
SECTION 1 2  

PREFLIGHT TESTS 

1 2 . 1  INTRODUCTION 

To make  t h e  LVDC f l i g h t  p r o g r a m  u s a b l e  d u r i n g  p r e f l i g h t  v e h i -  

c l e  t e s t s ,  s p e c i a l  f l i g h t  p r o g r a m  t e s t  o p t i o n s  m u s t  b e  p r o -  

v i d e d .  T h e s e  o p t i o n s  m u s t  p r o v i d e  s i m u l a t i o n  o f  f l i g h t - l i k e  

c o n d i t i o n s  w h i c h  e x e r c i s e  t h e  i n t e r f a c e s  b e t w e e n  t h e  LVDC/LVDA 

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

l i n k a g e  t e s t s ,  w h i c h  e x e r c i s e  t h e  c o n t r o l  s y s t e m  a n d  a l l o w  

g r o u n d  c o m m u n i c a t i o n  v i a  t h e  D i g i t a l  Command S y s t e m  (DCS).  

1 2 . 2  FLIGHT SIMULATION 

A f l i g h t  s i m u l a t i o n  o p t i o n  m u s t  p r o v i d e  t h e  c a p a b i l i t y  t o  

d e m o n s t r a t e  i n t e g r i t y  o f  t h e  LVDC memory ,  i s s u e  s w i t c h  s e l e c -  

t o r  commands ,  i s s u e  s p e c i a l  LVDA l a d d e r  p r o f i l e s ,  a n d  a c c e p t  

c e r t a i n  d i s c r e t e s  a n d  i n t e r r u p t s .  F l i g h t  s i m u l a t i o n  m u s t  h a v e  

two  modes  : r e p e a t a b l e  a n d  n o n - r e p e a t a b l e .  

1 2 . 2 . 1  R e p e a t a b l e  

T h e  r e p e a t a b l e  f l i g h t  s i m u l a t i o n  mode w i l l  p r o v i d e  t h e  c a p a -  

b i l i t y  t o  e x e c u t e  a  p o r t i o n  o f  t h e  LVDC memory l o g i c  w i t h  a n  

e x a c t  p r e d i c t a b i l i t y .  T h i s  c a p a b i l i t y  m u s t  b e  f u r n i s h e d  t o  

p r o v i d e  a  c h e c k  o n  t h e  i n t e g r i t y  o f  t h e  memory.  T h i s  t e s t  

mode w i l l  u s e  t h e  a c t u a l  f l i g h t  e q u a t i o n s ;  h o w e v e r ,  t o  i n s u r e  

c o m p l e t e  p r e d i c t a b i l i t y ,  t h e  f o l l o w i n g  m o d i f i c a t i o n s  m u s t  b e  

made  t o  n o m i n a l  f l i g h t  i n p u t  p r o c e s s i n g .  

S u b s t i t u t i o n  o f  s t o r e d  a c c e l e r a t i o n  p r o f i l e  f o r  

a c c e l e r o m e t e r  i n p u t  

a S u b s t i t u t i o n  o f  i n t e r n a l  t i m i n g  f o r  e x t e r n a l  

s e q u e n c i n g  e v e n t s  
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e S u b s t i t u t i o n  o f  c o m p u t e d  g u i d a n c e  a n g l e s  f o r  

a t t i t u d e  a n g l e s  

e S u b s t i t u t i o n  o f  p r e s e t  t y p i c a l  t a r g e t i n g  l o a d  d a t a  

f o r  t h e  i n d e t e r m i n a t e  DCS t a r g e t i n g  l o a d  p ~ r a m c t c r s .  

T h e  u s e  o f  t h e  s t o r e d  a c c e l e r a t i o n  o r  (F /M)  p r o f i l e  w i l l  
C 

a s s u r e  t h a t  t h e  p r o g r a m  w i l l  b y p a s s  t h e  a c c e l e r o m e t e r  e r r o r  

p r o c e s s i n g ;  t h u s ,  p r o v i d i n g  p r e d i c t a b l e  i n p u t  t o  t h e  b o o s t  

n a v i g a t i o n  e q u a t i o n s .  T h e  s t o r e d  a c c e l e r a t i o n  o r  ( F / M ) ~  p r o -  

f i l e  i s  g e n e r a t e d  as  a f u n c t i o n  o f  p r e s t o r e d  v e h i c l e  m a s s ,  

m a s s  f l o w  r a t e ,  a n d  t h r u s t  v a l u e s  b a s e d  o n  v e h i c l e  p e r f o r -  

m a n c e  p r e d i c t i o n s  ( E q .  4 . 2 . 1 2 ,  4 . 2 . 1 3 ,  a n d  1 2 . 2 . 1 ) .  T h e  

r e s u l t i n g  a c c e l e r a t i o n  i s  t h e n  u s e d  i n  E q .  1 2 . 2 . 2  t o  p r o d u c e  

v e l o c i t y  c h a n g e s  w h i c h  r e p l a c e  t h e  v e l o c i t y  c h a n g e s  n o r m a l l y  

r e a d  f r o m  e x t e r n a l  a c c e l e r o m e t e r s .  T h e  v e l o c i t y  c h a n g e s  com- 

p u t e d  f r o m  ( F / M ) ~  w i l l  d r i v e  t h e  n a v i g a t i o n  e q u a t i o n s  a n d  p r o -  

d u c e  a b o o s t  t r a j e c t o r y .  

T h e  u s e  o f  i n t e r n a l  t i m i n g  w i l l  a l l o w  t h e  p r o g r a m  t o  i n s u r e  

t h a t  e v e n t  d e p e n d e n t  p r o c e s s i n g  o c c u r s  a t  f i x e d  t i m e s .  T h e  

n o m i n a l  t i m e  b a s e  s t a r t  t i m e s ,  as  s p e c i f i e d  i n  t h e  E v e n t  

S e q u e n c e  T i m e l i n e  T a b l e  i n  P a r t  11, w i l l  b e  u s e d  t o  

i n t e r n a l l y  f o r c e  t i m e  b a s e  i n i t i a t i o n  a t  t h e  n o m i n a l  t i m e .  

T h e  u s e  o f  g u i d a n c e  a n g l e s  w i l l  a l l o w  p r e d i c t a b l e  r e s o l u t i o n  

o f  t h e  ( F / M ) ~  p r o f i l e  a n d  w i l l  a l s o  a s s u r e  b y p a s s i n g  t h e  f l i g h t  

p r o g r a m  g i m b a l  a n g l e  e r r o r  p r o c e s s i n g .  M i n o r  l o o p  p r o c e s s i n g  

w i l l  e s s e n t i a l l y  b e  r e d u c e d  t o  p r o c e s s i n g  t h e  l a d d e r  p r o f i l e s ,  

as  d i s c u s s e d  i n  S e c t i o n  1 2 . 2 . 2 . 5 .  

T h e  u s e  o f  p r e s e t  t y p i c a l  t a r g e t i n g  l o a d  d a t a  i n  p l a c e  o f  DCS * 
t a r g e t i n g  d a t a  i s  n e c e s s a r y  t o  a s s u r e  p r e d i c t a b l e  i n p u t  t o  * 
t h e  g u i d a n c e  e q u a t i o n s .  * 

I n  o r d e r  t o  a l l o w  s i m u l t a n e o u s  L V D C  a n d  s t a g e  t e s t i n g ,  t h e  r e -  

p e a t a b l e  t e s t  m o d e  m u s t  b y p a s s  s w i t c h  s e l e c t o r  o u t p u t  p r o c e s -  

s i n g .  T h i s  f e a t u r e  w i l l  a l s o  a l l o w  r e p e a t a b l e  t e s t  e x e c u t i o n  

R e v .  A 



d u r i n g  t h e  t e r m i n a l  c o u n t d o w n  w i t h o u t  c a u s i n g  e r r o n e o u s  s t a g e  

s e q u e n c i n g  o n  t h e  p a d .  

