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ABSTRACT 

This  memorandum d e t a i l s  t h e  Ea r th  o r b i t a l  coverage 
provided  f o r  an  Apollo 15 (J- type)  miss ion  by a 1 2  s t a t i o n  M S F N  
( i n c l u d i n g  an  I n s e r t i o n  Ship) f o r  launch azimuths of 72', 8 0 ° ,  
84', 86', 9 0 ° ,  9 4 O ,  96O, 98O, and 100'. An E a r t h  o r b i t a l  a l t i -  
t u d e  o f  90  n a u t i c a l  m i l e s  i s  assumed u n t i l  t h e  i n j e c t i o n  burn .  
The coverage ob ta ined  i s  compared w i t h  t h e  requi rements  o u t l i n e d  
i n  t h e  Apollo Program S p e c i f i c a t i o n ,  (Revis ion B ,  5/1/69).  

The f i r s t  requirement  examined is  f o r  3 minutes  of 
cont inuous  t r a c k i n g  above 5' e l e v a t i o n  from t h e  MSFN s t a t i o n  
a f t e r  i n s e r t i o n  i n t o  E a r t h  O r b i t .  I t  appea r s  t h a t  t h i s  can be 
achieved  by t h e  j u d i c i o u s  placement of  t h e  I n s e r t i o n  Sh ip ,  
p a r t i c u l a r l y  i f  t h e  launch azimuth range were reduced t o  about  
20'. 

A second requirement  f o r  t w o  c o n t a c t s  fo r  t h e  f i r s t  
t h r e e  r e v o l u t i o n s  of a t  least  4 minutes  above t h e  5' masking 
of t h e  MSFN s t a t i o n  w a s  n o t  m e t  f o r  t h e  complete range  of launch  
azimuths.  For azimuths g r e a t e r  t han  85', t h e  4-minute c o n t a c t  
requi rement  w a s  n o t  m e t  on  t h e  t h i r d  r e v o l u t i o n  and on  t h e  
second r e v o l u t i o n  f o r  azimuths greater than  95'. I n  a l l  cases, 
however, t h e r e  w a s  a t  least  one c o n t a c t  greater t h a n  3 . 0  minutes  
on each r e v o l u t i o n .  

The t h i r d  requirement  i s  f o r  one c o n t a c t  o f  4 minutes  
above 5' e l e v a t i o n  between n i n e t y  and t h i r t y  minutes  b e f o r e  i n -  
j e c t i o n .  Th i s  requi rement  is  n o t  m e t  f o r  t h o s e  cases a t  launch  
azimuths of  96'  or greater f o r  t h e  second i n j e c t i o n  o p p o r t u n i t y  
over t h e  P a c i f i c .  However, i n  each case, (96O, 98' and 100' 
l aunch  azimuths)  t h e r e  w a s  a c o n t a c t  of between 3 and 4 minutes  
a t  Texas i n  t h e  i n t e r v a l  of 90 t o  30 minutes  b e f o r e  t h e  s t a r t  
o f  i n j e c t i o n  burn.  For A t l a n t i c  i n j e c t i o n s  t h i s  requi rement  i s  
n o t  m e t  for  6 t i m e s  o u t  of 18 o p p o r t u n i t i e s .  I n  each  of  t h e s e  
cases, w i t h  t h e  excep t ion  of t h e  second A t l a n t i c  i n j e c t i o n  oppor- 
t u n i t y  a t  90° ,  94' and 96', t h e r e  i s  a s t a t i o n  c o n t a c t  of greater 
t h a n  3 minutes  i n  t h e  r equ i r ed  t i m e  pe r iod .  I n  t h e  case of t h e  
e x c e p t i o n s ,  Texas has  a c o n t a c t  of abou t  4 . 0  
l a t e r  t h a n  93.2 minutes  be fo re  i n j e c t i o n .  
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Apollo 15 - Case 320 

DATE: December 3 0 ,  1970 

FROM: J .  P .  Maloy 

MEMORANDUM FOR FILE 

INTRODUCTION 

The p o s s i b i l i t y  of changing t h e  launch azimuth range  
f o r  Apollo Missions from 8 4 O  + 1 2 '  t o  90' + 10 '  and t h e  p o s s i b l e  
u s e  of an A t l a n t i c  i n j e c t i o n  o p p o r t u n i t y  prompted a review of 
t r a c k i n g  and communication coverage provided  by t h e  c u r r e n t  
Apollo MSFN f o r  these launch azimuths.  

