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I N T R O D U C T I O N  

The  i n f o r m a t i o n  p r e s e n t e d  i n  t h i s  r e p o r t  p r o v i d e s  d e t a i l e d  m i s s i o n  a n d  s y s t e m  
a n a l y s i s  o f  t h e  S p l i t  S p r i n t  M i s s i o n  t o  Mars. T h e s e  d a t a  were g e n e r a t e d  from 
S e p t e m b e r  1987 t h r o u g h  J u l y  1988 a n d  i n v o l v e d  n u m e r o u s  i n d i v i d u a l s  w i t h i n  
P r o g r a m  D e v e l o p m e n t .  T h i s  m i s s i o n  d e r i v e s  i t s  name from t h e  fac t  t h a t  t h e  t o t a l  
m i s s i o n  p a y l o a d  i s  s p l i t  b e t w e e n  two v e h i c l e s ,  a cargo v e h i c l e ,  a n d  a p i l o t e d  
v e h i c l e .  T h e  ca rgo  v e h i c l e  c a r r i e s  t h e  Mars l a n d e r  a n d  p r o p e l l a n t  f o r  t h e  
p i l o t e d  v e h i c l e  r e t u r n  t o  E a r t h .  T h e n  a p p r o x i m a t e l y  1 1 / 2  y e a r s  l a t e r ,  t h e  
p i l o t e d  v e h i c l e  c a r r i e s  t h e  crew o n  a h i g h e r  e n e r g y  " s p r i n t f f  t r a j e c t o r y  t o  
Mars. T h e  a d v a n t a g e s  o f  t h e  S p l i t  S p r i n t  M i s s i o n  i s  t h a t  t h e  p a y l o a d  f o r  t h e  
p i l o t e d  v e h i c l e  i s  m i n i m i z e d  a n d  t h e  crew would  b e  i n  s p a c e  f o r  o n l y  14  m o n t h s .  

M i s s i o n  a n d  s y s t e m  d a t a  a r e  p r e s e n t e d  f o r  a S p r i n t  M i s s i o n  i n  t h e  y e a r  2004.  
Many i m p o r t a n t  a s p e c t s  o f  t h e  m i s s i o n  were s t u d i e d  i n  d e t a i l .  These i n c l u d e  
o r b i t a l  l i g h t i n g  a n d  l i f e t i m e  a n a l y s i s ,  Mars p a r k i n g  o r b i t  s e l . ec t ion ,  E a r t h  
d e p a r t u r e  window a n a l y s i s ,  l a n d e r  d e s c e n t  a n d  a s c e n t  performance,  v e h i c l e  
a e r o b r a k i n g  r e q u i r e m e n t s ,  m i s s i o n  o r b i t a l  m a n e u v e r s ,  a n d  many o t h e r  a n a l y s e s  
l i s t e d  i n  t h e  T a b l e  o f  C o n t e n t s .  E m p h a s i s  was p l a c e d  o n  v e h i c l e  p e r f o r m a n c e  
a n a l y s i s  w h i c h  r a n g e d  from r e c o v e r y  o f  t h e  E a r t h  d e p a r t u r e  s t a g e s  t o  a e r o c a p t u r e  
o f  t h e  E a r t h  R e t u r n  C a p s u l e .  There  i s  a l s o  a s e c t i o n  d e s c r i b i n g  t h e  c o m p u t e r  
programs t h a t  were u s e d  f o r  t h i s  s t u d y .  T h e s e  p r o g r a m s  p r o v i d e  many u s e f u l  
t o o l s  f o r  f u t u r e  s t u d i e s  o f  manned p l a n e t a r y  m i s s i o n s .  

T h i s  i n t r o d u c t o r y  s e c t i o n  will g i v e  a n  o v e r a l l  v i e w  o f  t h e  S p l i t  S p r i n t  Miss ion  
a n d  d e s c r i b e  t h e  o r b i t a l  o p e r a t i o n s  a n d  v e h i c l e s  t h a t  were s t u d i e d .  
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SPLIT S P R I N T  MISSION T R A J E C T O R I E S  

T h i s  c h a r t  shows  t h e  t r a j e c t o r y  p r o f i l e s  f o r  t h e  c a r g o  a n d  p i l o t e d  v e h i c l e s  f o r  
t h e  2004 S p l i t  S p r i n t  Miss ion .  The  c a r g o  v e h i c l e  d e p a r t s  E a r t h  i n  J u n e  2003 o n  
a low e n e r g y  t r a j e c t o r y  t o  Mars. When i t  a r r i v e s  a t  Mars i n  December of  2003, 
i t  uses a e r o b r a k i n g  t o  e n t e r  a 300 km X 4381 km a l t i t u d e  p a r k i n g  o r b i t .  It 
r e m a i n s  i n  t h i s  o r b i t  u n t i l  t h e  p i l o t e d  v e h i c l e  a r r i v e s .  T h e  p i l o t e d  v e h i c l e  
d e p a r t s  E a r t h  i n  November 2004 o n  a s p r i n t  t r a j e c t o r y  t o  Mars. I t  a r r i v e s  a t  
Mars i n  J u l y  2005 a n d  e n t e r s  a 1000 km a l t i t u d e  p a r k i n g  o r b i t .  The c a r g o  
v e h i c l e  t r a n s f e r s  t o  t h e  p i l o t e d  v e h i c l e ' s  o r b i t ,  w h e r e  t h e  p i l o t e d  v e h i c l e  
r e n d e z v o u s  w i t h  t h e  c a r g o  v e h i c l e ,  t h e n  s e v e r a l  crew members  w i l l  d e s c e n d  t o  t h e  
M a r t i a n  s u r f a c e .  A p p r o x i m a t e l y  30 d a y s  a f t e r  t h e  p i l o t e d  v e h i c l e  a r r i v e s ,  i t  
will d e p a r t  Mars u s i n g  t h e  p r o p e l l a n t  t h a t  was c a r r i e d  o n  t h e  cargo v e h i c l e .  
T h e  m i s s i o n  w i l l  e n d  in J a n u a r y  2006 when t h e  small  E a r t h  r e t u r n  c a p s u l e  
s e p a r a t e s  from t h e  p i l o t e d  v e h i c l e  a n d  r e t u r n s  t o  low E a r t h  o r b i t  v i a  a n  
a e r o b r a k i n g  m a n e u v e r .  
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SPLIT OPTION TRAJECTORY PROFILE 1 -5447 -7 

CARGO ARRIVE 

I 

ARRIVE MARS 

v 

- PILOTED TRAJECTORY PROFILE 

--- CARGO VEHICLE TRAJECTORY PROF [LE 
I 
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SPLIT SPRINT MISSION V E H I C L E S  

T h i s  c h a r t  shows  t h e  two  v e h i c l e s  u s e d  i n  t h e  S p l i t  S p r i n t  M i s s i o n .  The  c a r g o  
v e h i c l e  i s  shown w i t h  t h e  Mars E x c u r s i o n  Module  ( M E M ) ,  a n d  t h e  p r o p e l l a n t  
s t o r a g e  t a n k s .  I t  r e q u i r e s  o n e  s t a g e  f o r  E a r t h  d e p a r t u r e .  The  p i l o t e d  v e h i c l e  
i s  shown w i t h  i t s  two E a r t h  d e p a r t u r e  s t a g e s .  B o t h  t h e  c a r g o  a n d  p i l o t e d  
v e h i c l e s  h a v e  a e r o b r a k e s  w h i c h  a r e  u s e d  f o r  a e r o c a p t u r e  a t  Mars. The  E a r t h  
d e p a r t u r e  s t a g e s  a l s o  h a v e  ae robrakes .  They  a r e  a l l  b r o u g h t  b a c k  t o  E a r t h  f o r  
r e u s e  v i a  a b r a k i n g  b u r n  and a e r o b r a k i n g .  The f i r s t  s t a g e  f o r  t h e  p i l o t e d  
v e h i c l e  i s  t h e  same s t a g e  t h a t  is u s e d  for  t h e  c a r g o  v e h i c l e  E a r t h  d e p a r t u r e .  
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SPLIT SPRINT MISSION VEHICLES 

CARGO MISSION VEHICLE CONFIGURATION 

n 

PILOTED MISSION VEHICLE CONFIGURATION 

INTERPAS6 7 7 7  
n. 
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CREW V E H I C L E S  

T h i s  c h a r t  s h o w s  t h e  v e h i c l e s  t h a t  w i l l  b e  u s e d  by  t h e  crew f o r  t h e  S p l i t  S p r i n t  
M i s s i o n .  T h e  s c h e m a t i c  o f  t h e  p i l o t e d  v e h i c l e  s h o w s  two HAB m o d u l e s  s imi l a r  t o  
S p a c e  S t a t i o n  m o d u l e s ,  a n d  a l o g i s t i c s  m o d u l e .  T h e s e  m o d u l e s  a r e  c o n n e c t e d  b y  a 
l a rge  b r i d g e  t h a t  a l s o  p r o v i d e s  access  t o  t h e  E a r t h  r e t u r n  c a p s u l e .  T h e  E a r t h  
r e t u r n  c a p s u l e  i s  embedded i n t o  t h e  p i l o t e d  v e h i c l e  a n d  s u r r o u n d e d  b y  e x t r a  
r a d i a t i o n  s h i e l d i n g  s o  t h a t  i t  c a n  s e r v e  a s  a s torm s h e l t e r  i f  t h e r e  i s  a s o l a r  
p a r t i c l e  e r u p t i o n  d u r i n g  t h e  m i s s i o n .  T h e  t u n n e l  shown i s  u s e d  t o  t r a n s f e r  crew 
t o  t h e  Mars e x c u r s i o n  m o d u l e  when i t  i s  d o c k e d  w i t h  t h e  cargo  v e h i c l e .  

The  Mars e x c u r s i o n  m o d u l e  is t h e  v e h i c l e  t h a t  d e s c e n d s  t o  t h e  M a r t i a n  s u r f a c e .  
I t  c o n s i s t s  of  a d e s c e n t  s tage  w i t h  a 3 0  f t  h e a t  s h i e l d  a n d  a n  a s c e n t  s t a g e .  It  
u s e s  a c o m b i n a t i o n  o f  a e r o b r a k i n g ,  p a r a c h u t e s ,  a n d  r e t r o  r o c k e t s  f o r  t h e  
d e s c e n t .  T h e r e  a re  3 crew c o m p a r t m e n t s ;  o n e  o n  t o p  of  t h e  a s c e n t  s t a g e ,  a n d  two 
more i n  t h e  d e s c e n t  s t a g e .  
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CREW VEHICLES 

PILOTED VEHICLE 
- 

MARS EXCURSION MODULE 

FROM REFERENCE 22 
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O R B I T A L  O P E R A T I O N S  

T h i s  c h a r t  shows  a s c h e m a t i c  of  t h e  o r b i t a l  o p e r a t i o n s  assoc ia ted  w i t h  a S p l i t  
S p r i n t  M i s s i o n .  The  f i r s t  o r b i t a l  o p e r a t i o n  b e g i n s  w i t h  d e l i v e r y  o f  t h e  c a r g o  
v e h i c l e  e l e m e n t s  t o  l o w  E a r t h  o r b i t  by  some t y p e  o f  h e a v y  l i f t  l a u n c h  v e h i c l e .  
A s s e m b l y  o f  t h e  c a r g o  v e h i c l e  a n d  p r o p e l l a n t  l o a d i n g  w o u l d  o c c u r  a t  a LEO 
a s s e m b l y  n o d e .  T h i s  node  may o r  may n o t  b e  a s s o c i a t e d  w i t h  t h e  S p a c e  S t a t i o n .  
T h e  c a r g o  v e h i c l e  leaves E a r t h  i n  J u n e  2 0 0 3 ,  a r r i v e s  a t  Mars i n  December  2 0 0 3 ,  
a n d  e n t e r s  Mars o r b i t  v i a  a e r o c a p t u r e .  

A p p r o x i m a t e l y  1 1 / 2  y e a r s  l a t e r ,  t h e  p i l o t e d  v e h i c l e  i s  a s s e m b l e d  a t  t h e  LEO 
a s s e m b l y  n o d e .  It  l e a v e s  E a r t h  i n  November 2 0 0 4 ,  a n d  a r r i v e s  a t  Mars i n  J u l y  
2 0 0 5 ,  w h e r e  i t  w i l l  r e n d e z v o u s  w i t h  t h e  c a r g o  v e h i c l e .  After  d o c k i n g  w i t h  t h e  
cargo v e h i c l e ,  t h e  crew t r a n s f e r s  t o  t h e  Mars e x c u r s i o n  v e h i c l e  a n d  d e s c e n d s  t o  
t h e  s u r f a c e  f o r  20 d a y s .  

T h e  p i l o t e d  v e h i c l e  l e a v e s  Mars i n  A u g u s t  2 0 0 5 ,  a n d  a r r i v e s  a t  E a r t h  i n  J a n u a r y  
2 0 0 6 .  T h e  small  E a r t h  r e t u r n  c a p s u l e  i s  t h e  o n l y  p a r t  o f  t h e  p i l o t e d  v e h i c l e  
t h a t  i s  a e r o b r a k e d  i n t o  E a r t h  o r b i t .  
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ORBITAL OPERATIONS 

EARTH ORBITAL OPERATIONS MARS ORBITAL OPERATIONS 
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AEROCAPTURE OF THE E A R T H  RETURN C A P S U L E  

T h i s  c h a r t  shows  how t h e  S p l i t  S p r i n t  M i s s i o n  w i l l  e n d .  The  crew w i l l  e n t e r  t h e  
E a r t h  r e t u r n  c a p s u l e  a n d  s e p a r a t e  from t h e  p i l o t e d  v e h i c l e  j u s t  p r i o r  t o  a r r i v a l  
a t  E a r t h .  The  E a r t h  r e t u r n  c a p s u l e  w i l l  c h a n g e  i t s  c o u r s e  s o  t h a t  i t  w i l l  e n t e r  
t h e  E a r t h ' s  a t m o s p h e r e  t o  p e r f o r m  an a e r o c a p t u r e  m a n e u v e r  w h i c h  w i l l  p u t  i t  i n t o  
low E a r t h  o r b i t .  The  crew c o u l d  t h e n  b e  r e c o v e r e d  by  a n  OMV a n d  b r o u g h t  t o  t h e  
S p a c e  S t a t i o n  p r i o r  t o  r e t u r n i n g  t o  E a r t h ,  o r  t h e y  c o u l d  b e  r e c o v e r e d  b y  t h e  
S h u t t l e  a n d  r e t u r n e d  d i r e c t l y  t o  E a r t h .  The  rest  of  t h e  p i l o t e d  v e h i c l e  wou ld  
r e m a i n  i n  h e l i o c e n t r i c  o r b i t .  

10 



1-41 71-8 

AEROCAPTURE OF EARTH RETURN CAPSULE 
EARTH RETURN CAPSULE AEROCAPTURE TRAJECTORY 

- A  

AEROBRAKING SHIELD 

SS ORBIT (407 KM) 

EARTH RETURN CAPSULE WGT. 
AEROBRAKE WGT. 
TOTAL BURN OUT WGT. 
TOTAL PROPELLANT WGT. 
TOTAL RCS PROPELLANT 
TOTAL GROSS WGT. 

AEROBRAKE DIAMETER 
ISP 

19336 
2273 

21 609 
- 

~ 

31 8 
105 

2 2 0 3 2  

LBS 
LBS 
LBS 
LBS 
LBS 

INCOMING i.- C3 E. 11.74 KM2/SEC2 
= 81.59 KM 

11 P 
TIME IN ATMOSPHERE = 796.5 SEC 
MAX. ACCELERATION 2.81 g'S 
AVG. ACCELERATION 5: 1.28 g'6 

TOTAL DELTA VELOCITY = 65.353 MIS 
MAX. DYN. PRESSURE = 30.37 L B S ~ F T ~  

I 37.5 FT. 
8 460 SEC. 
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M A R S  EXPLORATION 
S P L I T  SPRINT MISSION 

G R O U N D R U L E S  

T h e  s p l i t  s p r i n t  m i s s i o n  p r o f i l e  i s  u s e d  i n  o r d e r  t o  m i n i m i z e  t h e  Mars m i s s i o n  
crew t ime  r e q u i r e d  i n  s p a c e  a n d  t o  m i n i m i z e  t h e  t o t a l  mass r e q u i r e d  i n  low e a r t h  
o r b i t  (LEO) t o  p e r f o r m  t h e  m i s s i o n .  The  s p l i t  s p r i n t  m i s s i o n  c o n c e p t  u t i l i z e s  a 
c a r g o  v e h i c l e  a n d  a p i l o t e d  v e h i c l e ;  t h e  c a r g o  v e h i c l e  p r e c e e d s  t h e  p i l o t e d  
v e h i c l e  by a b o u t  a y e a r  a n d  a h a l f .  LEO d e p a r t u r e  i s  J u n e  2003 for t h e  c a r g o  
v e h i c l e  a n d  November 2004 f o r  t h e  p i l o t e d  v e h i c l e  w i t h  a crew of s i x .  
A e r o d y n a m i c  b r a k i n g  b o t h  i n t o  Mars c a p t u r e  o r b i t  a n d  i n t o  E a r t h  r e t u r n  o r b i t  i s  
u s e d .  L i q u i d  h y d r o g e n  a n d  l i q u i d  o x y g e n  c r y o g e n i c  p r o p e l l a n t s  a r e  u s e d  by  t h e  
m a i n  p r o p u l s i o n  s y s t e m  f o r  t h e  E a r t h - t o - M a r s  t r a n s f e r  i n j e c t i o n  b u r n  a n d  for 
M a r s - t o - E a r t h  t r a n s f e r  i n j e c t i o n  b u r n .  
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M A R S  EXPLORATION 
S P L I T  S P R I N T  M I S S I O N  

GROUNDRULES 

o C O N S I D E R  S P L I T  S P R I N T  M I S S I O N  S C E N A R I O  

- CARGO V E H I C L E  P R E C E E D S  P I L O T E D  V E H I C L E  

o U S E  E X I S T I N G  D E F I N I T I O N  O F  M A R S  CARGO V E H I C L E  ELEMENTS AND M A R S  SURFACE 
A C T I V I T I E S  

o 2003 OPPOSITION FOR C A R G O  VEHICLE ( J U N E  2003 L A U N C H )  

o 2005 O P P O S I T I O N  FOR P I L O T E D  V E H I C L E  (NOVEMBER 2004 LAUNCH) 

o O P P O S I T I O N  S P R I N T  TRAJECTORY FOR P I L O T E D  M I S S I O N  

o CREW S I Z E  O F  6 

o AERODYNAMIC BRAKING I N T O  MARS O R B I T  AND I N T O  EARTH RETURN O R B I T  

o ACCELERATION L I M I T S  

- NOT T O  EXCEED 3 . 5 G ' S  FOR MORE T H A N  1 MINUTE WITH 7 G ' S  PEAK DURING MEM 
DESCENT 

o C R Y 0  PROPELLANT FOR EARTH-MARS & MARS-EARTH T R A N S F E R  

o P R O V I D E  S A F E  HAVEN FOR CREW S A F E T Y  
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M A R S  EXPLORATION 
S P L I T  S P R I N T  M I S S I O N  

GROUNDRULES ( C O N T I N U E D )  

P r o v i s i o n  of  safe  h a v e n  a n d  s torm p r o t e c t i o n  from s o l a r  f l a r e s  w i t h  a 15 m i n u t e  
w a r n i n g  i s  s p e c i f i e d  f o r  crew s a f e t y .  P l a n n e d  e x t r a  v e h i c u l a r  a c t i v i t y  (EVA)  i s  
r e q u i r e d  i n  Mars o r b i t  t o  p r e p a r e  f o r  s u r f a c e  o p e r a t i o n s ,  r e f u e l  t h e  p i l o t e d  
v e h i c l e ,  e t c . ,  a n d  c o n t i n g e n c y  EVA i s  assumed  t o  b e  r e q u i r e d  f o r  t h e  E a r t h - M a r s  
a n d  Mars-Earth t r a n s i t  p h a s e s .  Use i s  made of  a v a i l a b l e  s p a c e  a n d  l a u n c h  
e l e m e n t s  f o r  o p e r a t i o n s  a n d  d e r i v a t i v e s  o f  t h e s e  e l e m e n t s  f o r  Mars v e h i c l e  
c o m p o n e n t s  w i t h  a s i m p l e ,  s a f e ,  a n d  l o w - c o s t  c o n c e p t  d e s i r e d .  
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M A R S  EXPLOKATION 
S P L I T  S P R I N T  M I S S I O N  

GROUNDRULES ( C O N T I N U E D )  

o P R O V I D E  STORM P R O T E C T I O N  FOR SOLAR F L A R E S  WITH 30 M I N  WARNING 

o U T I L I Z E  PLANNED EVA I N  M A R S  O R B I T  

o CONTINGENCY EVA DURING EARTH-MARS & MARS-EARTH T R A N S I T  

o C O N S I D E R  AVAILABLE S P A C E  A N D  LAUNCH ELEMENTS FOR O P E R A T I O N S  A N D  D E R I V A T I V E S  
OF T H E S E  ELEMENTS FOR MARS V E H I C L E  COMPONENTS 

- S P A C E  S T A T I O N  
- OTV 
- OMV 
- S D V  OR HLLV 
- S T S  

o S I M P L E ,  S A F E ,  LOW C O S T  CONCEPT D E S I R E D  

15 



2 . 0  MISSION A N D  OPERATIONS ANALYSIS  

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

a n a l y s i s  f o r  t h e  S p l i t  S p r i n t  Mis s ion .  

16 



2 .0  Misslon and O p e r a t i o n s  Ana lys i s  

2 .1  Mission O p p o r t u n i t i e s ,  Earth/Mars Oppos i t i ons  f o r  1991-2031 

2.2 S p l i t  Option T r a j e c t o r y  P r o f i l e  

2.3 E a r t h  Depar tu re  Ana lys i s  

2 .3 .1  Space S t a t i o n  O r b i t a l  Geometry 

2.3.3 I l l u s t r a t i v e  Energy Requirements f o r  a PlaneLary 

2 . 3 . 4  In-Plane E a r t h  Depar tu re  D e l t a - V e l o c i t i e s  f o r  a 50 

2.3.5 Use o f  I n t e r m e d i a t e  O r b i t  f o r  Departure  Node 

2.3.6 Comparison of  E a r t h  O r b i t  Depa r tu re  Window Options 
2.3.7 Optimizing Space S t a t i o n  O r b i t  t o  Allow In-Plane 

, 2 .3 .2  Space S t a t i o n / P l a n c t a r y  I n j e c t i o n  ! i t rntngl  e s  

Launch Window 

Day Launch Window 

C o r r e c t i o n s  ( P l a n e  Changes) 

D e p a r t u r e / A r r i v a l  Cond i t ions  

2.4 Mars Pa rk ing  O r b i t  Ana lys i s  

2.4.1 Mars O r b i t  C h a r a c t e r i s t i c s ,  P e r i o d ,  RegreSSlon Ra te ,  

2.4.2 Mars O r b i t  L i f e t l m e s  (Atmospheric Decay) 
2 .4 .3  Cargo Veh ic l e  Parking O r b i t  S e l e c t i o n  
2.4.4 P i l o t e d  Veh ic l e  Parking O r b i t  S e l e c t i o n  
2.4.5 P i l o t e d  Veh ic l e  Pe rcen t  T i m e  I n  S u n  During Mars O r b i t  

Sun Synchronous O r b i t s  

2.5 T r a n s f e r s  Between Mars Parking O r b i t  and Mars S u r f a c e  

2 . 5 . 1  O r b i t  and Landing S i t e  Geometry 
2 .5 .2  O r b i t  to S u r f a c e  Rendezvous Compatible T r a j e c t o r y  

2.5.3 Rendezvous Compatible Repeat ing Mars Parking O r b i t s  
2 .5 .4  O r b i t a l  Phasing Requirements t o  Deboost from a 

C h a r a c t e r i s t i c s  

Non-Repeating Parking O r b i t  ( P o s i t i o n  E r r o r  and 
Phasing O r b i t  A l t i t u d e )  

2.6 Mars Mission Communications 

2.6.1 P l l o t e d  Veh ic l e  Communications Di s t ances  
2.6.2 L igh t  T r a v e l  T i m e s  Between P i l o t e d  V e h i c l e ,  E a r t h ,  

2 .6 .3  Sun I n t e r f e r e n c e  Angles Af fec t ing  Communication 
2.6.4 Key Communications Issues 

and Mars 

2.7 Mission O p e r a t i o n s  

2.7.1 Vehicle  Assembly Opera t ions  
2.7.2 P i l o t e d  Mission O r b i t a l  O p e r a t i o n s ,  Timeiinc 
2 . i . 3  Mission Abort S c e n a r i o  
2.7.4 Typ ica l  I n - F l i g h t  Dai ly  Schedule  
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E A R T H - M A R S  OPPOSITION FOR YEARS 1997-2031 

T h i s  c h a r t  shows t h e  r e l a t i v e  p o s i t i o n s  o f  E a r t h - M a r s  o p p o s i t i o n s  f o r  t h e  y e a r s  
1997  t o  2 0 3 1 .  Each o p p o s i t i o n  i s  shown by  a l i n e  j o i n i n g  t h e  p o s i t i o n s  o f  E a r t h  
a n d  Mars. Launch  o p p o r t u n i t i e s  f o r  s t a n d a r d  d i r e c t  f l i g h t s  t o  Mars o c c u r  90 t o  
180 d a y s  b e f o r e  e a c h  o p p o s i t i o n .  T h e  o p p o s i t i o n s  o c c u r  a b o u t  e v e r y  2 6  m o n t h s  
a n d  f o l l o w  a n  a p p r o x i m a t e  15 y e a r  c y c l i c  p a t t e r n .  S i n c e  Mars’ o r b i t  i s  s l i g h t l y  
e c c e n t r i c ,  some m i s s i o n  o p p o r t u n i t i e s  r e q u i r e  more e n e r g y  t h a n  o t h e r s .  The  
c l o s e r  Mars i s  t o  t h e  E a r t h ’ s  o r b i t ,  t h e  l e s s  e n e r g y  i s  r e q u i r e d  f o r  t h e  
t r a n s f e r  t o  Mars. T h u s ,  t h e  2 0 0 3  o p p o s i t i o n  i s  a v e r y  g o o d  m i s s i o n  o p p o r t u n i t y ,  
w h i l e  t h e  2 0 1 2  o p p o s i t i o n  wou ld  b e  p o o r  s i n c e  i t  wou ld  r e q u i r e  much more 
energy. An i m p o r t a n t  c h a r a c t e r i s t i c  o f  o p p o s i t i o n  c l a s s  m i s s i o n s  i s  t h e  f a c t  
t h a t  e i t h e r  t h e  i n b o u n d  o r  o u t b o u n d  t r a n s f e r  l e g  m u s t  d i p  i n s i d e  t h e  E a r t h ’ s  
o r b i t  a n d  t r a v e l  m o r e  t h a n  180  d e g r e e s  a r o u n d  t h e  S u n  (see p a g e  2 1 ) .  T h i s  
r e q u i r e s  a g r e a t  d e a l  o f  e n e r g y  a n d  i s  r e q u i r e d  t o  c o m p e n s a t e  f o r  r e l a t i v e  
v e l o c i t y  o f  Mars w i t h  r e s p e c t  t o  t h e  E a r t h .  T h i s  h i g h  e n e r g y  r e q u i r e m e n t  c a n  b e  
d i m i n i s h e d  somewhat by  u s i n g  a Venus  s w i n g b y  f o r  a g r a v i t y  a s s i s t ,  o r  by  
p e r f o r m i n g  a p r o p u l s i v e  m a n e u v e r  a t  t h e  v e h i c l e ‘ s  p e r i h e l i o n  t o  a l t e r  t h e  
t r a j e c t o r y  . 
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S P L I T  OPTION TRAJECTORY PROFILE 

T h e  s p l i t  o p t i o n  t r a j e c t o r y  p r o f i l e  c o n s i s t s  o f  a low e n e r g y  t r a j e c t o r y  fo r  t h e  
c a r g o  v e h i c l e  a n d  a h i g h  e n e r g y  t r a j e c t o r y  f o r  t h e  p i l o t e d  v e h i c l e .  A l l  cargo 
n o t  r e q u i r e d  b y  t h e  crew f o r  t h e  o u t b o u n d  l e g  o f  t h e  m i s s i o n  t o  Mars is s e n t  on  
a r o b o t i c  v e h i c l e  u s i n g  t h e  low e n e r g y  t r a j e c t o r y .  The  c a r g o  o n  t h i s  unmanned 
v e h i c l e  c o n t a i n s  t h e  Mars l a n d e r  a n d  a s c e n t  v e h i c l e ,  a l l  d e p l o y e d  s c i e n c e  
p a c k a g e s ,  a n d  t h e  p r o p e l l a n t  f o r  t h e  r e t u r n  l e g  o f  t h e  p i l o t e d  v e h i c l e  m i s s i o n .  
The  t r a j e c t o r y  u s e d  f o r  t h e  cargo v e h i c l e  d e p a r t s  E a r t h  i n  J u n e  2003 a n d  a r r i v e s  
a t  Mars s e v e n  m o n t h s  l a t e r .  The  p i l o t e d  v e h i c l e  wou ld  b e  l a u n c h e d  o n  t h e  s p r i n t  
t r a j e c t o r y  a p p r o x i m a t e l y  1 1 / 2  y e a r s  l a t e r .  The  c a r g o  a n d  p i l o t e d  v e h i c l e  w i l l  
r e n d e z v o u s  a n d  d o c k  i n  a Mars 1000 K m  a l t i t u d e  c i r c u l a r  o r b i t .  The  t o t a l  
m i s s i o n  time f o r  t h e  s p r i n t  m i s s i o n  i s  14  m o n t h s .  The  t r a j e c t o r y  a l l o w s  f o r  a n  
a e r o b r a k e d  Mars f l y b y  i f  t h e  l a n d i n g  had  t o  b e  a b o r t e d  p r i o r  t o  Mars o r b i t  
i n s e r t i o n .  T h i s  m a n e u v e r  wou ld  a d j u s t  t h e  t r a j e c t o r y  e n e r g y  l e v e l  f o r  a f r e e  
r e t u r n  t r a j e c t o r y  t o  E a r t h .  

2 0  



SPLIT OPTION 'TRAJECTORY PROFILE 1-6441 -7 

CAR00 ARRIVE 

ARRIVE MARS 

--- CARGO VEHICLE TRAJECTORY PROFILE 
I 
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M A R S  EXPLORATION 
SPACE S T A T I O N  O R B I T A L  GEOMETRY 

T h e  i d e a l  s i t u a t i o n  f o r  l a u n c h i n g  a p l a n e t a r y  m i s s i o n  from t h e  S p a c e  S t a t i o n  
o r b i t  w o u l d  be f o r  i n - p l a n e  l a u n c h  c o n d i t i o n s  t o  e x i s t  from t h e  S p a c e  S t a t i o n  
o r b i t  o n  t h e  d a y  o f  minimum E a r t h  e s c a p e  C3. S i n c e  these  c o n d i t i o n s  f o r  
op t imum S p a c e  S t a t i o n  o r b i t  d e p y t u r e  w i l l  n o t ,  i n  g e n e r a l ,  c o i n c i d e  w i t h  t h e  
t ime o f  minimum C ( C  = VHP ) ,  a t r a d e - o f f  e x i s t s  b e t w e e n  t h e  a m o u n t  o f  
p l a n e  c h a n g e  r e q L h r e d 3  a n d  t h e  o f  o f f - o p t i m a l  l a u n c h  d a t e s .  When a 
p l a n e t a r y  m i s s i o n  o p p o r t u n i t y  occur:: t h e  d i r e c t i o n  of  t h e  E a r t h  e s c a p e  (VHP) i s  
r e l a t i v e l y  c o n s t a n t  a c r o s s  t h e  l a u n c h  window,  w h i c h  t y p i c a l l y  l a s t s  10-50 d a y s .  

C o n v e r s e l y ,  t h e  s t a t i o n  o r b i t  p l a n e  i s  c o n s t a n t l y  p r e c e s s i n g  d u e  t o  t h %  
o b l a t e n e s s  o f  t h e  E a r t h ;  f o r  t h e  a s sumedo  o r b i t  ( 2 2 0  NM c i r c u l a r  a t  28.5 
i n c l i n a t i o n )  t h e  n o d a l  r e g r e s s i o n  i s  7 . 1 4  d e g . / d a y  w e s t w a r d .  A s s u m i n g  t h e  
a n g l e  ( d e c l i n a t i o n ,  D L A )  from VHP t o  t h e  E a r t h ' s  e q u a t o r  i s  less  t h a n  t h e  o r b i t  
i n c l i n a t i o n ,  t h e r e  w i l l  b e  o n l y  two t imes e v e r y  50 d a y s  when VHP l i e s  i n  t h e  
s t a t i o n  o r b i t  p l a n e ,  w h i c h  i s  t h e  c o n d i t i o n  f o r  op t imum c o p l a n a r  e s c a p e .  A t  a l l  
o t h e r  t imes ,  a p l a n e  c h a n g e  ( a n d  p e r f o r m a n c e  l o s s )  i s  r e q u i r e d  t o  a c h i e v e  t h e  
c o r r e c t  e s c a p e  c o n d i t i o n s .  
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A 
VHP 

SPACE STATION ORBITAL GEOMETRY 

N P  
I ORBIT PARAMETERS: 

ALTITUDE, h=220nm (CIRCULAR) 

INCLINATION, i 0 ~28.5'  

ASCENDING NODE, Sl =VARIABLE 

NODAL REGRESSION, r= -0.45938'1REV 
dSl 

= -7.13529'1DAY 

*E= 0.0067'IDAY 
dt PER. nm IN Ah 
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M A R S  EXPLORATION 
PLANETARY MISSION DEPARTING FROM SPACE STATION O R B I T  

T h e r e  a r e  s e v e r a l  d i f f e r e n t  o p t i o n s  a v a i l a b l e  f o r  p l a n e t a r y  m i s s i o n s  d e p a r t i n g  
from t h e  S p a c e  S t a t i o n  o r b i t .  T h e s e  o p t i o n s  may b e  c h a r a c t e r i z e d  u n d e r  t h e  
h e a d i n g  o f  a c t i v e  o r  p a s s i v e  l a u n c h  s t r a t e g i e s .  I n  t h e  a c t i v e  s t r a t e g y ,  a 
p r o p u l s i v e  m a n e u v e r  by  t h e  m a i n  p r o p u l s i o n  s y s t e m  i s  r e q u i r e d  t o  a c h i e v e  t h e  
n e c e s s a r y  p l a n e  c h a n g e .  The  p l a n e  c h a n g e  c a n  b e  made e i t h e r  i n  E a r t h  o r b i t  o r  
o n  t h e  i n t e r p l a n e t a r y  t r a n s f e r  t r a j e c t o r y .  P l a n e  c h a n g e  i n  E a r t h  o r b i t  c a n  be  
made i n  d i f f e r e n t  w a y s ;  l i s t e d  he re  a r e  t h r e e  d i f f e r e n t  ways :  s p l i t  m a n e u v e r ,  
combined  m a n e u v e r ,  a n d  t h r e e - i m p u l s e  m a n e u v e r .  T h e  s p l i t  m a n e u v e r  b e i n g  t h e  
most e x p e n s i v e  a n d  t h e  t h r e e - i m p u l s e  b e i n g  t h e  l ess  e x p e n s i v e  i n  terms o f  e x t r a  
d e l t a  v e l o c i t y  r e q u i r e d  t o  o b t a i n  d e s i r e d  E a r t h  e s c a p e  c o n d i t i o n s .  B r o k e n  p l a n e  
t r a n s f e r  c a n  b e  made on t h e  i n t e r p l a n e t a r y  t r a n s f e r  t r a j e c t o r y  i n  o r d e r  f o r  t h e  
E a r t h  e s c a p e  c o n d i t i o n s  t o  b e  c o m p a t i b l e  w i t h  t h e  S p a c e  S t a t i o n  o r b i t  o r i e n t a -  
t i o n .  

