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ICEMORANDUM FOR F I L E  -- 

-The a t t a c h e d  viewgraphs were used i n  a p r e s e n t a t i o n  

to Dr. G .  E. M u e l l e r  and Lt. Gen. S. C .  P h i l l i p s  on October 23 a t  

P B - l O B .  The purpose was t o  review how t h e  c a p a b i l i t i e s  of t h e  

I computer program Colossus might a f f e  t t h e  Lunar O r b i t a l  a l t e r -  
I 

- - n a t i v e  of t h e  C-Prime mission.  

A l s o  a t t a c h e d  a r e  r e sponses  g e n e r a t e d ' b y  Department 20111 

and 2013 t o  q u e s t i o n s  asked a t  t h e  p r e s e n t a t i o n .  
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--SUBJECT: Cornput e r  Problems on 
Mission C - Case 310 

1 
- _  

DATE: October 2 4 ,  1968 

f%ork W .  G .  Heffron 
- 

I 

Lt. Gen. S. C .  P h i l l i p s  - NASA/I/I: 
D r .  G. E.  Muel le r  - N A S A / M :  

gu idance  computer on M i s s i o n  C ,  as r eques t ed  on October 23, 
The in fo rma t ion  i s  p r e l i m i n a r y  

a d  was f u r n i s h e d  by M r .  Jack Garman, the prime s h i f t  
computer e x p e r t  f o r  t h e  Mission. 

S t a r  code 00 was used wi th  a u t o  o p t i c s  whi le  i n  
platform a l ignment  de t e rmina t ion .  It i s  not  v a l i d  f o r  
Sundisk and a res tar t  occurred  w i t h  no mis s ion  impact i n  any 
wag. It had occurred  i n  t r a i n i n g .  It occurred  i n  f l i g h t  
t h ree  t imes.  Code 00 i s  v a l i d  f o r  Colossus .  

2. Use of P-30 ( e x t e r n a l  hV p r e - t h r u s t )  w i t h  AV = 0 t o  
o b t a i n  an  a c c u r a t e  d i s p l a y  o f  apogee and p e r i g e e  i s  an AOH 
(workaround) procedure .  
t h a t  f o r  t h e  p a t h o l o g i c a l  case  of t h e  v e c t o r  AV = 0 ,  it g i v e s  
u n i t  (AV) = ( 2 ,  0 ,  0 ) .  If REFSMMAT ( I M U  a t t i t u d e  m a t r i x )  has 
e l e m e n t ( 1 , 2 )  g r e a t e r  t h a n  0 .5  t h e n  u n i t  ( A V )  REFSMMAT row 2 
2s greater t h a n  1. The a r c - c o s i n e  programming causes  a r e s t a r t  
for a rc -cos ine  (lt). T h i s  occurred t w i c e  ( f i r s t  u s e  and r e t r y )  
In f l i g h t .  Note, i f  t h e  REFSMMAT v a l u e  i s  less t h a n  0 .5  t he re  

-3s no problem, which appa ren t ly  was t h e  c a s e  i n  t r a i n i n g ,  where 
t h e  procedure  was used .  There was no miss ion  e f f e c t .  The 
a rc -cos ine  e r r o r  i n  Colossus c a u s e s  a "go t o  P-00" a b o r t .  

T h i s  n o t e  concerns problems w i t h  t h e  use  of t he  

- -  1968 i n  a meet ing  a t  FOB-1OB. 

I. 

The computer coding i n  P-30 i s  such 

3 .  The crew ope ra t ed  V 3 7  w i t h i n  20 seconds a f t e r  a 
. r  restart  i n  v i o l a t i o n  of  a Sundisk program n o t e .  T h i s  would 

cause  P I P A  f a i l  t o  go unde tec t ed .  It was n o t i c e d  by t h e  ground 
but .*he crew was no t  informed because  t h e  computer was go ing  
t o  s t andby .  The f l a g  was r e s e t  p r o p e r l y  a u t o m a t i c a l l y  when 
t h e  computer came up l a t e r .  No mis s ion  e f f e c t .  Same n o t e  

~ . e x i s t s  f o r  Colossus.  

