739 1442 
-10 ,0525 

9970491 p 6  

624064,8100 
25728.5230 

-2zia452,i 
25344O. 1 

10697606r7 
-12912~742 

2291 266 
222521 315 

,003 
000 

* 000 
(I 0000 

73.1459 
-10,0735 

998213096 

623979,7100 
25728e6230 

-2224911~9 
25555415 

-32925.925 
229,067 

22244 77R 
I 0 0 0  
9 003 
1 00J 
v 0030 

73,1475 
-10.0945 

io70a73ir0 

9993 769.0  

9856D59e1000 -r4OO2 
e 060 " ~ 3 7 7 8  

-12639289,~OO 2142!10e~700 
13019706i6 4341,989 
11586999.7 3204880r700 

-18442,176 3144 * 972s 
-17915,621 -q2b52 

-321,1035 1661*1698 
,0000 r49q5070 
,0000 , 2000 , 0000 e0300 
,0000 il OODO 

69.3881 84,2389 
m91 1430 le0356 

9457400.7 476641010 

9867906e3000 -e3998 
e 060 -,3774 

- 1  2b48517,900 2 1 4 w 1  q 230 
13010745,9 *3342@122 
11586834.6 3208711i233 

-18453,865 3144,9724 
-17924,795 or2652 

-329.2953 7661,1698 
e 0000 -49 e 468 5 
,0000 , 2000 
* 0800 rOOOO 

69.3969 84,2346 
-9.1644 100596 

0000 , o w 0  

9468994.2 47?6291*4 

9879754.3000 
I 060 

*12657742,100 
13001780.7 
11586669.7 

-18444,948 
-17933.962 

-337.6870 
v0000 . 0000 
@ 0000 
* 0000 

69.4057 
-9.1857 

9480587.0 

9891602.5000 
v 860 

-12666961,700 
12992810.9 
11586698.6 
-18436.024 
-17943.123 

-345.6786 
* 0000 
,0000 
9 0000 
*oooo 

9492179.4 
69.4145 
~9,2071 

-r3395 
-e3770 

2145653r730 
-3342.255 

3212541e830 
3i44~9724 

- a  2652 
7661 1698 
0499 4300 

,2300 
10300 
,0000 

84 e 1999 
1,0236 

47901 13.0 

- 0 3 9 9 1  
-e3766 

2147226~130 
-3342,387 

3216372~430 
3164,9723 

-e2552 
766111698 
-49 * 3914 

,2333 
9 0 3 0 3  
e0330 

84q1955 
*9477 

4801934~7 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

P A R I < I N G  O R B I T  INSERTIDN 
757.0403 623~8.97:)o 9a92549,iooo -e3991 

24405.5710 25728~6310 ,059 -03766 
-1737881.6 -222542392 -12667700.600 2147353r730 

242504.2 255559.8 12992095.6 -3343r630 
9809283.6 10709623r2 11586491.6 32366799603 
-11253.576 -12926r980 -18435.310 31 44,9723 

993 289 229,052 -17943.855 -,2651 
21633.498 22244,174 -346.3343 76610lS98 

-24 354 ,000 . 0000 049 , 3 88 4 
1,631 ,003 * 0000 . 2330 

-12.460 * 000 ,0030 ,0333 
27,1099 r0030 e 0000 * O300 
73.4 161 739 1476 69.41 5 1  849 1751 

-10.0437 -1 0 e 0951 -9.2087 e9049 

9964992.8 9994701.0 9493208.2 4802881,l 

90ab389 
900 6071 

-9234710sbOO 
-53797,674 

-824128e700 
-23204.511 

-183,"14 
-41 429 1 5  1 

32 q 1312. 
eO~OOD00 

e O Q O 0  

288.9879 
20.7543 

a oooa 
1612577ql 

90,6620 
90eb290 

-9246386,200 
-53889,600 

-826201,050 
123217,705 

-183,953 
-4190t2T3 

32 e 1309 
tO~OC1000 
,0000 
"0000 

289,1163 
20tVZ72 

1601897 10 

90~6851 
90,6410 

-9257998.400 
-539811627 

-828218,970 
-23230,893 

-184~151 
-4 157e 803 

3217305 
,0900000 , 0000 , ooou 

289,2667 
2 1  * 1025 

1591235r 8 

90,7082 
90s 6729 

,0000 
,0003 

1580593.9 
289r3792 
21,2789 

99,7103 
90,6746 

-9270547.000 
-54081,126 

-830526r380 
-23245,131 

-184,366 
-4165,944 

32,7301 , O ~ O O O O O  
,0009 
0000 

28993900 
21,2933 

357974719 

AP 3-40 



1 T I R E  

2 V S B E  

(SEC 1 

t F T / S E C  1 

3 X 5 B E  
( F E E T  t 

4 ? S E E  

I Z S B E  

( F E E T  t 

( F E E T  1 

6 0-X SB E 

7 0-V SB C 
( F T / S E C  1 

4 D-Z 58 E 
I F T / S E C  1 

( F T / S E C  

9 DD-X SB E 
( F T / S S P )  

10 DO-V SB E 
( F T / S S Q t  

11 0 0 - 2  SB E 
( F T I S S P )  

12 RANGE 4NGLE 

1 3  D* SB 1 

(DEG. 1 

( F E E T  1 

14, A* SB 1 

15  E* SB 1 

(DEGe 1 

( D E C r  t 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15  

Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 1 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

RANGE CAMHA f 8  1 
( F E E T  (DE@* 

A SB I CAMMA(11)  PR 
( F T / S S Q t  (DEB, I 

X 58 SFE X I  
( F E E T  1 (HETERS 1 

Y SB SFC ETA 
( F E E T  1 (METERS 1 

Z SB SFE ZETA 
( F E E T  1 (METERS) 

D-X SB SFE 0.-XI 
( F T / S E C t  (M/SEC 1 

D-Y SB SCE D-ETA 
( F T / S E C )  (M/JLC 1 

D-Z S8 SCE D-ZETA 
(FT/SIEC)  (M/SEC 1 

ALPHA SB WlND MU 
(OECm (DEGI ) 

BETA SE WlND TEYPERATJPE 
( D E C I  1 ( D C G  R 1 

MACH NUHEER PRESSURE 
(LB/FTZ 

REI. HUM10 V I  SCOSITV 
( L B - S / F T Z )  (PERCENT)  

rJ* SB 3 D* SB 4 
( F E E T  1 ( F E E T  1 

A *  SB 3 A* SB 4 
(OEGS 1 (DEGa 1 

E* SB 3 E*  SB 4 
( D E G I  1 (DEG, 1 

P A R Y I N G  O R B l T  I N S E R T I U N  
757.0400 623978,6730 9892549.1008 -13391 

24405.5730 25728r6310  I 059 - 9  3766 
-1737861.6 -2225423r2  -12667700.600 21673S3r700 

242504 2 ~ 5 5 5 5 9 ~ 8  1299209S.6 *3343r630  
3809283.6 10709623.2 11586491e6 3216679rbJO 

-11253.576 - 1 2 9 2 6 ~ 9 e o  -1843Sn3LO 3 1 4 4 ~ 9 7 2 3  
990.289 229,052 - 1 7 9 4 3 ~ 8 5 5  - r 2 6 5 l  

2 1633.498 22244e173 -346.3343 7661r1698  
-24r  304 * 009 e 0000 ,498 3884 

1.631 roo0 * 0000 ,2000 
-12.460 * 000 * 0000 r03i)o 

27.1099 r 0090 0000 9 0000 
4802881.1 1083632br8  41991656rO 3 1 0 6 1 8 3 2 ~ 0  

84. 1 9 5 1  288r07C4 300,8273 sz I 3582 
,9849 -1 1 55-70 - 8 1  e5904 -46.1384 

1 
2 
3 -  
4 
5 
6 
7 
8 
9 
10 
11 
12  
1 3  
14 
15  

760.0000 
24406.2230 

1771316.7 
245443.1 

?873264.0 
-11325.459 

995,100 
21596.469 

124  262 
1.627 

-12,561 
27.3021 

84.3696 
,7744 

4172876.6 

623461*0800  
25729.2490 

-2263820.5 
256236.2 

10775398e9 
-13004r941  

22TrA65 
22  1939 4 1 4  

*JOC' 
9000 
rO01'  
roo90 

. 288e0700 
-11944 18 

10767415.9 

9962698.9000 -93768 . 000 0,3741 
-12722184r500 ,030 

12938883.3 * 000 
* 030 11585384.3 

-18382.365 e 0000 
-17997.977 * 0000 

-394,8159 to030 
n 0000 ~ 4 9 ~ 1 6 3 3  
.oooo I 2 0 0 3  
.oooo * 0000 
* D O 0 0  roo00 

300 5626 5212157 
*8 1 (I 5009 -4692255 

4198164300 310140SE.O 

GAMMA 58 Z 
( D E O i  b 

G A H M A ( Z I 1  PR 
(DEGs 1 

x SB os 
( F E E T  1 

V SB GS 
( F E E T  j 

z 58 6s 
( F E E T  I 

D-X S I  CS 
( P T / S @ C )  

D-V S I  GI 
( F T I S E C I  

D-Z SB G f  
( F T / S E C )  

RHO 
( D E G .  

DENS I TY 
( S L I F T 3 )  

DVN PRESS 0 
( L B / F T 2 )  

SOUND VEL 
( F T / S E C )  

D* SB 5 
( F E E T  I 

A* S0 % 
(0EO. 1 

E* SB 5 
(DEG, 1 

90*7100 
90.6746 

-9270547.000 
-540810126  

-8305260380  
- 2 3 2 4 5 ~ 1 3 1  

-1641366 
-4165r944  

32.7301 
I DdOOOOO 
e R O O 0  
* oaoo 

68,6673 
- 2 4 ~ 5 0 2 6  

1878131000  

9 o e  e467 
9Qe 8049 

000 
e 000 
I 000 
roo0 
e 000 
e Ob0 

32.72711 
r OOOOOOO 
I 0000 
(. 0000 

68 e 6398 
-24,6051 

1884364000  

AP 3-41 



Appendix 3 
Observed Trajectory (&A831 

TABLE AP 3-3 (Sheet 2 of 14)  
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

ALIGN AXIS M X T H  LUCAL HORIZONTAL 
764.0000 622777e4300 10057495,5000 -, 3939 9100314 

9019795 
1 
2 24407.0780 2573Oe0590 ,000 - a  3707 
3 -8016823e6 -2316061,6 -12795513.300 i 000 ,006 
4 269436.7 25714416 12866732.3 q 000 a 000 
5 99S9148.3 108640751r6 11583666, 5 e Ob0 a 000 
6 011622.400 -13110,041. -1831Or435 , 0000 r 000 
t 1001 05.89 22br264 *11070.793 IO000 a 000 
6 21546.021 22138r466 -460, 3375 9 0000 a000 
9 -24 206 *bod * 0000 r48.8520 32.7232 

11 r OOC! ,0000 * 0300 a 0000 
12 27.5619 roo00 roo00 1ODOO , 0000 lo -12.671 

14 84 s 1365 288.0694 30012 129 52 * 0907 6895761 

1.621 000 roo00 * 2000 r 0000000 

13 $967475.6 10674255r0 41967043qO 31141029t0 10927809*0 

15 ,4951 -11 s 2857 -81 3796 m46 e 3432 -24.7436 

1 770.0000 
2 24408.3033 
3 -1885782.1 
4 25547592 
I 10068595*9 
b *11567.187 

1011.295 
4 21469 s46V 
0 124.123 

1.613 
lo 11 -12.839 
I t  27 0 9516 
13 #109395*0 
14 84.0898 
IS e0872 

1 780.0000 
2 24410.3670 
3 -2002659.7 
4 265668.5 
I 10302644.4 
6 -11807,874 
7 1927,359 
8 21339,744 
9 -23 976 
10 1.600 
ii -13,108 
12 28.6011 
13 4345978.2 
It 84.0192 
15 - 5676 

10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

790 0000 
24412.4023 

-2121934.7 
27b021 e9 

19515381.7 
-12046.902 

1043,284 
21207.288 
-23 830 

1,585 
-13.383 
29.2508 

83 9566 
-1 v 1942 

$582592 5 

800.0003 
2441413980 

-2243592.8 
286533.7 

19726780.9 
-12284.456 

1059.063 
21072 099 
-23.680 

1.570 
-13.655 
29.9005 

83.9009 
5819208.2 

-1.7959 

62i7~6~06ao 
2573lt2190 

-239518215 
258494.9 

10996628r9 
-132679 14'7 

223r86b 
2204be032 

roo() 
* 0OP 
rOQC) 
* 0000 

28890682 
-1lrO506 

1053443313 

620148r0800 
25733.1700 

-2529147.3 
2607139 4 

11216309r5 
-13527.516 

219.840 
21889.588 

roo3 
roo3 
WOO? 
roo30 

28810650 
-10*6550 

10301118r5 

61 8532 9 8 100 
25735r0910 

-2665726.6 
262891 r 6  

11434410r2 
-13786,025 

2151785 
21730.02? 

* 000 
r 000 
e000 
.0000 

288 0607 
-10.2581 

10067480*7 

616954.9730 
25736~9680 

-2804871~6 
265029.0 

11650899.6 
-14042.649 

211 e 699 
21567,355 

* 009 
t 00:' 
* 00:: 
rOOLO 

288.0550 
-91 8564 

9833528.4 

10199689,3000 -*3894 

-1290509b.bOO roo0 
12757985.1 * 000 
11580612.5 w 000 

* 000 -a3657 

-18201rl19 * 0000 
-18179r138 * 0000 

0558 ,4313 . 0000 , 0000 -48 * 3898 
0000 ,2300 
,0000 r0300 
e 0000 ,0000 

299.7059 51e9332 
-81 a 1972 -46 I 5 197 

41947032,O 31224289rO 

10436717q1000 -e3819 . 000 -93573 
-13086189r000 roo0 
1247528810 * 000 
ll574202r8 e 000 
-18018,510 ,0300 
-18357.766 r0300  
,7229 3873 t OORO . 0000 -47 . 6 194 

r 0000 r2300 
* 0000 r O O Q O  
9 0000 roo00 

296 a9031 51,5336 
* 8 O a  8918 e46 6 139 

41911125rO 3136181590 

10673783~0000 - e 3 2 4 2  
9000 - * N E 7  

-13265436,TOO roo0 
12390817,6 000 
1156615606 e 000 
-17832*740 a0000 
-18533r840 * 0000 
-886rOT03 I) oouo 

*oooo -46.8493 
.oooo e2003 
* 0000 rO000 
0000 90000 

298. 1491 51t2779 
*80*4850 -47.1380 

41873921.0 3150863190 

10910885~5000 
,000 

-13442813r800 
12204599n2 
11556472,E 
-17644 I 412, 
-18707.339 
-1049.6655 

e O O 0 O  
I) OOOQ 
,0000 
,0000 

291.4396 
-8Or 2766 

41835424a0 3 

or3645 
-13401 

* 000 
r 300 
roo0 
9 0000 
*oooo 
roo00  

,4610795 
.2000 
e OD00 
* 3000 

50.9649 
-47 t 4321 

1648726rO 

93,3085 
9102623 

1000 , 040 
1000 
e 000 
e 000 
e000 

32,7152 

0 0 ~ 0 9  , 0000 
68 a 48 15 
-24a 951 1 

, oooactoo 

19053931.0 

9117700 
91r680Q 

e 000 
1000 
e 006 
e 000 
,000 
* 000 

32.6971 
,0000000 
* on00 
e OOOQ 

M e 3 2 6 4  
-25c 2965 

19263774.0 

92,231 1 
9211174 

1000 
? 000 
.0d0 
r000 
e 000 
e 000 

32.6750 
e O O O b O ~ O  
r0000 
s 0000 

68.1741 
-2506414 

194731S8rO 

92,6918 
92n5944 

(000 
060 

t000 
e 000 , on0 
* 000 

32,6470 
t O ~ o O O o O  , OOOb 
,0000 

68rO253 
-251 9859 

19682071r0 
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Apprndlx 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 3 of 14) 

ROLL 180 DEG. TO POSITION 1 I I  OUWN 

SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

1 837.0000 611404r1900  11788473r3000 9 ,3374  94.3898 
25743,5450 . DO0 -a3378 94.1641 2 

3 
4 
9 
6 
i 
8 
9 
10 
11 
12 
11 
14 
1s 

24421.4250 
-2714396.4 

326780 s 6 
11496872.2 

-13150.043 
11 16.080 

20148.400 
*23.101 

1.511 
-14.649 

32.3053 

83 7430  
-3.8501 

4694293.5 

1 900  0000 
2 24432.0780 
3 -3587796.1 
4 400b17.6 
J 12761259.1 
6 ~ 1 4 5 7 1 . 8 6 2  

8 19573.677 
9 -22.016 
10 1.394 
11 “16.282 
12 36.4027 
13 8180716.6 
14 83.5932 
15 -4 9219 

7 1207.676 

1 1000,0000 
2 24445.4520 
3 -S151909.7 
4 527403.5 
3 16633093.9 
6 -16677.690 
7 1336,339 
8 17822.710 
9 -20.053 
10 1.172 
11 -1  8.700 
12 42.91 18 
13  10523423.4 
1 4  83.5248 
15 -11 t 1925 

1 1500.0000 
2 24441.0770 
3 ********** 
4 1281S70.3 
5 20799581.0 
6 023594.674 
7 1543.178 
e 6186, 775 
9 -5.849 
$0 - . 460  
11 -26.529 
12 75.4695 

16 84.1322 
1s -29 ,2268  

’ 13  21624275.0 

1 
2 
3 
4 
J 
6 
7 
a 
9 
IO 
11 
12 
13 
14 
15 

2000 . 0000 
24316.3410 ********** 

1915789.4 
20518120.0 

-23197.716 
837.459 

-7242 175 
8.320 

-2.318 
-25.698 
107.8115 

85.1525 
-45.9000 

31022324rO 

-3341783r7 9 

272578 5 
12437391r7 

-149751133 
196.314 

20931) I 892 
I O 0 0  , 000 
roo3  
*00@0 

288,0236 
-8,3328 

8965328.7 

603021r8ODO 
2575303760  

-4333607r1 - 
284098.5 

13720495.8 
-16496,883 

169.217 
19775:  2 5 4  

,000 
* 000 . 002 
r O 0 S O  

2 8 7 ~ 8 9 7 8  
- 5 *  5570 

7478871 a2 

592592.4400 
25765,3190 

-6096615r5 
298781.3 

1559652914 
-167229247 

124e 181 
177001672 

Q3(J 
* OO!) 
*00:2 
rO0L’O 

287.3662 
- r 2 4 L l  

5105033.4 

598329.9530 
25753 ,8740  ********** 

3008 1016 
21253956.0 

-25398.822 
-117.483 
4 2 6 3 ~ 0 6 7  

9009 
* 00:) 
,009 . 0000 

1 1 2 . 0 2 ~ 1  
-4.5877 

6982014.7 

701475.1730 
25629,9520 ****+***** 

186796.0 
19629493rO 

-23364.499 
-3269 577 - 10 5 33 p 3 4:’ . 003 

*OO:, 
*00(’ 
roo90 

111.5665 
-23.6830 

18414602.0 

~ 1 4 0 8 2 4 2 3  900 e 000 
1150082br2 . 000 
1 1 5 0 4 ~ 3 5 . 7  rOQ0 

-169259796 * 0000 
-19326.474 e0000 

-1153.8069 . 0000 
e 0000 4 3 s  2359 
a DO00  , 2000 
*0000 0000 
* 0000 r 0000 

294.1401 49.8341 
-79.1263 = 4 8 * 4 8 9 1  

41681745.0 32160682n0 

13283767.7000 or2865  
IO00 -a2516 

45108233.100 . 000 
10252107r8 roo0 
11369979.2 . Ob0 

-15626e438 . 0000 
-202959136 * 0000 

-2675,5133 . 0000 
,0000 r 3 8 r 4 2  11 . 0000 e 2300 
.0000 *0300 
* 0000 rOOUO 

292.0992 47,8598 
-77 .  1404 -50.3379 

4 1 3 7 9 5 0 2 ~ 0  33008306rO 

15659448,2000 -92018 
IO00 - r1600  

-16560374,600 t oo0  
c 00u 

11022462.3 r O Q O  
8 154863 9 8 

-13384.179 * 0330 
-215981945 IO030 

-4266r2743 * 0 3 3 0  
OOOO r 3 0 r  8760 
.0000 .ZOO0 
.oooo .006)0 
* 0000 * 0000 

288.1578 4495611 
-73,9445 -53 e 2594 

4079556710 3428732910 

n000 
e 000 
,000 
r000 
t 000 
e000 

32e4980 
,0000000 
r 0000 , 0000 

67.4981 
-27. 256b 

20450778r0  

9792649 
96.8721 

000 
e 000 
9 000 
e 000 
* 000 
000 

3 2 ~ 0 8 1 1  
a 0000000 
* 0000 
e 0000 

66.6780 
-2904OB0 

21742989tO 

103*6250 
101.0223 

e 000 
* 000 
* 050 
* 000 
9 000 
r000 

31 I 0086 
I QQOOOOO 
r 0000 . 0000 

2374573990 
6 5 ~ 5 3 7 6  

-32 e 7969 

2 7 5 4 7 5 9 3 ~ 0 0 0 0  ,2624 118~3482 
IO00 ,3317 116s 7832 

-20016649.000 r O 0 O  ,000 
-3421068.0 e 030 q 000 

7112256v4 * 090 I 003 
-35.753 a OOJO 9000 

-23329.880 90090 ,000 
-10907.6817 a0300 * 000 . 0000 219314 19  v +207 

e 0000 9 2300 .ooooooo 
*oooo r0300 eooo1) 
* 0000 eo300 , OOOD 

280.0498 23.5458 61 ,3559  
*57.6531 -67 e 21 56 -49.4494 

36036228pO 39254182eiJ 32601438eO 

3936011500000 r6855 124.5522 
,000 ,6574 12295932 

-16609958.400 e030 1000 
-13830215.3 1000 r000 

753034.2 .ODD 0 on0 
13226r440 e OODo e 000 

-17096r820 ooao * 000 
-13771r5119 e0300 I 000 

e 0000 3 0 ~ 9 2 5 8  2 9 0096 
.oooo .2300 *ooooooo 
e 0000 : 0790 0 0000 
.oooo 90303 eoboa 

274 I 7240 335r5732  11701190 
-41 I) 1007 ~ 7 6 , 5 7 4 7  -65 .  7961 

2R55291490 41446120eO 38952855rO 

AP 3-43 



A p p e n d i x  3 
O b s e r v e d  Trajectory (AA83) 

1 2499.9999 
2 24106.8680 
3 ********** 
4 191579403 
5 13980097.0 
6 *15822*910 
7 -653 e2 1 9  

(AA83) 

ea95 1 2 0 r 7 4 2 0  
e7966 110 m O S  
e 000 rooo 
e 000 a 000 
* O D 0  tooo 
e 0000 # 000 
t 0000 1000 

0 -18175.530 -215241123 -1 1 9 6 1  eTT66 * 0000 e 000 
5 7 r 8 8 7 8  -1Sr720) 9 2 0 0 3 0 5  -003 0 0000 

. t o 0 0  v 0000000 10 -3,457 *oop a 0000 
11 -16 - 9 4 6  Q 000 ,0000 roo00 t 0000 

139.6771 . OOOO *oooo e0300 .OOOO 12  
19 37977200.0 2 8 3 6 7 0 8 f r 0  

86 2966 1 1 l r 4 7 3 0  2 6 8 ~ 6 3 1 4  273e9261 -0 42 t1205  1 e 6605 
15 *62.1690 -40.3367 a 2 4 ~ 0 4 3 4  -71 5983 
14 

19020072*0  40620068rO 4 2 2 8 3 0 3 3 ~ 0  

1 
2 
3 
4 
5 
6 
7 
I 
9 
10 
11 
1 2  
1 3  
1 4  
19 

1 
2 
3 
4 
5 
6 
7 
I 
9 
10 
11 
1 2  
1 3  
1 4  
1 5  

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
1 2  
1 3  
I4 
15 

10 
11 
12  
1 3  
1 4  
15  

TABLE AP 3-3 (Sheet 4 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE 

813092.4700 50987577e0000 
25434.1790 eo00 ********** -7570343r800 
- 8 5 9 8 ~ 5  -19572355eO 

11366403.5 -5870090e7 
- 1 3 5 4 3 ~ 3 1 4  21821a482 

-433.948 -5257.032 

2999 9999 
23188.2010 ********** 

S300511 2 
1 2 2 0 2 ~ 1 . 0  

-3993.508 
-2391.611 

-23430.285 
259784 
-3.248 
-3.667 

170.7619 

87,5247 
-78.1970 

41006233.0 

1052374r6000 
25234,4250 ********** 

-22441 5 e 9 
-66398095 

485.886 
-406.402 

-25226,475 
a 000 
* 003 
9 000 
* 0000 

11Oe6922 
3 6 0 8 8 3 0 0 ~ 0  

-56,4790 

6231B111r0000 ,7674 

3975312eOOO roo0 
-18844423rO * 000 
-10554796r3  e 000 

v 000 ,6836 

23085.871 r 0000 _ _ ~  . 

soso. 22 i e 0300 
-6271.7125 eoo00 

n 000o 8 8 r 8 7 6 6  
eoooo I 2 0 0 0  
* 0000 0000 
r 0 O O O  r0300 

254.3300 2481 4591 
-4.1981 -58,4790 

8 4 2 5 2 6 4 r 5  3685942490 

I V I T I A T E  2 0  D E & .  P I T C H  DOWN MANEUVER 
3207.0000 1112786rOO:)O 63975197.0000 ,6274 

23814.8820 ********** 
658892.0 

-1586272.5 
1374.554 

-3014 2 8 1  
-23583.327 

25.869 
-2.728 

2.175 
175 e3154 

88.1095 
42756376.0 

-84.7028 

2 5 1 6 7 r 0 9 3 0  
*********$I 

-303731 r 5  
- 5 8 1 7 2 0 1 * 1  

6 4 3 1 r 4 7 9  
-356.48 1 

-24328*823 
* 003 
t o o 2  
9 00:’ 
v 0 O ‘ ~ O  

109.8691 
-63 9 O6L 1 

30501793.0 

* 000 e5731 
85967421000 a090 

-16565265.4 e030 
-11541636.6 *003, 

21357,777 to000 
1 2 9 1  6 669 9 QOOO 
-3222.9938 *a000 

.OD00 -256e6135 
* 0000 ,2000 
Q 0000 *oooo  
* 0000 1 0900 

230.6567 242 2638 
4400437.8 34514894rO 

8.8753 ..xz144e4 

3499.9993 
23741.3840 ********** 

-326790 e 7 
-8287743.9 

8721.210 
-3658.923 

-21776.273 
23.883 
91.603 
10.032 

157.8446 

26% e4939 
185.9272 

42882030.0 

3999.9999 
23714.7960 *********+ 

-2252885e7 
a********* 

18815.763 
-3822.157 

-13919.400 
15.575 

1.063 
20.635 

127 e 2657 

269.8809 
49592793.0 

-70.1049 

1173830r6020 
25098.0060 ********** 

- 3 9 3 9 5 9 r 2  ********** 
14008.375 

-253.791 
-20769.287 

e O O \ j  
* 00: , OOC: 
t 00:’o 

41058585.0 
1 0 7  I 3 6 b  3 
-72 -31’74 

57598702.0000 a3671 
,000 ,3582 

1 4 2 5 7 3 9 1 * 2 0 0  .030 
-12019878r5  a030 
-11821538-5  eo00 

16925.913 v !I390 
18404r  387 * 0000 

1323.2124 e0300 
a0000 -23592973 
.OOOO * 2300 
,0030 ~ 0 3 3 0  
* 0000 roono 

I30 * 7 2  97  234.9920 
8,0531 -43 r 7 7  11 

4 7 5 3 5 1 7 0 1  30500933eO 

I19749292030 
2 5 0 6 7 r l L ? O  ********** 

-464718.2 ********** 
23088 e 376 

-20.967 
- 9 7 6 1  9 6 1  1 

003;) 
.00:1 
0 oo<, 
* 00JO 

60.2354 
-87.0348 

42969743.0 

46448742 e0000 - e  1 3 9 1  
* 000 -,OR00 

20006458,000 a030 
-1364008.4 4 3 0  
-9314803a3 t o 3 3  

5 4 5 1  407 ro330 
22971 133 *OD00 

8424,4771 ,0333 
r O O O O  - 2 0 1 t 1 1 3 1  
a 0000 * 2330 
* 0000 $ o w 0  

DO00 r03UO 
15037995.7 2 2 1 2 0 6 8 4 t 0  

100e1713 222,9836 
-16.0936 -28 9 3485 

1 0 7 s  0060 
106r 075 1 

?OOO 
# 000 
tooo 
rooo 
oao 
000 

- Z 8  o 8793 , O O O O O ~ O  
e 0000 

263 t 3013 
- 8 1  e 1731) 

0000 
4 2 3 8 6 8 4 3 ~ 0  

98.7675 
98.2946 

I 000 
s 000 
9000 
a 000 
eooo 
a 000 

-31.7759 
e 0000000 
# on00 
soooo 

254.7966 
-74,7748 

41492061rO 

85  9746 
86.1935 

e 000 
1000 
0 000 
1000 
e0n0 
eooo 

- 3 2 0 5 3 7 9  
I0000000 
e 0000 
9 0000 

2901 5405 
-65.5249 

3932467510 

6 6 ~ 9 8 2 6  
68,2893 

9 000 
# 000 
,000 
n 000 
a 000 
e 000 

-25 Q 0962 
0 0000000 
0000 

r O f l O D  

2 4 7 r 0 9 0 1  
-49,5839 

3336015510 
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E 1 
2 
3 
4 
5 
6 
7 
8 
3 
10 
11 
12 
1% 
14 
IS 

Appendix 3 
observed Trajectory (LA831 

TiBLE AP 3-3 (Sheet 5 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHAW (AA83) 

4499.9998 
23808rl870 

***I(****** 
-3908562.3 ********** 

a 23977.484 
-2559,315 

25.560 
96r 5834 

271.1402 
-54.2167 

35307229.0 

ll22267r9000 
2S148r2920 ********** 

-412588r7 ********** 
2476le441 

225 e 64 1 
4388r253 

1000 
e 000 
e 000 
e 0000 

3050 2 155 
-75 e 6442 

41702251eO 

1 4999.9999 979440.1700 
2 2398218460 25313e7210 
3 *****$e*** -612975118 
4 -4591091.3 -249046a9 
3 ********** ********** 
b 21592*586 18454r626 
7 -24 * 559 4121780 
8 10437,265 17321r689 
0 -10.826 r 000 
10 5.964 e 000 
I1  23.317 roo0 
12 6 S  e 5952 eoooo 
11) 27367474.0 3731843190 
14 272.3847 299,5338 
15 -38.1048 -59 8 140 

I N I T I A T E  20 O € G r  
1 5426.9999 839000~8900 
2 24154.6030 25482e9080 
3 -3955019 e 0  -3526851 5 
4 -4043269r9 -55189.6 
5 ********** -710223404 
6 14744 912 80101317 
7 2638.341 477.906 e 18949.183 24186.464 
9 -20.723 0 000 
10 6.236 ,000 
11 15.762 9 003 
12 31.7982 e 0030 
13 16879424.0 31312163e0 
14 273.4378 297.00 L4 
15 123.9197 -44,0811 

35259209q0000 
e 000 

1940019oe000 
972305h b 

-3845b9705 
-7796e286 
20157e293 
12818eS165 

0000 
.I 0000 
1 0000 
,0000 

92e6413 
-me3749 

26962380eO 1 

-r5g90 561 I S 6 2  
-84966 58r8184 

e 000 1000 
IO00 1 000 
e o m  1 000 
e 0000 000 
e 0300 3 000 
e 0000 r000 

4 7 2  I 6923 -10~1102 
r2000 ,0000000 
e 0000 rOOOO 

1 5499.9998 815650~0730 
2 24183.2510 25511~3910 
3 -2935062.4 196358.2 
4 -3134155.0 -20270~7 
5 ******e*** -5312829~4 
6 13183.024 592br 449 
7 3089.328 478e227 
8 20037.305 24808e861 
0 -22.046 e 000 
10 6.111 roo0 
11 14.031 *000 
12 34.1916 * O O f i O  
13 17303640.0 30098578eO 
14 27316174 296.5619 
15 -21.4127 -4307123 

ROLL 180 OEG. r0 
1 9786.9999 73067207920 
2 24287.8940 25615.2470 
3 -119$83.1 640213. 8 
4 -2706771.0 1137599 1 
5 -5366912.6 1972419.7 
6 6255.940 -2603r83L 
7 4719.152 447c211 
6 22989.0 10 254781639 
9 -25.824 "OOC 
10 5.112 0 000 
11 6.332 ,003 
12 169 1274 VOODO 
13 10843418.2 24867170r0 
14 274.3288 2949 5472 
15 -10.9703 -34.3228 

23947041e0000 -17716 
c 000 *e7561 

12599142e600 a 000 
17689133rO 1000 
2853188el i 000 
-187161876 .0000 
10791 0676 eoooo 
13191e0119 eo000 

,0000 -146e8914 
a 0000 e ZOO0 
e 0000 e 0000 
.oooo * 0000 

87.2320 137 e6444 
-1 e 8271 

14161433r1000 -e7645 

34124100000 * 000 
19976764e0 too0 

33201142~0 7156115*4 

-49 e 7574 
PITCH UP MANEUVER 

,000 -e7aoi 

7910880.9 o w  
-23437.319 9 0000 
-3310957 roo00 
9998 o 0262 30000 

r0OOO -.122e8690 
0000 e2000 

r 0000 eOODO 
e 0000 10000 

81 8469 8 4 1 0 5 9 3  
1631 5613 r13e3970 

38381516rO 1254672207 

12479482r7000 we7494 

1691105r100 roo0 
19879644rO i o 0 0  
8610870. 1, 9030 

e 000 -97640 

-23692q887 e0000 
-2326,191 * 0000 
9 168 1 8079 r0300 

rOOOO -118~3427 
e 0000 e 2300 
,0000 IO000 
0000 #0000 

@Orb433 79 e 7493 
-65 1 9098 -151 8324 

5885424e5000 -16397 
r 000 -96457 

39068463rO 1391bl64e8 

PUSITION 1 DOWN 

-5075752r600 * 000 
18106715rO e 030 
1070688819 e OD0 
-23014~203 eOOOO 
-9923.854 s 0000 
5291,9315 e 0000 

,0000 -99 9 0203 
r 0000 e2300 
r 0000 10300 
,0000 ro300 

-7590925 -259 3372 

41157872cO 19507249,O 
73 5673 6 0 ~ 3 8 ~ 9  

56s 1165 
5811729 

000 

1000 
a 000 
,000 
e 000 

719313 
r OQOOOOO 
e 0000 
e 0000 

246e2081 
-16e 2517 

000 

1457697501 

63,1155 
64e 7529 

0 000 
e 000 
8 000 
e 000 
1 000 
0 000 

21 s 41585 
e 0000000 
fi 0 ~ 0 0  
r 0000 

242,257v 
3 e 5442 

4827975r7 

6512233 
66.15945 

e000 
e000 
e 000 
1 000 
9 000 
r000 

23e4795 
1 0000000 
e 0000 
0 0000 

23197257 
1006568 

3152601 e I 

75*0757 
75 q 8674 

e 000 
e 000 

e OD0 
e 000 
e 000 

2918165 
e 0000000 
I on00 
e 0000 

76e9706 
514589 

000 

3932113e9 
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A p p e n d i x  3 
O b s e r v e d  Trajectory 

