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AS-203 

TECHNICAL INFORMATION 

SUMMARY 

This  r e p o r t  o u t l i n e s ,  through a s e r i e s  of ske tches  wi th  accompanying 
t e x t ,  t h e  gene ra l  f e a t u r e s  of t h e  SA-203 Launch Vehicle and information on 
launch p repa ra t ion ,  t h e  launch f a c i l i t y  and mission p e c u l i a r  experiments.  

1. Mission Purpose: 

The b a s i c  purpose of t h e  Apollo-Saturn 203 Mission i s  t o  i n s e r t  a 
modif ied S-IVB/IU/Nose Cone i n t o  a 100 n.m. c i r c u l a r  o r b i t  wi th  maximum l i q u i d  
hydrogen on board t o  eva lua t e  t h e  hydrogen vent  and engine r e s t a r t  systems i n  
an o r b i t a l  environment. 

2. Primary Mission Obj ec t ives :  

a. Evaluate  t h e  S-IVB LH2 continuous vent ing  system. 

b. Evaluate  5-2 engine LH2 chilldown and r e c i r c u l a t i o n  system, and 
u l l a g e  requirements f o r  s imulated engine r e s t a r t .  

c .  Determine cryogenic l i qu id lvapor  i n t e r f a c e  conf igura t ion  and 
f l u i d  dynamics i n  nea r  zero  - g environment. 

d. Determine t h e  h e a t  t r a n s f e r  i n t o  l i q u i d  through a tank w a l l  and 
o b t a i n  d a t a  r equ i r ed  f o r  a p rope l l an t  thermodynamic model. 

e.  Evaluate  S-IVBIIU checkout i n  e a r t h  o r b i t .  

f. Demonstrate t h e  mission support  f a c i l i t i e s  requi red  f o r  launch 
and mission o r b i t a l  opera t ions .  

g. Demonstrate o r b i t a l  opera t ion  of t h e  launch v e h i c l e  a t t i t u d e  
c o n t r o l  and thermal  c o n t r o l  systems. 

h. Demonstrate t h e  launch v e h i c l e  guidance system opera t ion .  

i. Demonstrate t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  launch v e h i c l e  and 
confirm t h e  s t r u c t r u a l  loads and dynamic c h a r a c t e r i s t i c s .  

3. Secandary Mission Object ives  : 

a. Evaluate  launch v e h i c l e  powered f l i g h t  e x t e r n a l  environment. 

b. Evaluate  launch v e h i c l e  sequencing system opera t ion .  

c. Evaluate  performance of t h e  Emergency Detect ion System (EDS) i n  
open-loop con£ igu ra t ion .  



d. Evaluate  s epa ra t ion  of t h e  S-IVB/IU/Nose Cone from t h e  S-IB. 

e .  Evaluate  t h e  launch v e h i c l e  propulsion system's  opera t ion .  

f .  Evaluate  t h e  MSC s u b c r i t i c a l  cryogenic experiment. 

4. P r i n c i p a l  Di f fe rences  Between AS-203 and AS-201: 

a. S-IB Stage: 

(1) Weight reduced by redes ign  of :  p rope l l an t  con ta ine r ,  b a r r e l  
assembly, o u t r i g g e r s ,  and by removal of outboard engine s k i r t s .  

(2) GOX in te rconnect  and vent  system redesigned. 

b. S-IVB Stage: 

(1)  Heavier forward and a f t  s k i r t s  due t o  r ev i sed  loading condi t ions .  

(2) Forward s k i r t  modified t o  i nc lude  nozz les  and f a i r i n g s  f o r  t h e  
LH2 tank  continuous vent ing system. 

(3) S p e c i a l  LH2 tank manhole cover suppor t ing  two T.V. cameras 
and l i g h t s  f o r  viewing LH2 behavior.  

( 4 )  Hydrogen tank vent  system modified t o  s imula te  Sa turn  V/S-IVB 
conf igura t ion .  

( 5 )  Addi t iona l  b a f f l e  r i n g  i n  t h e  LOX tank due t o  of f  loading of 
LOX. 

( 6 )  LH2 experiment ins t rumenta t ion  i n  t h e  LH2 tank cons i s t i ng  of 
an a d d i t i o n a l  probe f o r  temperature,  p re s su re  and l i q u i d  vapor sensors .  

(7) LH2 tank b a f f l e  t o  prevent  p rope l l an t  s lo sh ing  fol lowing S-IVB 
cutof f  and during LH2 experiment. 

(8) Addi t iona l  LOX tank vent  system t o  s imula te  Sa turn  V/S-IVB 
APS u l l a g e  engine t h r u s t .  

(9) Ambient helium sphere added f o r  p a r t i a l  LH2 tank  repressur -  
i z a t i o n  f o r  s imulated r e s t a r t .  

c. Instrument  Unit 

(1)  Control  accelerometers  r e loca t ed  from s k i n  t o  co ldp la t e s .  

(2) Te lev is ion  antennas,  c o n t r o l  u n i t s ,  e x c i t e r s  and r e l a t e d  
equipment added. 



d. Nose Cone: 

(1) Apollo spacec ra f t  replaced by a double angle aerodynamic 
enc losure  bo l t ed  t o  I U  (not s epa ra t ed ) ,  and housing t h e  MSC s u b c r i t i c a l  
cryogenic (LN2) experiment. 

5 .  Mission P r o f i l e :  

( a )  Launch Phase: 

The AS-203 v e h i c l e  w i l l  be launched from Launch Complex 37B a t  
Cape Kennedy on a 90' E of N launch azimuth and r o l l e d  t o  a 72' f l i g h t  azimuth. 
Staging occurs  .8  seconds a f t e r  S-IB outboard engine c u t o f f .  The S-IVB s t a g e  
i s  i g n i t e d  approximately 2 seconds a f t e r  S-IB outboard engine cu to f f  a t  143 
seconds. Approximately 12 seconds a f t e r  S-IVB i n g i t i o n ,  a c t i v e  adapt ive  
guidance i s  i n i t i a t e d ,  and t h e  v e h i c l e  i s  guided i n t o  a 100 n a u t i c a l  mi l e  
c i r c u l a r  o r b i t  by t h e  I t e r a t i v e  Guidance Mode (IGM). Due t o  t h e  s h o r t  burn 
time of t h e  S-IVB Stage, t h e  LH2 tank w i l l  be about 50% f u l l  a t  S-IVB cutof f  
(436 s e c ) .  