4 .  

0 
C a l c u l a t i o n s  f o r  p l a t f o r m  al ignment  f o r  a burn were 

made more t h a n  one o r b i t  before  i t .  The p o s i t i o n  c a l c u l a t i o n  
r o u t i n e  g i v e s  a wrong answer i n  such a c a s e  (program n o t e  
e x i s t s )  and al ignment  was about 30° - 40° o f f  i n  yaw. It was 
n o t i c e d ,  i n  good t ime,  by t h e  crew d u r i n g  P-30 p r e - t h r u s t  
(less t h a n  one o r b i t  b e f o r e  t he  bu rn )  and c o r r e c t e d .  The burn 
cou ld  have been conducted w i t h  t h e  FDA1 30' - 40° o f f  000,  bu t  
probably  would have been skipped i f  n o t i c e d  t o o  l a t e .  

0 
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5. 
was hung 
computer 
t h e  time 
t h e  time 
and P-21 
problem. 
t h e  same - 

E >  
r. 

The crew thought  P-21  (ground t r a c k  d e t e r m i n a t i o n )  
up one t i m e .  This was over  a s t a t i o n  w i t h  no 
downlink. Over t h e  next  s t a t i o n ,  w i t h  downlink, by 
t h e  ground diagnosed t h e  problem it had gone away -- 
i n s e r t e d  i n t o  P-21 was cons ide rab ly  l a t e r  t h a n  "now" 
simply t o o k  a long t ime t o  f i n i s h .  No miss ion  

Colossus has V 9 6 E  t o  s t o p  P-21 i n  such a c a s e ,  b u t  
problem would e x i s t  o the rwise .  

The DTO i n s e r t e d  l a t e  i n  t h e  mis s ion  cal led f o r  6. 
the optics l i n e  of  s i g h t  t o  be aimed above t h e  ho r i zon .  The 
computer t r i e d  t o  solve t h e  problem o f  d i s t a n c e  t o  t h e  e a r t h ' s  

restart on "square  roo t  of a n e g a t i v e  number," The 
procedure w a s  wrong and must n o t  have been tes ted p r i o r  t o  
t r a n s m i t t a l  t o  t h e  crew. 

- , for  which the re  i s  no s o l u t i o n  i n  t h i s  case,  and 

The res ta r t  was " p e r p e t u a l ,  once every 0 . 5  seconds .  
A f resh start  was r e q u i r e d  but  V36E cannot  be keyed i n  w i t h i n  
0.5 seconds .  The crew was fo rced  t o  s imultaneous d e p r e s s i o n  
o f  E r r o r  Reset and Mark Reject  t o  cause  t h e  f r e s h  s t a r t .  I n  
Colossus t h i s  e r r o r  causes  a Ifgo t o  P-00" a b o r t ,  no t  a 
res ta r t .  

7.  When f l a s h i n g  verb 51 r e q u e s t s  an  o p t i c s  mark, t h e  
cor rec t  response  i s  ENTER i f  no more marks w i l l  be t a k e n ,  f o l -  

t h i s  l e f t  a f l a g  i n  t h e  wrong s t a t e  and t h e  mark b u t t o n  d i d  
n o t  work t h e  next  time i t  xas used .  A workaround procedure  was 
dev i sed  by Steve  Copps, MIT, s e n t  t o  t h e  crew and t h e y  used 
it s u c c e s s f u l l y .  When the  problem was diagnosed by t h e  ground, 
a procedure  was dev i sed  t o  r e se t  t h e  f l a g  and a l l  became 
normal.  The crew could  a l s o  have r e s e t  t h e  f lags  d i r e c t l y  i f  
t h e y  had known which ones .  Mission e f f e c t  was t o  de l ay  o p t i c s  
use  f o r  some t ime .  

