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RTCC REQUIREMENTS FOR THE LO1 BURN 

GO/NO-GO PROCECURE 

By H .  S. Estes 

1 . 0  SUMMARY AND INTRODUCTION 

The purpose of t h i s  document i s  t o  def ine  t h e  equat ions and l o g i c  
r equ i r ed  t o  develop a computer program t o  compare t h e  Sa turn  instrument  
unit  (IU) and spacec ra f t  i n e r t i d  measurement u n i t  ( IMU) v e l o c i t y  vec to r s  
during t h e  t r a n s l u n a r  i n j e c t i o n  burn.  The comparisons are p a r t  of t h e  
LO1 GO/NO-GO dec i s ion  def ined  i n  re ference  1. This  func t ion  w a s  t h e  
r e s p o n s i b i l i t y  of t h e  Real-Time Auxil iary Computer F a c i l i t y  f o r  previous 
missions and should be  a v a i l a b l e  i n  t h e  Real-Time Computer Complex ( R T C C )  
f o r  use  on Apollo 1 2  (Mission H - 1 )  and subsequent missions.  

For every computational c y c l e ,  t h e  program accepts  a Sa turn  s t a t e  
v e c t o r  and a spacec ra f t  (SC) s t a t e  vector  w i th  t h e i r  a s soc ia t ed  down- 
l i n k e d  t i m e  t a g s  from t h e  real- t ime program. These s t a t e  vec tors  have 
previous ly  been reso lved  i n t o  ear th-centered t rue  (ECT) coordinates  by 
t h e  RTCC.  The vec to r s  are then  t ime synchronized and reso lved  i n t o  IMU 
s t a b l e  member (SM) coord ina tes ;  t h e  g rav i ty  and SC i n i t i a l  azimuth 
misalinement e f f e c t s  a r e  removed; and the  r e s u l t a n t  vec to r s  a r e  d i f f e r -  
enced. The component and t o t a l  v e l o c i t y  d i f f e rences  should be produced 
a s  output  on s t r i p  cha r t  recorders  o r  on equiva len t  d i sp l ays .  The l o g i c  
flow of  the(program i s  shown i n  f i g u r e  1. Equations p e r t a i n i n g  t o  each 
block are shown i n  figures 2 through 8. 
fol lows.  Input  r equ i r ed  f o r  t h e  program i s  l i s t e d  i n  t a b l e  I .  A l l  
symbols are def ined i n  t a b l e  11. 

a 
A d e s c r i p t i o n  of  each block 

2.0 PROGRAM DESCRIPTION 

Process ing  of d a t a  begins  when t h e  time t a g s  a s soc ia t ed  with t h e  input  ,, Saturn  and SC s ta te  vec to r s  exceed a t i m e  which i s  c o n t r o l l e d  by inpu t .  The 
input  t i m e  should correspond c l o s e l y  t o  10  seconds be fo re  t r ans luna r  
i n j e c t i o n  ( T L I )  burn i g n i t i o n  t i m e  expressed i n  ground elapsed t ime ( g . e . t . 1 .  
Immediately a f t e r  d a t a  processing begins ,  t h e  s t a t e  v e c t o r s  from both t h e  
Sa turn  and t h e  SC must be ed i t ed  t o  e l imina te  t h e  p o s s i b i l i t y  of i n i t i a l -  
i z i n g  t h e  g r a v i t y  c o r r e c t i o n  computations on a bad d a t a  p o i n t .  
e d i t i n g  r o u t i n e  which compares p o s i t i o n  and v e l o c i t y  components of s eve ra l  
success ive  s t a t e  vec to r s  i s  recommended. By appropr i a t e  comparisons, an 
i n c o n s i s t e n t  vec to r  can be found. The i n i t i a l  s t a t e  vec tor  t o  be processed 

An e x i s t i n g  8 
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for both t h e  Sa turn  and t h e  SC should be t h e  e a r l i e s t  vec tor  which has  been 
determined t o  be v a l i d .  occur a f t e r  t h e  i n i t i a l  vec to r  
should not  be el iminated from t h e  computations. Other proven methods 
used t o  e d i t  t h e  i n i t i a l  s t a t e  v e c t o r s  a r e  acceptab le  i f  it i s  imprac t i ca l  

Bad vec to r s  which 

t o  implement t h e  one d iscussed .  

