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APOLLO 11 (MISSION G )  SPACECRAFT DISPERSION ANALYSIS 

VOLUME I1 - TRANSLUNAR AND TRANSEARTH PHASES 

ByG. C .  H i t t ,  S. M. Kindall, and J. D. Yencharis 

SUMMARY 

The r e s u l t s  of t h e  spacecraft  dispersion analyses f o r  t h e  t rans-  
lunar end transeiirth phases of Apollo ( ~ i s s i o n  G) a r e  presented i n  t h i s  
document. The analyses were performed based on t h e  Apollo 11 ( ~ i s s i o n  G) 
operational t r a j ec to ry  which has a Ju ly  16, 1969, launch date and a 
72O. launch azimuth ( r e f .  1). 

O f  t h e  200 t ranslunar  phase and 200 t ransear th  phase simulations 
which were performed, t h e  worst cases r e su l t ed  i n  t o t ~ . l  service prop- 
u ls ion  system (SPS) AV expenditures of 53.6 fps  and 17.2 fps  for t h e  
translunar and t ransear th  phases,. respectively.  Worst-case reac t ion  
control  system (RCS) AV expenditures were 5.5 fps  f o r  t h e  t ranslunar  
phase and 14.6 fps  f o r  t h e  t ransear th  phase. 

Trajectory deviations at lunar o r b i t  insertioc.  (LOI) and a t  entry 
a re  smaller than those obtained from pre f l igh t  analyses f o r  t h e  Apollo 10  
mission and appear t o  be acceptable. However, it Etppears, t h a t  deviations 
a t  LO1 could be reduced s ign i f i can t ly  i f  a midcaxise correct ion were 
not allowed a t  MCC-3 (LOI minus 22 hr). 

.. . 

: ?  ,.I This analysis  was conducted within t h e  guideline of MCC logic  
established i n  t h e  most recent Mission Techuiriczeii documents ( r e f s .  2 and 3 ) .  

- .  -. 
i 

However, recent changes i n ,  t h a t  logic  w i l l  ~ e c e s s i t a t e  a revis ion of 
r l 

i t h i s  dispersion analysis .  On t ranslunar  coust,  an e n t i r e l y  d i f f e r e n t  
. . ph:i!.cjsophy i n  MCC logic  which w i l l  emphasize: MCC-2 and MCC-4 instead of 

MCC-1 and MCC-3 i s  current ly evolving. On t r ans ,  a r t h  coast ,  t h e  time 

i f o r  t h e  middle midcourse (MCC-6) maneuver kns bet.n moved from 
I E I  minus 15 hours t o  EI minus 22 hours. Ancther cause f o r  revis ion 3f 

t h e  analysis  i s  an update of one error  sourer.? ( t h e  CSM TVC pointing e r r o r )  

I / which i s  used f o r  t h e  analysis .  



MISSION DESCRIPTION 

The nominal time l i n e s  fo r  t h e  translunar and t ransear th  phases 
of Apollo 11 ( ~ i a s i o n  G ) ,  as specified i n  reference 1, a r e  shown below. 

Translunar phase 

Transearth phase 

Event 

Translunar inject ion 
(TLI) cutoff 

MCC-1 

MCC-2 

MCC-3 

MCC-4 

LO1 igni t ion 

Nodal pas sage 

Time, day:hr:min, 
g.e.t .  

0: 02: 50 

0: l l :  50 

1:02:50 

2:05: 55 

2:22: 55 

3:03:55 

3:03: 58 

Eveni 

Transearth inject ion 
(TEI) cutoff 

MCC-5 

MCC-6 

MCC-7 

Entry 

Time from TLI 
cutoff, hrs 

0 

9 

24 

51.1 (LOI minus 22 hr) 

68.1 (LO1 minus 5 hr) 

73.1 

73.1 

Time, day:hr:min, 
g.e . t .  

5:11:31 

6: 02: 31 

7:12:01 

8:00:01 

'8:03:01 

Time from TEI 
cutoff,  hrs  

0 

15 

48.5 (entry minus 1 5  hr) 

60.5 (entry minus 3 hr) 

63.5 

'b 



SIMULATION DESCRIPTION 

p The dispersion analyses f o r  t h e  t ranslunar  and t ransear th  phases 
& of Apollo 11 ( ~ i s s i o n  G) were performed with the  l inea r  Monte Carlo 

dispersion analysis  programs described i n  references 4 and 5. 

Translunar Simulations 

.b?: . .. 
r '? 

. ;? Each t ranslunar  sirnuletion was i n i t i a l i z e d  with a s e t  of sample 
;?,. 
:.i ..;: s t a t e  vector deviations (ac tua l  deviat ions)  a f t e r  t h e  evasive maneuver 
s.: 

.3." 
a t  TLI cutoff plus 6601.4 seconds and was terminated a t  t h e  nominal time 

,$..: . ... .,f nodal passage. Simulated midcourse corrections were targeted t o  node 
?r. 
%- yt. 