T h e  r e p e a t a b l e  mode m u s t  h a v e  a means  o f  i n i t i a l i z i n g  a l l  h a r d -  

w a r e  a n d  s o f t w a r e  f u n c t i o n s  t h a t  w o u l d  i n f l u e n c e  t h e  p r e d i c t a -  

b i l i t y  o f  f l i g h t  s i m u l a t i o n  e x e c u t i o n .  The  a r e a s  r e q u i r i n g  

p r o c e s s i n g  i n c l u d e :  

m T h e  s t a t u s  o f  t h e  r e a l - t i m e  c l o c k  a n d  t h e  two 

i n t e r n a l  i n t e r r u p t  c o u n t e r s  

T h e  v a r i a b l e  d a t a  w o r d s  i n  LVDC memory 

e T h e  a c t i v a t i o n  o f  l o g i c  t o  b y p a s s  e x t e r n a l  i n p u t  

s a m p l i n g .  

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

i n t e r n a l  p r o c e s s i n g  o f  T4+145 s e c o n d s .  Upon t e r m i n a t i o n  o f  

e a c h  r e p e a t a b l e  t e s t  r u n ,  LVDC memory o c c u p i e d  by  t h e  f l i g h t  

p r o g r a m  m u s t  h a v e  a  b i t - b y - b i t  c o n f i g u r a t i o n  i d e n t i c a l  t o  t h e  

c o n f i g u r a t i o n  a t  t h e  e n d  o f  a n y  o t h e r  r e p e a t a b l e  r u n  made w i t h  

t h a t  p r o g r a m .  T h i s  w i l l  p r o v i d e  t h e  c a p a b i l i t y  t o  v e r i f y  t h a t  

memory h a s  n o t  b e e n  a l t e r e d  f r o m  t h e  v e r i f i e d  s t a t e ,  a n d  t h a t  

t h e  LVDC i s  f u n c t i o n i n g  n o r m a l l y .  T h e  t e c h n i q u e  t h a t  w i l l  b e  

u s e d  t o  v e r i f y  memory w i l l  b e  u n d e r  t h e  c o n t r o l  o f  t h e  RCA-11OA. 

E a c h  memory s e c t o r  w i l l  b e  summed a n d  t h e  s e c t o r  sums w i l l  b e  

c o m p a r e d  a g a i n s t  a  p r e d e t e r m i n e d  s e t  o f  memory sums .  Any d e -  

v i a t i o n  f r o m  t h e  p r e d e t e r m i n e d  sums w i l l  i m p l y  t h a t  e i t h e r  t h e  

memory h a s  b e e n  a l t e r e d  o r  t h a t  t h e  LVDCILVDA h a s  m a l f u n c t i o n e d .  

1 2 . 2 . 2  N o n - R e p e a t a b l e  

T h e  n o n - r e p e a t a b l e  f l i g h t  s i m u l a t i o n  mode m u s t  p r o v i d e  t h e  

c a p a b i l i t y  t o  s e l e c t i v e l y  s a t i s f y  t h e  f o l l o w i n g  o b j e c t i v e s :  



8 V e r i f y  c o r r e c t  a c c e l e r o m e t e r  i n t e r f a c e  

8 V e r i f y  p r o p e r  g i m b a l  a n g l e  i n t e r f a c e  

8 V e r i f y  p r o p e r  a c c e p t a n c e  o f  v e h i c l e  i n p u t s  

o V e r i f y  p r o p e r  u s e  o f  s w i t c h  s e l e c t o r  i n t e r f a c e  

I s s u e  l a d d e r  commands t o  e x e r c i s e  t h e  f l i g h t  c o n t r o l  

s y s t e m .  

T h e  n o n - r e p e a t a b l e  mode d i f f e r s  f r o m  t h e  r e p e a t a b l e  i n  t h a t  

a c c e p t a n c e  o f  e x t e r n a l  i n p u t s  c a u s e s  t i m i n g  d i f f e r e n c e s  w h i c h  

a f f e c t  t h e  LVDC o p e r a t i o n  a n d ,  h e n c e ,  r e s u l t  i n  n o n - r e p e a t a b l e  

( n o n - c o m p a r e )  memory c h e c k s u m s .  T h e  f o l l o w i n g  e x t e r n a l  i n p u t s  

m u s t  b e  a c c e p t e d  d e p e n d i n g  o n  t e s t  d e f i n i t i o n :  

e A c c e l e r o m e t e r  r e a d i n g s  

8 G i m b a l  r e a d i n g s  

e V e h i c l e  i n t e r r u p t s  a n d  d i s c r e t e s  

o S w i t c h  s e l e c t o r  p r o c e s s i n g  f o r  d e s i g n a t e d  s t a g e s .  

1 2 . 2 . 2 . 1  A c c e l e r o m e t e r  I n t e r f a c e  

T h e  v e r i f i c a t i o n  o'f t h e  i n t e r f a c e  b e t w e e n  t h e  LVDCILVDA a n d  

t h e  a c c e l e r o m e t e r s  c a n  o n l y  b e  a c c o m p l i s h e d  i n  t e s t s  t h a t  

i n c l u d e  a p o w e r e d - u p  p l a t f o r m  w h i c h  b e c o m e s  i n e r t i a l  a t  GRR 

i n  t h e  t e s t  c o u n t d o w n .  T h i s  i n t e r f a c e  w i l l  b e  v e r i f i e d  i n  

t h e  f o l l o w i n g  m a n n e r  f o r  p o w e r e d - u p  p l a t f o r m  r u n s .  S i n c e  t h e  

p l a t f o r m  i s  i n e r t i a l ,  e a r t h ' s  r o t a t i o n a l  e f f e c t s  w i l l  b e  m e a -  

s u r e d  by  t h e  a c c e l e r o m e t e r s .  T h i s  e x p e c t e d  e a r t h  r o t a t i o n a l  

e f f e c t  w i l l  b e  c o m p u t e d  b y  E q .  1 2 . 2 . 3 .  



T h e  LVDC/LVDA, t h r o u g h  t h e  f l i g h t  p r o g r a m ,  w i l l  r e a d  a n d  p r o -  

c e s s  a c c e l e r o m e t e r  r e a d i n g s  a n d  s u b t r a c t  t h e  e x p e c t e d  r e a d i n g s  

f r o m  t h e  a c t u a l  r e a d i n g s ,  E q .  1 2 . 2 . 4 .  Any d i s c r e p a n c y  b e t w e e n  

t h e  e x p e c t e d  a n d  t h e  a c t u a l  r e a d i n g  w i l l  r e s u l t  i n  a b n o r m a l  

n a v i g a t i o n  a n d  g u i d a n c e  r e s u l t s .  T h e s e  a b n o r m a l i t i e s  w i l l  i n  

t u r n  c a u s e  t h e  S-IVB c u t o f f  t i m e  t o  v a r y  o u t s i d e  n o m i n a l  l i m i t s ,  

t h e r e b y  p r o v i d i n g  a n  i n d i c a t i o n  o f  a n  e r r o r .  