t h e  leading v e c t o r  by comparison of  t h e  Sa turn  and SC t i m e  t a g s  on each 
d a t a  poin t .  The t i m e  t a g  on t h e  lagging vec to r  i s  bracke ted  as a r e s u l t  
of cycl ing through a t a b l e  of l ead ing  vec tors  which have been s t o r e d  i n  
tabular form. Af t e r  t h e  lagging vec to r  i s  bracke ted ,  t h e  l ead ing  vec to r  
i s  i n t e r p o l a t e d  l i n e a r l y  t o  determine a s t a t e  vec to r  a t  t h e  lagging  
vec to r  t i m e .  The lagging vec tor  and t h e  i n t e r p o l a t e d  vec to r  are processed 
through t h e  remainder of t h e  program f o r  comparison of t h e  v e l o c i t i e s .  
The leading  and lagging  vec to r s  must be l a b e l e d  Sa turn  or SC p r i o r  t o  
t h e  i n t e r p o l a t i o n .  An a l t e r n a t e  i n t e r p o l a t i o n  method may be used i f  t h i s  
program i s  not  included i n  t h e  real-time system. 

The i n i t i a l  func t ion  of t h e  i n t e r p o l a t i o n  rou t ine  i s  t o  determine 

After  i n t e r p o l a t i o n ,  t h e  s t a t e  vec to r s  a r e  transformed from ECT i n t o  
IMU s t a b l e  member coord ina tes .  Both coord ina te  systems a r e  i n e r t i a l  
e a r t h  centered and a r e  def ined  as fol lows.  

a.  ECT - X-axis i s  i n  t h e  e q u a t o r i a l  plane d i r e c t e d  through t h e  
Greexwich meridian a t  midnight p r i o r  t o  launch. The Z-axis i s  d i r e c t e d  
a long  the e a r t h ' s  r o t a t i o n  a x i s  through t h e  no r th  po le .  The Y-axis 
completes a right-handed coord ina te  system. 

b .  SM - The X - a x i s  i s  p a r a l l e l  t o  t h e  f l i g h t  azimuth and i s  p o s i t i v e  
down range. The Z - a x i s  i s  p a r a l l e l  t o  t h e  l o c a l  g r a v i t y  vec to r  and i s  
p o s i t i v e  down. The Y-axis completes a right-handed coord ina te  system. 

The t ransformat ion  ope ra t ion  r e q u i r e s  t h r e e  r o t a t i o n s  def ined  by 
t h e  following. 

a. A r o t a t i o n  by t h e  angle  0 about t h e  Z ECT axi.s ( 0  = l ong i tude  
of launch pad p lus  t h e  product of t h e  t i m e  i n t e r v a l  from midnight p r i o r  
t o  launch a d  t h e  e a r t h  r o t a t i o n a l  r a t e )  

b 

b .  A nega t ive  r o t a t i o n  by t h e  geodet ic  l a t i t u d e  p l u s  90° about t h e  
new Y ECT axis 

C .  A r o t a t i o n  by t h e  i n i t i a l  f l i g h t  azimuth about t h e  new Z ECT 
ax1 s 

The v e l o c i t y  change caused by g r a v i t y  i s  c a l c u l a t e d  f o r  bo th  sources  
by simflation of t h e  incremental  v e l o c i t y  changes which can be  a t t r i b u t e d  
t o  g rav i ty .  An average g r a v i t y  i s  assumed over each t i m e  increment.  A 
sphe r i ca l  e a r t h  i s  assumed f o r  t h e  g r a v i t y  a c c e l e r a t i o n  a t  each p o s i t i o n .  
The s c  ve loc i ty  vec to r  i s  c o r r e c t e d  by s u b t r a c t i o n  o f  t h e  t o t a l  g r a v i t y  
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v e l o c i t y  change of t h e  SC followed by add i t ion  of t h e  t o t a l  g r a v i t y  
v e l o c i t y  change of t h e  Sa turn .  These computations remove t h e  e f f e c t  of 
t h e  i n i t i a l  p o s i t i o n  d i f f e rence  between t h e  Sa turn  and t h e  S C  from t h e  
v e l o c i t y  d i f f e rences .  

a 
If no IMU alinement i s  made i n  e a r t h  o r b i t ,  t h e  i n i t i a l  azimuth 

rnisalinement computed during launch must be manually en tered  as inpu t  
i n t o  t h e  program. The SC v e l o c i t y  vec to r  i s  co r rec t ed  f o r  t h e  i n i t i a l  
azimuth misalinement by r o t a t i o n  through t h e  input  angle .  This ope ra t ion  
i s  performed by t h e  same equations which c o r r e c t  f o r  Sa turn  and SC 
g r a v i t y  d i f f e r e n c e s .  L 