(x, Y ,  Z and time a t  t h e  node of t h e  approach hyperbola and t h e  lunar 
t i . '  

B o r b i t  plane) and included t h e  e f fec t s  of MSFN navigation e r ro r s ,  e r ro r s  
. .. .... 
... 

i n  the  estimated values f o r  t h e  gravi ta t ional  constants of t h e  ear th  and 
moon, and midcourse execution er rors .  

Transearth Simulations 

Transearth simulations were i n i t i a l i z e d  with a s e t  of sample ac tua l  
s t a t e  deviations a t  TEI cutoff plus 15  seconds and were terminated at  
entry in ter face  (400 000 f t  ) . Simulated t ransear th  midcourse corrections 
were targeted t o  an entry fight-path angle of -6.509' ( w i t h  longitude 
and l a t i t u d e  of the  entry point unconstrained) acd included t h e  e f f e c t s  
of MSFN navigation e r ro r s ,  e r rors  i n  t h e  estimated values f o r  t h e  
gravi tat ional  constants of t h e  ear th  and moon, and midcourse execution 
errors .  

In  both t h e  translunar and t h e  t ransear th  simulations, ESFN tracking 
:.. . data  taken d u r i ~ g  the  2-hour period immediately pr ior  t o  a planned 
2.. 

.Y 
midcourse correction were not included i n  t h e  calculat ion of t h e  
required AV. 

ERROR SOURCES 

Navigation Errors 
i. .a+;< 

e MSFN tracking normal matrices and s t a t e  t r a n s i t i o n  matrices f o r  
' ? 

72 
t h e  translunar and t ransear th  phase dispersion analyses were prepared 

2 by MSC/TRW task  A-153 using the  TAPP I V  program. Navigational e r ror  
, sources whose ef fec ts  were included i n  both t h e  translunar and t ransear th  

analyses were tracking da ta  noise and biases ,  MSFN tracking s t a t i o n  
-.. 
"9 

. . 



locat  ion er rors ,  e r ror  i n  the  estimated value f o r  t h e  gravi ta t ional  
constant of t h e  ear th,  and er ror  i n  t h e  estimated value fo r  t h e  
gravi tat ional  constant of t h e  moon. The value of t h e  standard deviation 
for  each of these er rors  was specified by t h e  Mathematical Physics Branch 
of Mission Planning and Analysis Pivision. venting e f f e c t s  were not 
included i n  t h e  Apollo 11  isst st on G )  simulations, Navigational e r ro r s  1C 

fo r  Apollo 11 ( ~ i s s i o n  G )  , t h e  e f fec t s  of which a r e  considered i n  t h i s  
analysis ,  a re  summarized i n  reference 6. 

Midcourse Execution Errors 

Translunar and t ransear th  lnidcourse maneuvers were modeled as in- 
pulsive corrections,  and it was assumed t h a t  a l l  maneuvers a r e  performed 
with t h e  primary guidance system. The e f f e c t s  of t h e  er rors  l i s t e d  
below were included i n  simulated midcourse maneuvers; t h e  er rors  were 
modeled t o  have a normal d i s t r ibu t ion  with mean and standard deviation 
3s indicated, - 

Error 

I n i t i s l  t h rus t  vector pointing e r ro r  
Pi tch,  deg . . . . . . . . . . . . .  
Yaw, deg . . . . . . . . . . . . .  

IMU platform alinement e r ro r  a t  
midcourse burn i n i t i a t i o n a  

Pitch,  deg . . . . . . . . . . . .  
Roll,  deg . . . . . . . . . . . . -  
Yaw, deg . . * . . . . . . . . . .  : 

. . . . . . . . . . . .  
IMU accelerometer b ias  

X-axis, f t / sec2  
Y-axis, f t / sec2  . . . . . . . . . .  I Z-axis, f t / s e c 2  . . . . . . . . . . . .  -3 

I 
' Error i n  SPS t h r u s t  magnitude, l b ,  . . 
.. 

Error i n  RCS t h r u s t  magnitude (one . . . . . . . . . . . . . .  j e t ) ,  l b  

IMU accelerometer sca le  fac tor  
. . . . . . . . . . . . .  X - a x i s . ,  . . . . . . . . . . . . . . .  Y-axis . . . . . . . . . . . . . . .  z-axis 

SPS t a i l o f f  impulse e r ro r  (equivalent 
time at f u l l  t h r u s t ) ,  sec . . . 
a Includes an i n i t i a l  misalinement of 

of d r i f t  a t  a r a t e  of 3.0 x log2 deg/hr . 
1.87 x ( l a ) .  