1 2 . 2 . 2 . 2  G i m b a l  I n t e r f a c e  

T h e  v e r i f i c a t i o n  o f  t h e  i n t e r f a c e  b e t w e e n  t h e  L V D C ~ L V D A  a n d  

t h e  g i m b a l s  i s  a c c o m p l i s h e d  i n  much t h e  same m a n n e r  a s  t h e  

a c c e l e r o m e t e r  v e r i f i c a t i o n .  A g a i n ,  t h e  i n e r t i a l  p l a t f o r m  

m u s t  b e  p o w e r e d  up  f o r  g i m b a l  i n t e r f a c e  v e r i f i c a t i o n .  F o r  

r e p e a t a b l e  s i m u l a t i o n s ,  t h i s  g i m b a l  i n t e r f a c e  w i l l  b e  accom- 

p l i s h e d  by t h e  f o l l o w i n g  m e t h o d .  T h e  e x p e c t e d  g i m b a l  r e a d i n g s  

d u e  t o  t h e  e a r t h ' s  r o t a t i o n  a r e  c a l c u l a t e d  u s i n g  E q .  1 2 . 2 . 5  

t h r o u g h  1 2 . 2 . 7 .  The  a t t i t u d e  e r r o r s  a r e  c a l c u l a t e d  u s i n g  E q .  * 
1 2 . 2 . 8  a n d  1 2 . 2 . 9 .  A 

T h e s e  a t t i t u d e  e r r o r s ,  i f  a n y ,  a r e  c o m b i n e d  w i t h  t h e  i n c r e m e n t s  

f r o m  t h e  l a d d e r  p r o f i l e s  a s  d e f i n e d  i n  S e c t i o n  1 2 . 2 . 2 . 5  t o  

g e n e r a t e  t h e  l a d d e r  commands. S i n c e  a l l  l a d d e r  commands a r e  

r e c o r d e d  o n  s t r i p  c h a r t s  d u r i n g  p r e f l i g h t  t e s t s ,  a n y  u n e x p e c t e d  

l a d d e r  s i g n a l  w i l l  b e  i m m e d i a t e l y  n o t i c e a b l e  a n d  w i l l  i n d i c a t e  

e i t h e r  p l a t f o r m  a l i g n m e n t  e r r o r  o r  e r r o n e o u s  g i m b a l  o p e r a t i o n .  

A l t h o u g h  e r r o n e o u s  g i m b a l  r e a d i n g s  w i l l  r e s u l t  i n  a b n o r m a l  

l a d d e r  o u t p u t s ,  t h e  t r a j e c t o r y  f l o w n  w i l l  n o t  b e  a f f e c t e d  

s i n c e  t h e  commanded a t t i t u d e  a n g l e s ,  a n d  n o t  t h e  g i m b a l  a n g l e s ,  

a r e  u s e d  t o  r e s o l v e  t h e  a c c e l e r o m e t e r  v e c t o r .  

Rev .  A 



1 2 . 2 . 2 . 3  V e h i c l e  I n t e r r u p t  a n d  D i s c r e t e  I n t e r f a c e  

S i n c e  i n  t h e  n o n - r e p e a t a b l e  s i m u l a t i o n  mode ,  e x t e r n a l  i n t e r -  

r u p t s  m u s t  b e  e n a b l e d  a n d  t h e  v e h i c l e  d i s c r e t e  i n p u t  r e g i s t e r  

m u s t  b e  s a m p l e d ,  i n d i c a t i o n s  o f  t i m e  b a s e  i n i t i a t i o n  e v e n t s  

c a n  b e  s e t  t h r o u g h  t h e  g r o u n d  c o m p u t e r  t o  f o r c e  t h e  f l i g h t  

p r o g r a m  t o  i n i t i a t e  t h e  d e s i r e d  t i m e  b a s e s .  T h u s ,  p r o p e r  

r e c o g n i t i o n  o f  v e h i c l e  i n p u t s  b y  t h e  LVDCILVDA c a n  b e  v e r i -  

f i e d .  

1 2 . 2 . 2 . 4  S w i t c h  S e l e c t o r  I n t e r f a c e  

N o n - r e p e a t a b l e  f l i g h t  s i m u l a t i o n  mode m u s t  p r o v i d e  t h e  c a p a -  

b i l i t y  t o  i s s u e  s w i t c h  s e l e c t o r  commands f o r  s e l e c t e d  v e h i c l e  

s t a g e s .  By m o n i t o r i n g  L V D C  i s s u a n c e  o f  s w i t c h  s e l e c t o r  com- 

m a n d s ,  i t  w i l l  b e  p o s s i b l e  t o  v e r i f y  t h a t  a l l  i n t e r f a c e s  b e t w e e n  

LVDCILVDA a n d  t h e  v e h i c l e  v i a  t h e  s w i t c h  s e l e c t o r  a r e  c o r r e c t .  

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

s e l e c t o r  a n d ,  t h e r e b y ,  f o r c e  t h e  f l i g h t  p r o g r a m  t o  t a k e  c o r -  

r e c t i v e  a c t i o n  as  d e f i n e d  i n  S e c t i o n  9 .  

1 2 . 2 . 2 . 5  F l i g h t  C o n t r o l  C o m p u t e r  I n t e r f a c e  

A n o t h e r  f u n c t i o n  o f  f l i g h t  s i m u l a t i o n  w i l l  b e  t h e  i s s u a n c e  o f  

a s e r i e s  o f  p r e s t o r e d  l a d d e r  p r o f i l e s .  E x e c u t i o n  o f  t h e s e  

p r o f i l e s  w i l l  e x e r c i s e  t h e  f l i g h t  c o n t r o l  c o m p u t e r  b y  i s s u i n g  

a s e r i e s  o f  r a m p s . a t  s p e c i f i e d  t i m e s .  P r o p e r  f u n c t i o n i n g  o f  

t h e  c o n t r o l  c o m p u t e r  c a n  b e  d e t e r m i n e d  b y  m o n i t o r i n g  i t s  o u t -  

p u t  i n  r e s p o n s e  t o  t h e s e  i n p u t s .  

T h e  r e q u i r e d  p r o f i l e s  a r e  d e f i n e d  i n  t h e  F l i g h t  S i m u l a t i o n  

L a d d e r  P r o f i l e s  F i g u r e  i n  P a r t  11. The  s l o p e  o f  t h e  r a m p s  

shown  i n  t h e  f i g u r e  m u s t  b e  o n e  d e g r e e  p e r  s e c o n d .  The  s q u a r e  

w a v e s  m u s t  b e  g e n e r a t e d  a t  t h e  maximum a l l o w a b l e  l a d d e r  r a t e ,  



m a i n t a i n e d  a t  t h e  s p e c i f i e d  l e v e l  f o r  a t  l e a s t  two s e c o n d s ,  

t h e n  r e t u r n e d  t o  z e r o  a t  t h e  maximum a l l o w a b l e  l a d d e r  r a t e .  

T h e  l e v e l s  shown m u s t  b e  commanded w i t h  a  t o l e r a n c e  o f  - +1 

l a d d e r  b i t .  T h e  p r o f i l e s  m u s t  b e  i s s u e d  a t  t h e  t i m e s  s p e c i -  

f i e d  w i t h  a t o l e r a n c e  of  + 200  m i l l i s e c o n d s .  

1 2 . 3  FLIGHT SIMULATION OPTIONS 

I n  o r d e r  t o  a l l o w  f l e x i b i l i t y  i n  o p e r a t i n g  t h e  f l i g h t  p r o g r a m  

i n  t h e  f l i g h t  s i m u l a t i o n  mode ,  t h e  c a p a b i l i t y  t o  s e l e c t  com- 

b i n a t i o n s  o f  o p e r a t i n g  c o n d i t i o n s  m u s t  b e  a v a i l a b l e .  A f l i g h t  

s i m u l a t i o n  i n d i c a t o r  w o r d  w i l l  b e  l o a d e d  i n t o  t h e  LVDC v i a  t h e  

g o u n d  c o m p u t e r .  T h e  word  w i l l  s u p p l y  t h e  f o l l o w i n g  i n f o r m a t i o n :  

F l i g h t  s i m u l a t i o n  s e l e c t e d  

0 S w i t c h  s e l e c t o r  s t a t u s  

Repeatablelnon-repeatable o p t i o n  

0 Data c o m p r e s s i o n  s t a t u s  

o P l a t f o r m  s t a t u s  

T e s t  s i t e  i n d i c a t i o n .  

An e x p l a n a t i o n  o f  t h e s e  o p t i o n s  i s  g i v e n  i n  t h e  f o l l o w i n g  

p a r a g r a p h s .  

