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On 22 January 1968 a t  22:48 .08  Greenwich.Hean Time (G.M.T . ) ,  t h e  Apollo 

5 Mission began w i t h  t h e  launching o f  the upra ted  S a t u r n  1B l aunch  v e h i c l e .  

I n s e r t i o n  i n t o  o r b i t  was a t  00:10:03.3 Ground ElaDsed T i m e  (G.E.T.) and t h e  

f i r s t  Descent P r o p u l s i o n  System (DPS) was a t tempted  a t  0 3 : 5 9 : 4 1  (C.E.T. ) .  

A premature LGC c u t o f f  s i g n a l  w a s  g i v e n  a f t e r  t h e  f i r s t  4 seconds of t h e  

first Descent Propuls ion  System burn,  and a n  A l t e r n a t e  Mission C w a s  

implemented using Program Reader Assembly (PRA)-111. Mission C c o n s i s t e d  

of two hurns  s e p a r a t e d  by a 35 second c o a s t  p e r i o d  and, a t  the end of  t h e  

t h i r d  Descent P r o p l s i o n  System burn,  a b o r t  s t a g i n g  w a s  commanded. 

Analys is  i n d i c a t e d  t h a t  a l l  Descent Propuls ion  System s tar ts  were normal 

f o r  imDosed f l i g h t  c o n d i t i o n s  and LEN Guidance ComPuter (LI1-C) c u t o f f  o f  t h e  

f irst  burn  w a s  v e r i f i e d ,  based on t h e  c r i t e r i o n  used i n  t h e  computer. This  

c r i t e r i o n  i s  n o t  necessary  f o r  t h e  oDera t ion  of  t h e  propuls ion  system and 

from t h i s  s t a n d p o i n t  i t  i s  recommended that i t  b e  e l imina ted .  

An o u t  of phase i n d i c a t i o n  on the s h u t o f f  valves w a s  observed on b o t h  

t h e  second and t h i r d  burns  o f  the. d e s c e n t  engine.  T h i s  anomaly w a s  due t o  

e i t h e r  a s h u t o f f  valve l e a v i n g  the f u l l  open s t o p  o r  t o  a mal func t ion  o f  a 

valve p o s i t i o n  i n d i c a t i o n  switch. The probable  c a u s e  w a s  a t t r i b u t e d  t o  

p i l o t  valve leakage  causing t h e  s h u t o f f  valve t o  c l o s e  when t h e  engine w a s  

commanded t o  t h e  f u l l  t h r o t t l e  p o s i t i o n .  

No a n a l y s i s  w a s  made concerning a minimum v a r i a n c e  estimate o f  engine  

performance as t h e  p r o p u l s i o n  system f i r i n g  d u r a t i o n s  were n o t  long enough 

t o  o b t a i n  an adequate  amount of  d a t a .  

helium p r e s s u r i z i n g  system appeared t o  be  normal f o r  t h e  burn d u r a t i o n s ,  

however, more o p e r a t i n g  time i n  a space  environment i s  r e q u i r e d  t o  v e r i f y  

that t h e  system i s  s a t i s f a c t o r y  f o r  the Lunar Landing Mission. 

The o p e r a t i o n  of  t h e  s u p e r c r i t i c a l  
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2.0 DPS SYSTE-I AND MISSION DESCRIPTION 

2.1 DPS SYSTE.1 HISSION DESCRIPTION 

2.1.1 PREARY APOLLO 5 Y I S S I O N  

Two DPS burn  were planned f o r  t h e  Primary A?ol lo  f l i g h t  t o  s i m u l a t e  a 

m i s s i o n  duty  c y c l e .  

The f i r s t  DPS burn w a s  planned t o  occur  on the t h i r d  r e v o l u t i o n  i n  a n  

a t t i t u d e  hold mode. An 8 second RCS + X a x i s  t r a n s l a t i o n  was i n i t i a t e d  t o  

provide  u l l a g e  s e t t l i n g ,  and t h e  RCS maneuver.was t o  be  te rmina ted  0.5 seconds 

a f t e r  t h e  DPS f i r e  ccmmand. Then t h e  DPS 10% t h r u s t  l eve l  w a s  t o  be  main ta ined  

f o r  26 seconds a f t e r  which t h e  t h r u s t  w a s  t o  k e  i n c r e a s e d  t o  Fixed T h r o t t l e  

P o s i t i o n  (FTP) (94%) f o r  approxiinately 1 2  seconds u n t i l  guidance c u t o f f .  

Fo1lo:d.ng an o r b i t a l  c o a s t  of aporoxima t e l y  33 minutes ,  o r i e n t a t i o n  f o r  

t h e  second DPS b u m  was t o  occur ,  and 203 seconds l a t e r  a n  8 second RCS + X 

t r a n s l a t i o n  was 20 be  i n i t i a t e d  t o  urovide  u l l a g e  s e t t l i n g .  The RCS maneuver 

w a s  t o  b e  te rmina ted  0.5 seconds a f t e r  DPS f i r e  s i g n a l .  The s t a r t  sequence 

phase w a s  t o  i n v o l v e  a 26 second burn  a t  10% t h r u s t  fol lowed by 322 seconds 

a t  FTP ( 9 4 % ) .  The engine w a s  t h e n  t o  be  t h r o t t l e d  t o  50% t h r u s t  level  f o r  

119 seconds.  A d d i t i o n a l  t h r o t t l i n g  w a s  t o  occur  through a ramped d e c r e a s e  

i n  t h r u s t  level from 50% t o  20% over  a p e r i o d  of  1 7 5  seconds.  Next, a 

s imula ted  random t h r o t t l i n g  phase ( c o n s i s t i n g  of  5 t h r o t t l e  s e t t i n g s  each 

f o r  10 seconds)  was t o  t h e n  occur  w i t h  s e t t i n g s  o f  lo%, 50%, 30%, 40% and 20%, 

r e s p e c t i v e l y .  A t  the end of  t h i s  phase ,  the t h r o t t l e  p o s i t i o n  w a s  t o  be 

i n c r e a s e d  t o  FTP f o r  two seconds t o  b e  fol lowed by  the APS FrTH Abort.  

2.1.2 APOLLO 5 M I S S I O N  AS ACCOMPLISHED 

A f t e r  LM e x t r a c t i o n ,  t h e  LM was c r i e o t e d  f o r  the f i rs t  DPS burn of the 

On the t h i r d  r e v o l u t i o n  a t  03 :59 :33 .9 ,  a RCS + X Primary Apollo 5 Mission. 

maneuver w a s  i n i t i a t e d  to  p r o v i d e  u l l a g e  s e t t l i n g .  A t  03:59:41 the f i r e  

s i g n a l  f o r  t h e  DPS i n i t i a t e d  t h e  f irst  DPS burn ,  and a t  0 3 : 5 9 : 4 5  the DPS 

engine  w a s  p r e n a t u r e l y  c u t o f f  by the LGC. 

Following t h e  guidance commanded shutc?own, f o u r  seconds a f t e r  the f i r e  

s i g n a l  f o r  the f i r s t  DPS burn,  the d e c i s i o n  w a s  made t o  implement a l t e r n a t e  

Miss ion  C. 
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In p r e p a r a t i o n  f o r  t h e  second DPS burn under a l t e r n a t e  Flission C on t h e  

f i f t h  r e v o l u t i o n ,  t h e  RCS 4-X u l l a g e  maneuver w a s  i n i t i a t e d  a t  06:10:33.4. 

A t  06:10:41, t h e  f i r e  s i g n a l  commanded t h e  second DPS burn and t h e  ElCS u l l a g e  

maneuver w a s  t e rmina ted  a t  06:11:51.3. A f t e r  approximately 26 seconds a t  

10% t h r u s t  t h e  engine  was t h r o t t l e d  t o  t h e  FTP (94%) f o r  7 seconds.  The 

second DPS burn  was conrr,anded o f f  a t  06:11:14 seconds.  