. 
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1-381 5-8-1 4T 

SPACE STATION/PLANETARY INJECTION STRATEGIES 

UTILIZATION PRIORITIES 

0 ACTIVE (PROPULSIVE PLANE CHANGES) 

EARTH-ORBITAL 

- SPLIT MANEUVER 

- COMBINED MANEUVER 

- THREE-IMPULSE MANEUVER 

0 INTERPLANETARY 

- BROKEN PLANE TRANSFERS 

PASSIVE (LAUNCH DATE TIMING) 

- STATION ORBIT PRECESSION 

AS NEEDED FOR DLA TARGETING & LAUNCH 
DELAYS 

- STATION ORBIT REALIGNMENT: EXPENSIVE 

- NON-PLANAR ESCAPE: LESS EXPENSIVE 

- APOAPSE PLANE CHANGE: LEAST 
EXPENSIVE (BUT REQUIRES 2 24h 
INTERM ED1 ATE ORB IT) 

VERY EFFECTIVE ON SOME MISSIONS IN 
REDUCING DLA PENALTIES AND IN IMPROVING 

PASSIVE STRATEGY (SEE BELOW) 
OFF-OPTIMAL ESCAPE REQUIREMENTS FOR 

BASELINE SOLUTION 

WAITS FOR ORBIT REALIGNMENT, ACCEPTING 
SOME PERFORMANCE LOSS FROM RESULTING 
OFF-OPTIMAL LAUNCH DATE 
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I L L U S T R A T I V E  PLANETARY LAUNCH WINDOW 

T h i s  c h a r t  i l l u s t r a t e s  how t h e  d e p a r t u r e  C ( e n e r g y )  r e q u i r e m e n t s  v a r y  d u r i n g  
a 50 d a y  l a u n c h  window f o r  a Mars m i s s i o n . 3  T h e  s o l i d  l i n e  i s  t h e  i n - p l a n e  C 
r e q u i r e m e n t .  T h i s  r e p r e s e n t s  t h e  d e p a r t u r e  C r e q u i r e d  f o r  t h e  E a r t h - M a r 2  
t r a j e c t o r y  i f  t h e  E a r t h  p a r k i n g  o r b i t  p l a n e  E o n t a i n s  t h e  d e p a r t u r e  v e c t o r  
( a s y m p t o t e ) .  The  v a r i a t i o n  i n  t h e  C r e q u i r e m e n t s  i s  d u e  t o  t h e  m o t i o n  of  
E a r t h  a n d  Mars. T h e  l a u n c h  window i s  J e n t e r e d  a r o u n d  t h e  most f a v o r a b l e  a l i g n -  
m e n t  of  t h e  two p l a n e t s ;  t h e r e f o r e ,  t h e  lowes t  i n - p l a n e  d e p a r t u r e  c o n d i t i o n  
o c c u r s  a t  t h e  m i d - p o i n t  o f  t h e  l a u n c h  window. The  v e r t i c a l  s ca l e  h a s  b e e n  
g r e a t l y  m a g n i f i e d .  T h e  a c t u a l  v a r i a t i o n  i n  C r e q u i r e m e n t s  d u r i n g  t h e  l a u n c h  
window wou ld  b e  much l e s s  t h a n  i t  a p p e a r s .  

S i n c e  t h e  Mars v e h i c l e s  wou ld  p r o b a b l y  b e  d e p a r t i n g  from t h e  Space S t a t i o n  
o r b i t ,  w h i c h  i s  c o n s t a n t l y  p r e c e s s i n g ,  i t  w o u l d  b e  i m p o s s i b l e  t o  always d e p a r t  
from t h e  i d e a l  o r b i t a l  p l a n e .  I n  f a c t ,  d u r i n g  t h e  52 d a y  S p a c e  S t a t i o n  o r b i t a l  
p r e c e s s i o n  p e r i o d ,  t h e  o r b i t  p l a n e  w o u l d  p a s s  t h r o u g h  d e p a r t u r e  a s y m p t o t e  only 
twice .  A t  a l l  o t h e r  t imes,  a p l a n e  c h a n g e  wou ld  b e  r e q u i r e d  t o  l e a v e  t h e  p a r k -  
i n g  o r b i t  i n  t h e  d i r e c t i o n  o f  t h e  d e p a r t u r e  a s y m p t o t e .  T h e  d a s h e d  l i n e  r e p r e -  
s e n t s  t h e  e f f e c t i v e  C r e q u i r e m e n t s  d u e  t o  t h e  a d d i t i o n  of  t h e  r e q u i r e d  p l a n e  
c h a n g e  t o  t h e  i n - p l a n 2  C The  two p o i n t s  w h e r e  t h e  d a s h e d  l i n e  
meets t h e  s o l i d  l i n e  r e p r s s e n t  t h e  times when t h e  S p a c e  S t a t i o n  o r b i t  p l a n e  con-  
t a i n s  t h e  d e p a r t u r e  a s y m p t o t e .  I n  t h i s  case,  t h e  b e s t  time t o  d e p a r t  w o u l d  be 
a t  1 4  or 37 d a y s  i n t o  t h e  window. 

I n  r e a l i t y ,  t h e  d a s h e d  l i n e  c o u l d  b e  s h i f t e d  t o  t h e  l e f t  o r  r i g h t  so t h a t  i t  
w o u l d  i n t e r s e c t  t h e  s o l i d  l i n e  a t  d i f f e r e n t  t imes.  T h e  most f o r t u i t o u s  a l i g n -  
m e n t  w o u l d  be i f  t h e  S p a c e  S t a t i o n  o r b i t  p a s s e d  t h r o u g h  t h e  d e p a r t u r e  a s y m p t o t e  
o n  t h e  d a y  w i t h  t h e  minimum i n - p l a n e  C r e q u i r e m e n t .  

3 

r e q u i r e m e n t s .  

3 
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EARTH A N D  M A R S  DEPARTURE DELTA VELOCITIES FOR A 50 D A Y  EARTH L A U N C H  WINDOW 

T h i s  c h a r t  shows  t h e  r e q u i r e d  i n p l a n e  E a r t h  e s c a p e  d e l t a  v e l o c i t y  f o r  t h e  c a r g o  
a n d  p i l o t e d  Mars m i s s i o n s  f o r  a 50 d a y  l a u n c h  window,  a n d  a l s o  t h e  e f f e c t  o f  a 
50 d a y  E a r t h  l a u n c h  window o n  t h e  Mars e s c a p e  d e l t a  v e l o c i t y .  T h e  E a r t h  e s c a p e  
d e l t a  v e l o c i t i e s  a r e  shown w i t h  t h e  s o l i d  l i n e s .  The  50 d a y  l a u n c h  window t h a t  
was c h o s e n  r e p r e s e n t s  t h e  b e s t  50 d a y s ,  which r e s u l t  i n  t h e  lowest  t o t a l  w e i g h t  
i n  low E a r t h  o r b i t .  T h i s  i s  s l i g h t l y  d i f f e r e n t  t h a n  c h o o s i n g  t h e  l a u n c h  window, 
w h i c h  r e s u l t s  i n  t h e  lowest  E a r t h  d e p a r t u r e  e n e r g y .  T h e s e  c u r v e s  r e p r e s e n t  t h e  
i n - p l a n e  d e p a r t u r e  d e l t a  v e l o c i t i e s .  When t h e  S p a c e  S t a t i o n  o r b i t  does n o t  
c o i n c i d e  w i t h  t h e  d e p a r t u r e  v e c t o r ,  a n  a d d i t i o n a l  p l a n e  c h a n g e  w o u l d  b e  n e c e s -  
s a r y .  The  d a s h e d  l i n e  shows how t h e  Mars d e p a r t u r e  d e l t a  v e l o c i t y  i s  a f f e c t e d  
by  t h e  d a y  o f  t h e  E a r t h  d e p a r t u r e .  T h e  maximum v a l u e s  f o r  e a c h  c u r v e  a re  i d e n t -  
i f i e d  b y  t r i a n g l e s .  T h e y  r e p r e s e n t  t h e  d e s i g n  v a l u e s  t h a t  w o u l d  b e  u s e d  i n  
d e t e r m i n i n g  t h e  p r o p u l s i o n  r e q u i r e m e n t s  o f  t h e  v e h i c l e s .  
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EARTH AND MARS DEPARTURE DELTA VELOCITIES FOR A 50 DAY LAUNCH WINDOW 
SPLIT SRlNT MISSION CARGO VEHICLE LAUNCH WINDOW STARTS JUNE 2003 
PILOTED VEHICLE LAUNCH WINDOW STARTS NOVEMBER 2004 
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PILOTED VEHICLE EARTH ESCAPE 

. 

A 

** CARGO VEHICLE TRANSPORTS MARS ESCAPE PROPELLANT 

50 DAY LAUNCH WINDOW DESIGN POINT 
SELECTED BEST 50 DAYS TO MINIMIZE WEIGHT IN LOW EARTH ORBIT 

TO THE MARS PARKING ORBIT 

I I I I 
I 1 

5 10 15 20 25 30 35 40 45 50 0 

TIME FROM BEGINNNG OF LAUNCH WINDOW (DAYS) 
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M A R S  E X P L O R A T I O N  
E A R T H  E S C A P E  V I A  T H R E E - I M P U L S E  M A N E U V E R  

I n  o r d e r  t o  m i n i m i z e  t h e  e x t r a  AV r e q u i r e d  t o  a c h i e v e  E a r t h  e s c a p e  c o n d i t i o n s  
f o r  t h e  Mars m i s s i o n  when n o n - e o - p l a n a r  s i t u a t i o n s  e x i s t ,  a t h r e e - i m p u l s e  
m a n e u v e r  i s  e m p l o y e d .  T h e  f i r s t  i m p u l s e  ( A V  ) p l a c e s  t h e  s p a c e  v e h i c l e  i n t o  
a n  i n t e r m e d i a t e  o r b i t  w h e r e  i t  c o a s t s  t o  a p o k e e ;  a t  a p o g e e ,  a s e c o n d  i m p u l s e  
( A V  ) i s  made t o  a c h i e v e  t h e  r e q u i r e d  o r b i t  n o d e  w h i c h  w i l l  p r o v i d e  c o - p l a n a r  
c o n g i t i o n s  w i t h  t h e  E a r t h  e s c a p e  v e c t o r  V H P .  A t  p e r i g e e ,  a t h i r d  i m p u l s e  
(AV3) i s  made t o  i n s e r t  t h e  s p a c e  v e h i c l e  o n t o  t h e  d e s i r e d  e s c a p e  t r a j e c t o r y .  
See P a g e  33 f o r  AV p e n a l t y  t o  a c h i e v e  r e q u i r e d  o r b i t  n o d e  ( a l i g n  o r b i t  p l a n e ) .  
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EARTH ESCAPE THROUGH INTERMEDIATE ORBIT 
TO CORRECT ORBIT NODE 

MANEUVER TO 
ACHIEVE REQUIRED 
ORBIT NODE 

INTERMEDIATE 

\ SPACE VEHICLE I 
ASSEMBLY ORBIT \ / 

MANEUVER TO A h  
ACHIEVE REQUIRED / \ 

ESCAPE TRAJECTORY 
TO MARS t 

- Av3 
INSERTION ONTO 
ESCAPE TRAJECTORY 
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DELTA VELOCITY PENALTY ABOVE INPLANE L A U N C H  C O N D I T I O N  

T h i s  cha r t  shows t h e  d e l t a  v e l o c i t y  p e n a l t y  t h a t  m u s t  b e  a d d e d  t o  t h e  i n p l a n e  
E a r t h  d e p a r t u r e  d e l t a  v e l o c i t i e s  f o r  Mars m i s s i o n s .  The  d e l t a  v e l o c i t y  p e n a l t y  
r e p r e s e n t s  t h e  a d d i t i o n a l  d e l t a  v e l o c i t y  r e q u i r e d  t o  p e r f o r m  t h e  3 i m p u l s e  
d e p a r t u r e  d e s c r i b e d  i n  t h e  p r e v i o u s  c h a r t .  T h i s  c h a r t  s h o w s  t h e  d e l t a  v e l o c i t y  
p e n a l t y  as  a f u n c t i o n  o f  time d u r i n g  a 50 d a y  l a u n c h  window. T h i s  c o r r e s p o n d s  
t o  o n e  o r b i t a l  p r e c e s s i o n  p e r i o d  o f  t h e  S p a c e  S t a t i o n  o r b i t .  T h e r e  a r e  two 
i n p l a n e  l a u n c h  o p p o r t u n i t i e s  d u r i n g  t h i s  time a t  w h i c h  t h e r e  i s  no  p l a n e  c h a n g e  
p e n a l t y .  The  d e l t a  v e l o c i t y  p e n a l t y  a t  all o t h e r  t imes d e p e n d s  o n  t h e  time 
w i t h i n  t h e  l a u n c h  window a n d  t h e  p e r i o d  of t h e  i n t e r m e d i a t e  o r b i t  ( o r  t ime s p e n t  
i n  t h e  i n t e r m e d i a t e  o r b i t ) .  The  l o n g e r  t h e  p e r i o d  o f  t h e  i n t e r m e d i a t e  o r b i t ,  
t h e  h i g h e r  t h e  a l t i t u d e  a t  w h i c h  t h e  p l a n e  c h a n g e  i s  made,  a n d  t h e  lower t h e  
d e l t a  v e l o c i t y  p e n a l t i e s  assoc ia ted  w i t h  f o u r  d i f f e r e n t  i n t e r m e d i a t e  o r b i t s .  
T h e  h i g h e s t  p e n a l t y  o c c u r s  o n  t h e  3 7 t h  d a y  where t h e  p e n a l t y  i s  9 3 0  t o  1760 
f t / s e c .  

c 
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C O M P A R I S O N  OF E A R T H  O R B I T  DEPARTURE WINDOWS 
MISSION DELTA V E L O C I T I E S  

T h i s  c h a r t  shows  a c o m p a r i s o n  o f  t h e  E a r t h  a n d  Mars d e p a r t u r e  d e l t a  v e l o c i t i e s  
t h a t  c o r r e s p o n d  t o  two E a r t h  d e p a r t u r e  window o p t i o n s .  The  d a t a  o n  t h e  l e f t  
s i d e  shows t h e  d e l t a  v e l o c i t i e s  r e q u i r e d  i f  t h e  d e p a r t u r e  o c c u r e d  o n  t h e  d a y  o f  
t h e  b e s t  a l i g n m e n t  o f  E a r t h  a n d  Mars (minimum e n e r g y  d e p a r t u r e  d a t e ) ,  b u t  w i t h  
t h e  o r b i t  p l a n e  a t  i t s  worst  o r i e n t a t i o n  w i t h  r e s p e c t  t o  t h e  d e p a r t u r e  v e c t o r .  
A p l a n e  c h a n g e  wou ld  b e  r e q u i r e d  t o  l e a v e  t h e  o r b i t  i n  t h e  d i r e c t i o n  of  t h e  
d e p a r t u r e  v e c t o r .  T h i s  p l a n e  c h a n g e  would  b e  made u s i n g  a 3 i m p u l s e  m a n e u v e r  i n  
w h i c h  t h e  v e h i c l e  w o u l d  e n t e r  a 48 h o u r  i n t e r m e d i a t e  o r b i t  be fo re  l e a v i n g  
E a r t h .  The  d a t a  o n  t h e  r i g h t  shows  t h e  d e l t a  v e l o c i t i e s  r e q u i r e d  i f  d e p a r t u r e  
o c c u r s  w i t h i n  a 50 d a y  l a u n c h  window a t  o n e  o f  t w o  i n - p l a n e  d e p a r t u r e  o p p o r -  
t u n i t i e s  ( o r b i t  p l a n e  c o n t a i n s  t h e  d e p a r t u r e  v e c t o r ) .  The  l a u n c h  window wou ld  
b e  c e n t e r e d  a r o u n d  t h e  minimum e n e r g y  d e p a r t u r e  d a t a ,  b u t  t h e  i n - p l a n e  d e p a r t u r e  
wou ld  n o t  o c c u r  o n  t h i s  d a t e .  I n  o r d e r  t o  d e t e r m i n e  w h i c h  window o p t i o n  i s  
b e t t e r ,  i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  t o t a l  w e i g h t  i n  low E a r t h  o r b i t  r e q u i r e d  
f o r  e a c h  o p t i o n .  
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1-5960-7 

COMPARISON OF EARTH ORBIT DEPARTURE WINDOW OPTIONS 
MISSION DELTA VELOCITIES 

101 

MINIMUM ENERGY DEPART 
DATE WITH WORST CASE 

ORBIT PLANE ORIENTATION 
(INTERMEDIATE ORBIT 
IS 48 HOURS PERIOD) 

2! 0 

EARTH DEPART TWO OPPORTUNITIES 
WITHIN A 50 DAY LAUNCH WINDOW 

CARGO VEHICLE 
EARTH ESCAPE 

7.81 PILOTED VEHICLE 
MARS ESCAPE 

PILOTED VEHICLE 
EARTH ESCAPE 
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C O M P A R I S O N  OF EARTH O R B I T  DEPARTURE WINDOW OPTIONS 
W E I G H T  R E Q U I R E D  I N  LOW E A R T H  O R B I T  

T h i s  c h a r t  shows  a c o m p a r i s o n  of  t h e  r e q u i r e d  w e i g h t  i n  Low E a r t h  O r b i t  ( L E O )  
f o r  t h e  cargo a n d  p i l o t e d  v e h i c l e s  f o r  t h r e e  l a u n c h  window o p t i o n s .  T h i s  
r o u g h l y  c o r r e s p o n d s  t o  t h e  d i f f e r e n c e s  i n  p r o p e l l a n t  w e i g h t  r e q u i r e d .  The  f i r s t  
s e t  o f  d a t a  s h o w s  t h e  w e i g h t  r e q u i r e d  i n  LEO i f  t h e  m i s s i o n s  were t o  d e p a r t  o n  
t h e  minimum e n e r g y  d e p a r t u r e  d a y  w i t h  n o  p l a n e  c h a n g e  n e c e s s a r y .  T h i s  would  
o n l y  b e  p o s s i b l e  i f  t h e  p l a n e  o f  t h e  E a r t h  p a r k i n g  o r b i t  h a p p e n e d  t o  c o n t a i n  t h e  
d a p a r t u r e  v e c t o r  o n  t h a t  d a y .  T h e  s e c o n d  s e t  of  d a t a  s h o w s  t h e  w e i g h t  r e q u i r e d  
i n  LEO i f  t h e  d e p a r t u r e  o c c u r r e d  o n  t h e  d a y  o f  minimum d e p a r t u r e  e n e r g y ,  b u t  
w i t h  t h e  E a r t h  p a r k i n g  o r b i t  a t  t h e  worst  p o s s i b l e  o r i e n t a t i o n  w i t h  r e s p e c t  t o  
t h e  d e p a r t u r e  v e c t o r .  A f a i r l y  l a r g e  p l a n e  c h a n g e  w o u l d  b e  r e q u i r e d  t o  l e a v e  
from t h e  p a r k i n g  o r b i t  i n  t h e  d i r e c t i o n  of  t h e  d e p a r t u r e  v e c t o r .  The  t h i r d  s e t  
o f  d a t a  shows  t h e  w e i g h t  i n  E a r t h  o r b i t  r e q u i r e d  i f  t h e  d e p a r t u r e  o c c u r r e d  a t  
o n e  o f  two i n - p l a n e  o p p o r t u n i t i e s  w i t h i n  a 50 d a y  l a u n c h  window. T h e s e  two 
o p p o r t u n i t i e s  wou ld  n o t  o c c u r  o n  t h e  d a y  o f  minimum e n e r g y  d e p a r t u r e  c o n d i -  
t i o n s .  J u d g i n g  b y  t h e  t o t a l  w e i g h t  r e q u i r e d  i n  LEO f o r  b o t h  t h e  c a r g o  a n d  
p i l o t e d  m i s s i o n s ,  i t  a p p e a r s  t h a t  t h e  m i d d l e  o p t i o n s  w o u l d  b e  b e s t .  
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COMPARISON OF -EARTH ORBIT DEPARTURE WINDOW OPTIONS 
WEIGHT REQUIRED IN LOW EARTH ORBIT 

MINIMUM ENERGY 
DEPART DATE 

NO PLANE CHANGE 

TOTAL WGT = 2.818 

MINIMUM ENERGY 
DEPART DATE WITH 
WORST CASE ORBIT 
PLANE ORIENTATION 

TOTAL WGT = 3.1 

'0.3% 

EARTH DEPART 
WITHIN A 50 DAY 
LAUNCH WINDOW 

TOTAL WGT = 3.344 

+47.0% 

PILOTED 
VEHICLE 
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SPACE STATION/SPRINT NODE A L I G N M E N T  
C A R G O  V E H I C L E  

The S p a c e  S t a t i o n  i s  u s e d  i n  s u p p o r t  o f  t h e  a s s e m b l y  of  b o t h  t h e  c a r g o  a n d  
p i l o t e d  Mars v e h i c l e s  a n d  a s  t h e  r e t u r n  p o r t  f o r  t h e  p i l o t e d  v e h i c l e .  The  o r b i t  
p l a n e  o f  t h e  S p a c e  S t a t i o n  m u s t  t h e r e f o r e  b e  a l i g n e d  w i t h  t h e  d e p a r t u r e  asymp- 
t o t e s  o f  b o t h  t h e  c a r g o  a n d  p i l o t e d  v e h i c l e s ,  a s  wel l  as t h e  E a r t h  r e t u r n  asymp- 
t o t e  o f  t h e  p i l o t e d  v e h i c l e .  

The  trans-Mars i n j e c t i o n  o f  t h e  cargo v e h i c l e  can b e  i n i t i a t e d  from e i t h e r  a n  
a s c e n d i n g  o r  d e s c e n d i n g  l e g  o f  t h e  E a r t h  d e p a r t u r e  o r b i t ,  w h i c h  c o n s t r a i n s  t h e  
r i g h t  a s c e n s i o n  o f  t h e  a s c e n d i n g  Cargo D e p a r t u r e  Node (CDN) t o  b e  e i t h e r  63.9 
d e g  o r  2 4 6 . 1  d e g .  

The  r i g h t  a s c e n s i o n  o f  t h e  P i l o t e d  A r r i v a l  Node (PAN) a t  E a r t h  r e t u r n  c a n  h e  
e i t h e r  1 2 . 5  d e g  o r  102.5 d e &  d e p e n d i n g  o n  w h e t h e r  t h e  v e h i c l e  i s  t a r g e t e d  f o r  
t h e  n o r t h e r n  o r  s o u t h e r n  h e m i s p h e r e .  

The  f a c i n g  c h a r t  s h o w s  t h e  n o d a l  a l i g n m e n t  o f  t h e  S p a c e  S t a t i o n  o r b i t  r e l a t i v e  
t o  t h e  1 2 . 5  d e g r e e  a s c e n d i n g  n o d e  o f  t h e  E a r t h  r e t u r n  o r b i t  o f  t h e  p i l o t e d  
v e h i c l e .  The  c u r v e  i n d i c a t e s  t h a t  e i t h e r  a S p a c e  S t a t i o n  orbit a l t i t u d e  of  
a p p r o x i m a t e l y  428 km o r  480  km i s  r e q u i r e d  f o r  t h e  S p a c e  S t a t i o n  t o  b e  c o - p l a n a r  
w i t h  t h e  c a r g o  v e h i c l e  E a r t h  d e p a r t u r e  o r b i t  a n d  t h e  p i l o t e d  v e h i c l e  E a r t h  
d e p a r t u r e  a n d  r e t u r n  o r b i t s .  
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SPACE STATlONlSPRlNT NODE ALIGNMENT 

+**..* *. 

0.  
e. 

0.  
*a. 

'*.. 

CARGO VEHICLE 

I 1 

KEY 
P A N .  RIGHT ASCENSION OF SPACE STATION ASCENDING NODE AT PILOTED VEHICLE ARRIVAL 

CDN - RIGHT ASCENSION OF SPACE STATION ASCENDING NODE AT CARGO VEHICLE DEPARTURE 

3 9  



S P A C E  S T A T I O N / S P R I N T  NODE ALIGNMENT 
C A R G O  V E H I C L E  

The  S p a c e  S t a t i o n  i s  u s e d  i n  s u p p o r t  o f  t h e  a s s e m b l y  o f  b o t h  t h e  c a r g o  a n d  
p i l o t e d  Mars v e h i c l e s  a n d  as t h e  r e t u r n  p o r t  f o r  t h e  p i l o t e d  v e h i c l e .  T h e  o r b i t  
p l a n e  o f  t h e  S p a c e  S t a t i o n  m u s t  t h e r e f o r e  b e  a l i g n e d  w i t h  t h e  d e p a r t u r e  asymp- 
t o t e s  o f  b o t h  t h e  ca rgo  a n d  p i l o t e d  v e h i c l e s ,  a s  wel l  as  t h e  E a r t h  r e t u r n  asymp- 
t o t e  of  t h e  p i l o t e d - - v e h i c l e .  

The  t r a n s - M a r s  i n j e c t i o n  of  t h e  ca rgo  v e h i c l e  c a n  b e  i n i t i a t e d  from e i t h e r  a n  
a s c e n d i n g  o r  d e s c e n d i n g  l e g  o f  t h e  E a r t h  d e p a r t u r e  o r b i t ,  w h i c h  c o n s t r a i n s  t h e  
r i g h t  a s c e n s i o n  o f  t h e  a s c e n d i n g  Cargo D e p a r t u r e  Node (CDN) t o  b e  e i t h e r  63.9 
d e g  or 2 4 6 . 1  d e g .  

T h e  r i g h t  a s c e n s i o n  of  t h e  P i l o t e d  A r r i v a l  Node (PAN) as E a r t h  r e t u r n  can b e  
e i t h e r  1 2 . 5  d e g  o r  1 0 2 . 5  d e g  d e p e n d i n g  o n  w h e t h e r  t h e  v e h i c l e  i s  t a r g e t e d  f o r  
t h e  n o r t h e r n  o r  s o u t h e r n  h e m i s p h e r e .  

The  f a c i n g  c h a r t  s h o w s  t h e  n o d a l  a l i g n m e n t  o f  t h e  S p a c e  S t a t i o n  o r b i t  r e l a t i v e  
t o  t h e  1 0 2 . 5  d e g r e e  a s c e n d i n g  n o d e  o f  t h e  E a r t h  r e t u r n  o r b i t  o f  t h e  p i l o t e d  
v e h i c l e .  T h e  c u r v e  i n d i c a t e s  t h a t  e i t h e r  a S p a c e  S t a t i o n  o r b i t  a l t i t u d e  o f  
a p p r o x i m a t e l y  402 km o r  4 5 5  km i s  r e q u i r e d  f o r  t h e  S p a c e  S t a t i o n  t o  b e  c o - p l a n a r  
w i t h  t h e  c a r g o  v e h i c l e  E a r t h  d e p a r t u r e  o r b i t  a n d  t h e  p i l o t e d  v e h i c l e  E a r t h  
d e p a r t u r e  a n d  r e t u r n  o r b i t s .  
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SPACE S T A T I O N  O R B I T  A V A I L A B I L I T Y  
TO SUPPORT 2 0 0 5  M A R S  OPPOSITION SPLIT S P R I N T  MISSION 

The  p i l o t e d  v e h i c l e o e s c a p e  v e c t o r  h a s  a r i g h t  a s c e n s i o n  (R.A. )  o f  145 .0 '  a n d  a 
d e c l i n a t i o n  o f  4 . 8  ; t h e r e  a r e  two S p a c e  S t a t i o n  o r b i t  o r i e n t a t i o n s  w h i c h  
w o u l d  a l l o w  i n - p l a n e  escage c o n d i t i o n s  f o r  t h e  p i l o t e d  v e h i c l e .  One o r i e n t a t i o n  
w o u l d  h a v e  a n o d e  o f  334 f r o m  t h e  v e r n a l  e q u i n o x  ( 8 )  d i r e c t i o n  a n d  t h e  s e c o n d  
o r i e n t a t i o n  w o u l d  b e  136' from ( 8 ) .  A s s i m i n g  t h e  p i l o t e d  v e h i c l e  d e p a r t e d  
from t h e  S p a c e  S t a t i o n  o r b i t  w i t h  a 3 3 4  n o d e ,  420  d a y s  l a t e r  f o r  E a r t h  
r e t u r n ,  t h e  a c t u a l  e x i s t i n g  n o d e  of  t h e  S p a c e  S t a t i o n  o r b i t  w o u l d  b e  i n  t h e  
d i r e c t i o n  o f  3 o n  t h e  l e f t  s i d e  o f  tke c h a r t  u n d e r  p i l o t e o d  E a r t h  r e t u r n ;  
h o w e v e r ,  t h e  r e q u i r e d  n o d e  d i r e c t i o n  i s  SA. T h e r e  i s  a 1 5 5 . 4  o r  114 .6 '  n o d e  
a n g l e  m i s a l i g n m e n t  w h i c h  i s  shown.  Assuming  t h e  p i l o t e d  v e h i c l e  d e p a r t e d  f ro8  
t h e  S p a c e  S t a t i o n  o r b i t  w i t h  a 136' n o d e ,  t h e  n o d e  m i s a l i g n m e n t  i s  o n l y  6 . 8  
f o r  t h e  p i l o t e d  E a r t h  r e t u r n  c a p s u l e .  The  l o w e r  r i g h t  h a n d  f i g u r e s  show how 
much t h e  S p a c e  S t a t i o n  o r b i t  w i l l  b e  m i s a l i g n e d  f o r  t h e  c a r g o  v e h i c l e  l a u n c h .  
T h i s  m i s a l i g n m e n t  c o u l d  b e  c o r r e c t e d  by  a 3 - i m p u l s e  e s c a p e  m a n e u v e r  o r  p o s s i b l y  
t h r o u g h  a d e e p  s p a c e  o r  b r o k e n  p l a n e  m a n e u v e r  on t h e  E a r t h - t o - M a r s  t r a n s f e r  
t r a j e c t o r y .  A n o t h e r  way t h e  S p a c e  S t a t i o n  o r b i t  n o d e  c a n  b e  c o r r e c t e d  i s  by  
a d j u s t i n g  t h e  l a u n c h  o r  E a r t h  r e t u r n  d a t e  s i n c e  t h e  S p a c e  S t a t i o n  n o d e  i s  
r e g r e s s i n g  a t  t h e  r a t e  o f  - 7 . 1 4  d e g r e e s  p e r  d a y .  
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1-4229-8 SPACE STATION ORBIT AVAILABILITY 
TO SUPPORT 2005 MARS OPPOSITION SPLIT SPRINT MISSION 

EQUATOR 
PLANE 

R.A. = 145.0' 
DECL = 4.8' 

PILOTED F ARTH RETURN CAPSULE 

R.A. = 147.5' A 
DECL = 21.0' SA 

A 
S D  

A 
SA 

A 
N 

R.A. 

SPACE STATION ORBIT NODE REQUIRED 
FOR EARTH ESCAPE 

SPACE STATION ORBIT NODE REQUIRED 
FOR EARTH RETURN 

ACTUAL EXISTING NODE RESULTING 

LAUNCH (TOP FIGURE) 

ESCAPE OR RETURN VECTOR RIGHT 
ASCENSION 

FROM PILOTED VEHICLE IN-PLANE 

R.A. = 145.0' 
DECL = 4.8' 

PILOTED EARTH RETURN C A P S u G  

A R.A. = 147.5' 
DECL I 21.0' 

$--- p J $ ; a G  7 

CARGO VEHICLF L AUNCY 
A R.A. = 245.8' 

DECL ESCAPE OR RETURN VECTOR 
DECLINATION 
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O R B I T A L  P E R I O D  VS. A L T I T U D E  

T h i s  c h a r t  s h o w s  t h e  o r b i t a l  p e r i o d  f o r  c i r c u l a r  o r b i t s  a b o u t  Mars. N o t e  t h a t  
t h e  a l t i t u d e  is i n  t h o u s a n d s  of  K m .  