1 2 . 3 . 1  F l i g h t  S i m u l a t i o n  S e l e c t e d  

S i n c e  t h e  i n d i c a t o r  w o r d  i s  e x a m i n e d  i n  f l i g h t  a s  w e l l  a s  

I f l i g h t  s i m u l a t i o n ,  t h e  i n d i c a t o r  m u s t  b e  s e t  t o  f l i g h t  s i m u -  

l a t i o n  s t a t u s  p r i o r  t o  e a a h  p r e f l i g h t  t e s t  r u n .  A l l  f l i g h t  



s i m u l a t i o n  r u n s ,  t h e n ,  u p o n  c o m p l e t i o n ,  m u s t  r e s e t  t h e  i n d i -  

c a t o r  t o  f l i g h t  s t a t u s .  

1 2 . 3 . 2  S w i t c h  S e l e c t o r  S t a t u s  

S i n c e  a l l  s t a g e s  o f  t h e  l a u n c h  v e h i c l e  may n o t  b e  p o w e r e d  

d u r i n g  a  f l i g h t  s i m u l a t i o n  t e s t ,  t h i s  o p t i o n  m u s t  b e  p r o v i d e d  

t o  i s s u e  s w i t c h  s e l e c t o r  commands t o  s e l e c t e d  s t a g e s  o n l y .  

T h e  s e l e c t i o n  o f  t h e  r e p e a t a b l e  o r  n o n - r e p e a t a b l e  o p t i o n  w i l l  

b e  c o n t r o l l e d  t h r o u g h  t h i s  i n d i c a t i o n .  

1 2 . 3 . 4  D a t a  C o m p r e s s i o n  S t a t u s  

T h i s  o p t i o n  m u s t  b e  p r o v i d e d  t o  b y p a s s  t h e  s t o r i n g  o f  com- 

p r e s s e d  d a t a  o v e r  t h e  p r e f l i g h t  LVDC p r o g r a m s ,  t h u s  e l i m i -  

n a t i n g  t h e  n e e d  t o  r e l o a d  t h e  p r e f l i g h t  p r o g r a m s  a f t e r  e v e r y  

f l i g h t  s i m u l a t i o n  r u n .  

1 2 . 3 . 5  P l a t f o r m  S t a t u s  

A s  d e f i n e d  e a r l i e r ,  t h e  LVDC p r o g r a m s  m u s t  h a v e  t h e  c a p a b i l i t y  

t o  t e s t  LVDCILVDA p l a t f o r m  i n t e r f a c e s .  U n d e r  some c o n d i t i o n s ,  

i t  w i l l  b e  n e c e s s a r y  t o  make f l i g h t  s i m u l a t i o n  r u n s  w i t h o u t  

p o w e r i n g  t h e  p l a t f o r m .  When t h e  p l a t f o r m  i n t e r f a c e  i s  n o t  

e x e r c i s e d ,  E q .  12 . . 2 .3  a n d  1 2 . 2 . 5  t h r o u g h  1 2 . 2 . 9  a r e  n o t  s o l v e d  

b y  t h e  LVDC p r o g r a m s .  

1 2 . 3 . 6  T e s t  S i t e  I n d i c a t o r  

A s  i s  shown  i n  E q .  1 2 . 2 . 3  a n d  1 2 . 2 . 5 ,  t h e  e a r t h ' s  r o t a t i o n a l  

e f f e c t s  o n  t h e  p l a t f o r m  a r e  f u n c t i o n s  o f  t h e  t e s t  s i t e  l a t i t u d e  



a n d  t o t a l  g r a v i t y  a c c e l e r a t i o n  a t  t h e  t e s t  s i t e .  T h i s  i n d i -  

c a t o r ,  t h e r e f o r e ,  d e t e r m i n e s  w h e t h e r  H u n t s v i l l e  o r  K S C  v a l u e s  

s h o u l d  b e  u s e d .  

1 2 . 4  PREFLIGHT LINKAGE TESTS 

T h e  LVDC p r o g r a m  m u s t  p r o v i d e  t h e  a c c e s s  l i n k a g e  t o  a l l o w  t h e  

p r e f l i g h t  l o g i c  t o  e x e r c i s e  c e r t a i n  p o r t i o n s  o f  t h e  f l i g h t  

l o g i c  d u r i n g  v e h i c l e  t e s t s .  The  two  t e s t s  p r e s e n t l y  d e f i n e d  

a r e  t h e  G u i d a n c e  a n d  C o n t r o l  (G & C) S t e e r i n g  T e s t  a n d  t h e  

P r e f l i g h t  Command R e c e i v e r  T e s t .  

1 2 . 4 . 1  G & C S t e e r i n g  L i n k a g e  

T h e  G & C S t e e r i n g  T e s t  r e q u i r e s  t h a t  t h e  p r e f l i g h t  p r o g r a m  

u s e  t h e  f l i g h t  p r o g r a m ' s  M i n o r  Loop l o g i c  t o  m o n i t o r  a n d  r e -  

s p o n d  t o  t e s t i n g  o f  t h e  ST-124M i n e r t i a l  p l a t f o r m .  T h e  f l i g h t  

p r o g r a m  m u s t  p r o v i d e  t h e  a c c e s s  l i n k a g e  f r o m  t h e  p r e f l i g h t  

p r o g r a m  t o  a l l o w  t h e  f o l l o w i n g  p r o c e s s i n g :  

T h e  i n i t i a l i z a t i o n  o f  l i n k a g e  p a r a m e t e r s  b e t w e e n  t h e  

p r e f l i g h t  a n d  t h e  f l i g h t  r o u t i n e s  

e T h e  i n i t i a l i z a t i o n  o f  r e q u i r e d  t r a n s f o r m a t i o n  m a t r i c e s  

e The  i n i t i a l i z a t i o n  o f  g i m b a l  i n p u t  p a r a m e t e r s  

The. i n i t i a l i z a t i o n  o f  g i m b a l  r e a d i n g  p r o c e s s i n g  

p a r a m e t e r s  

e T h e  i n i t i a l i z a t i o n  o f  t i m e k e e p i n g  a n d  s c h e d u l i n g  

p a r a m e t e r s .  



This initialization must insure the complete activation of all 

logic required for subsequent execution of the Minor Loop by 

the preflight program as required by test procedures. 

12.4.2 Preflight Command Receiver Linkage 

The Preflight Command Receiver test, also known as tile Houston 

Interface test, requires that the preflight program use the 

flight program's Digital Command System (DCS) logic to' respond 

to and process DCS commands from Mission Control Center in 

Houston for checkout of the vehicle Command Receiver system. 

The flight logic must provide the access linkage from the 

preflight logic to allow the following processing: 

The initialization of linkage parameters between the 

preflight and flight programs 

0 The initialization of all logic switches and proces- 

sing parameters 

The initialization of timekeeping and scheduling 

parameters. 

This initialization must insure that all mission dependent 

commands are enabled And that DCS processing is activated as 

defined for actual flight. In order to prevent undesirable 

program action such as issuance of Generalized Switch Selector 

commands, the flight program must insure that all command re- 

sponse remains internal to the DCS logic. 



SECTION 1 3  

ALGORITHMS 

1 3 . 1  INTRODUCTION 

E l e m e n t a r y  f u n c t i o n s  a n d  m a t h e m a t i c a l  p r o c e d u r e s  m u s t  b e  c o m p u t e d  

by  t h e  a l g o r i t h m s  a n d  t e c h n i q u e s  d e s c r i b e d  b e l o w .  L o g i c  n e c e s -  

s a r y  t o  make t h e  a l g o r i t h m s  f l e x i b l e  e n o u g h  t o  a c c e p t  i n p u t s  i n  

t h e  r a n g e s  e x p e c t e d  i s  a l s o  d e f i n e d .  