(b) O r b i t a l  Phase: 

The o r b i t a l  phase f o r  t h i s  mission is  defined i n  two p a r t s :  

(1) The a c t i v e  v e h i c l e  o r b i t a l  phase, which occurs  from S-IVB 
cu to f f  through t h e  LH2 experiment and o r b i t a l  checkout t e s t s  (approximately 
6 hours  a f t e r  l i f t - o f f ) .  During t h i s  phase, t h e  s imulated engine r e s t a r t  
c a p a b i l i t y  w i l l  be  eva lua ted ,  behavior  of l i q u i d  hydrogen w i l l  be  observed, 
and t h e  S-IVB/IU systems'  s t a t e  of readiness  and a b i l i t y  t o  perform wi th in  
design to l e rances  whi le  i n  an o r b i t a l  environment w i l l  be  evaluated.  

(2) The i n a c t i v e  v e h i c l e  o r b i t a l  phase which covers t he  remaining 
v e h i c l e  o r b i t a l  l i f e t i m e  from t h e  ces sa t ion  of a l l  o r b i t a l  t e s t s  t o  t h e  t ime 
of r e e n t r y .  

( c )  Recovery Phase: 

Two camera capules  e j e c t e d  from t h e  S-IB s t a g e  w i l l  be recovered. 
No recovery of t h e  o r b i t e d  hardware i s  a n t i c i p a t e d .  
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MSE FACILITY 
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LAUNCH VEHICLE SECURE RANGE SAFETY COMMAND SYSTEMS 

The secu re  range s a f e t y  command systems on t h e  S-IB and S- IVB s t a g e s  provide 
a communications l i n k  t o  t ransmi t  commands from ground s t a t i o n s  t o  t h e  v e h i c l e  
during powered f l i g h t ,  and a p o s i t i v e  means of terminat ing t h e  f l i g h t  of an 
e r r a t i c  v e h i c l e  by i n i t i a t i n g  emergency engine cu tof f  and, i f  necessary ,  p rope l l an t  
d i spe r s ion .  

Each powered s t a g e  conta ins  two UHF rad io  r ece ive r s .  Both command r e c e i v e r s  
on each of t h e  two s t a g e s  respond t o  t h e  same command s i g n a l ,  each providing a 
backup system f o r  t h e  o the r .  

The s a f e t y  and arming device loca t ed  on each s t a g e  i s  armed by a s i g n a l  
from t h e  blockhouse before  v e h i c l e  i g n i t i o n .  Following o r b i t a l  i n s e r t i o n  t h e  
S-IVB range s a f e t y  system is  "safed" by a command from Range Safe ty  Control  t o  
prec lude  a c c i d e n t a l  d e s t r u c t .  
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ENERGENCY DETECTION SYSTEM 

Miss ion  AS-203 does n o t  c a r r y  an  Apol lo  S p a c e c r a f t  and t h e r e f o r e  does  n o t  
have a complete  EDS. The EDS cannot  i n i t i a t e  an a u t o  a b o r t .  A l l  EDS a b o r t  
pa ramete rs  are t e l e m e t e r e d  f o r  moni to r ing  by t h e  Launch D i r e c t o r .  

Launch V e h i c l e  r a t e  a b o r t  l i m i t s  a r e  : 

P i t c h  and Yaw 5.0  '0.6 d e g l s e c .  
R o l l  20.0 '0.5 d e g l s e c .  

An o v e r r a t e  c o n d i t i o n  must b e  i n d i c a t e d  by two of t h e  t h r e e  gyros  i n  any 
one a x i s  t o  a c t i v a t e  t h e  a b o r t  bus .  A l l  EDS r a t e s  are f i l t e r e d  t o  e l i m i n a t e  
low f requency  n o i s e  due t o  v i b r a t i o n  and a c o u s t i c s .  

Two of t h e  t h r e e  t h r u s t  OK s w i t c h e s  on two B-1 eng ines  must i n d i c a t e  l o s s  
of t h r u s t  b e f o r e  t h e  a b o r t  bus  i s  a c t i v a t e d .  

There  i s  a redundant  Q-Ball on t h e  Nose Cone. 
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GUIDANCE AND CONTROL SYSTEM 

Func t ion  and D e s c t i p t i o n  

The G&C sys tem prov ides  t h e s e  b a s i c  f u n c t i o n s  dur ing  f l i g h t :  (1) s t a b l e  
p o s i t i o n i n g  of t h e  v e h i c l e  t o  t h e  command p o s i t i o n  w i t h  a minimum amount of 
s l o s h i n g  and bending,  ( 2 )  a  f i r s t  s t a g e  tilt program which g i v e s  n e a r  z e r o  
l i f t  t r a j e c t o r y  through t h e  atmosphere and produces r e a s o n a b l e  end c o n d i t i o n s  
a t  Outboard Engine Cutoff  (OECO), (3)  r e d u c t i o n  of wind l o a d s  d u r i n g  t h e  h i g h  
dynamic p r e s s u r e  r e g i o n ,  (4) s t e e r i n g  commands dur ing  S-IVB burn which gu ide  
t h e  v e h i c l e  t o  a  predetermined set of end c o n d i t i o n s  w h i l e  m a i n t a i n i n g  a  
minimum p r o p e l l a n t  t r a j e c t o r y ,  (5) f i n a l  c u t o f f  and sequencing s i g n a l s ,  (6)  
a t t i t u d e  s i g n a l s  f o r  t h e  s e n s i n g ,  computing, and a c t u a t i o n  e lements  of t h e  
G&C sys tem.  A block  diagram of t h e  hardware used t o  implement t h e s e  f u n c t i o n s  
i s  shown i n  F i g u r e  12.  

The s t a b i l i z e d  p l a t f o r m  (ST-124M) i s  a  t h r e e  gimbal c o n f i g u r a t i o n  w i t h  
g a s  b e a r i n g  g y r o s  and a c c e l e r o m e t e r s  mounted on t h e  s t a b l e  e lement .  Veh ic le  
a c c e l e r a t i o n s  and r o t a t i o n s  a r e  sensed  r e l a t i v e  t o  t h i s  s t a b l e  e lement .  
Gimbal a n g l e s  a r e  measured by redundant  r e s o l v e r s  and i n e r t i a l  v e l o c i t y  i s  
o b t a i n e d  from a c c e l e r o m e t e r  head r o t a t i o n  i n  t h e  form of encoder o u t p u t s  
( a l s o  r e d u n d a n t ) .  

The launch v e h i c l e  d a t a  a d a p t e r  (LVDA) i s  a n  inpu t -ou tpu t  d e v i c e  f o r  
t h e  LVDC. These two components a r e  d i g i t a l  d e v i c e s  which o p e r a t e  i n  con- 
j u c t i o n  t o  c a r r y  o u t , t h e  f l i g h t  program. Th is  program performs t h e  fo l lowing  
f u n c t i o n s :  (1)  Processes  t h e  i n p u t s  from t h e  ST-124M, (2)  performs n a v i g a t i o n  
c a l c u l a t i o n s ,  (3 )  p r o v i d e s  f i r s t  s t a g e  t i l t  program, (See F igure  1 4 ) ,  (4)  
c a l c u l a t e s  IGM s t e e r i n g  commands, (5) r e s o l v e s  gimbal a n g l e s  and s t e e r i n g  
commands i n t o  t h e  v e h i c l e  sys tem f o r  a t t i t u d e  e r r o r  commands, (6) i s s u e s  cu t -  
o f f  and sequencing s i g n a l s .  