A M a r t i a n  d a y  i s  2 4  h r s  39 m i n  a n d  35.2 sec;  h e n c e ,  a s y n c h r o n o u s  o r b i t  i s  
a p p r o x i m a t e l y  17,000 km a l t i t u d e .  A 1000 km a l t i t u d e  p a r k i n g  o r b i t  was c h o s e n  
f o r  t h i s  s t u d y  r e s u l t i n g  i n  a p e r i o d  of  a p p r o x i m a t e l y  2.5 h o u r s .  

4 4  



1-4066-8-16D 

3 0 -  

2 5 ’  

2 0 -  

1 5 -  

1 0 -  

5 -  

0 

ORBITAL PERIOD VS ALTITUDE 
CIRCULAR ORBIT 

3 0 -  

2 5 ’  

2 0 -  

1 5 -  

1 0 -  

5 -  

0 

- 
u) a 
I, 

I I I I I I 
. 5  5 .  1 0 .  1 5 .  2 0 .  2 5 .  

0 
0 a 
n 
W 

5 0 1  
4 5  

3 5  

I I I I I I 
. 5  5 .  1 0 .  1 5 .  2 0 .  2 5 .  

ALTITUDE (KM X 1000) 

45  



O R B I T A L  PERIOD VS. ALTITUDE 

T h i s  c h a r t  shows  t h e  o r b i t a l  p e r i o d  f o r  e l l i p t i c  o r b i t s  a b o u t  Mars. T h e  
p e r i a p s i s  a l t i t u d e  i s  c o n s t a n t  a t  500 K m .  The  a l t i t u d e  o f  a p o a p s i s  v a r i e s  from 
500 Km t o  35,000 K m .  

An a p o a p s i s  a l t i t u d e  of  a p p r o x i m a t e l y  33,500 km g i v e s  a Mars s y n c h r o n o u s  o r b i t .  
E l l i p t i c a l  p a r k i n g  o r b i t s  were c o n s i d e r e d ,  b u t  a 1 0 , 0 0 0  km a l t i t u d e  c i r c u l a r  
o r b i t  was se l ec t ed  f o r  t h i s  s t u d y .  T h i s  s i m p l i f i e s  p h a s i n g  c o n s i d e r a t i o n s  f o r  
l a n d i n g  s i t e  o v e r f l i g h t s  a n d  v e h i c l e  r e n d e z v o u s .  
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1-4067-8-16D 
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R E G R E S S I O N  RATE VS. INCLINATION 

L i k e  E a r t h ,  Mars i s  a n  o b l a t e  s p h e r o i d  w h i c h  c a u s e s  t h e  n o d e s  o f  a n  o r b i t a l  
p l a n e  t o  r e g r e s s .  T h i s  c h a r t  d e p i c t s  t h e  n o d a l  r e g r e s s i o n  a b o u t  Mars a s  a 
f u n c t i o n  o f  i n c l i n a t i o n  f o r  v a r i o u s  o r b i t a l  a l t i t u d e s .  I n  c o m p a r i s o n  w i t h  
E a r t h ,  t h i s  c h a r t  s h o w s  t h a t  a 500 k i l o m e t e r ,  4 5  d e g r e e  i n c l i n a t i o n  o r b i t  ha s  a 
r e g r e s s i o n  r a t e  o f  a b o u t  6 .8  d e g r e e s / d a y ,  c o m p a r e d  t o  a 5 . 4  d e g r e e s / d a y  
r e g r e s s i o n  ra te  f o r  a n  i d e n t i c a l  E a r t h  o r b i t .  
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1-4068-8-1 6D 

REGRESSION RATE VS INCLINATION 

INCLINATION (DEG) 
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M A R S  SUN S Y N C H R O N O U S  ORBIT 

The  o r b i t a l  i n c l i n a t i o n  i s  g i v e n  v s .  a l t i t u d e  f o r  a s u n  s y n c h r o n o u s  o r b i t .  A 
s u n  s y n c h r o n o u s  o r b i t  d o e s  n o t  n e c e s s a r i l y  p r o v i d e  c o n t i n u o u s  t ime i n  t h e  sun 
f o r  t h e  s p a c e c r a f t .  The o r b i t  does  m a i n t a i n  a c o n s t a n t  r e l a t i o n a s h i p  w i t h  t h e  
s u n .  A s  Mars o r b i t s  a b o u t  t h e  sun, t h e  s u n  s y n c h r o n o u s  o r b i t  m u s t  o f  n e c c e s s i t y  
p r e c e s s  E a s t w a r d l y  360  degrees  e v e r y  6 8 6 . 9 7 9  d a y s  ( 0 . 5 2 4  d e g r e e s / d a y ) .  

T h e r e  i s  no  r e q u i r e m e n t  a t  t h i s  t ime f o r  a n y  o f  t h e  manned Mars v e h i c l e s  t o  
m a i n t a i n  a s u n  s y n c h r o n o u s  o r b i t .  T h i s  c h a r t  p o i n t s  o u t  t h a t  f o r  a n y  Mars 
o r b i t e r  t o  c o n t i n u o u s l y  m o n i t o r  t h e  s u n ,  i t  m u s t  be  p l a c e d  i n  a h i g h  i n c l i n a t i o n  
o r b i t ,  a n d  t h e  o r i e n t a t i o n  of  t h e  o r b i t ,  w i t h  respec t  t o  t h e  s u n ,  chosen  t o  
p r o v i d e  c o n t i n u o u s  s u n  v i e w i n g .  
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1-4069-8-1 6D 

MARS SUN SYCHRONOUS ORBIT 

ALTITUDE (KMX100) 
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M A R S  O R B I T A L  LIFETIMES 

An a n a l y s i s  was p e r f o r m e d  t o  d e t e r m i n e  t h e  o r b i t a l  l i f e t i m e s  f o r  t h e  c a r g o  a n d  
p i l o t e d  v e h i c l e s  i n  o r b i t  a b o u t  Mars. Maximum d r a g  ( w o r s t  case) o r i e n t a t i o n  was 
u s e d  i n  m a k i n g  t h e  o r b i t  l i f e t i m e  c a l c u l a t i o n s .  W i t h  a n  i n i t i a l  o r b i t  a l t i t u d e  
o f  200 km, t h e  o r b i t  a l t i t u d e  d e c a y s  t o  185 km i n  22  m o n t h s  f o r  t h e  c a r g o  
v e h i c l e  a n d  i n  24 m o n t h s  f o r  t h e  p i l o t e d  v e h i c l e .  The  a c t u a l  t ime t h e  c a r g o  
v e h i c l e  i s  i n  o r b i t  a r o u n d  Mars i s  20 m o n t h s ,  a n d  t h e  p i l o t e d  v e h i c l e  i s  i n  
o r b i t  a r o u n d  Mars f o r  o n e  mon th .  From t h i s  a n a l y s i s ,  i t  was d e t e r m i n e d  t h a t  a 
200 KM a l t i t u d e  o r b i t  r e p r e s e n t s  t h e  minimum safe  p a r k i n g  o r b i t  f o r  t h e  cargo 
v e h i c l e .  S i n c e  a n  a l t i t u d e  of  1000 K M  was c h o s e n  f o r  t h i s  s t u d y ,  t h e r e  i s  n o  
o r b i t a l  d e c a y  p r o b l e m  f o r  t h e  c a r g o  o r  p i l o t e d  v e h i c l e s .  
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CARGO VEHICLE : 
% 

PILOTED VEHICLE : AEROBRAKE SHIELD SURFACE PERPENDICULAR TO VELOCITY VECTOR 

BALLISTIC COEFF. = WGTIGA = 185 LBSIFT' 

200 KM ORBIT DECAYS TO 185 KM IN 24 MONTHS 

4 

HIGHER ORBITS (500 - 1000 KM) HAVE SIGNIFICANTLY LONGER ORBITAL LIFETIMES. 

MARS ORBITAL LIFETIMES 

AEROBRAKE SHIELD SURFACE PERPENDICULAR TO VELOCITY VECTOR 

BALLISTIC COEFF. = W G T ~ G A  = 170 LBSIFT' 

200 KM ORBIT DECAYS TO 185 KM IN 22 MONTHS 
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P I L O T E D  V E H I C L E - S I D E  VIEW 

T h i s  schemat ic  d e p i c t s  t h e  p i l o t e d  v e h i c l e  a n d  s h o w s  t h e  o r i e n t a t i o n  of  t h e  
a e r o s h e l l  w i t h  r e s p e c t  t o  t h e  v e l o c i t y  v e c t o r .  T h i s  o r i e n t a t i o n  (maximum d rag )  
was u s e d  i n  m a k i n g  t h e  o r b i t a l  l i f e t i m e  c a l c u l a t i o n s .  
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FROM REFERENCE 22 

PILOTED VEHICLE SIDE VIEW 
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CARGO V E H I C L E  L I F E T I M E  

T h i s  f i g u r e  p r e s e n t s  t h e  p r e d i c t e d  o r b i t a l  d e c a y  p r o f i l e ,  b a s e d  o n  t h e  maximum 
d r a g  o r i e n t a t i o n  o f  t h e  c a r g o  v e h i c l e .  

A n o m i n a l  Mars a t m o s p h e r i c  m o d e l ,  w i t h  no  s o l a r  v a r i a t i o n s ,  was u s e d  t o  p r e d i c t  
t h e  o r b i t a l  l i f e t i m e s  f o r  m i s s i o n s  i n  o r b i t  a r o u n d  Mars. 

I n i t i a l  o r b i t a l  a l t i t u d e s  a r o u n d  Mars lower t h a n  200 K M  w o u l d  c o m p r o m i s e  t h e  
ca rgo  v e h i c l e  p l a n n e d  o r b i t a l  s t a y  t ime of  19  m o n t h s  f o r  t h e  maximum d r a g  
o r i e n t a t i o n .  
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CARGO VEHICLE LIFETIME 
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CARGO V E H I C L E  PROPELLANT USED AT M A R S  

A s y s t e m  t r a d e  was c o n d u c t e d  t o  d e t e r m i n e  t h e  most e f f i c i e n t  p a r k i n g  o r b i t  f o r  
t h e  c a r g o  v e h i c l e  s o  t h a t  i t  wou ld  b e  i n  t h e  co r rec t  o r b i t  p l a n e  u p o n  a r r i v a l  o f  
t h e  p i l o t e d  v e h i c l e  a t  Mars. Shown o n  t h e  f a c i n g  c h a r t  a r e  o r b i t s  t h a t  s a t i s f y  
t h i s  r e q u i r e m e n t ,  t o g e t h e r  w i t h  t h e  p r o p e l l a n t  r e q u i r e d  t o  i n j e c t  i n t o  t h i s  
o r b i t ,  a n d  upon a r r i v a l  o f  t h e  p i l o t e d  v e h i c l e  t o  t r a n s f e r  t o  a 980 km a l t i t u d e  
c i r c u l a r  o r b i t ,  f o r  r e n d e z v o u s  w i t h  t h e  p i l o t e d  v e h i c l e .  An e l l i p t i c a l  p a r k i n g  
o r b i t  w i t h  a 4381 km a p o a p s i s  a l t i t u d e  a n d  a 300 km p e r i a p s i s  a l t i t u d e ,  u s e d  i n  
c o n j u n c t i o n  w i t h  a e r o b r a k i n g ,  p r o v i d e s  t h e  most e f f i c i e n t  o r b i t  o f  t h o s e  
s t u d i e d .  
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1-3734-8-1 2T 

CASE NO. 

1. 

2. 

3. 

4. 

MARS PARKING ORBIT TRADE STUDY 
CARGO VEHICLE 

PARKING ORBIT 
ALTITUDE (KM) ORBIT TRANSFER MODE 

2062 X 2062 ALL PROPULSIVE 

2062 X 2062 AEROBRAKE + PROPULSIVE 

3406 X 980 ALL PROPULSIVE 

4841 X 300 AEROBRAKE + PROPULSIVE 

TOTAL PROPELLANT 
REQUIRED AT MARS ILB.1 

74,000 

94,000 

52,000 

31,000 
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CARGO V E H I C L E  MISSION PROFILE 

The  o r b i t a l  p r o f i l e  of t h e  c a r g o  v e h i c l e  i s  shown i n  t h e  f a c i n g  c h a r t .  The  Mars 
a r r i v a l  t r a j e c t o r y  i s  g u i d e d  t o  a v i r t u a l  p e r i a p s i s  a l t i t u d e  o f  47 .4  km. 
A e r o b r a k i n g  i s  t h e n  u s e d  t o  l o w e r  t h e  e n e r g y  t o  a 4381.3 km a p o a p s i s  o r b i t .  The  
s p a c e  v e h i c l e  t h e n  c o a s t s  t o  t h e  a p o a p s i s  a n d  d o e s  a p r o p u l s i v e  b u r n  t o  r a i s e  
t h e  p e r i a p s i s  a l t i t u d e  t o  300 km, w h i c h  i s  a b o v e  t h e  s e n s i b l e  a t m o s p h e r e .  After 
a s t a y  time of  5 2 2  d a y s ,  t h e  c a r g o  v e h i c l e  u s e s  a p r o p u l s i v e  m a n e u v e r  t o  lower 
t h e  p e r i a p s i s  a l t i t u d e  t o  5 6 . 2  km, a n d  a e r o b r a k i n g  i s  u s e d  t o  l o w e r  t h e  a p o a p s i s  
a l t i t u d e  t o  980 km. T h e  v e h i c l e  coas t s  t o  a p o a p s i s  a n d  u s e s  a n  a d d i t i o n a l  
p r o p u l s i v e  m a n e u v e r  t o  c i r c u l a r i z e  a t  980  km a l t i t u d e .  A t  t h i s  p o i n t ,  t h e  
v e h i c l e  i s  i n  p o s i t i o n  f o r  t e r m i n a l  r e n d e z v o u s  w i t h  t h e  p i l o t e d  v e h i c l e .  
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MARS MISSION 1-4081 -8-16D 

ARR. FROM EARTH CARGO VEHICLE 

EVENT TIME (DAYSlHRS) EVENT DESCRIPTION WEIGHT 

010 AEROBRAKE TO 4381.3 X 47.4 KM 51 1,742 
RAISE PERlAPSlS TO 300 KM 501,332 011.952 

52211.95 LOWER PERlAPSlS TO 56.2 KM 494,8 68 
52213.76 AEROBRAKE TO 980 X 56.2 KM 494,868 
5 2 214.85 CIRCULARIZE AT 980 KM 467,283 
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S P R I N T  P A R K I N G  O R B I T  A N A L Y S I S  

T h e  c u r v e  o n  t h e  f a c i n g  p a g e  s h o w s  a l t i t u d e / i n c l i n a t i o n  c o m b i n a t i o n  f o r  t h e  
p a r k i n g  o r b i t  o f  t h e  p i l o t e d  v e h i c l e  t h a t  i s  a l i g n e d  w i t h  b o t h  t h e  a r r i v a l  a n d  
d e p a r t u r e  a s y m p t o t e s ,  a s s u m i n g  a 30 d a y  s t a y t i m e  f o r  t h e  p i l o t e d  s p a c e c r a f t .  A n  
a l t i t u d e  o f  1000 km, w i t h  a c o r r e s p o n d i n g  i n c l i n a t i o n  o f  7'1.7 d e g ,  was s e l e c t e d  
as  t h e  r e f e r e n c e  o r b i t  f o r  f u r t h e r  a n a l y s e s .  
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PERCENT T I M E  I N  THE S U N  D U R I N G  M A R S  O R B I T  

T h i s  cha r t  shows  t h e  p r e c e n t  o f  a n  o r b i t a l  r e v o l u t i o n  t h a t  t h e  v e h i c l e  s p e n d s  i n  
s u n l i g h t . .  The  c i r c u l a r  o r b i t  has a 1000 km a l t i t u d e ,  74.73' i n c l i n a t i o n ,  a n d  
2 9 2 . 4  r i g h t  a s c e n s i o n  of  t h e  a s c e n d i n g  n o d e .  After  a p p r o x i m a t e l y  20 d a y s  i n  
Mars o r b i t ,  t h e  o r b i t  p l a n e  h a s  p r e c e s s e d  t o  a n  o r i e n t a t i o n  o f  z e r o  BETA a n g l e  
a n d  e x p e r i e n c e s  minimum s u n l i g h t  time p e r  r e v o l u t i o n .  The  p e r c e n t  time i n  
s u n l i g h t  wou ld  i n f l u e n c e  t h e  d e s i g n  of  t h e  power  a n d  t he rma l  s u b s y s t e m s .  
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PERCENT TIME I N  T H E  SUN DURING MARS O R B I T  
Altitude: 1 0 0 0  Km I n c l :  7 4 . 7 3 "  

A 4 
T 

Jul 3 ,  2005 DAYS IN W R S  O R E I T  
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O R B I T  A N D  L A N D I N G  S ITE GEOMETRY 

I n - p l a n e  d e b o o s t  a n d  l a n d i n g  o p p o r t u n i t i e s  from t h e  Mars o r b i t  o c c u r  tw ice  e v e r y  
Martian d a y  ( 2 4 . 6  h o u r s ) ,  where t h e  l a n d i n g  l a t i t u d e  i s  less  t h a n  t h e  o r b i t  
i n c l i n a t i o n .  One l a n d i n g  o p p o r t u n i t y  o c c u r s  from a n  a s c e n d i n g  d i r e c t i o n ,  S o u t h  
t o  N o r t h ,  as  i l l u s t r a t e d  b y  p o s i t i o n  rrA1l  on t h e  f i g u r e .  The  s e c o n d  l a n d i n g  
o p p o r t u n i t y  occurs  from a d e s c e n d i n g  d i r e c t i o n ,  N o r t h  t o  S o u t h ,  a s  i l l u s t r a t e d  
by  p o s i t i o n  IIBtr o n  t h e  f i g u r e .  I f  t h e  l a n d i n g  s p a c e c r a f t  had  c r o s s  r a n g e  
m a n e u v e r i n g  c a p a b i l i t y ,  t h e r e  c o u l d  be more  t h a n  two o p p o r t u n i t i e s  p e r  d a y  s i n c e  
t h e  o r b i t  would  n o t  h a v e  t o  p a s s  d i r e c t l y  o v e r  t h e  l a n d i n g  s i t e .  I f  t h e  l a n d i n g  
s i t e  a n d  o r b i t i n g  s p a c e c r a f t  a r e  n o t  p h a s e d  a p p r o p r i a t e l y ,  an i n t e r m e d i a t e  
p h a s i n g  o r b i t  i s  r e q u i r e d  t o  a c h i e v e  t h e  d e s i r e d  l a n d i n g  s i t e .  
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1-4228-8 

ORBIT AND LANDING SITE GEOMETRY 
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M A R S  EXPLORATION 
R E N D E Z V O U S  COMPATIBLE O R B I T  

One o f  t h e  f a c t o r s  t h a t  w i l l  i n f l u e n c e  t h e  Mars l a n d i n g  s i t e  a n d  p a r k i n g  o r b i t  
s e l e c t i o n  w i l l  b e  t h e  a b i l i t y  t o  p e r f o r m  a n  e f f i c i e n t  r e n d e z v o u s  b e t w e e n  t h e  
Mars s p a c e c r a f t  a n d  t h e  ascent v e h i c l e  when i t  r e t u r n s  f r o m  t h e  s u r f a c e .  The 
p a r k i n g  o r b i t  m u s t  b e  c o m p a t i b l e  w i t h  t h e  l a n d i n g  s i t e  so as  t o  e n a b l e  r e p e a t e d  
o p p o r t u n i t i e s  f o r  t h e  r e t u r n  o f  t h e  crew. F i g u r e  1 o n  t h e  c h a r t  s h o w s  t h e  t h r e e  
p h a s e s  o f  t h e  r e n d e z v o u s  s e q u e n c e .  The t i m i n g  o f  t h e  l a u n c h  r e q u i r e s  t h a t  t h e  
l a u n c h  s i t e  b e  i n  t h e  p l a n e  o f  t h e  p a r k i n g  o r b i t .  T h i s  i s  p o s s i b l e  o n l y  i f  t h e  
l a t i t u d e  o f  t h e  l a n d i n g  s i t e  i s  less  t h a n  t h e  i n c l i n a t i o n  o f  t h e  p a r k i n g  o r b i t .  
I n  a d d i t i o n  t o  b e i n g  l a u n c h e d  i n t o  t h e  p r o p e r  o r b i t a l  p l a n e ,  t h e  a s c e n t  v e h i c l e  
m u s t  e v e n t u a l l y  e n d  u p  i n  t h e  same l o c a t i o n  as  t h e  p i l o t e d  v e h i c l e  i n  i t s  
o r b i t .  F i g u r e  2 s h o w s  t w o  ways  i n  w h i c h  t h i s  c o u l d  b e  a c c o m p l i s h e d .  The  f i r s t  
is t o  l a u n c h  t h e  ascent  v e h i c l e  when t h e  l a n d i n g  s i t e  i s  i n  t h e  o r b i t  p l a n e  a n d  
t h e  p i l o t e d  v e h i c l e  i s  a t  a p a r t i c u l a r  l o c a t i o n  i n  t h e  o r b i t  s o  t h a t  t h e  two  
v e h i c l e s  w i l l  a r r i v e  a t  t h e  same l o c a t i o n  a t  t h e  same time. The  s e c o n d  o p t i o n  
f o r  t h e  r e n d e z v o u s  wou ld  b e  t o  l a u n c h  i n t o  a n  i n t e r m e d i a t e  o r b i t  t h a t  is c o -  
p l a n a r  w i t h  t h e  p a r k i n g  o r b i t ,  r e m a i n  i n  t h e  i n t e r m e d i a t e  o r b i t  u n t i l  t h e  two 
s p a c e c r a f t  a r e  p h a s e d  p r o p e r l y ,  t h e n  t r a n s f e r  t o  t h e  p a r k i n g  o r b i t  f o r  t h e  
r e n d e z v o u s .  T h e  f i r s t  r e n d e z v o u s  p r o f i l e  i s  t h e  m o s t  e f f i c i e n t ,  b u t  r e q u i r e s  
c a r e f u l  s y n c h r o n i z a t i o n  o f  t h e  m o t i o n  o f  t h e  p a r k i n g  o r b i t  w i t h  t h e  r o t a t i o n  of 
Mars, 
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MARS EXPLORATION 
RENDEZVOUS COMPATIBLE ORBIT 

ASCENT 
OR 

INJECTION 

TERMINAL 
OR 

CLOSING 

DOCKING 
OR 

ACQUISITION 

FIG. 1. PHASES OF RENDEZVOUS 

IN-PLANE LAUNCH WITH IN-PLANE LAUNCH WITH 
NO PHASING REQUIRED INTERMEDIATE PARKING 

ORBIT USED FOR PHASING 

FIG 2. ASCENTlRENDEZVOUS TRAJECTORIES 
6 9  



RENDEZVOUS COMPATIBLE M A R S  ORBITS 
M A R T I A N  D A I L Y  R E P E A T I N G  O R B I T S  

A r e n d e z v o u s  c o m p a t i b l e  o r b i t  a l l o w s  a s p a c e c r a f t  t o  r e p e a t e d l y  p a s s  o v e r  a 
p a r t i c u l a r  l a n d i n g  s i t e  s o  t h a t  d e s c e n t s  a n d  a s c e n t s  b e t w e e n  t h e  s p a c e c r a f t  a n d  
t h e  l a n d i n g  s i t e  a r e  p o s s i b l e .  R e n d e z v o u s  c o n d i t i o n s  b e t w e e n  a l a n d i n g  s i t e  a n d  
a n  o r b i t i n g  s p a c e c r a f t  e x i s t  o n l y  when t h e  l a n d i n g  s i t e  i s  i n  t h e  o r b i t  p l a n e  
a n d  t h e  s p a c e c r a f t  is  a t  a s p e c i f i c  p o i n t  i n  i t s  o r b i t .  To e n s u r e  t h a t  t h e s e  
c o n d i t i o n s  r e p e a t  a t  r e g u l a r  i n t e r v a l s ,  i t  i s  n e c e s s a r y  t o  c h o o s e  a n  o r b i t  i n  
w h i c h  t h e  o r b i t a l  m o t i o n  of  t h e  s p a c e c r a f t  i s  s y n c h r o n i z e d  w i t h  t h e  r o t a t i o n  o f  
t h e  p l a n e t .  T h e  a l t i t u d e  a n d  i n c l i n a t i o n  of  t h e  o r b i t  d e t e r m i n e  t h e  o r b i t a l  
v e l o c i t y  o f  t h e  s p a c e c r a f t ,  o r b i t  p e r i o d ,  a n d  t h e  p r e c e s s i o n  r a t e  o f  t h e  o r b i t  
p l a n e .  By s e l e c t i n g  t h e  p r o p e r  a l t i t u d e  a n d  i n c l i n a t i o n ,  i t  i s  p o s s i b l e  t o  
a c h i e v e  t h e  s y n c h r o n i z a t i o n  t h a t  a l l o w s  p e r i o d i c  r e n d e z v o u s  o p p o r t u n i t i e s .  

The  n e x t  e l e v e n  p a g e s  show t h e  p r o p e r  c o m b i n a t i o n s  o f  a l t i t u d e  a n d  i n c l i n a t i o n  
t h a t  w i l l  a s s u r e  d e s c e n t  o r  a s c e n t  o p p o r t u n i t i e s  a t  t h e  same time e v e r y  d a y  o r  
e v e r y  o t h e r  d a y  ( M a r t i a n  d a y ,  2 4 . 6  h o u r s ) .  I n  t h e s e  c h a r t s  f t M 1 l  i s  e q u a l  t o  t h e  
number  o f  Mars r o t a t i o n s  a n d  r e p r e s e n t s  t h e  d e s i r e d  f r e q u e n c y  o f  r e n d e z v o u s  
o p p o r t u n i t i e s .  t lN1l  i s  e q u a l  t o  t h e  number  o f  o r b i t s  c o m p l e t e d  by  t h e  s p a c e c r a f t  
d u r i n g  l IM1t  r o t a t i o n s  o f  Mars. T h e  s y n c h r o n i z a t i o n  i s  a c h i e v e d  by  s e l e c t i n g  t h e  
p r o p e r  c o m b i n a t i o n  o f  a l t i t u d e  a n d  i n c l i n a t i o n  s u c h  t h a t  t h e  t ime r e q u i r e d  for  
l V N ”  o r b i t a l  p e r i o d s  i s  e q u a l  t o  t h e  t ime r e q u i r e d  f o r  r r M t l  r o t a t i o n s  o f  Mars. 
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MARS EXPLORATION 

RENDEZVOUS COHFATLBLE ORBIT 
MARTIAN DAILY REPEATING ORBITS 

INPUT DATA 

MU - 42823.3 52 - 0.29400E-02 PP - 88643.000 R * 3397.200 

CALCULATIONS 
M N INCL (DEGI ALTITUDE (KMI 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 
100 .oooo 
110.0000 
120.0000 
130.0000 
140 .OOOO 
150 .oooo 
160.0000 
170.0000 
180.0000 
0.0000 
10.0000 
20 .a000 
30 .OOOO 
40.3000 
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 
100.0000 
110 .oooo 
120.0000 
130.0000 
140.0000 
150 .oooo 
160.0000 
170.0000 
180.0000 

17032.7422 
17032.6753 
17032.48:: 
17032.1992 
17031.8574 
17031.5137 
17031.21EQ _I 

17031.0254 
17030.3727 
17031.0825 
17031.3574 
17031.7832 
17032.3262 
17032.9355 
17033.5527 
17034.1152 
17034.5615 

17034.9551 
9473.220' 

17034.8555 

I ,  

9473.1416 
9472.9190 
9472.592s . _  
9472.2266 
9471.39E' 1 _ 1  

9471.63:S 
9471.6523 
9471.263' .a 
9472.3438 
9473.3843 
9474.396 6 
9475. : 9 5 3  
9476.4L;l 
9477.6084 

9479.5176 
9480.9Ey6 
9480.2032 

9478 . s 7 5 a  

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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MARS EXPLORATION 
* t t * * t t t * * t * t * * * l * t * * 4 4 4 * 4 4 * 4 4 4 4 * * ~ * . ~ * ~ 4 4 * 4 ~ 4 * ~ k *  

t 

RENDEZVOUS COMPATIBLE ORBIT 
MARTIAN DAILY REPEATING ORBITS 

*************4t*****t+*t*tt...t*t*...**********~*************** 

INPUT DATA 

M U  - 42828.3 52 0.294OOE-02 PP - 88643.000 R - 3397.200 

M 

1 

N 

5 

I NCL 

0.0000 

ALTITUDE 

3582.4817 
1 5 10.0000 3582.4839 
1 5 20.0000 3582.5127 
1 5 30.0000 3582.6306 
1 5 40.0000 3582.9319 
1 5 50.0000 3583.5264 
1 5 60.0000 3584.5227 
1 5 70.0000 3586.0088 
1 5 80.0000 3588.0356 
1 
1 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

90.0000 
100.0000 
iio.oooo 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
170.0000 
180.0000 
0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 

100.0000 
110 .oooo 
120.0000 
130.0000 
140.0000 
150 .OOOO 
160.0000 
170.0000 
180.0000 

3590.6033 
3593.6536 
3597.0708 
3600.6868 
3604.2919 
3607.6682 
3610.5801 
3612 .E257 
3614.2429 
3614.7273 
2778.3647 
2778.4238 
I77i .62iQ 
2779.0315 
2779.7434 
2780.8728 
2782.5278 
2784.7905 
2787.6997 
2791.2351 
2795.3110 
2799.7764 
2804.4226 
2809.0005 
2813.2397 
2816.8728 
2819.6609 
2821.4148 
2822.0132 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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MARS EXPLORATION 
* t * * 4 ~ * * * * * * * * * 4 4 ~ * * * . * * * * * * * * * * * ~ * * * ~ ~ * ~ * 4 * * * ~ * ~ *  

* 
RENDEZVOUS COMPATIBLE ORBIT * 

* ElARTIAN DAILY REPEATING ORBITS * 

M 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

N 

7 
7 
7 
7 
7 
7 
7 

7 
1 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 

I NCL 

0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 
100 .oooo 
110.0000 
120.0000 
130.0000 
140.0000 
15O.0000  
160.0000 
170 .OOOO 
180.0000 
0.0000 
10.0000 
20.0000 
3i.Oooo 
40.0000 
50.0000 
60.0000 
70.0000 

8 
8 e 
8 
8 
8 
8 

80.0000 
90.0000 

ALTITUDE 

2 168.8359 
2168.9636 
2169.3752 
2170.1343 
2171.3406 
2173.1055 
2175.5322 
2178.6921 
2182.6069 
2187.2307 
2192.4456 
2198.0620 
2203 .E289 
2209.4521 
2214.6177 
2219.0183 
2222.3809 
2224.4900 
2225.2090 
1687.2762 
1687.4878 
1688.1462 
1689.3181 
1691.1000 
1693.5983 
1696.9065 
1701.0807 
1706.1189 
1711.9459 

100.0000 
110.0000 
120.0000 
130.0000 
140.0000 
150 .OOOO 
160.0000 
170.0000 
180.0000 

1718.4070 
1725.2708 
1732.2413 
1738.9789 
1745.1255 
1750.3345 
1754.2996 
1756.7806 
1757.6252 

M = NUMBER OF MARS’ ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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INPUT DATA 

MU 42828.3 J2 - 0.29400E-02 PP 88643.000 R - 3397.200 

CALCULATIONS 
H N INCL (DEG) ALTITUDE (XM) 

1 9 0.0000 1294.777 5 
1 9 10 . oooo  1295.3846 
1 9 20.0000 1296.0291 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

i 
1 
1 

1 

1 
1 
1 

9 
9 
9 
9 
9 
9 

30.0000 
40 .OOOO 
50.0000 
60 .OOOO 
70.0000 
8.?.0000 

1297.6748 
1300.1134 
1303.4423 
1307.7404 
1313.0427 
1319.3132 

9 93.0000 1326.4597 

9 110.0000 1312.47C2 
9 123 . o o o o  1350 .'2 1 2  
9 13C .OOOO 1358.6355 

9 10; .oooo i334.26a3 

9 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

140.0000 
155 .OOOO 
165.0000 
17C.0000 
18:.0003 
0.0003 
13.0000 
20.0000 
39.0000 
45.0000 
55.0009 
65 .OOOO 
73.0003 
a5.0003 
S!.OOOO 

1,: J . O D 0  .? 
1: 1.0003 
12J.0009 
131.0003 
141.0001 
155.0003 
163.0000 
1-3 .OC)! 
181.003:: 

1365.8116 
1371 .e646 
1376.4563 
1379.?2?1 
1380. is-9 
966.9578 
967.3736 
968.6;27 
970.3249 
974.0026 
978.2603 
983.6509 
990.2029 
997.8254 
1006. ! 6 i 3  
1015.6:54  
1025.26ii 
101: . 5 6 - 3  
1044.7143 
1052.2623 
1059. !9?3 
106; .4i3S 
1067.6SiS 
1068.3713 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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MARS EXPLORATION 
** * * * * * * t * * * t * t t * * l * * . * t * . . * ~ k * * ~ * ~ * ~ * * * ~ , * * * ~ * * * * ,  

* 
RENDEZVOUS COMPATIBLE ORBIT 

MARTIAN DAILY REPEATING ORDITS 
************t*ttt**t***lt.**..**..**"~*~**.~~***,******~ 

INPUT DATA 

MU - 42828.3 52 0.294OOE-02 PP 88643.000 R = 3397.200 

ALTITUDE M N INCL 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

11 
11 
11 
11 
11 
11 
11 
1 1  
11 
1 1  
11 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

0.0000 
10.0000 
20 .oooo 

687.6889 
688.2272 
689.8617 

30.0000 
40.0000 
50.0000 
60.0000 
70 .OOOO 
80 .oooo 
90.0000 
100.0000 
110.0000 
120.0000 
130 . O O O O  
140.0000 
150.0000 
160 . O O O O  
170.0000 
180.0000 
0.0000 
10.0000 
20.0000 
30 . O O O O  
40 . O O O O  
50.0000 
60 . O O O O  
70.0000 
80.0000 
90.0000 
100 .oooo 
110.0000 
120.0000 
130.0000 
140.0000 
150 .oooo 
160.0000 
170.0000 
180 .oooo 

692.6450 
696.6476 
701.9350 
708.5406 
716.4401 
725.5300 
735.6153 
746.4069 
757.5305 
768.5461 
778.9748 
788.3312 
796.1580 
802.0591 
805.7288 
806.9740 
445.8335 
446.5090 
448.5520 
452.0053 
456.9226 
463.3448 
471.2733 
480.6440 
491.3076 
50 3.0190 
515.4364 
528.1337 
540.621 1 
552.3745 
562 .a693 
571.6155 
578.191 5 
582.2734 
583.6572 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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MARS EXPLORATION 

INPUT DATA 

MU - 42828.3 J2 - 0. 

