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ABSTRACT 

A f u n c t i o n a l  d e s c r i p t i o n  o f  t h e  LM-A g u i d a n c e ,  
n a v i g a t i o n  and c o n t r o l  sys t em as c u r r e n t l y  c o n f i g u r e d  ( w i t h  
t h e  Abort Guidance System d e l e t e d )  for t h e  AAP-4 m i s s i o n  i s  
p r e s e n t e d .  The G N & C  sys t em,  which i s  compr ised  of t h e  p r i m a r y  
g u i d a n c e ,  n a v i g a t i o n  and c o n t r o l  s e c t i o n ,  t h e  c o n t r o l  e l e c -  
t r o n i c s  s e c t i o n ,  t h e  rendezvous  r a d a r / t r a n s p o n d e r ,  and t h e  
command and  c o n t r o l  s e c t i o n ,  w i l l  c o n t r o l  t h e  LM/ATM d u r i n g  
t h e  unmanned rendezvous  and docking  o p e r a t i o n s .  However, 
t h e  s o u r c e  o f  t h e  maneuver commands w i l l  v a ry  d u r i n g  t h e  f r e e  
f l i g h t  of t h e  LM/ATM: p h a s i n g  and ca t chup  maneuvers  w i l l  be  
g u i d e d  from t h e  ground;  rendezvous t e r m i n a l ,  p h a s e  and s t a t i o n  
k e e p i n g  w i l l  b e  h a n d l e d  on-board a u t o m a t i c a l l y ;  and  f o r  f i n a l  
s t a t i o n  k e e p i n g  and dock ing  t h e  crew i n  t h e  O r b i t a l  Assembly w i l l  
i s s u e  real-t ime commands v i a  R F  l i n k .  
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I .  I n t r o d u c t i o n  

R e c e n t l y  t h e  use  of  t h e  LM-A Abort  Guidance S e c t i o n  
(AGS) i n  t h e  AAP-4 f l i g h t  was d e l e t e d  from t h e  AAP b a s e l i n e  
c o n f i g u r a t i o n .  I n  t h e  c u r r e n t  p l a n n i n g ,  t h e  nomina l  AAP-4 
unmanned rendezvous  and docking  w i l l  be c o n t r o l l e d  as f o l l o w s :  
f o l l o w i n g  i n s e r t i o n  b y  t h e  S-IVB, t h e  LM/ATM w i l l  a u t o m a t i c a l l y  
s e p a r a t e  from t h e  b o o s t e r .  Phas ing  and ca t chup  maneuvers w i l l  
be  c o n t r o l l e d  from t h e  ground and b a s e d  on MSFN t r a c k i n g .  Using 
on-board sys t ems  t h e  LM w i l l  a u t o m a t i c a l l y  e x e c u t e  t h e  r endezvous  
t e r m i n a l  phase  maneuvers b e g i n n i n g  a t  T P I .  After  a u t o m a t i c  
b r a k i n g  ( T P I ) ,  t h e  LM w i l l  a u t o m a t i c a l l y  s t a t i o n  keep n e a r  t h e  
O r b i t a l  A s s e m b l y  ( O A ) .  Then t h e  crew i n  t h e  O A  w i l l  dock t h e  
LM t o  t h e  MDA u s i n g  hand c o n t r o l l e r s  i n  t h e  MDA and a VHF 
command l i n k  t o  t h e  LM. I n  o r d e r  t o  c l a r i f y  t h e  r o l e  o f  t h e  
v a r i o u s  e l e m e n t s  o f  t h e  LM i n  e x e c u t i n g  t h e s e  o p e r a t i o n s  G N & C  
s y s t e m  t h e  f o l l o w i n g  d e s c r i p t i o n  h a s  been p r e p a r e d .  

11. D e s c r i p t i o n  o f  LM-A G N & C  System F u n c t i o n s  

.... i;,e G.uidance ;&vibG': - 1 -  - .- -7 , " " l l . I , o ~  .7 * .. - - Sj17Y+.-.>-:- 6 - 2  
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c o n s i s t s  of t h e  LM P r i m a r y  Guidance, N a v i g a t i o n  and C o n t r o l  
S e c t i o n  (PGNCS) t h e  C o n t r o l  E l e c t r o n i c s  S e c t i o n  (CES), t h e  Ren- 
dezvous  Radar/Transponder  ( R R / T )  and t h e  Command and C o n t r o l  
S e c t i o n  (CCS). The G N & C  w i l l  p r o v i d e  t h e  LM w i t h  t h e  c a p a b i l i t y  
t o :  

(1) a u t o m a t i c a l l y  s e p a r a t e  from t h e  S-IVB/IU/SLA and 
c o n t r o l  t h e  o p e r a t i o n  o f  c e r t a i n  LM subsys t em 
f u n  c t i o n s  ; 

