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RTCC REQUIREMENTS FOR MISSION H PROGRAM FOR COMPUTATION OF LM IMU 

TORQUING ANGLES WITH THE LM AND CSM I N  THE DOCKED CONFIGURATION 

By A. David Long 

1 . 0  SUMMARY AND INTRODUCTION 

The purpose of t h i s  document i s  t o  p re sen t  t h e  Real-Time Computer 
Complex ( R T C C )  requirements f o r  a program t o  compute and d i s p l a y  gyro 
torquing  angles  f o r  t h e  luna r  module (LM) p la t form wi th  t h e  LM and com- 
mand/service module (CSM) i n  t h e  docked conf igu ra t ion .  The philosophy 
of t h i s  method makes use  of gimbal angle d a t a  from t h e  docked configura-  
t i o n  t o  compute torquing  angles  f o r  t he  LM p la t form while  t h e  LM and CSM 
a r e  docked. Th i s  method, t h e  e igen  vector  method, d i f f e r s  from t h e  pre- 
s en t  f i n e  alinement procedure because i t s  s o l u t i o n  f o r  to rquing  ang le s  
i s  completely independent of navigat ion base  misalinements between t h e  
two v e h i c l e s  (LM and CSM). 
by t h i s  method even i f  t h e  LM and CSM naviga t ion  bases  have nonnominal 
alinement i n  a l l  t h r e e  axes.  

The cor rec t  t o rqu ing  angles  can be computed 

The eigen vec tor  method i s  analogous t o  an  Apollo o p t i c a l  t e l e scope  
( A O T )  al inement i n  procedure and accuracy. Two r o t a t i o n  vec to r s  a r e  com- 
pilted f r o m  t h r e e  a t t i t u d e s  of t h e  docked conf igu ra t ion ,  and t h e s e  r o t a -  
t i o n  vec to r s  a r e  then  used i n  t h e  same way t h a t  o p t i c a l  s i g h t i n g s  on 
c e l e s t i a l  bodies  would be used. The necessary d a t a  t o  determine two 
r o t a t i o n  vec to r s  and subsequently t o  determine torquing  angles  r equ i r ed  
to al..ine t h e  LM p la t form t o  t h e  CSM platform a r e  t h r e e  s e t s  of gimbal 
ri7gles read  s imultaneously from t h e  LM and CSM. The two r o t a t i o n  v e c t o r s  
. r e  expressed i n  1.W coord ina tes  and a r e  used t o  cons t ruc t  an i n e r t i a l  
r e f e r e n c e  system. This  i n e r t i a l  re fe rence  system can then  be used t o  
loca+,e t h e  LM p la t form r e l a t i v e  t o  t h e  CSM p la t form and t h e  r e s u l t a n t  
t o rqu ing  angles .  

I t  i s  not necessary t h a t  t h e  CSM pla t form have t h e  des i r ed  o r i en ta -  
t i o n  of  t h e  LM platform t o  use  t h i s  method, 
gene ra l  i n  na tu re  and should have t h e  c a p a b i l i t y  t o  compute torquing  
ang le s  necessary t o  a l i n e  t h e  LM platform t o  any des i r ed  REFSMMAT. 
c , apab i l i t y  i s  noted i n  t h e  equat ions .  

This  program should be 

This  
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2.0 MODE 1 mTHOD AND EQUATIONS ' 

To o b t a i n  two d i r e c t i o n s  of  r o t a t i o n  i n  space ( S  and P )  with r e s p e c t  
t o  t h e  CSM and LM IMU, t h e  fol lowing procedure i s  used. The s t a b l e  mem- 
be r  t o  naviga t ion  base mat r ix  (SMNB) i s  computed f o r  t h r e e  s e t s  of gimbal 
angles  ( t h r e e  sets  f o r  t h e  LM and t h r e e  f o r  t h e  C S M ) .  