- a w e d  by-V37EOOE t o  go t o  P-00.  The crew skipped t h e  E -- 

0 T h i s  i s  a g e n e r a l  problem i n  responding  t o  f l a s h i n g  
v e r b s  and e x i s t s  i n  Colossus a1.so. C r e w  must observe  c o r r e c t  
p rocedures ,  w i t h  no s h o r t  c u t s .  It would have occurred  i n  
t r a i n i n g .  

8 .  I f  t h e  o p t i c s  t runn ion  a n g l e  d e s i r e d  exceeds 3 8 O ,  
t h e  t r u n n i o n  d r i v e  simply s t o p s  where i t  i s ,  wi thout  d r i v i n g  
over  t o  t h e  maximum v a l u e  p o s s i b l e .  Op t i c s  shaf t  d r i v e  has 
no l i m i t s .  T h i s  caused t w o  problems.  
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A .  I n  post-rendezvous t r a c k i n g  o f  t h e  S I V B ,  i t  

suadenly  Went ou t  of view and t r a c k i n g  was abandoned. The 
SCS was be ing  used f o r  a t t i t u d e  c o n t r o l  and 3 8 O  was exceeded.  
The computer showed a n  alarm (ove r  3 8 O  commanded), bu t  t h e  crew 
had g iven  up. 

_ _ t h e  CSM would have been r o t a t e d  t o  reduce  t h e  command t o  l e s s  
t h a n  38" and  t r a c k  would have been main ta ined  ( excep t  f o r  a 
t r a n s i e n t ) .  But such sudden a t t i t u d e  changes had been 

_exper ienced  e a r l i e r  by the crew and o b j e c t e d  t o  by t h e  crew, 
so they s e l e c t e d  SCS. 

With t h e  eyes a t  the o p t i c s  and t h e  o p t i c s  shaft  
drive running,. it i s  d i f f i c u l t  t o  n o t i c e  e i t h e r  t h e  DSKY alarm 
or the c e s s a t i o n  o f  t runn ion  motor o p e r a t i o n .  

I f  a t t i t u d e  had  been under  computer c o n t r o l , '  

Best procedure  
-& - t o - - ~ s e  the computer a u t o p i l o t  and endure  t h e  t r a n s i e n t .  

B. Before landmark t r a c k i n g ,  t h e  o p t i c s  a r e  zeroed .  
I f  t h e  landmark r e q u i r e s  over 38" t r u n n i o n ,  t h e  o p t i c s  s t a y  a t  
z e r o  t r u n n i o n .  Th i s  p e r s i s t s  u n t i l  t h e  landmark t r u n n i o n  i s  
less t h a n  38, bu t  t h e n  the  landmark i s  moving one way 
(dec reas ing  t runnion)--and the  o p t i c s  t h e  o t h e r  way (from 0 up 
towards t h e  command) and lock  on t h e  landmark ge ts  d i f f i c u l t .  

After  t h i s  happened i n  f l i g h t ,  t h e  ground sugges ted  
a manual motion t o  35' a f t e r  o p t i c s  z e r o .  It worked ve ry  w e l l .  

0 
I 

0 

I cou ldn ' t  f i n d  a program n o t e  on t h i s .  The crew 
----win readout-*-he d e s i w d a n d  a c t u a l  a n g l e s  and s e e  i f  t h e  o p t i c s  . 

are po in ted  p r o p e r l y .  The e r r o r  probably  e x i s t s  i n  Colossus 
also, and should  have been observed i n  t r a i n i n g .  

P r e - r e t r o f i r e  t h e  c o r r e c t  p rocedure  i n v o l v e s  V48E 
(DAP data l o a d )  fo l lowed by V46E ( t u r n  DAP o n ) .  Apparent ly  
t h e  crew d i d  v46E ,  V 4 8 ~  and t h e  DAP was no t  on. The ground 
caught  i t  from t h e  f l a g  words, r eques t ed  V46E, t h e  crew d i d  
2% and t h e  DAP went on. 

9. 