A f t e r  a 24 second c o a s t  a RCS +X u l l a g e  maneuver w a s  i n i t i a t e d  a t  

06:11:35.4. Approximately 10  seconds l a t e r  t h e  command f o r  t h e  t h i r d  DPS 

burn a t  06:11:46 seconds.  F ive  seconds l a t e r  t h e  RCS u l l a g e  maneuver w a s  

t e rmina ted .  A f t e r  26 seconds a t  10% t h r u s t  t h e  DPS w a s  commanded t o  t h e  

FTP f o r  a2proximately two seconds i n  p r e p a r a t i o n  f o r  t h e  A P S  FITH Abort.  

The DPS engine  o f f  s i g n a l  w a s  commanded a t  06:12:14 G . E . T .  

2 . 2  EPS SYSTE2.I DESCRIPTION 

The LM-1 p r o p u l s i o n  s y s t e r l  is  i d e n t i c a l  t o  t h e  LII-3 b a s e l i n e  p r o p u l s i o n  

system w i t h  t h e  fo l lowing  except ions .  

1) The LM-1 p r e s s u r i z a t i o n  system does n o t  c o n t a i n  t h e  ambient s t a r t  

b o t t l e .  

2) The brazing: Drocess used f o r  the helium heat e x c b n g e r  3s d i f f e r e n t  

from t h a t  wFich w i l l  b e  used on subsequent  TM Vehicles. 

3) P r o p e l l a n t  tank  l u n a r  s u r f a c e  v e n t i n g  c a p a b i l i t y  w a s  n o t  i n s t a l l e d  

on LM-1. 

The b a s e l i n e  propuls ion  c o n f i g u r a t i o n  d i f f e r s  from t h e  o p e r a t i o n a l  

c o n f i g u r a t i o n  by t h e  a d d i t i o n  of t h e  development f l i g h t  i n s t r u m e n t a t i o n  and 

te lemet ry  package. 

The LM-1 conta ined  a LM Mission Programmer i n s t e a d  of  a crew. The Ll 

Mission Programmer i s  a semi-automatic package i n  which ground commands o r  

LM Guidance Computer commands enable  c o n t r o l  normally provided by t h e  

a s t r o n a u t s .  
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3.0 DPS TRANSIENT OPERATION 

3 .1  GENERAL -- 

An a n a l y s i s  w a s  made of  t h e  DPS s t a r t ,  shutdorm and t h r o t t l i n g  t r a n s i e n t s  

t o  v e r i f y  s a t i s f a c t o r y  t r a n s i e n t  o n e r a t i o n .  Recause of  t h e  unexpected LGC 

c u t o f f  o f  t h e  f i r s t  DPS burn (DPS l), p a r t i c u l a r  a t t e n t i o n  w a s  g i v e n  t o  

a n a l y z i n g  t h e  engine  t r a n s i e n t  o p e r a t i o n  dur ing  t h a t  burn.  The t r a n s i e n t  

a n a l y s e s  f o r  a l l  t h r e e  burns w e r e  hindered by s e v e r a l  d a t a  problems. These 

problems c o n s i s t e d  mainly of  magnitude disagreements  between PCM and FM/M 

d a t a .  and t iming e r r o r s  w i t h  d i g i t i z e d  FM/R4 d a t a .  Hovever, i n  most c a s e s ,  

i t  w a s  p o s s i b l e  t o  a d j u s t  t h e  q u e s t i o n a b l e  d a t a ,  based on o t h e r  d a t a  and 

ground tes t  exper ience ,  t o  more reasonable  v a l u e s .  The absence of  h i g h  s a n p l e  

ra te  d a t a  from t h e  DPS engine s t a r t j c u t o f f  command s i g n a l  (GE! 1301 X @1 s / s )  

and from t h e  t h r o t t l e  command v o l t a g e  (GH 1311 V @1 s / s  and ZH 1331 V @ 10 s/s) 

made i t  necessary  t o  estimate engine  s t a r t ,  c u t o f f  and FTP comrGand t i m e s  by 

i n d i r e c t  means. 

3.2 DPS BURN TIMES 

Table 1 c o n t a i n s  t h e  e s t i m a t e d  s tar t ,  shutdcwn and FTP command t i m e s  f o r  

each  DPS burn. The start  t i m e s  f o r  each burn are based on t h e  RCS "X" t r a n s -  

l a t i o n  event  times as determined from measurements GH 1419V, GH 1423V, 

GH 1427V and GH 1431V. T h i s  method w a s  cons idered  most a c c u r a t e  because 

t h e s e  measurements w e r e  available on PCM a t  200 s / s .  

d i f f e r e n t i a l s  from DPS engine  s tar t  t o  "RCS 'X' t r a n s l a t i o n  o f f "  w e r e  s u b t r a c t e d  

from the "RCS ' X '  t r a n s l a t i o n  o f f "  t i m e s  determined from the above f o u r  measure- 

ments  t o  g i v e  the e s t i m a t e d  DPS start  t i m e s .  

t r a n s l a t i o n  o f f "  w a s  programmed i n  the LGC t o  occur  0.5 seconds a f t e r  DPS s t a r t  

command. For the DPS 2 and DPS 3 burns  the planned "RCS 'X' t r a n s l a t i o n  of f"  

time i n  t h e  a l t e r n a t e  m i s s i o n  (PRA ITI) w a s  5.0 seconds after DPS s t a r t  command. 

The start t i m e s  determined i n  t h i s  manner c o r r e l a t e d  v e r y  w e l l  (See Table  1) 
w i t h  the t i m e s  a t  which t h e  f irst  drop i n  f u e l  in terface p r e s s u r e  was noted 

on the o s c i l l o g r a m  r e c o r d s  (measurement GQ 3611P, cont inuous El/FM). The 

drop i n  f u e l  i n t e r f a c e  p r e s s u r e  a t  engine  start  r e s u l t s  from f u e l  f l o w  through 

t h e  s h u t o f f  valve p i l o t  valves, and has a v e r y  small, and r e p e a t a b l e ,  t i m e  

d e l a y  (0.025 seconds d u r i n z  acceptance  t n s t s )  af ter  start  s i g n a l .  

The planned t i m e  

'For the DPS 1 burn ,  the "RCS ' X '  

The DPS 1 c u t o f f  t i m e  was e s t i n a t e d  by adding t h e  burn t ime from the LGC 

downlink d a t a  t o  the e s t i m a t e d  start  t i m e .  The DPS 2 and DPS 3 c u t o f f  
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t i m e s  were es t imated  from t h e  RCS even t  t i m e s  and t h e  a l t e r n a t e  mis s ion  

(PRA 111) burn t i m e s  s i m i l a r  t o  t h e  way t h e  s t a r t  t i m e s  were determined.  

The es t imated  s tar t  and c u t o f f  times are a l l  c o n s i s t e n t  w i t h  t h e  start  

and c u t o f f  t i m e s  from t h e  1 s / s  measurement GH 1301X, and are  c o n s i s t e n t  

w i t h  t h e  t i m e  h i s t o r i e s  of t he  o t h e r  DPS parameters. The DPS 3 c u t o f f  

time w a s  f u r t h e r  v e r i f i e d  by t h e  a b o r t  s t a g e  command, GH 1283X PCN C! 50 s / s ) .  

The FTP command t i m e s  dur ing  bo th  t h e  DPS 2 and DPS 3 burns  w e r e  

e s t ima ted  by adding t h e  planned a l t e r n a t e  miss ion  (PEL4 111) time d i f f e r -  

e n t i a l s  t o  t h e  e s t ima ted  s t a r t  t i m e s .  A s  shown i n  Table 1, t h e s e  e s t h i a t e d  

FTF' command t i m e s  ag ree  w e l l  w i t h  b o t h  t h e  a c t u a t o r  p o s i t i o n  (feedback 

v o l t a g e )  GQ 6806H and t h e  chamber p r e s s u r e  s t a r t - t o - r i s e  t i m e  from GQ 6510P. 

3.3 DPS START TRANSIENTS 

The s tar t  command f o r  t h e  f i r s t  DPS burn w a s  g iven  by t h e  LGC a t  

3:59:41.34 G.E.T. 

mately f o u r  seconds a f t e r  s ta r t  command (about 32 sec .  earlier than  expec ted) .  