TABLE AP 3-3 ( S h e e t  6 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

1 
2 
a 
4 
9 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
9 
6 
7 
8 
9 
1Q 
11 
12 
13 
14 
15 

10 
11 
12 
13 
14 
li) 

1 
2 
3 
4 
I 
6 
7 
0 
9 
10 
11 
12 
13 
14 
15 

5999 e 9998 
24353.1310 

615767.4 
-1594290.4 
-373633.9 

608.871. 
5602.437 
23673.076 
-26.945 

3 066 
,047 

4.3549 

274.8924 
-1,2647 

5854625.9 

10 
11 
12 
13 
14 
15 

AP 3-46 

6499,9998 
24441*8960 

-239070305 

10051753.8 
1570632 5 

-12339.009 
6626.548 
20031.077 
-23 -41 1 
-.317 

-14.233 
30.6336 

95.7423 
02.7820 

b197484-9 

6999 9998 
2441396130 ********** 

4645956.8 
l(l618052.0 
*21528.601 

5283.512 
10228,632 
-12.343 
-4 * 979 

023 842 
6299047 

96.8747 
-22.7369 

17696652.0 

7499.9998 
24261,0620 ********** 

6505706.2 
20591719.0 
-24067.032 

1879.059 
-2477 381 

2 377 
-8.273 

-25 565 
94.9959 

97 7962 
-39.5724 

27803787.0 

7999.9998 
24048.8030 ********** 

b354126.6 
16341238.5 
~19382.943 
-2537.200 
-14007.463 

15,756 
-8.891 

-19.408 
12 6 603 1 

98,4193 
3S717060r0 

-55.8461 

47808$r6800 
23679.1790 

-586157r9 
2035821 3 
7200700e7 
-8858r420 

398.786 
24099.693 

* 000 
roo0 
roo0 
r 0000 

292 4666 
-21.2454 

20575415rO 

1589192~2000 -tSl82 
* 000 -e5076 

*97667$0.200 e 000 
15445970rP (Iooo 
11484645rO io00 
-20798r048 r0300 
-14931e515 * D O 0 0  

Lob98 2061 I 0000 
0000 -8302630 

*0000 ,2300 
* 0000 IO000 

60e6104 6219497 
-8lr6045 -32r 3126 

r 0000 Q ~ o o o  
42050124~0 23590647eO 

607464r8700 
2576103720 

422903497 
34903504 

17396253r0 
-20831.180 

172,225 
151559216 

* 000 
roo0 
8 ooc 
*OOOO 

28093682 
-916454 

9682427.6 

11179310~1000 - a  1229 
* 000 -e0743 

-17901172r000 too0 
5775657a6 * 000 
10447614~2 *ODD 
-10765aS54 *oooo 
-22620*127 * 0330 
-6006r1462 *oooo  . 0000 4 5  * 5460 

*oooo *2300 
* 0000 * 0000 
* 0000 * 0000 

2861853'7 43.6705 
a80 9 42 53 -40  9 5267 

41850518rO 32174326,O 

631574*7900 
2572616360 

I********* . 
3 6 4 8 6 6 ~ 8  

21555194rO 
-25707r045 
-112.013 
997.635 

e 000 
* 000 
* 000 
.00'30 

169.46 17 
1 v 9076 

4520067r3 

84 e 1796 
84e482b 

e000 
* 000 
e 000 

9 000 
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e 000 

e ~ O ~  

0000000 
@ 0000 
0000 
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105,4266 
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e0Q0 
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99.2098 
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e 0000 
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20108275eO 
71 a 8847 
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242200*0 
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*ooo 
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92933494700 
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899770218 
18742.4 - 

-10749.839 
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-22986,842 
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.ooo 
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.0000 

123~6429 
-34,5067 

25226675t0 

46212361.0000 8890 
,000 e7926 

~5232556eOOO r o o 3  
*19965557* 0 000 
-716302880 t o 3 0  

22763r651 s0000 
-2417,677 *0300 
-10962~6138 *0000 

* 0000 41*3R88 
~ 0 0 0 0  82390 
* 0000 9 0903 
v 0000 10300 
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e 000 
e 000 
* 090 
(Iooo 
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OQOD 

e 0000 
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e Ob0 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 7 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

1 8499r9995 1100962r6000 57489303r0000 ~ 7 3 1 2  102,6972 
2 23839.1080 25189q6990 . 000 16333 102 o 0074 
3 ********** *********le 6379410*800 e 033 e 000 
4 4041833.4 -235034r1 -17855818.0 IO30 s 000 
5 7348294.3 -3328662.8 -1117360215 e 0 2 3  0 000 
6 -9183,542 3559.828 223868786 IO000 e 000 
7 -6518 061 -463.971 10567r947 I 0900 I) 000 
8 -21011r437 -24932.195 -4655,2434 e0300 1000 
9 23.975 e 039 10000 73.6436 -3Oe6709 

11 -8.036 roo0 * 0000 * 0400 0u00 
10 

157.5372 . 0030 ,0000 a0000 ,onoa 12 
13 40880736.0 3359591710 13225736r8 39198770r0 

98r1281 I. 17r 6879 231 95164 248.3501 23617117 
I5 -71 e8395 -50r4061 ~ 1 3 , 3 2 3 8  e6503332 -87, b920 
14 

-6.576 roo0  s 0000 e2390 e ODOOOOO 

4288329610 

1 
2 
3 
4 s 
6 
t 
8 
9 
10 
11 
12 
13 
1.4 
15 

10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
I 
6 
7 
8 
9 
10 
11 
12 
13  
14 
15 

1 
2 
3 
4 
I 
6 
7 
1 
9 
10 
11 
12 
13 
14 
13 

8999.9995 
23714.5883 

********le* 
133387 4 

-3620720.1, 
3437.039 

-8731r814 
-21778.978 

21.322 
-1.990 

4.935 
170.4552 

80,5505 
-87.5419 

42979468.0 

9499.9995 
23713.9333 ********** 

-4250597 e 7 ********** 
14995,033 
-6333.187 

-16372.464 
191848 

3.635 
16.150 

140.5623 

286.4699 
-76.4601 

41906337.0 

9999,9996 
23827.6370 ********** 

-7736877.9 
It********* 

22364.022 
-5185.270 
-6381,204 

8.888 
8 725 

22 a79 
109,9522 

285.0244 
-60.6 135 

37736699.0 

104 

*****)I 

-90885 ****** 
233 

54 

240 

397294 
2 

I 
3 
(.I 

1 
2 
7 
1 

4 
e 

b9.9995 
. le9870  
e***  

19.6 
I*** 

18,527 
, D e 6 6 9  
16.177 
~4 s 996 
1.514 
13.232 
'8.9227 

14.6352 
4.5699 

i3.0 

120J972e8000 
25072.4420 

****le****+ 
- 4 3 9 8 9 3 ~ 4  ********** 

16480r88L 
-3 13r46V 

-10892*05+ 
1 003 
*oov . 0030 

108 a 4467 
-65,7724 

r03.J 

39431660,O 

62201654*0000 "2639 
* 000 92732 

15953681,000 s 030 
-10004377e5 9 000 
-1T587117.9 i 030 

14878,594 ,OJD0 
199521 111 IO300 

302798894 I 0000 
.OOOO ~ 2 5 0 1 1 9 5 0  
* 0000 12'J)oO 
*OOOO roo00 
, 0000 r0000 

2056 8169 240,5772 
18,8286 ~ 4 9 ~ 6 4 7 6  

9116065.8 33388128eO 

1206025*2000 
25064e9090 ********** 

-531602 7 ********** 
24092,579 

-421534 
-69 13 t 4 3 2  

roo.,  
t o O D  
1 000 
I oooo 

78.3863 
-79,4540 

42349751.0 

1113626d000 
2516692570 ********** 

-478631.8 ********** 
2 4 0 7 2 ~ 8  13 

250.793 
73339300 

r 000 
9003 
e 000 
.0000 

34510143 
-78,5623 

42161775r0 

962428,6300 
2334299320 

-4314962q2 
-291898r6 ********** 

16258e 108 
477e956 

194341 755 
e 000 
too0 
e 000 
s 0000 

317.6847 
-64.5553 

38874444rO 

51304784eOOOO mi2379 

204734811000 *OOO 
1022794.3 tono 

-8316341.8 t 030 

too0 -.1722 

2712r074 ooao 
229531909 . 0330 

9 6 9 8 ~ 0 0 0 0  e 0030 
e0000 -217r3322 
.OO00 a2000 
,0000 IOODO 
,0000 I 0000 

90,2671 23597672 
-6.5655 -33 e 555 1 

9988521*0 2%136607aO 

4 0 1 4 0 ~ 3 1 ~ 0 0 0 0  -16218 

18506502~000 1 030 
11722640.8 to30 
- 2 4 0 5 3 3 5 ~ 6  e 060 

e 000 - e  5576 

-10388r269 9 OD00 
18664r359 e 0000 
13306.4183 IO000 

eOOOO *189*9295 
e 0000 I 2300 
e 0000 *Ob00 
.oooo 10000 

22998795 
11695741 

20491476rO 1506503911 

-25 81e0440 I 71 50 

28811545r0000 
000 

10612494r600 
1865716110 
427207beC 

*20339,618 
8266.488 

126S8tlOIP 
eoooo 
1 0000 
e 0000 
eoooo 

76.6804 
-42 1 5971 

29692199r0 

e 0000 
r 0000 

*164eObZb 
a 2000 
I 0000 
9 0000 

201 e 8102 
be7463 

431T22bt6 

8111973 
81.6782 

e 000 
1000 
I 000 
,000 
1000 
1000 

-31.7687 
r 0 ~ O O O O O  
10000 
i )  Onoa 

-71 ~ 9 3 3 1  

41007818aO 
2 5 4 . 1 ~  

63.8992 
65r4029 

I 000 
1000 
a000 
e Ob0 
e 000 
e 000 

-22.21 11 
I OO0OOOO 
* OD00 
e 0000 

256 e 9838 
-56 e0847 

3613354680 

55 I 8967 
57,9361 

e000 
9000 
e 000 

e 000 

-6 e 3069 
10000000 
e 0000 
* 0000 

259e4961 
-4090778 

I 000 

* 9  000 

28102988eo 

-9 3-47 



A p p e n d i x  3 
O b s e r v e d  T r a j e c t o r y  ( a 8 3 1  

TABLE AP 3-3 ( S h e e t  8 of 1 4 )  
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

1 10999.9996 79962796300 17293760~0000 - r 7 2 3 4  
2 24211.5943 25540.5730 * 000 -97366 
3 -6201 162 6 627966.2 -738249.410 to30  
4 -7620285.7 -247lbrO 19488323.0 1 000 
5 ********** -2724287.6 9542582 e9 .ooo 
6 17402.636 2 8 9 8 . 5 7 3  -23782,564 t 0000 
7 5793.483 562r 178 -5084r840 * 0300 
8 15693.775 25369.331 7800,9534 0300 
9 -18,053 *OD3 r0000 -134.2305 
10 10.845 I OD., .OOOO *2300 
11 16.714 .000 I0000 .Ol)@O 
12 47.3847 9 0090 10000 r0OOO 
13 21349999.0 3272594310 3678740.900 6714237.5 
14 283.8095 306-9398 73r0032 7499184 
15 -28,1324 -49.1555 -59.0689 -6.6365 

BEGIN R t S T A R T  PREPARATIONS 1 8  6 
1 11287.7297 718846*1700 10595768r1000 - 1  5917 
2 24312.4392 2564oa2370 L D O 0  - *  5393 
3 -1995040.3 225833r8 -7409690.100 a 000 
4 -5530984.6 13369419 16949172.0 c 030 
5 -8922270.6 459 1683 v 7 11202351r5 roo0 
b 1147Q.803 -5683~ 525 -22144,695 * 0000 
7 8621 234 528 * 629 -12407.253 t 0300 
8 19626.250 24996.797 3618.b116 * 0000 
9 -23.529 v 000 *OOOO -ll4*0487 
LO 8.597 p 002 * 0000 r 2 3 0 0  
11 10,368 . 000 ,0000 * 0400 
12 29.0360 *OOCO * 0000 r0ooo 
13 15140237.2 28085721~0 39667685,O 15094996.7 
14 282.3921 301 * 5600 7014131 6702139 
15 -18,2476 -40+1333 -68 502 1 -18 v 2016 

1 11299.9997 
z 24316.3113 
3 -&856069r3 

5 -8686683.6 
6 11 180.967 
7 8725.963 
8 19741.620 
9 -23 e 713 
10 8 * 473 
11 10.067 
12 28.2518 
13 l4865620*3 
14 282.2963 
15 -17.8117 

4 -5424557.9 

1 
2 
3 
4 
5 
6 
7 
I 
9 
10 
11 
12 
13 
14 
19 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

11324.9996 
24324.0710 

-1583993.9 
-5203787.6 
-am811.7 

10583e559 
8934 1 587 
19995 s 546 
-24 076 

8,215 
9.446 

26.6541 

282.0896 
-16.9181 

14304028.9 

11349.9996 
24331.6520 

-3326965.0 
-6977883.3 
-768103615 

9977 e 3 19 
91361643 
20223.852 
-24.420 

1 s  946 
8.817 

25 e OS66 
13139792.9 

28 1 a624 
1.16rOl64 

715783r6500 
2564490290 
153883.9 
14Ol64r 1 

4897904.2 
-6044 ,070 

525.833 
24916*039 

* 000 
* 000 
e000 
roo00 

301r3187 
-39,7472 

27872883.0 

709658r5300 
25651 16160 
-636697 
15323Sr4 

5518590r7 
-67711155 
419.798 

24735.249 
0 000 
* 000 
e 000 
* 0000 

30018217 
2743582980 

-3a.9604 

703690t0200 
2565990120 

-184830,O 
1661 501 2 

613448519 
-7500e968 
5139312 

24532.773 
roo0 
t 000 
eo00 
* 0000 

300~3168 
-3Qr1732 

2b994324.0 

10309579,7000 -e5846 
9 007 -e5812 

-7680612,900 47578,274 
16795149eO ~L386305i130 
1124556696 -2905078e630 
-220159986 -1732,3495 
-12695,369 34r8548 

342614009 723014181 
rOOOO -113,1383 . 0000 I 2000 . 0000 to300 
0 0000 e Ob00 

70,2789 b7.0267 
4 8 , 9 0 4 0  a18t6531 

39768948.0 15366102e3 

68 (I 5677 
6917353 

IOOF 
e 000 

a 000 
I 000 
5000 

26,2194 
9 0000000 
,0000 
r 0 ~ 0 0  

27O1 T R  19 

000 

7825836r4 

-4*746o 

79.5944 

(I 000 
r000 
* 000 
@ 000 
1000 
* 000 

33,3646 
r O ~ 0 O O ~ O  
#OOOO 
,000i) 

32013824 
2112161 

80~1405 

1H04852 a6 

8011230 
Sorb408 

-2212 e 818 
-179111 

-4901 b67 
-360e509 
-2 9 807 
-80*854 
31 e 5042 

I OR00000 
s om0 
r OOOQ 

329.8412 
2310551 

1685143r6 

8le2llO 
8Lq6708 

-20373r468 
-1btsOeL 
-47291084 
-1091~519 

-8 e 866 
-261 e145 
31a7663 

soooo 
35289187 
24r6297 

8283127 
8217142 

e oooaooo 
e oooa 

1586722eO 

-5b744q783 
464 .146  

*13763#157 
-1817,252 
-19.374 

-4640 532 
3109980 

e 0000000 
8 0000 
10000 
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f 

AP 3-48 



Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 9 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

697881t3100 8560615r3000 -*5389 
236661 2110 I 009 - 1 5292 

-381365e7 -92999590 100 -02350~592 
178897e3 15778380e2 *138369092bO 

6745049~7 11456009e2 -2362790~100 
-82209850 -21128,711 01732e4223 
5060380 -14399.011 34r8760 

24306r 756 2235r6054 7230~6120 
e 000 .OOOO -107*5123 
*bo@ IO000 12000 

i 
i 

i 

I 
- i  

1 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
12 
19 
14 
15 

11374.9996 
24339.0510 

-LO65197*6 
-4747012.0 
-7172740.9 

9362,720 
9331 919 

20436.344 
-24.745 

7.673 
6.181 

23.4595 

281.6126 
e15.1056 

13173064.7 

1 1139909996 
2 2434602580 
3 -058894.6 
4 -4511345.6 
5 -6659352.6 
b 8740.265 
7 9520.206 
8 206321839 
V -25 O f 0  
10 7.389 
11 7.538 
12 21.8632 
13 12604006.1 
14 281 e3371 
15  -14.1845 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
I4 
15 

11424.9995 
2435312680 

-648246.9 
-4271061.6 
-6141243.6 

8110.383 
9701 0 302 
20813.172 
-25.336 
7 097 
6.088 
20.2681 

281.0320 
-13.2517 

1203278817 

1 11449.9995 
2 24360r0763 

4 -4026342.1 
3 -5618830.0 
6 7473. b33 
7 9875 009 
8 20977.185 
9 -25.601 
10 6.798 
11 6.232 

13 11459596.5 
14 280 6931 
15 9 12.3053 

3 -453432.9 

12 18.6749 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

11474,9996 
24366.6740 

-274618.5 
-3777374.3 
-3092521.5 

6830.501 
10041.137 
21124.740 
-25 846 

6.491 

17.0844 

280.3146 
111.3434 

5.571 

10884629.5 

* 003 .oooo 0 0090 
10000 IO000 SO000 

26548509r0 40348193.6 16991408tO 
299. 8030 69 1 3840 66 e 0263 
-37 3 0 58 -71 3594 -21 1 3743 

69224515300 
25673r2060 

-595817~6 
191465.6 

7349745 e 6 
-8934.146 
499~007 

240639365 . 00'2 
roo0 
1 000 
1 oouo 

299.2795 
-361 598 1 

26098525.0 

686780*17@0 
25679,9910 

-828012e7 
20304410 

7948041 1 4 
-9640~204 
491,196 

23796.788 
100:' 
.oar, 
e 000 
i )  0000 

298.7454 
-350 8 1C2 

25644522.0 

681492,0300 
25686r5580 

-1077762~1 
216021 1 8 
853943011 
-103380378 

4821954 
23504.232 

*OOb 

* 000 
10030 

29611996 
- 3 5 1 0 ~  1 

* o m  

25186656.0 

676387r21CO 
25692,9330 

-1344860.6 
22798802 

9123330.1 
-11028 1 0 2  f 

4749 2 0 7  
23200,926 

1003 

297,6411 
-34.2339 

7978074eb000 -95227 
a 009 -15138 

-9823629.500 -125661.489 
15411S44.6 -1362818r130 
1150886br3 -21820231930 
-20795.358 -173214495 
-14943.372 34,8839 

1833.6491 7230e6831 
e 0000 -105 1 6170 
1 0000 Q 2000 
.oooo .0000 . 0000 1 OD00 

69,051 1 65,7347 
-72.1775 -22. 2687 

40525962eO 17536891~0 

7395999,4000 -r5061 
.010 -*4JZO 

-10339132r800 *161973*030 
15031256.8 -1381946*0DO 
11549649.7 -2001255r900 
-204431542 -173214784 
-14475*11A 3418901 

1429e7753 723087577 
e0000 -103e7139 
.OOOO r2330 
1OOon 1OOOO 
00900 e 0000 

6816965 65r4610 
*72q9953 -230 1570 

40696001~0 1801362400 

6814b05,40OO s 4890 
toll - t 4726 

-168456121900 -2122859439 
14637838.9 -1381073r730 
11580316.4 -1820486iOOO 
-20073.612 ~173215388 
-15993.752 34 e 6972 

72 30 * 8 359 
e0000 -101 I) 8343 . 0000 e 2300 
,0000 *ooeo 
* 0000 ,0300 

68 I 3167 65 2336 
-73.ni27 -241 0423 

1024 9 34 55 

40858269~0 186OT450r0 

6234 184 o 6000 -14714 
,011 -*4527 

-1134262Oa400 *255590*5SQ 
14231624.9 -13802011130 
1.1600831~9 "1639714r 133 
-19685.875 21732e5607 
-16498.788 34~9642 

617,7236 7230*9180 
e 0000 -99 9 8097 
, 0000 9 2500 
*OOOO rOOOO 
.oooo ,0300 

64 t 9512 
~74.629b r24 9217 

4101272610 19138224t0 
67 1 9076 

83 I 4Z66 
83 e 1696 

-111186r604 
-934,519 

-28135r330 
-2537e050 
-22,329 
-680~771 
32,1988 

e000dO~0 
.oooo 
rO0OO 

32,5511 
17e8499 

2001492s 5 

84~5511 
84r8350 

-1835421346 - 1584 e 30 1 
-48380e451 
-32401256 
-29e726 
-934,395 
32&3683 

e 0000000 
e0000 
0000 

43,9001 
13e5949 

24117191 b 

85,6845 
8599093 

-273639,050 
-2424,476 

-75031~756 
-39569220 
-37,560 

-1201~227 
3235062 
@0000000 
e 0000 
9 On00 

51.4940 
9,9437 

2887347.9 

8618251 
841 9906 

-381207r58O 
-3465 e 894 

-1086168349 
-4654 I 294 
-458925 

-1489r029 
32e6120 

a OOOQOOO 
,0003 
* 0000 

56.7796 
7~0265 

3400845.5 

87.9712 
88,0773 

-506282.660 
-4719.267 

~149656,290 
-53430838 
-540515 

-1797,404 
32s 6856 

I0000000 
,0000 
e 0000 

60 1 6232 
3937175r8 

4,6148 

AP 3-49 



Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 10 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

MANEUVER 10 OBTAIN RESTART A T T f T U O ~  
1 11487.3998 673921obOOO 5946773,9000 -a4625 
2 24369.8670 25691119650 ,012 -e4427 
3 -191909.3 -148371f91 -11585488aOOO *217002~40Q 
4 -9652367.7 233841 9 14025498~8 -13197680300 
1 -4830151.8 94100341 7 ~1601233.3 -i510049~300 
6 ' 6509.295 -113661737 -19487.048 -1732~5573 
t 10120*667 469.832 -16744.097 34e9077 
6 2 1191 782 230601382 415.707S 723099601 
9 1259960 OOG 1 0000 r98e9316 
10 6.336 * 000 * 0000 ,2000 
11 5 . 2 4 2  1000 ,0000 e 0000 
12 16 2967 *oooo 10000 .oooo 
13 10598850e8 24494825~0 41086426r0 1946031280 

64r8461 1I 280.1102 297.3591 6716923 
1s -10.8597 -38,8429 -75,0349 -25* 3566 

1 

II 
9 
l a  
11 
12 
13 
14 
1s 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
16 
15 

1 
2 
3 
4 
I 
6 
7 
8 
9 
10 
11 
I t  
13 
14 
15 

1 
2 
3 
4 
J 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1s 

11499.9996 
24373r0573 

-11 1956.7 
-3524350.0 
-4562731.3 

6181.502 
101990 499 
212551706 

-26 070 
6.177 
4 9 906 
15 9 4975 

279.0099 
-10,3632 

10308107.4 

,000 
r O O O O  

2425998510 
297,0688 
-33.4456 

11524,9996 666746r7300 
24379r218O 29704.9030 
34412.1 -193023418 

-3267465.6 25 1244 8 
-4029875.2 10266767~4 

5527.156 -12379.217 
10349.918 455.752 
2 1369,980 22523r083 
-26.274 .000 
5.856 1000 
4.236 l00~) 
13.9161 * 0000 

279.4107 296,4815 
-9.3616 -3216572 

9730275.3 23791525iO 

11549,9995 
24385,1529 
164360 9 

-3006921.8 
-3494372.3 

4867.988 
10492.219 
21467.455 

-26 4 5 6 
5.528 
3.562 
12.3425 

278.8665 
9151411 e 9  

-8 3346 

11574,9995 
24390.8513 

277775.8 
-274292396 
-2956643r2 

4204.532 
10626.240 
21548.052 

-26 6 17 
5.193 
2.885 
1017805 

278 2443 
97.2772 

6571839.7 

662220.38ao 
2371015410 

-224796192 
262514t4 

10825273c4 
-13039~512 

4451798 
22154,105 

1 000 
1 000 . 000 
,0030 

29518778 
-3 1 * 86E 7 

23319890.0 

5655145r1000 -e4534 
*012 or4324 

-11829714~200 -298912~480 
1381296014 m13793289400 
11611171r2 -14$8940*300 
-19280.656 -1732,5744 
-169891753 34e9113 

21012760 7231,0339 
* 0000 a970 91 16 
*oooo s 2300 
0000 * 0000 
,0000 *oooo 

67 4642 64 e 7 3 2 5  
*75 44611 -2597975 

S076075~5000 -,4349 
e013 -t4117 

41159333~0 19665797eO 

-12306461.803 -3422271290 
13382203.0 -1378455*600 
11611317~8 -1278163,900 
-10858q297 -1732e6398 
-17466,182 34t9183 

-197.6296 723180339 
1 0000 -96r 05 14 
*oooo r 2 3 0 0  
1 0000 1 oogo 

66 s 9802 6415163 
-76.2626 -26,6695 

. aooo 0300 
41298055,O 20190031*0 

4503857~3000 -84159 
1013 -*3905 

-12772438*800 -3855630030 
1293972119 -1377582.633 
11601265,4 -l097385r400 
-18419n159 -1732e6470 
-17927,625 34,9254 

-605.6226 7231,1881 
,0000 w94 1396 
,0000 * 2300 
* 0000 (0300 
1 0000 t 0090 

66 4473 6 4 0  31 16 
-7700781 -27e 5382 

41428857,O 2071078910 

657897t1300 
25715.9340 

-2582088.6 - 
273531 e4 

11374309tl 
-1368111787 

4351495 
21765.495 

* O O @  
1003 
1603 
O O ~ O  

2284527410 
299,2555 
-31.0833 

3933878q2000 - 9  3966 
10th -83589 

*1322723Or800 *428859~699 
1248589794 -1376V09~330 
11581016rO -9&6604*399 
-17963,618 -1732,6859 
-183731647 3419325 
-1013.3335 1231.2868 

a 0000 -92 B 2 109 
1 0000 * 2000 
9 0000 * 0303 
.0000 e0330 

415517011,O 21227936t0 
65,8569 64r1176 
-77.8927 m28.4938 

e 0000000 
e 0000 
9 0000 

bit91600 
3 v 5606 

4208960~4 

~9~ 1209 
69e1676 

-648403~070 
-6195~152 

-198667~560 

-63.625 
-2126,693 

-6024~ 216 

32.7268 
1 0000000 
,0006 
e 0000 

63~9305 
2.5658 

4487817.9 

90.2125 
90,2597 

-8074llt850 
-7903.965 

-256159; 660 
-66948802 
-730 1*7 

-2 476 02 5 
3297354 

e 0600000 
eonon 
#0000  

65,8036 
,7777 

504791C29 9 

9114242 
91n3519 

-9830561370 
-9855.869 

-32263SrlCO 
-73114,974 
-83, 074 

-28459312 
3217113 

I 0dosOOO , 0000 

6786307 
-e8197 

oaoo 
5614241e7 

92r5740 
92,4424 

-1175068r730 
-12060e962 
-398589,040 

-80040 122 
-939399 

-32341 245 
32.6547 

, 0000 
I) 0000 

69.1339 
-292747 

0000000 

6184717e6 
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1 11599.9995 
2 24336.3110 
3 37455602 
4 4 4 7 5 6 8 0 . 1  
J -+417110.9 
6 3537.326 
7 1 0 7 5 1 r 8 2 0  
8 21611.702 
9 -26.756 
10 4.852 
11 2 206 

1 3  7991942.0 
1 4  277.5260 
1 5  -6.1829 

12 9.2364 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
1 4  
15  

11604.9995 
24397,3730 

391908 3 
-2921860.7 
-230902513 

3403 482 
10775.909 
21622.394 

-26 7 8 1  
4.783 
2 070 
1.9306 

277.3691 
-5.9589 

7875962.6 

A p p e n d i x  3 
Observed Trajectory W 8 3 )  

TABLE AP 3-3 (Sheet 11 of 14) 
SATUE(N OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

653781e1500 3370442e1000 - r 3 ? 6 7  9387202 
25721,0770 e015 -13469 91,5293 

-29323039 7 -1 3670432.300 -478177, 310 -1 38316% 600 
284286eO 12021119*9  ~ 1 3 ? 5 8 3 5 ~ 9 3 0  - 1 4 5 2 9 t 0 7 1  

11913387r5  11S505111a6 -7)5120*930 -486S08r400 
-163260441. -174928068 ~ 1 1 3 2 ~ 7 2 6 8  -86419662 

424a804 -1B803*B26 34.9395 -1041114 
2135Tr585 -142Or3905 7233.3899 -3642r494 

e 000 r0000 -30,2936 32. 5655 
9003 0000 r 2 0 0 0  ,0000000 
r033 (I OOOO no300 , on00 
I O O ~ O  90000 s 0000 0000 

-309 2929 -78 6f*1951 9 7065 -29.2665 -3 e 6214 
294 q 61 60 

2 2 3 6 7 8 7 9 ~ 0  4 1 6 6 6 5 7 1 ~ 0  2174134380 6757955.7 
63,9333 70 8 3949 

652983r4200 
2 5 7 2 2 r 0 7 5 0  

-3004251r3  
286404.5 

12019965.9 
-144521525 

4229623 
212739717 

* 000 

v 003 
*OOOO 

29494854 
-301 1342 

+on0 

2 2 2 7 2 0 8 5 ~ 0  

0.3127 3258852.1000 

1192688512 -13?56618230 
11543274e2 16996438930 

-17394r873 *1732,7351 
-18887,924 3 4  . 9409 

- 1 5 0 1 ~ 6 9 6 8  7 2 3 1 ~ 4 1 1 0  
,0000 m89r 9 105 
S 0000 * 2300 
* 0000 no000 
* 0000 ,0700 

65.052a 63  8 9 7 6  
-78. a691 -29,4387 

41688583.0 2184356380 

1 11609.9995 652194,2430 3147723,3000 - * 3 5 e 7  
2 24398.4269 25723,0620 ,015 - .33ao 
3 408590.8 -307682811 -13844378,700 -4695041670 
4 -2367921.6 2885121 1 11832231r9  -1375486*533 
5 -220088810 12126123.3 11535560*5  - 6 6 3 5 0 6 t 8 1 5  
6 3269.515 -14578.115 -17299,098 ~ 1 7 3 2 a 7 4 3 6  
7 10793.654 4209420 -189710369 3419423 
8 23632.405 2 1  189 8 0'34 -1582e9471 7231*4324 
9 -26.806 9 Oo(J * 0000 r 8 9 r 5 3 . 7 7  
1 0  4.714 t 009 * 0000 ,2700 
11 1.934 r o o 3  ,0000 e0303 
1 2  8.6261 * 0050 * 0000 IO330 
1 3  7759992.7 22176190mO 4 1 7 1 0 2 7 4 ~ 0  21945629rO 
1 4  277.2072 2 9 4 0 3 5 4 1  64a9069 63,8522 
15  -5.7333 - 2 9 0  9766 -79.03 16 - 2 9 ~ 6 1 0 8  

S - I V B  ENGIVE START COMMAND 
1 11614.6897 651462,2900 3 0 4 3 9 5 5 ~ 0 0 0 0  -. 3549 
2 24399.4030 2 5 7 2 3 * 9 1  i o  .025  - r 3 3 3 8  
3 423628.9 -3145469.9 -13925285.800 -497630c653 
4 -2317223.3 290470 9 9 1 1 7 4 3 0 7 5 r 1  -1375322.430 
5 -209941816 12225305e.l  1 1 5 2 7 9 5 6 r 3  -629593,790 
6 3143.753 -14h95*458 -17207,639 ~ 1 7 3 2 * 7 5 1 6  
7 10821.611 4188344 -19049eO37 34.9437 
8 21641 175 211391039 -1659,1173 7231,4525 
9 -26,828 * 033 *oooo -891 1587 
10 4 649 e003 0000 * 2700 
11 2.806 * 00u *oooo r0330 
12 8,3417 * 0000 * 0000 "0300 
1 3  7651233.4 2208615710 41730328.0 2 2 0 4 1 2 1 6 ~ 0  
1 4  277.0508 294923i)O 6 4  7666 6318293 
15  -5.5194 -2918287 -799 1840 - 2 9 ~ 7 7 2 2  

1 0  
11 
12 
1 3  
1 4  
15  

11614.9996 
24399.4693 

424603.3 
-Z313864.7 
-2092702.5 

3135.427 
10823,053 
21641.735 

-26.829 
4.645 
1.798 
8.3229 

1644036.9 
277.0403 

-5.5052 

652413r3900 
2 5 7 2 4 ~ 0 3 P O  

-3150031r6  
290608 0 7  

- 1 4 7 0 3 ~ 2 0 8  
418 t 236 

2 1 1 3 3 ~ 7 1 9  
r o o 3  
9002 
* 003 
* 0030 

Z34r2218 

i z 2 3 i a 5 5 . 7  

2208019690 

-29.8 ia9 

3037105*4000 - 9 3546 
- e 3 3 3 6  -13930624a900 ,015 -498168e 4 10 

11737162e8 -13753119830 
1152744095 -6273491653 

-17201e624 -173217522 
-190541157 3 4 r 9 4 3 7  

-1664.1563 7231*4540 
r89.1+50 * 0000 

* 0000 .2?OO 
* 0000 tOJ90 
roo00 *0:100 

64,7573 6 3 ~ 8 2 7 2  
-29 9 7 i3 2 8 

41731644.0 2204753890 

-79,194 1 

93.9488 
9317462 

- 1 4 2 6 6 8 9 ~ 1 0 0  
-15055*107 

-502330.400 
-87678 698  

-106r  303 
-3726 43 1 

32e5437 
e 0000000 
8 on00 
9 0000 

70.6236 
-3e 8AOD 

687214Oa 1 

94 I 1772 
9399627 

-1470841e700 
-15592,126 

-521773,960 
-8893,261 

- 1 0 8 r 5 0 7  
-381 1 I 124 

3285207 

,0003 
*oooo 

7098456 
-411351 

(laoooooo 

6987786.9 

94,8912 
9 4 9  1657 

-1512823r300 

-5398348450 
-90109578 

-110r5R8 
-38911245 

- 1 6 1 0 ~ ~ 1 1 6 3  

32s 4979 
.on0000o 
ooon 

,onon 
709565094 

71.01t67 
-493722 

94, 4054 
94,1791 

-1515620r900 
-16140r205 

-54104te890 
-90 1 8  I 326 

-1 1 0 1  727 
-3896.5'0 

32 9 4966 
,0000000 

onoo 
, onon 

7 1 0 2 7 9 0 ~ 0  
71.0598 
-4,3878 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 12 of 14) 
SATURN OBSERVED T W E C T O R Y  - ORBITAL PHASE (AA83) 

1 1161919996 650641r2400 2927058rf000 - e  3606 9416333 
2 24400.5020 25725r0040 9016 -r3291 941 3952 
3 439944.9 -3223859.6 -14016382~400 - 5 o w t , i 8 0  -is6ioa4,ioo 
4 -2259691.7 292694.2 11641681~5 -13751~7iOOO -16699,417 
J -3964473.8 1233715994 1 fSl6914r T -591 1920 280 -5607401 930 
6 3001.225 -14827.798 -17103,577 -1732,7607 -91629008 
7 lO846 .  105 415.976 ~19134rL85 Wr9452 -112eVbl 
8 21650.384 21Ol7r 594 -1749.3157 723184757 -3982,766 
9 -26.852 e 003 a 0000 *SO ,7625 3214707 

,0000 
10 
11 1.662 ,009 .OOOO e 0000 
12 8.0214 e0000 ,0000 e 0000 , 0000 
13 7528099.4 2198410SrO 41752b91,O 2214928980 721784219 