The c u r r e n t  M S F N  coverage requi rements  (Apollo Program 
S p e c i f i c a t i o n ,  Revis ion  B ,  da ted  5/1/69) are  as fo l lows :  

(1) Three  minutes of t r a c k i n g  coverage above So e l e v a t i o n  
from t h e  MSFN s t a t i o n  a f t e r  i n s e r t i o n  i n t o  E a r t h  o r b i t .  

( 2 )  Two c o n t a c t s  p e r  r e v o l u t i o n  f o r  t h e  i n i t i a l  three 
E a r t h  r e v o l u t i o n s  of a t  l eas t  f o u r  minutes  above 5' 
e l e v a t i o n .  

( 3 )  One c o n t a c t  of four minutes  above 5 O  e l e v a t i o n  between 
n i n e t y  and t h i r t y  minutes b e f o r e  i n j e c t i o n .  

( 4 )  P a r t i a l  coverage du r ing  t h e  i n j e c t i o n  burn.  

The ALTER 1 computer program was used t o  c a l c u l a t e  
t h e  coverage c o n t a c t s  of t h e  Apollo M S F N  f o r  t h e  twelve s t a t i o n s  
l i s t e d  i n  Table I ,  f o r  t h e  f i r s t  t h r e e  r e v o l u t i o n s  a t  an o r b i t a l  
a l t i t u d e  of  90  nm u s i n g  a cons t an t  5' e l e v a t i o n  masking a n g l e  
abou t  each s t a t i o n .  Antenna keyhole  a f fec ts ,  excep t  f o r  t h e  
i n s e r t i o n  s h i p ,  w e r e  included where  a p p r o p r i a t e  (6' h a l f - a n g l e  
f o r  30' antenna MSFN s t a t i o n s  i n  a N-S d i r e c t i o n  and 15O h a l f -  
a n g l e  for 85 '  an tennas  i n  t h e  E-W d i r e c t i o n ) .  O t h e r  masking 
above 5O e l e v a t i o n  w a s  n o t  inc luded .  The procedure  w a s  r e p e a t e d  
f o r  seven launch azimuths ( 7 2 O ,  8 0 ° ,  84O, 86O, 9 0 ° ,  9 6 O ,  98O, 
and l o o o )  u s ing  t h e  i n s e r t i o n  p o i n t s  as  de r ived  f r o m  p rev ious  
miss ion  d a t a  as  s t a r t i n g  p o i n t s  for  coverage c a l c u l a t i o n s .  



BELLCOMM. INC. - 2 -  

PROCEDURE : 

The r e s u l t a n t  d a t a  is shown i n  Table  I1 where c o n t a c t s  
f o r  each s t a t i o n  of t h e  network i s  shown f o r  t h e  f i r s t  three 
r e v o l u t i o n s  by launch azimuth. The s t a r t  t i m e  ( r e f e r e n c e d  t o  
i n s e r t i o n )  and t h e  l e n g t h  of each c o n t a c t  i s  shown. Con tac t s  
4 . 0  minutes  and g r e a t e r  are under l ined .  By d i s p l a y i n g  t h e  d a t a  
i n  t h i s  manner, it can r e a d i l y  be seen  which  r e v o l u t i o n s  have 
t h e  r e q u i r e d  s i z e  and number of c o n t a c t s  t o  m e e t  r equi rements .  