The f i r s t  DPS burn  w a s  te rmina ted  by t h e  LGC approxi-  

The LGC commanded c u t o f f  because c e r t a i n  programmed A V / t i m e  c r i te r ia  w e r e  

n o t  s a t i s f i e d .  

by comparing t h e  AV ga ined ,  over  two second i n t e r v a l s ,  t o  a p r e s e t  minimum 

va lue  (0.45 m/sec f o r  LM-1). This  w a s  e s s e n t i a l l y  an average a c c e l e r a t i o n  

test. 

i n t e r v a l  s t a r t i n g  30 seconds p r i o r  t o  t h e  planned start  command time. A t  the 

end of each two second i n t e r v a l  fo l lowing  the engine  "ON" command, t h e  AV 

gained w a s  compared t o  t h e  p r e s e t  va lue .  I f  the AV gained f a i l e d  t o  equa l  

t h e  minimum f o r  a s p e c i f i e d  number o f  check i n t e r v a l s ,  the LGC would 

command c u t o f f .  This  c o n d i t i o n  e x i s t e d  f o r  the DPS 1 star t  and the LGC 

commanded c u t o f f  4.17 seconds a f t e r  engine  start command. 

The LGC w a s  programmed t o  v e r i f y  s a t i s f a c t o r y  DPS t h r u s t i n g  

The LGC computed t h e  r e s u l t a n t  vehicle AV gained over  each two second 

Based on t h e  p r e d i c t e d  LM-1 weight  a t  DPS 1 i g n i t i o n ,  the r e q u i r e d  &V 

g a i n  t o  s a t i s f y  t h e  LGC t e s t  desc r ibed  above r e p r e s e n t s  an  average  t h r u s t  

of about  720 l b f  f o r  a two second i n t e r v a l ,  o r  approximately 1440 lb f -sec  

of impulse.  

F igu re  1 shows t h e  DPS engine  chamber p r e s s u r e  dur ing  t h e  t h r e e  DPS 

starts.  The DPS 1 chamber p r e s s u r e  t r a n s i e n t  i s  seen  t o  b e  s lower  than  

e i t h e r  DPS 2 o r  DPS 3 ,  and i s  also s lower  than  t h e  nominal CS/N 1026 accept- 

ance t e s t s ) .  The t i m e  t o  90% of  t h a t  chamber p r e s s u r e  which e x i s t e d  a t  
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c u t o f f  w a s  approximately 3.8 seconds.  The s lower DPS 1 s t a r t  w a s  found t o  

b e  normal f o r  the i n t e r f a c e  p r e s s u r e  c o n d i t i o n s  under which the engine  w a s  

s t a r t e d .  

p s i a  f o r  t h e  o x i d i z e r  and 1 3 2  p s i a  f o r  t h e  f u e l .  The normal s t a r t i n s  

p r e s s u r e s  f o r  t h e  DPS engine are between 242 p s i a  ( s p e c i f i e d  minimum 

r e g u l a t o r  o u t l e t  p r e s s u r e )  and 253 p s i a  (maximum r e g u l a t o r  lock-up p r e s s u r e ) .  

The engine  i n t e r f a c e  p r e s s u r e s  a t  s tar t  were approximately 119 

The nominal d a t a  shown i n  F i g u r e  1 w e r e  ob ta ined  dur ing  tests w i t h  s t a r t i n g  

p r e s s u r e s  of approximately 242 p s i a .  The s t a r t i n g  p r e s s u r e  f o r  DPS 2 and 

DPS 3 w e r e  approximately 242 p s i a  f o r  b o t h  o x i d i z e r  and f u e l .  It i s ,  there-  

f o r e ,  a p p a r e n t  t h a t  t h e  i n t e r f a c e  p r e s s u r e s  a t  t h e  DPS 1 star t  were s i g n i f i -  

c a n t l y  lower t h a n  normal. The l o w  i n t e r f a c e  p r e s s u r e s  a t  s tar t  r e s u l t e d  

from lower than nominal p r o p e l l a n t  t a n k  u l l a g e  p r e s s u r e s .  A t  DPS 1 s t a r t ,  

t h e  s u p e r c r i t i c a l  helium p r e s s u r i z a t i o n  had n o t  y e t  been i n i t i a t e d  and t h e  

p r o p e l l a n t  tank  u l l a g e s  conta ined  o n l y  lockup ground p r e s s u r i z a t i o n  helium. 

The ground p r e s s u r i z a t i o n  level was approximately 1 4 5  p s i a ,  as c a l l e d  f o r  

a t  a p r o p e l l a n t  tempera ture  of 70'F. 

ambient helium s tar t  b o t t l e ,  there w a s  no a d d i t i o n a l  p r e - i g n i t i o n  u l l a g e  

p r e s s u r i z a t i o n ,  and the u l l a g e  p r e s s u r e s  a t  DPS 1 start were w e l l  below 

nominal. 

S ince  LM-1 w a s  flown w i t h o u t  the 

H e l i u m  p r e s s u r i z a t i o n  w a s  i n i t i a t e d  approximately 1.1 seconds a f t e r  

DPS 1 s tar t  command. The i n t e r f a c e  p r e s s u r e s  t h e n  s t a r t e d  t o  rise, b u t  

had n o t  reached t h e  nominal 235 p s i a  when c u t o f f  was commanded. 

p r e s s u r e s  a t  c u t o f f  w e r e  approximately 185 p s i a  f o r  o x i d i z e r  and 202 p s i a  

f o r  f u e l .  Because o f  t h i s  p r e s s u r i z a t i o n  system t r a n s i e n t ,  t h e  engine  d i d  

n o t  reach  a s t e a d y - s t a t e  c o n d i t i o n  d u r i n g  the first burn. 

The i n t e r f a c e  

The engine start  t h e  i s  a f u n c t i o n  of  t h e  i n t e r f a c e  p r e s s u r e s .  Lower 

interface p r e s s u r e s  reduce  t h e  f l o w r a t e s  and thereby  i n c r e a s e  the t i m e  

r e q u i r e d  t o  f u l l y  prime the p r o p e l l a n t  l ines  and i n j e c t o r  mani fo lds  down- 

stream of t h e  s h u t o f f  valves. Low f u e l  i n t e r f a c e  p r e s s u r e  a l s o  increases 

s h u t o f f  valve opening t imes s i n c e  t h e y  are f u e l  p r e s s u r e  a c t u a t e d .  

s i m u l a t i o n s  u s i n g  a s i m p l i f i e d  s ta r t  model i n d i c a t e  t h e  t ime t o  90% of s teady-  ' 

s t a t e  chamber p r e s s u r e  f o r  a 10% s tar t  should b e  a t  least a second longer  

t h a n  nominal f o r  t h e  i n t e r f a c e  p r e s s u r e s  experienced dur ing  t h e  DPS 1 burn. 

Throughout t h e  text this v a l u e  of  10% is  used t o  refer t o  t h i s  level which 

is' a c t u a l l y  1 2 . 4 % .  

A n a l y t i c a l  

A s p e c i a l  test (PD2-7-033) was conducted a t  WSTF follow- 
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i n g  t h e  f l i g h t  t o  s i m u l a t e  t h e  DPS 1 s t a r t .  The chamber p r e s s u r e  dur ing  t h a t  

test  i s  a l s o  shown i n  F igure  1, and ver i f ies  t h a t  t h e  longer  s tart  t i m e  f o r  

DPS 1 i s  normal. The KSTF tes t  was s t a r t e d  w i t h  i n t e r f a c e  p r e s s u r e s  o f  127 

p s i a  f u e l  and 132 p s i a  o x i d i z e r  w i t h  s u p e r c r i t i c a l  h e l i m - 2 r e s s u r i z a t i o n  

being i n i t i a t e d  0 .91  seconds after start command. 

The s tar t  impulse f o r  DPS 1, from s t a r t  command t ime t o  c u t o f f  s i g n a l ,  

w a s  approximately 1075 l b f - s e c s .  A s  noted b e f o r e ,  t h e  LGC OV c r i t e r i a  

r e q u i r e d  an impulse o f  approximately 1440 l b f - s e c s  over  a two second i n t e r v a l ,  

t h e r e f d r e ,  t h e  engine d a t a  v e r i f i e d  t h a t  t h e  LGC OV requirement  w a s  n o t  m e t  

w i t h i n  4 seconds.  