If no t  observed by t h e  ground, t h e  crew would have 
observed l a c k  of  a t t i t u d e  c o n t r o l  and swi tched  t o  SCS. It 
a p p l i e s  f o r  any burn  and would have shown up i n  t r a i n i n g .  
W i l l  occur  i n  Colossus,  a l s o .  

1 0 .  The crew keyed i n  + xxx.xx f o r  l a t i t u d e  o f  a landmark 
i n s t e a d  o f  - xxx.xx. Not see ing  t h e  landmark i n  t h e  o p t i c s ,  
t hey  could  have swi tched  t o  "unknown landmark t r a c k i n g .  'I 
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A d d i t i o n a l l y ,  f o r  your i n fo rma t ion ,  v 3 6 ~  ( F r e s h  
- -Star t )  does no t  z e r o  t h e  s t a t e  v e c t o r .  

- L O 1 4  -WGH-ek 

~ _ _  - - 

I 

C. M. Lee - NASA/#A g- 

copy to 
Messrs, G. H. Hage - NASAJMA 

c - 
Y .  
F A. P. Boysen, J r .  

D, A. Chisholm 
I)._ A. Corey 
B, G. N i e d f e l t  
I. PI, Ross 
-R, V. Sperry 
R, L. Wagner 

-. 

C e n t r a l  F i l e s  

b 
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BELLCOMM, I N C .  
955 L'ENFMT PUW NORTH, S.W. WASHISiGTOtI, D. C. 20024 

SUBJECT: Colossus Program N o t e s  - Case 310 DATE: O c t o b e r  25 ,  1968 

FRO~V~: W. G .  Hef f ron  

Dr. G. E. Muel le r  - NASA/M: 
Lt .  General S. C. P h i l l i p s  - NASA/MA:  

I p e l i e v e  t h e  a t t a c h e d  l e t t e r  t o  M r .  C. C. Kraft, 

-wh ich  has  been sen t ,  is  t h e  best way t o  s e t t l e  t h e ' q u e s t i o n s  

you asked on October  23, 1968 r e g a r d i n g  p o s s i b l e  problems w i t h  

the computer d u r i n g  p r e - t h r u s t  and t h r u s t i n g  o p e r a t i o n s  on 

Mission C-Prime. 

2014-WGH-sep 

Attachment 

Copy t o  
lessrs. G. H. Hage - NASA/MA 

c. M. L e e  - NASA/MA 

A. P. Boysen, Jr. 
D. A. Chisholm 
D. A. Corey 
B. G. N i e d f e l d t  
I. M, Ross 
R. V. Sper ry  
-R. L. *Wagner 

, 

C e n t r a l  F i l e s  



. October 25, 1968 

Dear C h r i s  : 

0 

0 
A t  t a c 111 lie n t 
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1.2.8 

1-7.9 

3-7.4 
. -  

3.7.5 

0 

0 

ATT A C i-I Pi I< N ‘i’ --- 

S i n c e  sonic exterided verbs  (no tab ly  v82,  V83, and V C 5 )  
use  s e v d r a l  J O B  a r e a s ,  a s o f t w a r e  r z s t a r t  may be  g e n e r a t e d  
i f  t hese  v e r b s  are s e l e c t e d  i n  p e r i o d s  of h i g h  a c t i v i t y  
-due to VAC or Core S e t  overf low.  In t h i s  case the  Program 
Alarm l i g h t  will be l i t  and a l a rm.code  1 2 0 1  o r  1202 will 
be stored. Extended verb a c t i v i t y  will be l o s t  and t h e  

T y p i c a l - p e r i o d s  o f  h i g h a c t i v i t y  
when t h i s  m i g h t  occur  a re  (1) V83 i n  P3X o r  P7X w i t h  P20 
i n  t h e  background, and ( 2 )  V82 i n  P4X with Lambert. 