- s in  I G A  

cos I G A  

cos I G A  0 
Ql=[ s i n  0 I G A  1 0 

1 

cos  MGA s i n  MGA 
- s i n  MGA cos MGA 

0 0 

0 0 
cos  OGA s i n  OGA 

0 - s in  OGA cos  OGA 

A t o t a l  of s i x  such computations g ive  [SMNB1] . . . [SMNB6]. 
t h e s e  s i x  computations have been completed, t h e  fol lowing computations 
a r e  necessary both f o r  t h e  LM and t h e  CSM. 

A f t e r  

Computations f o r  t h e  CSM a r e  presented  i n  equat ions  (21, (31, and 
(4). 

= [ R 1 I T  - [ R l ]  
['ICSM 

T = [R2] - [R2] 
[''CSM 

b 
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( r o t a t i o n  vec tor  1 for CSM) = Unit  [ s ~ ~ ,  s13, ~~~1 (3) RVICSM 

( r o t a t i o n  vec tor  2 f o r  CSM) = Unit  [ P ~ ~ ,  p13, ppl1 (4) RV2CSM 

These vec to r s  (RVICSM, RVpCsM) a r e  t h e  r o t a t i o n  v e c t o r s  or eigen v e c t o r s  

normal t o  t h e  p lane  of r o t a t i o n  and are expressed i n  CSM IMU coord ina tes .  
These two vec to r s  are analagous t o  AOT s i g h t i n g s  on c e l e s t i a l  bodies  and 
a r e  used i n  t h e  same manner t o  cons t ruc t  a r e fe rence  coord ina te  system. 

Similar  computations f o r  t h e  LM are presented  i n  equat ions (51 ,  (61, 
and ( 7 ) .  

R i l l L I q  ( r o t a t i o n  vector 1 for  LM) = Unit ~ 3 ~ ~ '  S13, S21 

( 7 )  p211 F I V ~ ~ ~  ( r o t a t i o n  vector  2 for  LM) = Unit [ P ~ ~ ,  p13, 
4 

'l'litse vec to r s  ( H V I L M ,  RV2LM) a r e  the  r o t a t i o n  vec to r s  or eigen v e c t o r s  

normal t o  t h e  p lane  of r o t a t i o n  and are expressed i n  LM IMU coord ina tes .  
These two vec to r s  a r e  analagous t o  AOT s i g h t i n g s  on c e l e s t i a l  bodies  
ar:d are  used i n  t h e  same manner t o  c o n s t r u c t  a r e fe rence  coord ina te  system. a 
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Generate an  or thogonal  coord ina te  system by use  of t h e  four r o t a t i o n  
v e c t o r s .  
system for t h e  LM i s  given by equat ions  (10 )  and (11). 

The system f o r  t h e  CSM i s  given by equations ( 8 )  and ( 9 ) .  The 

UX = Unit [RVl 3 (8a)  
C SM 

I 1  UY = Unit [Unit [RVICsM] x Unit [RV2CsM 

uz = [ux]  x [UYI  

[N] = [ t] 
UX = Unit 

UY = U n i t  Unit [RVILM [ 
uz = [ux ]  

x Unit [RV2LM 

[ M I  = [i] 

I 

( 9 )  

Determine t h e  product according t o  equat ions  ( 1 2 )  through (16) and 
t h e  following program. 

s i n  I G A  = Z I D  (1) 

cos  I G A  = ZID ( 3 )  

IGA = ARCTRIG [ s i n  I G A ,  COS I G A ]  * 57.2957795 

( 14b 1 

(14c ) 
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s i n  MGA = A ( 1 , 2 )  (15a) 

cos  MGA = Z' n ( 3 )  * A (1,l) - Z V D  (1) * A ( 1 , 3 )  (15b) 

MGA = ARCTRIG [ s i n  MGA, cos MGA] * 57.2957795 ( 1 5 ~ )  

4 

4 

OGA = ARCTRIG [ s i n  OGA, cos OGA] * 57.2957795 (16~ 1 

a 
FUNCTION ARCTRIG [ S , C ] 