The c o n t r o l  a c c e l e r o m e t e r s  supp ly  s i g n a l s  t o  t h e  c o n t r o l  computer d u r i n g  
S-IB burn  which a r e  p r o p o r t i o n a l  t o  t h e  aerodynamic l i f t  f o r c e s  a c t i n g  on t h e  
v e h i c l e .  They a r e  spring-mass d e v i c e s  which a r e  mounted on I U  c o l d p l a t e s .  

The Control/EDS r a t e  gyro package c o n t a i n s  9 gyros  ( t r i p l e x  redundant  
i n  3  a x e s ) .  T h e i r  o u t p u t s  go t o  t h e  c o n t r o l  s i g n a l  p r o c e s s o r  (CSP) where 
t h e y  are v o t e d  and s e n t  t o  t h e  c o n t r o l  computer f o r  damping a n g u l a r  motion.  
These o u t p u t s  a r e  a l s o  p rocessed  i n  t h e  CSP f o r  use  a s  an  a b o r t  pa ramete r .  

The c o n t r o l  computer sends  commands t o  t h e  S-IB and S-IVB eng ine  
a c t u a t o r s  and t o  t h e  c o n t r o l  r e l a y  package based  on s i g n a l s  from t h e  LVDA, 
c o n t r o l  a c c e l e r o m e t e r s ,  and r a t e  gyros .  These s i g n a l s  a r e  f i l t e r e d  and 
s c a l e d  (See F i g u r e  1 3 ) ,  t h e n  summed i n  magnet ic  a m p l i f i e r s .  Th i s  computer 
p r o v i d e s  redundant  o p e r a t i o n  dur ing  S-IVB burn  and c o a s t  only .  

The c o n t r o l  r e l a y  packages a c c e p t  computer commands and r e l a y  t h e s e  
commands t o  o p e r a t e  p r o p e l l a n t  v a l v e s  i n  t h e  A u x i l i a r y  P r o p u l s i o n  System (APS). 
A l l  r e l a y s  and v a l v e s  a r e  redundant .  The APS h a s  6 n o z z l e s  ( t h r e e  i n  each 
module) which o p e r a t e  spontaneously  when f u e l  and o x i d i z e r  a r e  mixed. 



The 8 h y d r a u l i c  a c t u a t o r s  of t h e  S-IB s t a g e  a r e  used t o  gimbal t h e  out- 
board engines and provide c o n t r o l  i n  a l l  axes.  The two hydrau l i c  a c t u a t o r s  
of t h e  S-IVB s t a g e  a r e  used t o  gimbal t h e  5-2 engine and provide c o n t r o l  i n  
p i t c h  and yaw axes.  These two a c t u a t o r s  use  mechanical feedback. 

The swi tch  s e l e c t o r s  a r e  used t o  r e l a y  d i s c r e t e  commands from t h e  LVDA 
t o  o t h e r  l o c a t i o n s  i n  t h e  veh ic l e .  The cu tof f  s i g n a l  and time based events  
a r e  i s sued  through t h e  switch s e l e c t o r s .  

Operation 

The v e h i c l e  i s  e rec t ed  on t h e  launch pad wi th  p o s i t i o n  I a t  a  90' E of 
N azimuth. The s t ab i l - zed  platform i s  a l igned  t o  72' azimuth during countdown 
and h e l d  i n  an e a r t h  f i x e d  p o s i t i o n ,  perpendicular  t o  t h e  g r a v i t y  vec to r .  A 
r o l l  p r e s e t t i n g  of 18' i s  used t o  e l imina te  t h e  a t t i t u d e  e r r o r  which would 
r e s u l t  from t h i s  d i f f e r e n c e  i n  azimuth. The LVDC opera tes  i n  ground rou t ines  
p r i o r  t o  GRR and a t t i t u d e  e r r o r  s i g n a l s  a r e  s e t  t o  n u l l .  A t  t h e  i n s t a n t  of 
GRR, t h e  p la t form becomes space f i x e d  t o  e s t a b l i s h  t h e  guidance coord ian te  
system and t h e  LVDC e n t e r s  t h e  f l i g h t  mode. I n  t h i s  mode accelerometer  
process ing ,  s t e e r i n g ,  naviga t ion ,  te lemet ry ,  and o the r  func t ions  a r e  performed 
e x a c t l y  a s  they a r e  a f t e r  l i f t o f f .  

L i f t o f f  s i g n a l  (IU umbi l ica l  disconnect)  i n i t i a t e s  t ime base  1. Ten 
seconds l a t e r ,  t h e  p i t c h  program s t a r t s  and t h e  i n i t i a l  r o l l  p r e s e t t i n g  i s  
r e s e t  t o  zero.  The v e h i c l e  r o l l s  i n t o  alignment with t h e  platform a t  
1°/second. There i s  no a c t i v e  pa th  guidance during S-IB burn. Control is  
maintained by gimball ing t h e  fou r  outboard engines on command from t h e  c o n t r o l  
computer. Sequencing s i g n a l s  a r e  i ssued  t o  t h e  var ious  switch s e l e c t o r s  t o  
perform time dependent func t ions .  

P rope l l an t  l e v e l  sensing s i g n a l  and OECO a r e  i n t e r r u p t s  t o  t h e  LVDC 
which s t a r t  t ime bases  2 and 3 .  Path guidance (IGM) begins about 14 seconds 
a f t e r  OECO. S-IVB engine cu tof f  i s  i s sued  based on t o t a l  space f i x e d  v e l o c i t y  
and s t a r t s  t ime base 4. 

The APS i s  used f o r  c o n t r o l  i n  a l l  axes during S-IVB coas t .  A p i t c h  
over  maneuver s t a r t s  a t  5 seconds a f t e r  S-IVB engine cu tof f  and cont inues 
a t  about .067"/s f o r  t h e  du ra t ion  of t h e  mission. 