1s -5.2753 -20.6612 -79ej566 49,9547 -4~6372 

1 11624.9996 649877,8200 2817650r4000 9.3565 9418609 
2 24401.5249 25725~9610 9016 ~ ~ 3 2 4 6  94,6111 
3 454615.3 -329830808 -16101648e200 -519496t010 *1607048r900 
4 -2205434*2 234768.4 11545791e2 -137496Z,300 -17269r039 
5 -1876199.7 12442030r5 11509983r2 -555034,849 -3808?1*810 
4 2866.912 -14951~881 -17004*920 -1732e7695 -92668962 
7 10868.808 4139731 -19217.751 3419466 -1 155 210 
0 21658.352 20930,722 -1826r4222 723104977 -4069,710 
9 -26.873 * 000 e 0000 w88v 3002 32,4436 
LO 4 . 5 0 6  roo:) , 0000 ,2390 rO00#O~O 
11 1.9 525 1001' v 0000 10030 ,000~ 
12 7,7215 *OOOO *OOOO I 0960 0 Ob08 
13 7412185.4 2188791910 41773422eO 22250880tO '7332940.3 
14 276,6906 293,9547 64,4455 63q7582 71 I 4709 
1s -5.0433 -291 SO36 -794 5190 -30.1256 -4,8839 

4.576 9 000 9 0000 ,2300 a 0000000 

14 216.8679 296~0887 64.6034 63 e 7925 71 Z W ~ J  

G J l D A N t E  I N ~ T X A T I D N - S T A R T  AR7IFICIAL TAU 
1 11627,7297 649464e8100 2758209,0000 -t3542 94,985 1 
2 24402.0783 25726.4790 e016 -13221 94 s 7288 
3 462342.1 -3339221r2 -14147996.100 -520226.669 -1632440*800 
4 -2175714.5 295896.3 11493261v6 11374867,030 -17586,059 
5 -1817064.6 ~ 2 4 9 9 ~ 0 ~ ~ 2  11504935.2 -535292,099. -592047,710 
6 2793.529 -15019r417 -16950.794 -1732,7742 -9336.462 
7 10681.057 412 1 499 -192619952 34r9673 1.1 14.445 
8 21662 4 15 208821975 -1876.6846 7231,5298 -4117.497 
9 -26.885 roo0  ,0000 -88,171 6 32.4286 
10 4 , 4 6 0  1000 10000 * 2 3 W  0000000 
11 1.451 IO09  * 0000 I 0303 ,0006 
12 7.5586 .0000 rOOOO I0300 I) onoa 
13 7348905.6 21835358.0 41784604rO 2230628410 73958021 5 
14 276.5903 293.8812 64,3575 6387395 71.5789 
15 -4.9156 -2914175 -79.6076 -30 e 2203 -5,0175 

649123r5080 
2572699360 

"3373377.4 
296831.5 

12546465.4 
-15075145L 

411 e471 
20843*108 

003 
e OO:, 
e o 3 1 1  

12 7.4237 .rO3:>0 * 000D OD00 ;oooo 
13 7296299.7 21791638.0 41793828.0 2235231380 7448076.5 

276.5061 293.8138 
-4.8093 -29, 3450 

T I H E  BASE 7 
11630,3197 649075,3400 
24402.6010 2572br96bO 
469487.1 -3378203~8 

-2147517.9 296963. 1 
-1760954.9 1259313516 

2 72 3 8 8 4 - 1 50 R 3 3 4 5 
10892.581 4 l l r  324 
21666,081 20837,474 
-26,896 ,090 

4,431 ,003 
1 380 * 000 
7.4047 .OOOO 

276.4941 293,8111 
-4.7937 -23,1359 

128R882.5 21785471~0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
13 
11 

11629.9995 
24402.5373 

46861 3.9 
-2151004.2 
-3767889.5 

2732.492 

21665.638 
-26.894 

4.436 

10891.162 

1.389 

2708960r4000 
0016 

-14186419.200 
11449495.3 
11500646~3 
-16905.656 
-19298.550 
-1907s4728 

.do00 
r 0000 
.oooo 

95 0882 
94 826b 

-1653692e600 
-17851,546 

-601439e270 
-9390.484 
-117,475 
-41571 397 

32 a41 56 
.0006300 . ooon 

14 
15 

6412833 6317242 
-79.48 13 r30,2')83 

10 
11 
12 
13 
14 
15 

2702023r3000 -*3521 
1016 -13198 

-14191828.400 -524714,483 
13443317e1 -1374776r430 
1150006418 *516562*720 
-16899.281 -1732177@8 
-19303.700 34,9481 
-1912.6591 723185212 . 0000 r87r9737 

,0000 12330 
.oooo ,0730 
.OOOO r0'100 

64.2728 63,7220 
-79s 6919 r 3 0 r  3733 

4179512300 22358800~0 

951 lO2R 
94e840C 

-1656699,600 
-17889,169 

-602770~010 
-9398 e 375 
-117,620 

-4163.035 
3204138 

0 0000000 
e 0000 
,0000 

7455448.1 

4 
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Appendix 3 
Observed Trajectory (AA83) 

TABLE AP 3-3 (Sheet 13 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PHASE (AA83) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14  
15 

11634.9995 
24403.5390 

481940.1 
-2096493.2 
-1659546.5 

2597.970 
10913.166 
21672.242 

-26.914 
4 366 
1.253 
7.1280 

7180448 0 
276.3163 

-4.5724 

1 11639.9996 
2 24404.5320 
3 494593.4 
4 -2041873.1 
5 -1551168.2 
b 2463.351 
t 10934 e 817 
8 21678.165 
9 -26,933 
13 4.295 
11 1,116 
12 6.8343 
L3 1064635.8 
14 276.1195 
15  -4,3333 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
1 2  
13 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
12 
13 
14 
15 

64837701600 
2572798410 

-344906215 
2988831 1 

1 2 6 5 0 4 6 0 ~ 2  
-15198r506 

4091197 
20754r753 

e 0 0 0  
e 000 
,000 
.0000 

29306840 
-29rl863 

21695265,O 

2601079e6000 -r3463 
,016 -.r3155 

-14270b92eOOO -532123~730 
1135279700 -1376612e900 
11490904.4 -482719e640 

-16805o788 -1732r7870 
-19378,681 3419694 

-1988,4645 723115422 
e OOOO a8706163 
, 0000 02000 
I OOOO , 0000 
* 0000 90000 

64.1165 63r6905 
-79,8436 -30,4599 

4181391400 2245358590 

647439,7330 
2572897640 

-352536106 .I 

30092394 
12754011.6 

-15321,040 
4060908 

20665,661 
0 00c 
0000 
* 000 
.OOOO 

2930 5473 
-29.0377 

2 i 5 9 8 8 m r o  

11644.9995 646911 t 8730 
24405.4673 25729.6320 

506573.4 -3602272r0 
-1987145.6 30295292 
-1442764.0 1285711516 

2328.621 -15443t030 
10956.095 4040691 
21683- 365 205759707 

-26.957 (I 000 
4.217 000 

,966 ?OO.-J 
6.5446 so030 

275.9162 293r 4096 
6948869.1 21502253r0 

-4.0916 -28  8731 

2494114e4000 we3441 
,016 -13110 

*14354464+400 -541487,750 
112557OOqO -1371438i130 
11480757e6 -446561r873 

-16705,321 -373207960 
-19458,140 34 , 9508 

-2069,3944 7231r5b47 
0 OOOO a87r 2347 
.0000 1zcIoo 
e 0000 0 0003 
e 0000 ,0300 

63.9449 63r6571 
-eo,oo58 w 3 O  I 6Q14 

2388189e3000 - e  3430 
e 000 -93964 

4183367690 22554694tO 

-14437732.500 -5SO1511740 

11470206r4 -410404*010 
i i i5e207.2  . . i 3 ~ m 3 ~ 4 w  

-16604,217 -17328799b 
-199360896 34,9514 
-2151)*2610 723195738 

9 0000 -8608534 
0 0000 e2330 
00000  *on00 
IO000 9 OD00 

63r7682 63  624 1 
-80.1679 -30 0 8 1 2 8  

~ 1 8 5 3 1 1 6 0 0  2265564200 

2 28 345 1 v 0000 
,001 

-14520493r900 
1166032203 - 
1145925009 

-16502.695 
-19614,955 

-2231.0666 
e 0000 

.OOOO 
ooaoo 

11649.9995 646191,8830 
24406.3623 25730r4550 

517879.5 -367979099 
-1932312.8 304969.4 
-1334335.7 12959768.2 

2193.791 -155640477 
10977 005 4029278 
21687.856 20485.157 

-26.975 .003 
4.146 *oort  

6.2575 * 0030 ,0000 v0030 

275 7057 293e2739 6 3 0  5863 63,5314 

MAUEJVER Tg A T T A I N  SEPARATIDN A T T I T U D E  

,830 .on.) 

6833154.6 2140561brO 41872235.0 227116425*0 

-3.8473 -2897155 -8013299 r30.9842 

11650,4998 646177,5500 228136704000 -13358 
2440 6 3 79 3 r o o 1  -13718 2 5 7 30 9 4 7 30 

518098.9 -3681349r0 -14522145.900 -558989,133 

-13321b4.8 12961818r6 11459027,5 -3135221270 
-1931214.0 305009.7 1iosa3.w.o - i 3 7 ~ 0 8 5 ~ i x 1  

2191.091 -15566,903 -16500e452 -1732,7396 
10977.420 4n2.231 -19616*511 3489514 
23687.939 20433,334 -2232~6774 723195737 

Q O O O  * 0000 a8614546 -26 975 
4.145 .oni1 rOOOQ ,2300 

.827 9 000 . 0000 10330 
6.2513 r OOGO .oono v on30 

6830838.5 21403680.0 43872614.0 2275844100 
275.7314 29302682 63,5826 6 3 ~ 5 9 0 7  

-3.8424 -28 t 7123 -8003332 -30 , 9876 

95~3153 
95~0119 

-1700952~900 
-18444r610 

-622467~020 
-95131S09 

-119e754 
-4245, a 0  

329 3861 
0 0000000 
00000 
9 0000 

7186589 
-5,3695 

7563246e E 

95.11420 
95.2569 

-1748B26r900 
-19049*109 

-6438980760 
-9636 e 0 13 

-122 9 048 
-4334:991 

3213554 
10000000 
. O ~ O O  , OD00 

72.0448 
-5, 6087 

95r768C 
951 6715 

767844692 

*1797312e100 
-19665rl12 

-665798,160 
-9757,992 

-124.396 
-44240892 

321323% 
a OOOOOOO 
$ 0 ~ 0 0  
IO000 

72.2258 
-518455 

7793669r7 

95,9944 
95,6858 

-18464051900 
-20292~696 

-6881489910 
-98'19,439 

=126e680 
-4515,525 

32,2900 
9 OOOnOOO 
0000 

e OnOQ 

72,4021 
9-6 e 080 1 

79089131 0 

95 1 9989 
95,6903 

-1847394.900 
-20305r379 

-688600,090 
-9881r865 
-1269 726 

-4517e347 
32,2893 , 0000000 

1 0000 , oooo 

72 e 4056 
-6.0847 

791 12209 3 
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Appendix 3 
Observed Trajectory (AA83) 

1 11654.9996 
2 24407.2640 
3 528511.2 
4 -1877376.1 
5 -1225886.6 
6 2058.816 
7 10997e559 
8 21691.664 
9 -26.991 
10 4.075 
11 ,693 
12 5.9743 
13 6117498.8 
A4 275-4177 
15 -3.6001 

1 11659.9996 
2 24408.1160 
3 538468.1 
4 -1822337.7 
5 -1117420*2 
b 1923.881 
7 11017.758 
6 21694,788 
9 *27.007 
10 4.004 
11 ,557 
12 5.6952 
13 6601909.0 
14 275.2618 
15 13.3500 

1 11664.9996 
2 24408.9773 
3 547749.8 
4 -1767199.2 
5 -k008939.9 
6 1788.609 
7 11037.599 
8 21697.229 
9 -27.022 
10 3.932 
11 ,420 
12 5.4212 
13 6486392.4 
14 275.0275 
1s -3 0967 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
I2 
13 
14 
1s 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

TABLE AP 3-3 (Sheet 14 of 14) 
SATURN OBSERVED TRAJECTORY - ORBITAL PH&E (AA83) 

64548016900 
25731~2710 

-3757915.8 
304974.9 

1306196599 
-156851390 

3999940 
203939796 

e000 
1 ooc 

961 2201 
951 899s 

-1896105r600 
-209311932 
-710954r6W 
-1OOOOe352 

-129.017 
-4606 I 887 

32,2554 

. no0 .oooo 9 0000 
, OOOOOOO 

64477816500 
2573210730 

-383664309 
3089689 8 

1316370590 
-13805r763 

397.588 
203019709 

IO03 
e 003 
r 000 
r 0000 

2 92 e 9 9 37 
-28r4003 

21212094.0 

207625ba8000 -r3276 
roo1 -,2921 

~14684482q700 -576143,743 
1086339190 -1373739e130 
1143612899 -3019301410 
-16297.284 *1?3217396 
-19769.025 349951 3 
-239294450 7231,5738 

9 0000 -851 7109 
e 0000 ,2300 
9 0000 . 0330 
e 0000 , 0000 

63.2054 63,5269 
- 8 0 9 6 5 3 8  -31 e3266 

4190950200 2295749510 

96,4454 
96,1134 

-1946408rSOO 
-21582.893 
-734218.990 
-10120r725 

-1319 370 
-4698,973 

32a2195 
e 0000000 
1000B 
.on00 

72 1 7410 
-6,5430 

8139441 r 4  

64408592800 
25732~86+0 

-3915972'6 - 
310950e8 

13264981.8 
-15925.592 

395.221 
20208r90J 

g00:J 
e ooo 

,000 
e 00!)0 

292-8491 
-289247.7 

21115211.0 

1978247.5000 -13234 
9001 - , Z A B ~  

114765704*600 -584807*750 - 
10764350.9 -13135641370 
11423963.3 -265772,530 
-16193eBOJ -173297396 
-198459030 34 r951.3 
-2473,0236 ?231*5738 

9 0000 -85.3307 
,0000 ,2000 . 0000 ,0033 
e 0000 ,0300 

41927651,O 23057180t0 
63.0059 6394951 

-80  8 1 5 6  -3194776 
IVITI4TE SPACECRAFT SEPARATXON SEQUENCE 

11666.0997 643934eOOUO 195b513s9000 w.3225 
24409.1650 25133.0370 9001 -.2a73 
549701.4 -3933506.7 -14783505.500 -58671399RJ 

-1755054.4 31 13851 3 10742909,l -1373525~933 
-985076.6 13287202~3 1142123215 -257817tOW 

1759.081 -15951.884 -16170,957 -1732,7395 
11041*916 394 e 698 -19861.661 34r95 13 
21697,674 201 88 9 38 4 -2490.7421 7231e5737 
927.025 * OOD . 0000 r85r2471 

3,917 QO0@ ,0000 82333 
390 e 000 eo000 9 0303 

5.3615 IO000 * 0000 IO300 

274.9748 292.8 178 62.9612 63,4882 
-3,0405 -28,2380 -80.8512 -3115352 

6460987.2 2109388590 41931599~0 23079822rO 

S - I VB /C S M  SEP A P  AT I FIN 
11667,7998 643700~9100 1923137.6000 - 1 3 2 1 1  
24409.4553 25733.3030 e 0 0 1  -92857 
552652.6 -3960657e9 -34810962eSOO -589659,590 

-1736278.5 312055.5 10708727199 -1373466,533 
-948186.1 1332149396 11416974e5 -2455241120 

1713.138 -15992,458 -16135.600 -1732,7795 
11048 553 393.887 -198a7.292 34.9513 
21698.298 201569 61 3 -2518.1134 7231,5738 
-27.029 9 0 3 '  90000 -85,1179 

3 892 e O O C ~  .on00 r27P3 
.343 . 00') go000 1 0 3 3 0  

5.2702 r 0 O ~ O  ,OOOO . O J D O  

274.8925 292,7694 62 8914 6314775 
-2.9535 -2811 544 -8099062 a31.5734 

6421738.3 21060923rO 4193767300 23113866~3 

9616701 
96 e 3266 

~1991311g900 
-22245,652 
-757945,580 
~10240,555 
-133,736 
-4791 9782 

321 1823 
,0000000 
ton00 
,0000 

72 904 1 
-6 e 7715 

8256718s 7 

96.71913 
96,3736 

-2008592~000 
-22393~063 

-763228,280 
-10266,846 

-134,259 
-48121298 

32,174il 
a 0000000 
,OOOn , 0000 

72r9394 
-6 e 8215 

826008216 

96,7961 
96.4458 

-2026079~100 
-226211977 
-771435*720 
-10307-619 
-135rO68 
-4844,069 

32elh09 
*O~O6300 
,3000 
9 onoo 

72 t 9936 
-61 8986 

8319275~8 

AP 3-54 



Appendix 3 
Observed Tra jec tory  (AA83) 

PRINTOUT 
SYMBOL 

ALTITUDE 

ALPHA SB W I N D  

BETA SB WIND 

A SB I 

A * S B i  
(i=l thru  5) 

DD-X SB E 

DD-Y SB E 

DD-Z SB E 

DENSITY 

D * S B i  
(i=l thru  5) 

D-X SB GS 

D-Y SB GS 

D-Z SB GS 

D-XI. 

D-ETA 

D-ZETA 

D-X SB S 

D-Y SB S 

D-Z SB S 

D-X SB SFE 

D-Y SB SFE 

D-Z SB SFE 

D-X SB E 

D-Y SB E 

D-Z SB E 

E * S B i  
(i=l thru  5) 

GAMMA SB 1 

C O W N  
SYMBOL 

h 

a 
W 

BW 

4 
A*i 

ife 
Ye 

Ee 

"a 

D*i 

ir . gs 
Y . gs 
Z 
gs  

i 
rl 

5 

3 
+S 

is 

%E 

'SFE 

!SFE 

%e 

'e 

'e 

E*i 

Y1 

y2 

TABLE AP 3-4 (Sheet 1 of 3) 
LIST OF SYMBOLS (PROGRAM AA83) 

DEFINITION 

Height of vehic le  above the  F ischer  E l l ip so id  of 1960 ( f t )  

Wind angle-of-at tack i n  p i t c h  plane (deg) 

Wind angle-of-attack i n  yaw plane  (deg) 

Tota l  inertial  acce le ra t ion  ( f t / s e c  ) 2 

Radar azimuth angle  measured i n  t h e  plane tangent t o  the  e a r t h ' s  
su r f ace  at radar  s t a t i o n  i, p o s i t i v e  clockwise from nor th  t o  the  
perpendicular  p ro jec t ion  of  t he  s l a n t  range vec to r  onto the  tangent 
plane 

Component of acce le ra t ion  vec tor  of veh ic l e  i n  ear th- f ixed  r igh t -  

( f t / s ec2 )  (PACSS No. 10) 
handed Cartesian coordinate  sys  t e m  (same o r i e n t a t i o n  as %, 'E) 

3 Ambient a i r  dens i ty  ( s l u g s / f t  ) 

S l a n t  range d i s t ance  from radar  s t a t i o n  i t o  veh ic l e  ( f t )  

Components of g r a v i t a t i o n a l  ve loc i ty  vec tor ,  i n  space-fixed 

(PACSS No. 13) 
coordinate  system (same o r i e n t a t i o n  as X s, Ys, Zs> ( f t / s e c >  

Components of i n e r t i a l  platform v e l o c i t y  vec tor ,  i n  space-fixed 
coordinate  system (same o r i e n t a t i o n  as X I ,  ETA, ZETA) ( f t / s e c )  
(PACSS No. 12) 

Components of ve loc i ty  vec to r  of vehic le ,  i n  space-fixed coordinate 
system (same o r i e n t a t i o n  as X s, Ys, Zs) ( f t / s e c )  (PACSS No. 13) 

Components of v e l o c i t y  vec to r  i n  space-fixed ephemeris coordinate  
system (same o r i e n t a t i o n  as X SFE, YSFE, ZsFE> ( f t / s e c >  (PACSS No. 4 

Components of ve loc i ty  vec to r  of veh ic l e ,  i n  ear th-f ixed r igh t -  

( f t / s ec )  (PACSS No. 10) 
handed Cartesian coordinate  system (same o r i e n t a t i o n  as $ 9  'E) 

Radar e l eva t ion  angle  measured p o s i t i v e  up from plane  tangent  t o  
the  ea r th ' s  su r f ace  a t  r ada r  s t a t i o n  i t o  the  radar  s l a n t  range 
vec tor  ( f t )  

Elevat ion angle of ear th-f ixed ve loc i ty  vec tor  from l o c a l  horizonta  
measured p o s i t i v e  above t h e  plane (deg) 

Azimuth angle of ear th- f ixed  ve loc i ty  vec to r  p o s i t i v e  E a s t  of 
l o c a l  North (deg) 
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Appendix 3 
Observed Tra jec tory  (AA83) 

PRINTOUT 
SYMBOL 

GAMMA (11) PR. 

GAMMA (21) PR. 

MACH NUMBER 

MLT 

PRESSURE 

DYN. PRESS. Q 

RANGE 

RANGE ANGLE 

RE YNfL 

RHO 

REL HUMID 

SOUND VEL 

TEMPERATURE 

TIME 

VISCOSITY 

V SB E 

V SB 1 

V SB RM 

E SB W 

V SB W 

X SB GS 

Y SB GS 

2 SB GS 

xl 
ETA 

ZETA 

X SB S 

Y SB S 

Z SB S 

COMMON 
SYMBOL 

ylI' 

MACH 

)1 

'a 

Q 
S 

rl 

RE/L 

P 

vS 

TEMP 

t 

Y 

'e 

v r m  

"W 

vW 

X 

Y 
z 

5 

gs 

gs  

gs  

rl 

5 

xS 

YS 

zS 

TABLE AP 3-4 (Sheet 2 of 3) 
LIST OF SYMBOLS (PROGRAM AA83) 

DEFINITION 

Angle between space-fixed ve loc i ty  vec to r  and plane normal t o  
vec tor  from geocent r ic  cen te r  of e a r t h ,  p o s i t i v e  above p lane  (deg) 

Angle measured p o s i t i v e  clockwise from nor th  t o  p ro jec t ion  of 
space-fixed v e l o c i t y  vec to r  i n  plane normal t o  rad ius  vec tor  (deg) 

Mach number (dimensionless) 

Longitude of veh ic l e  (deg) 

Ambient a i r  pressure  ( l b f f f t  ) 

Dynamic pressure  ( l b f / f t  ) 

Surface range referenced t o  sphe r i ca l  e a r t h  of instantaneous 
average rad ius  ( f t )  

Angle measured from cen te r  of e a r t h  between launch s i t e  and 
subvehicle  po in t  (deg) 

Reynolds number per  u n i t  l ength  (dimensionless) 

La t i tude  of veh ic l e  (deg) 

2 

2 

Rela t ive  Humidity (percent)  

Local v e l o c i t y  of sound ( f t f s e c )  

Ambient a i r  temperature (deg R) 

T i m e  from Range Zero (sec)  

Viscosi ty  ( lb-secf f  t ) 

Magnitude of ear th-f ixed ve loc i ty  vec to r  of veh ic l e  ( f t f s e c )  

Magnitude of space-fixed ve loc i ty  vec tor  of veh ic l e  ( f  t f s e c )  

Magnitude of r e l a t i v e  ve loc i ty  vec tor  of veh ic l e  ( f t f s e c )  

Wind d i r e c t i o n  azimuth, p o s i t i v e  clockwise from North; d i r e c t i o n  
i s  0 deg when wind is  coming from North (deg) 

Magnitude of wind ve loc i ty  vec tor  ( f t f s e c )  

2 

Components of g r a v i t a t i o n a l  pos i t i on  vec to r ,  i n  space-fixed 

(PACSS No. 13) 
coordinate  system (same o r i e n t a t i o n  as X s,  YS' zs> ( f t )  

Components of i n e r t i a l  platform displacement vec to r ,  i n  space- 

i n s t a n t  o f  launch ( f t )  (PACSS No. 12) 
f ixed  coordinate  sys  t e m  (same o r i e n t a t i o n  as $ 9  'E, 'E at 

Component of p o s i t i o n  vec to r  of veh ic l e ,  i n  space-fixed coordinate  
5, YE, Z E system ( s a m e  o r i e n t a t i o n  as 

(PACSS No. 13) 
a t  i n s t a n t  of launcy ( f t )  
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Appendix 3 
Observed Tra jec tory  (AA83) 

PRINTOUT COMMON 
SYMBOL SYMBOL 

'SFE 

'SFE 

X SB SFE 

Y SB SFE 
Z SB SFE 

ySFE 

'e 

'e 

'e 

X SB E 

Y SB E 

2 SB E 

DEFINITION 

Components of p o s i t i o n  vec to r  i n  space-fixed ephemeris coordinate  
system. ZSFE is nor th  along e a r t h ' s  r o t a t i o n a l  axis, is 
through ve rna l  equinox, YSFE completes a right-handed system, 
X S F E - Y S ~  plane is i n  equa to r i a l  p lane  ( f  t) (PACSS No. 4) 

Components of  pos i t i on  vec to r  of veh ic l e ,  i n  ear th-f ixed r igh t -  
handed Car tes ian  coordinate  system. 
d i r e c t i o n ,  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 si te.  
coordinate  system ( f t )  (PACSS No. 10) 

ZE is d i r ec t ed  along f i r i n g  

YE completes t h e  right-handed Cartesian 

S t a t  i on  

Pad 39A 

Cape T e l  4 
Grand Bahama 

Bermuda 

I n s e r t i o n  Ship 

Canary I s land  

Carnarvon 

H a w a i i  

Guaymas 

Bbrmuda 

Canary I s land  

Carnarvon 

H a w a i i  

Guaymas 

Bermuda 

TABLE AP 3-5 
RADAR STATION VEHICLE ACQUISITION AND LOSS TIMES 

Acquisi t ion Time Loss Time Tracking Time Above 5O 
Actual Predic ted  Actual Predic ted  Actual Predic ted  

Boost Phase of F l i g h t  

0 0 432 435 432 4 35 

30 30 432 435 402 405 

116 115 459 460 343 345 

335 335 688 710 353 375 

645 655 945 950 300 29 5 

O r b i t a l  Phase of F l i g h t  - F i r s t  Orb i t  

1,044 1,075 1,344 1 , 360 300 285 

3,205 3,270 3,396 3,535 19 1 265 

No Acquisi t ion on F i r s t  Orb i t  

5,352 5,450 5,648 5,790 306 340 

5,967 6,070 6,277 6,390 310 320 

O r b i t a l  Phase of F l i g h t  - Second Orb i t  

6,705 6 , 820 6,824 6 , 890 119 70 

8,792 8 , 860 9,040 9,290 248 430 

10,323 10,470 10,538 10 , 800 215 330 

10 , 953 11,060 11 , 249 11,470 296 410 

11,552 No 11,918 - 366 - 
Acquisi- 
t i o n  

AP 3-57 



APPENDIX4 - 
FLIGHT SIMULATED DATA (AD771 - 



Appendix 4 
F l i g h t  Simulated Data (AD77) 

1. FLIGHT SIMULATED DATA (AD77) 

Presented i n  t h i s  appendix is  a d e t a i l e d  five-degrees-of-freedom t r a j e c t o r y  s imulat ion 

constrained t o  t h e  observed t r a j e c t o r y  and employing ad jus ted  engine a n a l y s i s  propuls ion 

h i s t o r i e s .  Adjustments w e r e  determined by a d i f f e r e n t i a l  cor rec t ion  technique. This 

technique c o r r e l a t e d  per turba t ions  i n  t h r u s t ,  weight flow, and p i t c h  and yaw t h r u s t  vec tor  

misalignment with t h e  r e s u l t i n g  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 ,  ear th-f ixed 

v e l o c i t y  azimuth angle ,  and longi tudina l  a c c e l e r a t i o n ,  between the  observed and s imulated 

t r a j e c t o r i e s .  

s e c t i o n  8. 

A complete d iscuss ion  of t h e  t r a j e c t o r y  s imulat ion is presented i n  

Figures AP 4-1 and AP 4-2 i l l u s t r a t e  the  major coordinate  systems. 

AP 4-2 present  t h e  t r a j e c t o r y  parameter d e f i n i t i o n s  while t a b l e  AP 4-3 furn ishes  t h e  

d e t a i l e d  reconstructed t r a j e c t o r y  from S-II/S-IVB phys ica l  separa t ion  t o  guidance commanded 

engine cu tof f .  

i g n i t i o n  and cu tof f  weights as discussed i n  s e c t i o n  9. 

Tables AP 4-1 and 

The i g n i t i o n  and cu tof f  weights are based on t h e  composite b e s t  estimate 

TABLE AP 4-1 (Sheet 1 of 7 )  
LIST OF SYMBOLS (PROGRAM AD77) 

PRINTOUT 
SYMBOL 

A*SB i 

A SB XM 

A SB YM 

A SB ZM 

CHORD FORCE 

D*SB i 

ECCENTRICITY 

E*SB i 

COMMON 
SYMBOL 

A*i 

a a a  xm’ ym’ zm 

C 

D*i 

e 

Exi 

DEFINITION 

Azimuth angle  measured i n  t h e  plane tangent t o  t h e  e a r t h ’ s  

s u r f a c e  a t  radar  s t a t i o n  i; p o s i t i v e  clockwise from nor th  t o  

t h e  perpendicular  p r o j e c t i o n  of t h e  vec tor  drawn between the  

vehic le  and t h e  radar  i n  t h e  tangent  plane (deg) 

Vehicle acce lera t ions  i n  t h e  v e h i c l e  coordinate  system 

( f t / s e c  ) 2 

Aerodynamic chord f o r c e  ( l b f )  

S l a n t  range d is tance  between t h e  v e h i c l e  and radar  s t a t i o n  i 

( f t )  

E c c e n t r i c i t y  of a conic  s e c t i o n  (dimensionless) 

Elevat ion angle  measured p o s i t i v e l y  up from a plane tangent  

t o  t h e  e a r t h ’ s  sur face  a t  the  radar  site. 

plane and t h e  vec tor  drawn between t h e  m i s s i l e  and radar  

s t a t i o n  i ( f t )  

Angle between the  

AP 4-1 



Appendix 4 
F l i g h t  Simulated Data (AD77) 

PRINTOUT 
SYMBOL 

F SB AX 

F SB AY 

F SB AZ 

AVG F SB L 

F SB T 

F SB TX 

F SB TY 

F SB TZ 

F SB X 

F SB Y 
F SB Z 

G (RHO) 

G (PSI) 

ALTITUDE 

I SB SP 

AVG I SB SP 

I SB XX 

I SB YY 

I SB ZZ 

MACH NO. 

M SB X 

M SB Y 

M SB Z 

COMON 
SYMBOL 

I X X ’  Iyy’ I Z Z  

TABLE AP 4-1 (Sheet 2 of 7) 
LIST OF SYMBOLS (PROGRAM AD77) 

DEFINITION 

4erodynamic fo rces  i n  the  veh ic l e  coordinate  system ( l b f )  

4verage Longi tudinal  t h r u s t  ( l b f )  

r o t a 1  e f f e c t i v e  engine t h r u s t  ( l b f )  

Porpulsive fo rces  i n  t h e  veh ic l e  system ( l b f )  

ro t a1  fo rces  i n  the  veh ic l e  coordinate  system ( l b f )  

Component of g r a v i t y  due t o  t h e  a t t r a c t i v e  f o r c e  of t h e  e a r t h  

measured along rc p o s i t i v e  down ( f t / s e c  ) 2 

Component of g rav i ty  due t o  a t t r a c t i v e  f o r c e  of t h e  ea r th  

measured along the  perpendicular  t o  r p o s i t i v e  down 

(f t /sec 1 2 

Vehicle a l t i t u d e .  

and v e h i c l e  measured along t h e  normal t o  t h e  e a r t h ’ s  su r face  

p o s i t i v e  up ( f t )  

Distance between the  spheriod’s  su r face  

Spec i f i c  impulse (sec)  

Average s p e c i f i c  impulse (sec)  

2 P r i n c i p a l  veh ic l e  moments of i n e r t i a  (s lug-f t  ) 

Vehicle mach number 

r o t a 1  moments about t h e  axis of t h e  v e h i c l e  coordinate  

system ( f t - l b f )  
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Appendix 4 
F l i g h t  Simulated Data (m77) 

/ 

PRINTOUT 
SYMBOL 

~~ 

M SB AX 

M SB AY 

M SB AZ 

NORMAL FORCE 

P SB M 

PRESSURE 

Q 

Q SB M 

R (AP) 

R (PER) 

R SB C 

R SB F 

R SB L 

S (BAR*) 

S SB F 

R SB M 

RANGE 

SAF (i) 

TIME 

T (1) 

T (3) 

COMMON 
SYMBOL 

N 

pM 

'a 

q 

QM 

r a 

'PER 

r 
C 

rf 

rL 

- 
S" 

SF 

54 
s 

SAFi 

t 

T1 

T3 

TABLE AP 4-1 (Sheet 3 of 7) 
LIST OF SYMBOLS (PROGRAM AD771 

DEFINITION 

Aerodynamic moments i n  the  veh ic l e  coord ina te  system 

(f t - l b  f )  

Aerodynamic normal fo rce  ( l b f )  

r o t a 1  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 the  Xm a x i s  (degfsec) 

Atmospheric p re s su re  a t  t h e  veh ic l e  ( l b f f f t  ) 

Vehicle dynamic pressure  ( lb f f f t ' )  

Tota l  veh ic l e  p i t ch  rate, p o s i t i v e  nose up (degfsec) 

Radius of apogee ( n a u t i c a l  mi les )  

Radius of per igee  (nau t i ca l  m i l e s )  

Instantaneous d i s t ance  between t h e  cen te r  of t h e  e a r t  

t h e  veh ic l e  ( f t )  

2 

and 

Geocentric m i s s i l e  d i s t ance  a t  te rmina l  a l t i t u d e  ( f t )  

Earth rad ius  a t  t h e  launcher ( f t )  

Product of t h e  average e a r t h  r ad ius  and t h e  c e n t r a l  angle 

t raversed  during g l i d e  ( n a u t i c a l  mi les )  

Downrange d i s t ance  a t  te rmina l  a l t i t u d e  ( n a u t i c a l  m i l e s )  

To ta l  veh ic l e  yaw rate; p o s i t i v e  yaw-nose l e f t  (degfsec) 

Spher ica l  e a r t h  ground range ( f t ) .  Based on t h e  s p h e r i c a l  

e a r t h  range angle  and t h e  average e a r t h  rad ius  

Space a t t enua t ion  f a c t o r  measured from radar  s t a t i o n  i 

Current s imula t ion  t i m e ,  measured from veh ic l e  l i f t o f f  ( sec)  

F i r s t  s t a g e  t i m e  t o  go (sec) 

Second s t a g e  time t o  go ( sec)  
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Appendix 4 
F l i g h t  Simulated Data (AD77) 

PRINTOUT 
SYMBOL 

DELTA-T (3) 

D-T (60) 

TEMPERATURE 

V SB E 

V (F) 

V SB I 

V SB RM 

V SB W 

WEIGHT 

WEIGHT FLOW 

AVG 0 - W  

x, Y '  
D-X, D-Y, D-Z 

DD-X, DD-Y, DD-2 

X S B  CG 

Y SB CG 

Z SB CG 

X SB CP 

X SB CP 

X SB CP 

COMMON 
SYMBOL 

iT3 

tCO 

pT 

'e 

{f 

'I 

"RM 

"W 

UJ 

- 
IJ 

- 
i 

x, y ,  

'CG' 'CG' 'C 

XCP' ycP' zc 

xv, YV, zv 

TABLE AP 4-1 (Sheet 4 of 7) 
JST OF SYMBOLS (PROGRAM AD771 - 

DEFINITION 

Correct ion t o  T3 (sec)  

Time-to-go u n t i l  Engine Cutoff Command (sec)  

The temperature s p e c i f i e d  a t  a c e r t a i n  a l t i t u d e  (deg R) 

Magnitude of t h e  veh ic l e ' s  e a r t h  f ixed  ve loc i ty  ( f t l s e c  

Magnitude of i n e r t i a l  ve loc i ty  a t  te rmina l  a l t i t u d e  ( f t , j e c )  

Magnitude of t h e  v e h i c l e ' s  i n e r t i a l  v e l o c i t y  ( f t l s e c )  

Magnitude of t h e  v e h i c l e ' s  v e l o c i t y  r e l a t i v e  t o  t h e  e a r t h ' s  

atmosphere ( f t l s e c )  

Wind ve loc i ty  r e l a t i v e  t o  t h e  e a r t h  ( f t l s e c )  

To ta l  veh ic l e  weight (lbm) 

T i m e  rate of change of t o t a l  vehic le  weight (lbmlsec) 

Average t i m e  rate of change of t o t a l  veh ic l e  weight (lbm/sec) 

Components of veh ic l e  pos i t i on ,  v e l o c i t y ,  and acce le ra t ions .  