Mean I Standard deviation 1 

1 .ll x 1 0 ~ ~ ~  ( l a )  ~ n d  one-half hour 
The RMS of these two values yielded 



In addition t o  these er rors ,  i n i t i a l  vehicle p i t ch ,  r o l l ,  and yaw a t t i t u d e  

b* errors  a t  maneuver igni t ion  were simulated with these  e r ro r s  ass7med t o  
2. be uniformly d i s t r ibu ted  between -0.5' and 0.5' ( t h e  deadband cons t ra in ts  
9 for  a t t i t u d e  hold pr ior  t o  i g n i t i o n ) .  Also, t h e  f a c t  t h a t  AV sensed 

onboard accumulates i n  d i s c r e t e  s teps of 0.19 fps  r a the r  than as  a 
continuous function of ac tua l  AV, was accounted f o r  i n  t h e  simulation. 

Nominal weights and engine performance data  f o r  t h e  CSM were 
assumed t o  be as  follows. 

Nominal CSM weight (dry), l b  . . . . . . . . . . .  22 831 . . . . . . . . . . . . . . .  Nominal LM weight, l b  33 276 
. Nominal propellant weights a f t e r  TLI,  l b  . . . . . .  40 498 

. . . . . .  Nominal propellant weights a f t e r  TEI ,  l b  3 755 
. . . . . . . . . . . . .  Nominal t h r u s t  f o r  SPS, l b  20 880 

. . . . . . .  Nominal spec i f ic  impulse f o r  SPS, sec 313.8 
. . . . . . . .  Nominal t h r u s t  (one j e t )  f o r  RCS, l b  102.8 

. . . . . . .  Nominal spec j f ic  impulse f o r  RCS, sec 277 3 

Nominal performance values, standard deviations f o r  e r ro r s ,  and 
curves which r e l a t e  AV e r ro r s  (caused by i n i t i a l  t h r u s t  vector pointing 
e r r o r )  t o  midcourse burn time were a l l  obtained from reference 7. Nominal 
weights were obtained from reference 8. 

In jec t ion  Errors 

The covariance matrices of ac tua l  post inject ion s t a t e  deviations 
which were used t o  generate sample i n i t i a l  s t a t e  deviations fo r  t h e  
translunar and t ransear th  phase simulations a r e  presented i n  t a b l e  I .  
These matrices were generated by t n e  Guidance and Performance Branch of 
Mission Planning and Analysis Division. 

Each of t h e  matrices i n  t a b l e  I i s  ac tua l ly  a combined covariance 
and corre la t ion  matrix with covariance elements a 

i .I 
i n  the  lower 

t r iangular  portion and corre la t ion  coeff ic ients  
'ij 

above t h e  diagonal, 
as  shown on t h e  following page. 



where a = stacdard deviation of t h e  i t h  com~onent of t h e  s t sbe  
i 

vector deviation 

' i j  
= corre la t ion  coeff ic ient  f o r  the  i t h  and j t h  components 

MIDCOUFlSE DSCISION LOGIC - \ 

A '  

I n  t h e  translunar and t ransear th  simulations, t h e  decision t o  make 
or not t o  make a midcourse correct ion a t  each of t h e  specif ied nominal 
midcourse times was based on t h e  magnitude of t h e  required AV r e l a t i v e  t o  
several  d i f f e ren t  threshold values. The f i r s t  of these thresholds was 
t h e  midcourse correction threshald (MCCT) . A marleuver was not performed 
unless t h e  magnitude of the  required AV exceeded t h i s  threshold. 1f . 

I > MCCT, then a midcourse correction was perforned, 1f IEREB - 
I > SPST, the  SPS threshold, then t h e  maneuver was performed w i t h  

IAVI?EQ - 
t he  spsa; othem,ise,  t h e  maneuver was performed with the  RCS. 

a For transearth simulations, a l l  SPS MCC1s  included an RCS ul lage  
maneuver equal t o  4.0 fps .  Ullage maneuvers were not performed during 
the  translunar phase. i 
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After a midcourse correction with the SPS, the magnitude oi' - - - - 
*'RES the residual AV (avRES =  RE^ - A v ~ ~ ~ ~ ~ ~ .  ) ,  was cr~mpared with 

the trim threshold TRIMT, and an RCS trim maneuver was performed if 

1 E m s  1 2 1 However, the residual AV was not trimmed down to zero 

but down to the value of TRIMT, in accordance with a policy established 
by the Data Priority Techniques Working Groups. 

A diagram of the midcourse decision logic is shown in figure 1. 
The values of MCCT, SPST, and TRTMT for the four translunar midcourse 
corrections are given in table 11. The values for the three transearth 
midcourse corrections are shown in table 11. 

TABLE 11.- TRANSLUNAR MIDCOURSE DECISION THRESHOLDS 

I '~IMT, fps a I a I 0 5 I 1.0 I 

Threshold 

TABLE 111.- TRANSEARTH MIDCOURSE DECISION TXXSEOLDS 

MCC-1 

 r rim not allowe2. 

MCC-2 

- 
MCC-7 

1.0 

1 4 . ~ .  