( 2 )  a c c e p t  s t a t e  v e c t o r  u p d a t e s  and maneuver i n s t r u c t i o n s  
from t h e  ground;  

( 3 )  a u t o m a t i c a l l y  a c q u i r e  and t r a c k  t h e  CSM t r a n s p o n d e r  
w i t h  t h e  R R ;  

(4) per fo rm a u t o m a t i c  unmanned rendezvous  and s t a t i o n  

(5) h o l d  s e l e c t e d  a t t i t u d e s  and e x e c u t e  t r a n s l a t i o n  and 
a t t i t u d e  maneuvers commanded by t h e  crew i n  t h e  
C l u s t e r .  

keep ing  w i t h  t h e  C l u s t e r ;  
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The o p e r a t i n g  mode of  t h e  G N & C  s y s t e m  i s  d e t e r m i n e d  
b y  command c o n s o l e  s w i t c h  p o s i t i o n s  s e l e c t e d  by t h e  crew i n  
t h e  CM. S i g n a l s  from t h e  CM VHF command l i n k  w i l l  l o c k  o u t  
S-band s i g n a l s  f rom t h e  ground.  

A .  P r i m a r y  Guidance, Nav iga t ion  and C o n t r o l  S e c t i o n  (PGNCS) 

The PGNCS c o n s i s t s  p r i m a r i l y  o f  t h e  LM Guidance Com- 
p u t e r  ( L G C ) ,  an I n e r t i a l  Measurement Un i t  ( I M U )  and a s s o c i a t e d  
i n t e r f a c e  e l e c t r o n i c s .  

Thc n a v i g a t i o n  f u n c t i o n  o f  t h e  PGNCS i s  to produce  t h e  
LM/ATM 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 ,  a t t i t u d e  and t i m i n g  
i n f o r m a t i o n  n e c e s s a r y  f o r  a u t o m a t i c  gu idance  o f  t h e  LM/ATM and 
t h e  m o n i t o r i n g  of t h i s  gu idance .  The P G N C S  w i l l  p roduce  t h e  
n a v i g a t i o n a l  i n f o r m a t i o n  from b o t h  i n t e r n a l  ( I M U ,  L G C )  and 
e x t e r n a l  (RR) data  s o u r c e s  f o r  t h e  d e t e r m i n a t i o n  of gu idance  
and c o n t r o l  commands. The LGC w i l l  a l s o  b e  c a p a b l e  o f  a c c e p t i n g  
maneuver i n s t r u c t i o n s  and s t a t e  v e c t o r  u p d a t e s  from t h e  ground 
v i a  t h e  S-band communications l i n k  and t h e  D i g i t a l  Upl ink  A s s e m b l y  
( D U A )  which decodes  t h e  commands. 

The LGC w i l l  p r o c e s s  t h e  n a v i g a t i o n a l  i n f o r m a t i o n  i n  
o r d e r  t o  compute and/or  e x e c u t e  t h e  f o l l o w i n g :  

(1) Guidance and c o n t r o l  command computa t ion  for a u t o m a t i c  
rendezvous  from T P I  on and a u t o m a t i c  s t a t i o n  k e e p i n g .  
( T h e  LGC may a l s o  be programmed t o  a u t o m a t i c a l l y  
e x e c u t e  o r b i t a l  p h a s i n g  maneQvers i f  economically 
n o s s i b l e ,  r b u t  at t h i s  t i m e  i t  i s  p l anned  t o  use  ground 
computed p h a s i n g  maneuvers.  ) 

( 2 )  RR p o i n t i n g  and lock  on. 

( 3 )  P G N C S  downlink d a t a  for t e l e m e t r y  t o  e a r t h .  

To e x e c u t e  t h e  n e c e s s a r y  gu idance  and c o n t r o l  o f  t h e  
LM/ATM t h e  PGNCS w i l l  produce s t a b i l i z a t i o n  and c o n t r o l  s i g n a l s  
i n  t h e  form o f  RCS t h r u s t e r  commands t o  t h e  c o n t r o l  e l e c t r o n i c s  
s e c t i o n .  The PGNCS w i l l  have two c o n t r o l  modes: 

(1) I n  t h e  a u t o m a t i c  mode t h e  L G C  w i l l  a u t o m a t i c a l l y  
p r o v i d e  v e h i c l e  a t t i t u d e  c o n t r o l  about  a l l  t h r e e  
c o n t r o l  axes  d u r i n g  b o t h  c o a s t i n g  and t h r u s t i n g  
f l i g h t  p h a s e s .  Automatic t r a n s l a t i o n  commands 
a l o n g  a l l  t h r e e  axes  w i l l  be  p r o v i d e d  as appro-  
p r i a t e  b y  t h e  LGC.  