Following t h e  e a r l y  DPS 1 c u t o f f ,  c o n t r o l  w a s  switched from t h e  LGC 

t o  PRA 111. The DE’S 2 burn w a s  i n i t i a t e d  by PRA 111 a t  6:10:41.29 G.E.T. 

The DPS engine chamber p r e s s u r e  dur ing  s t a r t  i s  shown i n  F i g u r e  1, and i s  

s e e n  t o  b e  very  c l o s e  t o  nominal. A s  s t a t e d  ear l ier ,  t h e  i n t e r f a c e  

p r e s s u r e s  a t  t h e  s ta r t  of the DPS 2 burn were approximately 242 p i a ,  which 

i s  w i t h i n  t h e  nominal range.  

The DPS 2 s t a r t  impulse from s t a r t  command t o  90% o f  s t e a d y - s t a t e  

t h r u s t  w a s  894 lbf-sec.  The time from s ta r t  command t o  90% thrus t  w a s  

2.66 seconds,  which i s  w r t h i n  t h e  s p e c i f i e d  maximum t .he o f  4.0 seconds.  

PRA 111 i n i t i a t e d  t h e  DPS 3 s ta r t  a t  6:11:46.29 G.E.T. The DPS 3 

chamber p r e s s u r e  dur ing  s t a r t ,  F i g u r e  1, r o s e  s l i g h t l y  faster t h a n  f o r  

h o t h  DPS 2 and nominal. The t i m e  from s ta r t  command t o  90% of  s teady-  

s t a t e  t h r u s t  w a s  2 .13 seconds.  This  s l i g h t l y  q u i c k e r  s tar t  may have 

r e s u l t e d  from the f u e l  i n j e c t o r  manifold s t i l l  be ing  p a r t i a l l y  primed 

from the DPS 2 burn ,  which ended o n l y  32 seconds b e f o r e  DPS 3 start .  

The DPS 3 start  impulse from s ta r t  command t o  90% of s t e a d y - s t a t e  

was 574 lbf -secs .  

The DPS engine  s p e c i f i c a t i o n  r e q u i r e s  that the s tar t  impulse b e  repea t -  

a b l e  t o  provide  p r e d i c t a b l e  t o t a l  impulse accuracy  of f 100 lbf-seconds.  

The mean s tar t  impulse f o r  t h e  DPS 2 and DPS 3 hurns  w a s  734 lbf-seconds.  

Each burn  d e v i a t e d  from t h e  mean by 160 lbf-seconds,  which exceeds the 

s p e c i f i e d  * 100 lbf-seconds t o l e r a n c e .  However, i t  i s  f e l t  that t h i s  

s p e c i f i c a t i o n ,  which w a s  o r i g i n a l l y  e s t a b l i s h e d  f o r  FTP s tar ts ,  should  b e  

re-examined f o r  low t h r u s t  starts and ,  t o  b e  a p p l i c a b l e ,  s u f f i c i e n t  t i m e  
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between burns  should be  allowed t o  a s s u r e  t h a t  t h e  i n j e c t o r  mani fo lds  are  

empty. Ground t e s t i n g  has  deqons t r a t ed  t h a t  the s t a r t  i m ? u l s e  dur ing  low 

t h r u s t  starts i s  less r e p e a t a b l e  than  dur ing  FTP s t a r t s .  Rased on ground 

test r e s u l t s ,  i t  is  f e l t  t h a t  t h e  s t a r t - imp l se  r e p e a t a b i l i t y  f o r  LM-1 

w a s  s a t i s f a c t o r y .  

impulse be c l a r i f i e d .  f o r  low t h r u s t  s tarts.  

It i s  recommended t h a t  t h e  s ? e c i f i c a t i o n  governing s tar t  

Chax3er p r e s s u r e  d i s t r u b a n c e s  noted dur ing  t h e  DPS 2 s ta r t  t r a n s i e n t  

(1.6 t o  1 . 9  seconds a f t e r  t h e  s ta r t  command) w e r e  w i t h i n  t h e  s ? e c i f i e d  

maximum l e v e l  of '200% of  s t eady  s t a t e  and are cons idered  normal. 

The t r a n s i e n t  c h a r a c t e r i s t i c s  f o r  DPS 2 . and  DPS 3 are t a b u l a t e d  i n  

Table  2 a long w i t h  t h e  corresponding ground t e s t  and s p e c i f i c a t i o n  va lues .  

3 - 4  DPS SHUTDOWN TRANSIENTS 

The DPS 1 c u t o f f  w a s  commanded by t h e  LGC a t  3:59:45.51 G . E . T .  Since 

steady:state t h r u s t  w a s  never  achieved dur ing  t h e  DPS 1 burn,  t h e  shutdown 

impulse w a s  n o t  computed. 

The DPS 2 c u t o f f  w a s  i n i t i a t e d  by PRA I11 a t  6:11:14.29 G.E.T. The 

shutdown impulse from c u t o f f  s i g n a l  t o  10% of t h e  t h r u s t  a t  c u t o f f  w a s  

1727 lbf -sec .  The t i m e  t o  10% t h r u s t  from c u t o f f  s i g n a l  w a s  0.26 seconds.  

The t ime t o  10% t h r u s t  i s  0.01 seconds longer  t h a n  t h e  s p e c i f i e d  0.25 seconds,  

however, a l lowing  f o r  t h e  t o l e r a n c e s  on t h e  d a t a  used,  t h e  shutdown t r a n s i e n t  

i s  cons idered  t o  b e  s a t i s f a c t o r y . .  

The t o t a l  shutdown impulse f o r  t h e  DPS 2 burn  w a s  a l s o  determined from 

t h e  change of  v e l o c i t y  imparted t o  the s p a c e c r a f t  a f t e r  t h e  shutdown s i g n a l  

w a s  i n i t i a t e d .  The r e s u l t s  y i e l d  an  impulse of  approximately 2493 lb-sec.  

The corresponding impulse determined by i n t e g r a t i o n  of  the chamber p r e s s u r e  

from t h e  s h u t o f f  s i g n a l  t o  zero  p r e s s u r e  y i e l d s  a t o t a l  c u t o f f  impulse of  

approximate ly  2329 lb-secs .  

PRA I11 commanded t h e  DPS 3 burn  c u t o f f  a t  6:12:14.31 G.E.T. The 10% t h r u s t  

shutdown impulse w a s  1713 lbf -sec .  

a b i l i t y  c r i t e r i a  of 100 lbf -sec .  

This is  w i t h i n  t h e  s p e c i f i e d  r epea t -  

The t i m e  t o  10% t h r u s t  from c u t o f f  s i g n a l  w a s  0.30 seconds which i s  

0.05 seconds longe r  than  s p e c i f i e d .  

be  due t o  ins t rumenta t ion-da ta  r e d u c t i o n  e r r o r s ,  d i f f e r e n c e s  i n  sbutdown 

The d i f f e r e n c e  i n  shutdown time could 
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c h a r a c t e r i s t i c s  caused by t h e  space environment,  o r  a combination o f  t h e s e  

e f f e c t s .  I n  e i t h e r  c a s e  t h e  d iscrepancy  does n o t  appear  t o  be  unacceptab le  

and f u t u r e  f l i g h t  tests should p rov ide  a d d i t i o n a l  in format ion  in t h i s  area. 

3 . 5  DPS THROTTLE RESPONSE 

During t h e  second DPS burn t h e  PRA I11 commanded t h e  DPS engine  from 

t h e  10% t h r u s t  l e v e l  t o  FTP a t  6:11:07.29 G.E.T. F igure  4 shows t h e  t i m e  

h i s t o r y  of  t h e  chamber p r e s s u r e  and i n j e c t o r  a c t u a t o r  p o s i t i o n  dur ing  t h e  

t r a n s i e n t  t o  FTP. The engine  reached t h e  FTP t h r u s t  level 0.40 seconds 

after t h e  command w a s  i n i t i a t e d .  The chamber p r e s s u r e  was w i t h i n  5 p s i a  of  

t h e  FTP chamber p r e s s u r e  0.34 seconds a f t e r  t h e  command. 

acceptance  t e s t s ,  t h e  t i m e  t o  w i t h i n  5 p s i a  of t h e  FTP chamber p r e s s u r e  w a s  

0.346 seconds.  

seconds from F The i n t e r m e d i a t e  chamber p r e s s u r e  p l a t e a u  

occur r ing  dur ing  t h e  t h r o t t l i n g  o p e r a t i o n  as shown i n  F igu re  4 i s  d i scussed  

During engine 

S p e c i f i c a t i o n s  a l low f o r  a maximum response  t i m e  of 1 . 0  

min. to Fmax. 

i n  subsequent  s e c t i o n s .  