An i n t e r p r e t e r  a b o r t  (codes 1301. ahd 1 3 0 2 )  d u r i n g  ave rage  
G will r e q u e s t  a new program ( f l a s h i n g  V 3 7 )  and l e a v e  the  . 
permanent s t a t e  v e c t o r  a t  i t s  v a l u e  b e f o r e  ave rage  G was 
i n t i t i a t e d .  The r e s u l t  i s  t h a t  a l l  subsequent  onboard 
computat ions w i l l - n o t  account f o r  t h e  AV added d u r i n g  
average G .  However, u n t i l  the  nex t  permanent i n t e g r a t i o n ,  
t h e  q u a n t i t i e s  on t h e  downl i s t  will have accounted for t h 2  
AV. After  t h e  i n t e g r a t i o n ,  t h i s  i n f o r m a t i o n  i s  lost. T n i s  
t y p e  of  a b o r t  w i l l  most probably r e q u i r e  a new u p l i n k .  

If a r e s t a r t  occur s  between TIG -E 0 and TPG f 0.4 seconds ,  
t h e  T V C s i m b a l  a c t u a t o r  in te r face-wi l l  n o t  be re-e-s tabl ished.  
Avoidance procedure :  none. Recovery procedure :  After  a 
r e s t a r t  s e l e c t  PO0 and t h e n  r e t a r g e t  v i a  P3X. An a l t e r n a -  
t i v e  would b e  t o  e x e r c i s e  v 6 g ~  i m m e d i a t e l y .  T h i s  w i l l  f o r c e  
a hardware res ta r t  and r e - e s t a b l i s h  p r o p e r  TVC c o n t r o l .  

If  a P O O D O O  t y p e  o f  ABORT ( a b o r t s  1206, 1 2 1 0 ,  1301, 1302, 
1501, 1 5 0 2 )  occurs  du r ing  SEIIVICER, SERVICER i s  never  

. T i n j s h e d .  Th i s  means t h a t  t h e  state v e c t o r  i s  l o s t  i f  a 
bu rn  has occur red .  Also ,  t h i s  means PIPA compensation 
i n f o r m a t i o n  i s  lert i n  an i n c o r r e c t  s t a t e  w i t h  the 
r e s u l t s  PIPA compensation w i l l  n o t  take p l a c e  a f t e r  t h i s  
t y p e  of a b o r t .  Avoidance procedure :  none. Recovery pro- 
cedure :  Uplink new s t a t e  v e c t o r .  Se l ec t  P47 i n  o r d e r  
t o  e s t a b l i s h  proper-PIPA compensation. S e l e c t  new d e s i r e d  
program a f t e r  t h e  f i r s t  d i s p l a y  i n  P47. 

.verb must be r e s e l e c t e d .  

1 

! 

i 
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i 

SUBJECT: Use of NR S imula tor  f o r  C-Prime DATE: October 2 4 ,  1968 
Case 310 

FROM: W .  G .  Hef f ron  

Dr. G .  E .  Muel le r  - NASA/M: 
L t  . Gen. S. -C. P h i l l i p s  - NASA/MA: 

for C-Prime mis s ion  validation, as r e q u e s t e d  on October 23, 1968 
in a meet ing  a t  FOB-1OB. 

The NR s i m u l a t i o n s  w i l l  be used  f o r  two weeks on C-Prime 
peed e n t r i e s  w i t h  prime crew p a r t i c i p a t i o n .  
e-used for the D miss ion  ( u s i n g  Colossus I u n t i l  IA becomes 

- T h i s  n o t e  concerns u s e  of t h e  NR Mission Eva lua to r  

Otherwise i t  

a v a i l a b l e ) .  4 

or  l u n a r  c a p a b i l i t y  a t  p r e s e n t .  
be  ready i n  e a r l y  1969 f o r  t h e  miss ion  a f t e r  D .  
i t  was t o o  expens ive  t o  advance t h e  d a t e  f o r  t h i s  c a p a b i l i t y .  