The d i g i t a l  command system c a r r i e d  i n  t he  I U  i s  a  phase s h i f t  
keyed/frequency modulated (PSKIFM) system. The LVDC w i l l  be  programmed t o  
r e c e i v e  two types of commands from t h e  I U  Command Decoder: Mode Commands 
and Data Commands. Mode Commands w i l l  be  decoded t o  determine what r o u t i n e  
o r  sub-rout ine i s  t o  be executed by the  LVDC. Data Commands w i l l  be  used t o  
s a t i s f y  t h e  d a t a  requirements of t he  commanded rou t ine .  The p r i n c i p a l  
func t ions  of t h e  I U  Command System a re :  t o  i n i t i a t e  a l t e r n a t e  LH2 experi-  
ment sequences,  t o  update t h e  t ime sequence, t o  command s i n g l e  switch 
s e l e c t o r  func t ions ,  t o  c o n t r o l  t h e  TV systems, and t o  i n i t i a t e  o the r  system 
func t ions  on a  t e s t  b a s i s  (naviga t ion  update ,  systems checkout).  
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Functional Diaqram o f  G $ C Systems 
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SA-203 CONTROL SYSTEM DESIGN OBJECTIVES 

The d e s i g n  o b j e c t i v e s  used i n  de te rmining  t h e  c o n t r o l  g a i n s  and shaping 
networks du r ing  bo th  S-IB and S-IVS Stage burn a r e  t o  provide  adequate v e h i c l e  
response  and s t a b i l i t y  margins throughout  f l i g h t .  Pas s ive  shaping networks 
a r e  used i n  t h e  a t t i t u d e  e r r o r  and a t t i t u d e  r a t e  channels .  Ac t ive  shaping i s  
used i n  t h e  acce lerometer  channels .  The networks a r e  tuned t o  provide  mini- 
mum phase l a g  a t  s l o s h  f r equenc ie s  c o n s i s t e n t  w i th  g a i n  s t a b i l i z i n g  a l l  bend- 
i n g  modes excep t  t h e  f i r s t  bending mode du r ing  S-IB Stage  burn .  The f i r s t  
bending mode du r ing  S-IB Stage burn i s  phase s t a b i l i z e d .  

Typical Shapinq Network Characteristics - S-10 Burn 

, y Shap;nq network 

b e n d i q  modes 

Pitch and yaw attitude error (9 p, y 
Shaping network 

Note: S-10 - 4 ~  and S-1VB 7p, y,  R f i l ters 
have similar characteristics ; 
also t rue  for P p , y ,  R filters 

Fiqure 13 

yp, Shapinq neiwork 
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Control System Gain Factors 
a0 = deg /deq ( Attitude rate) 
a1 =deq/deq /s (Attitude error) 
92 = deq /m/s2 (Acceleration ) 
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VEHICLE TRACKING SYSTEMS 

1. Azusa and C-Band Radar Systems. 

The Azusa ground s t a t i o n  de te rmines  s u c c e s s i v e  t r a j e c t o r y  p o s i t i o n s  
o f  t h e  v e h i c l e  by cont inuous  phase  comparison between t h e  s i g n a l s  t r a n s m i t t e d  
t o  t h e  r e c e i v e r  from t h e  onboard t ransponder .  The C-Band Radar Transponder 
onboard t h e  v e h i c l e  p r o v i d e s  (upon i n t e r r o g a t i o n  from t h e  ground) a s i n g l e  
p u l s e  r e p l y  t o  ground r a d a r  system. Th is  s i g n a l  i s  f e d  t o  t h e  ground computer 
complex t o  o b t a i n  p o s i t i o n ,  v e l o c i t y ,  and a c c e l e r a t i o n  i n f o r m a t i o n .  T r a j e c t o r y  
d a t a  from t h e  launch v e h i c l e  Azusa and C-Band a r e  p r e s e n t e d  on p l o t t i n g  boards  
f o r  t h e  range  s a f e t y  o f f i c e r  t o  u s e  i n  de te rmin ing  " r e a l  time" v e h i c l e  t r a j e c t o r y  
paramete rs .  I n  a d d i t i o n ,  t h e  launch v e h i c l e  Azusa and C-Band a r e  used f o r  t h e  
p o s t  f l i g h t  d e t e r m i n a t i o n  of t h e  v e h i c l e  t r a d e c t o r y .  

2 .  ODOP System 

The v e h i c l e ' s  ODOP t r a n s p o n d e r  t r a n s m i t s  a cont inuous  wave s i g n a l  
( a t  70 mc above t h e  r e c e i v e d  f requency)  t o  t h e  ground r e c e i v i n g  s t a t i o n s  
where t h e  d o p p l e r  s h i f t  (due t o  t h e  r a d i a l  v e l o c i t y  of t h e  v e h i c l e )  i s  used 
t o  p r o v i d e  t r a j e c t o r y  d a t a  f o r  t h e  p o s t  f l i g h t  e v a l u a t i o n  of v e h i c l e  per-  
formance. 
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STATION COVERAGE SUMMARY 

RANGE I U  
STATION TRACKING SAFETY TV - TM - COMMAND 

1. Cape Kennedy Area X X X 

2. A t l a n t i c  F ie ld  X 

3.  Eleuthera X 

4 .  Grand Bahama X 

5. Bermuda X 

6. I n s e r t i o n  Ship 

7. Antigua 

8. Canary I s l and  

9.  Ascension 

10. Tananarive, Madagascar 

11. Carnarvon, Aus t ra l i a  X X 

12. Canton I s l and  

13. Hawaii X 

1 4 .  Point  Argue110 X 

15. Guaymas, Mexico 

16. White Sands X 

17. Corpus C h r i s t i  X 

18. Houston (MCC-H) Direct  command c a p a b i l i t y  t h r u  
f a c i l i t i e s  a t  KSC, Corpus C h r i s t i  
and Bermuda. 
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GROUND TRACKING 

O p t i c a l  

1. CZR Cameras and Theodol i tes  -- Pr imar i ly  used up t o -  500 meters 
a l t i t u d e .  Targe ts  f o r  t r ack ing  
a r e  v e h i c l e  p a i n t  p a t t e r n s .  

2. Long Range Cameras -- To t r a c k  v e h i c l e  during f l i g h t  u n t i l  
l o s s  of view. 

1. Skin Tracking -- The S-IB s t a g e  a f t e r  s e p a r a t i o n  w i l l  be  s k i n  
t racked  by r ada r s  l oca t ed  a t  t h e  Cape. The 
S-IVB/IU w i l l  be  s k i n  t racked  during t h e  
remainder of t h e  t r a j e c t o r y  by Cape and 
downrange r a d a r s .  

2 .  GLOTRAC -- Downrange s t a t i o n s  w i l l  use  t h e  Azusa t ransponder  
a f t e r  - 140 seconds. 



SPACE VEHICLE WEIGHT VS. FLIGHT TIME 

Vehicle 
Weisht 
(Pounds) 

The total flight time from liftoff to orbital insertion of the S-IVB 
stage is cr, 7.3 minutes. Propellant consumption during S-IB stage flight 
(- 144 seconds) is 4 885,500 pounds and during S-IVB stage flight at' 90% 
thrust (- 298.4 seconds) is -136,000 pounds. 