Durina DPS 3, t h e  PRA 111 commanded t h e  engine  t o  FTP a t  6:12:12.29 G.E.T.  

A s  i n  t h e  second burn ,  t h e  t h r o t t l e  response  t i i e  was 0.40 seconds.  

t h u s  concluded t h a t  t h e  t h r o t t l e  response  dur ing  both  burns  w a s  accep tab le .  

It i s  
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4.0 S W A R Y  OF STEADY STATE PROPULSION PERFORXANCE 

An i n v e s t i g a t i o n  w a s  conducted on t h e  p r o p u l s i o n  subsystem performance 

and t h e  r e s u l t s  are p r e s e n t e d  h e r e i n .  These r e s u l t s  show t h a t  i n s u f f i c i e n t  

d a t a  were obta ined  from t h e  A p o l l o  5 Mission t o  d e t e m i n e . t h e  performance o f  

the p r o p u l s i o n  o r  s u p e r c r i t i c a l  helium subsystem because of the s h o r t  burn 

d u r a t i o n s .  

An i n d i c a t e d  DPS v a l v e  phasing anomaly on DPS 2 and DPS 3 could n o t  be  

r e s o l v e d  because of  t h e  te lemet ry  d a t a  a v a i l a b l e  on valve o p e r a t i o n .  However, 

t h e  ca&e w a s  a e t r i b u t e d  t o  e i t h e r  a p i l o t  v a l v e  o r  reed  s w i t c h  mal func t ion .  

T h i s  area needs a d d i t i o n a l  i n v e s t i g a t i o n  and/or  t e s t i n g  a t  s imula ted  f l i g h t  

c o n d i t i o n s  b e f o r e  more p o s i t i v e  r e s u l t s  can be  obta ined .  It should  be  noted 

t h a t  a s i n g l e  e l ec t r i ca l  connector  carries t h e  d u a l  e l e c t r i c a l  s i g n a l  t o  t h e  

p i l o t  v a l v e s ,  which a c t u a t e  t h e  s h u t o f f  valves; t h i s  a r e a  should  be  reviewed 

from t h e  s t a n d p o i n t  o f  r e l i a b i l i t y .  

The DPS 1 burn w a s  t e rmina ted  by a n  LGC c u t o f f  c r i t e r i o n .  The need f o r  

t h i s  c r i t e r i o n  should b e  reviewed because i t  i s  n o t  compat ible  w i t h  t h e  s t a r t i n g  

sequence of t h e  engine.  From t h e  s t a n d p o i n t  of p r o p u l s i o n  system o p e r a t i o n ,  

t h i s  c r i t e r i o n  i s  n o t  r e q u i r e d .  
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4.1  STEADY STATE PEKFORPiiiXCE 

T h r u s t  chamber pressure- t ime h i s t o r i e s  are presented  iil F i g u r e s  2 

and 3 f o r  t h e  second and t h i r d  UPS burns.  These p l o t s  are  a compi la t ion  

of  t h e  PCM and FPI d a t a  and where d i s c r e p a n c i e s  e x i s t e d  PCM measured p r e s s u r e  

' levels  and FIJI measured t i m e s  were used. 

No s t a t i s t i c a l  a n a l y s i s  of t h e  f l i g h t  d a t a  w a s  made t o  determine t h e  

b e s t  e s t i m a t e  of performance parameters .  The s t a t i s t i c a l  a n a l y s i s  w a s  omi t ted  

because t h e  engine burn d u r a t i o n  w a s  n o t  long  enough t o  determine system F e r -  

formance from a c c e l e r a t i o n  d a t a .  The sample r a t e  of a c c e l e r a t i o n  d a t a  was one 

sample p e r  two 'seconds and, as a r e s u l t ,  o n l y  e l e v e n  a c c e l e r a t i o n  p o i n t s  w e r e  

received f o r  t h e  second burn,  of which only  two were a t  FTP. The number o f  

a c c e l e r a t i o n  p o i n t s  f o r  t h e  t h i r d  burn w a s  even fewer. 

The problem of performance de termina t ion  w a s  compounded a l s o  by t h e  

f ac t  t h a t  t o t a l  p r o p e l l a n t  consumption was q u i t e  l o w .  A s  a r e s u l t ,  t h e  

t o t a l  d e f l e c t i o n  o f  t h e  gauging system w a s  w i t h i n  t n e  measurement ins t rument  

accuracy;  and i n  f a c t  w a s  a f f e c t e d  by what could appear  t o  b e  s l o s h i n g .  The in-  

a b i l i t y  t o  determine p r o p u l s i o n  system performance dur ing  f l i g h t  p r e c l u d e s  

any p o s s i b i l i t y  of improving upon performance estimates d e r i v e d  from ground 

tes t  d a t a .  The a n a l y s i s  w a s  t h e r e f o r e  d e l e t e d .  

On t h e  fo l lowing  page is  a t a b l e  of some f l i g h t  measurements showing pres-  

s u r e  levels  w i t h i n  t h e  engine  teed  system, r e p r e s e n t a t i v e  of  average v a l u e s  

dur ing  DPS 2 .  The lower p o r t i o n  of t h i s  t a b l e  p r e s e n t s  t h e  f l i g h t  d a t a  w i t h  

obvious b i a s e s  removed. 
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FLIGHT DATA FRON APOLLO 5 

Uncorrect F l i g h t  Data - 
Before I g n i t i o n  241.9 249.0 241.9 0.8 

Ten P e r c e n t  Thrus t  239.5 246.6 239.5 13.4 

F u l l  T h r o t t l e  P o s i t i o n  239.5 227.7 214.6 103.6 

B i a s  Corrected F l i g h t  D a t a  - 
Before I g n i t i o n  241.9 241.9 241.9 0 

Ten P e r c e n t  Thrus t  239.5 239.5 239.5 12.6 

F u l l  T h r o t t l e  P o s i t i o n  239.5 220.5 2 16  102.8 
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The measurement b i a s e s  w e r e  no ted  i n  t h e  chamber p r e s s u r e ,  and o x i d i z e r  

i n t e r f a c e  p r e s s u r e  w e r e  i-0.8 psi and t 7  p s i ,  r e s p e c t i v e l y .  In a d d i t i o n ,  i t  w a s  

observed t h a t  f u e l  u l l a g e  p r e s s u r e  w a s  b i a s e d  about +11 p s i .  T h i s  conclus ion  

w a s  reached from p r e s s u r e  measurements taken  dur ing  c o a s t  per iod .  During 

t h e s e  t ines i t  w a s  no ted  t h a t  t h e  f u e l  i n t e r f a c e  p r e s s u r e  w a s - i d e n t i c a l  

t o  t h e  r e g u l a t o r  o u t l e t  p r e s s u r e ,  and a t  a corresponding t i m e  t h e  f u e l  u l l a g e  

p r e s s u r e  w a s  h i g h e r  than  both .  A s  t h e  u l l a g e  p r e s s u r e  measurement i s  between 

t h e  r e g u l a t o r  and i n t e r f a c e ,  i t  w a s  concluded t h a t  t h e  measurement w a s  i n  e r r o r .  

A l s o  noted in t h e  a n a l y s i s  of  t h e  d a t a  w a s  a p o s s i b l e  b i a s  i n  f u e l  i n t e r f a c e  

p r e s s u r e  a t  t h e  f u l 1  t h r o t t l e  p o s i t i o n .  S i n c e  t h e r e  e x i s t s  evidence t o  i n d i -  

c a t e  t h a t  t h e  t r a n s d u c e r  w a s  read ing  c o r r e c t l y  dur ing  c o a s t ,  t h e  measurement 

dur ing  engine burn i s  n o t  assumed t o  b e  b i a s e d .  It i s  s p e c u l a t e d  t h a t  t h e  

low p r e s s u r e  may b e  due t o  leakage ,  i n c r e a s e d  flow r e s i s t a n c e ,  o r  i n c o r r e c t  

o r i f i c i n g  of  t h e  f e e d  system. 

subsequent paragraphs.  