A v e l o c i t y  component b i a s  i s  appl ied  t o  each Saturn/SC v e l o c i t y  
I .’ component comparison. These b i a ses  are determined by computation of t h e  

d i f f e r e n c e  between t h e  Sa tu rn  and SC v e l o c i t y  vec to r  components at t h e  
f i r s t  sychronized vec to r s  a f t e r  program s t a r t .  Once computed, t h e  b i a s e s  
remain cons t an t .  

The d e s i r e d  t o t a l  and component v e l o c i t y  comparisons a r e  made by 
s u b t r a c t i o n  of t h e  grav i ty-  and azimuth-corrected SC t o t a l  and component 
v e l o c i t i e s  from t h e  corresponding Sa turn  t o t a l  and component v e l o c i t i e s .  
The v e l o c i t y  component b i a s e s  a r e  then  added t o  e s t a b l i s h  t h e  f i n a l  
v e l o c i t y  d i f f e rences  t o  be produced as output  i n  appropr ia te  d i g i t a l  and 
g raph ica l  form. 

3.0 CONCLUSION 

By use  of t h e  program descr ibed i n  t h i s  i n t e r n a l  no te ,  t h e  parameters 
r equ i r ed  t o  eva lua te  SC performance r e l a t i v e  t o  Sa turn  performance can 
be computed. When t h e s e  parameters a r e  combined wi th  o the r  parameters 
computed by t h e  RTCC, a b a s i s  i s  formed f o r  making t h e  LO1 GO/NO-GO 
dec is ior ,  f o r  t h e  SC. 
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Symbol 

AZO 

TSTART 

t x  

AAZ 

Atm 

A 

P 

0 

E w 

TABLE I.- REQUIRED PROGRAM INPUT 

Def in i t i on  

I n i t i a l  f l i g h t  azimuth 

G . m . t .  t o  start process ing  d a t a  

Maximum t i m e  i n t e r v a l  over  which l i n e a r  
i n t e r p o l a t i o n  i s  permi t ted  

1 , n i t i a l  azimuth misalinement (= 0 i f  IMU 
alinement i s  performed i n  e a r t h  o r b i t )  

Time from previous midnight t o  l i f t - o f f  

Longitude of  t h e  launch s i t e  

Gravi ty  constant  f o r  s p h e r i c a l  e a r t h  

Geodetic l a t i t u d e  of t h e  launch s i t e  

Ea r th  r o t a t i o n a l  r a t e  

b 

rc 
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TABLE 11.- DEFINITION OF TERMS 

AZO 
L- 

a 
i j  

* ’  
E CT 

P 

R 

SM 

TSTAKT 

tn-l 

XS’ YS’ i 

X t = O  

ECT t o  SM t ransformat ion  mat r ix  

Input  i n i  t i a1 f li ght  azimuth 

Elements of ECT t o  SM t ransformat ion  ma t r ix  

Earth-centered t r u e  coord ina te  s u b s c r i p t  

Leading vec to r  t i m e  r a t e  of  change -over 
t he  i n t e r p o l a t i o n  i n t e r v a l  

Radius 

S tab le  member coordinate  subsc r ip t  

Input G . m . t .  t i m e  t o  s t a r t  processing d a t a  

Time of cu r ren t  vec to r  

Time of  previous vec to r  

Leading source l a t e s t  and succeeding s t a t e  
vec tors  f o r  t imes which bracket  the l ag-  
ging v e c t o r  t ime ,  t 

S 

Leading source i n t e r p o l a t e d  s t a t e  vec to r  
at lagging  source t ime,  t 

S 

Subscripted p o s i t i o n  vec tor  

subs c r i p t  e ~ vel0 c ‘I ti- -ic e t  sr 

Subscripted acce le ra t ion  vec tor  

SM X component of v e l o c i t y  a t  l i f t - o f f  



Y t = O  

AAZ 

Atm 

Ax Q , Ay@;y  Az @; 

A i ,  A i ,  A i ,  AV 

'?BIAS 9 "BIAS 9 

"BIAS 

h 

E w 
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SM Y component of v e l o c i t y  a t  l i f t - o f f  

Input  i n i t i a l  azimuth misalinement 

Input  t i m e  t o  l i f t - o f f  from midnight p r i o r  - 
t o  launch 

T o t a l  d e l t a  v e l o c i t y  caused by g r a v i t y  a t  
t ime ind ica t ed .  