In case one engine of the S-IB Stage malfunctions and is cut off 
during flight, the remaining engine will consume the propellant intended 
for the "dead" engine. Burning time of the stage would increase, and the 
overall vehicle performance loss would be minimized. 

Vehicle weight Data (Approximate) Pounds 

Total at S-IB ignition 
Total at liftoff 
Total S-IB O.E.C.0 
Total at S-NB ignition 
Total at S-IVB cutoff 

i,201,000 Ibs. ( ~ o t a l  Vehicle @ Iqnition) 
1,187,000 Ibs. (Total Vehicle.@ Liftoff) (0 see.) 

S-I6 Propellant Consumption .~6,200 Ibs/sec. 

- 

- S-IVB Staqe  nitio ion (-f45 sec) (i95,000 lbs.) 

- 

- S-IVB Propellant Consumption -455 Ibs./see. 
- 

S-IVB Enqine Cutof f  - -435 sec. (58,700 lbs) 

- 
40,000 1 AFtev the end of active attitude 

control the rate of mass loss 
is about 12,000 Ibs. per day 

Residual LH2 - 49,000 Ibs. 

0 7 
I I I I I I 

L i f to f f  100 300 500 

( O  see) Time (sec.  from lif+off) - 
I 



S-IB STAGE STRUCTURE 

The S-IB s t a g e  c o n s i s t s  of fou r  70-inch diameter f u e l  con ta ine r s  mounted 
a l t e r n a t e l y  wi th  fou r  70-inch diameter LOX conta iners  around a 105-inch diameter 
LOX conta iner .  The con ta ine r s  a r e  supported a t  t h e  base  by a t h r u s t  s t r u c t u r e  
assembly t o  which a r e  a f f i x e d  t h e  e i g h t  H-1 engines.  The s p i d e r  beam assembly 
provides  t h e  support  s t r u c t u r e  a t  t h e  forward end of t h e  con ta ine r s  and se rves  
a s  an adapter  f o r  t h e  S-IVB i n t e r s t a g e .  Eight f i n s  a r e  mounted a t  t h e  base  of 
t h e  S-IB s t a g e  t o  improve aerodynamic s t a b i l i t y ,  p re - f l i gh t  suppor t ,  and holddown 
of t h e  veh ic l e .  

PROPULSION SYSTEM 

The f i r s t  s t a g e  of t h e  launch v e h i c l e  i s  powered by a c l u s t e r  of e i g h t  
Rocketdyne H-1 engines developing a t o t a l  s e a  l e v e l  t h r u s t  of 1,600,000 pounds. 
Four engines a r e  mounted outboard and fou r  inboard;  t h e  fou r  outboard engines 
a r e  gimbaled f o r  v e h i c l e  con t ro l .  The p r o p e l l a n t s  a r e  LOX andRP-1. 

EJECTABLE CAMERA CAPSULES 

Two e j e c t a b l e  cameras a r e  t o  be  c a r r i e d  onboard t h e  S-IB s t a g e  f o r  t h e  pur- 
pose of viewing S-IBIS-IVB s t a g e  sepa ra t ion  and o the r  phenomena a s soc i a t ed  wi th  
performance of t h e  v e h i c l e  during sepa ra t ion .  The camera e j e c t i o n  system c o n s i s t s  
of a high-pressure s t o r a g e  sphere ,  two so lenoid  c o n t r o l  va lves ,  two camera e j e c t i o n  
mechanisms, and t h e  necessary va lves ,  tubing,  and a s soc i a t ed  hardware. 

The camera capsules  a r e  mounted i n  t h e  s e a l  p l a t e  a t  t h e  top  of t h e  S-IB 
s t a g e  and w i l l  be  e j e c t e d  twenty-five seconds a f t e r  S-IBIS-IVB sepa ra t ion .  The 
capsules  w i l l  fo l low a b a l l i s t i c  pa th  t o  an a l t i t u d e  of approximately 14,000 
f e e t .  A t  t h i s  p o i n t ,  parachutes  w i l l  b e  deployed t o  d e c e l e r a t e  t h e  capsules .  
A f l o a t a t i o n  bag (approximately 20 inches i n  diameter wi th  a l t e r n a t e  colored 
panels  of i n t e r n a t i o n a l  orange and s i l v e r )  w i l l  keep t h e  capsules  a f l o a t  a f t e r  
impact. 

For recovery,  t h e  capsules  a r e  equipped wi th  SARAH t r a n s m i t t e r s  t h a t  ope ra t e  
on a frequency of 242 mc, and have a b a t t e r y  l i f e  of approximately 30 hours.  The 
e f f e c t i v e  range of t h e  t r a n s m i t t e r s  is  approximately twenty-five mi les .  I n  
a d d i t i o n ,  a dye marker i s  a l s o  r e l ea sed  t o  a i d  i n  a e r i a l  s i g h t i n g .  
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H- 1 ENGINE OPERATION 

A s t a r t  s i g n a l  i g n i t e s  t he  s o l i d  p rope l l an t  gas  genera tor  (SPGG) which 
a c c e l e r a t e s  t h e  LOX and RP-1 pumps. Inc reas ing  f u e l  p r e s su re  opens t h e  main 
LOX va lve  which, i n  t u r n ,  opens t h e  sequence va lve  pe rmi t t i ng  f u e l  p r e s su re  
t o  rup tu re  t h e  hypergol ic  c a r t r i d g e .  Primary i g n i t i o n  occurs  when the  RP-1 
and hypergol ic  f l u i d  con tac t  LOX i n  t he  t h r u s t  chamber. The i n j e c t o r  f u e l  
p r e s su re  opens t h e  main RP-1 va lve  and provides  p rope l l an t  flow t o  t he  l i q u i d  
p r o p e l l a n t  gas  genera tor  (LPGG) which s u s t a i n s  t u rb ine  ope ra t i on .  

The d i g i t a l  computer i n i t i a t e s  inboard engine cu to f f  3 .0  seconds 
a f t e r  t h e  p r o p e l l a n t  l e v e l  sensor  a c t u a t i o n .  Outboard engine cu to f f  i s  
i n i t i a t e d  by e i t h e r  t h e  t h r u s t  OK switches,  t he  backup t imer  (from t h e  
computer), o r  t h e  f u e l  d e p l e t i o n  probes.  Both cu to f f  s i g n a l s  a r e  rou ted  
through t h e  S-IB s t a g e  switch s e l e c t o r .  The cu to f f  s i g n a l  opens t h e  
exp los ive ly  ac tua t ed  Conax va lve  equa l i z ing  t h e  RP-1 p re s su re  a t  t h e  
main LOX valve .  The va lve  c l o s e s  t o  i n t e r r u p t  f u e l  flow and te rmina te  
engine  ope ra t i on .  