A c a n d i d a t e  leakage  hypothes is  i s  d i s c u s s e d  i n  

A p r e l i m i n a r y  a n a l y s i s  a l s o  sugges ted  t h e  p o s s i b i l i t y  of  f r e e z i n g  t h e  

f u e l  i n  t h e  fuel-hel ium h e a t  exchanger as t h e  cause  of t h e  low p r e s s u r e s  

measured a t  t h e  fue l  i n t e r f a c e .  It could b e  sugges ted  t h a t  t h e  f u e l  p a r t i a l l y  

f r o z e  a t  DPS 1 o r ,  d u r i n g  t h e  c o a s t  p e r i o d  between t h e  f i r s t  and second burns ,  

t hus  d e c r e a s i n g  t h e  f low area i n  t h e  h e a t  exchanger. This  d e c r e a s e  would 

r e s u l t  in a n  i n c r e a s e d  r e s i s t a n c e ,  and consequent ly  a l o w  f u e l  i n t e r f a c e  

pressure .  This  p o s s i b i l i t y  of f r e e z i n g  h a s  n o t  been bo rneQut  by t h e  tempera- 

t u r e  d a t a  o r  by f u e l  i n t e r f a c e  t r a n s i e n t  behavior; and t h e  r e s u l t s  of an approxi-  

mate h e a t  t r a n s f e r  c a l c u l a t i o n  d i d  n o t  i n d i c a t e  t h e  l i k e l i h o o d  of f r e e z i n g .  

This  a n a l y s i s  however does n o t  p r e c l u d e  e i t h e r  a c a l i b r a t i o n  b i a s  o r  some un- 

known f low r e s i s t a n c e  between tank and u l l a g e  s i n c e  t h e s e  are p o s s i b i l i t i e s  

t h a t  cannot b e  r u l e d  o u t  on t h e  b a s i s  of t h e  f l i g h t  d a t a .  

The chamber p r e s s u r e  levels  shown i n  t h e  p r e v i o m  d a t a  t a b l e  were a l s o  

confirmed u t i l i z i n g  an a n a l y t i c a l  model o f  t h e  DPS i n  conjunct ion  w i t h  m e a -  

sured  i n t e r f a c e  p r e s s u r e s  and r e p o r t e d  p r o p e l l a n t  d e n s i t i e s  of 89.926 lbm/f t  

f o r  o x i d i z e r  and 56.564 l b m / f t 3  f o r  f u e l .  The r e s u l t i n g  c a l c u l a t e d  chamber 

p r e s s u r e s  were 13.1 and 104 .1  p s i a  a t  t h e  10% and FTP as compared t o  t h e  

c o r r e c t e d  measured v a l u e s  of  12.6 and 102.8 p s i a  dur ing  t h e  second DPS burn.  

The chamber p r e s s u r e  levels  f o r  t h e  t h i r d  b u m  of t h e  DPS engine were very 

c l o s e  t o  t h o s e  of t h e  second b u m .  

3 
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4.2 DPS PHASING ANOiJfALY 

On both  t h e  DPS 2 and DPS 3 burns  i n s t r u m e n t a t i o n  parameter GQ 7 4 9 8 U ,  

“Shutoff A/B Delta P o s i t i o n , ”  i n d i c a t e d  an  out-of-synchronizat ion of  t h e  A/B 
b a l l  v a l v e s  as t h e  descen t  engine w a s  commanded from 10 pe rcen t  t h r u s t  t o  

f u l l  t h r o t t l e  p o s i t i o n  (FTP). Synchroniza t ron  w a s  i n d i c a t e d  on t h e  f i r s t  

DPS burn and a t  t h e  s tar t  and c u t o f f  of  DPS 2 and DPS 3. The i n d i c a t e d  

anomaly 2 e r s i s t e d  dur ing  t h e  f u l l  t h r u s t  p o r t i o n  of DPS 2 and DPS 3. 

The b i l e v e l  event  s h u t o f f  va lve  p o s i t i o n  measurement i n d i c a t e d  an  o u t  

of synchron iza t ion  c o n d i t i o n  about  400 m i l l i s e c o n d s  a f t e r  i n i t i a t i o n  of  

t h r o t t l e  command from 10% t o  FTP. This  behavior  w a s  observed i n  b o t h  t h e  

second and t h i r d  DPS burns ,  which were t h e  only  burns i n  which t h i s  t h r o t t l e  

command w a s  g iven .  F igu re  4 p r e s e n t s  t h e  t i m e  h i s t o r y  of t h e  t r a n s i e n t s  f o r  

t h e  shu to f f  va lve  p o s i t i o n  measurerent  and f o r  several engine p r e s s u r e s .  

Only t h e  DPS second burn i s  p resen ted  s i n c e  t h e  t r a n s i e n t  behavior  f o r  bo th  

burns w a s  q u i t e  s i m i l a r .  

A f t e r  i n i t i a t i o n  of the t h r o t t l e  command, t h e  i n t e r f a c e ,  i n j e c t o r  i n l e t ,  

and t h r u s t  chamber p r e s s u r e  t r a c e s  show t h a t  t h e  t h r o t t l i n g  proceeded normally 

t o  approximately 70% chamher p r e s s u r e  du r ing  t h e  f i r s t  150 m i l l i s e c o n d s .  

t h i s  t i m e ,  which i s  about  120 m i l l i s e c o n d s  b e f o r e  t h e  A/B shu to f f  valve b i l e v e l  

i n d i c a t e d  t h a t  t h e  A o r  B valve l e f t  t h e  open p o s i t i o n ,  a p l a t e a u  occurred  i n  

t h e  p r e s s u r e  traces. I n  a d d i t i o n ,  t h e  i n t e r f a c e  p r e s s u r e s  showed a s p i k e  o r  

p r e s s u r e  t r a n s i e n t  which covered about  70-80 m i l l i s e c o n d s ,  as shown i n  F igu re  

4 .  Over this  same 70-80 m i l l i s e c o n d  p e r i o d ,  t h e  i n j e c t o r  i n l e t  and t h r u s t  

chamber p r e s s u r e s  w e r e  s een  t o  level o f f  and remain n e a r l y  c o n s t a n t  a t  a 

p r e s s u r e  corresponding t o  about  70% t h r u s t .  The 70% p o i n t  i s  a l s o  about  t h e  

level  a t  which t h e  v e n t u r i ’ s  normally swi t ch  from c a v i t a t i n g  t o  non-cavi ta t ing  

ope ra t ion .  Subsequent t o  t h e  70-80 m i l l i s e c o n d  pe r iod ,  t h e  p r e s s u r e s  resumed 

t h e i r  normal p a t t e r n ,  a l though t h e  rates of p r e s s u r e  change were  reduced 

from t h e  i n i t i a l  p a r t  of the t r a n s i e n t .  Steady s ta te  o p e r a t i o n  i s  reached 

about  400 m i l l i s e c o n d s  a f t e r  i n i t i a t i o n  of the t h r o t t l e  command. 

A t  

The i n d i c a t e d  behavior  of  t h e  p r e s s u r e  t r a c e s  dur ing  t h e  middle  p a r t  of 

t h e  t r a n s i e n t  appa ren t ly  has  not  been observed dur ing  ground tests.  Osci l lograms 

from t h e  acceptances  tests of DPS Engine S / N  1026 show t h a t  t h e  i n t e r f a c e  

p re s su res  decreased ,  rather than  inc reased  dur ing  t h e  middle  p a r t  of  the t r a n s i e n t  

The downstream p r e s s u r e s  observed on t h e  acceptance  test showed a h e s i t a t i o n  
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i n  the rate of  p r e s s u r e  i n c r e a s e ,  however, the change w a s  n o t  as pronounced 

as i n  t h e  f l i g h t  da t a .  Also,  t h e  ground tes t  p l a t e a u  i n  p r e s s u r e  r i se  

occurred  a t  almost  FTP, r a t h e r  t han  a t  about  t h e  70% l e v e l  observed i n  

f l i g h t .  Test d a t a  of o t h e r  engines  a t  WSTF and TRN show a behavior  similar 

t o  the acceptance  test of  engine 1026, a l though t h e  magnitudes'  of  t h e  p r e s s u r e  

d e f l e c t i o n s  d i f f e r .  