CALCULATIONS 
n N 

1 1 3  

1 1 3  
1 1 3  
1 1 3  
1 1 3  
1 13 
1 1 3  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 3  
1 3  
1 3  
1 3  
13 
1 3  
1 3  
1 3  
1 3  
13 
11 
1 4  
1 4  
1 4  
1: 
1 4  
1; 
1: 
1 4  
1 4  
1; 
1: 
1; 
1 4  
1: 
1; 
1: 
1; 
1; 

29400B-02 PP 88643.000 R 3397.200 

INCL (DEG) ALTITUDE (KM) 

0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
ao.oooo 
9o.ococ 

1OO.COiO 
110. O C O O  
120 . ooco  
130 .OOOO 
140 .oooo 
150.0000 
160.0000 
170.0000 

O.O@OO 
10.00@0 
20.0c00 
,o.oooo 
40.0000 
50.0030 
6 O . r ) O O O  

iao.ooco 

70. O Y L ' O  
ao.oo2o .. 
90.01?:0 

1so.G~:O 
?10.33:O 
1 io. o0:o 
130. OCOO 
1 4 0  .0000 
15o.occo 

130. 0QCO 

233.4234 
234.2523 
236.7506 
240.9481 
246.8761 
254.5443 
263.9112 
274.8756 
287.2233 
300.6612 

329.1280 
314.7892 

343.1386 
356.2534 
367.9109 
377.5914 
ja4.8506 
389.3487 
130.8723 
14.5863 

53.6141 
60.6563 
69.6903 
80.6262 
93.2993 
107.1472 
122.7091 

154.6717 
138.6287 

170.2508 
184.7513 

208.2211 
216.168 3 

197.596: 

22 1.084 3 
222.7421 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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MARS EXPLORATION 

M N INCL 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
.2 
2 
2 
2 
2 
2 
2 
2 
2 

11 0.0000 
1 1  10 .oooo 
11 20.0000 
11 30.0000 
11 40 .OOOO 
11 50.0000 
1 1  60.0000 
11 70.0000 
11 80.0000 
11 90.0000 
1 1  100.0000 
1 1  
11 
11 
11 
1 1  
1 1  
1 1  
1 1  
11 
13 
13 
1 3  
1 1  
13 
13 
11 
1 3  
13 
13 
1 3  
1 3  
13 
13 
11 
1 3  
13 
1 3  

110.0000 
120 .oooo 
110.0000 
140.0000 
150.0000 
160.0000 
170.0000 
180 .oooo 
0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60 .OOOO 
70.0000 
80.0000 
90.0000 

100.0000 
110 .oooo 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
170.0000 
180.0000 

ALTITUDE 

3150.2185 
3150.2473 
3150.1569 
3150.6116 
1151.1077 
1151.9568 
1153.2678 
3155.1270 
3157.5791 
3160.6152 
3164.1638 
3168.09 16 
3172.2109 
3176.2942 
3180.0925 
3183.3589 
3185.8716 
3187.4516 
1187.9951 
2454.3228 
2454.4 150 
2454.7 156 
2455.2910 
2956.iPOO 
2451.6748 
2459.70 17 
2462.3987 
2465.7954 
2469.8604 
2474.1919 
2479.5203 
2484.7161 
2489.8076 
2494.5027 
2498.5 142 
2501.5857 
2503.5151 
2504.1731 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 



MARS EXPLORATION 

INPUT DATA 

MU = 42828.3 52 - 0.29400E-02 PP 88643.000 R S. 3397.200 

M N I NCL ALT ITUOE 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 
2 
2 
2 
2 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

0.0000 
10.0000 
20 .oooo 
30.0000 
40.0000 
50.0000 
60 .OOOO 
70.0000 
80 .oooo 
90.0000 

100.0000 
110 .oooo 
120.0000 
130 .OOOO 
140.0000 
150 .oooo 
160 .OOOO 
170.0000 
180 .oooo 
0.0000 
10.0000 
20.0000 
30 .OOOO 
40.0000 
50 .OOOO 
60.0000 
70.0000 
80.0000 
90.0000 
100.0000 
110.0000 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
170.0000 
180.0000 

1914.9379 
1915.1064 
1915.6362 
1916.5941 
1918.0780 
1920.1975 
1923.0514 
1926.7042 
1931.1661 
1916.3774 
1942.2024 
1948.4308 
1954.7896 
1960.9618 
1966.6113 
1971.4114 
1975.0719 
1977.3652 

1481.6647 
14e !.9224 
1482.7190 
148 ;. 1201 
1485.2201 
1483.1216 
1492.9111 
1497.6353 
1503.2784 
1509.7487 
1516.8713 
1524.3931 
1531.9946 
1539.3132 
1545.9689 
1551.5958 
1555.8713 

1559.4529 

197a. 1462 

1558.5437 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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MARS EXPLORATION 

M 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 

N 

19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 

INCL 

0.0000 
10.0000 
20 .oooo 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
80 .oooo 
90.0000 
100 .oooo 
110.0000 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
170.0000 
180 .oooo 
0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 

100.0000 
110.0000 
120.0000 
130 .OOOO 
140 .OOOO 
150.0000 
160.0000 
170.0000 
180 .oooo 

ALTITUDE 

1123.9365 
1124.2963 
1125.1981 
1127.3041 
1130.1018 
1133.8827 
1138.7163 
1144.6254 
1151.5634 
1159.4010 
1167.9207 
1176.8228 
1185.7406 
1194.2645 
1201.9718 
1208.4585 
1213.3713 
1216.4154 
1217.4767 
822.0414 
822.516' 
823.963J 
826.3376 
830.0169 
834.7766 
840.7618 
84?.9712 
856.3160 
865.6262 
875.6377 
886.0016 
896.3026 
906.0845 
914 .E827 
922.2570 
927.8250 
931.2908 
932.4673 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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M 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

N 

23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
21 
23 
23 
23 
21 
23 
23 
23 
23 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

INCL 

0.0000 
10.0000 
20.0000 
30.0000 
40 . O O O O  
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 
100.0000 
110.0000 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
170.0000 
180.0000 
0.0000 
10.0000 
20.0000 
30.0000 
40.0000 
50.0000 
60.0000 
70.0000 
80.0000 
90.0000 

100.0000 
110.0000 
120.0000 
130.0000 
140.0000 
150.0000 
160 . O O O O  
170.0000 
180 .oooo 

ALTITUDE 

562.6411 
563.2466 
565.0798 
568.1891 
512.6375 
578.4789 
585.1314 
594.3519 
604.2148 
615.1005 
626.6942 
638.5958 
650.3405 
661.4266 
67 1.3488 
679.6331 
685.8704 
689.7455 
691 .OS99 
336.3546 
337.1048 
319.3691 
343.1851 
348.5952 
355.6261 
364.2601 
174 -4106 
385.9030 
398.4649 
411.7273 
425.2372 
438.4802 
450.9101 
461.9836 
471.1953 
478.1122 
482.4018 
483.8554 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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M N INCL ALTITUDE 

2 2 1  0.0000 136.3635 
2 2 1  10.0000 131.2755 

2 
2 
2 

2 
2 
2 
2 

27 
2 1  
2 1  
2 1  
2 1  
27 
2 1  
2 1  
27 
27 
27 
27 
27 
27 
27 

20 .oooo 
30.0000 

140 .0205  
144.6200 

40.0000 151.0918 
159.4270 50.0000 

60.0000 169.5640 
70.0000 181 .3650  
80 .0000  194.5994 
90.0000 

100 .oooo 
110.0000 
120.0000 
130.0000 
140.0000 
150.0000 
160.0000 
170.0000 
180.0000 

M = NUMBER OF MARS' ROTATIONS 
N = NUMBER OF SATELLITE REVOLUTIONS 
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208.9368 
223.9507 
239 .1341  
253.9236 
267.7309 
279.9770 
290.1288 
297.7316 
302.4386 
304.0323 



R E N D E Z V O U S  COMPATIBLE M A R S  O R B I T S  
A1,TITUDE VERSUS I N C L I N A T T O N  FOR M A R T I A N  D A I L Y  REPEATING O R B I T S  

T h i s  c h a r t  s h o w s  a g r a p h  o f  some of' t h e  p r e c e e d i n g  d a t a .  A d a i l y  r e p e a t i n g  
o r b i t  allows d e s c e n t  o f  a s c e n t  o p p o r t u n i t i e s  b e t w e e n  t h e  p i l o t e d  v e h i c l e  a n d  t h e  
l a n d i r i g  s i t e  t o  o c c u r  a t  t h e  same t ime e a c h  d a y .  To s y n c h r o n i z e  t h e  o r b i t a l  
m o t i o n  o f  t h e  p i l o t e d  v e h i c l e  wj . th  t h e  r o t a t i o n  of  Mars, i t  i s  n e c e s s a r y  t o  
select, a p a r k i n g  o r b i t  w i t h  t h e  p r o p e r  c o n b i n a t i o n  o f  a l t i t u d e  a n d  i n c l i n a t i o n .  
The  o r b i t  rnust  c o m p l e t e  a n  i n t e g e r  number  o f  r e v o l u t i o n s  p e r  d a y  a n d  t h e  o r b i t  
p l a n e  m u s t  p r e c e s s  a t  a p a r t i c u l a r  r a t e  so  t h a t  t h e  l a n d i n g  s i t e  w i l l  be  i n  t h e  
o r b i t  p l a n e  a t  t h e  same time e a c h  d a y .  T h i s  c h a r t  s h o w s  t h e  c i r c u l a r  o r b i t  
a l t i t u d e  v e r s u s  i n c l i n a t i o n  f o r  Mars d a i l y  r e p e a t i n g  o r b i t s  w i t h  a l t i t u d e s  from 
100 t o  1200 k i l o m e t e r s .  
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CIRCULAR ORBIT ALTITUDE -km 
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RENDEZVOUS COMPATIBLE M A R S  O R B I T S  
ALTITUDE VERSUS INCLINATION FOR MARTIAN DAILY REPEATING O R B I T S  

T h i s  c h a r t  shows a cont inua t ion  o f  t h e  da t a  o n  t h e  previous cha r t  f o r  c i r c u l a r  
o r b i t  a l t i t u d e s  from 1200 t o  3600 ki lometers .  
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I N - P L A N E  D E B O O S T  P O S I T I O N  E R R O R  FOR DESCENT T O  THE M A R S  SlJRFACE 

S ince  t h e r e  a r e  many f a c t o r s  t h a t  m u s t  b e  c o n s i d e r e d  i n  s e l e c t i n g  t h e  Mars 
p a r k i n g  o r b i t ,  i t  may n o t  b e  p o s s i b l e  t o  s e l e c t  a r e p e a t i n g  o r b i t ,  i n  w h i c h  t h e  
i d e a l  d e s c e n t  a n d  a s c e n t  c o n d i t i o n s  o c c u r  e v e r y  d a y .  A s  l o n g  as  t h e  l a n d i n g  
s i t e  l a t i t u d e  i s  less  t h a n  t h e  o r b i t  i n c l i n a t i o n ,  t h e  l a n d i n g  s i t e  w i l l  p a s s  
t h r o u g h  t h e  o r b i t  p l a n e  twice a d a y .  U n f o r t u n a t e l y ,  t h e  p i l o t e d  v e h i c l e  may n o t  
b e  a t  t h e  p r o p e r  l o c a t i o n  i n  t h e  o r b i t  f r o m  w h i c h  t h e  d e s c e n t  v e h i c l e  c a n  
d e s c e n d  t o  a s p e c i f i c  l o n g i t u d e .  I n  t h i s  case ,  t h e  d e s c e n t  v e h i c l e  w o u l d  h a v e  
t o  e n t e r  a n  i n t e r m e d i a t e  o r b i t  t o  c o r r e c t  f o r  t h e  p o s i t i o n  e r r o r .  T h e  i n t e r -  
m e d i a t e  o r b i t  w o u l d  b e  s e l e c t e d  so t h a t  when t h e  l a n d i n g  s i t e  p a s s e s  t h r o u g h  t h e  
o r b i t  p l a n e ,  t h e  d e s c e n t  v e h i c l e  w o u l d  b e  a t  t h e  p r o p e r  d e b o o s t  l o c a ' i o n .  I n  
t h i s  s t u d y ,  a 1000 k i l o m e t e r  a l t i t u d e ,  7 4 . 7 3  d e g r e e  i n c l i n a t i o n  c i r c u l a r  p a r k i n g  
o r b i t  was chosen b e c a u s e  o f  t h e  Mars a r r i v a l  a n d  d e p a r t u r e  c o n d i t i o n s ,  a n d  t h e  
l a n d i n g  s i t e  was assinned t o  b e  a t  40 d e g r e e s  n o r t h  l a t i t u d e ,  140  d e g r e e s  west 
l o n g i t u d e .  

T h i s  c h a r t  s h o w s  t h e  i n - p l a n e  d e b o o s t  p o s i t i o n  e r r o r  o f  t h e  p i l o t e d  v e h i c l e  o f  
t h e  f i r s t  s i x  d a y s  i n  Mars o r b i t .  I t  was a s s u m e d  t h a t  o n  t h e  f i r s t  d a y  i n  
o r b i t ,  t h e  p o s i t i o n  e r r o r  wou ld  b e  z e r o  d e g r e e s .  T h i s  m e a n s  t h e  d e s c e n t  v e h i c l e  
c o u l d  d e b o o s t  d i r e c t l y  from t h e  p a r k i n g  o r b i t  t o  t h e  l a n d i n g  s i t e .  If t h i s  
l a n d i n g  o p p o r t u n i t y  w a s n ' t  u s e d ,  t h e  p o s i t i o n  e r ro r  w o u l d  jump t o  360 d e g r e e s ,  
t h e n  d e c r e a s e  a b o u t  1 2  d e g r e e s  p e r  d a y .  To c o r r e c t  f o r  t h e  p o s i t i o n s  e r r o r ,  t h e  
d e s c e n t  v e h i c l e  wou ld  h a v e  t o  e n t e r  a n  i n t e r m e d i a t e  o r b i t  b e f o r e  d e b o o s t i n g  t o  
t h e  s u r f a c e .  
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1 - 4 2 2 7 - 8  

IN-PLANE DEBOOST POSITION ERROR FOR 
DESCENT TO THE MARS SURFACE 

IN-PLANE CENTRAL ANGLE BETWEEN PILOTED VEHICLE AND DEORBIT POINT AS A 
FUNCTION OF DAY IN MARS ORBIT. 

0 OR 360 PARKING ORBIT ALTITUDE = IDDO KM (CIRCULAR) 
PARKING ORBIT INCLINATION = 74.73 DEG. 
LAUNCH SITE LATITUDE = 40 DEG. NORTH LAT. 
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.+ 
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DAYS IN MARS ORBIT 
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T I M E  R E Q U I R E D  I N  PHASING O R B I T  

I f  t h e  l a n d i n g  s i t e  a n d  o r b i t i n g  s p a c e c r a f t  a r e  n o t  i n  p h a s e ,  an i n t e r m e d i a t e  
p h a s i n g  o r b i t  i s  r e q u i r e d  t o  r e a c h  t h e  d e s i r e d  l a n d i n g  s i t e .  T h e  l a n d i n g  
s p a c e c r a f t  is a s s u m e d  t 3  b e  i n  a 1000 k m  a l t i t i u d e  c i r c u l a r  o r b i t .  P h a s i n g  o r b i t  
a l t i t u d e  as a f u n o t i o n  o f  p h a s i n g  time i s  g i v e n  f o r  b o t h  c i r c u l a r  a n d  e l l i p t i c a l  
p h a s i n g  o r b i t s .  I t  was a s s u m e d  t h a t  t h e  a p o a p s i s  a l t i t u d e  of  t h e  e l l i p t i c a l  
p h a s i n g  o r b i t  remains a t  1000 k i l o m e t e r s .  T h e s e  c u r v e s  were d e v e l o p e d  a s suming  
worst  case l a n d i n g  s i t e  a n d  s p a c e c r a f t  p h a s e  ang1.e m i s a l i g n m e n t  o f  360'. I f  a 
100 km a l t i t u d e  c i r z u l a r  p h a s i n g  o r b i t  were u s e d ,  t h e  time r e q u i r e d  f o r  c o r r e c t  
p h a s e  a l i g n i n e n t  w o u l d  b e  s i x  h o u r s .  Longer  t ime i s  r e q u i r e d  in t h e  p h a s i n g  
o r b i t  3s t h e  p h a s i n g  o r b i t  a l t i t u d e  i n c r e a s e s .  
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C O M M U N I C A T I O N S  A N A L Y S I S  

T h i s  s e z t i o n  desc r ibes  t h e  c o m m u n i c a t i o n s  a n a l y s i s  o f  t h e  p i l o t e d  Mars m i s s i o n .  
I t  w i l l  show t h e  c o m m u n i c a t i o n s  distance:; ,  l i g h t  t r a v e l  t i m e s ,  a n d  s u n  
i n t e r f e r e n c e  a n g l e s  b e t w e e n  t h e  p i l o t e d  v e h i c l e ,  E a r t h ,  a n d  Mars f o r  t h e  
o u t b o u n d  a n d  i n b o u n d  l~egs o f  t h e  m i s s i o n .  I n  t h e  f i n a l  p a r t  ,of t h i s  s e c t i o n ,  
t h e  k e y  c o m m u n i c a t i o n s  i:;sucs a r e  d e s c r i b e d .  T h e s e  i s s u e s  w i l ?  d e t e r m i n e  how 
d a t a  la  t r a n s m i t t e d  and s t o r e d ,  and what  t y p e  of  ( e q u i p m e n t  is r e q u i - r e d  f o r  t h e  
m i s s i o n .  
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2 . 6  Mars Miss ion  C o m m u n i c a t i o n s  

2 . 6 . 1  P i l o t e d  V e h i c l e  C o m m u n i c a t i o n s  D i s t a n c e s  
2 . 6 . 2  L i g h t  T r a v e l  T i m e s  B e t w e e n  P i l o t e d  VehicLe ,  E a r t h ,  

2 . 6 . 3  S u n  I n t e r f e r e n c e  A n g l e s  A f f e c t i n g  C o m m u n i c a t i o n  
2.6.4 Key C o m m u n i c a t i o n s  I s s u e s  

a n d  Mars 

91 



E A R T H - T O - M A R S  I, INE-OF-SIGHT D LS'TANCE: 

T h i s  c h a r t  s h o w s  t h e  l i n e - o f - s i g h t  d i s t a n c e  b e t w e e n  t h e  E a r t h  a n d  Mars f o r  t h e  
e n t i r e  d u r a t i o n  o f  t h e  420 d a y  m i s s i o n  (Nov.  2 1 ,  2004 t o  J a n .  1 5 ,  2 0 0 6 ) .  T h i s  
r e p r e s e n t s  t h e  d i s t a n c e  t h a t  c o m m u n i c a t i o n s  w o u l d  t r a v e l  from E a r t h  t o  t h e  o a r g o  
v e h i c l e  w h i c h  wou ld  b e  i n  Mars o r b i t .  
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TRANSFER V E H I C L E  D I S T A N C E S  FROM EARTH,  M A R S ,  S U N  
(OUTBOUND LEG) 

T h i s  c h a r t  s h o w s  t h e  d i s t a n c e s  b e t w e e n  t h e  t r a n s f e r  v e h i c l e  a n d  E a r t h ,  Mars, a n d  
t h e  Sun  d u r i n g  t h e  t ime from E a r t h  l a u n c h  o n  Nov. 2 1 ,  2004 t o  Mars a r r i v a l  on 
J u l .  3 ,  2 0 0 5 .  The  t r i p  time f o r  t h i s  o u t b o u n d  l e g  i s  224  d a y s .  
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TRANSFER V E H I C L E  D I S T A N C E S  FROM E A R T H ,  MARS, S U N  
( I N B O U N D  LEG)  

T h i s  c h a r t  s h o w s  t h e  d i s t a n c e s  b e t w e e n  t h e  t r a n s f e r  v e h i c l e  a n d  E a r t h ,  Mars a n d  
t h e  Sun  d u r i n g  t h e  t ime f r o m  Mars d e p a r t u r e  on Aug. 8 ,  2 0 0 5  t o  E a r t h  a r r i v a l  on 
J a n .  15,  2 0 0 6 .  The  t r i p  t ime f o r  this i n b o u n d  l e g  i s  166  d a y s .  
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L I G H T  T R A V E L  TIMES ( O U T B O U N D  L E G )  

C o m m u n i c a t i o n s  b e t w e e n  E a r t h  a n d  t h e  t r a n s f e r  v e h i c l e ,  o r  b e t w e e n  Mars a n d  t h e  
t r a n s f e r  v e h i c l e ,  w i l l  h a v e  l o n g  t r a v e l  t imes  d u e  t o  t h e  l a r g e  d i s t a n c e s  b e t w e e n  
t h e  b o d i e s .  T h i s  c h a r t  s h o w s  t h e  " l i g h t  t r a v e l  time" from E a r t h  to t h e  v e h i c l e ,  
f r o m  Mars t o  t h e  v e h i c l e ,  a n d  from E a r t h  t o  Mars. T h e s e  d a t a  a r e  f o r  t h e  
o u t b o u n d  l e g  from Nov. 2 1 ,  2004 t o  J u l .  3 ,  2005.  

9 8  



LIGHT TRAVEL TIME FROM PILOTED VEHICLE, EARTH, AND MARS 
( Outbound Leg ) 

LIGHT TRAVEL T I M E S  i OUTBOUr4D i 

.... ................................... 

. ........ _ .......... 

25 50 75 100 125 150 175 200 225 

t D A Y S  FROM EAPTH D E P A R T U P C  

J u l  3 ,  
t 

Nov 21, 2 0 0 4  2005 ( 2 2 4  Days) 
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LIGHT TRAVEL TIMES (INBOUND LEG) 

T h i s  c h a r t  s h o w s  t h e  l i g h t  t r a v e l  time from E a r t h  t o  t h e  v e h i c l e ,  f r o m  Mars t o  
t h e  v e h i c l e ,  a n d  f r o m  E a r t h  t o  Mars f o r  t h e  i n b o u n d  p o r t i o n  o f  t h e  m i s s i o n  from 
Aue;. 2 ,  2005 t o  J an .  15 ,  2006.  

1 0 0  
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S O L A R  INTERFERENCE ANGLE AFFECTING E A R T H / M A R S  C O M M U N I C A T I O N S  

T h i s  c h a r t  s h o w s  t h e  a n g l e s  b e t w e e n  t h e  s o l a r  v e c t o r  a n d  t h e  E a r t h - t o - M a r s  
v e c t o r  a n d  t h e  M a r s - t o - E a r t h  v e c t o r .  T h e  z e r o  s u n  a n g l e  a t  350 d a y s  i n t o  t h e  
m i s s i o n  w i l l  n o t  p o s e  a c o m m u n i c a t i o n s  p r o b l e m  s i n c e  t h e  v e h i c l e  w i l l  h a v e  l e f t  
Mars a p p r o x i m a t e l y  95 d a y s  e a r l i e r .  
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SOLAR INTERFERENCE ANGLES AFFECTING COMMUNICATIONS 
BETWEEN EARTH AND MARS 

(Outbound and Inbound Legs) 
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S U N  I N T E R F E R E N C E  ANGLES A F F E C T I N G  V E H I C L E  COMMUNICATIONS TO/FROM EARTH AND M A R S  
(OUTBOUND LEG ) 

' Th i s  c h a r t  s h o w s  t h e  s u n  a n g l e s  t h a t  a r e  i l l u s t r a t e d  i n  t h e  a c c o m p a n y i ~ n g  d i a g r a m  
f o r  t h e  o u t b o u n d  l e g .  The  d a r k e n e d  c u r v e s  r e p r e s e n t  t h e  va1.u~::; t h : + t ,  
p o t e n t i . a l  L y ,  c o u l d  c a u s e  c o m m u n i c a t i o n  b l o c k - o u t  p e r i o d s .  F o r  e x a m p l e ,  
c o m m u n i c a t i o n s  b e t w e e n  t h e  p i l o t e d  v e h i c l e  a n d  t h e  c a r g o  v e h i c l e  a t  130 d a y s  
(from E a r t h  d e p a r t u r e  of p i l o t e d  v e h i c l e )  i n t o  t h e  m i s s i o n  w o u l d  b e  h a m p e r e d  f o r  
d a y s  d u e  t o  a n g l e  #4 b e i n g  s m a l l .  
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S U N  INTERFERENCE ANGLES AFFECTING VEHICLE COMMUNICATIONS 
( Outbound Leg  ) 
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S U N  INTERFERENCE ANGLES AFFECTING V E H I C L E  C O M M U N I C A T I O N S  TO/FROM E A R T H  A N D  M A R S  
( I N B O U N D  L E G )  

T h i s  c h a r t  shows t h e  sun a n g l e  i l l u s t r a t e d  o n  t h e  d i a g r a m  i n  t h e  p r e v i o u s  c h a r t  
f o r  t h e  i n b o u n d  l e g .  The  d a r k e n e d  c u r v e s  r e p r e s e n t  t h e  v a l u e s  t h a t ,  
p o t e n t i a l l y ,  c o u l d  h a m p e r  c o m m u n i c a t i o n s  - c u r v e  1 f o r  v e h i c l e / E a r t h  
c o m m u n i c a t i o n s  a n d  c u r v e  4 f o r  v e h i c l e / M a r s  c o m m u n i c a t i o n s .  
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K E Y C 0 M MU N I C AT I O  N S ISSUES 

The d a t a  r a t e s ,  t h e  a m o u n t  o f  c o m m u n i c a t i o n  c o v e r a g e  r e q u i r e d  a n d  t h e  l e v e l  o f  
s u b s y s t e m  r e d u n d a n c y  f o r  a manned Mars m i s s i o n  w i l l  h a v e  a m a j o r  i m p a c t  o n  t h e  
o v e r a l l  s i z i n g ,  c o m p l e x i t y ,  a n d  a r c h i t e c t u r e  o f  t h e  c o m m u n i c a t i o n s  s y s t e m .  
T h e s e  p a r a m e t e r s  w i l l  a l s o  i n f l u e n c e  i n  a n  i n t e r a c t i v e  f a s h i o n  t h e  c h o i c e  o f  
t e c h n o l o g i e s  s u c h  a s  c o m m u n i c a t i o n s  f r e q u e n c i e s  a n d  d a t a  p r o c e s s i n g  m e t h o d s  
u s e d .  
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MANNED M A R S  

KEY COMMUNICATION TSSIJES 

0 DATA R A T E S  

0 COMM[JNICATION COVERAGE 

0 FREQUENCY O F  THE COMMUNICATIONS [,INKS 

0 REDUNDANCY/SPARES 
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D A T A  RATES 

The  d a t a  r a t e  r e q u i r e m e n t  for each o f  t h e  v a r i o u s  c o m m u n i c a t i o n  l i q k s  m e d  t o  
s u p p o r t  a manned mars v i s s i o n  i s  n e e d e d  n o t  o n l y  t o  s i z e  t h e  s y s t e m  i n  terms o f  
a n t e n n a  size a n d  power  l e v e l s ,  b u t  also t o  d e t e r m i n e  a p p l i c a b l e  t e c h n o l o g i e s ;  s u c h  
a s  m i c r o w a v e  v e r s u s  o p t i c a l  t r a n s m i s s i o n s .  The  d a t a  r a t e  r e q u i r e m e n t s  w i l l  l i k e l y  
b e  d r i v e n  b y  t h e  s c i e n c e  r e q u i r e m e n t s  a n d  t h e  v i d e o  r e q u i r e m e n t s .  

The u s e  o f  d a t a  c o m p r e s s i o n  t e c h n i q u e s  can  r e s u l t ,  in a v e r y  s i g n i f i c a n t  r e d u c t i o n  
i n  t h e  amoun t  o f  d a t a  t h a t  m u s t  b e  t r a n s m i t t e d .  A s  a n  e x a m p l e ,  t h e  J a p a n e s e  a r e  
t r a n s m i t t i n g  c o l o r  v i d e o  a t  a r a t e  o f  4 4  Kbps  as c o m p a r e d  t o  a n o r m a l  c o m m e r c i a l  
r a t e  o f  n e a r l y  100 Hbps .  The  a m o u n t  o f  r e d u c t i o n  i s  d e p e n d e n t  o n  a number  o f  
f a c t o r s  i n c l u d i n g  d e s i r e d  q u a l i t y .  
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MANNED MARS 
DATA RATES 

0 VIDEO REQUIREMENTS EXPECTED TO DRIVE DATA RATE 

- USED FOR PUBLIC RELATIONSl SCIENTIFIC OBSERVATIONSl 
SERVICING/OPERATIONS SUPPORT 

0 VIDEO DATA RATES GREATLY DEPENDENT ON DESIRED QUALITY, SUBJECT 
MATTER AND AMOUNT OF DATA COMPRESSION 

0 COMMERCIAL QUALITY WITHOUT DATA COMPRESSION IS APPROXIMATELY 
100 MBPS 

0 THE JAPANESE ARE EXPERIMENTING WITH FULL-MOTION COLOR VIDEOPHONES 
THAT OPERATE AT 4 4  KBPS AND 112 KBPS (MAX. FRAME RATE OF 10 FRAMES 
PER SECOND PLUS DATA COMPRESSION) 
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RETIJRN L I N K  ANALYSIS 

T h e  f a c i n g  c h a r t  s h o w s  t h e  d a t a  r a t e s  t h a t  can b e  s u p p o r t e d  by 3 - f o o t  a n d  8 - f o o t  
d iameter  s p a c e c r a f t ,  a n t e n n a s  a s  a f u n c t i o n  o f  RF power  l e v e l  when c o m m u n i c a t i n g  
o v e r  t h e  maximum s p a c e c r a f t - t o - E a r t h  d i s t a n c e  o f  1 . 3  AIJ. The  s u p p o r t i n g  l i n k  
a n a l y s i s  a s s u m e s  u s e  o f  t h e  p l a n n e d  Deep S p a c e  Ne twork  ( D S N )  7 0 - m e t e r  s u b n e t  
o p e r a t i n g  a t  a f r e q u e n c y  o f  32  GHz. I n  o r d e r  t o  s u p p o r t  t h e  d a t a  r a t e s  i n d i c a t e d  
t h e  f o l l o w i n g  c o n d i t i o n s  m u s t  b e  meet: 

- G N D  a n t e n n a  c a n n o t  b e  p o i n t e d  c l o s e r  t h a n  30° t o  t h e  h o r i z o n .  

- C u r r e n t  w e a t h e r  c o n d i t i o n s  r e l a t i v e  t o  RF l i n k  d e g r a d a t i o n  a re  no worst 
t h a n  c o n d i t i o n s  e x p e c t e d  f o r  90 p e r c e n t  o f  t h e  t ime.  

- The d a t a  t r a n s m i t t e d  i s  r a t e  112 c o n v o l u t i o n a l l y  e n c o d e d .  

1 1 2  



1-4022-7  MANNED MARS MISSION 
RETURN LINK" 
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16,384 

8 ,192 
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512.0  

256.0 
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32.0 
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FREQ = 32 OH2 
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MARGIN = 368  
ENCODING GAIN = 5.2 dB 
90% WEATHER 
30' MIN DSN ANT ELV 

BER = 1 0 5  

I ;  
1 

, 
I '  I 

RF POWER (WATTS) 

20 4 80 160 310 

' UTILIZES PLANNED DSN 70 METER ANT WITH IMPROVED SURFACE EFF. 
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C O M M U N I C A T I O N S  C O V E R A G E  

The f a c i n g  c h a r t  i n d i c a t e s  a number  o f  o p t i o n s  f o r  p r o v i d i n g  c o m m u n i c a t i o n s  
c o v e r a g e  b e t w e e n  t h e  E a r t h  a n d  a Mars L a n d e r  a n d  g i v e s  t h e  a m o u n t  o f  c o v e r a g e  
a v a i l a b l e  w i t h  e a c h  o p t i o n .  W i t h o u t  some t y p e  o f  c o m m u n i c a t i o n s  r e l a y  i n  o r b i t  
a r o u n d  Mars, c o m m u n i c a t i o n s  b e t w e e n  t h e  E a r t h  a n d  t h e  L a n d e r  i s  l i m i t e d  t o  
a p p r o x i m a t e l y  50 p e r c e n t  o f  t h e  t ime.  I f  t h e  O r b i t e r  for t h e  S p r i n t  M i s s i o n  i s  
u t i l i z e d  a s  a c o m m u n i c a t i o n s  r e l a y ,  i t  c o u l d  s u p p o r t  a c o m m u n i c a t i o n s  c o n t a c t  once 
e v e r y  2 . 4 5  h o u r s  f o r  a L a n d e r  n e a r  t h e  E q u a t o r ,  b u t  i t s  c a p a b i l i t y  t o  s u p p o r t  a 
J,ander i s  r e d u c e d  f o r  l a n d i n g  s i t e s  a t  h i g h e r  l a t i t u d e s .  I f  c o n t i n u o u s  o r  n e a r l y  
c o n t i n u o u s  coverage f o r  t h e  L a n d e r  i s  r e q u i r e d ,  i t  can be  p r o v i d e d  b y  p l a c i n g  
r e l a y  s a t e l l i t e s  i n  i s o s y n c h r o n o u s  o r b i t  a r o u n d  Mars. 
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MANNED MARS 
COMMUNICATIONS COVERAGE 

0 ROUND TRIP DELAY TIME AT MAX. DISTANCE OF 1.3 AU IS APPROXIMATELY 
21 MINUTES (APPROX. 16 MIN. WHEN AT M A R S ) .  

0 WITHOUT AN ORBITING RELAY, COMMUNICATIONS WITH THE LANDER ON THE 
SURFACE WILL BE BLOCKED FOR APPROXIMATELY 12 HOURS EACH DAY. 