Table I11 l i s t s  t h e  t r a n s l u n a r  i n j e c t i o n  t i m e s  (as 
measured from i n s e r t i o n )  for  t h e  second r e v o l u t i o n  by launch 
azimuth and by d a t e  o f  launch.  T i m e s  f o r  i n j e c t i o n  oppor tun i -  
t i e s  on t h e  t h i r d  r e v o l u t i o n  can be d e r i v e d  by adding  one orbi-  
t a l  p e r i o d ,  87.8 minutes ,  t o  t h e  t i m e s  shown i n  t h i s  t ab le .  The 
basic i n j e c t i o n  d a t a  f r o m  which these t i m e s  w e r e  derived w a s  
p rovided  by M i s s  Sue C a l d w e l l o f  Department 2013. The t i m e s  w e r e  
conve r t ed  t o  minutes  from i n s e r t i o n  by a l lowing  11 .7  minutes  f o r  
t h e  launch phase.  The minimum and maximum t i m e s  f o r  f i r s t  oppor- 
t u n i t y  P a c i f i c  i n j e c t i o n  a r e  a s t e r i s k e d  and form t h e  bounds for  
P a c i f i c  i n j e c t i o n .  A t l a n t i c  f i rs t  i n j e c t i o n  o p p o r t u n i t i e s  are 
a l so  marked ( 4 ) .  This  t a b l e  i n  c o n j u n c t i o n  w i t h  Table I1 can be 
used t o  de termine  whether  t h e  coverage requi rement  p r i o r  t o  i n -  
j e c t i o n  i s  f u l f i l l e d .  

F i g u r e  1 r e p r e s e n t s  a g r a p h i c a l  a n a l y s i s  of t r a c k i n g  
coverage  a f te r  i n s e r t i o n  t o  determine a s h i p  l o c a t i o n  t h a t  could  
b e s t  p rovide  p o s t  i n s e r t i o n  t r a c k i n g  coverage.  Three minutes  of 
con t inuous  contact  above 5 O  e l e v a t i o n  i s  r e q u i r e d .  The f i g u r e  
w a s  b a s i c a l l y  traced f r o m  t h e  Apollo E a r t h  O r b i t  C h a r t  (AEO) 
p repa red  by t h e  A i r  Force f o r  Apollo Mission 13. 5' e l e v a t i o n  
coverage circles a t  90 nm were drawn about  MLA, BDA, and 2 s h i p  
l o c a t i o n s  as an  approximation. I n  a d d i t i o n ,  t r a c k s  f o r  an 80' 
and 100' launch azimuth w e r e  dubbed i n .  N o  launch t r a j e c t o r y  
p r o f i l e  for Apollo 15 w a s  a v a i l a b l e  f o r  a more d e t a i l e d  a n a l y s i s  
of  coverage d u r i n g  and immediately a f t e r  launch .  

D I S C U S S I O N  

FIRST REQUIREMENT : 

Figure  1 shows t h a t  t h e  s h i p  a t  i t s  Apollo 1 3  l o c a t i o n  
(49'W; 28ON) would n o t  f u l f i l l  t h e  requi rement  f o r  coverage of 
t h e  launch  azimuth range of 72-96' w i thou t  some pre- launch 
maneuvering. However, a t  the second l o c a t i o n  (50'W; 2 4 O N )  it 
a p p e a r s  p o s s i b l e  t h a t  from t h a t  one locat ion three minutes  of 
t r a c k i n g  could be provided f o r  t h e  launch azimuth r ange  of 80' 
t o  100'. A t  t h e  worst, i t  appears  t h a t  a minimum o f  maneuvering 
may be r e q u i r e d  t o  s a t i s f y  pos t  i n s e r t i o n  coverage requi rements  
a t  t h i s  l o c a t i o n  f o r  t h a t  range of launch azimuths wi thou t  i n t e r -  
r u p t i n g  launch coverage wi th  a gap between BDA and t h e  s h i p .  
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Also it should be remembered that particularly in the case of a 
ship with no obstructions on the horizon, good communications 
may be received below 5'. At 3' elevation, coverage is increased 
by 0 . 4  minutes in these cases. 

SECOND REQUIREMENT: 

The second requirement for two contacts of four minutes 
above 5' elevation is of particular interest for the first two 
revolutions in this study. This requirement on the third revo- 
lution is for the case of an abort - where injection was not pos- 
sible at the second opportunity. It can easily be seen from the 
coverage summary of Table I1 that this criteria is not fulfilled 
during the second revolution with azimuths 96' to 100'. In each 
case, however, there are five contacts in the revolution with at 
least three exceeding 3.0 minutes. 