A g r e l i n i n a r y  a n a l y s i s  of  t h e  d a t a  had i n d i c a t e d  t h a t  t h e  s h u t o f f  va lve  

"not f u l l y  open" i n d i c a t i o n  could be  a t t r i b u t e d  t o  a f a i l u r e  i n  t h e  instrumenta-  

t i o n  swi t ches  s i n c e  t h e  s t e a d y  s t a t e  p r e s s u r e s  reached normal l e v e l s .  This  

p re l imina ry  conclus ion  w a s  f u r t h e r  s o l i d i f i e d  by t h e  fact  t h a t  no p r e s s u r e  

d i s t u r b a n c e s  were observed a f t e r  t h e  valve p o s i t i o n  change i n d i c a t i o n .  A t  

t h i s  p o i n t  i t  might be noted t h a t  t h i s  valve p o s i t i o n  change i n d i c a t i o n  does 

n o t  n e c e s s a r i l y  mean t h a t  a s h u t o f f  va lve  went f u l l y  c losed .  The instrumenta-  

t i o n  c i r c u i t  is designed t o  show only  t h a t  bo th  of t h e  series b a l l  v a l v e s  are 

no t  f u l l y  open. 

t h e  series b a l l  valves could  r e s u l t  i n  t h e  reading  observed. Also,  because o f  

t h e  manner i n  which t h e  swi t ches  are wi red ,  i t  i s  n o t  p o s s i b l e  t o  a s c e r t a i n  

whether e i t h e r  valve c losed .  

Any s h i f t  o f f  t h e  f u l l y  open p o s i t i o n  by e i t h e r  o r  bo th  of 

Eva lua t ion  of t h e  ground tes t  d a t a  has  shown t h a t  changes i n  t h e  s t e a d y  

s t a t e  p r e s s u r e  l e v e l  r e s u i t i n g  from c l o s u r e  of one l e g  of  t h e  p a r a l l e l  shut -  

of valves would no t  d i f f e r  g r e a t l y  from t h e  both-open case, as shown i n  Table  3. 

The f i r s t  two columns of Table  3 p r e s e n t  acceptance  t e s t  d a t a  f o r  

Engine S/N 1026 test YA1-361 dur ing  which t h e  A/B s h u t o f f  valves were c losed  

t o  s i rnula te  a mal func t ion .  The l a s t  two columns o f  Table 3 p r e s e n t  a n a l y t i c a l  

model r e s u l t s  a l s o  s imula t ing  t h e  same phenomena. The s t a t i c  p r e s s u r e  d a t a  

does n o t  a l low any s i g n i f i c a n t  conc lus ions  t o  b e  drawn s i n c e  the d i f f e r e n c e s  

i n  test cond i t ions  and i n s t r u m e n t a t i o n  accuracy could account  f o r  t h e  d i f f e r e n c e s  

i n  f l i g h t  and ground tes t .  The a n a l y t i c a l  model r e s u l t s  w i t h  valve c l o s u r e ,  

however, t end  t o  s u b s t a n t i a t e  the f l i g h t  r e s u l t s .  I n  a d d i t i o n ,  the p r e s s u r e  

drop between t h e  i n t e r f a c e  and i n j e c t i o n  p r e s s u r e  w a s  computed f o r  a l l  d a t a  

and the r e s u l t s  are shown i n  t h e  bottom h a l f  i n  Table  3. The d a t a  reveals t h a t  

t h e  f u e l  p r e s s u r e  drop remains r e l a t i v e l y  cons t an t  whereas o x i d i z e r  p r e s s u r e  

drop i n c r e a s e s  by a t  least 75% w i t h  valve c l o s u r e .  The p r e s s u r e  drop d a t a  

shows the e f f e c t s  of  value c l o s u r e  b e t t e r  and t b  results wauld he  a fnrtFLer 

i n d i c a t i o n  that t h e  valye c losed  dur ing  'FTP. 
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I n  o r d e r  t o  c o r r e l a t e  t h e  h y d r a u l i c  p r e s s u r e s ,  dur ing  t h e  10% - FTP 

t h r u s t  t r a s s i e n t s ,  v i t h  t h e  t i m e  01 t h e  i n d i c a t e d  va lve  c l o s u r e ,  similar 

measurexents  a t  shutdown were used. 9n t h e  DPS 2 and CPS 3 shutdowns a 

30-40- m i l l i s e c o n d  de lay  LJas observed between t h e  t i m e  t h e  system h y d r a u l i c  

p r e s s u r e s  f i r s t  i n d i c a t e d  va lve  movement and t h e  time the  C / D  b i l e v e l  in ,  C t r u -  

menrat ion i n d i c a t e d  t h a t  t h e  v a l v e s  l e f t  t h e  f u l l  opeii p o s i t i o c .  The t i m e  

de l ay  i s  due t o  t h e  f a c t  that  tile v a l v e s  t r p v e l ' u p  t o  30 de.;rees b e f c r e  arb 

o2en p a s t t i o r ,  d ros  o u t  is i n d i c a t e d  by t h e  reed swi tches .  

I f  t h e  h y d r a u l i c  dz lay  IS added t c  a p o s s i b l e  10 mi l l i s econd  s a m p l e  

ra te  b i a s  the r e s u l t  would i f id i ca t e  that a p r e s s u r e  d i s tu rbance  should have 

been observed 40 t o  50 m i l l i s e c o n d s  p r i o r  t o  the o u t  of phase i n d i c a t i o n .  

The observed de lay  w a s  120  m i l l i s e c o n d s  p r i o r  t o  t h e  i n d i c a t i o n .  This  would 

imply t h a t  t h e  ou t  of phase i n d i c a t i o n  and t h e  p l a t e a u i n g  i n  t h e  p r e s s u r e  

t r a n s i e n t s  are n o t  connected. This  conclus ion  assumes t h a t  t h e  A o r  B valve 

c h a r a c t e r i s t i c s  a t  t h e  t r a n s i e n t  are s i m i l a r  t o  t h e  C/D valve a t  c u t o f f ,  and 

does n o t  account  f o r  the p o s s i b i l i t y  of  one  v a l v e  c l o s i n g  i n  a s l u g g i s h  manner. 

Nor does the e s t i m a t i o n  account  f o r  t h e  e f f e c t  of t h e  prevalves c l o s i n g  a t  

shutdown s imul taneous ly  w i t h  t h e  p i l o t  valves, i .e. ,  t h e  preva lve  c los ing  could  

a c c e l e r a t e  t h e  shutdown t r a n s i e n t .  

The p o s s i b i l i t y  s t i l l  e x i s t s  t h a t  the valve phasing i n d i c a t i o n  w a s  due 

t o  swi t ch  f a i l u r e .  However, t h e  measurerrent d id  n o t  i n d i c a t e  errat ic  

o p e r a t i o n  t h a t  might  accompany such  an  e f f e c t .  

switches ope ra t ed  normally,  and t h e r e f o r e ,  t h e  A o r  B shu to f f  valve went 

c losed ,  o r  p a r t l y  c losed ,  t h e  p r e s s u r e  anoTal ies  could  a l s o  be  expla ined .  

The causes  of  such  a f a i l u r e  could b e  f u e l  leakage i n  t h e  system o r  l o s s  

of power t o  t h e  so l eno id  valve. Though o t h e r  mechanisms could b e  i n v e s t i -  

ga t ed  these would appear  most probable .  Of these two, f a i l u r e  of  the so leno id  

seems the less c r e d i b l e  s i n c e  i t  seems u n l i k e l y  t h e  so l eno id  would f a i l  a t  

almost  p r e c i s e l y  the same time on b o t h  FTP burns ,  and would o p e r a t e  normally 

f o r  b o t h  10% burns .  

and would have requ i r ed  s imul taneous  wire f a i l u r e .  

supply  would r e s u l t  i n  deenerg iz ing  a l l  so l eno id  valves, and consequent ly  

engine  shutdown. 