SPGG I g n i t i o n  1 I 
SPGG Combust ion 1. 
Main LOX Valve (Open) 

Hypergol Ca r t r i dge  Ruptures 1 15 1 1 I 
Primary I g n i t i o n  

Main RP- 1 Valve (Open) 

Main I g n i t i o n  ( S t a r t )  

LPGG Operat ion 

Mainstage Thrust  

Conax Valve Actua tes  

0 1 2 3 I sec. sec. sec. 
I 

Iqni t ion Lif-toff 
Command 

-Time from Iqnition 

0 f 2 I sec. sec. 

Cutoff 
Siqnal 

*Time from Cutof f  

H - f  Operational 11 
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RP-I  LOX 

Pressure System 

Gas Generator 

LOX Tank Mixture Ratio 
Pressurization LOX: RP-I, 2.D:I 

Thrust Chamber 

R P - I  Preheat 
200,000 Ibs Thrust 

H- 1 Enqine System I 



S-IB STAGE PROPELLANT SYSTEM 

The S-IB Stage propellant system is composed of five LOX tanks, four 
RP-1 tanks, propellant lines, control valves, vents, and pressurization sub- 
systems. The sumps of each group of tanks are interconnected to provide 
uniform propellant levels and pressures. Loading of LOX and RP-1 tanks is 
controlled by ground computers. After the RP-1 has been loaded and just 
before the start of LOX loading, ground source GN2 is bubbled through the 
RP-1 suction lines to prevent temperature stratification. At the start of 
the automatic sequence the RP-1 tanks are pressurized with ground source 
GN2.  During S-IB burn, fuel tank pressurization is maintained by GHe 
from two 20 cubic foot spheres located above two of the fuel tanks. Ground 
source helium is bubbled through the LOX lines and tanks at the start of 
the automatic sequence to prevent temperature stratification in the engine 
LOX suction lines. Prior to engine ignition the bubbling is discontinued 
and the LOX tanks are pressurized with helium from a ground source. After 
liftoff, the LOX tank pressurization is maintained with GOX converted from 
LOX in the heat exchanger. 

- 
4 

Start  Automatic 

I 

-2  hr. ; 5  hr. -10 min -163 sec. - 3  sec. 
before I I 

Launch -Time to  Liftoff 1 Liftoff 
I 
A GN2 Bubbling 

RP-1 Start - Final Adjust t o  100 % 
Loading 

System RP-1  Pressurize Tanks 
! 

I I 
A 

LOX - Start 

I 

Loadi nq 
System LOX 

I ~ressurize 7 
Tan ks -- 

G OX 



19.3 cu. ft. 
H e  Spheres ( 2 )  
f o r  RP-1 Tank 
Pressurization 

GOX Vent j 
Relief Valves 

Vent Relief 

open - 67.5 psia 60-62 psia 

close - 64psia 59.0 psia GN2/He Vent Valves 

open - 21 psig 
close- 19psig 

I 
I 

Outer  
LOX Tank ( 4 )  I 

Center I /RP-1 Tank (4) 
LOX Tank- 

R P - I  below container 

LOX below container bottom at  
bottom at Liftoff ~5,700 Ibs. 
Liftoff ~ 8 , 7 0 0  1bs 

LOX Fill 6 Drain 

GHe from GSE for -- 
in i t ia l  LOX Tank 
pressur iza t ion  

H e a t  Exchan e r  2 produces GO for  
in+ l iqht  pressurization 

Total a t  l i f t o f f  897,200 Ibs. 
Total propeltant consurn ad after liftoff - 805,500 

Propellant System 



S-IB STAGE THRUST VECTOR CONTROL SYSTEM 

Each of the four outboard H-1 engines is gimbal mounted on the stage 
thrust structure to provide engine thrust vectoring for vehicle attitude 
control and steering. Two hydraulic actuators are utilized to gimbal each 
engine in response to signals from the Flight Control Computer located in 
the Instrument Unit. 

The actuators are part of an independent hydraulic system on each 
gimballed engine. Hydraulic fluid flows to the actuators from the high 
pressure accumulator and returns to the low pressure reservoir. The 
electric motor driven auxiliary pump operates only during prelaunch check- 
out of the thrust vector control system. 



Low Pressure 53 p s i q  

Vehicle Thrust  
Structure - Actuator 
Attachment Point 

movement as commanded 
by Flight Control Computer 

Hydraulic Ac tua to r  (2) 

Driven  by Engine 
Electric Motor Turbopump at  4000 rpm 
Drive at 11,300 bpm Output 18 qpm 
Output 3.0 gpm 

Outboard Engine (4) 
Gimballed ; 

Inboard Enqine (4) 
Fixed Position; I 
Canted Outboard 3" 

Fiqure 22 S-I6 Staqe Thrust Vector 
Control System 
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r 
S u m m a r y  o f  M e a s u r e m e n t s  - 

S- I B -  J 
I n f l i q h t  

f. L;q. Level 4 8 
2. Temperature 9 0 
3. Pressure 302 
4. S t r a i n  424 
5. Vibration 6 2  
6. Siqnals 62 
7. Voltaqe, Current, Frcq. 25 
8. Miscel laneous 30 - 

Tota l  - 503 

LCC ( B l o c k h o u s e )  - 367 * - - 

* - 122 blockhourr mee. are 
also ~nCligM rnea. Note : There were  - 418 inCliqht w d  -176 

LCc measurement on O-tB-l 

TO Blockhouse t h r u  pre f  liqht 
d a t a  acqu is i t i on  sys tem 

Used f o r  qround 
c h e c k o u t  on ly  

r----1 
I 
I 

T r a n s d u c e r  or 
Siqna l  Sources 

I 
I 

Thermocoup le  I 

I 
s t r a i n  Gauqe I 

I 
Acce le romete r  I 

(V ib ra t ion )  I 

Voltaqe, I 
Sensor, e t c .  Meas. I 

Dirt .  
I 
I 
I 
I 

TO T e l e m e t r y  

I 
S y s t e m  

I 
I 

M e a r u r i n q  R a c k  / - L 28Vdc 
(7 in 5-16 Staqe I 5Vdc 

I - - - 7 1  
1 IValtaqe I 

S i q n a l s  ( l i f t o f f ,  C.O., Dividinql 1 
etc.  ) * Network1 I 

zevdcl  L---1 - 1 
I 

I 
I 

I 
I 

P o t e n t i o m e t e r  type 0 - 5  V ~ C  
[ (pressure qauqe, I 

long. accel., et~.) I 
5 Vdc 1 I 

I 
I 
I 

L - - - - - l  
C o n t i n u o u s  l i q u i d  D i g i t a l  Oata To 

l e v e l  T e l e m e t r y  
Sys tem 
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Aniennas Command Signals 
From S-11 Ctrqe 
$wii& Seleo+or 

SS - Sinqle Sideband 
FM - Frequency Modulat ion 
DDAS- Diqital Data Acquisition System 
PAM - Pulse Amplitude Modulat ion 
PCM -Pulse Code M o d u l a t i o n  
TM - T e l e m e t r y  
R F - Radio Frequency 

9 
From. 
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dist r ibutors  
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LOC 
tail 

From 
Switch Selector 

input I 
Cali brator 

Asr'y 

+ 
To F1, F2 P1 Multiplexer 

*AISO carr ies  mult ip lexe2 
data from F1 4 F Z  
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S-IVB STAGE STRUCTURE 

The S-IVB Stage is a 260-inch diameter semimonocoque structure consisting 
of a cylindrical propellant container with hemispherical ends, a thrust 
structure assembly, a forward skirt, an aft skirt, and a S-IB/S-IVB interstage. 