.2 

MCC-6 

0 5 

14.0 

.2 

Threshold 
P 

biCCT, fps 

SPST, fps 

TRIMT, fps 
J 

MCC-3 

MCC-5 

1.0 

14.0 

.2 

MCC-4 



ENTER WITH GVREQ I -1  
NO MANEUVER 

b 

No EXECUTE - RCS MANEUVER 
D 

1 YES 

EXECUTE SPS MANEUVER 
(TFIANSEARTH MCC'S INCLUDE 
4 . 3  FT/SEC RCS ULLAGE) 

NO 
+ - NC. RCS TRIM 

1 & 

EXECUTE RCS TRlM MANEUVER I N  
WHICH THE COMMANDED TRIM AV 
IS GIVEN BY I 

= TvRES - TCIMT A ~ R E  s 
G~~ IM I  AT^^^ I 

Figure I .  Midcourse Cecision Logic 



RESULTS 

Detaile3 r e s u l t s  from simulations of the  translunar and t ranseer th  
phases of Apollo 11 ( ~ i s s i o n  G) a r e  tabulated i n  appendixes A and B, 
respectively. 

Summary of TransPmar Results 

A s  shown i n  t a b l e  A-V i n  appendix A, t h e  l a rges t  t o t a l  AV comnarded 
for Apollo 11 ( ~ i s s i o n  G) was 56.2 fps .  The l a rges t  t o t a l  SPS usage 
was 53.6 fps and the  la rges t  t o t a l  RCS usage was 5.5 fps  . 

. The engine usage h i s to r i e s  of all 200 translunar simulations ( f ig .  2 ) ,  
indicates t h a t  the  most probably translunar seqiience of maneuvers i s  
as  follows. 

a. A first MCC a t  TLI ~ 3 3 s  9 hours made with t h e  SPS 

b. No MCC a t  TLI plus 24 hours 

c .  A second MCC a t  LOT minus 22 hours made with t h e  RCS 

d.  A t h i rd  MCC a t  LO1 xinus 5 hours made with t h e  SPS 

The f i n a l  1~ dispersion i n  a l t i t u d e  at  node was 2.99 n. m i .  The ,: 

largest  posit ive deviat.ion i n  a l t i t u d e  at node was 8.2 n. m i . ,  and t h e  
largest  negc-tive deviation was -8.2 n. m i .  The dispersion i n  a l t i t u d e  
a t  node fo r  Apollo 11 (Mission G )  is smaller than it was f o r  the  Apollo 10  
mission. The f i n a l  deviation i n  a l t i t u d e  at  node caused d i r e c t l y  by execution 
error a t  MCC-4 is not l a rge  (e.g.,  t a b l e  A-IV) ; t h e  deviation is  primarily 
the r e su l t  of error i n  t h e  p r e - ~ ~ ~ - b  estimate of required AV caused by 
s t a t e  vector uncertainty. . 
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Summary of T r ~ n s e a r t h  Results 

Analysis of t h e  t ranscar th  phase indicates  t h a t  in jec t ion  e r r c r s  
incurred during t h e  TEI burn a r e  small and correctable  ( ta rge t ing  f o r  
a fl ight-path angle at  entry of -6.509') at  a small cost  of midcourse 
AV. One of the  200 t ransear th  simulations which were performed required 9 

no midcourse correct ion a t  al l ,  and approximately 28 percent of t h e  
simulations accumulated a t o t a l  AV of 3.0 fps  or  l e s s .  The SPS was used 
only f i v e  times during t h e  simulations. A l l  f i v e  SPS maneuvers occurred 
a t  MCC-5 (TEI plus 15  h r ) ;  the SPS was never required st MCC-6 (ent ry  
m i m s  15  hr ) or at MCC-7 (ent ry  minus 3 hr ) . The l a rges t  cumulative 
AV (RCS) obtained was 22.8 fps .  

A s  indicated i n  t a b l e  B-V of appendix B, midcourse corrections 
during t h e  t ransear th  phase were always i n  a d i rec t ion  very nearly 
perpendicular t o  t h e  geocentric posi t ion vector of t h e  vehicle  and i n  
t h e  plane of t h e  t r a j ec to ry .  

The t ransear th  maneuver sequence followed by each of the  200 
t ransear th  simulations i s  presented i n  f igure  3 .  A t  any time i n  t h e  
mission, given t h e  sequence of manewers which preceded t h a t  time, da ta  
i n  f igure  3 indicate  t h e  ~ r o b a b l e  sequence of maneuvers which w i l l  follow. 
Thus, pr ior  t o  MCC-5, t h e  most probable sequence of t ransear th  maneuvers 
i s  t h e  following. 

a. MCC-5: RCS meneuver 

b. WC-6: no maneuver 

c .  MCC-7: no maneuver 

Note that some of t h e  branches of t h e  t r e e  i n  f igure  3 were, followed i n  
only a vzry few cases. On these branches %he r e l i a b i l i b y  of a predicted 
maneuver sequence would not be very high because t h e  prediction would 
be based on r e s u l t s  from such a small number of samples. 