T h e  a n g u l a r  u n i t  t o  b e  u s e d  i n  t h e  f l i g h t  p r o g r a m  a n d  i n  t h e s e  

a l g o r i t h m s  i s  t h e  p i r a d .  One p i r a d  i s  e q u a l  t o  IT r a d i a n s ,  o r  

1 8 0  d e g r e e s .  F o r  e x a m p l e ,  

i r ad )  = 0 . 2 5  p i r a d  45"  = 45' ( y 8 0 0  

. 6 2 8  r a d i a n s  = . 6 2 8  r a d i a n s  ( 
1 p i r a d  

) = 0 . 2 0  p i r a d s  
IT r a d i a n s  

A l l  p r i n c i p a l  a n g l e s  a r e  i n  t h e  r a n g e  o f  - 1 . 0  t o  + 1 . 0  when 

e x p r e s s e d  i n  p i r a d s .  

T h e  p o l y n o m i a l s  c i t e d  i n  t h i s  s e c t i o n  f o r  t h e  c a l c u l a t i o n  of  

s i n e s ,  a r c t a n g e n t s ,  a n d  n a t u r a l  l o g a r i t h m s  a r e  C h e b y s h e v  a p p r o x i -  
I 

m a t i o n s .  T h e  c o e f f i c i e n t s  a r e  c o n v e r t e d  t o  b e  c o m p a t i b l e  w i t h  

f l i g h t  p r o g r a m  u n i t s .  

1 3 . 2  SINE-COSINE ALGORITHM 

T h e  s i n e - c o s i n e  a l g o r i t h m  u s e s  a  p o l y n o m i a l  a p p r o x i m a t i o n  o f  t h e  

s i n e  f u n c t i o n .  T h e  s i n e  p o l y n o m i a l  i s  

A p p r o x i m a t i o n s  f o r  D i g i t a l  C o m p u t e r s ,  by C e c i l  H a s t i n g s ,  J r .  
( P r i n c e t o n  U n i v e r s i t y  P r e s s ,  1 9 5 5 ) .  



s i n  a = 3 . 1 4 1 5 8 9 7 ~ ~  - 5 . 1 6 7 3 6 7 8 a 3  

+ 2 . 5 4 3 6 0 5 2 a 5  - 0 . 5 5 8 3 9 6 9 3 a 7  

f o r  - 0 . 5  5 a - < 0 . 5 .  

G i v e n  t h e  a n g l e  a '  i n  p i r a d s ,  t h e  q u a d r a n t  i n  w h i c h  a '  l i e s  m u s t  - 
b e  d e t e r m i n e d  a n d  t h e  two a s s o c i a t e d  q u a n t i t i e s ,  a a n d  6 m u s t  b e  

c o m p u t e d  a c c o r d i n g  t o  T a b l e  1 3 - 1 .  

T a b l e  1 3 - 1  S I N E ~ C O S I N E  ARGUMENT SELECTION 

The  q u a n t i t i e s  a a n d  3 a r e  now s u c h  t h a t  b o t h  l i e  b e t w e e n  - 0 . 5  

a n d  0 . 5 ,  s a t i s f y i n g  t h e  f o l l o w i n g  i d e n t i t i e s :  
- 

s i n  a '  = s i n  a 

c o s  a '  = s i n  6 

T h e  n u m b e r s  a n d  a r e  s u b s t i t u t e d  i n t o  t h e  p o l y n o m i a l  t o  o b t a i n  

s i n  a '  a n d  c o s  a ' ,  r e s p e c t i v e l y .  

T h e  e r r o r  c h a r a c t e r i s t i c s  o f  t h e  s i n e - c o s i n e  a l g o r i t h m  a r e  shown 

i n  F i g .  13-1. 

2 ~ a r e n t h e t i c a l  n u m b e r s  i n  r i g h t  f i e l d  o f  p a g e  i d e n t i f y  e q u a t i o n s ;  
a  c o m p r e h e n s i v e  l i s t  o f  e q u a t i o n s  f o r  a l l  s e c t i o n s  o f  t h i s  
d o c u m e n t  i s  p r e s e n t e d  i n  S e c t i o n  1 4 .  



13.3 ARCTANGENT ALGORITHM 

The arctangent algorithm uses a polynomial approximation to the 

arctangent function. This algorithm requires both the numerator 

Y and the denominator Z of the arctangent argument. An associ- 

ated number V is computed from the following. 

The principal arctangent of V, for -1.O<V<1.OY is calculated from - - 
the polynomial 

Arctan V = 0.31830264V - 0 . 1 0 5 8 7 7 3 4 ~ ~  

+ 0.06160678v5 - 0.037061733~~ 

+ 0.016760072~~- 0.0037309738~" (13.3.1) 

since -L.O<V<l.O, - - the principal arctangent satisfies the inequality 

-0.25 - < Arctan V - < 0.25. 

Y 
The algorithm thus determines Arctan (?), from Table 13-2, such 

that the inequality 

Y -1.0 < Arctan 2 1.0 - 

is satisfied. 

TABLE 13-2 ARCTANGENT POLYNOMIAL ARGUMENT 

- 
Y 

+ Y O  

+YO 
- 
- 

Z 

+,0 
- 

+,O 
- 

Arctan (Y/Z) 

0.25-Arctan V 

0.75+Arctan V 

-0.25+Arctan V 

-0.75-Arctan V 



T h e  e r r o r  c h a r a c t e r i s t i c s  f o r  t h i s  a l g o r i t h m  a r e  shown i n  

F i g u r e  1 3 - 2 .  

F i g u r e  1 3 - 1  E r r o r  C h a r a c t e r i s t i c s  o f  t h e  S i n e - C o s i n e  
A l g o r i t h m  

VALUE OF 'Y" 

F i g u r e  13 -2  E r r o r  C h a r a c t e r i s t i c s  f o r  A r c t a n g e n t  A l g o r i t h m  



1 3 . 4  NATURAL LOGARITHM ALGORITHM 

~. 
T h e  n a t u r a l  l o g a r i t h m  a l g o r i t h m  u s e s  a  l i m i t e d  r a n g e  p o l y n o m i a l  

c o m b i n e d  w i t h  a p p r o p r i a t e  a l g e b r a i c  i d e n t i t i e s  t o  e x t e n d  t h e  

r a n g e  f o r  g r e a t e r  u s e f u l n e s s .  

To f i n d  t h e  l o g a r i t h m  o f  a  number  a ,  t h e  f l i g h t  p r o g r a m  m u s t  

f i r s t  d e t e r m i n e  a  number  a '  a n d  a n  i n t e g e r  N s u c h  t h a t  ~ . o < ~ ' L ' + O  - 
-N  

a n d  a 1 = a 2 . 0  . The  n a t u r a l  l o g a r i t h m  o f  a '  w i l l  t h e n  b e  d e t e r -  

m i n e d  b y  e v a l u a t i n g  t h e  f o l l o w i n g  p o l y n o m i a l :  

I n  a '  = 0 . 9 9 9 9 0 1 6 7 ( a ' - 1 . 0 )  - 0 . 4 9 7 8 7 5 4 4 ( a 1 - 1 . 0 ) '  

+ 0 . 3 1 7 6 5 0 0 5 ( a ' - 1 . 0 ) 3 -  0 . 1 9 3 7 6 1 4 9 ( a ' - 1 . 0 ) ~  

+ 0 . 0 8 5 5 6 9 2 7 ( a ' - 1 . 0 ) 5 -  0 . 0 1 8 3 3 8 3 1 ( a t - 1 . 0 1 6 ,  1 . 0 < a 1 < 2 . 0  - - 

F i n a l l y ,  t h e  r e l a t i o n  

N I n  a = l n ( 2 . 0  a ' )  = N I n  2 . 0  + I n  a '  = 0 . 6 9 3 1 4 7 1 8 0 6  N + I n  a' 

w i l l  b e  u s e d  t o  c a l c u l a t e  t h e  n a t u r a l  l o g a r i t h m  o f  a. T h e  

a l g o r i t h m  m u s t  a c c e p t  a i n  t h e  r a n g e  0 . 1 2 5 < a < 8 . 0 .  - - 

The  e r r o r  c h a r a c t e r i s t i c s  f o r  t h i s  a l g o r i t h m  a r e  g i v e n  i n  

F i g u r e  1 3 - 3 .  