0 THE ORBITER (IN A 1000 KM ORBIT) COULD PROVIDE AN UPDATE ONCE 
EVERY 2.45 HOURS FOR EQUATORIAL OPERATIONS. REDUCED CONTACTS FOR 
HIGHER LATITUDES. 

0 ONE COMMUNICATIONS RELAY SATELLITE PLACED IN ISOSYNCHRONOUS ORBIT 
ABOVE THE LAElDER WOULD PROVIDE CONTINUOUS RELAY CAPABILITY 
BETWEEN EARTH AND LANDER EXCEPT FOR APPROXIMATELY 77 MIN. PER 
DAY. 
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EARTH BETA ANGLE FROM M A R S  O R B I T  

When t h e  p i l o t e d  vehicl: a r r i v e s  a t  Mars, i t  i s  a e r o b r a k e d  i n t o  a 1000 kg 
a l t i t u d e  o r b i t  a t  7 4 . 7 3  i n c l i n a t i o n .  T h e  a s c e n d i n g  n o d e  p o s i t i o n  i s  2 9 2 . 4  
from t h e  Vernal E q u i n o x .  T h i s  c h a r t  s h o w s  t h e  a n g l e  b e t w e e n  t h i . s  o r b i t  p l a n e  
a n d  t h e  M a r s / E a r t h  l i n e - o f - s i g h t  f o r  t h e  30 d a y  p e r i o d  i n  Mars o r b i t .  
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Altitude: 1000 Km Incl: 7 4 . 7 3 "  

Analytical Satel!ite Ephemeris Pi.iiqrsm (ASEPj 
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PERCENT TIME I N  VIEW OF EARTH FROM M A R S  O R B I T  

T h i s  c h a r t  s h o w s  t h e  p e r c e n t a g e  o f  a n  o r b i t a l  r e v o l u t i o n  t h a t  t h e  M a r s / E a r t h  
l i n e - o f - s i g h t  i s  n o t  b l o c k e d  b y o t h e  p l a n e t  Mars. T h e  c i r c u l a r  o r b i t  a b o u t  Wars 
h a s  a 1000 km a l t i t u d e ,  7 4 . 7 3  i n c l i n a t i o n ,  a n d  292.4' a s c e n d i n g  n o d e  r i g h t  
a s c e n s i o n .  After 2 2  d a y s  i n  o r b i t ,  t h e  o r b i t  p l a n e  has  p r e c e s s e d  t o  a n  
o r i e n t a t i o n  w h i c h  p r o v i d e s  c o n t i n u o u s  v i e w  o f  t h e  E a r t h  a n d ,  h e n c e )  c o n t i n u o u s  
c o m m u n i c a t i o n  o p p o r t u n i t y .  
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MARS LANDING SITE C O M M U N I C A T I O N S  OPPORTUNITIES 

Upon a r r i v a l  o f  t h e  p i l o t e d  v e h i c l e  a t  Mars, i t  w i l l  i n s e r t  i n t o  a 1000 Km o r b i t  
a t  74 .73 '  i n c l i n a t i o n .  From t h i s  o r b i t ,  t h e  Mars E x c u r s i o n  Module  (MEM)  w i l l  
d e o r b i t  t o  a l a n d i n g  s i t e  l o c a t e d  a t  40' N l a t i t u d e  a n d  140' E l o n g i t u d e .  
C o m m u n i c a t i o n s  b e t w e e n  t h i s  s i t e  a n d  t h e  p i l o t e d  v e h i c l e  i n  o r b i t  w i l l  b e  
r e q u i r e d  d u r i n g  t h e  s u r f a c e  v i s i t .  T h e  a c c o m p a n y i n g  c h a r t  s h o w s  g r o u n d  t r a c k s  
f o r  a t y p i c a l  s e r i e s  o f  p a s s e s  o v e r  t h e  g r o u n d  s i t e .  The  s o l i d  g r o u n d  t r a c k  
l i n e s  i n d i c a t e  t h e  B o s i t i o n  o f  t h e  o r b i t i n g  v e h i c l e  w h e r e  i t s  e l e v a t i o n  a n g l e  
f r o m  t h e  s i t e  i s  0 or l a r g e r .  L i n e - o f - s i g h t  c o m m u n i c a t i o n  can o c c u r  d u r i n g  
p a s s e s  w i t h i n  t h e  z e r o  d e g r e e  e l e v a t i o n  c o n t o u r  shown o n  t h e  c h a r t .  

The  t a b l e  s h o w s  t h e  a p p r o x i m a t e  times o f  a c q u i s i t i o n  a n d  l o s s  of  c o m m u n i c a t i o n s  
f r o m  a reference n o d e .  T h e s e  c o m m u n i c a t i o n s  o p p o r t u n i t i e s  o c c u r  a p p r o x i m a t e l y  
e v e r y  2 3 . 5  h o u r s  a s  t h e  l a n d i n g  s i t e  r o t a t e s  t h r o u g h  t h e  o r b i t  p l a n e .  

For  c o m m u n i c a t i o n s  b e t w e e n  t h e  l a n d i n g  s i t e  a n d  E a r t h ,  t h e r e  w i l l  b e  
a p p r o x i m a t e l y  a 9 . 6  h o u r  c o m m u n i c a t i o n  o p p o r t u n i t y  e a c h  d a y .  T h i s  i s  t h e  p e r i o d  
b e t w e e n  E a r t h  r i s e  arid E a r t h  s e t  a s  v i e w e d  f r o m  t h e  Mars l a n d i n g  s i t e .  
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LANDING SlTElORBlTER COMMUNICATIONS OPPORTUNITIES 

ALTITUDE: 1000 Km 
INCL: 7 4 . 7 3 "  

LONGITUDE (DEG) Reference 
Ascending 
Node 

PASS DURATION 
LOS (MIN) PASS AOS - 

1 ,073 .47 23.67 
2 2.47 3.03 33.1 1 
3 5.09 5.54 26.87 
4 7.07 8.17 17.87 
5 10.45 10.96 30.14 
6 13.01 13.57 33.66 
7 15.56 15.98 25.67 

1 2  1 TOTAL : 190.99 Min 
3.18 Hrs 

0 



M A R S  V E H I C L E  ASSEMBLY OPERATIONS 

T h i s  c h a r t  s u m m a r i z e s  t h e  a s s e m b l y  o p e r a t i o n s  f o r  t h e  Mars v e h i c l e s .  After each 
v e h i c l e  i s  assembled a n d  c h e c k e d  a t  t h e  m a n u f a c t u r i n g  f a c i l i t y ,  i t  i s  disassem- 
b l e d  i n t o  s u b s y s t e m  assemblies small  e n o u g h  t o  be  t r a n s p o r t e d  t o  K S C  a n d  t o  be 
i n s t a l l e d  i n  t h e  H L L V  c a r g o  b a y .  plssembled p o r t i o n s  o f  t h e  v e h i c l e  a r e  a s  la rge  
as  p o s s i b l e  t o  r e d u c e  o r b i t a l  a s s e m b l y .  T h i s  h a r d w a r e  i s  t r a n s p o r t e d  t o  S p a c e  
S t a t i o n  o r  a similar o r b i t i n g  p l a t f o r m  f o r  a s s e m b l y ,  r e v e r i f i c a t i o n ,  a n d  l a u n c h .  
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MARS VEHICLE ASSEMBLY OPERATIONS 

~-z&z-)+(-z&=-==f=zT>(-’I PROCESSING FACILITY 

0 MANUFACTURE 0 ASSEMBLE 0 PROCESS AS PAYLOAD 

0 TEST, CHECK, AND 0 INSTALL IN LAUNCH 
VERIFY VEHICLE 

0 DISASSEMBLE 0 LOADHAZARDOUS 

0 TRANSPORT TO KSC 
MATERIALS 

0 LAUNCHTOLEO 

1 2 3  

0 ASSEMBLE 

o RETEST, RECHECK, 
AND REVERIFY 

0 LOAD PAYLOADS, 
NECESSITIES, AND FUEL 

0 LAUNCH TO MARS 



PILOTEU MARS M I S S L O N  S C E N A R I O  - SPLIT O P T I O N  

The  f a c i n g  p a g e  g i v e s  a n  o v e r v i e w  o f  t h e  Mars v e h i c l e  o p e r a t i o n s  f o r  t h e  p i l o t e d  
m i s s i o n .  T h e  v e h i c l e  w i l l  r e q u i r e  some a s s e m b l y  a t  LEO d u e  t,o t h e  p a y l o a d  
w e i g h t  a n d  v o l u m e  l i m i t a t i o n s  o f  t h e  l a u n c h  v e h i c l e s .  T h e  cargo v e h i c l e  i s  
l a u n c h e d  i n t o  a Mars o r b i t  b e f o r e  t h e  p i l o t e d  v e h i c l e  i s  l a u n c h e d  frorn L E O .  T h e  
p i l o t e d  v e h i c l e  i s  l a u n c h e d  ius ing  t w o  E a r t h  d e p a r t u r e  s t ages .  When i t  a r r i v e s  
a t  Mars, i t  u t i l i z e s  a e r o b r a k i n g  t o  en te r  a p a r k i n g  o r b i t  i n  w h i c h  i t  r e n d e z v o u s  
w i t h  t h e  O r b i t i n g  ca rgo  v e h i c l e .  After t h e  r e n d e z v o u s  a n d  d o c k i n g ,  t h e  Mars 
d e p a r t u r e  s t a g e  i s  m a t e d  t o  t h e  p i l o t e d  v e h i c l e  a n d  t h e  Mars E x c u r s i o n  Modu le  i s  
p r e p a r e d  f o r  u s e .  P a r t  o f  t h e  crew r e m a i n s  on t h e  p i l o t e d  v e h i c l e  t o  p r e p a r e  
f o r  t h e  t r i p  home w h i l e  t h e  o t h e r  crew members v i s i t  Mars. O p e r a t i o n s  o f  t h e  
Mars t o  E a r t h  v o y a g e  a r e  c o n t i n u e d  o n  t h e  n e x t  p a g e .  
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1-5748-8 

.;i.,JrC,C."iy. 

PILOTED MARS MlSSlON SCENARIO - SPLIT OPTION 

;l. ,: . . . .  .,* 

-CREW TRANSFER * DEPARTURE 
-ON-ORBIT ASSEMBLY W-I I 

t 
I 

/ 
/ 

/ 

OF MARS SPACE VEHICLE 
8 MONTHS SPACE 

/ 

8 
* PERFORM EARTH-TO-MARS OPERATIONS 

224 DAYS 0 
* SCIENTIFIC OPERATIONS / 
* HOUSEKEEPING 
* NAVIGATION - - ETC. I 

---- 
/ -  c 

MARS ORBITAL OPERATIONS H 
/ 
I ,----- 

MARS APPROACH * PARTIAL CREW TRANSFER - PROPELLANT TRANSFER 
MARS 
DEPARTURE 

L-8' \ I 

OMEM I LAUNCH 
AEROCAF'TURE ' SURFACE OPERATIONS 

21 HRS 4 DAYS\ 
P R E P A R ~  I 
LANDING 

MARS 
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P I L O T E D  M A R S  M - t S S I O N  S C E N A R I O  - S P L I T  O P T I O N  ( C O N T I N U E D )  

The  f a c i n g  p a g e  shows  t h e  m i s s i o n  o p e r a t i o n s  o f  t h e  Mars t o  E a r t h  v o y a g e  o f  t h e  
p i l o t e d  v e h i c l e .  O n l y  t h e  E a r t h  R e t u r n  C a p s u l e  ( E R C )  a n d  a small a e r o b r a k e  a r e  
u t i l i z e d  f o r  E a r t h  r e t u r n .  The  o t h e r  v e h i c l e  p a r t s  a r e  j e t t i s o n e d  a n d  remain i n  
h e l i o c e n t r i c  o r b i t .  T h e  OMV w i l l  r e t r i e v e  t h e  E a r t h  R e t u r n  C a p s i i l e  a n d  r e t u r n  
t h e  crew t o  t h e  S p a c e  S t a t i o n  w h e r e  t h e y  may b e  q u a r a n t i n e d  p r i o r  t o  r e t u r n i n g  
t o  E a r t h .  
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1-5747-8 PILOTED MARS MISSION SCENARIO - SPLtT OPTION 
(CONTINUED) 

MARS 
- DEPARTURE 

CREW CAPSULE 
TO SPACE STATION 

\ a- 

BOOSTERICREW . 
OUARTERS TO SUN 
ORBIT 

* PERFORM MARS-TO-EARTH OPERATIONS I 
NAVIGATION 

* SCIENTIFIC OPERATIONS - HOUSEKEEPING - ETC. 

b-EARTH TRANSFER 166 DAYS .8 

DOCK 
CREW 

RETURN TO 
LAUNCH 
SITE 

* TRANSFER FOR -a 
hEROCAPTURE 
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M A R S  M A N N E D  V E H I C L E  TRANSFER T I M E L I N E  

T h e  f a c i n g  p a g e  a s s i g n s  times t o  s e l e c t e d  a c t i v i t i e s  d u r i n g  t h e  t r a n s f e r  t o  Mars 
a n d  t h e  r e t u r n  t o  E a r t h .  Much o f  t h e  v e h i c l e  p r o c e s s i n g  c a n  b e  d o n e  o n  E a r t h  
w i t h  some f i n a l  a s s e m b l y  a n d  c h e c k o u t  a t  L E O .  T h e  b u r n  a n d  t r a v e l  times were 
o b t a i n e d  t h r o u g h  m i s s i o n  a n a l y s i s .  
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MARS MANNED VEHICLE TRANSFER TIMELINE 
SPACE STATION 

VEHICLE ASSEMBLY 7 Moms 

CHECKOUT 8 PREPARATION 1 M o m s  

- t N i T i A L  BURN (3 STAGES) 

v) DEADLINE FOR ABORT TO LEO 9.9 MlNS lNTO3RD 

5 0  MlNS 

STAGE BURN a 
0 
v 
.$ 

N 
1 1 2  DAYS 

MID COURSE BURN 5 MlNS 

2 TRAVEL 1 1 1  DAYS 

N TRAVEL 

0) L 

m 
CORRECTION BURN 8 MARS SWINGBY 1 5 SEC 

E TRAVEL 1 DAY 
DEADLINE 0 I 

W 

6 MlNS 
1 

MARS AEROBRAKE 

ADJUST TO ORBIT 21 HCURS r 
v) 
31 
W 
v 
0 
m 

RENDEVOUS WITH CARGO VEHICLE 1.5 DAYS 

DOCK WITH CARGO VEHICLE 6 HCURS 

PREPARE LANDING VEHICLE 4 DAYS 

BURN FOR MARS SURFACE 3 0  SEC 

TRAVEL 3 0  MlNS 

MARS SURFACE 1 0 - 2 4  DAYS 

BURN FOR MARS ORBIT 1 0  MlNS 

TRAVEL 1 m  

RENDEVOUS WKtH MISSION VEHICLE 6 HCURS 

DOCK WITH MISSION VEHICLE 3 HCURS 

f INITIAL BURN 

a? TRAVEL 

.a MID COURSE BURN 

II TRAVEL 

v) 

m 
v 

'0 
c 

L 

SEPARATE MISSION MODULE & 0 L 
v1 
C EARTH RETURN CAPSULE (ERC) e + 
f ORIENT ERC FOR EARTH CAPTURE 

CORRECTDN BURN 
L 
m 
0) 

1 TRAVEL 

EARTH AEROBRAKE 

ADJUST TO ORBIT 

OMV RENDEVOUS 

OMV DOCK 

MANEUVER TO SPACE STATION 

SPACE STATION 

1 6  MlNS 

83 DAYS 

5 MlNS 

82 DAYS 

2 HCURS 

30 MlNS 

1 5  SK: 

1 DAY 

9 MlNS 

1.5 HCURS 

1 8  HOURS 

3 HCURS 

2 4  HOURS 

+ PREPARE FOR EARTH RETURN 1 DAY 
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M A R S  MISSION ABORT S C E N A R I O  

T h i s  c h a r t  s h o w s  t h e  times a t  w h i c h  a m i s s i o n  a b o r t  i s  p o s s i b l e .  D u r i n g  t h e  
t r a n s - M a r s  i n j e c t i o n ,  i t  i s  p o s s i b l e  t o  a b o r t  t o  l o w  E a r t h  o r b i t  u n t i l  9.9 
m i n u t e s  i n t o  t h e  m i s s i o n .  T h i s  i s  t h e  p o i n t  a t  w h i c h  t h e  t h i r d  s t a g e  s t i l l  h a s  
e n o u g h  p r o p e l l a n t  t o  b r a k e  i t s e l f  back  i n t o  E a r t h  o r b i t .  Once  t h e  a b o r t  
m a n e u v e r  i s  made, i t  w o u l d  t a k e  1-2 d a y s  t o  r e c o v e r  t h e  v e h i c l e  i n  l o w  E a r t h  
o r b i t .  

After 9 . 9  m i n u t e s  i n t o  t h e  3rd s t a g e  b u r n ,  t h e  v e h i c l e  i s  c o m m i t t e d  t o  a t  l e a s t  
a Mars s w i n g b y .  I t  i s  p o s s i b l e  t o  a b o r t  Mars o r b i t  i n s e r t i o n  u p  u n t i l  1 d a y  
p r i o r  t o  Mars a r r i v a l .  If t h e  Mars o r b i t  i n s e r t i o n  i s  a b o r t e d ,  i t  w o u l d  b e  
i m p o s s i b l e  t o  r e n d e z v o u s  w i t h  t h e  c a r g o  v e h i c l e ,  t h e r e f o r e ,  t h e  p i l o t e d  v e h i c l e  
m u s t  h a v e  t h e  r e s o u r c e s  t o  c o m p l e t e l y  s u s t a i n  t h e  r e t u r n  m i s s i o n .  If t h e  Mars 
o r b i t  i n s e r t i o n  was a b o r t e d ,  t h e  t o t a l  m i s s i o n  d u r a t i o n  w o u l d  n o t  b e  s i g n i f i -  
c a n t l y  r e d u c e d .  T h e  t o t a l  t r i p  t ime w o u l d  b e  a p p r o x i m a t e l y  4 1 0  - 440  d a y s .  
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9.9 M l N S  INTO 
3 R D  STAGE BURN 

TR A NS-M At7 S 
I NJECTl ON 

t-l ABORT TO LEO 

M A R S  M I S S I O N  A B O R T  S C E N A R I O  

1 D A Y  P R I O R  
TO MARS AEROBRAKE 

I ENTER M A R S  
ATM OSPHERE 

I 

224 DAYS 

131 



A T Y P I C A L  I N - F L I G H T  SCHEDULE 

T h i s  t a b l e  s h o w s  t h e  s c h e d u l e  o f  a t y p i c a l  d a y  d u r i n g  t h e  v o y a g e  f r o m  L E O  t o  
Nars f o r  t h e  0-G b a s e l i n e  a s  wel l  as  I - G  a n d  S k y l a b  f o r  c o m p a r i s o n .  E a t i n g  a n d  
p e r s o n a l .  h y g i e n e / h o u s e k e e p i n g  r e q u i r e  m o r e  time t o  c o m p l e t e  i n  ze ro  g r a v i t y  d u e  
t o  t h e  e x t r a  time r e q u i r e d  t o  s e c u r e  a l l  i tems t h a t  c o u l d  f l o a t  a w a y .  I n  zero  
g r a v i t y ,  more exe rc i se  i s  n e c e s s a r y  t o  k e e p  t h e  b o d y  s t r o n g  a n d  h e a l t h y  f o r  o n e  
g r a v i t y  s t a n d a r d s .  T h e  t ime s p e n t  o n  s c h e d u l e d  w o r k ,  e d u c a t i o n ,  a n d  v e r s a t i l e  
t ime can h e  i nc reased  i n  one g r a v i t y  d u e  t o  less  time n e e d e d  t o  c o m p l e t e  e x e r -  
c i s e ,  e a t i n g ,  a n d  h y e i e n e / h o u s e k e e p i n g .  A crew member w o u l d  i n f l u e n c e  h i s / h e r  
v e r s a t i l e  o r  p a s s i v e / r e s t  a n d  r e l a x a t i o n  ( R  a n d  R )  t ime.  E x a m p l e s  o f  v e r s a t i l e  
t ime a z t i v i t e s  a r e  f a m i l y / E a r t h  c o m m u n i c a t i o n s ,  p r i v a t e  t i m e ,  o p t i o n a l  w o r k ,  o r  
o p t i o n a l  e x e r c i s e .  S c h e d u l e d  w o r k / s c i e n t i f i c  a p p l i c a t i o n s  i n c l u d e  t e l e s c o p e  
o b s e r v a t i o n s ,  o n b o a r d  e x p e r i m e n t s  , h e a l t h / h u r n a n  r e a c t i o n  m o n i t o r s ,  r a d i a t i o n  
research s t u d y  t o w a r d  a n d  e d u c a t i o n a l  d e g r e e ,  a n d  m i s s i o n  t a s k  s i m u l a t i o n s .  T h e  
recommended S k y l a b  d a i l y  s c h e d u l e  i s  shown  f o r  r e f e r e n c e .  The  p l a n n e d  S k y l a b  
s c h e d u l e  i s  13 .5  h o u r s  f o r  p e r s o n a l  a c t i v i t y ,  2 . 5  h o u r s  f o r  s t a t i o n  o p e r a t i o n a l /  
h o u s e k e e p i n s ,  a n d  8 h o u r s  f o r  e x p e r i m e n t s .  P e r s o n a l  a c t i v i t y  c o n s i s t s  of s l e e p -  
i n g ,  e a t i n g ,  h y g i e n e ,  t r a i n i n g ,  a n d  R a n d  R .  T h i s  s c h e d u l e  i s  f o r  s i x  d a y s .  
O n l y  n e c e s s a r y  a n t i v i t e s  a r e  s c h e d u l e d  f o r  t h e  s e v e n t h  d a y .  Any e x t r a  t ime o n  
t h e  s e v e n t h  d a y  can b e  u s e d  t o  c a t c h  u p  o n  work  a c t i v i t i e s  o r  f o r  R a n d  R .  
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A TYPICAL IN-FLIGHT D A I L Y  SCHEDULE 

M A R S  

SKYLAB (HRS) 1 - G  T I M E  (HRS) 0 - G  T I M E  (HRS) TASK 

7 
1 
1 
2 
0 
8 

4.5 
.5 

6 
1 
2 

1.5 
1 
8 

3.5 
1 

4 
1 
1 
2 

2.5 
8 

4.5 
1 

SCHEDULED WORK/SCIENTIFIC APPLICATIONS 
MONITOR UEHICLE SYSTEMS 
E DUCAT1 ON /TR A I N I NG 
PERSONAL HYGINE/HOUSEKEEPING 
EXERCISE 
SLEEP 
EATING 
UERSATILE O R  PASSIUE T I M E / R @ R  
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3 . 0  VEHICLE PERFORMANCE A N D  I N T E G R A T I O N  

T h e  f o l l o w i n g  s e c t i o n  p r o v i d e s  i n f o r m a t i o n  o n  t h e  S p l i t  S p r i n t  M i s s i o n  v e h i c l e  
p e r f o r m a n c e  a n d  i n t e g r a t i o n .  
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3 . 0  Vehic le  P e r f o r m a n c e  a n d  I n t e g r a t i o n  

3 -  1 

3 . 2  

3 . 3  

3 . 4  

3 . 5  

3 . 6  

A e r o b r a k i n g  Dynamics  

Mars Veh ic l e  A e r o d y n a m i c s  a n d  A e r o b r a k e  S i z i n g  

Cargo V e h i c l e  M i s s i o n  A n a l y s i s  

3 . 3 . 1  V e h i c l e  C o n f i g u r a t i o n  
3 . 3 . 2  P r o p u l s i o n  S y s t e m  
3 . 3 . 3  E a r t h  D e p a r t u r e  a n d  R e c o v e r y  of  1st S t a g e  
3 . 3 . 4  C a r g o  V e h i c l e  M a n e u v e r s  a t  Mars 
3 . 3 . 5  Vehic le  P e r f o r m a n c e  Summary 

P i l o t e d  V e h i c l e  M i s s i o n  A n a l y s i s  

3 . 4 . 1  V e h i c l e  C o n f i g u r a t i o n  
3 . 4 . 2  P r o p u l s i o n  S y s t e m  
3 . 4 . 3  E a r t h  D e p a r t u r e  a n d  R e c o v e r y  o f  D e p a r t u r e  S t ages  
3 . 4 . 4  P i l o t e d  Vehic le  M a n e u v e r s  a t  Mars 
3 . 4 . 5  V e h i c l e  P e r f o r m a n c e  Summary 

Mars E x c u r s i o n  Module  A n a l y s i s  

3 .5 .1  D e s c e n t  A n a l y s i s  
3 .5 .2  A s c e n t  A n a l y s i s  

E a r t h  R e t u r n  C a p s u l e  A n a l y s i s  

3 . 6 . 1  S y s t e m / I n t e g r a t i o n  A n a l y s i s  
3 . 6 . 2  A e r o c a p t u r e  and  R e c o v e r y  o f  E a r t h  R e t u r n  C a p s u l e  
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AE R O D Y  N A M l C  FORCES 

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

Basic A e r o d y n a m i c s  

Drag a n d  l i f t  a r e  g e n e r a t e d  when t h e  v e h i c l e  moves  t h r o u g h  a n  a t m o s p h e r e .  
Drag i s  o p p o s i t e  t o  t h e  v e l o c i t y  r e l a t i v e  t o  t h e  a t m o s p h e r e  a n d  i s  t h e  
w o r k i n g  f o r c e  t o  d i s s i p a t e  e n e r g y .  L i f t  i s  p e r p e n d i c u l a r  t o  t h e  r e l a t i v e  
v e l o c i t y  a n d  t o  t h e  w i n g s  ( a s s u m e d  i f  n o t  p r e s e n t ) .  

A e r o d y n a m i c  F o r c e s  ( C D ,  C L  a r e  f u n c t i o n s  o f  a n g l e  o f  a t t a c k ,  mach n u m b e r )  

D r a g  ( A t m o s  D e n s i t y / 2 )  * CD * Area * V R  * *  2 

L i f t  (A tmos  D e n s i t y / 2 )  * CL * Area * V R  **  2 

T h e  d i r e c t i o n  o f  l i f t  i s  a m a j o r  p a r a m e t e r  i n  a l l  e n t r i e s  as 1 . i f t  
i n f l u e n c e s  b r a k i n g  by  mov ing  t h e  v e h i c l e  i n  t h e  a t m o s p h e r e .  L i f t  m u s t  work 
i n  ha rmony  w i t h  d r a g ,  i . e . ,  i f  more / less  d r a g  i s  n e e d e d ,  l i f t  s h o u l d  p u l l  
t h e  v e h i c l e  down/up  i n  t h e  a t m o s p h e r e .  When n o t  e s s e n t i a l  t o  b r a k i n g ,  l i f t  
c a n  b e  u s e d  for t e r m i n a l  l a t i t u d e / l o n g i t u d e  o r  f l i g h t  p l a n e  c o n t r o l .  
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1-4 169-8 

* 
I 

I 1  

BODY AXES 

VELOCITY 

AERODYNAMIC FORCES 

- 
D 

\ 

- 
GRAVITY - G  
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A E R O B R A K I N G  TO O R B I T  

T h e  f a c i n g  p a g e  s h o w s  a l t i t u d e ,  v e l o c i t y ,  a n d  a c c e l e r a t i o n  p r o f i l ? s  v e r s u s  t ime 
f o r  a t y p i c a l  a e r o b r a k i n g  a n d  c a p t u r e  on a r r i v i n g  a t  Mars. 

What i s  a e r o b r a k i n g  t o  o r b i t ?  

A d i s s i p a t i o n  of  e n e r g y  u s i n g  a e r o d y n a m i c  d r a g  t o  c h a n g e  f r o m  a n  i n c o m i n g  
o r b i t  t o  a s e c o n d  o r b i t .  L i f t  i n f l u e n c e s  b r a k i n g  by  m o v i n g  t h e  v e h i c l e  i n  
t h e  a t m o s p h e r e  a n d  may b e  u s e d  f o r  o r b i t  p l a n e  c o n t r o l .  

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

A e r o b r a k i n g  T i m e  ( A i r t i m e )  T h r o u g h  A t m o s p h e r e  

A b o u t  3 0  d e g r e e s  o f  o r b i t  t h r o u g h  p e r i a p s i s .  ( 5  t o  1 2  m i n u t e s )  
C a n n o t  b e  l e s s  t h a n  i n c o m i n g  o r b i t  time! 
C a n n o t  b e  inore t h a n  o u t g o i n g  o r b i t  time! 

D e l t a - V e l o c i t y  a n d  Ai r t ime  Determine G-Loads 

Vin-Vout  ( b r a k e s  a l o n g  V )  
Delta-V/Airtime 

I 

- Delta  V 
A v e r a g e  G Load  
Max G Load  About  3 * a v e r a g e  - 

D e l t a - E n e r g y  a n d  A i r t i m e  D e t e r m i n e  Heat L o a d s  

Delta E n e r g y  Mass * ( V i n  **  2 - Vout * *  2 ) / 2  

R e c o m m e n d a t i o n s  

Use a n g l e  o f  a t t a c k  t o  c h a n g e  CD t o  m o d u l a t e  b r a k i n g .  A n d / o r  u s e  v a r i a b l e  
d r a g  d e v i c e  s u c h  a s  b a l l u t e  or f l a p s .  Use a n g l e  o f  bank  t o  m o d u l a t e  
h e a d i n g  f o r  p l a n e  c o n t r o l .  L i f t  m u s t  work i n  ha rmony  w i t h  d r a g ,  i . e . ,  i f  
m o r e / l e s s  d r a g  i s  n e e d e d ,  l i f t  s h o u l d  p u l l  t h e  v e h i c l e  down/up  i n  t h e  
a t m o s p h e r e .  L i m i t s  on b a n k  a n g l e  v a r i a t i o n  ease g u i d e  l o g i c  d e c i s i o n s .  
Norma l  a e r o b o d y  ( p o s i t i v e  C L ) ,  N o m i n a l  Bank = 180 d e g s .  T y p i c a l  b r a k e s  
( N e g a t i v e  C L ) ,  N o m i n a l  Bank = 0 d e g s .  
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A E R O B H A K I N G  TO SURFACE 
( T O  A C A P T U R E  O R B I T  IS V E R Y  DIFFERENT) 

A t y p i c a l  a e r o b r a k i n g  t o  t h e  s u r f a c e  s c h e m a t i c  i s  shown o n  t h e  f a c i n g  p a g e .  
E n e r g y  management  commences  when s u f f i c i e n t  a e r o d y n a m i c  c o n t r o l  i s  a v a i l a b l e  a n d  
i s  u s e d  t o  c o n t r o l  t h e  maximum p e a k  c o n s t r a i n t  v a l u e s .  Cross a n d  down r a n g e  
c o n t r o l s  a r e  a d j u s t a b l e  p h a s e s  t o  e n s u r e  t o u c h d o w n  a t  t h e  d e s i r e d  p o s i t i o n .  

What i s  a e r o b r a k i n g  t o  s u r f a c e ?  

A d i s s i p a t i o n  o f  e n e r g y  u s i n g  a e r o d y n a m i c  d r a g  s u c h  t h a t  t h e  v e h i c l e  w i l l  
i m p a c t  t h e  s u r f a c e .  L i f t  may b e  u s e d  t o  g u i d e  t o  a s p e c i f i e d  r e c o v e r y  
p o s i t i o n  (altitude/longitude/latitude). 

A e r o b r a k i n g  T r a v e l / T i m e  i n  A t m o s p h e r e  

From t h e  t o p  o f  t h e  a t m o s p h e r e  t o  E a r t h  s i t e  i s  a b o u t  2 0 0 0  N M  a n d  10 
m i n u t e s  o f  t ime .  ( v a r i e s  g r e a t l y )  

The  a l g o r i t h m  u s e d  t o  command t h e  a e r o d y n a m i c  a n g l e s  o f  a t t a c k  a n d  b a n k  
d e t e r m i n e  t ime,  G l o a d s ,  h e a t i n g  a n d  t e r m i n a l  p o s i t i o n .  A e r o b o d i e s  h a v e  a 
p o s i t i v e  l i f t  a t  a p o s i t i v e  a n g l e  o f  a t t a c k .  A e r o b r a k e s  h a v e  a n e g a t i v e  
l i f t  a t  a p o s i t i v e  a n g l e  o f  a t t a c k .  The  g u i d e  a l g o r i t h m  m u s t  b e  t a i l o r e d  
w i t h  t h i s  i n  m i n d .  

C o n s t r a i n t s  G L o a d s ,  P e a k  H e a t i n g ,  I n t e g r a t e d  Heat Load 

G l o a d s  s e t  by  v e l o c i t y  d e l t a  ( D V ) .  Hea t ing  by e n e r g y  (M*V**2)/2.  P e a k  g 
l o a d s  a r e  n o r m a l l y  c o n t r o l l e d  w i t h  a n g l e  o f  a t t a c k .  P e a k  h e a t i n g  r a t e s  a r e  
a f u n c t i o n  o f  atrnos d e n s i t y ,  s h i e l d  c u r v a t u r e  a n d  i n i t i a l  e n t r y  s t a t e .  
P e a k  r a t e s  c a n  b e  c o n t r o l l e d  b y  t e c h n i q u e s  t h a t  s l o w  t h e  v e h i c l e  h i g h  i n  
t h e  a t m o s p h e r e .  I n t e g r a t e d  h e a t  l o a d s  a r e  a m a j o r  f a c t o r  i n  most e n t r i e s .  