A subsc r ip t  on these  q u a n t i t i e s  i nd ica t e s  t h e  coordinate  

system i n  which these  q u a n t i t i e s  are measured. ( f t ,  f t / s e c ,  

f t / s e c 2 ,  r e spec t ive ly )  

Components of veh ic l e  cen te r  of g r a v i t y ,  wi th  XCG measured 

p o s i t i v e  forward from t h e  veh ic l e  re ference  plane,  

measured p o s i t i v e  r i g h t  from t h e  m i s s i l e  c e n t e r l i n e ,  and ZCG 

measured p o s i t i v e  down from t h e  veh ic l e  c e n t e r l i n e  ( i n . )  

'CG 

Components of veh ic l e  of pressure  wi th  Xcp measured p o s i t i v e  

forward from t h e  veh ic l e  re ference  plane.  

t i v e  r i g h t  from t h e  m i s s i l e  c e n t e r l i n e ,  and Zcp measured 

p o s i t i v e  down from t h e  veh ic l e  c e n t e r l i n e  ( i n . )  

Ycp measured posi-  

Pos i t i ve  coord ina tes  i n  t h e  te rmina l  rad ius  coord ina te  

system. Or ig in  is a t  t h e  e a r t h ' s  c e n t e r ,  Yv along t h e  

des i r ed  te rmina l  rad ius ,  Xv i n  t h e  o r b i t  p lane  i n  'the 

t i o n  of o r b i t a l  motion, Zv forming a r i g h t  handed coord ina te  

system (m) 

d i r ec -  

'3- 
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Appendix 4 
F l i g h t  Simulated Data (AD77) 

PRINTOUT 
SYMBOL 

D-X (V) 

D-Y (V) 

D-Z (V) 

ALPHA* 

ALPHA 

BETA 

GAMMA (11) 

GAMMA (21) 

GAMMA (11) PR 

GAMMA (21) PR 

GAMMA SB 1F 

COMMON 
SYMBOL 

xv, YV, zv 

a' 

a 

B 

B f  

y1 

y2 

Y 
11 

y21 

Y 
111 

Y 
21' 

Y 
I f  

TABLE AP 4-1 (Sheet 5 of 7) 
LIST OF SYMBOLS (PROGRAM AD771 

DEFINITION 

Veloci ty  coordinates  i n  te rmina l  rad ius  coordinate  system ( m s )  

T o t a l  angle  of a t tack .  Angle between t h e  c e n t e r l i n e  of t h e  

vehic le  and t h e  vehic le  air  v e l o c i t y  vec tor  (deg) 

P i tch  angle  of a t tack .  Angle between t h e  p r o j e c t i o n  of the  

v e h i c l e ' s  a i r  v e l o c i t y  vec tor  onto the  p i t c h  plane and t h e  

c e n t e r l i n e  of t h e  vehic le  (deg) 

Yaw angle  of a t t a c k .  Angle between t h e  pro jec t ion  of the  

v e h i c l e ' s  a i r  v e l o c i t y  vec tor  onto t h e  yaw plane and t h e  

c e n t e r l i n e  of t h e  vehic le  (deg) 

True anomaly a t  terminal  a l t i t u d e  (deg) 

Elevat ion f l i g h t  path angle .  Angle between t h e  e a r t h  f ixed  

vehic le  v e l o c i t y  and t h e  l o c a l  tangent plane p o s i t i v e  f o r  an 

ascending vehic le  (deg) 

Azimuthal f l i g h t  path angle.  

clockwise t o  t h e  p r o j e c t i o n  of t h e  e a r t h  f ixed  vehic le  

v e l o c i t y  on t h e  l o c a l  tangent plane (deg) 

Angle between t h e  l o c a l  north 

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

measured t o  i n e r t i a l  vehic le  v e l o c i t y  (deg) 

Same as y1 except 

I n e r t i a l  azimuthal f l i g h t  pa th  angle.  

measured t o  i n e r t i a l  v e h i c l e  v e l o c i t y  (deg) 

Same a s  y 2  except  

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

i n e r t i a l  v e l o c i t y  v e c t o r  and t h e  X LI, ZLI, plane.  

p o s i t i v e  f o r  an ascending vehic le  (deg) 

Angle between t h e  

Angle is 

I n e r t i a l  azimuthal f l i g h t  pa th  angle  measured i n  t h e  X,,,, 

Z L ~ ,  plane.  

of t h e  i n e r t i a l  v e l o c i t y  vec tor  (deg) 

Angle between ZLI, clockwise t o  t h e  p r o j e c t i o n  

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  a t  t h e  te rmina l  

a l t i t u d e  (deg) 
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Appendix 4 
F l i g h t  Simulated Data (AD771 

PRINTOUT 

GAMMA SB 2F 

DELTA (A) 

DELTA (B) 

SMCP 

SMCY 

EPS (THETA) 

RANGE ANGLE 

D-THETA (M) QR1 

D-PSI (M) QRP 

D-PHI (M) QPR 
I 

THETA SB C 

THETA (M) QRP 

THETA (P) 

THETA (Y) 

THETA (R) 

I_ 
MU SB F 

X I  

ETA 

ZETA 

L 

COMMON 
SYMBOL 

12f 

'A' 6 B  

S MCP 

5 MCY 

E W  

P 

1-lf 

5 ,  q, 5 

TABLE AP 4-1 (Sheet 6 of 7 )  
IST OF SYMBOLS (PROGRAM A D J J )  

DEFINITION 

I n e r t i a l  f l i g h t  path azimuth angle,  a t  t h e  terminal  

a l t i t u d e  (deg) 

Engine "A" a c t u a t o r  and "B" a c t u a t o r  gimbal angles ,  

r e spec t ive ly  (deg) 

P i t c h  t h r u s t  misalignment co r rec t ion  ( r ad ians )  

Yaw t h r u s t  misalignment co r rec t ion  ( r ad ians )  

Tabular wind azimuth angle ,  p o s i t i v e  clockwise from nor th ,  

as a func t ion  of a l t i t u d e  ( a t  eW = ze ro  wind is coming from 

t h e  no r th )  (deg) 

Autopi lot  e r r o r  s i g n a l  rates (deglsec) 

Sphe r i ca l  e a r t h  range angle.  

l i n e s  connecting t h e  following t h r e e  po in t s :  t h e  veh ic l e ,  

t h e  c e n t e r  of t h e  e a r t h ,  and t h e  launcher wi th  t h e  e a r t h ' s  

c e n t e r  as t h e  v e r t e x  ( r ad ians )  

The ang le  i s  measured between 

Vehicle a t t i t u d e  p i t c h ,  yaw and r o l l  Euler  angle  rates 

(deg/sec) 

Commanded veh ic l e  p i t c h  Euler  ang le  (deg) 

Vehicle p i t c h  a t t i t u d e  Euler angle  (deg) 

For t h e  three-gimbal s t a b l e  platform,  p i t c h ,  yaw and r o l l  

ang le s ,  r e s p e c t i v e l y  (deg) 

Instantaneous veh ic l e  l ong i tude  where Greenwich, England, is 

longi tude zero.  West of Greewich is p o s i t i v e  (deg) 

Longitude of rf (deg) 

Vehicle p o s i t i o n  obtained by i n t e g r a t i n g  5 ,  q ,  5 .  The 

system coincides  with t h e  "P" system a t  t - 0, and is f a l l i n g  

with 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  p o s i t i o n  

P o s i t i o n  and v e l o c i t y  i n  t h i s  system correspond t o  t h e  posi- 

t i o n  and v e l o c i t y  t h e  veh ic l e  would have i f  g r a v i t y  were 

zero.  (m) 

. . .  
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Appendix 4 
F l i g h t  Simulated Data (AD77) 

PRINTOUT 
SYMBOL 

D-ETA t D-ZETA 

RHO 

RHO PRIME 

RHO SB F 

TAU-P ( i )  

TAU (1G) 

TAU (3G) 

TAU SB F 

PHI SB C 

PHI (M) QRP 

PHI (T) 

PSI SB C 

PSI (M) QRP 

I CHI SB P 

CHI SB R L CHI SB Y 

COMMON 
SYMBOL 

i, t i ,  i 

P 

P' 

p f  

-7 

P i  

T 
1 G  

' 3 G  

T f  

@C 

@M 

@T 

QC 

QM 

XP 

XR 

XY 

TABLE AP 4-1 (Sheet 7 of 7) 
LIST OF SYMBOLS (PROGRAM AD771 

DEFINITION 

.. .. .. 
Vehicle v e l o c i t y  obtained by i n t e g r a t i n g  5, n, 5 (ms) 

Instantaneous geodet ic  l a t i t u d e ,  p o s i t i v e  i n  t h e  nor thern  

hemisphere (deg) 

Instantaneous geocent r ic  l a t l t u d e ,  p o s i t i v e  i n  t h e  northern 

hemisphere (deg) 

Longitude of rf (deg) 

Radar p o l a r i z a t i o n  look angle  f o r  t h e  i t h  radar  s t a t i o n :  

angle  between t h e  p r o j e c t i o n  of the  v e h i c l e  center l ine.  on a 

plane perpendicular  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 the  plane containing the  radar  l i n e  of 

s i g h t ,  perpendicular  t o  t h e  e a r t h ' s  sur face ,  and t h e  plane 

perpendicular  t o  t h e  radar  l i n e  of s i g h t ,  measured p o s i t i v e  

counterclockwise from t h i s  l i n e  of i n t e r s e c t i o n  as viewed 

looking along the radar  l i n e  of s i g h t  toward t h e  v e h i c l e  (deg) 

Rat io  of W/W during f i r s t  s t a g e  opera t ion  (sec) 

Rat io  of W/W during t h i r d  s t a g e  opera t ion  (sec)  

T i m e  s i n c e l t o  per igee a t  terminal  a l t i t u d e  (sec)  

Commanded vehic le  r o l l  Euler angle  (deg) 

Vehicle a t t i t u d e  r o l l  Euler  angle  (deg) 

E s t i m a t e  of terminal range angle  measured i n  t h e  o r b i t  plane 

from the  descending node t o  the  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  ( rad ians)  

Commanded v e h i c l e  yaw Euler  angle  (deg) 

Vehicle a t t i t u d e  yaw Euler  angle  (deg) 

Guidance-commanded body a t t i t u d e  angle  i n  t h e  vehic le  p i t c h  

plane (deg) 

Guidance-commanded body a t t i t u d e  angle  i n  t h e  v e h i c l e  r o l l  

plane (deg) 

Guidance-commanded body a t t i t u d e  angle  i n  the  vehic le  yaw 

plane (deg) 
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Appendix 4 
F l i g h t  Simulated Data (AD77) 

TABLE AP 4-2 
COORDINATE SUBSCRIPT DEFINITIONS 

Coordinate system on the  su r face  of t h e  spheriod represent ing  t h e  e a r t h  wi th  o r i g i n  a t  

launch po in t  l a t i t u d e  and longi tude .  

p o s i t i v e  up; Zee p o s i t i v e  i n  the  f l i g h t  azimuth d i r e c t i o n ;  and Yee crossrange forming 

a right-handed system. 

Xee perpendicular t o  t h e  su r face  of t h e  sphero id ,  

Instantaneous coord ina te  system loca ted  on t h e  e a r t h ' s  su r f ace  under t h e  veh ic l e  wi th  

t h e  XLL. ZLL p lane  tangent t o  t h e  e a r t h ' s  su r f ace ,  Pos i tve  d i r e c t i o n a l  are XLL w e s t ,  

YLL up, and ZLL no r th .  (English) 

Instantaneous i n e r t i a l  coord ina te  system co inc iden ta l  wi th  t h e  L system. Ve loc i t i e s  i n  

t h i s  system are i n e r t i a l .  (English) 

Instantaneous i n e r t i a l  coord ina te  system loca ted  on t h e  e a r t h ' s  s u r f a c e  under t h e  

veh ic l e  where ZL' po in t s  nor th ,  XL' po in t s  w e s t  and Y ' is  along a l i n e  connecting t h e  

e a r t h  cen te r  and t h e  vehic le .  
L 

Ve loc i t i e s  i n  t h i s  system are i n e r t i a l .  (English) 

Vehicle coordinate system with o r i g i n  a t  t h e  veh ic l e  cen te r  of g rav i ty .  

is r e l a t e d  t o  t h e  "s" system by t h e  veh ic l e  Ealer angles O m ,  $m, QIm. 

r ad ius  from the  veh ic l e  c e n t e r l i n e  t o  pos i t i on  I, p o s i t i v e  toward pos i t i on  I. I f  a l l  

Euler angles are zero ,  then X i s  up, Y 

f l i g h t  azimuth d i r e c t i o n .  

The "m" system 

Xm p a r a l l e l  t o  a 

crossrange p o s i t i v e  r i g h t ,  Zm p o s i t i v e  i n  t h e  m m 

I n e r t i a l  coord ina te  system wi th  its o r i g i n  a t  t h e  cen te r  of t h e  e a r t h  and with i t s  X p ,  
a x i s  along t h e  l i n e  p a r a l l e l  t o  t he  l o c a l  g rav i ty  vec to r  a t  launch through t h e  e a r t h ' s  

cen te r ,  p o s i t i v e  up. 

a x i s  a t  launch and Z p '  forms a right-handed coord ina te  system. 
X 

The X p ,  a x i s  i s  para l le l  t o  t h e  plane def ined  by t h e  X, and Y 

(Metric) 

Coordinates i n i t i a l l y  co inc ident  wi th  t h e  e system, but  remaining f ixed  i n  space. 

(English) 

Space Fixed Ephermeris System. The o r i g i n  of t h e  system i s  a t  t h e  cen te r  of t h e  e a r t h ,  

ZSFE is p o s i t i v e  no r th ,  XSFE passes through t h e  ve rna l  equinox and YSFE completes t h e  

r i g h t  handed system wi th  t h e  XSFE -YSFE p lane  co inc ident  wi th  t h e  e q u a t o r i a l  plane.  

The d i r e c t i o n s  of t h e  axes remain f i x e d  i n  space and t h e  o r i g i n  moves wi th  t h e  cen te r  

of t he  e a r t h .  The re ference  equinox and equator are t h e  t r u e  ve rna l  equinox and 

equator f o r  t h e  epoch of midnight of t h e  day of t h e  launch. 
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Appendix  4 
F l i g h t  S i m u l a t e d  D a t a  (AD77) 

TABLE 4-3 ( S h e e t  1 of 19) 
FLIGHT SIMULATED DATA (AD771 

TIME WEIGHT F SB T ALTITUDE 
2 V S B I  V SB E R SB C R SUB PF 
1 

3 X S B E  x SB P (MI X SB S X I  
4 Y S B E  Y SB p ( M I  Y SB S ETA 
5 Z S B E  z SB P ( M I  2 SB s ZETA 
6 0-X So E D-X SB P ( M I  D-X 58 S B-x I 
7 0 - Y  E D,y SB P ( M I  D-Y SB S D-ETA 

I 

i 

13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

8 0-2 SB E D-2 SB P ( M I  Dcz  SB S 
9 F S B X  F 58 TX F SB AX 

10 F SB Y F SB TY F SB A Y  
11 F SB 31 F SB TZ F SB AZ 
12 THETA(M) QRP DTHETA(M)QRP F AIJX SB X 

PSI(M) QRP bPSI(M)QRP F AuX SB Y 
PHI(M) QRP D-PHI(M)QRP F AuX SR Z 

C H I  SB P D-CHI 58 P THETA SB C 

CHI Sg R D-CHI Sa R PHI SB C 
GAMMA SB 1 GAMMA Sa 11 GAMMA(lI)PR, 
GAMMA Sf3 2 GAMMA SB 21 GAMMA(~I)PR, 

X SB SP AvG I SB SP WEIGHT FLOW 
Q MACH NO, PRESSURE 

ALPHA* ALPHA BETA 
MU RHO RHo PRIME 

CHI SB Y B-CHI SB Y PSI SB C 

RANGE 
RANGE AN61 F 

I)-ZETA 
M SB X 
M SB Y 
M SB Z 
I SB XX 
I SB Y Y  
I SB ZZ 
P 58 M 
Q SR n 
R SB M 

DELTA ( A 1 
DELTA (R  > 

TEMPERATURE 
AVG 0-W 

CHORD FORCE 
G ( R M O I  

R ( A P )  
P 

AvG FL HMR 

577 9 0800 
22075e6370 

-226677 9 3 

6055052.2 
-5223, 1499 

56790190 
20076,6800 

(1.2 
.O 
.O 

-381 7590 - 7790 
-,2310 

-89r6600 
-08000 

.0000 
1,7196 

82,9987 
e * 0000 

r 0002 
24g9212 
62,1360 

,0000 
,0000 

*00000 
,0000 

* O  

100849.6 

* O  

*0000 

INC~INAT  ON PER I OD 
THETA ( ti E SUB T THETA SUB N 

I SUB t THETA SUB NG 
AVG ISP HMR AvG WDT HMR DELTA SB R4 

S- I I/S- I VB PHYSICAL SEPARATION 

354175,O 
20752.7320 

.O 
, O  
" 0  

r O 0 O O  
eo000 
roo00 

* O  
- 9 0  

00 

r 0000 
- ~ o o o o  

r 0000 
9 0000 
r O O O O  

1,6165 
83 I 4205 

roo00 
8.5037 

24 19077 
32 e 1437 

roo00 
r O O O O  
r O O O O  
~ O O O O  
r O 0 O O  

0 0000 

r O O O O O  

rOOO0 

,o 
21546569.0 

-461024.9 
209558 'I 1 

6803241.1 
-6367.9395 

254 06095 
21135r7120 

- * 2  
9.0 
3.0 

* o  
* o  
* o  

-89 ,6600 
0r8000 

r O O O O  
1 r 5973 

83.4158 
b30 4638 

r O O O O  
e 9365 

31 9757 
r O O O O  

rOOOOO 
r O O O O O  
00000 

900000 

I OOOQO 
~ 0 0 0 0 0  

r O O O O  

640568~4  
.O  
* O  

* O  
*oooo  
,0000 

* 000 
, 005 
,017 

b o  

roaoo 

140640 i)  0 
9331642.1 
9332777 e 3 

,5500 
,0000 
r O O O O  
r O O O O  
,0000 
* 0000 

2478. 3809 
-.I80 

-30 9 3279 
,O 
* O  
00 
* O  
90 

* O O O O O  
* 00000 

(I 0000 

E/W 
C3 SUB T 
c SUR 36 

5956443. 0 
16 ,3230 

- r O Q Q O  
00000 
.oooo 
- r o o 0  

roo5  
,017 

-7,9002 
, 0369 
. O O O O  

473 82 
-1 I 1 5  

* 34 
r 0000 
,0000 

r O  
9 00 

20752 r 732 
- r  0417 

.oo 
* 00 
r o o  

.oooa 
,0000 

* O  
90 

AP 4-9 



Appendix  4 
F l i g h t  S i m u l a t e d  D a t a  (AD77) 

TABLE 4-3 ( S h e e t  2 of 19) 
FLIGHT SIMULATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

AP 4-10 

580 r 0000 
22074*8660 

1242048 e 7 
10251 196 

6 1  13641) 9 4 
*5300*3@91 

571*3511 
20055,3660 

8599 e 8 
h * 0  

* O  
-81 D 7590 

9,7790 
- 9  0002 

~89,6600 
- *8000 

,0000 
1 e 6593 

83,1118 
2"7* 1998 

,OR02 
25,1525 
6 1  o 9075 

* O Q O O  
,OR00 

~ o o a o o  
.0400 

*0 

.O  

7497 * 4357 

585r0000 
22121~7690 

-268858 D 0 
105387, 1 

621 3909 e 5 
-5426~4507 

57814181 
20069.7670 

19350'7r 1 
-2285.0 
13252.6 

-9 1 9764 
-2 , 1232 

,0002 
-89,8656 

me6700 
e 0000 

1.6091 
83.3011 

432 i)  4584 
I0002 

15,4981 
6 1  9 6243 

DO000 
* 0000 

* 00000 
* 0000 

r O  

D O  

354085 9 1 
20751.8150 

. O  
e o  
* O  

r O O O O  
0000 

soooo 
* O  

m * O  

0 0  

0000 
.0000 
eo011  
r 0000 
* R O O 0  
roo00 

1 5598 
83 o 5268 

r o o 0 0  
8 4949 

25 o 1358 
32 9 1632 

(I 0000 
r O O O O  
e0000 
r O 0 O O  
0000 

,00000 

243 2506 

352620 9 
2079894720 

9 0  

. O  
,O 

e 0000 
* o o o o  
r 0000 

19350793 
-2285 0 
13269.1 
-291767 

* e  2720 
9 0329 
r O O O O  
rOOO0 
roo00 

195128 
83 9 7038 

432 5298 
8r5002 

15r2706 
32. 1959 

r O O O O  
.oooo 
e 0000 
*oooo 
.oooo 

,00000 

319,5458 

e0 
21548333.0 
-479741 7 

6864918 3 
210300 1 

-6451e6730 
255-6125 

21109.5290 
ma2 
" * O  
0.0 

8600 , 0 
.o 
* o  

1'899 6600 
-r8000 

,0000 
1 I 5409 

83 e 5223 

* 0000 
1 (I 0488 

31.9952 
.oooo 

* ooaoo 
* 00000 
,00000 
* 00000 

-31 *478a 

*ooooo  
$00000 

-30 8101 

193975.2 
2 1 5 ~ 1 2 4 7 ~ 0  

-512345.4 
211562~6 

6970433 ,R 
-6590.7960 

250 D 5271 
21115r6670 

r.2 
- ,o 
- V O  

* o  
* o  
.O 

-89 e 8656 
m.6700 

.0000 
1 I 4944 

83 e 6994 
-447 I4587 

* o o o o  
2 I 3795 

32 e 0279 
.0000 

~ 0 0 0 0 0  
,00000 
* o o o o o  
. O O O O O  

,00000 
* o o o o o  

-200r2992 

642354 e 7 
* O  
* O  
.O 
* O  

e0000 
I O O O O  
r O O O O  

000 
005 

.017 
140640 0 

9331642 9 1 
9332777 13 

i)  0004 
e0000 
.0000 

or6610 
-6 2622 

a 0000 
2483.2812 -. 178 

-30 3229 
* O  
* O  
e 0  
* O  

-19 

, 0 0 0 0 ~  
,00000 

,0000 

645304 2 
e o  

* O  
.O  
* O  

e0000 
roo00 
,0000 

1206 * 656 
407515,270 

52604,690 
139962 a 3 

9328606 e 0 
9329346 e 6 . 0802 

-2 * 1752 
w e  2720 

e 6766 
3,9227 

-443 e5166 
2491.3721 -. 174 

-3003146 
.O 
D O  

* O  
~ 1 1 1 3 r 9  
-304 7 

000000 
rOOOOO 

,0000 

6n15208,l 
16*4840 

'I 7814 
- roo00  
*0000 
-r000 

e005 
e017 

-7.9003 
-*a210 

r 0000 
473 82 
-1 a 15 

34 
,0002 

-,oooo 
D O  

, 09 
2n751.815 

-.O@17 
* 00 
e 00 

00 
-*0000 

-1 g 0163 

90 
* O  

61 150929 2 
16,7600 

17 6561 
9.2083 
10 2092 

-e000  
005 

,017 
2,1102 
1 4532 
.0000 

473 8 97 
-1 15 

134 
9 1580 

1,3231 
191834.8 

00 

'CI 0417 
i)  00 
100 
e 00 

*368 * 3971 
"79 * 5934 

2 0 7 9 a ~ 3  

e o  
* O  



Appendix  4 
F l i g h t  S i m u l a t e d  Data (AD77) 

TABLE 4-3 ( S h e e t  3 of 19) 
FLIGHT SIMULATED DATA (AD771 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

a 

ia 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

a 

ia 

590 r 0000 

-2963268 0 

6314397.5 

586.0523 

225712 3 
3447 . 1 
4623 e 0 
-92,2047 

22212.8930 

10a293.6 

-555a,1291 

20127e8310 

I , 9037 
wQ O o O 1  

-94 6376 
2,5007 

r O 0 O O  

83.4893 
426,7224 

,0002 
15 4403 
61 e 2998 

,0000 

r 00000 
* O Q O O  

.O 

I ,  5785 

m o o  

595,0000 
2231196110 
-324463. e 9 
11125? * 9 
6415192 n9 
-5697,8838 
598 e 9100 

20190e7420 
228450 e 2 
-1373.4 
-1251 9 0 
-98 9 0721 

1 * 4521 
, O Q O O  

-99 e 4895 
2 9 6479 

.oooo 
1,5343 
83.6922 
426 7652 

,0002 
9 8948 
60 9736 

.oc)oo 
r O P O O  
,00000 
eOQOO 

e0 

32 
33 160255r2500 

* O  

350 102 99 

* O  
20889e3520 

80 
80 

8 0 ~ 0 0  
a0000 
roo00  

225712.4 

-2605e9 
3453 8 2 

"1 99074 
v 6792 
e0188 
r O O O O  
* 0000 
roo00 

429.1794 
8,5238 
15,3604 
32 e 2279 

r0000 
r O O O O  
rOOOO 
r 0000 
90~00 

1 8  4844 
83, a790 

3 

,00000 

292911 

347309 e 0 

* O  
. O  
10 

r o o 0 0  
80000  
r o o 0 0  

228450.4 
-1371 r8 
-1245 1 5 

20987,a690 

-96040 
01811 
,0035 
r 0000 
* 0000 
9 0000 

1 t 4432 
84 9 0681 
427,6601 
8 e 5506 
9 I 8287 
32 c 2590 

9 OQOO 
r o o 0 0  
e 0000 
.0000 
,OaO0 

r O 0 O O O  

380 I 194Y 

225753,9 

-5~5671 84 
212801.7 
7076129,b 

2155410180 

-6737r1215 
246 e 9605 

2116580910 
C.2 

- . O  
.o 
.o 
.o 

-94,6376 
2.5007 

rO0OO 
1 4665 
83,8747 

-528 e 9444 
roo00  

-1 e6U62 
32 1 0597 

,0000 
,00000 
.00000 
rOOOOO 
,00000 

* 8 O  

eOO0OO 

19r4296 
,aoooo 

228457.9 
21556914.0 
-579739 e 6 
214041.9 
7182089,l 
-6a91.8124 
248 Q 3466 

21219.0780 

-80  
3.0 

,o 
.O  

-99 4895 
2.6479 

.oooo 

84 Q 0639 

u 8 2  

8 O  

184258 

-535 8 3069 
,oooa 

-1 1653 
32 e 0908 

8~~~~ 

~ 0 0 0 0 0  
!?OOOOO 
e 00000 
r O O O O O  

,00000 

-379 6016 
, ooooa 

648194 8 0 
$ 0  
* O  
* O  
00 

.oooo 
r O O 0 O  

-152 669 

-129420,523 

80000 

-a8363.659 

139404 9 6 
9316692 99 

,-(I 0632 

q 6792 

-e6615 
-491.9752 
2499 2995 

-30 8 3065 

9316989. i 

u~ "9064 

9,8765 

- 8  172 

* O  
.O 
.O  

-3224 . 1 
-715.5 

.00000 

r 0000 

65104013 
.O  
80 
S O  

.O 
. O O O O  
,0000 
r0OOO 

-160,435 
-45739,026 

800000 

208io,a69 
139398 e 7 
9303320 e 0 
93036138 1 

-e0151 
-96039 
,1811 
r 3440 

-*3124 
1510,2004 
2507,1073 

0.169 
-30 2985 

.O 
10 
.O  

-5474 e 3 
-1132.4 

.00000 
q 00000 
,OOQO 

AI? 4-11 



Appendix  4 
F l i g h t  S i m u l a t e d  Data (AD77) 

TABLE 4-3 ( S h e e t  4 of 1 9 )  
FLIGHT SIMULATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 

600 a O O O O  
22413~4160 
-353314 a6 

114284 a 4 
651630409 

-5845a1074 
611,7306 

2025@,0030 
229549 a 0 

-1076.9 
849 a 0 

-1 0 3 9 2668 
1.5616 

a0000 
-104 p 3672 

2 a 6245 
a0000 

1 I 4751 
83 a 8958 

427 . 2368 
,0002 

5.1500 
60.6456 

,OOOO 
.0000 

*O O Q O O  
a0000 

.O  

e 0  

175401,2109 

605.0000 
22517a1740 

-382926 9 
11?37@.6 

6617729 r 9  
*6001q3&89 

624 a 4405 
20315,8800 

229737 8 
-63U a 4 

-107 9 9998 
1.6142 
-rOOOO 

1109*2386 
2.6010 

#Ob00 
1.3960 

84,0998 
427 9 7394 

r0002 
1 a 4674 

60 e 3158 
,0900 
a0000 

* O O ~ O O  
"0000 

* O  

391,. 2 

I O  

1851301 5400 

344623 3 
21089,4320 

e0 
e o  
"0 

* on00 
roo00 
a0OOO 

229549,2 
-1077r5 

857 e 2 - t 8964 
-I 0635 
-e0026 

*oooo  
IO000 
r O 0 O O  

1 3879 
84,2578 

427 q 3160 
0 * 5790 
4,9891 

32 2 ~ 9 3  
.0O00 
00000 
* 0000 
0 0000 
a 0000 

,00000 

390 e 3903 

34193fr7 
21192*9k+90 

r O  
a0 
* O  

e0000 
.oooo 
r O O O O  

229738 * 0 
-630 a6 

400.6 
-1 e 0232 

-*0264 
-e0006 

e0000 
r O O O O  
a O O O O  

1,3139 
84 9 4481 

427 * 2438 
8.6087 

e 6322 
32,3187 

r O O O O  
*OOOO 
roo00 
* 0000 
IO000 

aO0OOO 

396 8 9932 

229553 (I 3 
21559647,O 
-614599.3 

215286.6 
7288319,8 

-7054.0311 
249.5266 

21272.9790 
-92 
1.0 
- * o  
90 
.O  
,O 

-1 04 3672 
2 6245 

,0000 
193711 

84 2530 
-537~2879 

.oooo 
-1,2838 
32r12l.0 

eo000 
.00000 
e00000 
e00000 
e00000 

,00000 
~ O O O O O  

-414 a2535 

229739,2 
21562265.0 

-650293.9 
216536,3 

7394815 1 
-7225.2592 

250 4434 
2132590110 

r.2 
- e o  
-a0 

Q O  
e 0  
a0 

-1 09 e 2386 
2.6010 
r00OO 

1 e 2976 
84.4443 

~ 5 3 7  a 0979 
* O O O O  

-1 e 3244 
32 1504 

r 0000 
,00000 
~00000 
900000 
,00000 

,00000 
. O O O O O  

-436 e 4098 

653806q6 
e o  
a 0  
.O 
e 0  

a0000 
*oooo  . 0000 

52 648 
19997 e 887 
11344,104 
139392 e 7 

9289817,l 
9290 107 a 0 

0245 
-. 8961 

0635 
e 2689 
,2240 

-518r5116 
2514,6960 

0.167 
-30 9 2908 

90 
e o  

* O  
-7745.7 
-1549a9 

aooooo 
r O O O 0 O  

*oooo  

656457 a 9 
e o  

? O  
a0 
* O  

r O O O O  
,0000 
,0000 

21.075 
5605 938 

-2804 a 516 
139386 8 

9275408 e5 
9275695.1 

- e  0288 
-1 (I 0228 - * 0264 

* 1573 
e 0999 

-522 q 9034 
2521.9691 -. 165 

-30 e 2834 
.O 
.O  
a 0  

-10018a2 
-1966,2 

rOOOOO 
,00000 

* 0000 

6420404 4 
17,5945 

2194307 
- e  1005 

a 0793 
-.ooo 

005 
a016 

-1 9 0997 
1 0628 

* O O O O  
476 e 66 
-1 17 

o 35 
* 0642 -. 1209 

221512,1 
.OO 

21089a432 
-1 0417 

*00  
*oo  
a 00 

3k54. 3686, 
-83 5580 

.O 
* Q  

6522862 e 0 
17 * -9753 

21a6168 
- *  0593 

036P 

a005 
a 016 

-1,2380 

,0000 
477 e 67 
-1 , 18 

-, oao 

9068 

35 
a 0306 
05-94 

323363.0 
e 00 

21 192 950 
a. 0417 

i o 0  

e 00 
-454,7052 

-83 a 0310 

Q 00 

a 0  
r O  

AP 4-12 



A p p e n d i x  4 
F l i g h t  S i m u l a t e d  D a t a  (AD771 

TABLE 4-3 ( S h e e t  5 of 19) 
E'LIGHT SIMULATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

610 * 0000 
22622elhlO 
-413343r 0 

6719458 e 8 

637 e 2677 
20375.4560 
229392q8 
-724 e 2 
132.8 

-112.8302 
1 v 5805 
-IOU00 

4 4 1  1062 
2.6139 
,0000 

1 e 2973 
84 e 3051 
425 e 3067 

e0002 
4,0088 
59 * 9841 

r O Q O O  
0 0000 

eOOOOO 
o OQQO 

* O  

12052m 

-6166.4300 

.O 

615*0800 
22727.7000 
-444603.6 
123747 e 7 
6821978.8 
-634001L51 
650.3133 

20432.0490 
230055.1 
-742 e 5 
197.9 

-117 7163 
1 e 6248 
- 9  0000 

w~ i e  9724 
2 + 6589 
,0000 

1 (I 1793 
84 o 5120 
426.2314 

,0002 
8 3693 
59 9 6507 

,0000 
coo00 

* 00000 
eo000 

* O  

33 196888,7500 

339242 'I 3 
21L97 6570 

e o  

.O 
e 0  

0000 
r O O 0 O  
rOOOO 

229393 (I 0 
- 7 2 ~  e 1 
14lr8 - . 9833 
r 0161 
e0004 
roo00 
t 0000 
" 0000 
1.2213 
84 e 6397 
426 (I 9289 
8 r 6395 
'3,8013 

roo00 
roo00 
e 0000 
0 0000 
10000 

O O a o O  

32 3473 

401 o 3624 

336545.2 
21403r0030 

00 
00 
.O 

.0000 
roo00 
roo00 

230055e3 
-742 5 
206.9 - e 9668 
e0084 
rOOOl 
* o o o o  
9 0000 
roo00 
lrllO6 
84 9 8329 
426 + 7094 
8 r 6714 