1 3 . 5  SQUARE ROOT ALGORITHM 

T h e  s q u a r e  r o o t  a l g o r i t h m  i s  d e r i v e d  f r o m  N e w t o n ' s  m e t h o d  o f  

s u c c e s s i v e  a p p r o x i m a t i o n s .  G i v e n  some p o s i t i v e  number  X (=x2), 

t h e  s q u a r e  r o o t  of X w i l l  b e  o b t a i n e d  b y  i t e r a t i n g  t h e  

e x p r e s s i o n  



F i g u r e  1 3 - 3  E r r o r  C h a r a c t e r i s t i c s  f o r  N a t u r a l  L o g a r i t h m  
A l g o r i t h m  

w h e r e  x o  i s  a n  i n i t i a l  g u e s s  f o r  t h e  s q u a r e  r o o t  o f  X .  F o l l o w i n g  

t h i s  p r o c e d u r e ,  xi+ rx a s  i+a. 

F o u r  i t e r a t i o n s  a r e  r e q u i r e d  t o  c a l c u l a t e  s q u a r e  r o o t s  t o  a n  
- 

a c c u r a c y  o f  s i x  d e c i m a l  p l a c e s  f o r  Axo=l xo - < 0 . 5 0  J x .  
- 

T h r e e  i t e r a t i o n s  a r e  r e q u i r e d  f o r  A x o <  0 . 1 0  Jx; two i t e r a t i o n s  

a r e  r e q u i r e d  f o r  Axe< 0 . 0 1  Jk; a n d  a  s i n g l e  i t e r a t i o n  i s  s u f f i -  

c i e n t  f o r  Axo < 0 . 0 0 1  JF. 

I n  o r d e r  t o  i n s u r e  s u f f i c i e n t  a c c u r a c y ,  t h e  s q u a r e  r o o t  a l g o r i t h m  

m u s t  b e  i t e r a t e d  t h r e e  t i m e s  e a c h  t i m e  t h e  r o u t i n e  i s  c a l l e d .  

1 3 . 6  INVERSE SQUARE ROOT ALGORITHM 

T h e  i n v e r s e  s q u a r e  r o o t  a l g o r i t h m  i s  a  v a r i a t i o n  o f  N e w t o n ' s  

m e t h o d .  The  a p p r o x i m a t i o n  f o r  l . O / i X  w i l l  b e  o b t a i n e d  by 

i t e r a t i n g  t h e  e x p r e s s i o n  



w h e r e  xo i s  a n  i n i t i a l  g u e s s  f o r  t h e  i n v e r s e  s q u a r e  r o o t  o f  X .  

T h e s e  i t e r a t i o n s  p r o d u c e  x  + - l . O / f i  a s  i + m .  i 

S i x  i t e r a t i o n s  a r e  r e q u i r e d  t o  c a l c u l a t e  i n v e r s e  s a u a r e  r o o t s  t o  

a n  a c c u r a c y  o f  s i x  d e c i m a l  p l a c e s  f o r  A x o = ~ x o - l . O / ~ ~ ~ ~  0 . 5 0 ( 1 . 0 / d x ) .  

T h r e e  i t e r a t i o n s  a r e  r e q u i r e d  f o r  A x o <  O . l O ( 1 . 0 1 f i ) ;  two i t e r a t i o n s  

a r e  r e q u i r e d  f o r  Axe< 0 . 0 1 ( 1 . 0 / f i ) ;  a n d  a  s i n g l e  i t e r a t i o n  i s  

s u f f i c i e n t  f o r  Axo < 0 . 0 0 1 ( 1 . 0 1 f i ) .  

1 3 . 7  VECTOR DOT PRODUCT 

T h e  m e t h o d  t o  b e  u s e d  i n  c a l c u l a t i n g  t h e  d o t  p r o d u c t  o f  two 

v e c t o r s  A a n d  B i s  

- - 
A g B  = A x B x + A B + A ~ B ~ ,  ( 1 3 . 7 . 1 )  

Y Y 

w h e r e  A x ,  A , A Z  a n d  B x ,  B , B Z  a r e  t h e  c o m p o n e n t s  o f  A a n d  B, 
Y Y 

r e s p e c t i v e l y .  

1 3 . 8  VECTOR CROSS PRODUCT 

T h e  m e t h o d  t o  b e  u s e d  t o  o b t a i n  t h e  c r o s s  p r o d u c t  v e c t o r  C o f  

two v e c t o r s  A a n d  5 i s  g i v e n  by 

w h e r e  A 
X Y  A y y  a n d  A a n d  B B , B a r e  t h e  c o m p o n e n t s  o f  r a n d  

- Z X '  y  z 
By r e s p e c t i v e l y ,  a n d  C x ,  C , C Z  a r e  t h e  c o m p o n e n t s  o f  t h e  c r o s s  

Y 
p r o d u c t  v e c t o r  C. 
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SECTION 1 4  

EQUATIONS 

1 4 . 1  INTRODUCTION 

T h i s  s e c t i o n  l i s t s  t h e  e q u a t i o n s  d e f i n e d  by  t h i s  d o c u m e n t .  

T h e  e q u a t i o n s  a r e  a p p r o p r i a t e l y  n u m b e r e d  by s e c t i o n s  f o r  

e a s y  r e f e r e n c e  t o  t h e  s e c t i o n s  o f  t h e  t e x t .  

I n  t h e s e  e q u a t i o n s ,  t h e  l i b e r t y  h a s  b e e n  t a k e n  t o  d e f i n e  

t h e  e q u a l i t y  s i g n  a c c o r d i n g  t o  t h e  commonly a c c e p t e d  

c o m p u t e r  l a n g u a g e  m e a n i n g ;  t h a t  i s ,  t h e  s y m b o l  " = I '  s h a l l  

mean  " i s  r e p l a c e d  by"  o r  " i s  s e t  e q u a l  t o . "  



( T H I S  P A G E  HAS BEEN L E F T  BLANK I N T E N T I O N A L L Y . )  



1 4 . 2  E Q U A T I O N S  

[MSG] M a t r i x  

c o s  @ 
L 

s i n  @L s i n  A Z  - s i n  Q L  cos  A 

[MSG] = - s i n  @ 
L 

c o s  @ s i n  A 
L 

- cos  @ cos  A 
Z L Z 

0 c o s  A s i n  A Z  ( 2 . 3 . 1 )  
Z 

[MG4] M a t r i x  

c o s  A 0 s i n  X 

[MG4] = s i n  i s i n  X c o s  i - s i n  i c o s  X 

- c o s  i s i n  X s i n  i c o s  i c o s  X I 
[MBS] M a t r i x  

MBSll = c o s  O c o s  O Z  
Y 

MBS12 = - cos  O c o s  O s i n  O + s i n  Ox s i n  O 
X Y Z Y 

MBS13 = s i n  O cos  O s i n  O + c o s  0  s i n  
X Y z X Y 

MBS2l = s i n  O Z  

MBS22 = c o s  O c o s  O 
X Z 

MBS23 = - s i n  O cos  O 
X Z 

MBS31 = - s i n ' O  c o s  O Z  
Y 

MBS32 = c o s  Ox s i n  O s i n  O Z  + s i n  Ox c o s  O 
Y Y 

MBS33 = - s i n  Ox s i n  O s i n  O + c o s  O c o s  O 
Y Z X Y 



[M4V] M a t r i x  

JMS4] M a t r i x  

MS411 = c o s  A c o s  @ L  

MS412 = c o s  X s i n  $L s i n  A z  + s i n  h c o s  A Z  

MS413 = - c o s  X s i n  $L c o s  A Z  + s i n  X s i n  A Z  

MS421 = s i n  i s i n  c o s  + - c o s  i s i n  r j L  L  

MS422 = s i n  i s i n  A s i n  s i n  A Z  + c o s  i c o s  $L s i n  A Z  

- s i n  i c o s  X c o s  A Z  

M S 4 2 3  = - s i n  i s i n  X s i n  c$L c o s  A Z  - c o s  i c o s  @ c o s  A 
L Z 