The propellant tanks are separated by a common hemispherical bulkhead. 
The liquid oxygen tank is located aft of the liquid hydrogen tank. A single 
J-2 engine is attached to the stage by a conical thrust structure assembly. 

PROPULSION SYSTEM 

A single Rocketdyne 5-2 engine mounted on the vehicle centerline powers 
the second stage. Using LOX and LH2 as propellants, the engine develops a thrust 
of 200,000 pounds. 'During powered flight, vehicle pitch and yaw control moments 
are attained by gimbaling the engine. The Auxiliary Propulsion System provides 
roll control during powered flight and provides control in all axis during 
orbital coast. 

LH2 EXPERIMENT PECULIAR EQUIPMENT 

1. La2 Tank Venting Systems 

The LH2 tank can be vented by two systems. The non-propulsive vent 
system rapidly reduces the LH2 tank pressure. The smaller propulsive vent system 
is enabled shortly after insertion into orbit and produces a minimum vehicle 
axial acceleration of 2 X G to bottom the propellant. 

2. TV System 

Two TV cameras and two 300-watt lamps, mounted on a modified LH2 dome 
manhole cover view the interior of the LH2 tank. Electrical heaters will be 
operated continuously during the experiment to keep the camera temperatures from 
falling below the camera operating limits. 

Instrumentation 

Instrumentation has been added to the basic S-IVBIIU for the experiment. 
These instruments consist of numerous temperature and liquidlvapor sensors within 
the LH2 tank of the S-IVB for the purpose of locating the liquid and studying 
the convective patterns within the LH2. Also, a quality meter has been added to 
the hydrogen continuous venting system to measure the liquid-vapor ratio in the 
vented gas. Other appropriate temperature and pressure measurements are included 
in the hydrogen vent systems, and the ullage thrust system to permit calculation 
of flowrates, thrust, and thrust unbalance. Temperature and pressure of the 
ambient helium bottle are measured to determine tank repressurization requirements. 
The hydrogen recirculation system and engine bell are instrumented with appropriate 
temperature and pressure sensors to provide'for detailed assessment of engine 
chilldown for engine restart. 
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5-2 ENGINE OPERATION 

The normal operating cycle of the 5-2 Engine consists of prestart, start, 
steady-state operation, and cutoff sequences. During prestart, LOX and LH2 
flow through the engine to temperature-condition the engine components, and 
to assure the presence of propellant in the turbopumps for starting. After 
a timed cooldown period, the start signal is received by the sequence controller 
which energizes various control solenoid valves to open the propellant valves 
in the proper sequence. The sequence controller also energizes spark plugs in 
the gas generator and thrust chamber to ignite the propellant. In addition, 
the sequence controller releases GH2 from the start tank. The GH2 provides 
the initial drive for the turbopumps that deliver propellant to the gas 
generator and the engine. The propellant ignites, gas generator output accel- 
erates the turbopumps, and engine thrust increases to main stage operation. 
At this time, the spark plugs are de-energized and the engine is in steady- 
state operation. 

Steady-state operation is maintained until a cutoff signal is received 
by the sequence controller. The sequence controller de-energizes the solenoid 
valves which in turn close the engine propellant valves in the proper sequence. 
As a result, engine thrust decays and the cutoff sequence is complete. 



Propellant ut i l izat ion 
valve regulates LOX 
Flow to minimize LHz 
and LOX residuals a t  
cutoff. Varies mixture 
ratio +_ 10% 

LH2 
I 

-----------  

Thrust Chamber Tank Pressure 

Mixture Ratio 
LH2 circulates thru 
Thrust chamber wall 
to  cool wall 

200,000 Ibs Thrust 
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S-IVB STAGE PROPELLANT SYSTEM 

L O A D  - 

LOX - 
System 

LHt 
System 

The S-IVB propellant system is composed of integral LOX/LH2 tanks, 
propellant lines, control valves, vents, and pressurization subsystems. 
Loading of the propellant tanks and flow of propellants is controlled by 
the propellant utilization system. Both propellant tanks are initially 
pressurized by ground source cold helium. LOX tank pressurization during 
S-IVB Stage burn is maintained by helium supplied from spheres in the LH2 
tank, which is expanded by passing through the helium heater, to maintain 
positive pressure across the common tank bulkhead and to satisfy net positive 
suction head. The LH2 pressurization strengthens the stage in addition to 
satisfying net positive suction head requirements. After engine ignition 
the pressure is maintained by GH2 tapped from the engine supply. 

S-IVB PROPELLANT LOAD AND OPERATIONAL SEQUENCE 



LH2 Tank 
Vent Valve 

(pressure 
stepped a t  launch 
+ 150 sec. to open at 
42psia and close at 
39 psia vent setting) 

S - IVB burn for 
Sphetes For &OX 
Tank pressur~zat io  

- w  

Tank - 10 sec. aher mairrstage start 

LH2 tank is abou t  50% 
full at J-2 enqine cutoff 
LOX remainin at J-2 
enqine cutof ? is ~ 4 8 0 0  Ibs. 

tank 
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S-IVB STAGE THRUST VECTOR CONTROL SYSTEM 

The single 5-2 engine is gimbal mounted on the longitudinal axis of 
the S-IVB Stage. Power for gimballing is supplied 'by a hydraulic control 
system mounted on the engine. 

Pitch and yaw control, during powered flight, is maintained by actuator 
control of the engine thrust vector. Roll control of the stage is maintained 
by properly sequencing the pulse-fired hypergolic propellant thrust motors 
in the APS. When the stage enters the coast mode, the APS thrust motors 
control the stage in all three axes. 