( 2 )  I n  t h e  a t t i t u d e  h o l d  mode t h e  L G C  w i l l  p roduce  com- 
mands to h o l d  t h e  v e h i c l e  s t ab le  w i t h  r e s p e c t  t o  
a r e f e r e n c e  s e l e c t e d  e i t h e r  b y  t h e  ground or t h e  O A  
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crew.  I n e r t i a l ,  l o c a l  v e r t i c a l  or b o r e s i g h t  
( a l o n g  t h e  LM/ATM-OA l i n e  o f  s i g h t )  r e f e r e n c e  
may b e  s e l e c t e d .  T h e  L G C  w i l l  a c c e p t  maneuver 
i n s t r u c t i o n s  from t h e  g round v i a  t h e  S-band 
communications system or real- t ime r o t a t i o n  and 
t r a n s l a t i o n  commands from t h e  O A  crew v i a  t h e  
VHF command l i n k .  The commands from t h e  OA 
w i l l  u t i l i z e  i n t e r f a c e  p a t h s  f o r m e r l y  employed 
by t h e  Apol lo  LM r o t a t i o n  and t r a n s l a t i o n  hand 
c o n t r o l l e r s .  From t h e  O A  a s i n g l e  LM/ATM 
r o t a t i o n  r a t e ,  t 2 ° / ~ e c o n d ,  can b e  commanded 
i n d e p e n d e n t l y  and s i m u l t a n e o u s l y  abou t  t h e  t h ree  
LM/ATM c o n t r o l  a x e s .  When t h e  r o t a t i o n  c o n t r o l l e r  
i n  t h e  O A  i s  moved from i t s  d e t e n t  ( n e u t r a l )  
p o s i t i o n ,  a d i s c r e t e  ON s i g n a l  i s  s e n t  t o  t h e  
L G C  which commands R C S  t h r u s t e r  f i r i n g s  t o  
m a i n t a i n  t h e  d e s i r e d  r o t a t i o n  r a t e .  When t h e  
r o t a t i o n  c o n t r o l l e r  i s  r e t u r n e d  t o  t h e  d e t e n t  
p o s i t i o n ,  an OFF s i g n a l  i s  s e n t  t o  t h e  LGC and 
t h e  a u t o p i l o t  h o l d s  t h e  LM/ATM a t t i t u d e  i n  i t s  
new p o s i t i o n  w i t h  r e s p e c t  t o  t h e  s e l e c t e d  
r e f e r e n c e .  S i m i l a r l y ,  when t h e  remote  t r a n s -  
l a t i o n  c o n t r o l l e r  i s  moved from t h e  d e t e n t  
p o s i t i o n ,  an ON s i g n a l  i s  g e n e r a t e d  which 
c a u s e s  t h e  L G C  to command a p p r o p r i a t e  t r a n s -  
l a t i o n  j e t s  t o  f i r e .  Independen t  and  s imul -  
t a n e o u s  t r a n s l a t i o n  can b e  commanded a l o n g  
a l l  t h r e e  v e h i c l e  c o n t r o l  a x e s .  Vhen the  

d e t e n t  p o s i t i o n ,  an OFF s i g n a l  i s  s e n t  t o  t h e  
L G C .  

t r a n s l a t i o n  c o r l c r o l l c l  La I J C ~ U I I I C , :  - 1 LU i- ~ r i e  

I n  a d d i t i o n  to t h e  b a s i c  g u i d a n c e ,  n a v i g a t i o n  and 
c o n t r o l  f u n c t i o n s  d e s c r i b e d  above, t h e  PGNCS w i l l  d e t e c t  f a i l e d  
RCS j e t  t h r u s t e r s ,  adop t  a l t e r n a t e  j e t - s e l e c t  l o g i c  t o  a c h i e v e  
t h e  d e s i r e d  c o n t r o l  r e s p o n s e  and i s s u e  s i g n a l s  to t h e  program 
c o u p l e r  a s s e m b l y  to i s o l a t e  t h e  f a i l e d  j e t s .  The LGC w i l l  
c o n t r o l  a u t o m a t i c  s e p a r a t i o n  of  t h e  LM/ATM from t h e  S-IVB and 
a l s o  c o n t r o l  c e r t a i n  LM-A subsystem f u n c t i o n s .  
t h e  S-band l i n k  can o v e r r i d e  t h e  L G C  c o n t r o l  o f  t h e  LM-A sub- 
s y s t e m s .  