- s i n  i c o s  X s i n  A Z  

MS431 = - c o s  i s i n  X cos  @L - s i n  i s i n  $L 

MS432 = - c o s  i s i n  X s i n  r j L  s i n  A Z  + s i n  i c o s  @L s i n  A Z  

4- c o s  i cos  X c o s  A Z  

MS433 = c o s  i s i n  X s i n  $ c o s  A  - s i n  i c o s  $L c o s  A  
L z z 

+ c o s  i c o s  X s i n  A Z  ( 2 . 3 . 5 )  



[MGA] M a t r i x  

r .OS OR 

0 

[MGA] = 1 

s i n  O R  

0 

cos  0  
R I 

[MSA] M a t r i x  

M S A l l  = c o s  OR c o s  $L 

M S A l 2  = c o s  O s i n  $L s i n  A  + s i n  OR c o s  A  
R z  z  

M S A 1 3  = - cos  O s i n  $ c o s  A Z  + s i n  OR s i n  A Z  
R L 

M S A 2 1  = - s i n  $L 

M S A 2 2  = c o s  $L s i n  A  z  

M S A 2 3  = - cos  $L c o s  A Z  

M S A 3 1  = - s i n  O c o s  $L R 

M S A 3 2  = - s i n  OR s i n  $L s i n  A Z  + c o s  O c o s  A  
R z  

M S A 3 3  = s i n  O s i n  $ c o s  A Z  + c o s  OR s i n  A  
R L  z  

[MSV] M a t r i x  

M S V l l  = C O S  $T C O S  h s i n  c o s  i s i n  X c o s  

- s i n  $T s i n  i s i n  $L 

M S V l 2  = c o s  $T c o s  A s i n  $ s i n  A Z  + c o s  oT s i n  X c o s  A Z  
L 

- s i n  $ c o s  i s i n  A s i n  $ s i n  A Z  
T L  

+ s i n  $ s i n  i c o s  $ s i n A  
T L z 

+ s i n  $T cos i cos X cos A  z  





[MES] Matrix 

MESll = c o s  c$ c o s  O E  L 

MES12 = c o s  @ s i n  OE 
L 

MES13 = s i n  c$ L 

MES2l = s i n  $L s i n  A Z  c o s  BE - c o s  A Z  s i n  BE 

MES22 = s i n  $ s i n  A z  s i n  OE + c o s  A Z  c o s  
L E 

MES23 = - cos  $L s i n  A Z  

MES31 = - s i n  O L  c o s  A Z  c o s  O E - s i n  A Z  s i n  O E  

MES32 = - s i n  $L c o s  A Z  s i n  BE + s i n  A Z  c o s  OE 

MES33 = c o s  @L c o s  A z 
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Platform Azimuth 

Flight Descending Node 

Initial Position, Velocity, and Gravitational Acceleration 

Vectors Calculations 

- 
sin(+L - $;) sin A 

-sin($L - +;) cos A (3.4.3) 

YG = -X 
S 

sin+ + YS cos+ sin AZ-ZS COS$ L cos AZ (3.4.5) 
L L 



Initial Position, Velocity, and Gravitational Acceleration 

Vectors Calculations (Continued) 

-sin$L 

- 
G~ S q + P  cos$ L sin A z 1 

-cos$ cos A 
L z J 



E x p e c t e d  V e l o c i t y  Changes  U s i n g  P a s t  A c c e l e r a t i o n  

c o s  O c o s  O z  
Y - A V f x  

A V f  = = 20(F/M)AT [ . i n  0: ( 4 . 2 . 1 )  

- s i n  O c o s  O 

D i s a g r e e m e n t  T e s t  

I AAx - AB ( z 2  b i t s  
X - 

AAx f o r  A c h a n n e l  u s e d  

A B  f o r  B c h a n n e l  u s e d  
X 

Same f o r  Y a n d  Z c h a n n e l  

Z e r o  T e s t  V a l u e s  

= 20(F/M)AT s i n  (2') 

= 20(F/M)AT s i n  (6') 

R e a s o n a b l e n e s s  T e s t  

- - - 
( 0 .  5AVf - 2ORTC AT) 5 AVM 5 ( 1 .  5AVf + 2ORTC AT) 

f o r  A V f  2 0  

- - - 
(1.5AVf - 20RTC AT) - < AVM - < (0.5AVf + 2ORTC AT) 

- 
f o r  A V f  < 0  

Rev.  A 



V e l o c i t y  A c c u m u l a t i o n  

A V  f o r  r e a s o n a b l e  a c c e l e r o m e t e r  r e a d i n g s  
M 

( 4 . 2 . 6 )  
d V  f o r  u n r e a s o n a b l e  a c c e l e r o m e t e r  r e a d i n g s  B 

F/M C a l c u l a t i o n s  

R e c i p r o c a l  A c c e l e r a t i o n  F i l t e r  



Backup Accelerations 

Calculated Velocity Changes Using Backup Acceleration 

Position and Velocity Calculations 

1 " + - X AT) AT 
2 sg 

A T )  AT 



Position and Velocity Calculations (Continued) 

' 2  ' 2  ' 2  1 1 2  v = ( X S + Y S + Z S )  

Gravitational Acceleration 

yG = -xS sin O~ + y S  cos O1 sin A =  
- 
'S cos O L  cos A 

z 

(4.3.9) 

(4.3.10) 

Rev. A 



Gravitational Acceleration (Continued) 

- 
G~ = + . [I: sin 

-COB @ L  cos Az 

Time-tilt Computations 

3 

< T - ATf r kc - A )  for Tso - 
j=o ~j < T ~ l  

3 
- - for TS1 2 Tc - ATf < TS2 

X~ j-o 

xz = [ YAWC(K) - YAWC(K-1) 
TYAW(K) - TYAW(K-1) I (Tc - TYAW(K)) + YAWC (K) (4.4.2.1) * 

for x computations K = 2, 3, 4...25 and 
z 

TYAW(K-1) - < T < TYAW(K) 
C 

S-IB Engine Out Freeze Time 

(4.4.4) 

Rev. A 
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Second Phase Time-to-go Calculations 

- r3  = v ex3 ( a )  
S 

Transformation of Position and Velocity to 4-System 

IGM Intermediate Parameters- 

T l  
L~ = ln - T l i  

J, = L I T ,  - T 
'ex1 ii 



I G M  I n t e r m e d i a t e  P a r a m e t e r s  ( C o n t i n u e d )  

L' = L + L '  
Y 1 3 

J l  = L: T3 - T  
'ex3 3 i  

T o t a l  T i m e - t o - g o  P r e d i c t i o n  

T* = T l i  + T 3 i  

R a n g e  A n g l e  

$i = A r c t a n  (2) 
P r e d i c t e d  T e r m i n a l  Range  A n g l e  

ROV 
6 ,  = v T *  - J: + T3i e x  3 

T e r m i n a l  P o s i t i o n ,  V e l o c i t y ,  a n d  G r a v i t y  

XVT = VT s i n  OT 



T e r m i n a l  P o s i t i o n ,  V e l o c i t y ,  and  G r a v i t y  ( C o n t i n u e d )  

Z V T  = VT C O S  O 
T ( 4 . 4 . 3 7 )  