Turbo pump at 

Electric ~ o t o ;  
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S-IVB Stage Thrust Vector 
Control System 1 



AUXILIARY PROPULSION SYSTEM 

The APS c o n s i s t s  of two se l f -conta ined  a t t i t u d e  c o n t r o l  modules mounted 
180 degrees a p a r t  on t h e  a f t  s k i r t  of t h e  S-IVB s tage .  Each a t t i t u d e  c o n t r o l  
module con ta ins  t h r e e  t h r u s t  motors which use  hypergol ic  p rope l l an t  (n i t rogen  
t e t r o x i d e  (N204) and monomethylhydrazine (MMH). The t h r u s t  motors a r e  pulse- 
f i r e d  and no i g n i t i o n  system i s  required.  The t h r u s t  motors provide p i t c h ,  yaw 
and r o l l  c o n t r o l  during t h e  S-IVB coas t  mode of ope ra t ion ,  and r o J l  c o n t r o l  during 
powered f l i g h t s .  



Thrust  Structure Width - 23" 
Outer Module 
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S u m m a r y  of Measurements 1 
I n f l i q h t  

I. Liquid Level  
2. T e m p e r a t u r e  
3 .  P r e s s u r e  
4. S t r a ~ n  
5. V i b r a t i o n  
6. S i r jna ls  
7. Vol taqe / Current  
8. M i s c e l l a n e o u s  

Tota l  

I (B lockhouse )  1--1~1 * I  

4421 Lcc measuvemetu% AVC 
619 used 6% cnClcc\h~ m r a ~ u v e W S .  

Tranr ducer or 
Siqnal Sources 

Reference  
Thermocoup le  

Resistance ~her rnometer  -4 I 

Conditioner5 
Crystal  Vibration Pickup -- 

B r i d a e  Boxes 
Strain Gauqe -Isolation 

Boxes 
S i q n a l s  (switches,etc.) 

-D is t r ibutors  
( voltaqe 

d iv id inq 
Siqnals (switches,etc.) networks) 

5 v d c  V o l i a g e  
f - s o u r c e s  

L Potent iometer  T y p e  
(Pressuse  Gauqe , e t e . )  

w To T M  



U o ~ t  : 
MI e ~ u i p ~ e n t  louted 

Antennas IN Fwd 5kirt except M Aneennas, 

S-I trdnimitter com- 
manded oFFIYa mi@. 

From 
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Sys. 
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INSTRUMENT U N I T  

The S-IU-203 Instrument Unit (IU) s t r u c t u r e  c o n s i s t s  of t h r e e  a r c  
segments (numbered 601, 602, and 603) of sandwiched honeycomb. The t h r e e  
a r c  segments a r e  jo ined  wi th  s p l i c e  p l a t e s  bo l t ed  t o  t he  s k i n  and t h e  channel 
r i n g  segments, thus  forming a s i n g l e  u n i t  of honeycomb cons t ruc t ion .  This 
cons t ruc t ion  forms an assembly 260 inches i n  diameter and 36 inches high. 
Brackets  a r e  bonded t o  t h e  inne r  s k i n  t o  provide mounting su r f aces  f o r  16 
co ld  p l a t e s ,  which a r e  30 inches square.  A coolant  f l u i d  is  c i r c u l a t e d  through 
t h e  co ld  p l a t e s  t o  d i s s i p a t e  h e a t  generated by t h e  e l e c t r i c a l  components 
mounted on them. This arrangement provides c learance  f o r  t h e  landing gear  
of t h e  Lunar Module t o  be  included i n  l a t e r  miss ions ,  and f o r  t h e  forward 
bulkhead of t h e  S-IVB hydrogen tank  which extends i n t o  t h e  I U .  A honeycomb- 
cons t ruc ted  access  door i n  segment 601 provides access  t o  components w i th in  
t h e  I U  a f t e r  t h e  I U  i s  assembled a s  p a r t  of t he  veh ic l e .  

P r i o r  t o  v e h i c l e  launch, a temperature con t ro l l ed  atmosphere i s  forced  
i n t o  t h e  I U  and S-IVB forward s k i r t  from a ground source t o  maintain a 
temperature of 60 t o  80 degrees Fahrenhei t .  Compressed a i r  i s  used a s  a 
purging medium up t o  t h i r t y  minutes be fo re  t h e  S-IVB s t a g e  i s  loaded with 
p r o p e l l a n t ,  then  t h e  a i r  purge i s  rep laced  with a n i t rogen  purge. The com- 
partment purge w i l l  be  disconnected a t  v e h i c l e  l i f t o f f  by r e t r a c t i o n  of t h e  
I U  umbi l i ca l  s e r v i c e  arm. 
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* * A l l  blockhouse meas. are also u s e d  
as in f l iqht  meas. 

+* Thevcw.*s -303 inflisht and -172 LCC 
heasuremen+s on 3-TU-201. Summary of M e a s u r e m e n t s  

t Includes MSC Experiment measure- 
m e n f s .  
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ENVIRONMENTAL CONTROL SYSTEM (ECS) 

Heat g e n e r a t e d  by t h e  e l e c t r o n i c  equipment l o c a t e d  i n  t h e  S-IVB forward 
s k i r t  and t h e  I U  i s  d i s s i p a t e d  by c i r c u l a t i n g  a methanol-water s o l u t i o n  
through t h e  c o l d p l a t e  network. 

P r i o r  t o  l i f t o f f ,  a methanol-water s o l u t i o n  i s  s u p p l i e d  and c i r c u l a t e d  
through t h e  c o l d p l a t e s  from t h e  GSE. A f t e r  l i f t o f f  t h e  ECS i s  a  s e l f -  
con ta ined  u n i t  which b e g i n s  o p e r a t i o n  3 minutes  a f t e r  l i f t o f f  when t h e  
s u b l i m a t e r  i s  a c t i v a t e d .  
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MSC EXPERIMENT PACKAGE 

The MSC experiment is a subcritical cryogenic storage system orbital 
test. The purpose of the experiment is to demonstrate operation of the 
system in a weightless condition. The cryogenic fluid will be liquid 
nitrogen, which was chosen to simulate liquid oxygen to eliminate the pos- 
sibility of hazard to the booster and to eliminate the need for purging. 

The experiment will attempt to verify the stratification of the 
liquid phase, quantity measurement of the two-phase fluid, and uniform 
delivery of gas in the weightless environment. 

The experiment hardware consists of a spherical tank and signal con- 
ditioner plate. Sensor equipment is located on the vessel, and the sensor 
output is conditioned at the equipment mounted on the plate. The param- 
eters to be measured will be transmitted by the IU telemetry system. 

Siqnal Conditioninq 
Equipment 

Siqnal Conditioninq 
Plate /J,*---St-~~z Storaqe Sphere 

Sensor Equipment 
(Gaseous Flow 

- Temperatures,/ Pressures and 1 \, Skin and Strinqer 
Quality) 

To I-U Construction 
Ablative Exterior Telemetry Coatinq 

I 
Weight: - 3700 lbs. 

Nose Cone -3420 Ibs. 
MSC Experiment 
Equipment - 280 Ibs. \ 

Overall length 
* 31 U. 

b- 260 in. diri.-4 
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