Entry parsmet e r s  ( ac tua l )  from t h e  t ransear th  simulations ranged 
between t h e  values shown i n  t h e  following t ab le .  



UCCd 
(ENTRY - 15) 

MCC-7 
(ENTRY - 3) 

I,] ' { . I  

y-1 
MCC 

THE NUMBERS I N  EACH BOX INDICATE THE 
NUMBER OF SAMPLES AND THE PERCENTAGE 
OF 200 SAMPLES, RESPECTIVELY. 0BTF.lNED \ \ , 
FROhn THE SIMULATIONS. 

Figure 3. 

M . x  

Engine Usage for Transearth Simulations 



1 4  

Actual Entry Parameters 

Note t h a t  t h e  entry f l ight-path angle range i s  well  within t h e  
entry corridor of -5.25O (overshoot) t o  -7 .3b0 (12g undershoot) defined 
i n  reference 1. Entry longitude and latTtude deviations,  which were 
not constrained i n  t h e  calculat ion of midcourse corrections,  r e s u l t  
i n  l ~ ~ l d i n g  points which a r e  within t h e  relocat ion capabi l i ty  of t h e  
recovery sh ip  during t ransear th  coast .  

An MCC never accomplished i t s  purpcse t o  completely n u l l  deviations 
i n  t h e  t a rge t  parameter(s),  i n  t h i s  case, f l ight-path angle y a t  entry.  - 
There a r e  two c lasses  of e r rors  which cause t h i s  f a i lu re :  e r ro r  i n  t h e  . 

pre-MCC estimate of y a t  entry,  which leads t o  an erroneous calculat ion 
of t h e  required AV, and e r ro r  i n  t h e  execution of t h e  maneuver. The 
contribution of each of these c lasses  of e r ror  t o  t h e  post-MCC deviation 
i n  y a t  entry i s  shown i n  t h e  Trajectory Character is t ics  sect ions of 
t ab les  B-I,  B-11, and B-I11 i n  appendix B. Note t h a t  t h e  f i n a l  deviation 
i n  y a t  entry i s  caused primarily by t h e  F ~ ~ - M c c - ~  e r ror  i n  t h e  estimate 
of y ra ther  than execution e7ror a t  MCC-4. 

Parameter 

Flight-path angle, deg 

k i n u t h  deviations,  deg 

Longitude deviations , deg 

L a t , t  ~ d e  deviations,  deg 

~ , + e e d  deviations,  fps  

I n  summary, entry conditions obtained from t h e  Apollo 11 ( ~ i s s i o n  G )  
t ransear th  simulations appear t o  be completely acceptable. 

Nominal 

-6 509 

0.00 

0.00 

0.00 

0.00 

LOW 

-6.674 

-.go 

-1.89 

0.36 

-11.6 

CONCLUSIONS 

1 

High 

-6.366 

.96 

1 -61  

.36 

16.2 

The following conclusiorls may be drawn from t h i s  analysis .  

a ,  The t ranslunar  midcourse philosophy would benefi t  from any 
change which deemphasizes MCC-3. 

b. Total  AV cos ts ,  t ranslunar  and t ransear th ,  a r e  e n t i r e l y  
acceptable. 



c . Entry in ter face  conditions a r e  well within acceptable bounds. 

It should a l so  be pointed out t h a t  t h i s  analysis  r e f l e c t s  only 
o f f i c i a l l y  documented procedures which $ere i c  e f fec t  a t  t h e  time 
t h e  study was i n i t i a t e d .  A revis ion  of the  document w i l l  be forthcoming 
short ly .  It w i l l  r e f l e c t  t h e  most current operational procedures. 
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TABLE A-I .- STATISTICAL SUMMAP.Y OF MIDCOURSE CORRECTION 1 (TLI + 9 Hours ) 

Maneuver Characteristics 

Sample 
Size 

200 

199 

Item - Nominal Mean 0 -- Low - High 

15.9 9.2 1.2 50.2 

15.9 9.2 . 3.2 50 - 2  
hV required (f t /see) 0 -0 

Total AV commanded 
(ft/sec) I 
Total SPS AV c o m n d e d  
(ftlsec) I 
Total RCS AV cammanded 
(f tlsec) I 
RCS AV commanded (MCC) 
(f t / sec) I 
RCS AV commanded (trim) 
(ftlsec) 

-Actual SPS propellant 
'expended (lb) I 
Actual RCS propellant 
expended ( lb) 

Actual SPS burn time 
(set) 

Actual RCS burn time 
(set) 

hVU sensed (ftlsec) I 
bVV 'sensed ( f t / sec) 

hVw sensed (f t lsec) 
. . 

bVx residual a (ft l sec) 
hVv residuala (f t lsec) 

J 

hVZ residuala (ftlsec) 0.0 

Number of SPS MCC1s - 199 
Numbe: of RCS ullages - 0 
Number of RCS MCCts - 0 
Kum5er of RCS trims - 0 
a 
AV corrmanded minus AV sensed in control axis coordinates 

, . 
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Maneuver Characteristics 
b. ifi:; 

, % Sample 
Item Nominal Mean a 

AV required (f t Isec) 0 .O 0.9 0.5 

Total AV commanded 
(ft/sec> 

Total RCS AV commanded I I - 
(ftlsec) 

Total SPS AV comanded 
(ftlsec) 

o o 

RCS A!' commanded (trim) 
(f tlsec) 

RCS AV commanded (MCC) 
(ftlsec! 