-8 c 2697 
32 e 3750 

r o a o o  
IO000 
r 0000 
IO000 
r00OO 

* 00000 

401) 5690 

229394 . 2 
21564732.0 
-686866.8 
217790,8 
7501564.1 
-74Q5e2845 
251 3449 

21374,2600 
m.2 
-00  
0 ,  0 

0 0  

* o  
e o  

-1 14 * 1062 
2.6139 

.0000 
1.2056 
84 6362 

-539 3590 
. O O O O  

-1 2770 
32 1790 

roo00  
,00000 
rOOOO0 
,00000 
rOO000 

.00000 
,00000 

-452 e 0958 

230 056 , 6 

219050,O 
7608551.2 

21567012,o 
-724361 0 

-7593,8433 
252 9 3486 

21420,0440 
we2 
m.0 
- * o  

.O 
* O  
* o  

-118e9724 
2 , 6589 

.oooo 
1 e 0954 
84 8297 

-539 s 7427 
r O O O O  

-1rJ054 
32.2066 

,0000 
r O O O O O  
rooaoo 
r O O O O O  
r 00000 

, 00000 
.oooao 

-463s 6681 

658956 9 
.O 
e 0  
.O 
.O 

e O O O O  
e 0000 
roo00  

-7,208 
~2555 . 678 

77 328 
139380.8 

9260773.5 
9261056 e 9 

0271 
r 9829 

* 1809 
q 0354 

-525 9924 
2528 e 824 1 -. 164 
-30 . 2764 

.O 

.O  
* O  

-12300r3 
-2381 e 9  

,0161 

* o o o o o  
r O O O O O  

r 0000 

66 1266 + 7 
e o  
00 
* O  
.o  

,0000 
" 0000 
,0000 

-1 e 301 
-552 , 534 
483,651 
139374 8 
9245221.5 
924550 1 e 6 

- 0  0274 
-e9664 
0084 

9 1849 
,0515 

-528 1444 
2535,1606 -. 162 
-30 e 2699 

S O  

.O 
e o  

-14585 I( 5 
-2797 9 0 

r O O O O O  
* 00000 

.oooo 

6625815 2 
18,1574 

21 e 7558 
0 .  0687 
0126 -. 000 
r o o 5  
,016 

-1 2751 
1 e 0333 . 0000 
478 n 69 
-1 19 . 35 
-00094 

,0150 
22452 1 5 

* 00 
21297 I 657 

-00417 
e 00 
e 00 
e 00 

-&56* 5840 
-839 1392 

e o  

10 

672927 1 a o 
18e4410 

21 09935 
-00710 
,0189 
- r o o 0  

e 005 
e016 

-1 e 2552 
1 0342 
e0000 

479 , 77 
-1r20 

a 36 
r ~ o ~ 3  

0072 
225328 e 2 

, 00 
21403r004 

- e  0417 . 00 
e no 
9 00 

-457 4189 
-82 9652 

10 
.O 

AP 4-13 



Appendix 4 
Flight Simulated Data (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

AJ? 4-14 

620 e 0000 
22833,4960 
-4767561 e 3 
127032e2 
6923772 9 
-652293512 
663 q 5566 

20485t0590 
229732 e 5 
-751 * 1 
227 e 7 

-1229 5047 
1,6723 
- 1 0 ~ 0 0  

-123 e8365 
2 e 7153 
eo000 
1eOU21 
84,7205 
426.9690 

eoo o l  
12 9 7653 
59.3154 

9 0000 
e O Q O O  

e00000 
e 0000 

.O 

* O  

625* o a o o  
22938,5900 
-509842e7 
13038395 
7026320 o 8 

677 e 0091 
20533,4@50 
228487 e 5 
-722 * 0 
217.2 

~127v4'470 
1 e 7570 
- *  0000 

-128,7034 
2 7974 

" 0000 
9 8859 

84 e 9306 
427 9 1990 

eo001 
17e15M 
58 e 9782 

,0000 
00000 

e o o o o o  
e 0000 

-6712,7835 

.O  
2396 r 5536 
3551 v 6269 

* O  

TABLE 4-3 (Sheet 6 of 19) 
FLIGHT SIMULATED DATA (AD77) 

333849 4 
21508~5800 

n0 
90 
e o  

too00 
r O o O O  
* o o o o  

229732 e 7 
-751.0 
236 e 7 
-e9718 
e0102 
*0000  
.0O00 
r O O O O  
eo000 
r9816 

85 9 0277 
426e 7011 
8 e 7044 

-12 69% 
32 ~4018 

eo000 
rO O O 0  
eo000 
eoooo 
rO0OO 

9OODOO 

407 e 1526 

331154el 
21613.4710 

e0 
e0 
e o  

r 0000 
r O O O O  
* O O O O  

228487 6 
-721e9 
226 e 2 - p 9738 
,0152 
too01 
r o o 0 0  
r 0000 
t OD00 
D 8347 

85 e 2242 
426 e 6889 

8 7382 
-175 1038 
32 I) 4277 

r 0000 
r O O O O  
e0000 
r o o 0 0  
too00  

33976r6700 
22926.4600 

,00000 

409 o 1899 

229734 0 
21569064,O 
3762819.2 
220314,4 
7715757,3 
-7790.8549 
253 e 4476 

21461.7560 
-e2 
-10 
- e o  

e o  

roo00 
9670 

85.0248 
-538.0547 

e o o o o  

-1 0 3347 
32 * 2333 

e o o o o  
,00000 
~ 0 0 0 0 0  
eooooo 
,00000 

, O O O O O  
eooooo 

-472e5003 

2 9 7974 
roo00 
e8207 

85,2218 
-534 8756 

e o o o o  
-1 e 3981 
32 * 2592 

e o o o o  
r O 0 O O O  
.00000 
e00000 
000000 
9 19419 

32 57331 
eooooo 
9 00000 

-479 * 4737 

663349 e 2 
* O  
e o  
e o  
e o  

r O O O O  

,0000 
1.440 

369,071 
682.519 
139368 e 8 

9229440 e4 
9229717 e 0 

0284 
-,9714 
,0102 
* 1873 
e 0590 

-529 e 6642 
2540.8731 

161 
-30 2641 

e o  
00 
.O 

-16870 1 
-3221.4 

,oaoo 

* O Q O O O  
e 00000 

n O O O O  

665165 e 9 
* O  
e o  
e o  
e o  

* 0000 
e 0000 
.oooo 
1 . 259 
41,200 

-222 * 783 
139362.7 
921 2726 I 0 
9212999 e 5 

-,0299 
3 * 9734 
e0152 
1810 

e 0567 
-530 e 8056 
2545 e 8568 -. 160 
-30 e 2590 

e o  
e o  

e o  
-191541 0 
-3626 r 0 

176959071 
67e80278 

r00000 
r O O O O O  

* o o o o  

6833231.7 
ia 7259 

22,1400 
-, 0724 

t 0219 
-roo0 

e005 
e016 

-1 e 2509 
1 e 0429 

,oooa 
480 87 
-le21 

I 36 
0062 

225977.1 
9 00 

-,oai7 

21508.580 

ao 
-. 0417 

* 00 
e 00 

9 ~ 5 5  6697 
-830 0245 

e o  
.O  

6937697 e 1 
19.0122 

22 e 1992 
-,0701 
,0211 
-e000 

e 005 
e016 

-1 9 2553 
1 e 0403 

.oonn 
482 n 03 
-le22 

I 36 
e0018 

- e  0007 
326461 e 2 

* 00 
21613 e 472 

- e  0417 
r o o  
00 

e o 0  
-453 2255 
-82 e 2 8 5 ~  

263042100. 
90 
e o  



Appendix 4 
Flight  Simulated Data ( 0 7 7 )  

TABLE 4-3 (Sheet 7 of 19) 
FLIGHT SIMULATED DATA (077) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
A4 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

630,0000 
23042,2350 
-543899 e 2 
133802 . 5 
7129097r5 
-6911.0244 
690 e6837 

20576r3b40 
22991 1 * 3 
-720 6 
223.1 

~132,3248 
1 e 8341 
-.0900 

-133,5811 
2,8710 

r 0000 
,7113 

85e 1P24 
425 5544 

,0001 
21 . 5437 
58 6592 

,0800 
,0000 
,00000 . 0000 

.0 
2434.0937 
3551.3752 

.O 

206263,8300 

635,0800 
23144.2240 
-578965.9 
137290.6 
7232073.9 

704,5542 
206M 0 3650 
23061U 6 
-746 'I 4 
236 , 5 

-137~2009 
1 ,8940 
-e0000 

-138p4b99 
2 9 9350 

r O O O O  
5 U 2  

85 e 3560 
426 e 9959 

00001 
25.9332 
58 e 2884 . OD00 

* OD00 
r O O O O O  

r 0000 

-7116.9960 

00 
2471 9 5497 
3551.1059 

* O  

208313,4800 

328456.8 
21716.9340 

.O 

.O 

.O 
roo00  
e 0000 
.oooo 

229911 e 4 
-72s 5 
232.2 
0,9757 
e0139 
roo01 
r O O O O  
r O O O O  
9 0000 
r6704 

8594225 
426 9 560 1 
8 7729 

-21r5034 
32 * 4527 

r00OO 
9 0 0 0 0  
roo00  
.oooo 
eo000 

33607rOR10 
23034,1150 

.00000 

410,7364 

325757 , 7 
21818.7750 

S O  

* O  
,O 

roo00  
roo00 
*oooo 

230614 9 7 
-746 3 
245.6 
-09733 
90136 
,0801 
r O O O O  
IO000 
9 0000 
e 4885 

85 e 6225 
426,4995 
8,8085 

-25.8813 
32 e 4767 

e 0000 
rOO0O 
* 0000 
roo00 
r O O O O  

33247r0690 
23139e7730 

* 00000 

412rR531 

229912.7 

222861 , 4 
7930730.2 

21572337.0 
-842791 0 

-8208,6101 
256 0847 

21528,9980 
m.2 
-,O 
m.0 

.O 

.o 

.o 
-133 9 5811 

2e8710 
r O O O O  
96569 

85 e 4205 
-540 o 2634 

.oooo 
-1 94502 
32.2841 

.0000 
.00000 
r O O O O O  
r O O O O O  
*ooooo 

32 57246 
*ooooo 
rOOO00 

485,1629 

, 18667 

230616,l 
21573481.0 
-884381.5 
224145.7 
8038438 3 
-8428r8260 
257,6457 

21553.2730 
m.2 

w.0 
.O 
.o 
e o  

-138 9 4499 
2 * 9350 

eoooo 
,4756 

85 e 621 1 
4 4 0  9 0865 

.oooo 
-1 r48O9 
32 r 3080 

,0000 . 00000 
r O O O O O  
r O O O O O  

eOOOOO 
*OOOOO 

-489 8965 

666678 0 
e o  

.O 

.O 

.O . 0000 
r O O O O  
,0000 
1.813 

156,341 
-393.394 
139356 9 7 

9195778.4 
9196048r8 

9.0312 

e 0139 

0579 
-531,7434 

- ,9752 
e 1805 

2550,004a 
m.160 

-30 e2548 
.O 
.O 
* O  

-21439r1 
04041r5 

1779 13544 
68 44170 

rOOOOO 
* o o o o o  

9 0000 

667848 r2 
* O  
V O  

.O 
* O  

,0000 
r O O O O  
,0000 
2.544 

533,118 
123,924 
139350 e 7  
9178110.2 

0.0322 
0.9728 
e0136 
I 1854 
e0610 

-532r5319 
2553,2149 -. 160 
-30 2515 

* O  
* O  
* O  

-23726s 0 
-4456 9 9 

177.82123 
69,08051 

r O O O O O  
* 00000 

,0000 

9178377 ,s 

7042664.1 
19 e 2998 

22.5210 
-.0710 

9 0219 
-,ooo 

? 00s 
* 016 

-1 2552 
1 e 0369 

* 0000 

-1 23 
0 36 

- roo10  
,0001 

326794 . 7 
* 00 

21716.935 
- e  0417 

e 00 . 00 
.oo 

-&5?,8701 
-83,0354 

265425320. 
.O  
* Q  

483.20 

22,777 1 
we0737 
,0234 
-roo0 

* 005 
,016 

wl ,2479 
1,0410 

,0000 
484 e 42 
-le24 . 37 
-roo12 

e 0023 
227100.8 

00 
21818r773 

0418 
0 00 
0 00 
e 00 

-457.4901 
-83.23a3 

267780950, 
.O 
e 0  

AP 4-15 



Appendix 4 
Flight  Simulated Data (AD771 

TABLE 4-3 (Sheet 8 of 19) 
?LIGHT SIMUJLATED DATA (AD771 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

640 * OR00 
23243,9530 
-61508L 1 
140848q4 
733521996 
-7330r2633 
718.5901 

20643r8020 
230966 L 2 
-730.9 
220 a 5 

-142*0530 

- too00 
443e3O46 

,0000 
* 3972 

85 a 5712 
427.5099 . OD01 
3Or24l2 
57.9559 

*oeoo 
,0000 

~ O O Q O O  
,0000 

.O 
2508 5861 
3550.8717 

.O 

210068*7200 

1 9564 

2 . 9867 

645rOOOO 

-652279 r 9 
144476 9 6 
743849943 
-7550e2957 
732c 7197 

20666.8620 
2303221 4 
-759 e 6 
3393.7 

-146,9006 
1 , 9746 
9) 0000 

3147.3857 
3.0093 

* 0000 
r 0790 

85 7880 
426,5204 

rO 0 O l  
34 . 5954 
57 * 6116 

. O O O Q  
roooo 
,00000 

* O  

3550 q 7392 
,O 

211575r8S00 

23340.,7020 

a o m o  
2 5 4 0 ~ 8 ~ 6  

323055 a 9 
21918a3870 

.O  
e o  
10 

r O O O O  
rOOOO 
90@00 

230966.4 
-730.8 
229 a 6 

c e 9719 
80102 
rOO O l  
00000 
r O O O O  
r O O O O  
* 2897 

85 9 8243 
426 r 4778 
8 * 8450 

40,2157 
32 4997 

rOO O O  
rOOOO 
a0000 
roo00 
a0000 

32899r2760 
23g42.3690 

. O O O O O  

413,1851 

32035~~4 
22015r0640 

* O  
.O 
.O 

rOQoO 
roo00  
0000 

230322 e6 
-759 6 
1402e2 

I( 8958 
* 0056 

*r0026 . 0000 
.oooo 
roo00  
7 0745 

86 * 0276 
426 e 4606 
8 (I 8822 

-34 v 5263 
32 I 5218 

9 0000 
9 0000 
a0000 . 0000 
9 0000 

3 566.7920 

~ 0 0 0 0 0  

414r 1509 

2 s 340r6180 

230967 6 
21574246,O 
-927090,9 
225438 . 1 
8146250.6 
-8656~0959 
259 3561 

21570.4920 
m a 2  
- a 0  
m.0 

.o 
a 0  
* o  

-14.3 3046 
2 e 9867 
.0000 
a 2774 

85 e 8234 
-540 1 2597 

.oooo 
-1 5092 
32.3310 

.0000 
,00000 
~ 0 0 0 0 0  
a00000 
.ooooo 
9 17201 

32 57062 
,00000 
.ooooo 

4 9 3  9 9196 

230328. i 

-97a953.2 
21574594.0 

226739 . 4 
8254129.8 
-8889r8491 
261 1716 

21579~8700 
-*2 
-90 
- a 0  

I O  
,o 
,o  

-1471 1257 
3,0093 

a 0000 
9 0628 

86.0274 
-540 e 0036 

*oooo  
-1 a873 
32 t 3530 . 0000 
,00000 
~ 0 0 0 0 0  
00000 

a00000 
16503 

32 . 56966 
,00000 
,00000 

4 9 7  e 3732 

668638.4 
.O 
,O 
$ 0  
.O 

* o o o o  
.oooo 
r O O O O  
1,371 

m24.681 
-518,990 
139344.5 
9159786 3 
91600501 1 

-00332 
~ ~ 9 7 1 4  
,0102 
9 1813 
9 0570 

-533 e 2292 
2555 3825 -. 160 
*30,2493 

*O 
a 0  
* O  

-26 0 1 5 * 3 
4872 7 

178a66424 
69,71467 

000000 
I00000 

IO000 

6690 11 e3 
V O  

t O  
* O  
.O 

a 0000 
e 0000 
t0000 

123,365 
37798.817 
361 . 839 
139338.3 
9140583r2 
9140843.6 

-e0309 

i)  0056 
e 1890 . 3488 

-533,8398 
2556,4056 

161 
-30 2483 

a 0  
10 
.O 

-283061 1 
-5288 9 6 

179 r 68402 
70 33853 

rOOOOO 
9 00000 

* o o o o  

- 8952 

23.0026 
~$0728 . 0220 

- r o o 0  
e 005 
9017 

-1 e2504 
1 a 0303 

* O O @ O  
485t6R 
-1 e25 

a 37 
0 .  0054 
a0014 

227388.6 
21 918 r 388 e 00 

-,Oh18 . 00 
I O 0  
e DO 

-1158 e 4185 
-82 4833 

270094450, 
* O  
.O 

7360495 *6 
20,1708 

23,1320 
0763 
.1400 
- too0  
I 005 
9017 

* * 2249 
1 e 0347 

,oooo 
486 e 99 
-1 e26 
, 37 

-to016 
I5799 

227641t4 
t 90 

22015. 064 
- a  0418 

I O 0  
00 

too 
-457 e 391 1 
-83.2543 

27~348310. 
* O  
.O  

AP A-16 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 

650eO000 
23436,2380 
-690592 a 1 

14811506 
7541877e3 

-7774a1000 
746 9 9239 

20685e3350 
230518 a 3 

-762 9 6 
-582 e 7 

1.9979 
I O Q O a  

-1Y5a 4648 
3 9 0319 

,OB00 
9.1568 

8690060 
425 3234 

e0002 
32 8976 
57 e 2657 

roo00 
.0000 

0 001300 
0000 

*O 
2580 e7679 
3550 e 7846 

r O  

212854a9300 

-145,7964 

655(10000 
23536a73130 

151946.1 
764535% 9 

761 e 3360 
20708,0010 

230583a0 
-70% 4 

l44rO 
~ 1 4 3 * 5 8 5 0  

1,9657 
- .oooo 

-1'+3rlO80 
2 e 9774 
DO000 -, 3768 

86 2250 
425 p 8439 

e 0002 
30 e 1575 
56,9381 

D 0000 
,0900 

~ 0 0 0 0 0  
* 0000 

90 
2618 9 7894 
3551 e OJ04 

00 

-730016 " 8  

w7995*4?35 

33 213994a6300 

Appendix  4 
F l i g h t  S i m u l a t e d  D a t a  (AD77) 

TABLE 4-3 ( S h e e t  9 of 19) 
E'LIGHT SIMULATED DATA (AD771 

317648-4 
22110a5760 

e o  
* O  
a 0  

* 0000 
.oooo 
roo00  

230510~4  
-762 6 
-587 1 

o 4680 
eo010 
a 0030 
110000 
r 0000 
r O O O O  

- 9  1479 
86 9 2323 

426 g 3976 
8,9211 

-32 e 8762 
32 0 5428 

DO000 
roo00 
.oooo 
r o o 0 0  
* o o o a  

32244r2810 
23435r6680 

,00000 

414.9398 

314944.7 
22211r0750 

.O  
10 
e0 

90000 
roo00 
aoooo 

230583 1 
-701.7 

142.9 
9 5329 

-a0275 
a 0002 
.a000 
e O O O 0  
r O O O O  - * 3555 

86.4379 
426 a 3984 

8 9642 
-30 D 1327 

32 t 5628 
q 0000 
s0[100 
a0000 
* 0000 
roo00 

3191190370 
23533.5310 

~ 0 0 0 0 0  

415.6776 

230512,Y 
21574493Q0 
-1015997.0 

228049 , 9 
8362037 , 8 

-9127a1979 
263.0484 

21584a3080 
-e2 
q.0 
* D O  

D O  

e o  
00 

4 4 5  e 4648 
39 0319 

- e  1590 
86 e 2327 

-541 a 9650 
* 0000 

-le5017 
32 a 3739 

roo00 
a ooooo 
.ooooo 
a00000 
eooooo 
e15820 

32 e 56871 
e 00000 
* 00000 

-500,3592 

.oooa 

230584,2 
21573952,O 
-1062221-4 

229370 0 
0469979.0 

-9362.3039 
264a9904 

21592,9140 
*,2 
- D O  
- 9 0  

a 0  
0 0  

Q O  
-143r1080 

2,9774 
Q O O O O  

we3660 
86 94390 

4 Q l r 4 7 3 3  
r O O O O  

-1 4862 
32 9 3939 

r O O O O  
,00000 
9 00000 
rOO0OO 
r O O O O O  
D 15110 

32 , 56782 
r O O O O O  
a00000 

-502,9565 

668933 9 3 
e 0  
9 0  
D O  
a 0  

e 0000 
(I 0000 

-26065,341 
329,481 

r o a o o  
-85 , 870 

139332.1 
9121 197 r 8  
9121454a9 

,0163 
o 4677 
,0010 
II 1896 
1459 

-534 1 3661 
2556,1916 

9,163 
-30 e 2485 

D O  

a 0  
10 

~30597.2 
-5704 D 8 

-179.15475 
70.96255 

rOOOOO 
*ooooo  

00000 

668414 r 6  
a0 
90 
e 0  
r o  

,0000 
roo00 
roo00 

-6.914 
-2466,599 
-1774,791 

139325 9 
9100800r8 
91  01054 a 5 

,0185 
a 5326 

* a  0275 
e 1744 
e 0355 

-534 8134 
2554 7686 

m e  165 
-30 9 2500 

* O  
* O  
D O  

-32887 e 9 
-6121 .o 

-177e94244 
71 a62790 

a00000 
e 00000 

,0000 

23 3480 
0772 

-D 0590 
-a000 

roo5 
,017 

,3313 
1 0340 

.oooo 
@fM I 3 2  

- la27 
r 38 

, 0042 
* 0521 

227833.3 
* 00 

221101577 
- e  0418 

a 00 
I on 
.a0 

-459,4042 
-83 e 2049 

27~583070, 
r O  
* O  

7514737.7 
20 7580 

23 e 5 5 5 ~  
- a  0717 

a015b 
-*oon 
,005 
018 

4765 
,9918 
eo000 

489.71 
-1 e 28 

9 38 
e0121 

-*(I820 
228025.7 

e 00 
2221 1 a 075 

0418 
a 00 
,oo  
e 00 

-458 5636 
-83 5532 

276943180, 
a 0  
* O  

4-17 



Appendix  4 
F l i g h t  S i m u l a t e d  Data (AD77) 

TABLE 4-3 ( S h e e t  10 of 19)  
FLIGHT SIMULATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 

6601 O Q O O  
2364104040 
-77054a e6 

155788 r 8 
7748963 a 6 

-8214.0937 
7759 7016 

20734,5940 
230245 e 7 

-739 a 0 
33'4 a 6 

-141 r 2840 
1 9  8762 

-14097909 
298800 

r O O O O  
me5806 

86 4'444 
427,1314 

$0002 
27 a 3385 
56 , 5686 

,0000 
.oooo . 00000 . OD00 

-QoQOO 

a 0  
2658 , 7164 
3551 ,4703 

. O  

214969,2800 

665aoO00 
23749,8620 

-812152r5 
159703. 1 

78527081 2 
-8429 7728 

790 9 0027 
20764,5300 

230220 r 7 
-734 9 4 

32% 0 
-138.8979 

1q7319 
* r O O O O  

*138r3680 
2,7044 . OD00 
-97681 

8606641 
427 a 2389 

,0002 
24 e 4479 
56,2174 

.oooo 
,0000 

* 00000 
,0900 

* O  
2700 4580 
3552rlOO6 

.O 

215791.4200 

312247.6 
22'15.8340 

S O  

.O  
a0 

roo00  
r 0000 
roo00  

230245.8 
-739 e 1 

330 e 1 
I) 4677 

-a0159 
- v  0003 

r o o 0 0  
IO000 
roo00  - * 5480 

86 r 6440 
426 e 4 124 

900110 
-27 9 3134 

32 I 5817 
roo00 
a O O O O  
r O O O O  
*OD00 

31569,3770 
23633,5970 

Q O f l O O  

*00000 

416 I) 3384 

309552 94 
22424.3370 

B O  
a0 
a 0  

r 0000 
,0000 
e 0000 

238220.9 
-734 , 9 

319.5 
e 4784 

- Q  0495 
-*0000 
r0000 
(10000 
9 0000 

-e7252 
86,8505 

426 e 3598 
9.0612 

-24 a 4239 
32 e 5996 

roo00 
roo00 
r O O O O  
r O O O O  
10000 

31"20 a8900 
23735,4490 

. O O O O O  

416 I 8639 

230247 3 
21572999.0 
-1109615.2 

230699 , 4 
8577972.4 

-9594.8262 
266 a 7573 

21605.1880 
m.2 
m a 0  
e.0 

e o  

a0 
a 0  

-140.7909 
2,8800 

,0000 
- e  5579 

86 a 6U56 
-539 e 0263 

a 0000 
-1 3736 
32 ,4128 

roo00 
*ooooo  
~00000 
a 00000 
0 00000 
14376 

32 e 56705 
* 00000 
r O O O O O  

-505.1601 

230222.3 
21571659,O 
-1158164.7 

232037 3 
8686035 1 

-9824e5668 
268 9 3406 

21620a8010 
- *2  
*.o 
-.o 
Q O  
a 0  
* o  

-138 n 3680 
2 a 7044 
too00 

- 0  7345 
86 8526 

-538 v 8574 
roo00 

-1 a2261 
32 t b306 

,0000 
900000 
eOOOOO 
r O O O O O  

00000 
13621 

32 a 56638 
$00000 
r O O O O 0  

-507 I) 0913 

667481 a 8 
a 0  
9 0  

0 0  

90 
9 0000 
rO O O O  

11,938 
3584 048 
-631,723 
139319 a 7 

9080151 a 0  
9080401 a 1 

II 0153 
e 4675 

-.0159 
1839 

roe21 
-535,1156 
2552,2098 

-,168 
-30 9 2527 

*0 
,O 
a 0  

-35171 r 3 
-6537 a 9 

1176.67340 
72 33201 

e 00000 
r O O O O O  

a 0000 

666162 * 5 
* O  
90 
a 0  
a 0  

a 0000 
,0000 
e 0000 

11,020 
3220,776 
-891,623 
139313 v 5 

9058453 e 1 
9058699.8 

90145 
e 4782 
0495 

e 1829 
e 0795 

-535 , 3575 
2548 g 5908 

9.171 
-30 a 2564 

* O  
$0 
* O  

-37453 2 
-6954 e 3 

~1759334'44 
73 v 07354 

,00000 
a 00000 
,0000 

.a000 

7682594 8 
21 a 0536 

23,7246 
0,0761 

a 0345 
- *  000 

e005 
e018 

a '4926 
1 a 0038 

,0000 
491 a 12 

-1.29 
a 38 

'a 0043 
-*OlOl 

228163a2 
00 

223150834 
-a0418 . 00 

a 00 
* 00 

-456 , 5822 
-83 0847 

279413040, 
a 0  
a 0  

7790968.9 
21 * 3506 

23,9285 
- 9  0763 

e 0337 
- *  000 

005 
,019 

a 5296 
* 9724 
,0000 

492.60 
-1 a 30 

138 

e 0332 
228239 a O 

* 00 
22424 e 337 

re0419 
a 00 
r 00 
r o o  

my56 0272 
-83 4706 

281981880, 
$0 
a 0  

*0106 
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Appendix 4 
Flight Simulated Data (AD771 

TABLE 4-3 (Sheet 11 of 19) 
FLIGHT SIMULATED DATA (AD771 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

670~0000 
2386294360 
-854834 t 6 
163686 I 3 
7956614.6 
-8642r6155 
804,Oi?71 

20798,5570 
230919 9 5 
-753 9 7 
19Qt8 

-136.3261 
1 e 5147 
a, 0000 

-13597973 
2 9 4947 

rOO0O 
- e  9387 
86 9 8836 
426.OS21, 

,0902 
21,3835 
55 c 8642 

.oooo 
,0000 

.ooooo 
(I 0000 

$ 0  
2744 e 3365 
3552 9 9222 

6759 0000 
23979.1S10 
-898573 a 3 
167742. 8 
8060700 (6 
-t3852r180Y 
817 9 7769 

20036,8230 
23105817 
-770 t 8 
179~3 

-133 6590 
l o  3067 
- 9  0000 

-133e1140 
2a2909 

r O 9 O O  
-1 t 0913 
87 11029 
426 9 9799 

,0002 
18r2r)Of 
55 t 5091 
,0000 
r 0000 

,00000 
r ooco 

r O  
2790 4396 
3553 o 9$0? 

t o  

306849 t 3 
22537.1080 

t o  

.O 

.O . 0000 
roo00 
* O O O O  

230919.7 
-754 1 
186 t 0 
95045 

- 9  0407 
a0003 
r O ~ O 0  
r 0000 
r O O O O  
9 8866 

87.0568 
426 (I 3086 
9q 1150 

121 I 3639 
32 I 6165 

roo00 
9 0000 
rOOO0 
rOa0O 
*OB00 

J0863r7470 
23839.6730 

.00000 

417r3283 

304146 13 
2265319860 

(0 
.O 
* O  

* O O O O  
* O O O O  
r o o 0 0  

23105~~8 
-771.2 
165 e 1 
I 5402 

- 9  0400 
90003 
*oooo 
roo00  
r0000 

-1 v 0310 wqaj3i 
426 3268 
991722 

*I8 r 2256 
32.6323 

o 0000 
1Qu00 
r O O O O  
r 0000 
e 0000 

30498r3530 
23946r2190 

00000 

417 $8048 

230921 9 0 
21569964.0 
-1207856.5 
233382.1 
8794185.7 

-10051t6593 
26995089 

21640.4120 
9.2 
-90 
w o o  

9 0  
90 
t o  

-135.7973 
2 r, 4947 

*oooo  -. 8953 
87 r 0595 

-542 e 0 109 
P 0000 

-1 e0065 
3294474 

.oooo 
II 00000 
r O O O O O  
rOOOOO 
900000 
9 12840 

32 e 56586 
r 00000 
~ 0 0 0 0 0  

-508 e 8990 

231060*2 
21567941.0 
-1258676.2 
234731.7 
8902444.8 

-10275 * 6743 
270 9 2649 

21664t1920 
-92 
- t o  

m.0 
,O 
,o 
t o  

-13511140 
2q2909 

,OL700 
-1 t QJ4’1 
87 + 2662 

054% tl469 
? 0000 
9 7962 

3214631 
r O 0 O O  

tooooo 
900000 
tOOOOO 
r O O O O O  
(I 12035 

32 56548 
rOO0OO 
00000 

~510e5219 

664485 9 3 
90  
t O  
* O  
.O 

10000 
1 0000 
,0000 

-4.078 
-1 196 560 
-449,995 
139307 r2 

9036493.4 
9036736.6 

0133 
e 5043 

-*0407 
t 1871 
,0461 

-535 t 6626 
2543 t 9899 

0,175 
-30 e 2611 

.O  

.O 
t o  

-39741 (I 4 
-7372 e 4 

-173.90544 
73 e 85856 

,00000 

.0000 
Q O O O O O  

662480 r2 
* O  
* O  
e o  
9 0  

too00 
,0000 
roo00 

-6 972 
m1917,511 
-16 631 
139300 * 9 
9013444 t 3 
9013683.9 

e0123 
,5401 

* 8 0400 
r 1912 
e 0‘12.09 

w535 t 9343 
2538 4896 

- 9  180 
-30,2667 

10 
9 0  

to 
42029 r 5 
-7790 e 7 

-172r37225 
74 9 68859 

r 00000 
rOOOOO 

,0000 

7899881 9 
21,6490 

8009355 t 5 
21 19491 

24 e 4425 
c 0815 
to180 
- I o 0 0  

B 006 
1020 

t 5447 
e 9842 
9 0000 

495 965 
mlt32 . 39 

- t o o 1 1  
-10032 

228468 8 
100 

22653.986 
* e  0419 

e 00 
e o 0  
00 

*,058 9 20 13 
083 * 5887 

287455660. 
* O  
t o  
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Appendix  4 
F l i g h t  S i m u l a t e d  Data (AD77) 

TABLE 4-3 ( S h e e t  12 of 19) 
FLIGHT SIMLTLATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

680 e OQOO 
2409902670 
-943349 . 9 
171865e5 
8164988 e 1 

831.2246 
20879*0850 
230148e1 
-756.3 
284 P 9 

1130 e 9859 
1 e 0953 
-roo00 

~130,3621 
2 e 0698 
roo00 

-1 e 2R46 
87 * 3220 
426 3399 

*OD02 
15.1099 
55,1520 

r O Q O O  
r O Q O O  
eo0000 
rO Q O O  

-9057,7884 

.O  
2838,5673 
3555 9 1225 

e o  

217923,9200 

685,0000 
24221.8580 
-989143 9 1 
1'716054 3 
8269495 * 1 
-9258q5298 
844 * 2682 

20924,6790 
2281189 9 
-766 9 6 
110.6 

3127 e 8853 
,8361 

-rOQOO 
-127 e 2805 

1 e 8347 
.OW00 

-1 3371 
87 5&08 
423,0755 

* 0002 
1105906 
54 7928 

.oooo 
* 0000 

r OOQOO 
* OD00 

* O  
2888 e 4663 
3556 4847 

e o  

33 218435r9200 

301441.9 
22774.3050 

* O  
* O  
* O  

.a000 
roo00  
roo00  

230 148 3 

279 e 7 
I5444 

L 9 0477 
*oQo1 
.oooo 
r O 0 O O  
e OD00 

"1 e 1573 
87 9 4694 
426 e 3202 
9 2324 

-15e0997 
32 9 6470 

roo00  
r O O O O  
*oooo  
roo00 
@ o a o o  

3O126r7@l0 
24054,5250 

eOOQOO 

-756.8 

418,2133 

298749 2 
22897.0560 

90  
.O 
* O  

rOO0O 
r O ~ O O  
roo00 

228119,O 
-767 e 0 
104~6 
r6212 

- e  0464 
00005 
too00 
* O O O O  
t O O O O  

"1 9 2639 
87.6754 
426.2616 
9 e 2950 

-1 1 . 5658 
32.6606 

roo00  
*oooo  
rO0OO 
* 0000 
roo00  

29751e9250 
24163 7570 

~ 0 0 0 0 0  

418 9 5346 

230149*7 
21565626,O 
-1310606,9 
236084 0 
9010833.0 

-10495,9255 
270 e 5953 

21691r8870 
m.2 
--,O 
-10 

.O  
* O  
.O  

-130 e3621 
2 e 0698 

e 0000 
cl e 1647 
87 9 4728 

-539.8235 
*0000 
5824 

32.4778 
eOOOO 

eOO0OO 
* o o o o o  
,00000 

32 e 56521 
,00000 
e00000 

m511r9991 

.ooaoo 

. 11207 

228120.3 
21563055,O 
-1363627.5 
237436 , 8 
9119368.0 

-1071104749 
270 4227 

2172209980 
-92 
- e o  
- * O  

.O  
e o  
.O 

-127 2505 
1. 8347 

.oooo 
-1 ,2708 
87 v 6792 

-5399 1923 
.oooo 

-e3414 
32.4913 

00000 
~00000 
,00000 
8 00000 
,00000 
p 10365 

32 e 56506 
*000OO 
~ O O O O O  

-513e2314 

660181.6 
.O 
* O  
10 
* O  

e 0000 
.oooo 
* 0000 
6,160 

1866.392 
-506, 902 
139294.6 

8990 122 e 6 
8990358.9 

-0104 
* 5443 

-e 0477 
e 1884 
e 0696 

-536,1910 
2532 e 18% 

-e  185 
-30 2732 

* O  
.O 
e o  

*W318 I 5 
-8209.2 

-170e71464 
75,56155 

~00000 
e 00000 
,0000 

657625.1 
.O 
.O 
90 
.o 

* 0000 
e0000 
.OD00 

-13 e 726 
-3a87.210 
-56 I 354 
139288 e 3 
8972470 o 1 
8972702.8 

e 0093 
,6211 
0464 
1926 

e 0263 
-536 0 3075 
2525,1708 

191 
-30 e 2804 

0 0  
80 
e o  

-46596 e 7 
-8627 * 0 

~168e91541 
76 e 47244 

e 00000 
* 00000 

a 0000 

8119409.2 
22e25Q7 

24 e 5646 
* a  0807 

e 0304 
* * O O O  

006 
to21 

* 6236 
,974rr 
*0000 

497.23 
-1 e 33 

e 39 
,0014 
e 0245 

328575 4 
*OD 

22774 e 306 
-,Ob19 . 00 . 00 

o 00 
-456 e 9242 
-83 5409 

290343a40, 
$0 
.O 

a?30060. 1 
22 e 5539 

24 a 5675 
- 9  0826 
e0119 
-roo0 

e 006 
I) 021 

e 6347 
e 9786 

498 e 87 
-1 e 34 

e 40 
-e0009 

a 0049 
328594.2 

e 00 
22897 e 056 

-,0420 . 00 
e 00 
r o o  

e~55.9923 
-83,8408 

293304960. 
10 
.O  

i 
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Appendix 4 
Flight  Simulated Data (AD77) 