R e c o m m e n d a t i o n s  

Use h i g h  a n g l e  o f  a t t a c k  f o r  maximum d r a g  a n d  minimum a i r t i m e .  M o d u l a t e  
a n g l e  o f  a t t a c k  as n e c e s s a r y  f o r  g c o n t r o l .  D u r i n g  p e a k  l i f t  regimes,  
d i r e c t  l i f t  a s  n e c e s s a r y  t o  p r e v e n t  s k i p o u t  a n d  work  i n  c o n c e r t  w i t h  d r a g .  
V a r i a b l e  d r a g  d e v i c e s  s u c h  a s  f l a p s  may a l s o  b e  u s e d .  A f t e r  s l o w i n g  t o  
r e a s o n a b l e  v e l o c i t y  (mach  1 t o  2 )  u s e  a n g l e  o f  a t t a c k  t o  c o n t r o l  d o w n r a n g e  
a n d  a n g l e  o f  b a n k  t o  c o n t r o l  c r o s s r a n g e .  
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AEROBRAKING TO SURFACE 
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M A R S  MISSION V E H I C L E S  
A E R O D Y N A M I C  C H A R A C T E R I S T I C S  

The  h y p e r s o n i c  a e r o d y n a m i c  c h a r a c t e r i s t i c s  a r e  shown f o r  t h e  Plars e n t r y  
v e h i c L e .  The  a e r o  shell i s  a s s u m e d  t o  b e  theosame s h a p e  a s  t h e  A p o l l o .  T h e  
v e h i c l e  i s  t r i m m e d  a t  a n  a n g l e  o f  a t t a c k  o f  15 f o r  t h e  moment re fe rence  p o i n t  
shown.  T h e  d a t a  were c a l c u l a t e d  w i t h  H y p e r s o n i c  A r b i t r a r y  Body P r o g r a m .  
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1-6844-8-28T 

ALPHA 

-20.00000 
-1 5.00000 
-10.00000 

-6.00000 
-4.00000 
-2.00000 
0.00000 
2.00000 
4.00000 
6.00000 
8.00000 

10.00000 
15.00000 
17.00000 
20.00000 
24.00000 
28.00000 
30.00000 
35.00000 
40.00000 

MARS MISSION VEHICLES 
AERODYNAMIC COEFFICIENTS 

REFERENCE AREA = 6358.5 FT2 
REFERENCE LENGTH = 90 FT 

MOMENT REFERENCE POINT (X, Y, Z) = 18., O., -2.71586 
BETA = 0 

CD 

1.23047 
1.31 145 
1.3721 6 
1.4041 9 
1.41 433 
1.42045 
1.42249 
1.42045 
1.41 433 
1.4041 9 
1.3901 0 
1.3721 6 
1.31 145 
1.281 30 
1.23047 
1.1 5358 
1.06829 
1.02324 
0.90608 
0.78625 

a 
0.34351 
0.27271 
0.18925 
0.1 1587 
0.07773 
0.03901 
0.00000 

-0.03901 
-0.07773 
-0.1 1587 
-0.1 531 3 
-0.18925 
-0.27271 
-0.30273 
-0.34351 
-0.38904 
-0.42348 
-0.43635 
-0.45564 
-0.45685 

QI 

1.27376 
1.33734 
1.3841 7 
1.40861 
1.41 631 
1.42095 
1.42249 
1.42095 
1.41 631 
1.40861 
1.39788 
1.3841 7 
1.33734 
1.31 382 
1.27376 
1.21 208 
1.14206 
1.1 0433 
1.00356 
0.89596 

- C Y  

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .00000  
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

- C N  

-0.09805 
-0.07601 
-0.051 90 
-0.031 54 
-0.021 12  

-0.01058 
0.0 0 0 0 0 
0.01 058 
0.021 12 
0.031 55 
0.041 82 
0.051 90 
0.07601 
0.0851 1 
0.09805 
0.1 1380 
0.1 2762 
0.1 3373 
0.1 4647 
0.1 5543 

- L1 D 

0.2791 7 
0.20795 
0.13792 
0.08252 
0.05496 
0.02747 
0.00000 

-0.02747 
-0.05496 
-0.08252 
-0.1 101 6 
-0.13792 
-0.20795 
-0.23627 
-0.27917 
-0.33724 
-0.39641 
-0.42644 
-0.50287 
-0.581 05 

CM 

0.09033 
0.08071 
0.06937 
0.05929 
0.05397 
0.04851 
0.04293 
0.03725 
0.031 51 
0.02573 
0.01 994 
0.01417 
0.00000 

-0.00549 
-0.01 346 
-0.02344 

-0.3253 
-0.03669 
-0.04578 
-0.05285 

143 



M A R S  CARGO V E H I C L E  
CENTER OF GRAVITY TO T R I M  REQUIREMENTS 

Thg trim l i n e  i s  shown for t h e  r e q u i r e d  L / D  o f  0 .21  a t  a n  a n g l e  o f  a t t a c k  o f  
15 . The  t r i m  l i n e  r e p r e s e n t s  t h e  CG l o c a t i o n s  i n  t h e  X-Z p l a n e  t h a t  w i l l  
y i e l d  z e r o  p i t c h i n g  moment a t  t h e  d e s i r e d  L / D .  The  t r i m  l i n e  i s  a s t r a i g h t  
l i n e  w i t h  t h e  e q u a t i o n  g i v e n .  

144 



1 -4251-8-18D 

40 

20 

I- w 
L -  
w o  

-20 

-40 

Z 

MARS CARGO VEHICLE AEROBRAKE 
90 FT. DIAMETER 

CENTER OF GRAVITY TO TRIM REQUIREMENTS 
a =15' 
L/ Dz0.2 1 

X 

TRIMLINE a =15' 
Zz.05684 X -3.73893 

I I I I 
0 20 40 60 80 

145 
FEET T.J. LOWERY PD33 9/15/87 



A E R O D Y N A M I C  FLOW D U R I N G  A E R O R R A K I N G  

T h e r e  a r e  many f a c t o r s  t h a t  w i l l  i n f l u e n c e  t h e  d e s i g n  o f  t h e  a e r o b r a k e s  u s e d  f o r  
Mars m i s s i o n s .  Two of t h e s e  f a c t o r s  t h a t  n e e d  t o  be c o n s i d e r e d  a r e  t h e  s h a p e  o f  
t h e  a e r o b r a k e  a n d  t h e  s i z e  o f  t h e  p a y l o a d  o r  v e h i c l e  b e h i n d  t h e  a e r o b r a k e .  The  
s h a p e  of  t h e  a e r o b r a k e  d e t e r m i n e s  t h e  a e r o d y n a m i c  c h a r a c t e r i s t i c s  o f  t h e  
v e h i c l e ,  a n d  t h e  s i z e  o f  t h e  p a y l o a d  d e t e r m i n e s  t h e  s i z e  o f  t h e  a e r o b r a k e .  T h e  
a e r o b r a k e  s h o u l d  b e  s h a p e d  s u c h  t h a t  i t  w i l l  h a v e  a l i f t - t o - d r a g  r a t i o  t h a t  w i l l  
a l l o w  a d e q u a t e  v e h i c l e  c o n t r o l  d u r i n g  a e r o b r a k i n g ,  a n d  i t  s h o u l d  b e  l a r g e  e n o u g h  
so  t h a t  f low p a s t  t h e  a e r o b r a k e  w i l l  n o t  b e  a d v e r s e l y  d i s t u r b e d  by  t h e  p a y l o a d .  

T h e  a e r o b r a k e s  s e l e c t e d  i n  t h e  S A I C  S p r i n t  M i s s i o n  r e p o r t  r e r e  e v a l u a t e d  u s i n g  
d a t a  from a wind  t u n n e l  t e s t  c o n d u c t e d  a t  L a n g l e y  R e s e a r c h  C e n t e r  i n  1983 (LaRC 
t e s t  1 1 7 ) ,  a n d  t h e  c u r r e n t  d e s i g n  f o r  t h e  Aeroassist F l i g h t  E x p e r i m e n t .  t h e  
s h a p e s  o f  t h e  a e r o b r a k e s  u s e d  i n  t h e  S A I C  r e p o r t  a r e  b a s i c a l l y  r o u n d  d i s h - s h a p e d  
s h e l l s .  T h e s e  s h a p e s  m a t c h  t h o s e  t e s t e d  i n  t h e  wind  t u n n e l  t e s t .  I t  was 
a s s u m e d  t h a t  a l i f t  t o  d r a g  r a t i o  o f  .2 - .25 w o u l d  a l l o w  a d e q u a t e  
c o n t r o l l a b i l i t y  d u r i n g  a e r o b r a k i n g .  B a s e d  on t h e  w i n d  t u n n e l  t e s t s ,  t h e  v e h i c l e  
w o u l d  h a v e  t o  b e  f f t r i r n m e d f f  t o  f l y  a t  a n  a n g l e  o f  a t t a c k  o f  15 d e g r e e s  t o  a t t a i n  
t h e  p r o p e r  l i f t - t o - d r a g  r a t i o .  A t  t h i s  angle  o f  a t t a c k ,  t h e  f l o w  b e n d s  10 
d e g r e e s  a s  i t  aoes p a s t  t h e  a e r o b r a k e .  T h i s  m e a n s  t h a t  t h e  f l o w  w i l l  b e  a t  a 65 
d e g r e e  a n g l e  f r o m  t h e  b a s e  o f  t h e  a e r o b r a k e .  

A s  shown o n  t h i s  c h a r t ,  t h e  f low w o u l d  b e  a d v e r s e l y  d i s t u r b e d  b y  t h e  p r o p e l l a n t  
t a n k s  on t h e  two E a r t h  d e p a r t u r e  s t ages .  T h i s  i n d i c a t e s  t h a t  t h e  a e r o b r a k e s  
s h o u l d  b e  made l a r g e r  f o r  t h e s e  two s t ages .  
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1-4230-68 

AERODYNAMIC FLOW DURING AEROBRAKING 
FLOW AROUND AEROBRAKE FOR MARS MISSION VEHICLES 

- BASED ON NASA LaRC WIND TUNNEL TEST 117, APRIL 1983 

DIRECTION 
OF FLOW I 

FLOW 

FIRST STAGE SECOND STAGE CARGO VEHICLE 

PROPELLANT TANKS PROPELLANT TANKS PAYLOAD PLACEMENT 
DISTURB FLOW DISTURB FLOW PROVIDES ADEQUATE 

CLEARANCE FOR FLOW 

AEROBRAKE 
SHOULD BE LARGER 

AEROBRAKE 
SHOULD BE LARGER 

ALL CONFIGURATIONS ARE FROM SAlClJOHN NIEHOFF REPORT 
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ASSUMED A E R O D Y N A M I C  FLOW FOR AEROASSIST FLIGHT EXPERIMENT 

I n  o r d e r  t o  d e t e r m i n e  t h e  p r o p e r  c l e a r a n c e  a n g l e  b e t w e e n  t h e  e d g e  o f  t h e  
a e r o b r a k e  a n d  t h e  p a y l o a d ,  i t  was a s s u m e d  t h a t  t h e  c l e a r a n c e  a n g l e  o f  t h e  
A e r o a s s i s t  F l i g h t  E x p e r i m e n t  w o u l d  b e  a d e q u a t e .  From t h e  f i g u r e  i t  c a n  b e  s e e n  
t h a t  t h i s  a n g l e  i s  a p p r o x i m a t e l y  57 d e g r e e s .  T h i s  was u s e d  as a g u i d e  t o  
d e t e r m i n e  how much l a r g e r  t h e  a e r o b r a k e s  f o r  t h e  two E a r t h  d e p a r t u r e  s t a g e s  
s h o u l d  b e .  
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232-8 

ASSUMED AERODYNAMIC FLOW FOR AERO-ASSIST FLIGHT EX 

- BASED ON NASA LaRC WIND TUNNEL TEST 117, APRIL 1983 

CLEARANCE ANGLE = 57' 
DIRECTION OF FLOW 

ANGLE 

.PERIMENT 

= 10' 

1 4 9  



MODIFICATIONS TO AEROBRAKE SIZES FOR EARTH ESCAPE S T A G E S  

B a s e d  3 n  d a t a  f r o m  t h e  L a R C  t e s t  117 a n d  t h e  c o n f i g u r a t i o n  o f  t h e  Aeroassist  
F l i g h t  E x p e r i m e n t ,  t h e  a e r o b r a k e s  f o r  t h e  two E a r t h  d e p a r t u r e  s t a g e s  were 
m o d i f i e d .  The  s h a p e s  were c h o s e n  t o  b e  r o u n d  s p h e r i c a l  s h e l l s  t o  m a t c h  t h e  
s h a p e  used f o r  t h e  p i l o t e d  a n d  c a r g o  v e h i c l e s .  The  a e r o b r a k e  diameters were 
i n c r e a s e d  t o  p r o v i d e  a 57 d e g r e e  c l e a r a n c e  a n g l e  b e t w e e n  t h e  b a c k  of  a e r o b r a k e  
a n d  t h e  p r o p e l l a n t  t a n k , ? .  The  a e r o b r a k e  w e i g h t s  were i n c r e a s e d  by  u s i n g  t h e  
w e i g h t / d i a m e t e r  r a t i o  of  t h e  o r i g i n a l  a e r o b r a k e s  i n  t h e  S A I C  r e p o r t .  
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1-4233-8 

MODIFICATIONS TO AEROBRAKE SIZES FOR EARTH ESCAPE STAGES 

- BASED ON NASA LaRC WIND TUNNEL TEST 117 AND AERO-ASSIST 
FLIGHT EXPERIMENT (AFE) 

65' - DIRECTION OF FLOW 
57' - CLEARANCE ANGLE BASED ON AFE 

AT 15' ANGLE OF ATTACK 
I 

0 

I *MODIFICATION TO AEROBRAKE 
REUSABLE CONFIGURATION IN THE 

SAllJOHN NIEHOFF REPORT 
55 FT 

SECOND STAGE 

ORIGINAL AEROBRAKE WGT. = 5240 LBS 
MODIFIED AEROBRAKE WGT. = 5884 LBS 

REUSABLE 
FIRST STAGE 

AEROBRAKE 
AEROBRAKE 

WGT. = 8820 LBS 
WGT. = 9173 LBS 

I- 70' 
(FEET) 

1 5 1  



L O N G I T U D I N A L  S T A T I C  S T A B I L I T Y  D U R I N G  A E R O B R A K I N G  

U s i n g  d a t a  f r o m  t h e  L a n g l e y  w i n d  t u n n e l  t e s t ,  Joe Lowery  (MSFC/PD33) c a l c u l a t e d  
a e r o d y n a m i c  c o e f f i c i e n t s  f o r  t h e  Mars v e h i c l e  a e r o b r a k e s .  The  p i t c h i n g  moment 
c o e f f i c i e n t  was u s e d  t o  e v a l u a t e  t h e  l o n g i t u d i n a l  s t a t i c  s t a b i l i t y  o f  t h e  
v e h i c l e s .  The  g r a p h  s h o w s  t h a t  i f  t h e  v e h i c l e  i s  l t t r i m m e d l t  t o  b e  i n  e q u i l i b r i u m  
a t  a n  a n g l e  o f  a t t a c k  3f 15 d e g r e e s ,  t h e  p i t c h i n g  moment c o e f f i c i e n t  i s  z e r o .  
F o r  s t a t i c  s t a b i l i t y ,  t h e  v e h i c l e  s h o u l d  r e t u r n  t o  t h i s  p o s i t i o n  i f  i t  i s  
d i s t u r b e d .  T h i s  i s  a c h i e v e d  i f  t h e  s l o p e  o f  t h e  c u r v e  i s  n e g a t i v e  as i t  i s  
h e r e .  T h e  s i g n i f i c a n c e  o f  a n e g a t i v e  s l o p e  i s  t h a t  i f  t h e  v e h i c l e  i s  d i s t u r b e d  
s u c h  t h a t  i t  p i t c h e s  up  o r  down,  t h e  a e r o d y n a m i c  f o r c e s  w i l l  a c t  t o  r e s t o r e  t h e  
v e h i c l e  b a c k  t o w a r d s  i t s  e q u i l i b r i u m  p o s i t i o n  a t  15 d e g r e e s  a n g l e  o f  a t t a c k .  
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1-4235-8 -1  8 D  

LONGITUDINAL STATIC STABILITY DURING AEROBRAKING 
BASED ON NASA LaRC WIND TUNNEL TEST 117 APRIL 1983. 

L I LE OF ATTACK = 15' 

REFERENCE POINT 

Y 

LE OF ATTACK = 15' 

\ 
PITCHING MOMENT COEF. AS A FUNCTION OF = 

+ . 0 5  

Cm o 

- . 0 5  
0 1 0  2 

ANGLE OF ATTACK 

A 30 
CONDITION FOR STATIC STABILITY: &,e0 

FOR ANY DISTURBANCE CAUSING AN INCREASE IN (CLOCKWISE ROTATION) 
THE AERODYNAMIC FORCES WILL RESULT IN AN INCREASE IN Cm 
(COUNTER-CLOCKWISE ROTATION) 

IN THE NEGATIVE DIRECTION 

1 5 3  
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C A R G O  MISSION V E H I C L E  CONFIGURATION 

T h i s  c h a r t  s h o w s  t h e  a p p r o x i m a t e  v e h i c l e  c o n f i g u r a t i o n  a n d  w e i g h t  b r e a k d o w n  f o r  
t h e  c a r g o  m i s s i o n .  The  c o n f i g u r a t i o n s  a r e  t a k e n  from t h e  S A I C / J o h n  N i e h o f f  
s t u d y  r e p o r t .  The  w e i g h t s  h a v e  b e e n  s l i g h t l y  r e f i n e d  a s  a r e s u l t  o f  t h i s  
s t u d y .  The  1 s t  s t a g e  p r o v i d e s  a l l  o f  t h e  p r o p u l s i o n  f o r  E a r t h  d e p a r t u r e  a n d  i s  
r e u s a b l e .  I t  r e t u r n s  t o  E a r t h  u s i n g  a e r o b r a k i n g  a n d  c a n  b e  u s e d  a g a i n  f o r  t h e  
E a r t h  d e p a r t u r e  o f  t h e  p i l o t e d  m i s s i o n .  

1 5 4  



1-4350-8 

CARGO MISSION VEHICLE CONFIGURATION 

VEHICLE WEIGHTS (LBS) 

CARGO VEHICLE 

ENGINES AND TANKS 
PROPELLANT 
TOTAL PROPULSION SYSTEM 
VEH. STRUCTURE AND SUBSYSTEMS 
AEROBRAKE 
PILOTED VEH. PROPELLANT 
TANKS FOR PILOTED VEH. PROP. 
MARS EXCURSION MODULE 
TOTAL GROSS WGT 

I S T  STAGE 

ENGINES 
PROPELLANT TANKS 
PROPELLANT 
AEROBRAKE 
STRUCTURE AND SUBSYSTEMS 
INTERSTAGE 
TOTAL GROSS WGT 

TOTAL EARTH DEPARTURE WGT 

1 1 0 1 6  
4 6 1 7 3  
571 8 9  
4 4 5 0 0  
7 7 2 7 6  

1 8 8 2 5 3  
1 8 9 0 8  

133000  
519126  

CARGO VEHICLE STACK AT LAUNCH 

I4 90 FT-q 

C .  

* ,  

35 FT 

PILOTED VEH. 

INTERSTAGE i o  1 5 0 6 0  
3581 1 

790935  i Lox 
9 1 7 3  I 

5 8 0  1ST STAGE 
20000  65 FT 

871559  

1 ,390 ,685  
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C A R G O  V E H I C L E  PROPULSION SYSTEM 

T h i s  c h a r t  d e s c r i b e s  t h e  f l i g h t  c o n t r o l  p r o p u l s i o n  s y s t e m  f o r  t h e  ca rgo  
v e h i c l e .  The  e n g i n e s  a n d  t a n k  w e i g h t s  were p r o v i d e d  b y  R o b e r t  Champion  
(PD13/MSFC) b a s e d  o n  t h e  p r o p e l l a n t  r e q u i r e m e n t s  f o r  each m a n e u v e r .  
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CARGO VEHICLE PROPULSION SYSTEMS 

FLIGHT CONTROL SYSTEM 

SEPERATE SYSTEMS ARE USED FOR EACH MANEUVER. 
EACH SYSTEM IS JETTISONED AFTER MANEUVER. 

MANEUVERS 
OUTBOUND MID-COURSE CORECTION 
CIRCULARIZATION AFTER MARS AEROCAPTURE 
RENDEZVOUS WITH CARGO VEHICLE 
RETURN MID-COURSE CORRECTION 

ENGINE CHARACTERISTICS 
ENGINE TYPE - XLR-132 
PROPELLANT - NTO/MMH (STORABLE) 
NUMBER OF ENGINES - 
TOTAL THRUST = 125000 LBS 

342 SEC ISP - 
2 MIXTURE RATIO - 

CHAMBER PRESSURE = 1500 PSlA 
NOZZLE EXPANSION RATIO = 400 

6 - 

- 
- 

SYSTEM WEIGHTS 
NTO = 30872 
MMH = 15391 
TOTAL TANKS - - 678 
ENGINES = 9378 
THRUST STRUCTURE = 960 

TOTAL SYSTEM WGT. = 57189 
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C A R G O  V E H I C L E  EARTH DEPARTURE A N D  RECOVERY OF FIRST STAGE 

T h i s  c h a r t  s h o w s  some of  t h e  p e r f o r m a n c e  d a t a  t h a t  was d e v e l o p e d  f o r  t h e  E a r t h  
d e p a r t u r e  o f  t h e  c a r g o  v e h i c l e .  T h e  d i a g r a m  s h o w s  t h e  a p p r o x i m a t e  m i s s i o n  
p r o f i l e  f o r  t h e  E a r t h  d e p a r t u r e .  T h e  f i r s t  s t age  p r o v i d e s  a l l  o f  t h e  p r o p u l s i o n  
f o r  E a r t h  e s c a p e .  I t  was a s s u m e d  t h a t  a f t e r  t h e  s t a g e  s e p a r a t e s  f r o m  t h e  c a r g o  
v e h i c l e  a n d  t h e  i n t e r s t a g e  i s  j e t t i s o n e d ,  t h e  f i r s t  s t a g e  p e r f o r m s  a p r o p u l s i v e  
b r a k i n g  m a n e u v e r  t o  b r i n g  i t s e l f  b a c k  i n t o  a n  E a r t h  o r b i t  w i t h  a p e r i o d  of  a b o u t  
24 h o u r s .  T h i s  o r b i t  w o u l d  h a v e  a p e r i g e e  a l t i t u d e  of  407 Km a n d  a n  a p o g e e  
a l t i t u d e  o f  7 1 , 3 1 9  K m .  The  f i r s t  s t a g e  t h e n  r e t u r n s  t o  low E a r t h  o r b i t  by  u s i n g  
a e r o b r a k i n g  t o  t r a n s f e r  i n t o  a 300 K m  a l t i t u d e  p a r k i n g  o r b i t .  T h e  s tage  wou ld  
s u b s e q u e n t l y  b e  r e t r i e v e d  from t h i s  o r b i t .  

T h e  D e l t a  v e l o c i t y  a n d  p r o p e l l a n t  u s e d  f o r  e a c h  m a n e u v e r  i s  s h o w n ,  a n d  a summary 
o f  t h e  a e r o b r a k i n g  a n a l y s i s  i s  l i s t e d .  
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1-4255-8-18D CARGO VEHICLE EARTH DEPARTURE 
AND RECOVERY OF FIRST STAGE 

ALL PROPULSION PROVIDED BY FIRST STAGE 

THRUST = 35000 LBS 
ISP = 342 SEC. 

1ST STAGE MANEUVERS 

* 1. EARTH DEPARTURE, Avl 3759 MIS 
PROPELLANT USED = 766,625 LBS 

2. STAGE SEPARATION 
3. 1ST STAGE BRAKING BURN, AV BRAKE I 1205 MIS 

PROPELLANT USED = 19238 LBS 

4. LOWER PERIGEE INTO ATMOSPHERE, AVA = 23.5 MIS 

PROPELLANT USED = 330 LBS 

5 .  1ST PLANE CHANGE, A v ~ 2 =  187 MIS 
PROPELLANT USED = 2565 LBS 

6. AEROBRAKING 

AEROBRAKE DIA. = 78 FT 
BALLISTIC COEFF. = 8.48 LBSIFT' 
HP = 81.13 KM 
MAX. DYNAMIC PRES. = 13.77 LBStFT2 
MAX. ACCELERATION = 2.12 G'S 
AVG. ACCELERATION = 1.18 G'S 
TIME IN ATMOSPHERE = 769 SEC. 

7 .  CIRCULARIZATION, AV c = 64 MIS 
PROPELLANT USED = 855 LBS b 

8. 2ND PLANE CHANGE, A V N ~ =  101 MIS 

PROPELLANT USED = 1322 LBS 

TOTAL PROPELLANT USED = 790935 
TIME FROM LAUNCH TO STAGE RETURN = 27.25 HRS 

., 
5. 

PLANE 
(1.5.) 

6. 

71.319 KM 

INITIAL ORBIT 
407 KM SS ORBIT 

300 KM PARKING 

3. AV BRAKE 
STAGE SEPARATION 

AEROBRAKING 

1 5 9  
1. Av1 

TO MARS 

cg :: 8.87 / 



C A R G O  V E H I C L E  PROPULSION SYSTEM MANEUVERS 

E x c e p t  f o r  t h e  o u t b o u n d  m i d - c o u r s e  c o r r e c t i o n ,  t h e  cargo  v e h i c l e  p e r f o r m s  a l l  of  
i t s  m a n e u v e r s  a t  Mars. T h e s e  m a n e u v e r s  a r e  shown i n  t h i s  d i a g r a m .  M a n e u v e r s  2 
a n d  3 a r e  p e r f o r m e d  when t h e  c a r g o  v e h i c l e  f i r s t  a r r i v e s  a t  Mars, A e r o b r a k i n g  
i s  u s e d  t o  r e d u c e  t h e  v e h i c l e ' s  e n e r g y  a n d  i n s e r t  i t  i n t o  a 300 X 4 3 8 1  Km 
a l t i t l i d e  p a r k i n g  o r b i t .  T h i s  p a r k i n g  o r b i t  was s e l e c t e d  s u c h  t h a t  t h e  c a r g o  
v e h i c l e  i s  i n  t h e  same o r b i t a l  p l a n e  as  t h e  p i l o t e d  v e h i c l e  when i t  a r r i v e s .  
M a n e u v e r s  4 t h r o u g h  7 a r e  p e r f o r m e d  a f t e r  t h e  p i l o t e d  v e h i c l e  a r r i v e s  a t  Mars. 
A e r o b r a k i n g  i s  u s e d  a s e c o n d  t ime t o  t r a n s f e r  from t h e  p a r k i n g  o r b i t  t o  9 8 0  K m  
a l t i t u d e  c i r c u l a r  p h a s i n g  o r b i t .  T h i s  i s  fo l lowed by  a t r a n s f e r  t o  t h e  1000 Km 
a l t i t u d e  p i l o t e d  v e h i c l e  o r b i t .  

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

i c n  



1-4256-8-18~ CARGO VEHICLE PROPULSION SYSTEM MANEUVERS 
MARS ARRIVAL PROFILE 

CARGO VEHICLE PROPULSION SYSTEM 
1 

/ 
THRUST = 125,000 LBS. 
ISP = 342 SEC. 

MANEUVERS --__ 

A A  ARRIVE FROM EARTH 
C3= 7.24 KM2/S2  1 .  OUTBOUND MID COURSE CORRECTION 

AV = 25 MIS 
PROPELLANT USED 3884 

2 .  AEROCAPTURE AT MARS 
BALLISTIC COEF. = 51.91 LBSIFT2 
hp 47.68 KM 
MAX. DYN. PRESS. = 47.19 LBSIFT2 
MAX ACCELERATION = 1.08 g's 
AVG. ACCELERATION = .57 g's 

3.lNSERT INTO 300 X 4381 KM PARKING ORBIT 
AV = 45 M/S 
PROPELLANT USED = 6877 LBS 

PENDEZVOUS WITH PILOTED VEHlCl F 

4. LOWER PERlAPSlS INTO ATMOSPHERE 3.4 

(hp = 56.9 KM) 

AV = 44 MIS 
PROPELLANT USED = 6496 LBS 

5 .  AEROBRAKE TO LOWER APOAPSIS 

BALLISTIC COEF. = 50.2 LBSlFT2 
hp = 56.87 KM 
MAX. DYN. PRES.= 7.79 LBSIFT2 
MAX ACCELERATION = .43 g's 
AVG. ACCELERATION = .38 g's 

6.lNSERT INTO 980 KM PHASING ORBIT 
AV = 191 MIS 
PROPELLANT USED = 27767 LBS 

7.TRANSFER TO I000 KM CIRCULAR ORBIT 
A V  = 8.2 MIS 
PROPELLANT USED = 1149 LBS 

TOTAL PROPELLANT USED 46173 LBS 
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CARGO V E H I C L E  PERFORMANCE SUMMARY 

T h i s  c h a r t  summarizes t h e  p e r f o r m a n c e  a n a l y s i s  f o r  e a c h  o f  t h e  m a n e u v e r s  
p e r f o r m e d  by t h e  c a r g o  v e h i c l e .  T h e  p r o p e l l a n t  w e i g h t s  f o r  e a c h  m a n e u v e r  
i n c l u d e  a f l i g h t  p e r f o r m a n c e  reserve e q u i v a l e n t  t o  .75% o f  t h e  d e l t a  v e l o c i t y  
( o r  I s p / 1 . 0 0 7 5 ) .  T h e  t a n k ,  e n g i n e ,  a n d  t h r u s t  s t r u c t u r e  w e i g h t  f o r  e a c h  
m a n e u v e r  is l i s t e d  s i n c e  t h e y  a re  j e t t i s o n e d  a f t e r  each m a n e u v e r .  
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CARGO VEHICLE PREFORMANCE SUMMARY 

1. OUTBOUND MID-COURSE CORRECTION 
FLIGHT CONTROL SYSTEM 

THRUST = 125000 LBS 
ISP - - 342 SEC 
DELTA VELOCITY - - 25 MIS 
PROPELLANT USED = 3884 LBS 
PROP. TANKS - - 30 LBS 
ENGINES (2) = 3126 LBS 
THRUST STRUCTURE = 320 LBS 
FINAL WEIGHT = 511742 LBS 

2. PARKING ORBIT INSERTION AFTER MARS AEROCAPTURE (300 X 4381 KM ORBIT) 

FLIGHT CONTROL SYSTEM 
THRUST = 125000 LBS 
ISP - - 342 SEC 
DELTA VELOCITY - - 45 MIS 
PROPELLANT USED = 6877 LBS 

97 LBS PROP. TANKS - 
ENGINES (2) - - 3126 LBS 
THRUST STRUCTURE = 320 LBS 
FINAL WEIGHT 501322 LBS 

- 

3. RENDEZVOUS WITH PILOTED VEHICLE (AFTER 2ND AEROBRAKING) 
FLIGHT CONTROL SYSTEM 

THRUST = 125000 LBS 
ISP - - 342 SEC 
DELTA VELOCITY - - 244 MIS 
PROPELLANT USED = 31412 LBS 

527 LBS PROP. TANKS - 
ENGINES (2) - 
THRUST STRUCTURE = 320 LBS 

- 
(NOT JETTISONED) - 

FINAL WEIGHT = 465910 LBS 

1 6 3  



P I LOT ED M 1 S S I O  N V E H I C LE CON F I G  U R A 1 T 0 N 

T h i s  c h a r t  s h o w s  t h e  a p p r o x i m a t e  v e h i c l e  c o n f i g u r a t i o n  a n d  w e i g h t  b r e a k d o w n  f o r  
t h e  p i l o t e d  m i s s i o n .  T h e  f i r s t  two  s t a g e s  a r e  u s e d  t o  a t t a i n  E a r t h  e s c a p e  
v e l o c i t y  a n d  r e t u r n  t o  low E a r t h  o r b i t  a f t e r  s t a g e  s e p a r a t i o n .  T h e  p i l o t e d  
v e h i c l e ' s  m a i n  p r o p u l s i o n  s y s t e m  i s  u s e d  t o  a c h i e v e  t h e  f i n a l  v e l o c i t y  r e q u i r e d  
f o r  t h e  t r a n s f e r  t o  Mars. 

1 6 4  



PILOTED MISSION VEHICLE CONFIGURATION 1-4353-8-19D 

VEHICLE WEIGHTS ( I  B a  I F  STACK AT LAUNCH 

PILOTED VEHICLE 
MAIN ENGINES (6) - - 2946 
PROPELLANT TANKS - - 6870 
PROPELLANT = 188253 
TOT. MAIN PROP. SYSTEM = 198069 
FLIGHT CONTROL SYSTEM = 22325 
AEROBRAKE = 35500 
CREW MODULES = 131090 
STRUCTURES AND SUBSYSTEMS = 10320 
EARTH RETURN CAPSULE = 22032 
TOTAL GROSS WGT. = 419336 

PILOTED VEH. 

2ND STAGE 
ENGINES (4) = 10040 
PROPELLANT TANKS = 17760 

= 347220 
5884 

PROPELLANT 

400 
AEROBRAKE 
SUBSYSTEMS - I 

2ND STAGE 
55 FT 

- - - 

156 FT. 

INTERSTAGE = 20000 
TOTAL GROSS WGT = 401304 

ENGINES (6) = 15060 64 FT. DIA. 
PROPELLANT TANKS = 35811 

2 658938 
9173 

PROPELLANT 

580 
AEROBRAKE 
SUBSYSTEMS - 

1ST STAGE 

- - - 
INTERSTAGE = 20000 
TOTAL GROSS WGT = 739562 

TOTAL GROSS DEPARTURE WGT 1,560,202 LBS 
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P I LOT ED V E H I C  L E  P RO P U L S  IO N S Y S T EMS 

T h i s  c h a r t  d e s c r i b e s  t h e  two p r o p u l s i o n  s y s t e m s  t h a t  a r e  u s e d  by  the p i l o t e d  
v e h i c l e .  T h e  e n g i n e s  a n d  t a n k  w e i g h t s  were p r o v i d e d  b y  R o b e r t  Champion  
(PD13/MSFC) b a s e d  o n  t h e  p r o p e l l a n t  r e q u i r e m e n t s  f o r  e a c h  s y s t e m .  