SP = ABS [SI 

X = SIGN [1,S] 

I F  (SP - 0.70'72) 1, 2 ,  2 

2 ARCTRIG = X * ARCOS [C] 

GO TO 3 

1 ARCTRIG = ARSIN [SI 

IF (C) '+ ,3 ,3  

4 ARCTRIG = x * 3.141592654 - ARCTRIG 

3 CONTINUE 

HETUE'N 

END 

a Output i s  i n  r a d i a n s .  
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I 

The following computations are necessary t o  determine t h e  r o t a t i o n  angle  
and t h e  angle  between t h e  e igen  vec to r s .  
t h e  amount of r o t a t i o n  ( i n  degrees)  of t h e  docked conf igura t ion  i n  t h e  
p lane  of r o t a t i o n .  

The r o t a t i o n  angle  r ep resen t s  

The mat r ix  [B] s h a l l  be represented  as fol lows.  

bll b12 b13 

b21 b22 b23 

This  [ B ]  ma t r ix  desc r ibes  t h e  or thogonal  t ransformat ion  from naviga t ion  
base 1 o r i e n t a t i o n  t o  naviga t ion  base 2 o r i e n t a t i o n  or t h e  f i r s t  two 
a t t i t u d e s  of t h e  docked conf igura t ion .  

C+I = r o t a t i o n  angle  = ARCOS [ ( E i  bii - 1.0) /2 .01  
(17) (from a t t i t u d e  1 t o  a t t i t u d e  2)  

The r o t a t i o n  angle  w i l l  be computed f o r  any two a t t i t u d e s .  
b e  no s ign  a s soc ia t ed  wi th  t h i s  angle .  

There w i l l  

The angle  between t h e  eigen vec to r s  i s  t h e  c e n t r a l  angle  ( i n  
degrees) between t h e  two po in t ing  d i r e c t i o n s  i n  space (S and P ) .  
i s  a l so  no s ign  a s soc ia t ed  wi th  t h i s  angle .  

There 

8 = ARCOSIRVICSM RV2CsM] 

3.0 MODE 2 METHOD AND EQUATIONS b 

For t h i s  op t ion ,  t h e  assumption must be made t h a t  t h e  LM and CSM 
If t h i s  assumption can be made, t hen  t h e  X-body axes a r e  co inc ident .  

X - a x i s  of t h e  docked conf igura t ion  i s  considered a r o t a t i o n  v e c t o r  and 
can rep lace  t h e  computation for one of t h e  r o t a t i o n  v e c t o r s  as expla ined  
i n  mode 1. 
by the  d i r e c t i o n  cos ines  from t h e  stable member t o  naviga t ion  base  
matrix.  

The X-axis can be expressed i n  CSM and LM IMU coord ina tes  
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To ob ta in  two d i r e c t i o n s  i n  space ( S  and P) with  r e spec t  t o  t h e  
CSM and LM IMU, t h e  fol lowing procedure i s  used. 
ma t r i ces  Q 

A s  i n  mode 1, t h e  
and Q are computed. 

1' Q2' 3 

cos I G A  0 - s in  I G A  

4 Qi=[ 0 1 0 

s i n  I G A  cos I G A  
e 

cos MGA s i n  MGA 

- s in  MGA cos MGA 

L o  
0 

Q3 = cos OGA 

- s i n  OGA 

0 

s i n  OGA 

cos OGA 

Because t h e r e  a r e  only two a t t i t u d e s  f o r  t h i s  op t ion ,  a t o t a l  of fou r  
compiita.tions g ive  [SMNB 1.. . [SMNBq] .  

by equat ions  ( 2 a ) ,  ( 2 c ) ,  (l9), and ( 2 0 ) .  
g iven  3y equat ions  ( 5 a ) ,  ( 5 c ) ,  (21) and (22). 