TABLE 4-3 (Sheet 13 of 19) 
FLIGHT SIMULATED DATA (AD77) 

i 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

LO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

31 
32 
33 

30 

690*0000 
24346*9580 
-1035926r2 
180307*4 
8374240 * 5 
-9453*890% 
856 * 9070 

209744,2650 
228569 0 
-775.7 
339 * 5 

-124 I 7945 
*6$57 

-.oooo 
4% 0199 

1 5946 
rOOOO 

-1 4Z72 
87 r 7593 
423 Os88 

"0002 
8 e 0632 
54,4315 

,0000 
00000 

r OQOO 
* O  

2940 3664 
3558 e 0094 

9 O  

218877,7400 

D00000 

695.0QOO 
24474,7310 
-1083672r6 
184622 * 7 
847924U 0 
-9643r4933 
869 c 1326 

21028,2640 
228103.5 
-776 * 9 
95.1 

-121 0634 
" 3748 

- r O O Q O  
-120 t 2826 

1 9  3546 
* 0000 

el r 4938 
87 9 9773 
423 5906 

roo02 
3.9440 
54,0683 

rOOO0 
r O O O O  

*ooooo , ogoo 
* O  

2994 e 3750 
3559 6939 

296060 2 
23022r3830 

* O  
S O  

90 
.oaoo 
$0000 
r O 0 O O  

228569 * 2 
-776 9 2 
333.3 
6387 

-90484 
roo02 
r 0000 
* 0000 
roo00  

-1 * 3495 
87r8813 
426 e 1876 
993600 
'-810626 
3296731 

roo00 
r O O O O  
r O O O O  
r 0000 
7 0000 

29373 1590 
24274 2050 

,00000 

418r8075 

293358 * 8 
23150~3660 

* O  
* O  
* O  

* 0000 
r O O O O  

228103,7 
-777 * 4 
87r8 

r 7429 
-e0485 
e0004 
COOOO 
COOOO 
r O O O O  

~'1*4130 
88t0869 
426 r 0628 
9 4272 
-3 9413 
32 c 6846 

*0O00 
. O O O O  
rOOOO 
r O O O O  
rO0OO 

28'89 r 9840 
2438600540 

* 00000 
418~9128 

D 0000 

228570 * 8 

-1417712,9 
238787 4 
9228068 5 

21560268r0 

-10921*8656 
269 8 7388 

21758*0910 
m.2 
1 . 0  
- *  0 

* O  
e o  
* o  

-124e 0199 
1 9 5946 

*0000 
-1 3558 
87 . 8853 

-540 o 2776 
r O O O O  

e 0987 
32 c 5038 

00000 

qooooo 
,00000 
r O O O O O  
" 09505 

32 v 56502 
r O O O O O  
.ooooo 

-514.3212 

,00000 

228105 * 0 
21557308 0 
-1472837,2 
240133.3 
9336955 e 1 

-11126r7138 
248.5289 

21797,6290 
m.2 
n.0 
- * O  

.O 
* o  
.o 

e120 e2826 
1.3546 

r O O O O  

88r0911 
-530r5003 

.oooo 
e 1447 

32r5152 
roo00 

r O O 0 O O  
,00000 
rOO0OO 
900000 
08625 

32 w506 
r O O O O O  
* O O O O O  

-514 a240 

-1 *4ia6 

654852 e 5 
* O  
* O  
C O  

* O  
a 0000 
* 0000 
r O O O O  
11,669 

3687 736 
84 , 285 

139282 (i 0 
8956234 9 8 
8956464 0 

0069 
e 6386 

-*0@84 
1946 
0835 

-536 3780 
25 17 e 5652 

-0198 
-30 9 2882 

.O 
* O  
.O 

-48870 P 8 
09045r 1 

~166~94075 
77 e 42492 

1 0 0 0 0 0  
r 0000 

D00000 

651905r5 
* O  
* O  
* O  
* O  

,0000 
roo00 
r O O O O  

-16 * 227 
-4508.680 

63,121 
139275 6 
8932468r 7 
8932694 3 

roo49 
I 7428 - 0485 
1953 

* 0221 
-536 5536 
2509*4808 

e.205 
-30,2965 

.O 
* O  
.O 

-51156 ( 8  
w9463.e 8 

1164973880 
78,42238 

q 00000 
r O O O O O  

.oooo 

24 8395 
m e  0843 
I 0369 
- r o o 0  

e 007 
* 022 

" 7744 
e 9789 
.oooo 

500 e 52 
-1 I 35 

40 
e 0003 
0551 

228584 e 9 
.oo 

23022 9 383 
0420 . 00 
.OO 

-~57,0403 
-83 8794 

296343610, 

, 00 

* a  
.a 

25,0172 
I 0852 
rOlO4 
-roo@ 

e 007 
023 
7807 

* 9799 
*oooo 

502.26 
-1 e 37 

40 
e0007 
.Oil0 

228592 8 . 00 
23150 I 366 

*so420 
* 00 
* a0 

299462810. 
.O 
* O  

AP 4-21 



Appendix  4 
F l i g h t  S i m u l a t e d  D a t a  (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

700 t 0000 

~1132348t6 
188997 9 9 
8584526 r 9 
-982596966 
880 9 8893 

21085fi7060 
225697 9 7 
-768 , 2 

24403,4700 

"*0000 
-1 16 t 0198 

lr1150 
* O O O O  

-1 ,5544 
88 t 1951 
418.1O10 

* 0002 
o 5b2? 

53.7025 
* 0000 
,0000 

r O O O O O  
r 0000 

* O  
3049*9$19 
3561 t 4987 

,O 

219076e 5800 

705eOOOO 
24732,9390 
-1181913r7 
193430 9 7 
869010fe2 
-9998.7635 
892 c 1663 

21147r3120 
225060 r2 
-771 e 6 
515,l 

*112*4316 
- 9  1171 
m 9  aOoo 

~ 1 1 1 ,  3078 
8594 

*0000 
-1 5450 
88 t 4t24 
4189 0451 

* 0002 
5 * 4325 
53 v 3348 

.oooo 
0OOQ 

r 00000 
,0000 

* O  
3107,0188 
3563 3598 

e o  

219076.5100 

TABLE 4-3 ( S h e e t  14 of 19) 
FLIGHT SIMULATED DATA (AD771 

290657 4 
23279,3100 

e o  
90  
* O  

roo00 
*oooo  
roo00 

225697 9 
-768 e 6 
522.8 
e 9672 

-B 0481 
0 OD03 
* O O O O  
e 0000 
to000 

-1 94518 
88 e 2923 
425 9 8093 
9 9 4957 

9 3792 
32 6949 

* 0000 
r O O O O  
roo00 
r o o 0 0  
* 0000 

28607,2380 
24497,9890 

* 00000 

418.9128 

287956.2 
23'08r9730 

t o  

t o  
t o  

roo00 
r O O O O  
* o o o o  

225060.4 
-772 e 2 
505r8 
e 9423 

*. * 0533 
r0005 
* o o o o  
r O O 0 O  
* 0000 

'1 4623 
88 I 4975 
425,5148 
9 r 5650 
5 * 3944 
3297041 

roo00 
* o o o o  
* 0000 
roo00 
roo00 

28224,8650 
2&61O t 3320 

,00000 

41 8 9 128 

225699,8 
21554225*0 
-i52a967,8 
241471,8 
9446049,O 

41324 4063 
266 9 7823 

21840.7810 
-9.2 
* t o  

-10 
t o  
* o  
* O  

-1 16r 0 198 
le1150 
,0000 

-1 9 4568 
88 e 2966 

~539, 0431 
roo00 
,3883 

32 t 5255 
eO O O O  

,00000 
.00000 
* 00000 , 00000 
9 07738 

32 9 56527 
,00000 
*ooooo 

~514r8240 

225062 3 

-91586065,l 
242800.2 
9555369.4 

21551073eO 

-11513*0900 
264 4935 

2188802810 
w*2 
= * O  
- t o  

* o  
9 0  

* o  
~111.3078 

8594 
,0000 

-1 * 4667 
88.5018 

-53813123 . 0000 
6462 

32 5346 
* O O O O  

t 00000 
,00000 
* 00000 
.ooooo 
06841 

32 56533 
,00000 
,00000 

-514 9 8240 

648834 e 0 
* O  
" 0  
* O  
r O  

0 0000 
.oooo 
.oooo 

33,905 
I024le2Q4 
-67 . 639 
139269 e 3 
8906820 9 0 
8907042.1 

0023 
9672 
0481 
1951 

e 1327 
-536,7142 
2501 0552 

0.212 
-30 3051 

e 0  
e 0  
* O  

-53441 e 7  
-9883 4 

-162r27561 
79r45381 

~ 0 0 0 0 0  
9 00000 
,0000 

645692 t 3 
* O  
.O  
t o  

V O  
* 0000 
r O O O O  
,0000 

32 120 
9695.006 

9 , 766 
139262 8 9 
8879990 e 0 
8880208r7 

*roo19 
t9423 

at0533 
e 1966 
e 1288 

-536 8597 
2492 0 4368 

-0220 
-30 3140 

10 
* O  
* O  

-55726 7 
110302 r9 

-159,49522 
80.51934 

9 00000 
r O O O O O  

,0000 

8565726 5 
23 4738 

24 9834 
- ,0850 

e 0589 
- too0  

I 007 
to24 

1 * 0889 

* 0000 
504 02 
*lt38 

e 4 1  
t o o 0 1  

-.0775 
228524 R 

r 00 
23279 t 311 

9 0 0  
* 00 
00 

-&55 4691 
-84.2146 

,9802 

-,042i 

302622100. 
t o  

t o  

25 e 1465 
3, e 0862 
t 0576 
* t o 0 0  

.ooa 
9 026 

1 e I237 
9765 
rOOOO 

505*87 
-1.39 

* 4 1  
,0019 
'I 0308 

228428 t 2 
0 00 

23408,973 

* 00 . 00 
t o o  

*454* 9918 
-83.9602 

- 0421 

305815990. 
t o  

* O  
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Appendix 4 
Fl ight  Simulated Data (AD77) 

TABLE 4-3 (Sheet 15 of 19) 
FLIGHT SINULATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

a 

710~0000 
24862r2Q90 
11232319r9 
19791f396 
8796004*9 

'10161r9S65 
902 0906 

21212,6550 
225369 e 8 
1779c 3 
23Qe8 

-107 9 5118 -. 3773 
- r O O O O  

1106~4370 
,6835 
,0000 

-1 II 5246 
88 6292 
418.1Q21 

0002 
10,bbll 
52 I 9649 

,0000 
*oooo 

*ooooo 
r O Q O O  

* O  
3165.4061, 
3565.2490 

e o  

219076*5$00 

715,0490 
24990r635O 
-1283515rS 
202458.7 
8902238.1 

-10314,6744 
913aOS40 

226030 9 6 
-642 0 8 
190 0 8 

-102,6328 
6307 

-101 * 5628 
0 2493 
OQOO 

-1 e 4728 
88 e 8456 
420 "4019 

* 0002 
15 9 8229 
52,5928 

,0000 
r O O O O  

r OOQOO 
,0000 

21281,4'110 

- , m o o  

.O 
3224 q 7982 
3567 ,1703 

* O  

219076,5300 

285264 * 7 
23538 * 4210 

90 
,O 
e o  

eon00 
r O O O O  
1 0 0 0 0  

225370 0 
-779 * 8 
22113 
9 9539 

-90515 
e0004 
* 0000 
* 0000 
rOQO0 

-1 4434 
88 9 7023 
425 2689 
9 e 6346 
10.6235 
32 * 7122 

*OD00 
roo00  
e 0000 
.oooo 
*oooo 

27'45 2930 
24722 ,4420 

,00000 

418,9128 

282576" 2 
23667r0060 

e0 
Q O  
.O  

.9000 
rOOOO 
rOOOO 

226034 9 
-643 4 
181" 1 
a 9730 

*I 0633 
*0004 
rO0OO 
too00 
00000 

w1 I3948 
88 0 9068 
425 q 0794 
997039 
15r7830 
32 7191 

r O O O O  
90000 
* 0000 
roo00  
.0000 

27470 12790 
24833r7190 

* O O O O O  

418,9128 

225371 , 5 
21547914*0 
-16~4082~6 
244115.7 
9664937.3 

-11692*1644 
261.6128 

21939,7890 
=*2 
= * O  
-QO 

* O  
00  
.O 

-1 06 I 4370 
a6031 
rOO00 

-1 ,4473 
88 9 7066 

-539 03% 1 
* 0000 
,9155 

32 5427 
,0000 

* O O O O O  
9 00000 
* OOOBO 
.ooooo 
* 05941 

32 , 56554 
* O O O O O  
000000 

-FJ14r8240 

226035 , 8 

245415 3 
9774772.2 

2154481590 
-1702969*7 

=11860*9720 
258 q 1473 

21995a0590 
r.2 
= * o  
I00 

* O  
* o  
e o  

-1 0 1 v 5628 
9 2493 
9 0000 

-1 II 3980 
88.9109 

-537 9 6638 
roo00  

1,1813 
32 a 5496 

*oooo 
9 00000 
00000 

* O O O O O  
r O O O O O  
9 05041 

32 56577 
~ O O O O O  
9 00000 

4 1 4  98240 

642542 9 7 
* O  
* O  
* O  
.O 

* 0000 
,0000 
e 0000 

-1.137 
33,041 
122,100 
139256 9 5 
8052864 1) 7 
88530801 1 

9 ,  0063 
e 9538 

~ ~ 0 5 1 5  
1983 

e 0563 
-536.9171 
2483 a 7967 - 228 
-30 9 3229 

* O  
.O 
* O  

-5800293 
-30722aO 

-156r28639 
81,61303 

0 00000 
rOOOOO 

.oooo 

639450 9 
* O  
* O  
* O  
* O  

* 0000 
.oooo 
,0000 

-1 059 
-1360 486 
-4704 , 293 
139234,3 
8833488 c 7 
8833707 . 3 

-e0107 
9729 
0633 
1631 
I 0459 

-536 e 9468 
247% 3253 

=, 237 
-30 ,3316 

* O  
.O 
00 

-60274 19 
-11141*1 

~152045055 
82 q 73076 

r O O O O O  
rOOOOO 

* 0000 

8792698 2 
24 0958 

25,4187 -, 0879 
0260 

-.roo0 
r o o 8  
027 

1 0748 
99805 
r O O 0 O  

507 e 73 
-le40 

42 

9 0294 
228320 a 7  

.oo 
23538,422 

.oo 
OQ 

* 00 
-455.3979 
-84 2737 

309021670. 
e o  
# O  

,0016 

0.0421 

8907150 e7 
24,4095 

25,7362 
w e  0732 
I 0217 
-1000 

e 008 
028 

1 e 0700 
18800 
*oooo 

509. 02 
-le41 

m 0546 
* 0008 

22823 1 9 9 
a 60 

23667*006 
- 8  0421 

.oo 
IO0 
00 

mb54.3655 
-83,9373 

312222970, 
.O 
00 

e 42 
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Appendix  4 
F l i g h t  S i m u l a t e d  D a t a  (AD771 

TABLE 4-3 ( S h e e t  16 of 19) 
FLIGHT SIMULATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2Q 
21 
22 
23 
24 
25 
26 
27 
28 
29 

31 
32 
33 

30 

720,0000 
2511689890 
-133544em3 

207047 t 5 
90 08822 c 0 

~10456,4624 
92282063 

2135297280 
226153r 5 

-856 9 
236,7 

a097 * 7838 
, 9950 

-,a000 
-96 * 79 0 2 

e 0729 
r 0000 

-1 3903 
899 0606 

418 9 0278 
.0002 

20 9 9342 
5292186 

* 0000 
voooo 

.00800 
r O Q O O  

* O  
3284 e 5379 
35699 1899 

* O  

219076~5100 

725qO000 
25240*2L)70 
*138806Ir5 

21168i e6 
911576?* 3 

-10587~0019 
931.3526 

21425,7930 
227189 15 

-872 q 5 
228 * 8 

-92,8984 
-99074 

* 0000 
-91 ,ai54 

* 1276 
,0900 

-1 9 2774 
~ 89,2764 

41989900 
0002 

26.0271 
51 r8h24 

,oaoo 
* 0000 

8 O O D O O  
,0000 

V O  

3344 t O l 4 4  
3571 (I 5128 

t O  

219076~5100 

279881.2 

* O  
* O  
" 0  

9 0000 
too00 
* 0000 

226153 r7  
-856 3 

227.0 
" 9747 
9 0602 

-e0004 
r0000 
a0000 

"103170 
89r1102 

424 a 8627 
9r7718 

20 e8856 
32 . 7249 

eo000 
r OQOO 
.0000 
*0000 
roo00 

27104eO690 
2494294520 

800000 

418 e 9128 

2379384270 

8~~~~ 

2 ~ 6 1 5 5 ~ 4  
21541839.0 
-1762674,2 

246695.6 
9884890~8  

*1201900112 
253 97221 

22053.0880 
- * 2  
q . 0  
- a 0  
80 
80 
80 

-96 70 0 2 
c 0729 
00000 

-1 * 3196 
89a1141 

-541r0016 
*oooo  

1 a5606 
32 a 5553 

.oooo 
*00000 
eooaoo 
eooooo 
,00000 
e04153 

32 8 56602 
,00000 
*ooooo 

-514 a8240 

277179 8 2 
23916.8670 

a0 
e0 
9 0  

? 0000 

roo00 
2 2 7 1 8 ~  ,7 

-872.3 
219r0 
e 9767 
*a198 

- * O ! 3 O l  
r O O O O  
9 0000 
t 0000 

-1r2104 
899 3144 

424 r 6528 
9r 8377 

25,9931 
32 e 7295 

80000 
r O O 0 O  
* 0000 
~ 0 0 0 0  
tOOOO 

26750 ,3600 
25046.4150 

r O O O O O  

418,9128 

,oOao 

227186.5 
21539052,O 
-18231Qla2 

247953,O 
9995305 , 5 

22113.2920 

r12165r9502 
249r2050 

-83 
- a  0 
- n o  

10 
9 0  

80 
-91 98154 

e 1276 
rOOOO 

-1 92125 
89 8 3180 

-540,9289 
roo00 

1 8  5337 
32 w 5599 

,0000 
8OOOOO 
* o o o o o  
~ 0 0 0 0 0  
r O O O O O  
8 03290 

32 9 56623 
eooooo 
~ O O O O O  

-514 e8240 

636480 e 8  
10  
t O  
80 
80 

8 ~ ~ 0 ~  
r 0000 
8~~~~ 

-3.060 
201,915 

2577,931 
139219 p 2 

8833422 e7 
8833655 9 9 

me0169 
8 9746 
9 0602 
a 2169 
e 0575 

-537 9 0223 
2467 1677 - 245 

-30 e 3399 
Q O  
.O  
* O  

-62553 8 7 
-11560.5 

-147,64405 
83 86173 

,00000 
rOOOOO 

* 0000 

633699 t 1 
* O  
00 
* O  
80 

a 0000 
,0000 
. O O O O  

-4 562 
*l06e 194 
2990 177 
139204 2 

8833356r6 
8833604 e4 

0161 
(I 9766 
9 0198 
,2200 
n 0552 

-537 1422 
2459 e 5369 

w.254 
-30 3478 

# O  

S O  

-64839 9 9 
-1 1980 1 

~141.18031 
84 99854 

* 00000 
a O O O O O  

,0000 

Q O  

9022242~6  
24,7249 

25,9977 
-80985 

n O n 2  

e009 
e 029 

- 8 0 0 ~  

1 e 0835 
1 0679 
00000 

509 02 
-1041 

8 42 
0971 

roo05  
228147 n h 

- *  0422 
9 00 
e 00 
* O O  

-457 n 3263 
-84.3 1.82 

315386940, 
.O 

9137961 83 
25 n 0420 

26 I 3 7 0 ~  
-e1013 

e 0266 
-,ooo 

9 009 
030 

1 0830 
1 8  0750 

eo000 
509.02 
-l*&l 

-*012fj 
*oooo 

*42 

- a  0422 
800 

00 
000 

C45783771 
-84 1946 

318492200. 
a 0  
.O 
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Appendix 4 
Fl ight  Simulated Data (AD771 

TABLE 4-3 (Sheet 17 of 19) 
FLIGHT SIMULATED DATA (AD77) 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 

31  
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

l o  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 

30 

ilz 
26 
27 
28 
29 

31  
32 
33 

30 

1 730 t O O O O  
2 25359t514Q 
3 -1441298e8 
4 216360 7 
5 9223080.1. 
6 -10705t9388 

21499.7250 
227593 e 4 

-81Ot8 

940,3760 

244.2 
-88,0507 - * B695 

e 0000 
-86 I 9771 

o 11392 
tOOOO 

-1 1352 
89 Q 4933 

422 5327 
* 0002 

31 m 0579 
51  9 4641 

,0000 
r O Q O O  

, O O l l O O  
. o Q 0 o  

* O  
3402 10954 
3574,6730 

735~0000  
25473,4910 
-149510Lt6 

221085*2 
933076296 

-1O813r2307 
949,4336 

21573,3190 
226729 q 6 

-791 a 8 
224 I 8 

-83 1979 
c 7895 

a0000 
-82 q 1119 

9 2779 
* 0000 

e, 9652 
89 07114 

420 e 3373, , o w 2  
36.0708 
51  0938 

* 0000 
t 0000 

. O O Q O O  
t OQOO 

* O  
3rt56 q 5L99 
3580 92825 

.O 

219076*5100 

,0000 
roo00 

227593 7 
-81018 

234 6 
I 9649 
(0075 

- *  ooao 
*oaoo  
r 0000 
,0000 

"1 9 0760 
89t 5198 

424 q 4939 

31  (I 0345 
32 q 7329 

* O O O O  
. O @ O O  
,0000 
.oooo 
.oooo 

26416rQ570 
2514Ot7470 

r O 0 O O O  

418,9128 

271781 0 
24150r2680 

t o  

* O  
t o  

too00 
r O O O O  
sOOOO 

226729.9 
-791 5 

215*1 
9 9709 
so214 - q 0002 
r O O O O  
10000 
rOOOO 

-e9151 
89 a 7264 

424 s 3398 
9r9601 

36 * 0546 
32 s 7352 

*0000 
so000 
*oooo 
r 0000 
roo00  

26115t5750 
25213t3100 

r O O O O O  

9 r ~ o a 8  

41819128 

274480 . 3 227595.2 
24036r2230 21536519.0 

t O -1884314 3 
* O  249187.8 
,O 10106024.4 

* o o o o  -1230114177 
244.751 8 

22174117660 
m.3 
-90 
* * o  

.O 
t o  

t o  
386t9771 

I) 1892 
r O O O O  

-1 'I 0774 
89.5230 

-538.6415 
*oooo  

1.4832 
32 e 5633 

t o o a o  
,00000 
tOOOOO 
,00000 
,00000 
02474 

32 9 56638 
*ooooo 
* 00000 

-514,8240 

226731.4 
21534304.0 
-1946135,8 

25O4OO 6 
10217052,O 

-12425.2580 
240 3965 

22236.3210 
- * 3  
m.0 
n.0 

.o 
V O  

* o  
-82 I) 11 19 

t 2779 
t 0000 

-e9159 
89 * 7291 

-539,4002 
.oouo 

194 90 
32.5455 

.0000 
.00000 
tOOOOO 
r O O O O O  
rOO0OO 
e01758 

32 56649 
.00000 
,00000 

-514 s 8240 

631169t7 
* O  
* O  
* O  
* O  

r 0000 
* o o o o  
-t 580 

406 748 
839.030 

139189r2 
8833290 q5 
8833553 0 

-e0146 
I 9648 
,0075 
,2041 
r 0591 

-537 t 2324 

. oaoo 

2452.5984 
~ ~ 2 6 1  

-30 3549 
* O  
t o  

* O  
-671 2 1 r 6 
-12400 t 0 

*131r60183 
86 9 13011 

,00000 , 00000 
10000 

628957 e 1 
t o  
* O  
t o  

.O 
. O O O O  
rOOOO 
* 0000 

-2,205 
-224 634 

290,341 
139174 t 1 

8833224 9 3 
8833501q6 

-,0134 
,9708 
e0214 
,2000 
t 0544 

-537,3192 
2446,5286 - 269 

-30 3612 
C O  
* O  
* O  

-69404 t 6 
-12819 5 

*115r49830 
87 t 24290 

0 00000 
t 00000 

*0000 

9254289 9 
25 t 3608 

26.6781 - , 0950 
e 0286 
-t 000 

e 009 
,031 

1 0736 
1 * 0587 

509. 03 
-It41 

* 42 
,0059 
to029 

228038.6 
00 

240369221, 
0422 

* 00 
* 00 
oa 

-455 * 3852 
4-83 r 8964 

321509700, 
.Cl 
V O  

, aooo 

9371204 4 
25,6812 

26,8408 
-e0937 

e 0266 
-too0 
to09 
032 

1 t 0860 
1.0674 

*0000 
509 t 03 
-1.41 

t42 
"too15 

0003 
227992 t 5 

* 00 
24150 269 I. 0422 

oa 
s 00 

-~56.1636 * 00 

-83.8776 

324406620. 
.O 
.O 
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Appendix  4 
F l i g h t  S i m u l a t e d  D a t a  (AD77) 

TAF3LE 4-3 ( S h e e t  18 of 19) 
FLIGHT SIMULATED DATA (AD77) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

740 9 0000 
25580*8$70 
-1549411.3 
225856 P 0 
9438809.6 

D10908.4Q27 
958.5941 

21645e3480 
226072 e 1 
-782 q 3 
59,5 

-77.8519 
-e6850 

* o o o o  
-76 e 660 1 

e3605 
rOO O O  

* e  7685 
89e9309 
420.2387 

v OR03 
41,5527 
50,7018 

r O P O O  
eOQOO 

s OOQOO 
,oaoo  

745, oaoo 
25679.7290 
~1604163e2 
230670 r 6 
9547209 5 

967 e 6865 

225072 e 2 
-805 e 0 
L093e3 

-73,4761 
-15310 

" 0000 
-72 9 3785 

e 5702 
r O O O O  - * 5450 

90 e 1610 
419rlQ78 

r 0003 

50,3181 
,0000 
rOOOO 

eOOQOO 
*OB00 

00 
3529 9 8525 
3619 t 290 1 

* O  

219076.5100 

-1099015514 

2171@,3860 

46,0901 

269091.5 
24257r6410 

* O  
* O  
* O  

rOOOO 
IO000 
? O O O O  

226072.4 
-782 e 1 
39r4 

1.3139 
90197 

- q  0004  
rO0OO 
eOOOO 
r O O O O  

- 9  7287 
89 e 9345 
424r2214 
10 . 0147 
4 1  e5421 
32 t 7362 

rOOOO 
*oooo 
r O O O O  
* O O O O  

25883.8A90 
25231r6110 

00000 

m o o  

418 09128 

26640 3 e 3 
24356e5840 

e 0  
* O  
? O  

roo00 
roo00  
* O O O O  

225072 I 5 
-8OQe5 
1087.8 
5558 
0560 

e0003 
r 0000 
r 0000 
* o o o o  

-e5169 
90 9 1440 
424 8 0785 
10.0634 

32.7359 
roo00 
r O O O O  
tOOOO 
* o o o o  

46 a334 

* 0000 
25778~4430 
2514lr4220 

r O O O O O  

418.9128 

226073 .8 
21532467*0 
-2008547,O 
251592.1 

10328384,8 
-12537e0014 

236r2516 
22296,7710 ". 3 

-a0 
w . 0  

e o  
,o 
,o 

1-76 e 660 1 
e 3805 
r O O O O  

-97289 
89 0 9367 

-537,9619 
+oooo  

1 e 3865 
32 e 5665 

roo00 
,00000 
* 00000 
r00000  
,00000 
v01276 

32 56653 
0 00000 
~ 0 0 0 0 0  

-514.8240 

225076.5 
21531070.0 
-2071483.2 
252763.4 

10440013,9 
-12635.6575 

232,3234 
22354.7480 

m.3 
- e o  
* I  0 

e o  

e o  
e o  

-72 e 3785 
e 5702 
r o o 0 0  

9,5165 
90 e 1455 

-536 e 9123 
* 0000 
192891 
32 9 5662 

roo00 
.oooao 
* 00000 
r O O O O O  
r 00000 
* 01251 

32 'I 56652 
.ooooo 
r O O O O O  

"51 4 e8240 

627121 9 5  

e o  
* O  
* O  
* O  

0000 
* 0000 
" O O O O  

-22 566 
-6144e004 

44 866 
139159.1 
883315894 
8833450 2 

-e0133 
1,1119 

0 197 
9 1982 
rOlOO 

-537 e 3382 
2441.4933 -. 275 
-30 e 3663 

* O  
* O  
10 

-71678 e 0 
43238 r 8  
-86 I) 39887 

* 00000 
* 00000 

00000 

625724 e 5 
1 0  
.O 
e0 
00 

,0000 
.0000 
rOOOO 

100 108 
29438* 026 
937 . 093 
1391449 1 

8833398 e7 
me0052 
e 5558 
(I 0560 
,2048 
v 2769 

-537 e 3475 
2437.6610 

m e 2 8 1  
-30 e 3703 

0 0  
e o  
.O 

-73949 * 9 
-13658 I 3 
-46 r 62267 
89,34175 

rOOOOO 
00000 

0000 

88 e 32070 

8~53092~2 

9488674 . 8 
26.0031 

27.0304 - q 0935 
r 0060 
-eo00 
oO10 
c) 032 

l o  1910 
1 0654 

0000 
50% 03 
-1941 

42 
*001(! 

- *  0245 
327937 3 . ao 
24257 e642 

327146330. 
* O  
e a  

9fj06660.8 
26 e 3264 

27 e 1821, 
* 0972 
v 1320 
-e 000 
,010 
,033 

1 e 0977 
le1020 

0 0000 
509e04 
-1.41 

42 
le0143 

q 5059 
227864 e 7 

, O n  
24356 58b 

- 9  0423 
* 00 

e 00 

e83 * 7747 

e oa 
-453,7758 

32968l480. 
.O 
0 0  
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Appendix 4 
F l i g h t  Simulatec Data (AD77) 

3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 

2a 

747, OQIOO 
25718,6240 
11626616.0 
232648 9 6 
9591534 7 

-11021,7862 
971 9 5366 

224599 s 9 
-687 0 
462 e 5 
4, 6988 

4269 
,0000 

-71 OS00 
e6200 
rOQ0Q - * 4Q9 

433,1752 
e0003 

47 8580 
50.1611 

,OOOO 
"OQOO 

r O O P O O  
9 OQOO 

21742,QelO 

90 * 2(125 

.O 
3535 p 7771 
3635,1955 

e0 

219076e5100 

TABLE 4-3 (Sheet 19 of 19) 
FLIGHT SIMULATED DATA (AD77) 

S-IVB ENGINE CUTOFF SIGNAL 

265308.2 
29395e1)870 

* O  
e o  
* O  

.oooo 
e 0000 
tOO0O 

224600.2 
-686 7 
451*6 
1~1373 
,0383 

-rOOOO 
roo00 
t O O O O  
*oooo  

* 9 4258 
90 *2300 
424-.0341 
10.0R20 
47r8528 
32 7355 

r 0000 
r 0000 
r 0000 
eoaoo 
0 0000 

25774r0500 
25069r1600 

,00000 

418,9228 

22460 1 e 7 
21530639.0 
-2097296.9 
253235 , 9 

10485640.9 
-12673.5950 

230 8748 
22377*9a90 

m . 3  
- * O  
0.0 

v o  
* o  
0 0  

-71 e 0500 
,6200 
.oooo 

9.4252 
90.2333 

-518 -. 4972 
,0000 
le2116 

.oooo 
,00000 
~00000 
rOOOOO 
mooooo 
01386 

32 8 56650 
@00000 
r O O O O O  

-514,8240 

32 5658 

625292 e 5 
Y O  

.O 
P O  
00 

.0000 
,0000 
r 0000 

29.288 
7951.317 

139137 9 
8833065 I) 3 
8833377 I) 7 

cr0085 
1 1372 

9 0383 
o 1752 
0 1152 

-5379 3410 
2436,4758 

em283 
-30,3715 

.O 
* O  
9 0  

-74875 , 4 
-13829.2 
-32 a 78249 
89,75127 

,00000 
,00000 
,0000 

-3028.662 
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Appendix 5 
Meteorological Data (AA99) 

1. METEOROLOGICAL DATA (AA99) 

A s u m r y  of the  meteorological  d a t a  during the AS-502 veh ic l e  launch and f l i g h t  is 

presented i n  t h i s  appendix. 

of launch a r e  recorded a s  follows: 

Surface measurements a t  the  Kennedy Space Center a t  t h e  t i m e  

*MSL - Mean sea l e v e l .  

**Measured a t  launch pad l i g h t  pole .  

Fable AP 5-1 p resen t s  d e f i n i t i o n s ,  u n i t s ,  and s ign  conventions f o r  t h e  meteorological da t a  

presented i n  t a b l e  AP 5-2. Table AP 5-2 records t h e  meteorological da t a  t o  an a l t i t u d e  of 

300,onn C+ 

AP 5-1 



Appendix 5 
Meteorological  Data (AA99) 

Program Symbol 

A l t  

Density 

Elec/Ref 

Opt. /Ref 

P i t .  Shear 

Press  

R e 1  Humd 

Temp 

Vap. Press  

Vel/Sound 

V i s c .  

Wd. Merid. 