The r eason  i s  t h a t  t h e  f a c i l i t y  does no t  have c i s l u n a r  
It i s  under  development and w i l l  

M r .  Low dec ided  

The CMS i s  t h e r e f o r e  t h e  only f a c i l i t y  a v a i l a b l e  f o r  l u n a r  

T h i s  i n fo rma t ion  was f u r n i s h e d  by M r .  D. Cheatham,GCD, MSC.  

o p e r a t i o n s  t r a i n i n g ,  and I s  be ing  s o  used.  
& 

\ 

20 14-WGH-bjh 

copy t o  
Messrs.  G .  H. Hage - NASA/MA 

C ,  M. Lee - NASA/MA 

A.  P, Roysen, Jr .  
D. A. Chisholm 
D. A .  Corey 
B. G.  N ied fe ld t  
I. M. Ross 
R. V. Sperry 
R. L. Wagner 
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955 L'ENFAXT PLAZA IIOXTH, S.W. YIP.SH!;iGTOII. D. C. 2C024 

SUBJECT: Computer Vol tage  L i m i t s  DATE: October 25,  1968 
, .  Case 310 

FROM: W .  G .  Hef f ron  
- 

D r .  G .  E. N u e l l e r  - N A S A / M :  
- L t .  Gen. S. C.  P h i l l i p s  - NASA/MA:  

The s p a c e c r a f t  computer i n c l u d e  c i r c u i t s  which warn 

Although there have been demonst ra t ions  that the  

of under--and over--vol tage i n  t h e  power s u p p l i e s .  

computer w i l l  work p rope r ly  o u t s i d e  the a s s igned  r anges ,  the  
p r e s e n t  t o l e r a n c e s  are considered by GCD as p rope r  and j u d i c i o u s ,  

s ider  tha t  t h e r e  i s  s u f f i c i e n t  ev idenca  a t  t h e  p r e s e n t  to warrant  
-_and have been the  s u b j e c t  of s e v e r a l  rev iews .  GCD does no t  con- 

0 

0 

broadening  t h e  range of a c c e p t a b i l i t y  v o l t a g e s .  

Changing t h e  l i m i t  va lues  would invo lve  r e d e s i g n  of 
the  modules involved ,  as we l l  a s  t h e  e f f o r t  t o  de te rmine  the  new 
v a l u e s  t o  be -used .  

+ T h i s  i n fo rma t ion  was f u r n i s h e d  by M r .  Hol ley,  GCD, MSC: 

2014-WGH-b j h  

copy t o  
Messrs.  G .  H. Hage - NASA/MA 

C, M. Lee - NASA/MA 

A. P. Boysen, Jr. 
D. A.  Chisholm 
D. A. Corey 
B. G .  N i e d f e l d t  
I. M. Ross 

- R .  -V. Sperry 
R. L. Wagner 

C e n t r a l  F i l e s  
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955 L'ENFANT PLAZA NORTH, S.W. WASHIIIGTOM, D. C. 20024 

SUBJECT: V a l i d a t i o n  o f  RTCC ODP - Case 310 DATE: October  25,  1968 

FRold: B.  G .  N i e d f e l d t  

-----Mr. -W. - G .  Hef f ron:  

The v a l i d a t i o n  of the RTCC O r b i t  Determina t ion  Program 
*) i s  be ing  based upon- rep rocess ing  of t r a c k i n g  data c o l l e c t e d  

d u r i n g  the  Lunar O r b i t e r  Missions.  T rack ing  d a t a  arcs are 
selected s o  t h a t  t h e y  a r e  i d e n t i c a l  t o  t h o s e  p r e v i o u s l y  p rocessed  
-at 3PL. -The r e s u l t i n g - c o n v e r g e d  ODP s o l u t i o n  and t h e  r e s i d u a l s  
of t h e  f i t  are t h e n  compared t o  t h o s e  o b t a i n e d  by J P L .  Discrep-  
a n c i e s  i n  t he  r e s u l t s  a r e  then  checked o u t .  RTCC ODP runs  are 
b e i n g  made u s i n g  t r a n s l u n a r  and l u n a r  p a r k i n g  o r b i t  t r a c k i n g  data.  