- - 

Actual SPS propellant 
expended (lb) 

Actual iPS burn time 
(set) 

o o 

Actual RCS propellant 
expended ( lb) 

- o 

hVu sensed (ftlsec) 

hVV sensed (f t /sec) 

Actual RCS burn time 
(set) 

Low -' High Size 

0.1 2.6 200 

0 0 0 

o - 

AV sensed (ftlsec) I .. 0 - 0 0 
w . 

' /' A V ~  residuala (ftlsec) - o o 

i 
0 

i '  AV residuala (f tlsec) o .. I )  0 
Y 

A V  residuala (ftlsec) 0.0 - o o o 

z 
0 

Number of SPS MCCts - 0 
Number of RCS ullages - 0 
Number of RCS MCC's - 0 
Number of RCS trims - 0 
a 
AV commanded minus AV sensed in control axis  coordinates 
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F 
'.*t. . TASLE A-111.- STATISTICAL SUMMARY OF MIDCOURSE CORRECTION 3 (LOI - 22 Hours) 
4 ,  
pi* 
$$ 
4 

e Maneuver cha rac te r i s t i c s  
b 

Item -- Nominal - Mea: - Q - Low High 
AV required (f t Isec) 010  1.98 1.1 0.3 , 5.8 

Total AV comnded  
( f t l s e c )  

Total SPL AV comnanded 
( f t l s e c )  

Total RCS AV commanded 
( f  t l s e c )  

RCS AV connuanded (MCC) 
( f t l s e c )  

RCS AV commanded ( t r im) 
( f t l s e c )  

Actual SPS propellant 
expended ( lb )  

Actual RCS propellant 
expended (I t ,  j 

Samp 1 e 
Size 

200 

f gVU sensed v .E t l s .~c )  I 0.1 I .23 -4.2 5.2 
8% sensed ( f t l s e c )  I -0.1 1.6 -4.4 3.5 

hVw sensed ( f t l s e c )  I 0.01 0.95 -2.8 2 . 1  

AV residual* ( f t l s e c )  
X 

AV,, residuala  ( f t l s e c )  - 

I 
Number of SPS M C C f s  - 33 
Number of RCS ul lages - 0 

I 

Number of RCS MCC1 s - 160 

f ) Number of RCS trims - 4 
L J  - a 

AV connnanded minus AV sensed i n  control  ax i s  coordinates 
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i TABLE A-IV. - STATISTICAL SUMMARY OF MIDCOURSE CORRECTIOT? 4 (LOI - 5 Houre) 

Maneuver Character is t ics  

Sample 
Size 

200 

1% 

I t e n  - Ncminal Mean - s, Low - 
AV r zquired ( f t l s e c )  0.0 3.7 2 .O 0.6 

High 

11.3 

11.3 Total AV comnanded 
( f t l s e c )  

Total SPS AV' comnanded I 4 . 9  1.8 3 .O 
( f t l s e c )  

Tots1 RSS AV commanded I 2 . 1  0.0 1.03 
(f t / s ec )  

RCS AV commanded ( t r im) 
(f t lsec) 

RCS AV com.lan3ed (MCC) 
i f t l s e c )  

Actual SPS propellant I 18.0 24.6 
expended ( I  b) 

2.1 0.6 1.03 

Actual RCS propellant 
expended ( lb )  

Actual SPS burn time I C! .71 0.27 0.37 
(set) 

Actual RCS burn time 
(set) 

hVu sensed ( f t l s e c )  

! A V ~  sensed ( f t / s e c  j 
sensed ( f t l s e c )  

AV residuala (6tIsec)  
X 

U 

AV residuala ( f t  lsec j 
v 

Number of SPS MCC1s - 114 
Number of RCS ullages - 0 
Nunber of RCS MCC' s - 81 
Number of PCS t r i m s  - 0 - 
a. 

AV comnded minus AV sensed i n  control ax i s  coordinates 
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TABLE A-V1.- SAMPLE COVARIANCE blATRICES OF REQUIRED MIDCOURSE AV 

First Midcourse Correction (TLI+9 Hours) 

Sample covariance matrix of required midcourse hV (ft/sec; geocentric 
UVW coordi;lates)a 

1 2 3 

1 1.2393220+001 Symnetric 

? 
Second Midcourse Correction (TL1+24 Hours) 

.. . . .- . . Sample covariance matrix of required midcourse AV (ftlsec; geo- 
. f 

- .I centric UVW coordinates)a 

. .  4 1 2 3 
." . ' j  

t . . .. 3 4.9920259-001 Symnetric 

-._.. . a 
. . . '<  Statistics are based on 200 samples. 
:; i Matrices are in normalized form; i.e., the diagonal elements are the 

- . .  i 
?. standard deviations rather than the variances, and the off-diagonal 

. $  elements are the correlati~n coefficients. 