1 6 6  



PILOTED VEHICLE 

MAIN PROPULSION SYSTEM 

MANEUVERS 
EARTH DEPARTURE (3RD STAGE) 
MARS DEPARTURE 

ENGINE CHARACTERISTICS 
ENGINE TYPE - ADVANCED RL10 ENGINES 
PROPELLANT - LOX/LH2 (CRYOGENIC) 
NUMBER OF ENGINES - 
TOTAL THRUST = 90000 LBS 
ISP = 482 SEC 

6 MIXTURE RATIO - 
CHAMBER PRESSURE = 1500 PSlA 
NOZZLE EXPANSION RATIO = 642 

6 - 

- 

SYSTEM WEIGHTS 
LIQUID OXYGEN = 161360 
LIQUID HYDROGEN = 26893 
LOX TANKS = 2063 
LH2 TANK = 4538 
ENGINES = 2946 
THRUST STRUCTURE = 269 
TOTAL SYSTEM WGT. = 198069 

PROPULSION SYSTEMS 

FLIGHT CONTROL SYSTEM 

SEPERATE SYSTEMS ARE USED FOR EACH MANEUVER. 
EACH SYSTEM IS JETTISONED AFTER MANEUVER. 

MANEUVERS 
OUTBOUND MID-COURSE CORECTION 
CI RC U LA RI 2 AT10 N AFTER MARS AE ROC APTU R E 
RENDEZVOUS WITH CARGO VEHICLE 
RETURN MID-COU RSE CORRECTION 

ENGINE CHARACTERISTICS 
ENGINE TYPE - XLR-132 
PROPELLANT - NTO/MMI (STORABLE) 
NUMBER OF ENGINES - 
TOTAL THRUST = 50000 LBS 
ISP = 342 SEC 

2 MIXTURE RATIO - 
CHAMBER PRESSURE = 1500 PSlA 
NOZZLE EXPANSION RATIO = 400 

8 - 

- 

SYSTEM WEIGHTS 
NTO = 11179 
MMH = 5590 
TOTAL TANKS - - 236 
ENGINES = 5000 
THRUST STRUCTURE = 320 

TOTAL SYSTEM WGT. = 22325 

1 6 7  



A E R O B R A K I N G  OF THE TRANSFER STAGES FOR T H E  M A R S  PILOTED V E H I C L E  

T h i s  c h a r t  s u m m a r i z e s  t h e  p e r f o r m a n c e  a n a l y s i s  t h a t  was p e r f o r m e d  f o r  t h e  E a r t h  
d e p a r t u r e  o f  t h e  p i l o t e d  m i s s i o n .  T h i s  a n a l y s i s  i n c l u d e d  a n a l y s e s  o f  t h e  
r e c o v e r y  o f  t h e  two t r a n s f e r  s tages  u s i n g  a e r o b r a k i n g .  The  f i r s t  s t a g e  p r o v i d e s  
t h e  i n i t i a l  d e l t a  v e l o c i t y  i n c r e m e n t  f o r  t h e  p i l o t e d  v e h i c l e .  A f t e r  s e p a r a t i o n ,  
t h e  f i r s t  s t age  e n t e r s  a h i g h l y  e l l i p t i c a l  o r b i t .  When i t  r e a c h e s  t h e  a p o g e e  o f  
t h i s  o r b i t ,  t h e  p e r i g e e  i s  l o w e r e d  i n t o  t h e  a t m o s p h e r e  a n d  a e r o b r a k i n g  i s  u s e d  
t o  b r i n g  t h e  s tage b a c k  t o  a 300  k i l o m e t e r  a l t i t u d e  o r b i t .  A p p r o p r i a t e  p l a n e  
c h a n g e s  a r e  made t o  p u t  t h e  stage i n t o  t h e  S p a c e  S t a t i o n  o r b i t  p l a n e .  

T h e  s e c o n d  s t a g e  p r o v i d e s  e n o u g h  d e l t a  v e l o c i t y  f o r  t h e  p i l o t e d  v e h i c l e  t o  
e s c a p e  E a r t h .  A f t e r  s e p a r a t i o n ,  t h e  s t a g e  b r a k e s  i t s e l f  i n t o  a 24  h o u r  o r b i t ,  
t h e n  u s e s  a e r o b r a k i n g  t o  r e t u r n  t o  t h e  same o r b i t  a s  t h e  f i r s t  s t a g e .  

The  p i l o t e d  v e h i c l e ' s  m a i n  p r o p u l s i o n  s y s t e m  p r o v i d e s  t h e  f i n a l  v e l o c i t y  
i n c r e m e n t  n e e d e d  t o  a c h i e v e  t h e  n e c e s s a r y  E a r t h  d e p a r t u r e  v e l o c i t y .  
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1-5826-7 

1ST STAGE 

I SP 
AV1 
AVA 

AEROBRAKING OF THE TRANSFER STAGES FOR 
THE MARS PILOTED VEHICLE 

71,319 KM 

2ND STAGE 

ISP 
A v2  
AVBRAKE 
AVA 
AVc  
PROPELLANT REQUIRED 
AEROBRAKE DIA 
BALLISTIC COEF. 

TIME IN ATMOSPHERE 
MAX ACCELERATION 
AVG ACCELERATION 
MAX DYN. PRESSURE 
TIME TO RECOVER STAGE 

hP 

4 PILOTED VEHICLE 

ISP 
THRUST 
A v3 
PROPELLANT REQUIRED 

= 482 SEC 
= 2568 MIS 
= 27 MIS 
= 64 MIS 
= 6,589,291 LBS 

78 FT. 
= 7.76 LBSIFT2 
= 85.82 KM 
= 763 SEC 
= 2.0 G's 
= 1.16 g's 
= 11.61 LBSIFTZ 
= 18.7 HRS - 

= 482 SEC 
E 2297 MIS 
= 2842 MIS 
= 20 MIS 
I 64 MIS 
I 324700 LBS 
= 64 FT. 
= 6.94 LBSlFT' 
= 86.19 KM 
= 757 SEC 
= 2.12 g's 
= 1.18 g's 
= 11.25 LBSIFT~ 
a 24.7 HRS 

= 482 SEC 
= 90000 LBS 
= 2796 MIS 
= 187316 LBS 

I - I S T  STAGE 

P - PILOTED VEHICLE 
I1 - 2ND STAGE 

AVc 
PROPELLANT REQUIRED 
AEROBRAKE DIA. 
BALLISTIC COEF. 
hP 
TIME IN ATMOSPHERE 
MAX ACCELERATION 
AVG. ACCEL 
MAX DYN. PRES 
TIME TO RECOVER STAGE 

48,143 KM 

407 KM SS ORBIT 

/ .300 KM PARKING 
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AEROCAPTURE OF THE PILOTED V E H I C L E  AT M A R S  

T h e  i n t e g r a t e d  m i s s i o n  p r o g r a m  was u s e d  t o  a n a l y z e  t h e  c a p t u r e  of  t h e  p i l o t e d  
v e h i c l e  y t o  s h e  Mars o r b i t .  T h e  p i l o t e d  v e h i c l e  a r r i v e s  a t  Mars w i t h  a C o f  
45 .16  K m  / S e c  , a n d  u s e s  a e r o b a r k i n g  t o  r e d u c e  i t s  e n e r g y  e n o u g h  t o  e n t &  a 
t r a n s f e r  o r b i t  w i t h  a 1000 K m  a l t i t u d e  a p o a p s i s .  When t h e  v e h i c l e  reaches 
a p o a p s i s ,  t h e  p i l o t e d  v e h i c l e  u s e s  i t s  f l i g h t  c o n t r o l  p r o p u l s i o n  t o  c i r c u l a r i z e  
a n d  e n t e r  t h e  f i n a l  1000 Krn a l t i t u d e  p a r k i n g  o r b i t .  A summary o f  t h e  
a e r o b r n k i n g  a n a l y s i s  i s  shown  on t h e  c h a r t .  
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1-4355-8-19D 

AEROCAPTURE OF THE PILOTED VEHICLE AT MARS 

PILOTED VEHICLE MARS AEROCAPTURE PROFILE 

INCOMMING C3 

PROPULSION SYSTEM: FLIGHT CONTROL SYSTEM 

= 45.16 KM 21SEC? 

I S P  = 342 SEC 
THRUST = 50000 LBS 

PILOTED VEHICLE WGT 228001 LBS 

AEROBRAKING SUMMARY 

AEROBRAKE DIA. 
BALLISTIC COEFF. 

MAX. DYN. PRESS. 
MAX. ACCELERATION 
AVG. ACCELERATION 
TIME IN ATMOSPHERE 

hP 

CIRCULARIZATION 

AV 
PROPELLANT USED 

= 80 FT 

= 48.45 KM 

= 3.38 G'S - .93 G'S 
= 711 SEC. 

= 29.27 LBSIFT~ 

= 93.35 LBSIFT~ 

- 

= 195.4 MIS 
= 12904 LBS 

AEROBRAKING 
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PILOTED V E H I C L E  PERFORMANCE S U M M A R Y  

T h i s  c h a r t  s u m m a r i z e s  t h e  p e r f o r m a n c e  a n a l y s i s  f o r  each o f  t h e  m a n e u v e r s  
p e r f o r m e d  by t h e  p i l o t e d  v e h i c l e .  The  p r o p e l l a n t  u s e d  f o r  each m a n e u v e r  i s  
l i s t e d .  T h i s  i n c l u d e s  a f l i g h t  p e r f o r m a n c e  r e s e r v e  e q u i v a l e n t  t o  .75% o f  t h e  
d e l t a  v e l o c i t y  ( o r  I s p / 1 . 0 0 7 5 ) .  T h e  t a n k ,  e n g i n e ,  a n d  t h r u s t  s t r u c t u r e  w e i g h t s  
a r e  l i s c e d  f o r  t h e  m a n e u v e r s  i f  t h e y  a r e  j e t t i s o n e d  a f t e r  t h e  m a n e u v e r .  T h e  
a e r o b r a k e  i s  j e t t i s o n e d  a f t e r  t h e  t h i r d  m a n e u v e r .  A l l o w a n c e  was made f o r  t h e  
p i l o t e d  Lrehicle t o  r e n d e z v o u s  w i t h  t h e  cargo v e h i c l e  ( m a n e u v e r  4 3 .  T h i s  i s  a 
r e d u n d a n t  c a p a b i l i t y  s i n c e  t h e  c a r g o  v e h i c l e  a l s o  h a s  t h e  c a p a b i l i t y  t o  
r e n d e z v o u s  w i t h  t h e  p i l o t e d  v e h i c l e .  
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PILOTED VEHICLE PREFORMANCE SUMMARY 

PILOTED VEHICLE GROSS WGT = 419336 LBS 

1. EARTH DEPARTURE (3RD STAGE) 
MAIN PROPULSION SYSTEM 

THRUST = 90000 LBS 
IS P 
DELTA VELOCITY = 2796 MIS 
PROPELLANT USED 187316 LBS 
RESIDUALS - - 937 LBS 
FINAL WEIGHT = 231083 LBS 

- - 482 LBS 

2. OUTBOUND MID-COURSE CORRECTION 
FLIGHT CONTROL SYSTEM 

THRUST = 50000 LBS 
ISP 342 SEC 
DELTA VELOCITY - - 25 MIS 
PROPELLANT USED = 1729 LBS 
PROP. TANKS - - 23 LBS 
ENGINES (2) = 1250 LBS 
THRUSTSTRUCTURE = 80 LBS 
FINAL WEIGHT = 228001 LBS 

3. ClCULARlZATlON AFTER MARS AEROCAPTURE 

THRUST = 50000 LBS 
ISP 342 SEC 
DELTA VELOCITY - - 195 MIS 
PROPELLANT USED 12998 LBS 
PROP. TANKS - - 186 LBS 
ENGINES (2) = 1250 LBS 
THRUST STRUCTURE = 80 LBS 
AEROBRAKE = 35500 LBS 
FINAL WEIGHT = 177987 LBS 

FLIGHT CONTROL SYSTEM 

4. RENDEZVOUS WITH CARGO VEHICLE 
(ROUND TRIP FROM 1000 KM ORBIT TO 980 KM ORBIT) 

FLIGHT CONTROL SYSTEM 
THRUST - 
ISP - 
DELTA VELOCITY - 
PROPELLANT USED = 
PROP. TANKS - 
ENGINES (2) - 
THRUST STRUCTURE = 
FINAL WEIGHT - 

- 
- 
- 

- 
- 

- 

50000 LBS 
342 SEC 
15 MIS 

800 LBS 
11 LBS 

1250 LBS 
80 LBS 

175846 LBS 

MAIN PROPULSION SYSTEM REFUELING 
PROPELLANT WGT. = 187316 LBS 
VEHICLE GROSS WGT. = 363162 LBS 

5. MARS DEPARTURE 
MAIN PROPULSION SYSTEM 

90000 LBS 
ISP - - 482 LBS 
DELTA VELOCITY 3339 MIS 
PROPELLANT USED = 187316 LBS 
ENGINES = 2946 LBS 
TANKS AND STRUCTURE = 6870 LBS 
FINAL WEIGHT = 166030 LBS 

THRUST 

6. RETURN MID-COURSE CORRECTION 
FLIGHT CONTROL SYSTEM - THRUST - 

ISP - 
DELTA VELOCITY - 
PROPELLANT USED = 
PROP. TANKS - 
ENGINES (2) - 
THRUSTSTRUCTURE = 
FINAL WEIGHT - 

- 
- 

- 
- 

- 

50000 LBS 
342 SEC 

25 MIS 
1242 LBS 

16 LBS 
1250 LBS 

80 LBS 
163442 LBS 
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M A R S  E X C U R S I O N  MODULE 

T h e  Mars e x c u r s i o n  m o d u l e  u s e d  i n  t h e  S A I C  s t u d y  i s  b a s e d  o n  a c o n c e p t  t h a t  was 
o r i g i n a l l y  d e v e l o p e d  by R o c k w e l l  i n  1 9 6 8 ,  t h e n  m o d i f i e d  by  MSFC i n  1 9 8 6 .  T h e  
p r o p u l s i o n  a n d  p a r a c h u t e  r e q u i r e m e n t s  were f o u n d  u s i n g  t h e  i n t e g r a t e d  m i s s i o n  
p r o g r a m  and  t h e  c h u t e s  p r o g r a m .  T h e  i n t e g r a t e d  m i s s i o n  p r o g r a m  was u s e d  t o  
s i m u l a t e  t h e  t r a j e c t o r y  f r o m  t h e  d e o r b i t  b u r n  t o  l e a v e  t h e  p a r k i n g  o r b i t  t o  t h e  
t o p  o f  t h e  a t m o s p h e r e .  The  exac t  l o c a t i o n  o f  t h i s  b u r n  was d e t e r m i n e d  s o  t h e  
v e h i c l e  wou ld  l a n d  a t  a s i t e  40 d e g r e e s  n o r t h  l a t i t u d e ,  140 degrees  e a s t  
l o n g i t u d e .  The  s i z e  o f  t h e  p a r a c h u t e s  a n d  t h e  d r a g  f a c t o r  were b a s e d  on t h e  
p a s t  s t u d i e s .  The  d r a g  f a c t o r  i s  a c o m b i n a t i o n  o f  t h e  d r a g  c o e f f i c i e n t ,  
p o r o s i t y  a n d  s h a p e  of  t h e  p a r a c h u t e s .  T h e  t h r u s t  was f o u n d  b y  i t e r a t i o n  s u c h  
t h a t  t h e  t o u c h d o w n  v e l o c i t y  wou ld  b e  l ess  t h a n  1 m / s .  

1 7 4  



1-4247-0 

MARS EXCURSION MODULE 

I 

VEHICLE ASSUMPTIONS 

< ,I. c: L-r 

GROSS WGT. = 133000 LBS 

PROPELLANT WGT. = 17680 LBS 

AEROBRAKE DIA. = 30 FT 

I 

BALLISTIC COEFFICIENT = io6 LBS/FT* 

NUMBER OF ENGINES = 6 

TOTAL THRUST = 90000 LBS 

ISP = 342 SEC 

NUMBER OF PARACHUTES = 3 

PARACHUTE DIA. = 35 FT 

DRAG FACTOR = .56 

0 

CONFIGURATION CONCEPT' 

MISSION 

CREW COMPARTMENT 

'TUCKER, MEREDITH AND BROTHERS (MSFC), SPACE VEHICLE CONCEPTS. 
MANNED MARS MISSION WORKING GROUP PAPERS, VOL. I . ,  NASA M002, JUNE 1986 
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M A R S  E X C U R S I O N  MODULE DESCENT T R A J E C T O R Y  

T h i s  c h a r t  s h o w s  t h e  d e s c e n t  t r a j e c t o r y  o f  t h e  Mars E x c u r s i o n  Modu le .  T h e  
d e t a i l e d  t r a j e c t o r y  was c a l c u l a t e d  u s i n g  t h e  c h u t e s  p r o g r a m .  The  d e s c e n t  
p r o f i  1 e i:; s u m m a r i z e d  be low.  

DESCENT PROFILE 

1 .  D e b o o s t  from 1 0 0 0  km a l t i t u d e  p a r k i n g  o r b i t  t o  4 6 . 6  x 1000  km a l t i t u d e  o r b i t  

Del ta  V e l o c i t y  = 1 9 6  m / s  
P r o p e l l a n t  Used  = 7606 l b s  

2 .  @ 100 km a l t i t u d e :  E n t e r  a t m o s p h e r e ,  

V e l o c i t y  3614  m / s  
F l i g h t  P a t h  A n g l e  = - 3 . 2 5  d e g  

3 .  @ 20 km a l t i t u d e :  D e p l o y  c h u t e s  t o  25% o p e n  

V e l o c i t y  = 2 0 5 5  m/s (Mach 9 )  

4 .  @ 16 krn a l t i t u d e :  Dereef c h u t e s  t o  50% o p e n  

V e l o c i t y  = 1 0 7 6  m/s (Mach 4 . 6 )  

5 .  @ 1 4 . 3  km a l t i t u d e :  Dereef c h u t e s  t o  f u l l y  o p e n  

V e l o c i t y  7 1 2  m / s  (Mach 3 )  

6 .  @ 1 . 5 7  km a l t i t u d e :  B e g i n  p o w e r e d  d e s c e n t  

V e l o c i t y  = 1 3 2  m / s  
T h r u s t  = 90000 l b s  
B u r n  T i m e  = 38 s e c  
P r o p e l l a n t  Used  = 10074  l b s  

The  e n t i r e  l a n d i n g  t a k e s  67 m i n u t e s  from d e b o o s t  t o  t o u c h d o w n ;  i t  t a k e s  
a p p r o x i m a t e l y  1 3  m i n u t e s  t o  t r a v e l  from t h e  t o p  o f  t h e  a t m o s p h e r e  t o  t o u c h d o w n .  
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1-4246-8-18D 

MARS EXCURSION MODULE DESCENT TRAJECTORY 

100 TOP OF ATMOSPHERE 
1 .  DEBOOST FROM 

1000 KM - 
9 0  - 

- 
ATMOSPHERE 80 - 
(100 KM ALT.) 

I - 40 -I 
ur = 3 0 1  1 YLrLVl  """IL.J L.110 

(20 KM ALT.) 

2 0 - 4  
1 I 

*. YLnLLr b""0L.a I V  .Jvm Id/ (16 KM ALT.) 

I /"5. DEREEF CHUTES TO 100% 
(14 KM ALT.) I / (1.6 KM ALT.) 

6. POWERED DESCENT 



M A R S  E X C U R S I O N  MODULE DESCENT A N A L Y S I S  

T h i s  c h a r t  s h o w s  some o f  t h e  r e s u l t s  for t h e  Mars e x c u r s i o n  m o d u l e  d e s c e n t  
a n a l y s i s .  The  c h u t e s  p r o g r a m  p r o v i d e s  o v e r  80 o u t p u t  v a r i a b l e s  p e r t a i n i n g  t o  
t h e  d e s c e n t  t r a j e c t o r y .  F o u r  a r e  shown h e r e .  T h e s e  g r a p h s  show a l t i t u d e ,  
v e l o c i t y ,  d y n a m i c  p r e s s u r e  a n d  a c c e l e r a t i o n  a s  f u n c t i o n  o f  t ime f rom a t m o s p h e r e  
e n t r y ,  d u r i n g  t h e  f i n a L  185 s e c o n d s  o f  t h e  d e s c e n t .  
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1-4245-8-180 

MARS EXCURSION MODULE DESCENT ANALYSIS 
PARACHUTE DESCENT ANALYSIS 

1 

2 0  

iz 
Y, 1 5  

W 
P = 1 0  k 
5 
U 

5 

0 
500 550 600 650 700 

TIME FROM ENTRY (SEC.) 

2500 

2000 - 
ln 

? 1 5 0 0  
> 
0 
-1 
W 
> 

c 
0 1000 

9 
500 

0 
500 550 6 0 0  650 700 

TIME FROM ENTRY (SEC.) 

200 - 
N 

5 1 5 0  
m 
d 
W a 1 0 0  
3 
ln 
ln 
W a 

0 
50 

2 z r o  
0 

500 550 6 0 0  650 7 0 0  

TIME FROM ENTRY (SEC.) 

0 1  I I I 

500 550 6 0 0  6 5 0  I 

TIME FROM ENTRY (SEC.) 

10 

1 7 9  



INTRODUCTION 

T h i s  s e c t i o n  o f  t h e  S p l i t  S p r i n t  M i s s i o n  R e p o r t  d e a l s  w i t h  t h e  p e r f o r m a n c e  of  
t h e  Mars Ascent Veh ic l e .  T h e  m a i n  o b j e c t i v e  i s  t o  p l a c e  a 6 , 0 0 0  l b .  p a y l o a d  
i n t o  a 1,900 km ( 5 4 0  N M I )  c i r c u l a r  Mars o r b i t ,  w i t h  a n  i n c l i n a t i o n  of  74 .73  
deg rees .  V a r i o u s  t r a d e  s t u d i e s  a n d  s e n s i t i v i t i e s  w i l l  b e  a d d r e s s e d .  
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M A R S  ASCENT V E H I C L E  PERFORMANCE 

The  f a c i n g  c h a r t  i n t r o d u c e s  t h e  f i r s t  m a i n  t o p i c  t o  b e  c o v e r e d  w i t h i n  t h e  
r e p o r t  on  Mars A s c e n t  V e h i c l e  P e r f o r m a n c e .  T h i s  t o p i c ,  e n t i t l e d  " I n i t i a l  
P e r f o r m a n c e  Data ( S e p .  1 9 8 7 ) , "  i s  t h e  f i r s t  of  t h r e e  i t e r a t i o n s  d e a l i n g  w i t h  
t h e  m a i n  o b j e c t i v e :  t o  p l a c e  a 6 , 0 0 0  l b .  p a y l o a d  i n t o  a 1 , 0 0 0  KM c i r c u l a r  
o r b i t ,  w i t h  a n  i n c l i n a t i o n  of 7 4 . 7 3  d e g r e e s .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  f i n a l  
p e r f o r m a n c e  d a t a  i s  p r e s e n t e d  w i t h i n  t h e  t h i r d  m a i n  t o p i c ,  e n t i t l e d  "2nd  
P e r f o r m a n c e  U p d a t e  ( J a n .  1938) .I1 

The f o u r t h  m a i n  t o p i c ,  e n t i t l e d  l l P e r f o r m a n c e  t o  Mars S y n c h r o n o u s  O r b i t  ( F e b .  
1988) ,11  d e a l s  w i t h  p e r f o r m a n c e  t o  a h i g h l y  e l l i p t i c a l ,  Mars s y n c h r o n o u s  o r b i t ,  
a n d  i s  n o t  d i r e c t l y  r e l a t e d  t o  t h e  m a i n  o b j e c t i v e  o f  t h i s  r e p o r t .  
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MARS ASCENT VEHICLE PERFORMANCE 

4 -b 0 INITIAL PERFORMANCE DATA (SEP. 1987) 

o 
o 
o FIXED VS. OPTIMUM INJECTION 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 
SINGLE STAGE VS. DROP TANKS 

0 1 ST PERFORMANCE UPDATE (OCT. 1987) 

o 
o SENSITIVITY TO: 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

- FLIGHT PERFORMANCE RESERVE 
- ACCELERATION LIMIT 
- ATMOSPHERE MODEL 

o TRAJECTORY 

0 2ND PERFORMANCE UPDATE (JAN. 1988) 

o 
o LAUNCH WINDOW 

FINAL PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

0 PERFORMANCE TO MARS SYNCHRONOUS ORBIT (FEB. 1988) 

o 
o SENSITIVITY TO: 

PERFORMANCE TO 500 X 33,562 KM (270 X 18,122 NMI) / 74.73 DEG INC. 

- VACUUM THRUST 
- THRUST-TO-WEIGHT AT LIFT-OFF 

PD33 / ETHERIDGE / LOWERY / HAYS 
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MARS ASCENT PERFORMANCE ( I N I T I A L )  

The  f a c i n g  c h a r t  l i s t s  t h e  g r o u n d r u l e s  a n d  a s s u m p t i o n s  u s e d  i n  g e n e r a t i n g  t h e  
i n i t i a l  Mars a s c e n t  p e r f o r m a n c e  d a t a .  T h e  a s c e n t  t r a j e c t o r y  e m p l o y s  two 
b u r n s :  t h e  f i r s t  t o  i n j e c t  t h e  Mars A s c e n t  V e h i c l e  i n t o  a n  e l l i p t i c a l  t r a n s f e r  
o r b i t ,  a n d  t h e  second t o  c i r c u l a r i z e  a t  1 , 0 0 0  K M  ( 5 4 0  n . m i . ) / 7 4 . 7 3  d e g .  
i n c l i n a t i o n .  



M A R S  ASCENT PERFORMANCE 
( I N I T I A L )  

GROUNDRULES A N D  A S S U M P T I O N S :  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

LAUNCH S I T E :  

I N J E C T I O N  I N T O  E L L I P T I C A L  TRANSFER O R B I T  

C I R C U L A R I Z A T I O N  AT 1 , 0 0 0  K M  ( 5 4 0  N . M I . ) / 7 4 . 7 j 0  I N C L I N A T I O N  

NO F L I G H T  PERFORMANCE RESERVE ( F P R )  

NO ACCELERATION L I M I T  

COOL ATMOSPHERE 

VACUUM THRUST = 4 0 , 0 0 0  L B S  ( 1  E N G I N E )  

E N G I N E  WEIGHT = 500 L B S  

VACUUM I S P  = 326.8 S E C .  

ALL LAUNCHES OCCUR AT SECOND IN-PLANE O P P O R T U N I T Y  (SOUTHERLY AZIMUTH) 

GDLAT = 40° ,  LONG = 140' 

PD3 3 
S E P T .  1 6 ,  1 9 8 7  

1 8 5 



M A R S  E X C U R S I O N  MODULE CONCEPT 

The  Mars E x c u r s i o n  Modu le  (MEM) shown c o n s i s t s  o f  b o t h  a n  a s c e n t  v e h i c l e  a n d  a 
d e s c e n t  v e h i c l e .  F o r  a s c e n t ,  t h e  Mars A s c e n t  V e h i c l e  s e p a r a t e s  from t h e  r e s t  
o f  t h e  MEM a n d  f l i e s  i n t o  Mars o r b i t  u s i n g  t h e  c e n t e r  e n g i n e .  T h e  Mars A s c e n t  
V e h i c l e  shown was u s e d  a s  a p o i n t  o f  d e p a r t u r e  f o r  d e t e r m i n i n g  ascent  
a e r o d y n a m i c s  t o  he u s e d  i n  t h i s  s t u d y .  

. 
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1-41 86-8 

I 

FIGURE 6 MARS EXCURSION MODULE CONCEPT 
(APOLLO COMMAND MODULE DERIVATIVE) 

B J  

30' * 

A-A PRELIMINARY MEM _ _  SUBSYSTEMSLNCOMPLETE 
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M A R S  EXCURSION MODULE ASCENT DRAG 

T h i s  c h a r t  s h o w s  t h e  zero  a n g l e  of a t t a c k  d r a g  c o e f f i c i e n t  f o r  t h e  Mars a s c e n t  
v e h i c l e  a s  a f u n c t i o n  of  mach number .  T h i s  c u r v e  was d e v e l o p e d  u s i n g  c o n e  d r a g  
t a b l e s .  The  d r a g  c o e f f i c i e n t s  shown o n  t h i s  g r a p h  m u s t  b e  u s e d  w i t h  a r e f e r e n c e  
a r ea  e q u a l  t o  t h e  b a s e  a r ea  o f  t h e  a s c e n t  v e h i c l e .  T h e s e  c o e f f i c i e n t s  were u s e d  
as i n p u t  t o  a n a l y z e  t h e  p e r f o r m a n c e  f o r  t h e  a s c e n t  from t h e  M a r t i a n  s u r f a c e .  

[ E d .  N o t e :  A s  n o t e d  on  t h e  c h a r t ,  t9e  r e f e r n c e  a rea  u s e d  as  i n p u t  t o  t h e  a s c e n t  
p e r f o r m a n c e  c a l c u l a t i o n s  was 9 3 4  f t  . T h i s  c o r r e s p o n d s  t o  a 34.5 f t  d iameter  
a s c e n t  v e h i c l e .  S u b s e q u e n t  t o  t h e  a s c e n t  v e h i c l e 2  a n a l y s i s ,  i t  was d e t e r m i n e d  
t h a t  t h e  r e f e r e n c e  area s h o u l d  h a v e  b e e n  201 f t  , c o r r e s p o n d i n g  t o  a 16 f t  
d iameter  a s c e n t  v e h i c l e .  T h e  d r a g  c o e f f i c i e n t s  f o r  t h i s  case r e m a i n  t h e  same, 
b u t  t h e  c o r r e s p o n d i n g  d r a g  f o r c e s  w o u l d  b e  r e d u c e d  by 7 8 % .  T h i s  decrease i n  
d r a g  wou ld  r e s u l t  i n  s l i g h t l y  b e t t e r  p e r f o r m a n c e  (less p r o p e l l a n t )  t h a n  shown i n  
t h e  a s c e n t  a n a l y s i s . ]  
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1-4387-8-1 9D 

1.2 

1 .o 

0 .8  

0.6 

0.4 

0.2 

I 

MARS EXCURSION MODULE 
ASCENT STAGE 

REF. AREA = 934 FT2 (86.77 M2) 

1 1 1 1 1 
2 3 4 5 0 1 

MACH. NO. 
3/29 /07  
TJL 

1 8 9  



EARTH STORABLE PUMP-FED BIPROPELLANT ENGINE 

T h i s  c h a r t  s h o w s  t h e  e n g i n e  u s e d  b y  t h e  Mars A s c e n t  V e h i c l e .  T h e  3 2 6 . 8  s ec .  
vacuum I s p  shown was u s e d  f o r  t h e  i n i t i a l  p e r f o r m a n c e  d a t a  a n d  t h e  first 
p e r f o r m a n c e  u p d a t e .  T h e  vacuum I s p  was i n c r e a s e d  to 342 S C C .  f'or t h e  second 
p e r f o r m a n < : e  u p d ; i I . r ? .  Tht? c?ny;ine weight was :11 :io i n r . t - i . ; i : z e t l  from ' , O O  I b : ; .  L o  1000 
l b s .  d u r * i r i g  t h e  oour : ;e  o f  ttiis s t u d y .  t lowever*, t J t : i , ; i u s i :  t h e !  i : t i : i t i { : t ,  oiirne L a t e  l f i  

t h e  s t u d y ,  a l l  t h e  a s c e n t  p e r f o r m a n c e  d a t a  p r e s e n t e d  i n  t h i : ;  rncr{ i iJ  1 : ;  b a s e d  or1 
a n  e n g i n e  w e i g h t  o f  500 l b s .  
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EARTH STORABLE PUMP-FED B I PROPELLANT ENGINE 

1 9 1  
PD13 
070607 



MARS STUDY MEM ASCENT CORE 

The scaling equation for the storable propellant (N 0 /MMH) MEM Ascent Core Stage 
is shown on this chart. 
propellant range of 500 to 50,500 pounnds. The weights include one 40,000 pound 
thrust (vac) engine with complete TPS, propulsion, avionics, and structures. The 
propellant tank is sized for each propellant with spherical bulkheads up to eight feet 
(max) diameter, and then if more volume is required, a cylindrical section is added. 
A 15 percent contingency and residuals are included in the burnout weights given by 
this curve. 

The equation given at the 6o!ktom of the chart is good for a 

1 9 2  



1-41 83-8-1 7D 

3 2 0 0  

MARS STUDY MEM ASCENT CORE 
N204/MMH 1-40K ENG/INLINE TANKS 

w 
U a 
t- 
u) 

I I I I I I 
5 0 0  10500 2 0 5 0 0  3 0 5 0 0  4 0 5 0 0  5 0 5 0 0  

USEABLE PROPELLANT LBS 
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MARS STUDY MEM ASCENT TANKS 

This is the scaling equation used for the drop tanks used on the Mars Ascent Vehicle. 
The tank set includes two N 0 tanks and two MMH tanks which are cylindrical in 
shape with 

The burnout weight includes residuals and complete propellant tank systems including 
TPS, structures, feed system, pressurization system and minimum avionics. A 15% 
weight contingency is also included. No engine, thrust structures, TVC, etc., are 
included with the tank set. The usable propellant range for this tank set is 15,000 
pounds to 40,000 pounds. 

fi bulkheads, 2n8. each is 65 inches in diameter. 
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1-4185-8-171) MARS STUDY MEM ASCENT TANKS 
N204/MMH 4-TANK SET 

V 

u) 

-J 

t- 
3 
0 z 
3 

t- a 
u) 
Y z 
4 
t- 

m 

a 
m 

Ws=498.1 + .02737 Wp 

15000  20000 25000 30000  35000  40000  

USEABLE PROPELLANT LBS 

PD24IBROTHERS 
03-22-85 
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M A R S  ASCENT PERFORMANCE - S I N G L E  S T A G E  

T h i s  c h a r t  shows  t h e  p e r f o r m a n c e  f o r  a s i n g l e  s t a g e  Mars Ascent V e h i c l e .  A l l  
cases shown are f o r  a 106 x 1 , 0 0 0  km ( 5 7  x 5 4 0  n . m i . )  t r a n s f e r  o r b i t ,  w i t h  
c i r c u l a r i z a t i o n  a t  1 , 0 0 0  K M  ( 5 4 0  n.mi.1. 