The ground v i a  

B .  C o n t r o l  E l e c t r o n i c s  S e c t i o n  (CES) 

The CES b a s i c a l l y  c o n s i s t s  of  t h e  A l t i t u d e / T r a n s l a t i o n  
C o n t r o l  A s s e m b l y  ( A T C A )  and a Rate Gyro Assembly ( R G A ) .  When 
o p e r a t i n g  as p a r t  of t h e  pr imary c o n t r o l  p a t h  i n  c o n j u n c t i o n  w i t h  
t h e  PGNCS, t h e  A T C A  w i l l  a ccep t  f rom t h e  LGC d i s c r e t e  ( o n - o f f )  
t h r u s t  command s i g n a l s  f o r  each of  t h e  1 6  R C S  j e t s  and c o n v e r t  
t h e  LGC s i g n a l s  t o  t h e  r e q u i r e d  e l e c t r i c a l  s i g n a l s  t o  o p e r a t e  
t h e  RCS j e t  s o l e n o i d  v a l v e s .  
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A s  a backup mode t h e  A T C A  i n s t e a d  of  t h e  L G C  w i l l  
r e c e i v e  hand c o n t r o l l e r  r o t a t i o n  and t r a n s l a t i o n  commands f rom 
t h e  O A  crew v i a  t h e  VHF command l i n k  t o  t h e  program c o u p l e r  
a s s e m b l y .  I n  t h i s  mode t h e  A T C A  p r o v i d e s  t h e  n e c e s s a r y  s i g n a l  
p r o c e s s i n g ,  c o n t r o l ,  g e n e r a t i o n  and s w i t c h i n g  r e q u i r e d  t o  com- 
p l e t e  t h e  backup s t a b i l i z a t i o n  and  c o n t r o l  p a t h .  When t h e  
remote r o t a t i o n  c o n t r o l l e r  i s  i n  t h e  d e t e n t  p o s i t i o n ,  t h e  A T C A  
w i l l  h o l d  t h e  LM/ATM v e h i c l e  r o t a t i o n  r a t e s  n u l l  w i t h  r e s p e c t  
t o  t h e  R G A .  When t h e  remote r o t a t i o n  c o n t r o l l e r  i s  moved out 
of  d e t e n t ,  a f i x e d  r o t a t i o n  r a t e  (2 ' / second)  i s  commanded and  
t h e  ATCA c a u s e s  t h i s  r a t e  command to be  e x e c u t e d  u s i n g  t h e  R G A  
as a r o t a t i o n  r a t e  r e f e r e n c e .  The remote  t r a n s l a t i o n  s i g n a l s  
w i l l  b e  d i r e c t e d  t o  t h e  j e t  s e l e c t  l o g i c  c i r c u i t r y  of t h e  A T C A  
where independen t  and s i m u l t a n e o u s  t r a n s l a t i o n  can b e  commanded 
a l o n g  a l l  t h r e e  v e h i c l e  c o n t r o l  a x e s .  

For emergency pu rposes  a s w i t c h  i n  t h e  O A  w i l l  b e  
a v a i l a b l e  t o  command -x t r a n s l a t i o n .  T h i s  s i g n a l  w i l l  be  s e n t  
v i a  t h e  VHF command l i n k  th rough  t h e  DUA and P C A  d i r e c t l y  to 
t h e  secondary  s o l e n o i d s  of  t h e  -x RCS t r a n s l a t i o n  j e t s .  

C .  Rendezvous Radar/TransDonder (RR/Tl 

The RR/T r e q u i r e m e n t s  and o p e r a t i n g  modes a r e  e s s e n t i a l l y  
t h e  same as f o r  t h e  Apol lo  LM. The RR on t h e  LM w i l l  t r a c k  t h e  
t r a n s p o n d e r  on t h e  C M  p r o v i d i n g  n a v i g a t i o n  i n f o r m a t i o n  t o  t h e  
PGNCS to e n a b l e  i t  to per fo rm t h e  a u t o m a t i c  rendezvous and 
s t a t i o n  k e e p i n g .  The R R  an tenna  w i l l  have a r emote ly  o p e r a t e d  
mechanLssiii t o  r e l e a s e  tiie anteriria f rom t n e  s towed p o s i t i o n  a f t e r  
powered f l i g h t  o f  t h e  l aunch  v e h i c l e  i s  comple te .  

D .  Command and C o n t r o l  S e c t i o n  ( C C S )  

The h e a r t  o f  t h e  CCS i s  t h e  program c o u p l e r  assembly 
( P C A )  which a c t s  l i k e  a c e n t r a l  o f f i c e  i n  r o u t i n g  conmands to 
t h e  p r o p e r  subsys tem f o r  e x e c u t i o n .  P o t a t i o n  and t r a n s l a t i o n  
commands from t h e  OA a r e  r o u t e d  to e i t h e r  t h e  L G C  or A T C A  from 
t h e  command d e c o d e r  v i a  t h e  P C A .  Also L G C  commands to subsys t ems  
o t h e r  t h a n  PGNCS or RCS a r e  

K .  E .  h a r t e r s t e c k  1 0 2  5 -KEM-dcs 

At t achmen t 
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