On the third revolution there are two or more 4 . 0  
minute contacts for launch azimuths up to and including 84', 
only one contact > 4 . 0  minutes on launch azimuths 86' through 
96' and only two contacts ( ~ 4 . 0  minutes) on azimuths 98' and 
100'. 

THIRD REQUIREMENT: 

The third requirement calls for one contact of 4 . 0  
minutes above 5' elevation between ninety and thirty before in- 
jection. The fulfillment of this requirement is more complex 
to analyze since the time and, consequently, location of injec- 
tion varies with launch opportunity which in turn is dependent 
on one of four selected lunar landing sites. How translunar 
injection (TLI) times vary with launch azimuth and landing site 
is shown in Table 111. Desired Atlantic injection opportunities 
are limited to the Hadley landing site. All other times shown 
are for Pacific injection (first opportunity). Times for injec- 
tion opportunities on the third revolution (second opportunity) 
can be derived by adding one orbital period, 87.8 minutes, to the 
times in the table. The columns of minimum and maximum times are 
asterisked and form a bound for injection opportunities on each 
of the azimuths. By comparing these times with the coverage 
times of Table I1 it can be determined if there is a 4 . 0  minute 
or greater contact within the ninety to thirty minute period 
before the start of injection burn. 

These results are summarized in Table IV. The require- 
ment was not met for those cases at 96' launch azimuth or greater 
for the second injection opportunity over the Pacific. 
at 100' launch azimuth some opportunities comply with the require- 
ment while others do not. However, in each case (96', 98' and 
100' launch azimuth) there was a contact of between 3 and 4 
minutes from TEX in the interval of ninety to thirty minutes 

Although 
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b e f o r e  t h e  s t a r t  o f  i n j e c t i o n  burn.  A t l a n t i c  i n j e c t i o n  oppor- 
t u n i t i e s  f a i l  t o  m e e t  t h i s  requirement  6 t i m e s  o u t  of 18 .  I n  
each case t h e r e  i s  a c o n t a c t  between 3 .1  and 3.6 minutes  i n  t h e  
r e q u i r e d  i n t e r v a l  o r  t h e r e  i s  a c o n t a c t  close t o  or  g r e a t e r  t h a n  
4 . 0  minutes  ove r l app ing  t h e  90 minute boundary. 

A t l a n t i c  i n j e c t i o n  a t  t h e  end of t h e  f i r s t  r e v o l u t i o n  
would have t h e  advantage of b e t t e r  coverage over t h i r d  r e v o l u t i o n  
i n j e c t i o n  i n  a l l  cases except  f o r  launch azimuths between 72'  and 
84O. Th i s  i s  due t o  c o n t a c t  by Ascension (ACN) several minutes  
a f t e r  i n j e c t i o n  burn fo r  azimuths 86O t o  100' .  I t  i s  e s t i m a t e d  
from t h e  Opera t iona l  T r a j e c t o r y  document f o r  t h e  Apollo 1 4  m i s s i o n  
t h a t  t h e  a l t i t u d e  a t  t h e  end of burn f o r  t h i s  miss ion  s t a r t i n g  a t  
a l o w e r  a l t i t u d e  (90  vs 100 nm) would be approximately 150 nm and 
would rise s t e e p l y  a f t e r  t h a t .  (When comparing t h e  d u r a t i o n  of a 
c o n t a c t  a t  150 nm w i t h  t h e  e q u i v a l e n t  one a t  90  nm a f a c t o r  o f  
1 .38 can be used as an approximation.)  However, it may n o t  be 
p o s s i b l e  f o r  t h e  s p a c e c r a f t  t o  be f u l l y  checked o u t  f o r  i n j e c t i o n  
t h a t  e a r l y  i n  o rb i t a l  f l i g h t .  