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

w a s  made of  the ?ewer supp ly  a rpe rage  and the r e s u l t s  w e r e  i n c o n c l u s i v e  i n  

I f  i t  i s  assumed that t h e  

I n  a d d i t i o n ,  the wi r ing  of  the so leno ids  i s  redundant  

F a i l u r e  of  the power 

Measurement GH 130lX, DPS engine on ,  which is t h e  corilmand 

A check 
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terms of d e t e c t i n g  a so leno id  dropout .  

A leakage  t h e s i s  i s  a l s o  a p o s s i b i l i t y .  This  t h e s i s  would suppose t h a t  

t h e r e  e x i s t s  a f u e l  l e a k  between t h e  so l eno id  ac tua ted  poppet and t h e  a c t u a t o r  

p i s t o n ,  perhaps r e s u l t i n g  from a poppet  n o t  s e a t i n g  proper ly .  

e x i s t e d ,  i t  would r e q u i r e  t h a t  t h e  a c t u a t o r  c a v i t y  p r e s s u r e  be above approxima- 

t e l y  100 p s i a  a t  t h e  10% t h r u s t  level and below 100 p s i a  a t  FTP. 

f u e l  i n t e r f a c e  p r e s s u r e  w a s  238 p s i a  a t  10% t h r u s t  and 216 p s i a  a t  FTP, a 

d i f f e r e n c e  o f  22 p i a .  

I f  such a l e a k  

The engine 

I f  t h e  decreased p r e s s u r e  a t  FTP were n o t  s u f f i c i e n t  t o  ma in ta in  minimum 

a c t u a t o r  p r e s s u r e  the shu to f f  valve would start t o  c lose .  P a r e n t h e t i c a l l y ,  

i t  may b e  noted t h a t  a leakage  rate would a l s o  account  f o r  the lowmeasure-  

ment of f u e l  i n t e r f a c e  p r e s s u r e  and a slow p r e s s u r e  d e c l i n e  w i t h i n  t h e  p i s t o n  

c a v i t y  could account  f o r  the 80-90 mi l l i s econd  discrepancy i n  h y d r a u l i c  t i m e  

de l ay  noted  earlier. 

I f  s u c h  a leak e x i s t e d ,  t h e  loss of p r o p e l l a n t  should have been picked 

It i s  es t imated  that d e l t a  of about  5 up by the p r o p e l l a n t  gauging system. 

p s i  a t  t h e  engine  i n t e r f a c e  would correspond t o  a leakage  f low rate of about  

1 t o  2 pounds p e r  second. 

depending on the e x a c t  f low rate, and the d u r a t i o n  of the leak. 

correspond t o  about  a 2% d e f l e c t i o n  in the gauging system d a t a  CGQ 3603q).  

No s u c h  d e f l e c t i o n  w a s  observed. The gauging system d a t a ,  however, w a s  q u i t e  

poor ,  as i t  showed p e r i o d s  dur ing  t h e  second and t h i r d  burns i n  which t h e  

q u a n t i t y  gauged a c t u a l l y  inc reased  by as much as 1%. 

This would r e s u l t  i n  a f u e l  l o s s  o f  40-100 pounds, 

This  would 

The conclus ion  drawn from t h e  a n a l y s i s  of  t h e  synchron iza t ion  anomaly 

i s  that wh i l e  a case could b e  made f o r  a s s i g n i n g  t h e  phasing i n d i c a t i o n  t o  

switch mal func t ion ,  c l o s u r e  of t h e  shu to f f  valve would be  e q u a l l y  i f  n o t  

more p l a u s i b l e .  

A survey  of  Apollo f a i l u r e  r e p o r t s  concerning t h e  s h u t o f f  valves w a s  

made and t h e  r e s u l t s  are shown i n  Table  4 f o r  the p o s i t i o n  swi tches  and 

Table 5 f o r  t h e  so l eno id  valves. The r e s u l t s  show that f a i l u r e  of t h e  

open p o s i t i o n  swi t ches  and so leno id  v e n t  p o r t  leakage are predominating 

f a i l u r e  modes. 

One of t h e  problems encountered i n  a t t empt ing  t o  r e s o l v e  t h i s  out-of- 

synchron iza t ion  i n d i c a t i o n  of the shu to f f  valves are a t t r i b u t a b l e  t o  t h e  
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wir ing  hookup o f  t h e  e i g h t  reed  swi t ches .  Given only  t h e  measurement, as 

i n  t h i s  case, one is  unable  t o  de te rmine  on t h e  b a s i s  of t h i s  b i l e v e l  d a t a  

whether (a)  one o r  b o t h  va lves  o r  swi t ches  l e f t  o r  i n d i c a t e d  l e a v i n g  t h e  

open p o s i t i o n ,  o r  (b)  e i t h e r  t h e  A o r  B valve a c t u a l l y  c losed .  One i s  a b l e  

t o . a s c e r t a i n  only  t h a t  b o t h  v a l v e s  d i d  n o t  c l o s e  dur ing  t h e - b u r n .  Th i s  

s i t u a t i o n  i s  not  d e s i r a b l e  and i t  i s  recommended t h a t  t h e  va lve  reed  swi tches  

be  re-wired,  and t e l eme te red ,  such that  d i s t i n c t  i n d i c a t i o n s  are a v a i l a b l e  

on each reed  swi tch .  

4.3 PROPELLANT QUANTITY GAUGING SYSTEPI 

The f l i g h t  d a t a  shows t h a t  t h e  gauging system i n  t h e  number two tank  

of both  f u e l  and o x i d i z e r  was no t  reading  c o r r e c t l y .  

a t t r i b u t e d  t o  a f a u l t y  t r a n s i s t o r .  The gauging system manufac turer  has  

i n v e s t i g a t e d  t h e  f a i l u r e  and s u b s t a n t i a t e d  t h e  f l i g h t  da t a .  I n s u f f i c i e n t  

burn  t i m e  w a s  ob ta ined  on t h e  DPS burns  t o  assess the o p e r a t i o n  of t h e  

gauging system s o  that no comment can be made on accuracy of the system. 

T h i s  e f f e c t  has  been 

5.0 SUPEXCRITICAL KELIUM PRESSURIZATION SYSTEN 

An a n a l y s i s  of  t h e  performance of t h e  S u p e r c r f t i c a l  H e l i u m  P r e s s u r i z a t i o n  

System CScHe) on the Apollo 5 Mission dur ing  t h e  LM--1 DPS burns  has been 

made. While t h i s  a n a l y s i s  i s  incomple te ,  i t  appears  as i f  t h e  ScHe perform- 

ance w a s  as expected when al lowances are made f o r  t h e  i n i t i a l  DPS 1 s t a r t i n g  

c o n d i t i o n s .  

I n  Table  6 the performance of  the He/He and He/Fuel h e a t  exchangers i s  

shown. While t h e  tempera ture  p r o f i l e s  of t h e  c r i t i c a l  measurements of t h e s e  

subsystems d id  n o t  e x a c t l y  f o l l o w  p r e d i c t i o n s  , the maximum and minimum tempera- 

t u r e s  recorded  a t  v a r i o u s  s t a t i o n s  w e r e  w e l l  w i t h i n  s p e c i f i c a t i o n  l i m i t s  w i t h  

minor e x p l a i n a b l e  equa t ions .  

The u l t i m a t e  proof  o f  t h e  ScHe system adequacy l i es  i n  i t s  a b i l i t y  t o  

s u s t a i n  He  tank  supply  p r e s s u r e s  (CQ 3435P) s u f f i c i e n t  t o  p rov ide  adequate  

p r e s s u r a n t  t o  t h e  p r o p e l l a n t  tanks  i n  o r d e r  t h a t  t h e  engine  p r o p e l l a n t  

requirements  can b e  m e t  dur ing  a LLM. 

5 w e r e  t oo  s h o r t  t o  o b t a i n  conc lus ive  evidence t o  v e r i f y  t h i s  c a p a b i l i t y ,  

an examinat ion o f  the t ank  p r e s s u r e  v e r s u s  t i m e  p r o f i l e s  f o r  each of t h e  

DPS burns  (see F igures  5 through 8) t ends  t o  c o n f i r n  t h a t  the s y s t a  does 

perform as expected and w i t h i n  t h e  l i m i t s  of  p r e d i c t i o n .  

While t h e  DPS burn p r o f i l e s  of Apollo 
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