I Component and t o t a l  v e l o c i t y  d i f f e rences  
between Sa tu rn  and co r rec t ed  SC at  t ime,  
t 

s 

Saturn/SC v e l o c i t y  d i f f e r e n c e  at t ime of 
f i r s t  pass  only 

Input  longi tude  of launch pad 

Input  r o t a t i o n a l  r a t e  of e a r t h  
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Sa tu rn  s ta te  vec to r  
a t  t i m e ,  ts ,  i n  

ECT coord ina tes  

S a t u r n  s t a t e  vec to r  
a t  t i m e  , ts, i n  SC 

s t a b l e  member (SM) 
coord ina tes  

SC s t a t e  v e c t o r  
a t  t i m e ,  ts,  i n  

ECT coord ina tes  

SC s t a t e  v e c t o r  
a t  t i m e ,  ts,  i n  

SC s t a b l e  member 
(SM) coord ina tes  

F igure  1.- Logic flow f o r  LO1 GO/NO-GO v e l o c i t y  d i f f e rence  program. 
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v e l o c i t y  change due 
t o  g r a v i t y  

Total  Saturn v e l o c i t y  T o t a l  SC v e l o c i t y  
change due t o  g r a v i t y  
acce le ra t ion  from a c c e l e r a t i o n  from 
program s tar t  t o  p re sen t  

change due t o  g r a v i t y  

program s tar t  t o  

w 

1 Figure ( 6 )  
p re sen t  

Saturn v e l o c i t y  
vec tor  i n  SM 
coordinates  

F igure  ( 7 )  V 
1 

Correc t ion  f o r  
d i f f e r e n c e  (one  

I 
Veloc i ty  b i a s  v e c t o r  I I .c Figure  (8 )  

and component v e l o c i t y  

SC v e l o c i t y  vec to r  co r rec t ed  
f o r  i n i t i a l  p o s i t i o n  e r r o r  
( g r a v i t y )  and i n i t i a l  azimuth 
m i s  al inement e r r o r  

Corrected SC 
v e l o c i t y  v e c t o r  
i n  SM coord ina tes  

t o  p l o t t e r  and d i g i t a l  
d i s p l a y  

F igure  1.- Concluded 
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t a g s  on SC and Sa turn  

Enter  af ter  
f irst  pass  

No (En te r  f i r s t  1 
I 

RTCC ECT t o  Apollo IMU Coordinate 
Transformation Matrix 

8 = A + w A t  
E m  

a = -cos AZ s i n  0 cos 8 - s i n  AZ s i n  e 
a = -cos AZ s i n  4 s i n  8 + s i n  AZ cos  e 
a = cos'AZ cos I$ 

a21 = s i n  AZ s i n  41 cos 8 - cos AZO s i n  0 

a = s i n  AZ s i n  0 s i n  8 + cos AZ cos e 
a = -sin AZ cos I$ 

a = -cos 0 cos 8 

a32 = -cos 4 s i n  0 

11 0 0 

12 0 0 

13 0 

0 

22 0 0 

23 0 

31 

= - s in  +# a33 

zss only)  

I I n i t i a l  Conditions -1 

Return wi th  ECT t o  SM matr ix  - and i n i t i a l  v e l o c i t i e s  

Figure 2.- Program i n i t i a l i z a t i o n .  
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4 
Enter  wi th  Sa turn  and SC s t a t e  
v e c t o r s  as processed previous ly  
t o  ECT coord ina tes  by t h e  RTCC 

I 
Pro ce s s 

and SC v e c t o r s  
Are b o t h  Sa turn  

d u p l i c a t e d  
Yes a next record  

No 

S t o r e  nondupl icated 
v e c t o r s  i n  t a b l e  
according t o  t ime t a g  

1 

c 
Determine lagging  source 

Bracket lagging  source 
t i m e ,  t s ,  by c y c l i n g  through 

l e a d i n g  source t a b l e  of 
s t o r e d  v e c t o r s  

Process  
next record  

I n t e r p o l a t e  

p = (ts  - tn-l)/(tn - tn-l 

x = x + P(Xrl - xn-l 

Y = Y + P(Xn - xn-l 

zs = zn-l  + P( zn - %rl-l ) 

x = x + P(Xn - x*l-l 1 

Y = Y + P(Yn  - Yn-l 

s n-1 

s n-1 

s n-1 

s n-1 

~ _ _  - 
Output i n t e r p o l a t e d  1 c:tdinp arid 1 agging 
source s t a t e  v e c t o r s  a t  co~~unoi~ t i m t , ,  t 