[MSV] = [ M ~ v ]  [MS4] 

- 
R v  = [M4V] < 
- 
vv = [M4V] 

- 
Gv = [MSV] 5 

E s t i m a t e d  V e l o c i t y - t o - b e - g a i n e d  



Improved Estimate of Total Time-to-go 

L 3  = L ;  + A L ,  

Improved Estimate of Velocity-to-be-gained 

Preliminary Guidance Commands Satisfying Velocity 

Constraint 

..d x Z  = Arctan 

Rev. A 



P o s i t i o n  C o r r e c t i o n  T e r m s  

J 3  = J i  + T 3 i  AL3 

S 3  = L 3 T 3 i  - J 3  

1 = - -  2 

3 3 3 2 V e x 3 T 3 i  

L  = L l  + L 3  
Y  

J = J1 + J 3  + L 3  T l i  
Y  

D = S  
Y  Y  - K Y Q Y  

AYV = YV 
1 + Y T*  + - Y*  T * ~  + s s i n  v 2 vg Y  z 

K ,  = 
A y v  

D c o s  2 
Y  z 

L = L c o s  2 
P Y  z 

Rev .  A 



P o s i t i o n  C o r r e c t i o n  Terms ( C o n t i n u e d )  

c 2  = cos 2 + K~ s i n  2 z Z 

C, = K, s i n  z 

P Y 2  

s = S C  
P Y 2  - Q y C *  

Q p  = Q y C 2  - C 4 ( u , + u  3 + S T  

..  AX^ = xV - xVT + kV T* + 1 X *  T*' + s s i n  2 
2 vg P Y 

K ,  =  AX^ 
D c o s  2 

P Y 

C o r r e c t e d  G u i d a n c e  Commands i n  4-System S a t i s f y i n g  

P o s i t i o n  C o n s t r a i n t  



Steering Misalignment Correction Terms 

SMCY = SMCY .. .. 
zm+xmtan $(xy+[xy] 

+SMCG ( 4 . 4 . 8 3 )  .. .. 
xm-zmtan [ f (xy+[xYl past 

SMCZ = SMCZ 

+SMCG 

Thrust Vector Transformation 

cos x cos x 
Y4 

Final Guidance Commands in S-System Corrected for 

Thrust Misalignment 

X~ 
= Arctan ( )  + SMCY 

+ SMCZ 
( 1 - F '  

High Speed L.oop for S-IVB Cutoff 



High Speed Loop for S-IVB Cutoff (Continued) 

- T 3 i  - T 3 i  - AT 

A" = C (v-vl) AT' - (vl-v") AT] 
AT1 AT ( A T 1 +  AT) 

v-v' 

Rev. A 





Drag Acceleration (Continued) 

for h > h 2  

P = + p , h  + p 2 h 2 +  p , h 3 +  p 4 h 4 +  p , h 5  for h , > h > h ,  - - 

c for h l > h  (5.4.9) 

1 
cos a = - [V cos O cos O + V sin O - 

'r rx Y z rY z 

Inertial Guidance Commands 

xx = ROLLA 

X~ 
= S P I T C H  

, x7. = SYAW 

Track Local Reference Guidance Commands 
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T r a c k  L o c a l  H o r i z o n t a l  G u i d a n c e  Commands ( u p o n  r e t u r n  o f  

c o n t r o l  f r o m  SIC t o  I U )  

f 

SPITCH = s i n  a 
LH 

CPITCH = c o s  a 
LH 

SYAW = s i n  x 
z 4 

CYAW = c o s  x 
4 

ROLLA = 0: 
C 

T e l e m e t r y  S t a t i o n  A c q u i s i t i o n  T e s t  

Rev.  A 



Telemetry Station Acquisition Test (Continued) -- 

-- 
d (i) = RA.CA(i) - A R~~~ 
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Attitude Error Commands 

I YAW = A, AZ - A, AY 

I P I T C H  = Ai,  AY + A 2  AZ 

( ROLL = A s  AX + A 3  BY 

Attitude Increments 

AX; = (xx - xi)/[ (MLR) (A$)] 

AX; = (x,, - X;)/~(MLR)(A$)I 

AX: = (x, - x;) 1 [ (MLR) (ATN) 1 

Gimbal-to-Body Transformation 





Computed  A c c e l e r a t i o n  P r o f i l e  

Computed  V e l o c i t y  C h a n g e s  

Y s  = - ( i s  + [i; ] 2  S  p a s t  1 AT 

L 

V e l o c i t y  I n c r e m e n t s  

A V  = 20G [ s i n 2 @ , + c o s  wETas  C O S ~ @ ~ ]  AT 
g x L  

A V  = 2 0 6  c o s  @ [ c o s  A s i n  wETa, 
gY L  L  Z 

- ( 1 - c o s  w T  ) s i n  A z s i n  @ L l  AT 
E a s  

A V  = 20G c o s  O L [ s i n  AZ s i n  w T  
g z  L E a s  



E x p e c t e d  Gimbal A n g l e s  

'6 = w E [ s i n  OL+cos tan 0 s i n ( O x , + A Z ) I  
xe  z e  

=: - w  
E c o s  + s i n ( O  + A z ) ( c o s  0 

y e  L xe . z e  
Oze 

= w c o s  $ c o ~ ( @ ~ ~ + A ~ )  E L 

1 cox,= 2(OX,+ [ B  ] 
x e  p a s t  AT 

1 lanye= 7 ( 6  y e  + 16 y e  I p a s t  ) A T  

1 noZe= I ( B  + [ 6  I z e  z e  p a s t  AT 

A t t i t u d e  E r r o r s  

Rev .  A 



Sine-Cosine Algorithm 

sin a = 3.1415897~~ - 5.1673678a3 + 2.5436052a5 - 0.55839h93~~' 
(13.2.1) 

Arctangent Algorithm 

Arctan V = 0.31830264V - 0 . 1 0 5 8 7 7 3 4 ~ ~  
+o. 06160678v5 - 0. 037061733v7 
+o. 0 1 6 7 6 0 0 7 2 ~ ~  - 0 . 0 0 3 7 3 0 9 7 ~ ~  (13.3.1) 

Natural Logarithm Algorithm 

Square Root Algorithm 

Inverse Square Root Algorithm 

Vector Dot Product 



Vector Cross Product 


	Scan0001rev.tif
	Scan0002rev.tif
	Scan0003rev.tif
	Scan0004rev.tif
	Scan0005rev.tif
	Scan0006rev.tif
	Scan0007rev.tif
	Scan0008rev.tif
	Scan0009rev.tif
	Scan0010rev.tif
	Scan0011rev.tif
	Scan0012rev.tif
	Scan0013rev.tif
	Scan0014rev.tif
	Scan0015rev.tif
	Scan0016rev.tif
	Scan0017rev.tif
	Scan0018rev.tif
	Scan0019rev.tif
	Scan0020rev.tif
	Scan0021rev.tif
	Scan0022rev.tif
	Scan0023rev.tif
	Scan0024rev.tif
	Scan0025rev.tif
	Scan0026rev.tif
	Scan0027rev.tif
	Scan0028rev.tif
	Scan0029rev.tif
	Scan0030rev.tif
	Scan0031rev.tif
	Scan0032rev.tif
	Scan0033rev.tif
	Scan0034rev.tif
	Scan0035rev.tif
	Scan0036rev.tif
	Scan0037rev.tif
	Scan0038rev.tif
	Scan0039rev.tif
	Scan0040rev.tif
	Scan0041rev.tif
	Scan0042rev.tif
	Scan0043rev.tif
	Scan0044rev.tif
	Scan0045rev.tif
	Scan0046rev.tif
	Scan0047rev.tif
	Scan0048rev.tif
	Scan0049rev.tif
	Scan0050rev.tif
	Scan0051rev.tif
	Scan0052rev.tif
	Scan0053rev.tif
	Scan0054rev.tif