!" 



TABLF A-V1.- ShIPLE COVARIANCE MATRICES OF REQUIRED MIDCOURSE AV - Concluded 

-# Third Midcourse Correction (LOI-22 Hours) 

Sample covariance matrix of required midcourse AV (ft/sec; geocentric 
WW coordinates)" 

1 2 3 

1 1.2541959+000 Symnetric 

2 -2.6476865-001 1.6150671+000 

3 1.1702263-001 -5.4024729-001 9.8136036-001 

Fourth Liidcourse Correction (LOI-5 Hours) 

Sample covariance matrix of required midcourse AV (ft/sec; seleno- 
centric W N  coordinates)" 

a 
Statistics are based on 200 samples. 

Matrices are in normalized form; i.e., the diagonal elements are the 
standard deviations rather than the variances, and the off-diagonal 
elements are the correlation coefficients. 
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TABLE A-VII1.- STATISTICAL SUMMARY OF DEVIATION 

IN ALTITUDE AT NODE 

Deviation in Altitude at Node (ft) 

Mean 

Standard deviatiun 

Smallest sample 

25th percentile sample 

50th percentile sample 

75th percentile sample 

90th percentile sample 

95 th percentile sample 

99th percentile sample 

Largest sample 
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' PRECEDING PAGE BLANK NOT FILMED* 

TABLE B-I.- STATISTICAL SUMMARY OF MIDCOURSE 

CORRECTION 5 (TEI + 15   ours) 

Maneuver Characteristics 

Item - Nominal - Mean Q - Low - High 

AV required (ftlsec) 0.0 5.4 3.9 0.1 21.2 

Total AV commanded 
(ftlsec) 

Total SPS AV commanded 
(f t lsec) 

Total RCS AV commanded 
(ftlsec) 

RCS AV connnanded (MCC) 

- (ft/sec) 

.a RCS AV commanded (trim) 
. .* . .. . . (ftlsec) 

Actual RCS propellant 9.5 2.9 40.6 
expended (lb) 

Actual SPS propellant 
expended (lb) 

Actual SPS burn time 
(set) 

36.6 8 .O 26.3 48.4 

Actual RCS burn time 
( set > 
hVU sensed (ft/sec) 

hVv sensed (ftlsec) 

AVw sensed (ftlsec) 

hVx residual a (f t Isec) 0 .OF 0.07 -0.45 0.27 

AV residuala (f t Isec) 0.00 0.03 -0.21 0.11 
Y 

AV residuala (ftlsec) 0.0 0.00 
z 0.03 -0.20 0.20 

. ... Number of SPS MCC's - 5 
., ,<) Number of RCS ullages - 5 
. L_ 

Number of RCS MCC1s - 178 
Number of RCS trims - 5 

Sample 
Size 

200 

*AV comnanded minus AV sensed in control axis coordinates 
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TABLE B-11.- STATISTICAL SUMMARY OF MIDCOURSE CGRRECTION 6 ( ~ n t r y  - 3.5   ours) 

* .  

Maneuver Characteristics 

Samp 1 e 
Size It em - -- Nominal - Mean 0 - Low - High 

AV required (ftlsec) 0.G 0.5 G.4 0 .O 2,3 
I 

Total AV commanded 0.9 0.4 0.5 2.3 
(ftlsec) 

Total SPS A'J commanded 
(f t Isec) 

Total RCS AV commanded 
(ftlsec) 

RCS CV commanded (MCC) I 0.9 0.4 0.5 2.3 
( f  t Isec) 

RCS AV commanded (trim) I 0 - - - 
(f t Isec) 

Actual SPS propellant 
expended (lb) 

Actual RCS propellant 
expended (lb) 

Actual SPS burn time l 0 - - 
(set) 

Actual RCS burn time 
(set> 

hVu sensed (f t /sec) 1 0.00 0.01 -0.01 0 . O 1  

hVy sensed (ftlsec) 1 -0.08 0.90 -2.09 2.09 

hVw sensed (f tlsec) I 0 .oo 0 .oo 0 .OO 0 .oo 

AV residuala (ftlsec) 
X 

0.10 0.06 0 .OO 0.19 

AV residuala (ftlsec) 1 0.00 0 .OO 0 .OO 0 .OO 
Y 

AV residuala (ftlsec) 0.0 0.00 0.00 z 
0 .oo 0 .oo 

Number of SPS MCC' s - 0 
'Number or' RCS ullages - 0 
Number of RCS MCCts - 92 
Number of RCS trims - 0 

'a 
AV comnanded minus AY sensed in control axis coordinates 
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TABLE B-111.- STATISTICAL SUMMARY OF MIDCOmSE 