The Doppler t r a c k i n g -  dat-a_, which i s  a v a i l a b l e  f o r  t h i s  
v a l i d a t i o n  e f f o r t ,  i s  from the  DSN and MSFN. 
Doppler t r a c k i n g  data from t h e  MSFN i s  a v a i l a b l e  d u r i n g  t r a n s l u n a r  
coast. Range and two and three-way Doppler t r a c k i n g  data i s  a v a i l -  
able from t h e  MSFN d u r i n g  l u n a r  o r b i t i n g  phases .  Range and Doppler 
t r a c k i n g  data  i s  a v a i l a b l e  from the DSN d u r i n g  bo th  phases .  

Only three-way 

0 

----__During a n  Apo l lq - luna r  mis s ion ,  three independent  data 
t y p e s  w i l l  be  a v a i l a b l e  f o r  ODP p r o c e s s i n g ;  r a n g e ,  Doppler,  and 
on-board s e x t a n t  s i g h t i n g s .  An RTCC ODP s o l u t i o n  w i l l  b e  based 
on ly  on Doppler data.  T h i s  converged s o l u t i o n  w i l l  t h e n  be passed 
through t h e  o t h e r  two data types  and t h e  q u a l i t y  of t h e  f i t  w i l l  
be determined i n  r e a l  time. T h i s  p rocedure  w i l l  be c a r r i e d  o u t  
th rough t h e  e n t i r e  mis s ion .  

.- 2.014-BGN-b j h B. G.  Niedfe ld t  
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4 O M E  TRAJECTORY AND ABORT OPTIONS FOR C-PRIME 1 -  
1 - -  

ALL DATA PRESENTED -IS BASED ON PATCHED CONIC TRAJECTORIES 

DEVELOPED FOR A C-PRIME M I S S I O N  LAUNCHED ON DECEMBER 21, 1968 

M T H  P A C I F I C  I N J E C T I O N  AND A T - A  LAUNCH AZIMUTH OF 72 DEGREES. 
~ 

~ - - 
I. 
I - 

F I G U R E  1 

O RCS CIRCUMLUNAR ABORTS 

T H I S  FIGURE SHOWS THE RCS AV COSTS'FOR CIRCUMLUNAR ABORTS 

AT 6 1 /2  HOURS AF-TER T L I .  BOTH UNDERBURN AND OVERBURN AT 

TLI ARE CONSIDERED. A 50 FPS ERROR I N  T L I  VELOCITY CORRES- 

PONDS TO APPROXIMATELY. A ONE SECOND ERROR I N  BURN T I M E .  

THE THREE SIGMA V A R I A T I O N  I N  T L I  VELOCITY IS EXPECTED TO 

BE F I F T E E N  FPS. 

THE RCS AV COSTS WERE DETERMINED ALLOWING F U L L  O P T I M I -  

Z A T I O N  OF BOTH POST ABORT .PERILUNE DISTANCE AND RETURN 

. INCLINATION. .  

0 t 

.FIGURE 2 

O THE AV COST FOR TARGETING TO INCREASED PERILUNE A L T I T U D E  -- 
THIS CURVE PRESENTS THE A V  PENALTY RESULTING FROM TARGETING 

THE C-PRIME TRAJECTORY TO HIGHER PERLLUNE ALTITUDES FOLLOWED 

BY A LATER TRANSFER TO THE NOMINAL 60 N.M. CIRCULAR ORBIT.  0 
THE AV PENALTY INCLUDES THE TRANSFER C O S T S .  T H I S  O P T I O N  

WOULD REQUIRE AN A D D I T I O N A L  S P S  BURN PLUS A FETARGETED T L I .  



FIGURE 3 

CURVE #1 SHOWS AV REQUIRED T O  ABORT FROM H I G H  APOGEE E L L I P S E S  

RESULTING FROM T L I  UNDERBURNS (ABORT CARRIED OUT AT APOGEE). 

CURVE #2 SHOWS T L I  hV DEFICIENCY VS BURN T I M E  (AT END OF BURN, 

1 SECOND IS EQUIVALENT TO ABOUT 50 FPS IN TLI AV). 

CURVE $ 3  SHOWS APPROXIMATE T IME FROM T L I  TO REENTRY FOR 

H I G H  E L L I P S E  ABORTS. 