FOURTH REQUIREMENT:  

The f o u r t h  requirement  ca l l s  f o r  p a r t i a l  coverage d u r i n g  
t h e  i n j e c t i o n  burn p e r i o d  (approx. 5.5 m i n u t e s ) .  I n  some cases 
f o r  t h e  azimuths looked a t ,  t h i s  p e r i o d  may occur  o v e r  a ground 
s t a t i o n  o f  t h e  MSFN.  I n  o t h e r  cases, t h e  burn p e r i o d  would g e t  
no coverage from a ground s t a t i o n  and t h e  requi rement  of p a r t i a l  
coverage would have t o  be  provided by Apollo Range I n s t r u m e n t a t i o n  
A i r c r a f t  ( A R I A ) .  Th i s  s tudy  d i d  n o t  e x p l o r e  t h e  ARIA coverage.  

CONCLUSIONS : 

Although it is  reasonably c e r t a i n  t h a t  t h e  f i rs t  r e q u i r e -  
ment concerning p o s t  i n s e r t i o n  coverage can be m e t  i n  a l l  cases 
s t u d i e d  here, t h e  second requirement  of  t h e  number and s i z e  of 
c o n t a c t s  p e r  r e v o l u t i o n  and t h e  t h i r d  requi rement  f o r  p r e - i n j e c t i o n  
coverage are n o t  f u l l y  m e t  as w r i t t e n  i n  t h e  Apollo Program Speci -  
f i c a t i o n .  However, i n  t h e  case  of t h e s e  l a t t e r  r equ i r emen t s ,  
c o n s i d e r a b l e  coverage i s  provided,  and it may be of  s u f f i c i e n t  
q u a n t i t y  t o  be cons idered  adequate  i n  view of t h e  m a t u r i t y  o f  t he  
program. 

20 34-JPM 

Attachments 
F i g u r e  1 
Tables 1-4  
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STATION 

1. 

2. 

*3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

MILA 

BDA 

SHIP (POSITION 1) 

SHIP (POSITION 2) 

CANARY IS. 

ASCENSION 

MADRID 

CARNARVON 

GUAM 

HONEYSUCKLE 

HAWAII 

GOLDSTONE 

TEXAS 

TABLE I 

NETWORK 

SYMBOL 

MLA 

BDA 

--- 
--- 
CY I 

ACN 

MAD 

CRO 

GWM 

HSK 

HAW 

GDS 

TEX 

LATITUDE' 

28.5083N 

32.3506N 

28. OOOON 

26.0000N 

27.7644N 

7.9547s 

40.4550N 

24.9066s 

13.3106N 

35.5837s 

22.1264N 

35.3417N 

27.6539N 

LONGITUDE' 

80.6934W 

64.6581W 

49 .OOOOW 

49 .OOOOW 

15.6347W 

14.3272W 

4.1694W 

113.72553 

144.73693 

148.97833 

159.66563 

116.8733W 

97.3783W 

*There will be only one ship but two locations for insertion 
were tried - Position 1 for  azimuths 72 to 90'; Position 2 fo r  
azimuths 90 to 100'. 
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BELLCOMM, INC. 

ATLANTIC OPPORTUNITY 

LAUNCH 
AZO 

72 NO YES 

2 - 1 - 

(CRO-3.4) 

80 YES YES 

84 YES YES 

86 YES YES 

TABLE IV 

STATION INJECTION COVERAGE 

PACIFIC OPPORTUNITY 

2 - 1 - 
YES YES 

YES YES 

YES YES 

YES YES 

(EXCLUSIVE OF ARIA) 

94 YES NO 
* (TEX-4.1 
START-91.5) 

- 
REQUIREMENT: AT LEAST ONE CONTACT > 4 MINS. ABOVE 

YES YES 

5' ELEV. BETWEEN -90' AND -30 MINUTES BEFORE INJECTION 

98 YES NO 
(TEX-3.9) 

100 NO NO 
(ACN-3.6) (TEX-3.1) 

YES NO 
(TEX-3.5) 

YES YES AND 
NO 

(TEX-3.1) 

90 YES NO 
* (TEX-4.5 

START-93.2) 

YES YES 

I 96 YES NO 
+ f r n n v  3 n 

{ IC I IL-J .  3 

START-90.7) 

( ) Station with largest contact within required time interval. 

* (  ) TEX in these cases has good contact but j u s t  beyond 90 min. 
limit. 
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