Exi t  with t ime synchronized SC ttnd 
Saturn s t a t e  v e c t o r s .  'I'llest, are t h e  
s t a t e  v e c t o r  i n p u t s  t o  the remainder  of program 

s -  
I 

5 

Figure 3.- I n t e r p o l a t i o n  r o u t i n e .  
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1. 

b 

1 Enter  wi th  Sa turn  and SC s t a t e  vec to r s  i n  
ECT coord ina tes  a t  time, t 

S 

i 
- -  
xsc 

ysc 

zsc - -  

xsc 

ysc 

,zsc 

= (4 

SM 

SM 

ECT 

'SATURN 

'SATURN 
SM ECT 

'SATURN 

'SATURN 

'SATURN 
e 

ECT 

1 
Return with Saturn and SC s t a t e  vec to r s  i n  
SC s t a b l e  member coordinates  

~ 

Figure  4.-  ECT t o  SC s t a b l e  member coord ina te  t ransformat ion  r o u t i n e .  
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v e c t o r s  i n  SM coordinates  

SC v e c t o r  Sa tu rn  v e c t o r  

Recycle through 
SC l o g i c  s u b s t i -  
t u t i n g  ( S a t u r n )  
f o r  SC s u b s c r i p t  

--1 < (20000 f t  + 4000 f p s  ( tn - tn-l) 

Yes 

( tn )  
g s  c 

A k ’  = 1/2 
gsc  

A Y ’  = 1/? 
gSC 

Recycle t o  process  S a t u r n  d a t a .  
Return with Sa tu rn  and SC t o t a l  
changes i n  v e l o c i t y  due t o  
g r a v i t y  from program s t a r t  t o  

Process  nex t  
I r eco rd  I 

4 

Figure  5.- Gravi ty  c o r r e c t i o n  Computations. 
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Enter  wi th  v e l o c i t i e s  a t  t = 0 s e c ,  
uncorrected SC v e l o c i t y  vec to r  i n  
SC SM coord ina te s ,  Saturn and SC 
t o t a l  v e l o c i t y  change due t o  g r a v i t y  
and t h e  i n i t i a l  azimuth misalinement 

I 

1 
I 

1 

- A ;  ) 
gsc 

+ AX ' co r rec t ed  - 
xsc X t = O  %aturn 

- 

+ cos (A.AZ)(Xsc  - Xt,O - AX 
gsc 

+ AY ' co r r ec t ed  - * 

ysc Y t = O  g s  a t u r  n 
- 

+ COS ( A A Z ) ( Y ~ ~  - Yt=O - AY ) 
gsc 

I Return with corrected SC I v e l o c i t y  components 

i 

Figure 6.- I n i t i a l  azimuth misalinement and g rav i ty  
co r rec t ion  t o  SC v e l o c i t y  v e c t o r .  
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Enter  on f i rs t  pass  onlywi th  
co r rec t ed  SC and Saturn 
v e l o c i t y  components 

' co r r ec t ed  
'Saturn 

- - ' co r r ec t ed  
- 'SC 'Sat u rn  

Return wi th  v e l o c i t y  
component b i a s  t o  be 
app l i ed  t o  each v e l o c i t y  

Figure 7 .- Veloci ty  d i f f e r e n c e  i n i t i a l i z a t i o n  r o u t i n e .  

. 

I 
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Enter  wi th  cor rec ted  SC and Saturn 
v e l o c i t y  components and t h e  v e l o c i t y  

, b i a s e s  

' co r r ec t ed  
SATURN - 'SC + "BIAS AX = X 

' cor rec ted  
SATURN - 'SC + "BIAS AY = Y 

' cor rec ted  
= 'SATURN - 'sc + "BIAS 

t 
Exi t  t o  p l o t t e r  and d i g i t a l  d i sp l ay  wi th  
Saturn/SC component and t o t a l  v e l o c i t y  I d i f f e rences  

F igure  8.- Veloc i ty  component and t o t a l  v e l o c i t y  d i f f e r e n c e  r o u t i n e .  
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