NOTE: 3 BODY EFFECTS MAKE I T  I N V A L I D  TO EXTRAPOLATE THE ABORT 

AV CURVE BEYOND ABOUT 305 SECONDS. 



FIGURE 4 

O SHOWS AV REQUIRED TO CORRECT T E I  AV ERRORS FOR VARIOUS COAST 
_. 

TIMES FROM TEI TO CORRECTION. 
I - -. - 0 .  r 

ASSUMES T E I  VELOCITY ERROR I S  COLLINEAR WITH T E I  AV. 

/- 

_- 
. o  ABOUT 3 FPS OF CORRECTION IS NEEDED FOR EYERY 1 FPS O F  TEI 

-ERROR I F  THE CORRECTION OCCURS BETWEEN 3 AND 12 HOURS AFTER 

T E I  (THE M S I  IS PASSED ABOUT 12 HOURS AFTER T E I ) .  

O CORRECTIONS OCCURRING LESS THAN 3 HOURS AFTER T E I  HAVE A 

- SEE F iGURE 5. *" CORRECTION ' *" ERROR 

THE RCS AV C A P A B I L I T Y  W I L L  PROBABLY BE NEAR 100 FPS AT T E I  

- -  --T?KTCH PERMITS ABOUT A 35 FPS T E I  AV ERROR ( T H I S  WOULD BE 

ABOUT A 1 1 / 2  SECOND MAXIMUM OVERBURN OR UNDERBURN). 

FIGURE 5 

0 

0 
FOR VARIOUS COAST TIMES FROM T E I  CORRECTION ERROR 

TO CORRECT I ON. 

ASSUMPTIONS SAME AS FIGURE 4. 

-O CQNCLUS IONS 

DO CORRECTION AS SOON AS POSSIBLE.  

I F  DELAY I S  OVER 3 HOURS, I T  DOES NOT HURT TO W A I T  A FEW 

HOURS LONGER. 

. .  
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FIGURE 4-1 - DISPLAY AND KEYBOARD ASSEMBLY 
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0 

’ ‘P-30 - EXTERNAL AV, PRE-1MRUST 

V 3 7 E 3 0 E  

SETEXT A V F L A G  
I 

CONFIRM BY GROUND 

RESELECT P30 IF  UNHAPPY 
e( CHANGE AV 

ASSESS, RECYCLE 
AS REQUIRED MIDDLE GIMBAL 0 

SET DEADBAND 

REQUEST FOR NEW 
PROGRAM. KEY 
V37 E 40 E - P4O/SPS, OR 
v37 E 41 E - P41/RCS 

0 



3 .  

0 

0 

0 

'0 

P-40 (SPS THRUST) 

v37 E 40E 
I \ 

IMU STATUS CI-iECK, 
C=O I N  CROSS PRODUCT, 
THRUST DIRECTION, 
ENGINE GIMBAL ANGLES, 
SlT 0.5O DEADBAND, 

R60 All ITUDE MANEUVER 4 ROUTINE 

F V50 N18 

NOW OK 
I 

DO MANEUVER, 
FLASH D 1 SPLAY 

RETURN TO P-40 
uNr IL COMPLETE 

REQUEST ENG I NE 

SET GIMBAL TO TRIM 

T TO T I G  

UPDATE STATE 
VECTOR TO TIG-30 

I 



P-40 (CONTINUED) 0 

.. - . .. - 

-0 

0 
2 

UP 

BLANK DISPLAY AT 
TfG-35 

- R E D 1  SPLAY AT 
TtG-30 

-1 
AVERAGE-G On! 

I 

- WATCH V MEASURED 
FOR PlPA B I A S  ERKORS 

- ULLAGE ON 
I 

IF IMPLUSIVE 
BURN, STORE 

T OFF 

F V99 N40 * FLASH V93 INDICATES 
3-30 T I G  - ENGINE ON PLEASE 
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