CORRECTION 7 ( ~ n t r ~  - 3  ours) 
$- 

F - * 
ie Maneuver Characteristics 

Sample 
Item Q - Pominal Mean - - - Low - High Size 

AV required (ftlsec) 0.0 0.6 0.4 0 .O 1.7 200 

Total L\V comaanded 
(ftlsec) 

Total SPS AV comnanded 
(f t lsec) 

Total RCd bV connnanded 
(f t i sec) 

RCS AV commanded (MCC) 
(ftlsec) 

RCS AV connnanded (trim) 
(ftlsec) 

Actual SPS propellant 
expended (lb) 

Actual RCS .propellant 
expended (lb) 

Actual SPS burn time 
(set) 

Actual RCS burn time 
(set) 

pVU sensed (ftlsec) 

pVl- sensed (ftlsec) 
t 

A V ~  sensed (f tlsec) 

bVx residual a (Et lsec) 

AV residuala iftlsec) I 

1.3 0.2 1 .O 1.7 37 

- o - - 0 

1.3 0.2 1 .O 1.7 37 

1.3 0.2 1 .O 1.7 37 
t 

o o - - 0 

- - - - 0 

3.6 0.7 2.8 5 .O 37 

- - o - 0 

4.8 0.9 3.7 6.7 37 

0 .OO 0.05 -0.06 0.07 

-0.02 1.24 -1.52 1.71 

0 .OO 0 .OO 0 .OD 0 .OO 

0.10 0.05 0.01 0.19 

0 .OO 0 .OO 0 .OO 0 .OO I 
Y 

AV residuala (ftlsec) 0.0 0.00 
z 

0 .oo 0 .oo 0 .oo 37 

: . '  
) . , . . " ,  Nmber of SPS MCC's - O 

Number of RCS ullages - 0 
Numb r of RCS MCCts - 37 
Number of RCS trims- 0 

a 
AV comnanded minus AV sensed in control axis coordinates 

-.I 
. . * . . .. . , ,  . . .. - 
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TABLE B-V.- SAMPLE COVARIANCE MATRICES OF REQUIRED 

MIDCOURSE AV 

Fifth Midcourse Correction (TEI+lS Hcurs) 

Sample covarianre matrix of required midcourse AV (ftlsec; geocentric . 

coordinat ' @  

1 2 3 

1 7.8436416-02 Symnetric 

2 1.0000000 +OO 0 .6 4441 58 +OO 

Sixth Midcourse Correction (Entry-15 Hours) 

Sample covariance matrix of required midcourse AV (ftlsec; geocentric 
IW coordinates)a 

1 2 3 

1 4.6746598-03 Symnetric 

2 1~0000000+00 6.9798748-01 

3 1.0000000+00 1.0000000+00 5.9709009-04 

Seventh Midcourse Correction (Entry-3 Hours) 

Sample covariance matrix of required midcourse AV (ftlsec; geocentric 
UVW coordinates)a 

'1 1 2 -8528771-02 j Symnetric 

2 1 .OOOOOOO +OO 7.4274422-01 

3 1~0000000+00 1 .OOGOOOO +00 2.7688235-04 

U 

Statistics are based on 200 samples. 
Matr,,ces are in normalized form; i.e., the diagonal elements are the 
standard deviations rather rhan the variances and the off-diagonal 

i elements are the correlation coefficients. The dominance of the 
V-component and the high correlation between components indicate that 
the required AV was always in a direction nearly parallel to the V-axis. 

-.> . .d. ...+ 
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UNITED STATES GOVERNMENT 

@ Memorandum 
TO : See attached l i s t  

M : ~ M l 3 / ~ h i e f ,  Mission Planning Support 3ffice 

NASA- h'anned Spacecraft Center 
Mission Planning & Analysis Division 

DATE : JUN 2 4 1969 
Fi l e  No. 69-~~13-353 

SUBJECT: Apollo 11 !G) Mission Spacecraft Dispersian Analysis, Volune 11-- 
Translunar and Transearth Phases 

The Dispersi.>n Analysis resul ts  for  the A p o l i ~  11 translunar and trans-  
earth phases w e  presented i n  the attached docwent. Four translunar 
and .three t ramear th  midcourse corrsctions are ccvered. The analyses 
were performed on the Apollo 11 02erational Trajectory (I .N.  69-FM-98) 
and withiLA Lhe euidelines of MCC logic established i n  the Mission 
Techniques docu tn t  s . 
Recent chaages i n  the logic w i l l  necessitate a revision of the  Disgersion 
Analysis. I n  addition, the CSM TVC pointirig error  Gas bszn updated. 
These revisions w e  expected t o  be available by July 8, 1369. 

.f- 
APPROVED BY: 

Ch f ,  Mission Mayer Plaaning 
and Analys i s Divj. s ion 

Enclosure 

Addressees: 
(see attached l i s t )  
( ~ i s t r i b u t i q n  "D" ) 
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