Wd. Zonal 

Wind D i r  

Wind P i t ch  

Wind V e l  

Wind Yaw 

TABLE AP 5-1 
PROGRAM AA99 METEOROLOGICAL DATA 

Table of Def in i t ions  

Def in i t i on  

Al t i t ude :  Geocentr ic  a l t i t u d e  ( f t )  

Density: row 2, column B ( s lugs / f ee t  3 ) 

row 3 ,  column E ( l b / f t 3 )  

Electromagnet ic  Index of Refract ion:  ( u n i t l e s s )  

Op t i ca l  Index of Refract ion:  ( u n i t l e s s )  

Shear of  Wind Veloci ty  P i t ch  Component: ( l / s e c )  

Ambient Pressure :  row 1, column C ( m i l l i b a r s )  

row 2, column C ( l b / f t 2 )  

Re la t ive  Humidity: (decimal) 

Ambient Temperature: row 1, column B (deg Kelvin) 

row 4 ,  column A (deg Centr igrade)  

Water Vapor Pressure:  ( l b / f t 2 )  

Veloci ty  of  Sound: ( f t / s e c )  

Coef f i c i en t  of  Viscos i ty :  ( s l u g s l f t - s e c )  

Meridional Component of Wind Velocity: 

ve loc i ty  vec to r  measured along l i n e s  of longi tude,  p o s i t i v e  

no r th  ( f t / s e c )  

Zonal Component of Wind Veloci ty:  Component of wind 

ve loc i ty  vec to r  measured along l i n e s  of l a t i t u d e ,  

p o s i t i v e  east ( f t l s e c )  

Component of wind 

Wind Direc t ion :  Di rec t ion  from which wind i s  blowing, 

measured clockwise from nor th  (deg) 

Wind Veloci ty  P i t c h  Component: Component of wind ve loc i ty  

vec tor  along veh ic l e  f l i g h t  path,  p o s i t i v e  downrange 

( f t l s e c )  

Magnitude of Wind Veloci ty:  ( f t / s e c )  

Wind Veloci ty  Yaw Component: 

vec to r  perpendicular  t o  p i t c h  component, l y i n g  i n  the 

l o c a l  tangent  plane,  and p o s i t i v e  r i g h t  looking downrange 

( f  t / s e c )  

Component of wind ve loc i ty  

Yaw Shear Shear of Wind Veloci ty  Yaw Component: ( l / s e c )  

AP 5-2 



Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 1 of 14) 
METEOROLOGICAL DATA (AA99) 

C 0 
PRESS WIND VEL 
PRESS VEL/SOUND 

wD, ZONAL WD. MERID, 
YAW ShEAR 

A 0 
1 ALT TEMP , 
3 WIND PITCH WIND YAW 

TEMPI P I T I  SHEAR 

2 VAP, PRESS DENSITY 

E F 
WIND DIR REL HUMD 
OPT a /REF ELEC/REF 

DENSITY VISC, 
Y 

1 
2 
3 
4 

1 
2 
3 
9 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

A 0 
- t  0 292 55 

-1,4488 -roo01 
44.8874 , 0023 

E F 
160*000 ,8900 
268 , 6568 357.9204 

,7384 *oooooo 

C D 
1019.600 26 2467 
2129 a 475 1129,163 
0.1296 24 a 6638 

D 

1128 0 572 
28.1611 

37 , 7814 

D 
1123,658 
39r 0845 

3099600 

D 
38 * 4748 
1118*600 
32 a 0591 

D 
32,7719 

11 17 s 238 
26 e 6692 

F 
e 7663 

336,3913 
.000000 

F 
,8995 

330.6045 
,000000 

F 
e9566 

317,9023 
,000000 

F 
v 5479 

279 v 2183 
*OOOOOO 

E 
138,192 
260 1264 

a 7139 

E 

253 1865 
142 e 384 

,6951 

E 
146,424 
246 ,6854 

* 6768 

E 
144,464 

e 6545 
239.5899 

A B C 
3000 * 0 287 a 40 917.190 
33.4706 r002r 1915 589 

14$251************************** 
-,0875 -e0301 -, 0389 

A 0 C 
Y O O O * O  287.45 884,811 

18 * 6581 ,0021 1847,964 
-*lo18 we0415 9,0563 
14e301 ,002822 ,00099273 

A 
1 5000r0 
2 7,4648 

4 $7, 166 
3 * a  1768 

0 C 
290 , 32 853,697 

e OQ20 1782,981 

* O f  ?5 ,00472447 
-e0380 - a  0980 

D 

1121,529 
22 a 6486 

18,0282 

E 

230,2405 
1142,750 

e 6267 

F 
I( 1825 

244aOl80 
.000000 

E 
119,304 
222.5962 

,6075 

F 
,4009 

252.8979 
,000000 

A t3 C 
1 6000r0 288.48 823,695 
2 34,5888 ,0019 1720,321 
3 -e1240 - 9  0997 -, 0420 
0 15r333 a 000505 .0094038@ 

D 

ill8 , 896 
13,5118 

6r6185 

F 
0 4490 

246 4557 
,000000 

A 0 C 
1 7000r0 286 45 794 a 556 
2 14,3283 ,0019 1659,462 
3 -,0618 -e1615 -, 1298 
I .13,298 -1365,440100 .00857511 

E 
121.312 

,5901 
216,2132 

D 
10,4968 
11 14,976 
5,4487 

A B C 
1 gooo*o 285r30 766.305 
2 5,7553 ,0018 1600,458 
3 *, 1536 - a  0919 - , 3567 
4 12.148 .001832 ,00532091 

D 
7,3586 

1111 , 670 
6 , 3532 

E 
149,608 
210,4295 

0 5725 

F 
o 1945 

22100687 
,000000 

4 
- , .J 

AP 5-3 



Appendix 5 
Meteorological Data (AA99) 

TABLE AF' 5-2 (Sheet 2 of 14) 
METEOROLOGICAL DATA (AA99) 

F L O A T I N G  POINT OVERFLOW AT l O C A T I O N  020607 
A 0 C D E F 

9000r0 284147 738 , 90 1 11,3226 189,000 91405 
3,9370 loole 1543 225 1109.834 203,7070 210 e 2587 

e 000000 ?,a403 - e  0948 1 e 7712 11 , 1832 , 5539 
11.319 ,004512 .00062113 

1 
2 
3 
4 

a 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

A 0 c D E F 
1QOoO r O  282 e44 712,380 7.3675 237.520 ,2038 
4,9866 ,0017 1487r835 11069 042 197.6456 206 8950 
7.1301 0.7189 6,2116 3 , 9561 e 5377 ,000000 
9 1293 ,004726 .00181869 

A B C D E F 
llOOOtO 280104 686 e 671 2.6940 293,336 2652 

1101,429 192,0534 202.8340 
1434*139 rl.1466 5226 ,000000 

5,5093 ,0017 
2,0224 1 7792 2 , 4732 
6 890 .001104 .00260155 

A B C a E F 
120OO*O 277.00 661 568 3,8087 301 * 568 3930 
9,6075 I \6 1381 e710 1095,631 186 887 200.7244 
2 e 4627 2.8951 3 * 2368 - , 3953 e5089 ,000000 
3,850 -103,467642 ,00346560 

A 0 C D E F 
13000*0 274 96 637,240 7 9 1869 327 , 488 e 3620 
5,2656 ,0016 1330 ,901 1091.419 181,5002 192.2908 
&e8061 6,9537 3 , 8665 - e  0633 , 4939 ,000000 
1 4 1  -52,078715 .00354iao 

A 8 C D E F 
3 e 4861 352,312 3428 

4,1728 8 0015 1281,474 1086 , 39 1 I76 e 4581 184,7669 
1Y000.0 272s51 613.574 

-1.5011 3 s 4299 . 4678 -s2709 ,4800 ,000000 
- d 7 8  -99.921349 ,00107056 

A 0 C D 
1 15oooco 270 00 590 ,512 5.1365 
2 3,9903 .0015 1233.309 1081.387 

4 or027 -497~070680 ,00085190 
-.2438 3 , 7263 5 9  0848 2 , 2620 

A E C D 
1 16ooo.o 267.74 568 a 199 1 9942 
2 3,4505 ,0014 1186,707 1076,773 
3 0,6178 -3s 0912 -, 6504 -5 a 9331 
4 -.020 -80,850806 -47.7493a200 

A e C D 
1 17000*0 265 76 546 560 14 , 2307 
2 3,1560 ,0014 1141.513 1072.761 
3 7.4440 -* 0312 3.3323 13,8333 
4 -9005 ,002489 -26,97998300 

A B C D 
1 18000t0 263.93 525,617 17 e 0462 

3 13,8656 -r1003 10,1232 13,7139 
2 4,9175 ,0013 1097,772 1069,042 

4 -a013 ,003492 -22,00061500 

E F 
333,880 9 3944 
171,4034 179 4981 

,4662 ,000000 

E F 
85.440 ,4046 

166 e 3768 173,2876 
, 4525 ,000000 

E F 
193,528 ,4308 
161,2530 167 e 5772 

4385 r O O O O O Q  

E F 
216 9 456 * 4595 
156.1643 162,0243 

0 4246 r 0 O O O O O  

AP 5-4 



A p p e n d i x  5 
Meteorological D a t a  (AA99) 

TABLE AP 5-2 (Sheet 3 of 14) 
METEOROLOGICAL DATA (AA99) 

A B C O E F 
1 1-9000.0 262 e 69 505 e 295 19.6648 250 648 e3201 
2 4 , 8296 ,0013 1055.328 1066,161 151,0244 15490577 
3 1496588 -1 e 6955 18.5546 6,5121 94104 ,000000 
4 -e011 * O C  i3e100,16845300 

A B C 0 E F 
1 2000000 260 e 58 485,672 11.6772 260 e 360 e 2623 
2 3,2744 ,0013 1014 , 345 1061,954 146,3544 147 e 9847 

4 -9007 ,000714 .00350763 
3 14e5507 1 e 6860 11 , 5064 1 e 9659 e3976 e000000 

A B C 0 E F 
1 2100010 258 e 32 466e650 16.0283 272 e 096 e2500 
2 Z , 0093 00012 974,618 1057,300 141,8818 142 e 8836 

4 -roo2 -476,618770 ,00478764 
3 15r0515 5,5078 16 e 0169 1 2  e 0373 3854 .000000 

A B C D E F 
1 22000.0 256 e 42 448,228 20 e 0759 271 896 02171 
2 ,7474 coo12 936,143 1053,341 137 e 3264 137.6802 

4 -e007 e000419 ,00286140 
3 14,8678 6 e 8339 20 0561 -1.6930 9 3730 e000000 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4, 

1 
2 
3 4 

1 
2 
3 
4 

1 
2 
3 
4 

B 
254 28 

,0011 
2 8582 

0000877 

B 
252r00 

,0011 
1 I) 1668 

1000834 

B 
249 e 54 

,0011 
9r4637 

e000741 

B 
244 99 

B 
242 e 59 

r O O I Q  
24000e0 

17,7438 11.0876 
--.001 -113.632776 

,1007 

C 
430,400 
898,908 
18 , 8700 

.00075284 

C 
413,157 
862 e894 
16 , 2297 

-33.36934300 

C 
396 e 463 
820 029 
2 1  e8714 

.00177095 

C 
380 , 223 
794,111 
17.3065 

.00309922 

C 
364,528 
761 e 332 
12,7727 

,00293762 

C 
349 396 
729 e 728 
20,3016 

.00213921 

0 
19.1278 

1048,881 
3 , 1259 

a 
16 e 7265 

1044,141 
4.0465 

D 
22.0604 

1038 0995 
-,2183 

D 
19 7874 

1034,003 
-,1103 

D 
15,1394 

1029. $70 
-e 1563 

c) 
20 9 9231 

1024.417 - , 1875 

E 
260 , 584 

133,0087 
e 3612 

E 
256,000 

128 e 8577 
1 3499 

E 
2770400 

124,8895 
,3391 

E 
299.000 

120.9370 
3284 

E 

116,9669 
302.448 

.3176 

E 
284,000 

,3074 
113.2187 

F 
* 1683 

132,6853 
e000000 

F 
,1196 

1289 0175 
,OOOOOO 

F 
,0804 

123,7267 
,000000 

F 
e 0630 

119 6624 
e0000011 

F 
e 0784 

115 e7552 
e000000 

F 
e1014 

112.0717 
.000000 
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Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 4 of 14) 
METEOROLOGICAL DATA (AA99) 

A B C D 
29000 0 240 e 17 334.642 20 e 9735 

e 0892 roo09 698.914 10 19 285 
14 e 6875 9,5218 20,7153 - 2348 

- 0  004 .001694-155.88920000 

E 

109.5325 
279.000 

2974 

E 
262 . 240 
106.0320 

2879 

E 

102.5101 
260,856 

e 2783 

F 
01136 

108 4029 
,000000 

F 
s 1315 

104,9242 
,000000 

F 
01400 

101 ,4098 
.000000 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

A E? C D 
3QOoO*O 237060 320,485 17,8058 

no800 .0009 669.345 1013,821 
17.5216 3,1656 17.6423 2.4038 
or003 0902319 -34,02806800 

FLOATING POINT OVERFLOW 

3lOoOeO 235 e 24 306 761 19,9643 

AT ,OCATION 020715 
A FJ C D 

640.683 1008,773 
19 e 7247 3,0758 r0009 19.7098 3.1701 

,0670 

- e  003 ,001102 -37,48742100 

B C 0 
232 , 82 293,446 29r6079 

10 1973 29 , 5865 -1 e 0632 
0002544 ,00034367 

, 0009 612.874 1003,565 

E 
272,144 
99,0814 

2690 

F 
1401 

97,9795 
,000000 

A 
1 34000.0 
2 ,0423 
3 26,9393 
4 -e003 

E 
268 328 
95,830’ 

,2602 

F 
1500 

94.7403 
,ooooao 

B C D 
23n a23 280,660 30 ill606 

I 18 586.170 997.96R 
8.4815 30 . 1438 , 8763 
0002914 ,00096454 

A B C rs 
22796s 268 . 226 35 9 6354 

0 0008 560 , 20 1 992.310 
4 9226 35,0824 6,2231 

.005104 ,00144797 

259.944 E 

92,6322 
,2515 

F 
1545 

91 5532 
.000000 

& 34000r0  
2 e 0327 
3 35,2883 
4 -coo2 

A 
1 35000r0 

3 43,2734 
2 9 0262 

4 -9002 

E 
265.280 

,2431 
89,5240 

F 
9 1667 

88 9 4646 
,000000 

8 C a 
,0008 535 , 171 986 , 581 

1012114 44 3109 3,6606 

225.01 256.242 44 a 4632 

e005295 ,00082205 

A 6 C ff 
222.67 244,616 52. IO26 
e0007 510,891 981,436 

11 7205 51.9044 4,5410 
,006736 .00071864 

E 
265.000 
86,3604 

s 2345 

F 
,1700 

85 9 3226 
,000000 

1 3OOoOrO 
2 ,0204 
3 50.7672 
4 - roo2 

A 
1 370oOeO 
2 0163 
3 56,1331 
4 c.001 

B C D 

487 . 675 220.31 233,501 54.4312 

5.6896 53 . 2418 11.3169 
976 , 219 ,0007 

9006423**%********** 

E F 
258.000 e 1800 
83.3192 82.3073 

,000000 , 2262 
, 

a 
63 9898 
970,991 
17.9547 

B A 
1 3400010 
2 ,0122 
3 63,9594 
4 ==to01 

E F 
253.704 I 1800 
80 , 3332 79 . 3459 

.2181 ,000000 

B C 
217995 222 e 729 
a0007 465 . 178 

1,9030 61,4171 
,007000 -50.20767700 
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Meteorological D a t a  A p p e n d i x  (AA99) 5 

I 

TABLE AP 5-2 (Shget 5 of 14) 
METEOROLOGICAL DATA (AA99) 

A 8 C 0 E F 

66 4286 2 8954 64,0721 17 9 7739 ,2098 ,000000 

39000 8 0 216.00 212 e 349 66 . 4942 254,488 9 1855 
,0099 q0007 443,500 966,621 77,2831 76.3272 

- r o o 1  ,005219 -34.28013500 

F L O A T I N G  P O I & T  OVERFLOW 
A a C 0 E F 

4900010 21u.21 202,351 72 , 2887 251 ,680 ,0441 
422.618 962 599 79.261 73.3129 

73,2852 2492 

A T  I O C A T I O N  020715 

68,6236 22.7181 ,2016 ,000000 
.0019 I 16 

-.001 *005719 *'+5,77342000 

F L O A T I N G  P O I N T  OVERFLOW A T  L O C A T I O N  020607 
A B C n E F raooo . o 212 67 192,798 80;0981 251,872************* 

g*********s* .0006 402 , 666 959.135 71,2666 70 e3501 
3 89*0966-5999616r2000 76,1218 24 . 9192 1935 rOOOOO0 
4 - 9  000 ,006839 -35,26215200 

A B C D E F 
1 420OOeO 210 56 183.569 82 e6118 254~936************* 
2*********** .0006 383 392 954 . 368 60,5342 67 e 6535 
3 82,5027 4 I 2296 79.7718 21,4720 ,1861 ,000000 
4 -roo0 ,005904 -17.61506900 

F L O A T I N G  POINT OVERFLOW A T  L O C A T I O N  021123 
A 13 C D E F 

1 43000,O 209 e 09 174.743 82.8221 257.512************* 

3 8214299 7,9513 80 . 8526 17.9100 1784 
9 -roo2 .003728 .00260325 

2*********** ,0006 364.958 951 . 041 65.6956 64,8520 
,000000 

A B c n E F 
1 480oOeO 209.21 166,284 78,1562 262.552************* 
z*********** ,0005 347 . 291 951.319 62.4781 61 e 6766 

,000000 3 76.8322 14,3086 77.4934 10 e 1342 . 1696 
4 -0000 -1103.657300 .00499651 

A B C D E F 
1 45000t0 208.56 158.269 76 s 3622 255.360************* 
g*********** 0005 330.553, 949 , 827 59.6528 58 e 8883 
3 76,2286 4 4697 73 , 8789 19 e 3049 e 1620 ~ O O O O O O  
9 ~$002 -72,872408**t********** 

A B C D E F 
1 46000*0 201). 56 150.592 76 , 3223 260.168************* 

3 75,5467 10,8416 75 1994 13 s 0342 . 1541 
4 -9002 -14,506442 ,00190617 

e*********** ,0005 314.517 949,826 56.7587 56.0319 
.OOOOOO 

A 
1 47000?0 
2*********** 
3 64.8784 
4 *roo2 - 

A 
1 4400010 
2*********** 
3 50,5483 
Y 9.002 

B C a 

17r4409 67.0925 3v4613 

208.74 143.321 67.1827 
a0005 299 . 332 950 . 241 

-23,354703 -63,98852500 

B C D 
208127 136,351 54r9060 

21,4535 54 . 6971 -e2220 
.0004 2840774 949,173 

76.552878 ,00378649 

E F 
267.048************* 
53.9705 53,2801 

v 1466 ,000000 

E F 
275,000************* 
51.4607 50.8028 

,1397 . 000000 
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A p p e n d i x  5 
Meteorological D a t a  (AA99) 

TABLE AP 5-2 ( S h e e t  6 of 14) 
METEOROLOGICAL DATA (AA99) 

E F 
280*574************* 
49 , 2930 48.6632 

9 1339 *oooooo 

A 
1 43000r0 
2*********** 
3 44.7991 
4 0.002 

C 
129.754 
270 e995 
46 , 7876 

.00389302 

B 
206.91 

22 17634 
-7 a 298424 

*000'+ 

D 
47 9 5961 
946 , 063 
-,1372 

D 
45.9255 
943 e 051 
-.lo07 

D 
64.0004 

-90076 
942.321 

D 
70 r8688 
944 , 004 
-.0304 

D 
60 ,7904 
944.272 
-e0549 

E F 
277.200******&***** 
47.1804 46 5780 
, 1281 .000000 

A 
1 50000r0 
2*********** 
3 41,5543 
4 -9002 

C 
123.404 
257 . 735 
45 , 5629 . 00152254 

E F 
281.610************* 
44 * 9256 44 3523 
, 1220 ,000000 

A 
t 5LOoO.O 
2*****+***** 
3 55.6405 
4 -9002 

C 
117.325 
245.039 
62,6894 

.00313567 

E) 
205.28 

0004 
31.6233 
,000863 

E F 
288.387************* 
42,5750 42.0322 

1156 0000000 

A 
1 52000.0 
2*********** 
3 57.0512 
4 -*OD2 

C 
111,585 
233,050 
67.2507 

,00595773 

E F 
288,433************* 
40,4821 39 9663 

1099 .oooooo 

A 
1 530OOeO 
2*********** 
3 49.9088 
4 -roo2 

C 
106, 161 
221 722 
57,6714 

.00467317 

B 
2O6eI3 
,0003 

36. 1027 
v 002435 

A 0 C D 
1 54000,O 205055 100,974 530 0278 
2*********** ,0003 210.888 942 e 946 
3 43,3465 30 0 5454 50,6640 -,0827 
4 *e002 -33,074928 .00088044 

E F 
287,171************* 
3806121 38 1204 

1049 ,000000 

E F 

36,8353 36 o 3665 
.IO00 .000000 

291,568*****&****** 
A 8 C 

1 53000*0 204,80 95,978 
2*********** ,0003 200,453 
3 33,5752 24.9211 39,2999 
9 -roo2 77.118618 -25,42141200 

D 
42 2607 
941,228 
m.0837 

A tl C 
1 56000.0 203 95 91,238 
2*********** +0003 190,555 
3 31.4226 17 6693 35 . 3448 
4 ~ 1 0 0 2  -11.872788 -10,55246200 

0 
36.0502 
939.273 
-, 1884 

E F 

35.1621 34 * 7149 
9 0955 *oooooo 

281,350************* 

A B c 
1 5 7 0 0 0 ~ 0  203.65 86.702 

3 33.8802 16.5481 37,3356 
4 *e002 -26,196335 -26,76338700 

2*********** ,0003 181 080 

E F 
278,032************* 
33.4621 33s 0367 

0909 ,000000 

D 
37.7056 
938,590 
-, 1616 

A B C 
1 5 4 0 0 0 ~ 0  203.42 82 e 387 
2*********** , 0003 172,070 
3 34.6186 i a ,  7395 38,7151 
4 -9002 e392.913060 -33,64209200 

D 
39 3652 
938 055 
0,1875 

E F 
280.427************* 
31,8332 31 v 4287 

* 0864 ,000000 
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Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 7 of 14) 
METEOROLOGICAL DATA (AA99) 

A 
1 59000r0 
2*********** 
3 24,8761 
4 -*002 

B C 
204.01 78.318 

17 0808 28 . 9369 ,0003 163 570 

~33.61g567c176,45176000 

0 
30 1764 

- e  1427 
939.411 

E F 
286.480************* 
30 e 1732 29 e 7900 

* 0819 .000000 

0 E F 
303*196************* 

940 ”* 7496 , 779 28 . 6266 28.2633 
-.1580 ,0777 ~ 0 0 0 0 0 0  

A 
1 60000~0 
2*********** 
3 9.2479 
4 9.002 

8 C 
204.60 74.520 

11 e4885 12 3454 
roo02 155.639 

*4*522089 -89,72830500 

0 E F 
5.3160 331e810********%**** 
940 . 792 27.2003 26 8552 -. 2345 4 0739 .000000 

A 
1 61000t0 
2*********** 
3 s 9393 
4 -roo2 

B C 
204a61 70.810 
e0002 147 889 

5 9 2322 2,5101 
-10,838432 -22.21466500 

a E F 
2 I9734 290.574************* 
942 . 074 25 , 7942 25 4671 
-1,1921 e0700 .oooooo 

A 
1 6200090 
2*********** 
3 293238 
4 -0002 

B C 
205 . 17 67 333 

.0002 140 628 
1r8531 2,7827 

-15.732132 -24,13893000 

A 
1 6$000*0 
e*********** 
3 4,4573 
4 9,002 

B C 
205.57 64.006 

* 0002 133,678 
7.1624 6,4525 

-39.498547 -12.8a236620 

D 
8 . 4364 
943 e 005 -. 1409 

E F 

, 0665 voooooo 
310.093************* 
24,4710 24,1608 

1 

C 
60,927 
127.248 -. 1426 

,00187361 

E F 
255.926************* 
23 0668 22 7746 

e 0626 .oooooo 

0 
207.60 
SO002 

12.5604 
-64.274601 

D 
13. 1913 

-s 0292 
947,632 

A 
1 65000r0 
2*********** 
3 - 0  0782 
4 -e002 

0 
18,7904 
950 . 946 

- e  0956 

B 
209eO5 
a0002 

9.4538 
-19.315471 

C 
57.921 
120.971 
-.0188 

.00210283 

E F 
41.797************* 
21 7762 2105004 

v 0591 .000000 

A 
1 66000eO 
2*********** 
3 -. 0939 
4 c.002 

C 
55 . 161 
115.207 

0 
14 0 8273 

-01491 
949.305 

E F 
55.713************* 
20.8103 20.5469 . 0565 .oooooo 

6 
208.33 

roo02 
491592 * * 0273 

-16.747076 a81,00910200 

A 
1 67000r0 
2*********** 
3 -,I399 
4 -e002 

6 C 
208.81 52 480 

,0002 109,607 
-e3008 -.1130 

-51,485042 -25,26226500 

D 
9.6020 
950.401 
1,2801 

A 
1 64000t0 
2*********** 
3 3,4189 
t -roo0 

B C 
211.06 49.985 

,0002 104 . 397 
0 s  1920 1,6986 

.005703 -24.23542500 

0 
6 t 0827 

5 e 8360 
955 e 508 

E F 
196.189************* 
18,6134 18.3780 
e0506 0000000 
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Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 8 of 14) 
METEOROLOGICAL DATA (AA99) 

A 
1 6$?000eO 
2*********** 
3 6,0403 
4 - r o o 0  

i3 C 
211.95 47 0559 

60002 99.328 
3 7682 6 . 9091 

0 0 ~ 6 4 4 ~ ~ 3 ~ 8 , ~ 0 9 ~ 2 ~ 0 0  

u 
7 e 1260 

-e3095 
957,517 

D 
12.7508 
960,648 
-, 0925 

D 
14.8810 
965,366 

-,0906 

a 
16 e 0768 
967.260 

-.0850 

E F 
283.882************* 
17,6354 17.4124 

9 0479 ,oooooa 

B C 
213.34 45.308 

.O001 94 , 628 
1 2 v  0440 7,6912 
0004552 ,00392507 

A 
1 79000.0 
2*********** 
3 1737 
4 -0001 

E F 
322.890************* 
16.6915 16.4805 . 0453 .000000 

A 
1 71000r0 
2*********** 
3 *,bo13 
4 - r o o 1  

8 C 
215,44 43.234 

r o o 0 1  90,297 
14 I 7343 2,5766 

-170 -239680 ,00627319 

E F 
350.022************* 
15,7722 15.5729 

0428 .000000 

A 
1 72000.0 
2*****t***** 
3 me1219 
4 -9001 

E F 
170013************* 

14,9581 1407691 
e0406 .ooooon 

B C 

,0001 85 , 973 
13.1645 -, 2322 

216.28 41 164 

-26.828267 .00369437 

E F 
55,029************* 

14,2033 14.0238 
,000000 0386 

A 
1 7300060 
2*********** 
? -eo579 
4 - e 0 0 1  

B C 
217.45 39 9 298 

roo01  82.075 
5,7468 - * 0790 

-1.118342 -27,96067400 

D 
19.6890 
969 . 863 

0575 

0 
20,7923 
970.678 

91 1971 

E F 
70,860************* 

13 5176 1303469 
0367 .oooooo 

A 
1 7400000 
2*********** 
3 -. 0426 
4 - r o o 1  

6 C 
217.82 37 , 464 
.0001 78 , 244 
~ 4 1 3 4  -.0526 

-14.127966 -30,68734000 

0 
13.1156 
971.297 

-.3071 

E F 
71.760************* 

12.8567 12.6943 
0349 .00000@ 

u C 
218.09 35,677 

2*********** . O O O l  74.513 
3 o,0002-5504008r3000 -. 0208 
4 - e 0 0 1  -45.559435 -28,18582600 

A 
1 7500000 

A B C 
a 76000.0 218.08 34 e 038 
2*********** roo01 71,089 
3 - *  0679 -2 I) 5965 -,0799 
4 - e 0 0 1  ,001563 -43.01641400 

D 
10.9602 
971,275 -. 1844 

E F 
74.593************* 

12 a 2663 12.1115 
,0333 .oooooo 

A B C 
a 7 7 0 0 0 ~ 0  238.23 32.455 
e*********** roo01 67 . 784 
3 ** I944 -1.5512 -, 1966 
4 - r o o 1  ,004742-2O5,69990000 

D 
6 0 9569 

971 . 590 
-, 6596 

E F 
*79.146************* 

11,6885 11.5410 
e0317 .0000@0 

A B C 
1 7Q000r0 218.55 30.981 
e*********** ,0001 64,705 
3 0979 7186 -.0186 
1( -*001************* .00010674 

E F 
68.932************* 

11.1409 11,0003 
0303 .0000@0 

D 
13.4262 
972,312 

-,2169 
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Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 9 of 14) 
METEOROLOGICAL DATA (AA99) 

A 
1 79000rO 
2*********** 
3 w.0711 
4 -a001 

C 
29 a 547 
61.710 
-,OB55 

.00112699 

0 E F 
17.4430 61,357************* 
973,016 10 6099 10 ,4760 

.000000 -, 1488 ,0288 

B 
218.87 

3 9 2214 
.0001 

-53.503897 

A 
1 80000r0 
2*********** 
3 w. 0265 
4 W Q O O l  

C 
28.205 

w.0450 
.00145008 

58,908 

D E F 
23.2021 62.000************* 
975,841 10.0694 9 e 9424 -. 0697 0273 ~ 0 0 0 0 0 0  

B 
220.14 
rO00~ 

4 r 0290 
-270030388 

D E F 
28 9 7124 65.105************* 
978,309 9 . 5698 9.4491 
-e0324 e 0260 .000000 

A 
1 6 l O O O . O  
2*********** 
3 -,a469 
4 -0001 

8 
221.25 

,0001 
3,4466 

-21.529219 

C 
26,943 
56 . 268 
-.0016 . 0 0 IO 1325 

E F 
73.796************* 
9.1057 8.9908 . 0247 ,000000 

A 
1 62000.0 
z*********** 
3 .., 0449 
4 - . 002 

C 
259725 
53.728 
-.0472 

D 
29.5209 

00 1527 
980.033 

8 
222.03 

*o001  
-1.3204 

-30.342570 -96,72653200 

a E F 
34.1811 74.702************* 
983,393 8,6210 8.5123 

1283 0 0234 ,000000 

A 
1 83000eO 
2*********** 
3 *, 0358 
4 D.002 

B C 
223 56 24 e 523 . oooa 51.218 
-I 1199 -.0381 

-30.276329 -46,23274800 

A 
1 84000*0 
2*********** 
3 -,0115 
4 -0002 

B C 
225 10 23,424 

,0001 48 . 923 
- e  7644 -.0168 
e000779 -28,18509000 

0 E F 
24 8355 76.047************* 
986 . 769 8 1784 8.0753 

~ 0 0 0 0 0 0  -00716 . 0222 
B c 

225.83 22 e 391 
.0001 46,765 

-,0166 
e002344 -22,57472650 

- a  064% 

Q E F 
24 e 4271 98.951************* 
988,371 7 , 7923 7.6941 
3,8038 , 0212 .000@00 

A 
1 85000r0 
2*********** 
3 -. 0350 
4 -roo2 

A 
1 8f?OOO*O 
2*********** 
3 -,0490 
4 -e002 

D E F 
28 . 9667 118.390************* 
988.855 7.4163 7r 3229 
13,7738 * 020 1 ,000000 

€3 C 
226 e 05 21,332 

,0001 44.552 
- e  0412 -. DO60 
,004600 -16.02757800 

A 
1 87000r0 
2*********** 
3 *. 0897 
4 0.002 

0 E F 
25 e 9934 127*379************* 
991 . 147 7.0744 6.9853 
1307806 00192 .0000@0 

B C 
227 . 10 20 e443 
,0001 42 e 695 

0003421 -12,28386370 
-00379 -.0437 

A 
1 8eooo.o 
2*********** 
3 0,0698 
4 -0002 

B C 
227 e 89 19,495 

eo00f  40.715 
-SO906 -.04ll 
0001509 -51.77767900 

D E F 
22.6804 112,243************* 
992 , 881 6.7228 6.6381 
8.5851 e0183 ,000000 
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A p p e n d i x  5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 10 of 14)  
NETEOROLOGICAL DATA (AA99) 

C 
18,641 

-,0395 
.00331291 

38 0 932 

D 
21.2314 
994 . 319 
1 a 3952 

D 
22 , 0637 
995.593 
-04217 

b 
19.8568 
996.035 
~ ~ 5 1 0 4  

D 
19.6814 
998 , 864 
-2 , 4375 

B 

1001.778 
1 I 4353 

17.0636 

D 
13.1000 

1002,971 
2 * 2220 

A 
1 820oO.O 
2*********** 
3 -*0510 
4 -roo2 

E F 
930767************* 
6.4097 6 o 3289 
,0174 ,000000 

b 
228.56 
roo01 

- e  1641 
* 000233 

A 
1 9qoooeo 
2*****t***** 
3 ~ ~ 0 3 7 8  
4 9.002 

C 
17,788 

c.0331 
.00502403 

37,150 

E F 
850971************* 
6.1008 6.0239 
,0166 .oooooo 

,0001 
1544 

-42.182452 

A 
1 9 t 0 0 0 * 0  
2*********** 
3 -, 0556 
4 -.002 

C 
17 0 031 
35,570 
-,0500 

.00347006 

E F 
87*818************* 
5,8361 5 e 7626 
,0159 ,000000 

A 
1 92000.0 
2*********** 
3 -,0576 
4 - e  003 

C 
16 , 299 
34,040 
-,0513 

, 00 114622 

E F 
aa.499************* 
5 , 5535 5 4835 
,0151 ,000000 

A 
I 93OOO*O 
2*********** 
3 - 0  0822 
4 0.003 

C 
15.566 
32.510 

E F 
94.831************* 
5,2730 5.2066 
,0143 ,000000 

b 
232.00 

e0000 
0.2033 -. 0722 
~001362-326,62670000 

A 
1 94000.0 
a*********** 
3 -00479 
4 -e003 

b C 
232 0 55 14 , 896 

.OD00 31,110 
- 0  0574 -.0067 
,002651 -55,21714800 

E F 
99.766************* 
5,0339 4 9705 
,0137 ,000000 

A 
a 95000~0 
2*********** 
3 -.0999 
4 - 9  003 

C 
14.287 
29.838 -. 0854 

,00071650 

D 
30.3930 
002.793 
-4 8252 

R 
12 * 8167 

-.6950 
001,216 

P 
6 e 3799 

1001.050 
2,4912 

E F 
89.205************* 
4.8299 407691 
,0131 ,000000 

B 
232.47 
roo00 

-.lo28 
e 002742 

B 
231.74 
.0000 

-95811 
.001f22 

6 
231.66 

* O O O O  
-92973 
0001986 

tl 
232 49 
rOOOO 

A 
1 96000.0 
2*********** 
3 -.01$1 
4 -a003 

C 
13,676 
28 , 567 
-.0140 

,00131483 

E F 
81.532************* 
4 * 6387 4.5803 
,0126 .oooono 

A 
1 97000.0 
2*********** 

4 1.003 
3 -*2185 

C 
13.067 
27.291 
-.0863 

00073192 

E F 
112.998************* 
4,4329 4.3771 

0 120 ,ooooc~n 

A 
1 9 9 0 0 0 1 ~  
2*********** 
3 -,5663 
4 -e003 

C 
12.457 
26.016 

D 
6.5131 

1002 .a43 
5 e 1836 
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A p p e n d i x  5 
Meteorological D a t a  (AA99) 