Computations f o r  t h e  CSM a r e  given 

Computations for t h e  LM a r e  
1 

[Rl] = [SMI'TBIIcSM T [smB21CSM ( 2 a )  

S211 (19) 32' '13' l ivi  ( r o t a t i o n  vec to r  1 f o r  CSM) = IJnit [S CSM 

If [SMNB1ICSM = [ R 2 ]  and [SMNB2ICSM = [ R 3 1 ,  then  
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o r  

RV2csM ( r o t a t i o n  vec to r  2 for CSM) = - Unit [R311, R312, R3131 

32’ ‘13’ ’21’ R V l M  ( r o t a t i o n  vec to r  1 f o r  LM) = Unit [S 

Let [SMNB1ILM = [ R 2 ]  and [SMNB2], = [ R 3 1 .  

R V 2 m  ( r o t a t i o n  v e c t o r  2 f o r  LM) = Unit [R211, R212, R213] 

or 

RV2LM ( r o t a t i o n  vec to r  2 for LM) = Unit [R311, R3,2, R3131 

The same procedure i s  now used as i n  mode 1 t o  cons t ruc t  a r e fe rence  
coordinate  system and t o  so lve  for t h e  torquing  angles .  

4.0 MODES 1 AND 2 

Compute Q1, Q 2 ,  and Q 3  s i x  t imes for t h r e e  a t t i t u d e s  o f  t h e  CSM and 
three a t t i t u d e s  o f  t h e  LM. 
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Q2 ( l , 3 )  = 0.0 

Q2 (2,l) = -sin MGA 

Q2 (2 ,2 )  = COS MGA 

Q2 ( 2 , 3 )  = 0.0 

Q2 ( 3 , l )  = 0.0 

Q2 ( 3 , 2 )  = 0.0 

Q2 (3,3) = 1.0 

Y 

Q3 (3,l) = 0.0 

Q3 (3 ,2 )  = - s i n  OGA 
, 

Ql (1,l) = cos IGA 
Q1 (1 ,2 )  = 0.0 

Q1 (1,3) = - s i n  I G A  

Q1 (2,l) = 0.0 

Q l  (2 ,2 )  = 1 .0  

Q1 ( & 3 )  = 0.0 

Q1 ( 3 , l )  = sin IGA 

Q1 ( 3 , 2 )  = 0.0 

Q1 (3,3) = COS I G A  

' Q2 (1,l) = COS MGA I 
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v 

S e t  1 CSM 
S e t  2 CSM 
S e t  3 CSM 
S e t  1 LM 
S e t  2 LM 
S e t  3 LM 

RILM = [SMNB4lT[SMNB5I 

R2 LM = [SMNB5IT[SMNB6] 

t 
RVICSM = Unit [S32y S13, '21ICSM 
a 
RV2CSM = Unit 1'32 3 '13 > '211 CSM 

32' '13' '21'LM 

= Unit [P32y P13, '21ILM 

RVILM = Unit [S 

RV2LM a 

t 
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nCSM = Unit [RV~~,~] 
UYCSM = Unit 

CSM 
Unit[RVICSM] x Unit [RV2 { 

{ 

UZCSM = [ml x [UYI 

UXm = Unit [RVlL14] 

UYLM = Unit 
LM 

Unit[RVkM] x Unit [RV2 

uzm = [uxl x [LEI  

t 

-- 
[ A l l  = [REFSMMAT] [REF'SMMATIT[A] r LM DESIRED CSM ACTUAL 

a This a d d i t i o n a l  computation i s  i n s e r t e d  t o  allow for to rquing  the  
LM p la t form t o  any d e s i r e d  REFSMMAT (no t  n e c e s s a r i l y  t h e  CSM platform 
o r i e n t a t i o n ) .  
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? 

1 Call A r c t r i g  I 

I I Output angles  Q1, + 2 y  0 i n  degrees 

a 

bR1 and R 2  a r e  r e spec t ive ly  R I C S M  and R2CSM. 

I n  - i n n e r ,  MI - middle,  OT - o u t e r .  

NASA - MSC 

Y 