A 
1 90000ro 
2*********** 
3 -,7419 
4 -I 003 

A 
1 100000.0 
2*********** 
3 -1,9977 
4 -e003 

A 
1 l05000r0 
2*********** 
3 5,3450 
4 -e003 

A 
1 115000t0 
2*********** 
3 21.2936 
4 -e004 

A 
1 12400010 
2*********** 
3 33,3652 
4 -a001 

A 
1 125000r0 
2*********** 
3 7,7180 
4 -roo4 

A 
1 130000r0 
2*********** 
3 
4 

1 
2 
3 
4 

a 
2 
3 
4 

1 
2 
3 
4 

5,6341 
-e005 

A 
1330 0 0 0 

,0000 
32,4621 
-.OD6 

A 
14OOoO 0 

,0000 
38.1945 

- e 0 0 7  

A 
14E+OoO 9 0 

.oooo 
39,6691 
-a014 

TABLE Ap 5-2  ( S h e e t  11 of 14) 
METEOROLOGICAL DATA (AA99) 

B C D E F 
233 03 11.918 4 s 2464 144*604************* . 0000 24 , 892 1004,006 4,0194 3 , 9688 
-r3137 -.4107 3.4615 ,0109 ,000000 
mO03249-214,26389000 

0 C D E F 
233.52 11.432 3 . 2748 151.966************* 
rOO0O 23.875 1005 . 056 3 8472 3 . 7988 

-90281 -,2028 2,8904 .0104 .oooooo 
.001685 ,00006935 

B C D E F 
235.36 9.193 16.4042 181.016************* 

* 0000 19,201 1009 . 015 3,0698 3.0311 
-*OB39 ,2909 16.4016 ,0083 .000000 
.001212 -3,37203220 

B C D E F 
241.11 6,146 22 . 9659 230*000************* 

r 0000 12,836 1021 -268 2,0032 1 ,9780 
,000000 - e  1413 17 , 5929 14 a 7622 9 0054 

,002948-1Q5,83675100 

a C 0 E F 
243 m 02 4 e 981 33.4197 2480764************* 

r O O O O  10.402 1025,306 1.6106 1 e 5904 
.oooooo -e7421 3iei4a9 12,1056 . 0044 

,003410 ,00667384 

8 C D E F 
249 29 4.055 41.3327 331.238************* 
oQ000 8.469 1038,443 1 , 2784 1,2623 

4Oeb057 19,8881 -00318 ,0035 ,000000 
-27.436673 ,00169646 

0 C D E F 
250.38 3,308 29,5276 331.000************* 

r 0000 6 . 909 1040.716 1 . 0383 1 0252 
.oooooo 28 e 9851 14.3152 -.0033 ,0028 

-34.252934 -54,81344200 

0 C D E F 
253 . 36 2.705 35 . 3543 275.184 ,0000 

13 m 9928 35.1973 -e4301 ,0023 ,000000 
.oooo 5.649 1046.881 ,8390 08284 

0005915 -28,55761400 

8 C D E F 
260 s 70 2,220 52 s 4934 295.312 .0000 

36.0078 47 . 4522 -.0297 ,0018 ,000000 
. 0000 4,637 1061,947 a 6693 q6609 

-87,971567 .00201963 

€3 C 0 E F 
264.31 1.831 40 5249 246.616 .0000 . 0000 3 , 824 1069.273 5444 5376 
1 e 7121 36,3227 16.5820 so015 ,ooooao 

-13r506067 -7.00462940 
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Appendix 5 
Meteorological Data (AA99) 

TABLE AP 5-2 (Sheet 12 of 14) 
METEOROLOGICAL DATA (AA99) 

A B C D 
1500oOeO 266.31 1.512 52 e 0997 

.oooo ,0000 3.158 1073.298 
49,3818 - 9  0644 41.8451 31.0167 

- *  009 - 3 0 ~  e 889440-102.09422300 

E 
233 480 

0 4462 
,0012 

F 
,0000 
,4406 

.000000 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
0 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

E 
243.904 

,3621 
,0010 

f 
v0000 
9 3576 

,000000 

C D 
1.252 91  9 7848 
2.615 1084 , 110 

82,4259 40 (I 3668 
.00356888 

A B 
16QOoO v O  274 e 75 

C D 
1 , 041 114.5932 
2.174 1090 , 184 

114,4276 -,0760 
.O 1122213 

E 
273,072 

2978 
0008 

F 
e0000 
,2940 

,000000 
,0000 ,0000 

106,9306 41 I 1969 
1 *601 -3 971955 

u 
,0000 

1082.445 
.0000 

A f3 
165000~0 270086 

,0000 90000 
,oooo************* 
or054 -st334013 

C 
0 838 

1 v 749 
.oooo 

c9,09914370 

E 
,000 

,2430 
,0007 

a 
,0000 

1075,896 
,0000 

E F 
,000 ,0000 

,2017 * 1992 
e 0005 .000000 

A b 
17400000 267 60 

C 
,687 

1 434 
.oooo 

*oooo  .OOOO 
,oooo************* 
- *D l9  .000000************* 

A 8 C 
175000r0 264 a 33 9 563 

. O O O O  .oooo 1,176 
*oooo************* ,0000 
-I 014 coooooo************* 

E F 
* 000 e 0000 
1674 e 1653 

,0005 ,000000 

0 
,0000 

1069.308 
.0000 

A 0 C 
180000*0 261 06 .462 

.oooo .oooo 964 

E F 

e1390 9 1372 
e 000 e 0000 

,0004 ,ooooon 

D 
e0000 

1062,678 
.oooo * oooo************* ,0000 

- e  008 *oo~ooo************* 

A i3 C 
l8~0oO * 0 257 e 25 9 379 

,0000 V O O O O  ,791 
,oooo************* eo000 
-0005  ,000000************* 

D 
,0000 

1054 .887 
,0000 

E F 
, 000 ,0000 

,1158 e 1143 
,0003 .ooooon 

A k3 C 
199000.0 253.11 ,310 

,0000 r O O O 0  s 648 
,0000************* ,0000 
m e 0 0 6  ,oooooo************* 

D 
e0000 

1046.371 
.oooo 

E F 
,000 ,0000 

9 0963 ,0951 
* 0003 ,000000 

E 

,0799 
,000 

,0002 

,F 
,0000 

,000000 
e 0789 

A B C 
195000 r O  248 , 76 , 253 

,0000 *oooo , 528 
*oooo************* .oooo 
-e004 *000000************* 

0 
e0000 

1037,330 
r O O O O  
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TABLE AP 5-2 (Sheet 13 of 14) 
METEOROLOGICAL DATA (AA99) 

A E C 
I 209000.0 244 e 25 ,206 
2 ,0000 .O000 ,430 
3 ,oooo************* ,0000 
4 -* 002 r000000************* 

A t3 C 
1 2otiooo,o 239.64 e 167 
2 ,0000 .oooo a 348 
3 ,oooo************* .oooo 
4 -e004 .oooooo********x**** 

A B C 
a 210000.0 234 e 98 ,134 

3 ~ o o o o * * * ~ * ~ * * * * * * *  ,0000 
4 -e003 ~oooooo************* 

2 ,0000 r O O O O  ,281 

A t3 C 
1 215000.0 230 e 3 1  e 108 
2 poooo a0000 e 226 
3 ~ o o o o * * * * * * ~ ~ * * * * ~  * 0000 
r )  -0003 , oooooo* *~* * * * *~* * * *  

A c3 C 
d. 220000r0 225 68 ,086 
2 .oooo O O O O O  180 
3 ~oooo************* 0 0000 
4 “roo2 ,000000~~~********** 

A l3 C 
1 225000e0 221 v 10 a 069 
2 ,0000 00000 ,144 
3 ,oooo************* ,0000 
4 -IO01 ,000000************* 

A 8 C 
I 23900010 216,61 e 055 
2 ,0000 ,0000 ,114 
3 @oooo************* .oooo 
4 - e o 0 1  * O O ~ O ~ O * * * * * * * * * * * * *  

A 0 C 
e 043 d. 23500090 212e20 
,090 2 .oooo .oooo 

3 ,oooo************* .oooo 
4 -.ooo .000000************* 

A 8 C a 240000~0 207.88 e 034 
2 .DO00 ,0900 071 
3 ,oooo************* ,0000 
4 -e002 .oooooo************* 

A u C 
L 24500000 203.65 026 
2 ,0000 ,ooo!, 055 
3 ,oooo************* ,0000 
0 - 9 002 ,oooooo************* 

D 
r O O O O  

1027 883 
.0000 

0 
,0000 

t 0000 
IO 18 i 37 

D 
,0000 

1008. I92 
.0000 

n 
,0000 

998 e I36 
00000 

0 
q 0000 

988,043 
,0000 

D 
.oooo 

977 e 976 
.0000 

D 
.oooo 

967 e 978 
rOOOO 

a 
,0000 

958 e 077 
.of300 

I) 
.0000 

948.280 
.oooo 

tr 
,0000 

938.573 
roo00 

Appendix 5 
Meteorological Data (AA99) 

E 
,000 

q 0662 
00002 

E 
e000 

e 0546 
,0001 

E 
,000 

q 0449 
Qooo1 

E 
0000 

o 0368 
,0001 

E 
e 000 
,0301 
,oooa 

E 
,000 
0245 
,0001 

E 
,000 
,0198 
,0001 

E 
r o o 0  

e 0159 
,0000 

E 
,000 
,0128 
00000 

E 
,000 

e 0102 
,0000 

F 
roo00 
e 0653 

.ooooon 

F 
.oooo 
e 0539 

,000000 

F 
IO000 
e 0444 

,000000 

F 
QOOO0 
0364 

.oooooo 

F 
.oooo 
B 0297 

,000000 

F 
,0000 
e0241 

.oooooo 

F 
,0000 
,0195 

~000000 

F 
.0000 
9 0157 

,ooooon 

F 
.0000 
,0126 

,oooono 

F 
.0000 
rOlOl 

.oooono 
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A p p e n d i x  5 
Meteorological D a t a  (AA99) 

TABLE AP 5-2 ( S h e e t  14 of 14) 
METEOROLOGICAL DATA (AA99) 

A u C 
259000r0 199 48 ,021 

,oooo************* .oooo -. 002 .000000************* 

.oooo ,0000 , 043 
D 
.oooo 

,0000 
928 8 917 

D 
r O O O O  

919,246 
,0000 

D 
* 0000 

909,465 
,0000 

0 
e0000 

899,447 
.oooo 

D 
,0000 

889 . 029 
* 0000 

D 
* 0000 

883.994 
,0000 

0 
.0000 

883,994 
,0000 

D 
voooo 

883 994 
.0000 

D 
,0000 

883,994 
,0000 

D 
,0000 

883 , 994 
.oooo 

0 
.oooo 

894.501 
.oooo 

E 
,000 
,0081 
.oooo 

E 
,000 
,0064 
, 0000 

E 
.ooo 
,0050 
.oooo 

E 
,000 
,0039 
,0000 

E 
,000 
,0030 
,0000 

E 
e 000 

,0023 
.0000 

E 
,000 

.0018 
,n000 

E 
,000 

,0013 
* O O O O  

E 
,000 

,0010 
.oooo 

E 
e000 
,0008 
, 0000 

E 
, 000 
,0006 
.oooo 

F 
,0000 
, 0080 

,000000 

1 
2 
3 
4 

F 
,0000 
00063 

,000000 

A 0 C 
255000r0 195 35 ,016 

,0000 0 ooop ,033 
*oooo************* ,0000 
-roo2 .000000************* 

1 
2 
3 
4 

F 
, 0000 
0049 

,000000 

A d C 
260000.0 191.21 ,012 

,oooo************* .oooo 
-.001 ,oooooo************* 

,0000 .oooo .025 
1 
2 
3 
4 

F 
,0000 
0039 

,oooon0 

C 
,009 

A B 
187 a 02 

,0000 ,0000 ,019 
,oooo************* ,0000 
-roo1 ~oooooo************* 

2650 0 0 I 0 1 
2 
3 
4 

F 
,0000 
.0030 

, 000000 

A t3 C 
27000000 182071 , 0 0 7  

,0000 ,0000 ,015 
.0000************* .oooo 
-roo1 ,~ooooo************* 

L 
2 
3 
4 

A i3 C 
2 7 5 0 0 0 r 0  180.65 * 005 

,0000 ,0000 ,011 
,oooo************* .oooo 
-..001 .oo~ooo************* 

1 
2 
3 
4 

A B C 
280000 0 0  180 s 65 ,004 

,0000 V O O O O  , 008 
,oooo************* ,0000 
0.001 ,oooooo************* 

F 
1 
2 
3 
4 

* O O O O  

,ooooon 
,0017 

F 
r0000 
,0013 

,000000 

A t3 C 
285000r0 180 65 ,003 

,0000 r O 0 O O  ,006 
,0000************* .oooo 
-9001 .000000************* 

1 
2 
3 
4 

F 
,0000 
.ooin 

,000000 

A €4 C 
299000r0 180 65 ,002 

.oooo ,0000 ,005  

.0000*********+*** .oooo 

1 
2 
3 
4 

A 6 C 
295000 e 0 180 e65 e 002 

.0000************2 ,0000 
-.001 .00O000************* 

A d C 
3OQOoO~O 184 e 89 *001 

,oooo************* ,0000 
-0001 rOOoOOQ************* 

r O O O O  *0000 ,004 

,0000 rOOOO , 003 

F 
,ooon 
.0008 

,ooooon 
1 
2 
3 
4 

F 
,0000 
00006 

,000000 

1 
2 
3 
4 
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Appendix 6 
Glossary and Abbreviations 

1. GLOSSARY AND ABBREVIATIONS 

This appendix ( t a b l e  AP 6-1) lists the  commonly used S-IVB-502 s t a g e  f l i g h t  eva lua t ion  terms and 

abbreviat ions together  w i th  t h e i r  d e f i n i t i o n s .  

TABLE AP 6-1 (Sheet 1 of 10) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

AACS 

ac 

AEDC 

-- 

=P 

ANT 

APS 

As 

AsC 

AS I 

AST 

At 

aux 

4J 
!Dl 

BDA 

BGR 

B t u  

ccs 

ccw 

CDDT 

CECO 

C E I  

CDF 

cf 

TERMS - 

-- 
Aerodynamically induced 
v i b r a t i o n  

-- 
-- 
-- 

Average mixture r a t i o  

Average t h r u s t  o r  
s p e c i f i c  impulse 

-- 

-- 
Collapse f a c t o r  

Auxil iary a t t i t u d e  c o n t r o l  system (see APS) 

Al te rna t ing  cu r ren t  

Arnold Engineering Development Center 

The o s c i l l a t i o n  of a mechanical system when set i n t o  motion by 
t h e  tu rbu len t  boundary l a y e r  during f l i g h t .  I t  is dependent on 
t h e  shape and v e l o c i t y  of t h e  body 

Ampere 

AFETR S t a t i o n  on Antigua I s l and  

Auxil iary propuls ion system ( see  AACS) 

Apollo Saturn 

AFETR S t a t i o n  on Ascension I s l and  

Augmented spark i g n i t e r  

A l l  systems test 

Throat a r e a  

Auxil iary 

The t i m e  average of t h e  p rope l l an t  mixture r a t i o  over 1-sec 
t i m e  i n t e r v a l s  between 90 percent  t h r u s t  buildup and Engine 
Cutoff Command 

Determined between t h e  t i m e  of 90 percent  t h r u s t  and Engine 
Cutoff Command 

Wind azimuth (deg) 

Axial  acce le ra t ion  ( f t / s e c  ) 

Bermuda 

Bridge gain r a t i o  

B r i t i s h  thermal u n i t  

Command communication system 

Counterclockwise 

Countdown demonstration test 

S-IC s t a g e  Center Engine Cutoff Command 

Contract end i t e m  

Confined detonat ing fuse 

Thrust  c o e f f i c i e n t  

A measure of t h e  e f f e c t i v e n e s s  of p re s su r i za t ion  def ined as:  

cf E M t h e o r e t i c a l  
is the  mass necessary t o  p re s su re  the  p rope l l an t  tank (lbm) 

2 

Mactua l  , where M ac tua l :  

AP 6-1 



Appendix 6 
Glossary and Abbreviations 

ABBREVIATION TERMS - 
(Continued) cf 

CPIF 

cpm 

CPS 

CRO 

CSM 

cu i n .  

cvs 

cw 

CY I 

DAC 

DAC / FTC 

DAC/HB 

db 

dbm 

dbw 

dc 

deg 

__ 

D / O  

e 

EA 

EBW 

ECA 

ECC 

ECF 

ECP 

ECS 

EDS 

-- 

Composite da ta  (acous t ic  
and v i b r a t i o n )  

TABLE AF' 6-1 (Sneet 2 of 10) 
GLOSSARY AND ABBREVIATIONS 

_- 

_ _  
Depletion Engine Cutoff 
Command 

-_ 

-- 
-- 

_- 

Effec t ive  burntime 

DEFINITION 

Mtheoretical: is t h e  mass necessary t o  pressur ize  t h e  propel lan t  

tank i f  hea t  and mass t r a n s f e r  across  t h e  u l lage  boundaries are 
neglected (lbm) 

The t o t a l  energy of t h e  o s c i l l a t o r y  phenomen, cons is t ing  of a l l  
f requencies  and amplitudes sensed by t h e  t ransducers ,  and 
represents  the  phenomenon a t  the  p o i n t  of measurement wi th in  the 
l i m i t a t i o n s  of t h e  d a t a  a c q u i s i t i o n  and reduct ion systems 

Cost p lus  incent ive  f e e  

Cycles p e r  minute 

Cycles p e r  second 

Carnarvon 

Command s e r v i c e  module 

Cubic inches 

Continuous vent  system 

Clockwise 

Grand Canary I s land  

Douglas A i r c r a f t  Company, Inc.  

Douglas A i r c r a f t  Company, Inc . /F lor ida  Test Center 

Douglas A i r c r a f t  Company, Inc./Huntington Beach 

Decibel 

10  log P (mi l l iwat t s )  where p = power 

10 log  P (wat ts)  

Di rec t  cur ren t  

Degree 

The t i m e  t h a t  engine cutoff  was, o r  would be,  i n i t i a t e d  by the  
deple t ion  l e v e l  sensors  

Dropout 

Eccent r ic i ty  

Elec t ronics  assembly 

Exploding br idgewire  

E le c t r i c a l  cont ro l  assembly 

Engine Cutoff Command 

End condi t ions of f l i g h t  

Engineering change proposal 

Environmental cont ro l  system 

Emergency de tec t ion  system 

The engine burntime from 90 percent  t h r u s t  bu i ld tp  t o  Engine 
Cutoff Command 

\ 
I 
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Glossary and Abbreviationf 

TABLE AP 6-1 (Sheet 3 of 10) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

EMC 

EMI 

EMR 

ESC 

EST 

-- 

ETD 

ETR 

OF 

F 

F/B 

FCC 

FM 

fPS 

f t  

FTC 

fwd 

g 

GB I 

GCC 

GG 

GH2 

GPTT 

GN2 

GOX 

TERMS - 
-- 
-- 

Engine p rope l l an t  
mixture r a t i o  

-- 
Engine cu to f f  t r a n s i e n t  

-- 
-- 

Engine start t r a n s i e n t  

Engine s t eady- s t a t e  
ope r a t  i o n  

-- 
-- 
-- 

Stage l o n g i t u d i n a l  
t h r u s t  

-- 

Flow i n t e g r a l  p rope l l an t  
m a s s  h i s t o r y  

-- 

-- 

Grav i t a t iona l  
a c c e l e r a t i o n  

-- 

DEFINITION 

Electromagnetic compa t ib i l i t y  

Electromagnetic i n t e r f e r e n c e  

The r a t i o  of engine LOX m a s s  flowrate t o  LH2 mass f lowra te  
inc ludes  gas generator  ope ra t ions  

Engine 

Engine operat ion during t h e  per iod from t h e  Engine Cutoff 
Command u n t i l  t h e  end of  t h r u s t  decay 

Engine S t a r t  Command 

Eastern standard t i m e  

Engine operat ion du r ing  t h e  per iod from the  Engine S t a r t  
Command u n t i l  t h e  t i m e  of 90 percent  t h r u s t  (approximately a 
3-sec per iod)  

Engine operat ion during t h e  per iod from t h e  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 

Eastern T e s t  Range 

Degree Fahrenhei t  

Thrust  ( l b f )  developed by t h e  3-2 engine. Ullage rocket  t h r u s t  
is no t  included 

Ullage rocket  t h r u s t  ( l b f )  

That p rope l l an t  mass h i s t o r y  determined by combining independent 
engine analyses  by a s t a t i s t i c a l  method 

Feedback 

F l i g h t  c o n t r o l  computer 

Frequency modulation 

Feet  p e r  second 

Foot 

F l o r i d a  Tes t  Center 

Forward 

The acce le ra t ion  produced by t h e  fo rce  of g rav i ty ,  which v a r i e s  
with t h e  a l t i t u d e  and e l e v a t i o n  of t h e  po in t  of observation. 
The va lue  32.1739 ft/sec2 has been chosen a s  t h e  s t anda rd  by 
i n t e r n a t i o n a l  agreement f o r  sea l e v e l  a t  45' nor th  l a t i t u d e  

AFETR S t a t i o n  on Grand Bahama I s l and  

Guidance Cutoff Command 

Gas generator  

Gaseous hydrogen 

Greenwich mean t i m e  

Gaseous n i t rogen  

Gaseous oxygen 
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Appendix 6 
Glossary and Abbreviations 

ABBREVIATION 

gpm 

grms 

GSE 

GYM 

h 

h (AP) 

H A W  

H e  

HF 

h r  

H/W 

H Z  

i 

IAS 

I E C O  

I GM 

i n .  

i n . / i n .  

IP&CL 

i p s  

I R I G  

I S P  

I U  

k 

kc 

KS C 

k s i  

L 

l b  f 

lbm 

lbmlhr 

lbml s e c 

I b  /p f 

LC 

LIC 

Hertz 

TERMS - 

TABLE AF' 6-1 (Sheet 4 of 10) 
GLOSSARY AND ABBREVIATIONS 

DEFINITION 

Gallons p e r  minute 

Gravity root  mean square 

Ground support  equipment 

Guaymas 

A l t i t u d e  

Apogee a l t i t u d e  

Hawaii 

Helium 

High frequency 

Hour 

Hardwire 

Cycles per  second 

I n c l i n a t i o n  

I n i t i a t i o n  of automatic sequence 

S- IC  s t a g e  Inboard Engine Cutoff Command 

I t e r a t i v e  guidance mode 

Inches 

Inches per  inch ( s t r a i n )  

Instrumentation Program and Components L i s t  

Inches per  second 

I n t e r  range ins t rumenta t ion  group 

S p e c i f i c  Impulse 

I n s  t rumen t u n i t  

I n s u l a t i o n  thermal conduct ivi ty  

Kilocycles 

Kennedy Space Center 

1,000 l b l i n .  

Tra jec tory  f i t  parameter 

Pounds force  

1132.1739 s l u g  

Pounds mass, hour 

Pounds mass, second 

Pounds per  p icofarad  

Launch Complex 

Loading Computer 

2 
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TABLE AP 6-1 (Sheet 5 of 10) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

LCC 

LES 

LET 

LH2 

LM 

LO 

LOS 

LOX 

L I  s 

LTA 

LV 

LVDC 

M 

Ei 

Mf 

ma 

M&A 

max 9 

uin. / in .  

MDF 

MFV 

MHZ 

M I L A  

M O I  

MOV 

m s  

MSC 

MSFC 

MSL 

-- Launch escape system 

-- Launch escape tower 

Level sensor  r e s i d u a l s  Those propel lan t  r e s i d u a l s  above t h e  main propel lan t  valves  
determined by combining da ta  from one o r  more l e v e l  sensors  by 
a statist ical  method and ex t rapola t ing  t o  Engine Cutoff Command 

-- Liquid hydrogen 

_- Lunar module 

-- Vehicle l i f t o f f  t i m e  

Look angle Angle between the v e h i c l e  c e n t e r l i n e  and t h e  l i n e  of s i g h t ,  
measured from the  rear of t h e  vehic le  (deg) 

Loss of s i g n a l  -- 

-- Liquid oxygen 

-_ Level sensor  

-_ Lunar test a r t i c l e  ( S t r u c t u r a l  representa t ion  o f  LM) 

-- Launch vehic le  

-- Launch vehic le  d i g i t a l  computer 

-- Mach number 

Stage propel lan t  mass Engine propel lan t  mass f lowra te  ( includes propel lan t  f lowrate  
f lowrate  (lbm/sec) f o r  gas generator  operat ion)  

Stage LH2 mass f lowra te  Engine LH2 m a s s  f lowra te  ( includes LH2 f lowrate  f o r  gas 
(lbm/sec) generator  operat ion)  

Stage LOX mass f lowrate  
(lbm/sec) generator  operat ion)  

-- Milliampere 

-- Manufacturing and assembly bui ld ing  (STC) 

-- Maximum dynamic pressure  

Engine LOX mass flowrate. ( includes LOX f lowrate  f o r  gas 

Micro inch per  inch Mi l l ion th  of an inch per  inch 

Mild detonat ing f u s e  

Main f u e l  valve 

-_ M i l l i h e r t z  

-_ Merritt I s land  Flor ida  

Moment of i n e r t i a  

Main oxid izer  valve 

Millisecond Thousandth of a sec 

Manned Spacecraf t  Center, Houston, Texas 

Marshall Space F l i g h t  Center 

Mean sea l e v e l  -- 
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TABLE AP 6-1 (Sheet 6 of 10) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

MSSD 

mv 

mxr 

N /A 

NASA 

NC 

TERMS - 
-- 

-- 
-- 
-_ 
-- 

Ninety percent  t h r u s t  
buildup 

_- nmi 

NO 

No. 

N2°4 

NPSP 

NPV 

OAT 

OECO 

0-P 

P 

P 

NTO 

'a 

pC 

PA 

PAM 

PCF 

PCM 

-- 
PMR 

-- 

Phase I 

Phase I1 

DEFINITION 

Missile and Space Systems Divis ion,  Huntington Beach, 
Cal i forn ia  

M i l l i v o l t  

Mu1 t i p  l e x e r  

Not appl icable  

Nat ional  Aeronautics and Space Administration 

Normally closed 

T i m e  from Engine S t a r t  Command u n t i l  the  last  engine chamber 
pressure  ( i n j e c t o r  end) reaches 618 p s i a  

Naut ical  miles  

Normally open 

Number 

Nitrogen Tetroxide 

N e t  p o s i t i v e  suc t ion  pressure  

Nonpropulsive vent  

Overal l  t e s t  

S-IC s t a g e  Outboard Engine Cutoff Command 

Zero t o  peak 

Geodetic l a t i t u d e  

P i tch  

Ambient pressure  

Combustion chamber pressure  measured a t  t h e  i n j e c t o r  

Pressure ac tua ted  

Pulse  amplitude modulation 

Precondi t ions of f l i g h t  

Pulse  code modulation 

T i m e  from l i f t o f f ' t o  E C C l  f10 s e c  

T i m e  from l i f t o f f  t o  planned LV/SC separa t ion  

Programmed mixture r a t i o  A method of c o n t r o l l i n g  the  PU valve mixture r a t i o  t o  obta in  
maximum e f f i c i e n c y  of t h e  s tage .  The propel lan t  loading is 
provided t o  cause t h e  PU system t o  command t h e  PU valve aga ins t  
t h e  LOX r i c h  s t o p  f o r  t h e  i n i t i a l  por t ion  of f l i g h t  and then 
decrease t o  a lower mixture r a t i o  during t h e  f i n a l  por t ion  of 
f l i g h t  

P a r t  number _ _  
-- 
_ _  

Propel lan t  res idua ls  

Peak t o  peak 

P a r t s  per  mi l l ion  

The sum of LOX and LH2 remaining onboard a t  Engine Cutoff 
Command. 
propel lan ts  

The r e s i d u a l s  include both usable and trapped 
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ABBREVIATION 

PS 

PIS  

PSD 

p s i a  

ps id  

4 

R 

RACS 

re 23 

RF 

RFI 

RMR 

rms 

R/NAA 

RO 

rpm 

R/S 

RSCR 

rss 

S 

sc 

scfm 

s c i m  

sco 

s e c  

S-IB 

s-IC 

-- 

PU system propel lan t  
mass h i s t o r y  

PU system r e s i d u a l s  

TABLE AP 6-1 (Sheet 7 of 10) 
GLOSSARY AND ABBREVIATIONS 

DEFINITION 

Pressur iza t ion  system 

Pulse  sensor  

Power s p e c t r a l  dens i ty  

Pounds per  square inch absolu te  

Pounds per  square inch d i f f e r e n t i a l  

Pounds per  square inch gauge 

Propel lan t  tanking computer system 

Pickup 

Propel lan t  u t i l i z a t i o n  

That propel lan t  mass h i s t o r y  determined f o r  f l i g h t  by the  PU 
system 

Those propel lan t  r e s i d u a l s  above the  main propel lan t  valves  
determined by the PU system 

Dynamic pressure  

Rankine 

Remote analog c a l i b r a t i o n  system 

Regulator 

Radio frequency 

Radio frequency i n t e r f e r e n c e  

Reference mixture r a t i o  

Root mean square 

Rocketdyne, North American Aviation 

An event t i m e  used as reference f o r  S-IVB s t a g e  f l i g h t  evalua- 
t i o n  sequence of events .  Defined as  t h e  f i r s t  Greenwich mean 
t i m e  second p r i o r  t o  vehic le  l i f t o f f  

Revolutions per  minute 

Range s a f e t y  

Range s a f e t y  command rece iver  

Root sum square 

Surface range ( f t )  

Spacecraf t  

Standard cubic  f t /min 

Standard cubic  in./min 

Subcar r ie r  o s c i l l a t o r  

Seconds 

F i r s t  s t a g e  of the  Saturn I B  (200) series of vehic les  

F i r s t  s t a g e  of the  Saturn V (500) series of vehic les  
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ABBREVIATION 

s-I1 

S-IVB 

SLA 

-_ 

SLV 

SM 

SM 

S I N  

SPS 

s ov 

SSB 

sss 

s t a  

-- 

STC 

STD 

STDV 

SIV 

s w  

Sw s e l  

T 

T e l  2 

Te l  3 

Tel  4 

TEX 

t k  

TIM 

-- 

Slug 

-- 

-- 

S t a t i s t i c a l  weighted 
average loaded 
propel lan ts  

S t a t i s t i c a l  weighted 
average mass determina- 
t i o n  

S t a t i s t i c a l  weighted 
average r e s i d u a l  
propel lan ts  

_- 

Tota l  deplet ion burntime 

TABLE AP 6-1 (Sheet 8 of 10) 
GLOSSARY AND ABBREVIATIONS 

DEFINITION 

Second Stage of the  Saturn V (500) series of vehic les  

Second s t a g e  of t h e  Saturn I B  (200) series of vehic les  and 
t h i r d  s t a g e  of Saturn V (500) s e r i e s  of vehic les  

Spacecraf t  LM adapter  

English system u n i t  of mass 

Saturn launch vehic le  

Santa  Monica 

Serv ice  module 

S e r i a l  number 

Serv ice  propuls ion system 

Shutoff valve 

S ingle  sideband 

Stage switch s e l e c t o r  

S t a t i o n  

The most accura te  determination of a c t u a l  propel lan t  load a t  
l i f t o f f  as der ived from the  s t a t i s t i c a l l y  weighted average mass 

A s t a t i s t i c a l  combination of t h e  PU system, engine system, 
f l i g h t  s imulat ion,  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 accura te  determination of a c t u a l  propel lan t  r e s i d u a l  a t  
Engine Cutoff Command as  derived from the  s t a t i s t i c a l l y  weighted 
average mass determinat ion method 

Sacramento Test  Center 

S t a r t  tank discharge 

S t a r t  tank discharge valve 

Space vehic le  

Switch 

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  
def ined i n  t h e  t e x t  

Telemetry s t a t i o n  a t  KSC 

Cape Kennedy Telemetry S t a t i o n  I V  

Merritt I s land  Telemetry S t a t i o n  I V  

Cropus C h r i s t i ,  Texas 

Tank 

Te  leme t ry 

The engine burntime from Engine S t a r t  Command t o  t h e  time t h a t  
t h e  Depletion Engine Cutoff Command would have been i n i t i a t e d  

a 
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TABLE AP 6-1 (Sheet 9 of 10) 
GLOSSARY AND ABBREVIATIONS 

DEFINITION 

That amount of l i q u i d  propel lan ts  consumed from Engine S t a r t  
Command t o  Engine Cutoff Command inc ludes  engine consumption, 
b o i l o f f ,  and LH2 tank pressurant  

Telemetry performance eva lua t ion  per iod 

The engine burntime from Engine Star t  Command t o  Engine Cutoff 
Command 

A compilation of a l l  f i n a l  hardware, p rope l lan t ,  and gas masses. 
The measured and computed mass of each c o n s t i t u e n t  is adjus ted  
wi th in  i ts  accuracy band so t h a t  the  t o t a l  s t a g e  mass at Engine 
S t a r t  Command and Engine Cutoff Command agrees  with t h e  t o t a l  
s t a g e  mass as  determined by t h e  S t a t i s t i c a l  Weighted Average 
mass determinat ion method 

T e s t  Planning and Evaluation 

Thrust  vec tor  cont ro l  system 

Those propel lan ts  remaining a f t e r  a propel lan t  deple t ion  cu tof f .  
This  includes t h e  propel lan t  i n  the tank below the  deple t ion  
sensor ,  p rope l lan t  i n  t h e  feed duc t ,  and trapped propel lan ts .  
It does n o t  include sensor  l a g  t i m e  o r  t h e  propel lan t  consumed 
during engine cutoff  but does include sensor  t i m e  delay 

Ullage rocket  

Propel lan ts  i n  excess  of trapped propel lan ts  l e f t  onboard a 
s t a g e  a f t e r  powered f l i g h t  has been terminated by some spec i f ied  
cu tof f  c r i t e r i a  

Unified S-band 

Volt 

Rela t ive  ve loc i ty  

I n e r t i a l  ve loc i ty  

Frees tream veloc i ty  

Wind ve loc i ty  (speed) 

Vehicle Assembly Building,  KSC, F lor ida  

Voltage, a l t e r n a t i n g  cur ren t  

Voltage cont ro l led  o s c i l l a t o r  

Voltage, d i r e c t  cur ren t  

Very high frequency 

Vehicle support  equipment 

Voltage s tanding wave r a t i o  

Watt 

DAC work re lease  order  

Weight 

Time rate of change of  t o t a l  vehic le  weight 

Downrange d is tance  

Downrange ve loc i ty  

ABBREVIATION 

-- 

TPEP 

-- 

TP&E 

TVCS 

-- 

USB 

V 

vE 

vRM 

vW 

VAB 

vac 

vco 

vdc 

VHF 

VSE 

VSWR 

W 

WRO 

w t  

TERMS - 
Tota l  propel lan ts  
consumed 

-- 

Tota l  s t a g e  burntime 

Tota l  s t a g e  mass his tory  

__ 
-- 

Unusable propel lan ts  

-- 

Usable r e s i d u a l  
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ABBREVIATION 

Y 

TERMS - 
__ 

TABLE AP 6-1 (Sheet 10 of 10) 
GLOSSARY AND ABBREVIATIONS 

DEFINITION 

Yaw 

Vertical d is tance  

V e r t i c a l  v e l o c i t y  

Crossrange d is tance  

Crossrange ve loc i ty  

P i t c h  angle of a t t a c k  

Product of angle  of a t t a c k  and dynamic pressure 

Yaw angle of a t t a c k  

Earth f ixed  f l i g h t  path e leva t ion  angle  

Delta weight 

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  

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

Longitude 

Microvolt 
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