1 9 6  



MARS ASCENT PERFORMANCE 

S I N G L E  S T A G E  

CASE # 

PAYLOAD 

WP ( L B S )  
W I  ( L B S )  = 

GLOW ( L B S )  = 

O R B I T  = 1 ,000 K M  ( 5 4 0  N . M I . 1  C I R C U L A R  

I N C L  74.73 DEG 

LAUNCH P O I N T  

LONGITUDE 140.  DEG 

L A T I T U D E  40 .  DEG 

1 

7 ,408.  

34,714. 
2,878. 

45,000.  

2 

11 ,130.  

45 ,846.  
3 ,024.  

60 ,000.  

3 

12,231.  

4 9 , 6 9 4 .  
3 ,075.  

65 ,000.  

*ALL C A S E S  WERE I N J E C T E D  I N T O  A 106 X 1,000 K M  ( 5 7  X 540  N . M I . )  E L L I P S E  A N D  
C I R C U L A R I Z E D  AT 1 , 0 0 0  KM ( 5 4 0  N . M I . 1  

1 9 7  



MARS ASCENT PERFORMANCE - DROP TANK CONFIGURATION 

T h i s  c h a r t  s h o w s  t h e  p e r f o r m a n c e  f o r  a Mars A s c e n t  V e h i c l e  w i t h  d r o p  t a n k s .  
A l l  cases  shown a re  f o r  a 106 x 1,000 K M  (57  x 540 n . m i . )  t r ans fe r  o r b i t ,  w i t h  
c i r c u l a r i z a t i o n  a t  1 , 0 0 0  K M  (540  n . m i . 1 .  

1 9 8  



4 

b 

MARS ASCENT PERFORMANCE 

DROP T A N K  C O N F I G U R A T I O N  

O R B I T  1 , 0 0 0  K M  ( 5 4 0  N . M I . )  C I R C U L A R  
I N C L  = 7 4 . 7 3  D E G .  

L A U N C H  P O I N T  
L O N G I T U D E  = 1 4 0 .  ( D E G )  
L A T I T U D E  4 0 .  ( D E G )  

*CASE # 1 

PAYLOAD (LBS) - 6 , 7 7 8 .  

WP (TANKS) (LBS) - - 3 4 , 0 9 5 .  
W I  (TANKS) (LBS) - - 1 , 4 2 8 .  

WP ( C O R E )  (LBS) - 5 2 3 .  
W I  ( C O R E  (LBS) 2 2 , 1 7 6 .  

GLOW (LBS) - 4 5 , 0 0 0 .  

- 

- 

- 

2 3 

1 0 , 3 3 9 .  1 1 , 3 9 2 -  

4 5 , 0 2 0 .  4 8 , 8 0 0 .  
1 , 7 2 9 .  1 , 8 3 3 .  

7 3 2 .  
2 , 1 8 0 .  

7 9 3 .  
2 , 1 8 1 .  

60,000. 6 5 , 0 0 0 .  

*ALL CASES WERE I N J E C T E D  I N T O  A 106 X 1 , 0 0 0  K M  (57 X 540  N . M I . )  ELLIPSE A N D  
C I R C U L A R I Z E D  AT 1 , 0 0 0  KM ( 5 4 0  N . M I . )  
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S I N G L E  STAGE VS. D R O P  TANK 

T h i s  c h a r t  s h o w s  t h e  p a y l o a d  v s  g r o s s  l i f t - o f f  w e i g h t  ( G L O W )  d a t a  s h o w n  o n  t h e  
p r e v i o u s  two c h a r t s .  T h e  s i n g l e  s t a g e  v e h i c l e  o u t - p e r f o r m s  t h e  v e h i c l e  w i t h  
d r o p  t a n k s ,  a n d  t h e r e f o r e  w i l l  b e  a s s u m e d  f o r  t h e  r e m a i n d e r  o f  t h i s  s t u d y .  

2 0 0  



i+ 

b 

3 m 

n a 
0 
J > a e 

J 
Y 
W 

SINGLE STAGE VS DROP TANK 
INJECTION INTO 106 X 1,000 KM (57 X 540 NMI) 

SINGLE STAGE 
DROP TANK 

PD33lHAYS 

2 0 1  



MARS ASCENT PERFORMANCE - S I N G L E  S T A G E  

T h i s  c h a r t  s h o w s  t h e  a s c e n t  p e r f o r m a n c e  f o r  a s i n g l e  s t a g e  v e h i c l e  w i t h  
o p t i m i z e d  i n j e c t i o n  i n t o  a n  e l l i p t i c a l  t r a n s f e r  o r b i t .  Once  a g a i n ,  
c i r c u l a r i z a t i o n  o c c u r s  a t  1 , 0 0 0  K M  ( 5 4 0  n . m i . ) .  

2 0 2  



M A R S  ASCENT PERFORMANCE 

S I N G L E  STAGE 

CASE B 

PAYLOAD - 

WP ( L B S )  
W I  ( L B S )  

GLOW ( L B S )  = 

- 

O R B I T  1,000 K M  ( 5 4 0  N . M I . )  CIRCULAR 

I N C L  = 7 4 . 7 3  DEG 

LAUNCH P O I N T  

LONGITUDE 140.  DEG 

LATITUDE 40.  DEG 

1 2 

7,810. 9 ,038 .  

3 4 , 3 1 7 .  ~ 38 ,040.  
2 ,873 .  ,\ ' 1 1  9 2 , 922 .  

45 ,000.  50 ,000 .  

I N J E C T I O N  P O I N T  

ALT ( N . M I . )  = 52 .55  

( D E G )  - - 12.32  

V I  ( F P S )  - - 11,702. 

50 .35  

9 . 2 8  

11,897.  

*ALL C A S E S  WERE CIRCULARIZED @ 1 ,000 K M  ( 5 4 0  N . M I . )  

2 0 3  

3 

11,355.  

60 ,000.  

4 3 . 5  

4.26 

11,934.  



M A R S  ASCENT PERFORMANCE 

The  f a c i n g  c h a r t  s h o w s  t h e  p e r f o r m a n c e  d a t a  p r e s e n t e d  o n  t h e  p r e v i o u s  c h a r t  
( o p t i m u m  i n j e c t i o n )  c o m p a r e d  w i t h  t h e  p e r f o r m a n c e  o b t a i n e d  when i n j e c t i o n  i n t o  
t r a n s f e r  o r b i t  o c c u r s  a t  106 K M  ( 5 7  n . m i . ) .  Optimum i n j e c t i o n  i n t o  t r a n s f e r  
o r b i t  r e s u l t s  i n  b e t t e r  p e r f o r m a n c e ,  a n d  t h e r e f o r e  w i l l  b e  u s e d  f o r  t h e  
r e m a i n d e r  o f  t h i s  s t u d y .  

2 0 4  
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1000 KM174.73 DEG 
PAYLOAD (1000 LBS) INJECTION:106X1000 KM 
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MARS ASCENT VEHICLE PERFORMANCE 

0 INITIAL PERFORMANCE DATA (SEP. 1987) 

o 
o 
o FIXED VS. OPTIMUM INJECTION 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 
SINGLE STAGE VS. DROP TANKS 

-b 0 i s T  PERFORMANCE UPDATE (OCT. 1987) 

o 
o SENSITIVITY TO: 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

- FLIGHT PERFORMANCE RESERVE 
- ACCELERATION LIMIT 
- ATMOSPHERE MODEL 

o TRAJECTORY 

0 2ND PERFORMANCE UPDATE (JAN. 1988) 

o 
o LAUNCH WINDOW 

FINAL PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

0 PERFORMANCE TO MARS SYNCHRONOUS ORBIT (FEB. 1988) 

o 
o SENSITIVITY TO: 

PERFORMANCE TO 500 X 33,562 KM (270 X 18,122 NMI) / 74.73 DEG INC. 

- VACUUM THRUST 
- THRUST-TO-WEIGHT AT LIFT-OFF 

PD33 I HAYS 

2 0 7  



M A R S  ASCENT PERFORMANCE (FIRST UPDATE) 

The  f a c i n g  c h a r t  l i s t s  t h e  g r o u n d r u l e s  a n d  a s s u m p t i o n s  u s e d  i n  g e n e r a t i n g  t h e  
f i r s t  u p d a t e  t o  t h e  Mars a s c e n t  p e r f o r m a n c e  d a t a .  C h a n g e s  t o  t h e  i n i t i a l  se t  
of  g r o u n d r u l e s  a n d  a s s u m p t i o n s  i n c l u d e  s i n g l e  s t a g e ,  o p t i m i z e d  i n j e c t i o n  i n t o  
e l l i p t i c a l  t r a n s f e r  o r b i t ,  a n d  a f i x e d  p a y l o a d  weight  of 6 ,000  l b s .  Once 
a g a i n ,  t h e  f i n a l  o r b i t  i s  a t  1 , 0 0 0  K M  ( 5 4 0  n . m i . ) / 7 4 . 7 3  d e g .  i n c l i n a t i o n .  
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GROUNDR 

0 

0 

0 

0 

0 

0 

0 

0 

0 

U L E S  A N D  

M A R S  

A S S U M P T I O N S  : 

ASCENT PERFORMANCE 
( 1 S T  U P D A T E )  

S I N G L E  S T A G E  ( 2  BURNS)  

LAUNCH S I T E :  GDLAT = 40°,  LONG = 1 4 0 '  

O P T I M I Z E D  I N J E C T I O N  I N T O  E L L I P T I C A L  TRANSFER O R B I T  

C I R C U L A R I Z A T I O N  AT 1 , 0 0 0  K M  ( 5 4 0  N . M I .  ) / 7 4 . 7 3 '  I N C L I N A T I O N  

PAYLOAD = 6 , 0 0 0  L B S  

VACUUM THRUST = 4 0 , 0 0 0  L B S  ( 1  E N G I N E )  

E N G I N E  WEIGHT = 500 L B S  

VACUUM I S P  3 2 6 . 8  S E C .  

ALL LAUNCHES OCCUR AT SECOND IN-PLANE O P P O R T U N I T Y  (SOUTHERLY AZIMUTH) 

P D 3 3 / H A Y  2; 
OCT.  2 8 ,  1 9 8 7  

2 0 9  



M A R S  ASCENT V E H I C L E  

T h i s  c h a r t  s h o w s  p a y l o a d  a s  a f u n c t i o n  of  g r o s s  l i f t - o f f  w e i g h t  (GLOW). The  
e f f e c t  o f  a d d i n g  a 2 %  d e l t a - V  f l i g h t  p e r f o r m a n c e  reserve  ( F P R ) ,  a 3 - C  
a c c e l e r a t i o n  l i m i t ,  and a warm Mars a t m o s p h e r e  m o d e l  a r e  shown .  T h e  3 - G  l i m i t  
i s  m e a s u r e d  i n  E a r t h  G I s .  T h i s  l i m i t  a n d  t h e  2% FPR a d d  more r e a l i s m  t o  t h e  
p e r f o r m a n c e  d a t a .  T h e  warm a t m o s p h e r e  mode l  r e p r e s e n t s  a worst  c a s e  s c e n a r i o  
( c o m p a r e d  w i t h  t h e  c o o l  a t m o s p h e r e  m o d e l ) .  

2 1 0  



MARS ASCENT VEHICLE 

c 

3‘ 

12000 

10000 

8000 

6000 

4000 

SINGLE STAGE (2 BURNS) 
OPTIMIZED INJECTION I ClRC @ 1,000 KM (540 NMI) / 74.73 DEG 

O OYoFPR 
-C P/oFPR 
a 2YoFPW3-G 
-8) 2% FPW3-GIWARM 

30000  40000 50000 60000 7 0 0 0 0  

GROSS LIFT-OFF WEIGHT (LBS) PD33lHAYS 
OCT. 28, 1987 

2 1 1  



M A R S  ASCENT PERFORMANCE 

T h i s  c h a r t  shows performance da ta  from the  previous cha r t  f o r  a f ixed p a y l o a d  
o f  6 , 0 0 0  lbs. The add i t ion  o f  a 2 %  F P R  and warm atmosphere model both cause 
GLOW t o  increase .  t h e  add i t ion  of a 3 4  acce le ra t ion  l i m i t  has no e f f e c t  on 
GLOW. 

2 1 2  



M A R S  ASCENT PERFORMANCE 

o PAYLOAD = 6K L B S  

o THRUST ( V A C . )  = 4 0 K  L B S  

o ISP ( V A C . )  = 326.8 S E C .  ( F O R  ALL POWER S E T T I N G S )  

F P R ( %  A V )  M A X  G ' S  ATMOSPHERE M T N  POWER S E T T T N G L U  - GLOW ( L B S )  

0 4 . 6  COOL 100 37,534 

38 ,578  __ 4 . 4  COOL 100 2 

2 

2 

0 

0 

0 

3 .O COOL 

3 .O W A R M  

- 6 7  

6 8  

38,578 

4 0 , 3 1 4  

A D D I T I O N A L  PERFORMANCE C O N S I D E R A T I O N S  

E N G I N E  THROTTLE E F F I C I E N C Y  

LOWER E N G I N E  THRUST LEVEL ( ? )  

LAUNCH WINDOW 

PD33,"AY S 
OCT 2 8 ,  1 9 8 7  
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A L T I T U D E  VS. T I M E  

T h i s  g r a p h ,  a n d  t h e  f o l l o w i n g  t h r e e  g r a p h s ,  a r e  f o r  t h e  2% FPR/3-G/warm 
a t m o s p h e r e  case shown o n  t h e  p r e v i o u s  two c h a r t s .  T h i s  g r a p h  s h o w s  a l t i t u d e  
v s .  t i m e ,  a n d  i n d i c a t e s  where  t h e  f i r s t  b u r n ,  c o a s t ,  a n d  s e c o n d  b u r n  o c c u r .  

2 1  4 



1-4383-8 
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THRUST VS. TIME 

T h i s  c h a r t  s h o w s  t h r u s t  v s  t ime f o r  b o t h  b u r n s .  B e c a u s e  o f  t h e  3 - C  
a c c e l e r a t i o n  l i m i t ,  t h e  e n g i n e  i s  t h r o t t l e d  t o  80% power  s e t t i n g  a t  t h e  e n d  o f  
t h e  f i r s t  b u r n ,  a n d  6 8 %  p o w e r  s e t t i n g  a t  t h e  e n d  of' t h c  s e c o n d  burn .  

2 1 6  
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S E N S E D  ACCELERATION VS T I M E  

T h i s  c h a r t  s h o w s  t h e  G - l o a d i n g  f o r  b o t h  b u r n s .  The  a c c e l e r a t i o n  i s  l i m i t e d  t o  
3 - G ' s  f o r  crew s a f e t y .  Note t h a t  t h i s  i s  a b o u t  e i g h t  times t h e  G - f o r c e  
e x p e r i e n c e d  by  t h e  crew o n  t h e  s u r f a c e  o f  Mars. 

2 1 8  
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D Y N A M I C  PRESSURE V S .  T I M E  

T h i s  c h a r t  s h o w s  t h e  d y n a m i c  p r e s s u r e  d u r i n g  Mars a s c e n t .  B e c a u s e  Max-9 i s  
o n l y  a b o u t  13.5 p s f ,  a e r o h e a t i n g  e f f e c t s  s h o u l d  be small .  
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1-4386-8 MARS ASCENT 
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MARS ASCENT VEHICLE PERFORMANCE 

0 INITIAL PERFORMANCE DATA (SEP. 1987) 

o 
o 
o FIXED VS. OPTIMUM INJECTION 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 
SINGLE STAGE VS. DROP TANKS 

0 1ST PERFORMANCE UPDATE (OCT. 1987) 

o 
o SENSITIVITY TO: 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

- FLIGHT PERFORMANCE RESERVE 
- ACCELERATION LIMIT 
- ATMOSPHERE MODEL 

o TRAJECTORY 

-b 0 2ND PERFORMANCE UPDATE (JAN. 1988) 

o 
o LAUNCH WINDOW 

FINAL PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

0 PERFORMANCE TO MARS SYNCHRONOUS ORBIT (FEB. 1988) 

o 
o SENSITIVITY TO: 

PERFORMANCE TO 500 X 33,562 KM (270 X 18,122 NMI) / 74.73 DEG INC. 

- VACUUM THRUST 
- THRUST-TO-WEIGHT AT LIFT-OFF 

PD33 / HAYS 

2 2 3  



M A R S  ASCENT PERFORMANCE (SECOND UPDATE) 

The  f a c i n g  c h a r t  l i s t s  t h e  g r o u n d r u l e s  a n d  a s s u m p t i o n s  u s e d  i n  g e n e r a t i n g  t h e  
s e c o n d  u p d a t e  t o  t h e  Mars a s c e n t  p e r f o r m a n c e  d a t a .  C h a n g e s  t o  t h e  g r o u n d r u l e s  
a n d  a s s u m p t i o n s ,  as  a r e s u l t  o f  t r a d e s  d o n e  i n  t h e  f i r s t  u p d a t e ,  i n c l u d e  a 2% 
Delta-V FPR, 3 4  a c c e l e r a t i o n  l i m i t ,  a n d  a warm Mars a t m o s p h e r e  m o d e l .  O t h e r  
c h a n g e s  i n c l u d e  a 3 4 2  see.  vacuum I s p  a n d  a n o r t h e r l y  l a u n c h  a z i m u t h .  Once 
a g a i n ,  t h e  f i n a l  o r b i t  i s  a t  1 , 0 0 0  K M  ( 5 4 0  n . m i . ) / 7 4 . 7 3  d e g .  i n c l i . n a t i o n .  
A l s o ,  a l a u n c h  window i s  p r o v i d e d  by  a n  i m p u l s i v e  o r b i t a l  yaw m a n e u v e r .  

I t  s h o u l d  b e  n o t e d  t h a t  w h i l e  t h i s  s e c o n d  u p d a t e  was ' b e i n g  w o r k e d ,  t h e  e n g i n e  
w e i g h t  was i n c r e a s e d  t o  1 , 0 0 0  l b s .  However, a l l  p e r f o r m a n c e  d a t a  shown i n  t h i s  
memo i s  f o r  a 500 l b .  e n g i n e .  S i n c e  e n g i n e  w e i g h t  a n d  p a y l o a d  c a n  be  t r a d e d  
pound f o r  p o u n d ,  a 1 ,000  l b .  e n g i n e  w o u l d  r e s u l t  i n  a 5 ,500  p a y l o a d .  

2 2 4  



M A R S  ASCENT PERFORMANCE 
( 2 N D  U P G A T E )  

a 

P U R P O S E :  DETERMINE T H E  G R O S S  L I F T - O F F  WEIGHT (GLOW) R E Q U I R E D  T O  P R O V I D E  A 
M A R S  ASCENT LAUNCH WINDOW 

GROUNDRULES A N D  A S S U M P T I O N S :  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

S I N G L E  STAGE ( 2  BURNS)  

LAUNCH S I T E :  GDLAT = 40° ,  LONG 140' 

O P T I M I Z E D  I N J E C T I O N  I N T O  E L L I P T I C A L  TRANSFER O R B I T  

C I R C U L A R I Z A T I O N  AT 1 , 0 0 0  K M  ( 5 4 0  N . M I .  ) / 7 4 . 7 3 '  I N C L I N A T I O N  

2% DELTA-V F P R  

3-C ACCELERATION L I M I T  

W A R M  ATMOSPHERE 

PAYLOAD = 6 , 0 0 0  L B S  

VACUUM THRUST = 4 0 , 0 0 0  LBS ( 1  E N G I N E )  

E N G I N E  WEIGHT = 500 L B S  

VACUUM I S P  = 342 S E C .  

ALL LAUNCHES OCCUR AT SECOND I N - P L A N E  O P P O R T U N I T Y  (NORTHERLY AZIMUTH) 

LAUNCH WINDOW P R O V I D E D  BY I M P U L S I V E  O R B I T A L  MANEUVER 

PD 3 3 / H A Y S  
J A N  1 1 ,  11988 
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M A R S  ASCENT V E H I C L E  

The  f a c i n g  c h a r t  s h o w s  p a y l o a d  a s  a f u n c t i o n  o f  GLOW f o r  a Mars Ascent 
V e h i c l e .  As s h o w n ,  a 6 , 0 0 0  lbs. p a y l o a d  r e q u i r e s  a GLOW o f  3 6 , 6 6 1  l b s .  T h e  
p e r f o r m a n c e  d a t a  shown he re  d o e s  n o t  i n c l u d e  a n y  l a u n c h  window. 
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M A R S  ASCENT VEHICLE 

T h i s  c h a r t  s h o w s  i d e a l  v e l o c i t y  v s .  GLOW f o r  a Mars A s c e n t  V e h i c l e .  T h i s  d a t a  
i s  f o r  a s c e n t  o n l y ,  a n d  i s  r e q u i r e d  when u s i n g  t h e  r o c k e t  e q u a t i o n  t o  c a l c u l a t e  
l a u n c h  window p e r f o r m a n c e .  T h e  " b u c k e t l l  i n  i d e a l  v e l o c i t y ,  a t  5 2 K - l b s .  G L O W ,  
s u g g e s t s  t h a t  t h e  v e h i c l e  may b e  o v e r - t h r u s t e d  or) t h e  l e f ' t  s i d e  o f  t h e  c u r v e  
a n d  u n d e r - t h r u s t e d  o n  t h e  r i g h t  s i d e .  

2 2 8  



MARS ASCENT VEHICLE 

15600 

15500 

15400 

15300 

15200 

SINGLE STAGE (2 BURNS) 
1,000 KM (540 NMI) / 74.73 DEG INC. 

35000  40000 45000 5 0 0 0 0  5 5 0 0 0  60000  

GROSS LIFT-OFF WEIGHT (LBS) PD33/HAYS 
DEC. 16, 1987 
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LAUNCH WINDOW P R O V I D E D  BY O R B I T A L  MANEUVER T O  S H I F T  NODE 

T h i s  d i a g r a m  s h o w s  how an o r b i t a l  m a n e u v e r  i s  u s e d  t o  p r o v i d e  a l a u n c h  window. 
F o r  e x a m p l e ,  i f  o r b i t  1t211 i s  t h e  d e s i r e d  o r b i t ,  t h e n  a n  e a r l y  l a u n c h  w i l l  p u t  
t h e  s p a c e c r a f t  i n t o  o r b i t  ttl .t l  T o  p l a c e  t h e  s p a c e c r a f t  i n t o  t h e  d e s i r e d  f i n a l  
o r b i t ,  it yaw m a n e u v e r  o f  a n g l e  a?' m u s t  be  a c c o m p L i s h e d  whc,ri t i i f :  two o r b i t s  
c r o s s  a t  p o i n t  t t X . l t  

2 3 0  



1 -5795-8-26D 

LAUNCH WINDOW PROVIDED BY 
ORBITAL MANEUVER TO SHIFT NODE 

EQUATOR 

NODE OF 
ORBIT 1 

ASCENDING 
NODE OF 
ORBIT 2 

NOTE: 11 =: i q  

PDBSIHAYS 
1211 7 /87  
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MARS ASCENT V E H I C L E  

T h i s  c h a r t  s h o w s  t h e  e f f e c t  o n  GLOW o f  a n  e a r l y  o r  l a t e  l a u n c h  t ime .  N e g a t i v e  
d e l t a  l a u n c h  time r e f e r s  t o  a n  e a r l y  l a u n c h ,  a n d  p o s i t i v e  a l a t e  l a u n c h .  T h e  
Gross  L i f t - o f f  W e i g h t  ( G L O W )  i n c r e a s e s  a s  t h e  l a u n c h  t ime d e v i a t e s  from t h e  
i n - p l a n e  c o n d i t i o n  ( d e l t a  l a u n c h  t ime = 0 ) .  ? ' h i s  d a t a  1s  f'or rl p a y l o a d  of'  
6 , 0 0 0  l b s .  

2 3 2  



MARS ASCENT VEHICLE 
IMPULSIVE ORBITAL MANUEVER FOR NODAL SHIFT 

1,000 KM (540 NMI) / 74.73 DEG INC. 

- 1 5 0  - 1 0 0  - 5 0  0 5 0  100 150 
DELTA LAUNCH TIME (MINS) PD33/HAY S 

DEC. 16, 1987 
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M A R S  ASCENT V E H I C L E  

T h e  f a c i n g  c h a r t  d e p i c t s  GLOW v s .  L a u n c h  Window f ' o r  a 6 , 0 0 0  l b .  p a y l o a d .  A s  
e x p e c t e d ,  a w i d e r  l a u n c h  window r e q u i r e s  a l a r g e r  G L O W .  

2 3 4  
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MARS ASCENT PERFORMANCE 

T h i s  c h a r t  s u m m a r i z e s  t h e  r e s u l t s  o f  t h e  s e c o n d  p e r f o r m a n c e  u p d a t e .  A GLOW of  
36,661 l b s .  i s  r e q u i r e d  t o  p l a c e  a 6 , 0 0 0  lb. p a y l o a d  i n t o  a 1 , 0 0 0  KM (540  
n . m i . ) / 7 4 . 7 3  d e g .  i n c l i n a t i o n  o r b i t  w i t h  n o  l a u n c h  window.  A s  shown on  t h e  
p r e v i o u s  c h a r t ,  a GLOW o f  4 5 , 0 0 0  l b s .  w i l l  p r o v i d e  a 1 0 6  m i n u t e  l a u n c h  window. 
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MARS ASCENT PERFORMANCE 
c 

+ RESULTS: 

1,000 KM (540 N.MI.) / 74.73 DEG. INCLINATION 

0 GLOW = 36,661 LBS IS REQUIRED FOR THE NOMINAL TRAJECTORY 
(NO LAUNCH WINDOW) 

0 GLOW = 45,000 LBS WILL PROVIDE A 106 MINUTE LAUNCH WINDOW 

f 

PD33/HAY S 
JAN. 28, 1988 

2 3 7  
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MARS ASCENT VEHICLE PERFORMANCE 

0 INITIAL PERFORMANCE DATA (SEP. 1987) a 

o 
o 
o FIXED VS. OPTIMUM INJECTION 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC 
SINGLE STAGE VS. DROP TANKS 

0 1 ST PERFORMANCE UPDATE (OCT. 1987) 

o 
o SENSITIVITY TO: 

PRELIMINARY PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

- FLIGHT PERFORMANCE RESERVE 
- ACCELERATION LIMIT 
- ATMOSPHERE MODEL 

o TRAJECTORY 

0 2ND PERFORMANCE UPDATE (JAN. 1988) 

o 
o LAUNCH WINDOW 

FINAL PERFORMANCE TO 1,000 KM (540 NMI) / 74.73 DEG INC. 

- -b 0 PERFORMANCE TO MARS SYNCHRONOUS ORBIT (FEB. 1988) 

o 
o SENSITIVITY TO: 

PERFORMANCE TO 500 X 33,562 KM (270 X 18,122 NMI) / 74.73 DEG INC. 

- VACUUM THRUST 
- THRUST-TO-WEIGHT AT LIFT-OFF 

PD33 I HAYS 
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M A R S  ASCENT PERFORMANCE 

T h i s  c h a r t  d e a l s  w i t h  p e r f o r m a n c e  t o  a h i g h l y  e l l i p t i c a l ,  Mars s y n c h r o n o u s  
o r b i t .  C h a n g e s  t o  t h e  g r o u n d r u l e s  a n d  a s s u m p t i o n s  u s e d  i n  t h e  s e c o n d  u p d a t e  
i n c l u d e  a f i n a l  o r b i t  o f  500 K M  x 3 3 , 5 6 2  KM ( 7 4 . 7 3  d e g .  i n c l i n a t i o n ) ,  a n d  no  
l a u n c h  window. A GLOW o f  4 9 , 0 6 2  l b s .  i s  r e q u i r e d  t o  p l a c e  a 6 , 0 0 0  l b .  p a y l o a d  
i n t o  t h i s  o r b i t .  

Note: B e c a u s e  of  t h e  Mars s y n c h r o n o u s  o r b i t ,  t h i s  d a t a  d o e s  n o t  a p p l y  d i r e c t l y  
t o  t h e  S p l i t  S p r i n t  M i s s i o n .  

2 4 0  



MARS ASCENT PERFORMANCE 

PURPOSE: DETERMINE THE GROSS LIFT-OFF WEIGHT (GLOW) AND IDEAL VELOCITY REQUIRED 
FOR LAUNCH INTO A HIGHLY ELLIPTICAL, MARS SYNCHRONOUS ORBIT. 

GROUNDULES AND ASSUMPTIONS SAME AS "2ND UPDATE" EXCEPT: 

0 

0 NO LAUNCH WINDOW 

FINAL ORBIT : 500 X 33,562 KM (270 X 18,122 N.MI.) /'74.73 DEG. INCLINATION 

RESULTS: 

0 GLOW = 49,062 LBS 

0 IDEAL VELOCITY = 18,395 FPS = '7- h;  'h . 

PD33/HAYS 
JAN. 28, 1988 

2 4 1  



PAYLOAD VS. VACUUM THRUST 

T h i s  c h a r t  s h o w s  t h e  e f f e c t  of v a r y i n g  t h r u s t  l e v e l  f o r  t h e  Mars s y n c h r o n o u s  
m i s s i o n  d i s c u s s e d  on t h e  p r e v i o u s  c h a r t .  P a y l o a d  i s  m a x i m i z e d  when t h e  vacuum 
t h r u s t  i s  a p p r o x i m a t e l y  3 9 , 0 0 0  l b s .  T h i s  i n d i c a t e s  t h a t  t h e  4 0 , 0 0 0  l b .  t h r u s t  
w h i c h  was a s s u m e d  o n  t h e  p r e v i o u s  chart i:; ;iI)out, opt, i i i i i i rn ( ; i : ; : ; ( i in  i r i t :  I I C I  I : i i i n ( * l i  

window i:; r e q u i r e d ) .  

2 4 2  
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PAYLOAD VS. THRUST-TO-WEIGHT AT LIFT-OFF 

T h i s  c h a r t  shows p a y l o a d  a s  a f u n c t i o n  o f  F/W a t  l i f t - o f f  for t h e  Mars 
s y n c h r o n o u s  m i s s i o n .  Once  a g a i n ,  GLOW i s  h e l d  c o n s t a n t  a t  4 9 , 0 6 2  l b s .  
( o p t i m u m  f o r  a 4 0 , 0 0 0  l b .  t h r u s t  e n g i n e ) .  P a y l o a d  i s  max imized  when F/W i s  
a p p r o x i m a t e l y  0 . 8  E a r t h  G ' s  a t  l i f t - o f f .  

2 4 4  
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CONCLUSION 

T h e  f a c i n g  c h a r t  l i s t s  t h e  p e r t i n e n t  r e s u l t s  i n  r e g a r d  t o  Mars A s c e n t  V e h i c l e  
P e r f o r m a n c e .  

2 4 6  



CONCLUSION 

t 

1' S l N G L E  STAGE O F F E R S  BETTER PERFORMANCE THAN DROP TANKS 

OPTIMUM I N J S C T l O N  O F F E R S  BETTER PERFORMANCE THAN F l X E D  I N J E C T I O N  

W A R M  ATMOSPHERE MODEL I S  WORSE CASE 

LAUNCH WINDOW PROVIDED BY O R B I T A L  MANEUVER TO S H I F T  NODE 

PERFORMANCE TO 1 , 0 0 0  K M  ( 5 4 0  N . M I . ) / 7 4 . 7 3  DEG I N C . / 6  K-LBS PAYLOAD: 

- GLOW 3 6 , 6 6 1  L B S .  FOR NOMINAL TRAJECTORY ( N O  LAUNCH WINDOW) 

- GLOW = 4 5 , 0 0 0  L B S .  W I L L  P R O V I D E  106 MINUTE LAUNCH WINDOW 

PERFORMANCE TO 500 X 33 ,562  K M  ( 2 7 0  X 1 8 , 1 2 2  N . M I . ) / 7 4 . 7 3  DEG T N C / 6  K-LBS 
PAYLOAD*: 

- GLOW 4 9 , 0 6 2  L R S .  ( N O  LAUNCH WINDOW) 

- 40 K - L B S  V A C .  THRUST P R O V I D E S  OPTIMUM PERFORMANCE 

* T H I S  DATA IS I'OR COMPARATIVE USE ONLY,  A N D  IS  NOT RELATED T O  THE M A I N  
OB.JECTIVE 017 T H I S  REPORT (AS S T A T E D  I N  I N T R O D U C T I O N ) .  

P D 3 3 /  H A Y  Zm 
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AEROCAPTURE OF THE EARTH R E T U R N  CAPSULE 

R a t h e r  t h a n  r e t u r n  t h e  e n t i r e  p i l o t e d  v e h i c l e  t o  E a r t h  o r b i t ,  i t  w o u l d  b e  much 
more  e f f i c i e n t  t o  r e t u r n  o n l y  a smaller crew v e h i c l e  t h a t  wou ld  be  s u b s e q u e n t l y  
r e t r i e v e d  f r o m  l o w  E a r t h  o r b i t .  A d e t a i l e d  t r a j e c t o r y  s i m u l a t i o n  was p e r f o r m e d  
t o  a n a l y z e  t h e  p r o p u l s i o n  r e q u i r e m e n t s  o f  t h e  E a r t h  r e t u r n  c a p s u l e .  T h i s  
a n a l y s i s  u s e d  t h e  r e s u l t s  o f  a v e h i c l e  w e i g h t  a n a l y s i s  p e r f o r m e d  by Mark S a r g e n t  
( M S F C ) .  T h e  t r a j e c t o r y  s i m u l a t i o n  was r u n  u s i n g  t h e  i n t e g r a t e d  m i s s i o n  p r o g r a m  
c r e a t e d  by V i n c e  D a u r o  ( M S F C / P D 3 4 ) .  T h e  p r o g r a m  was u s e d  t o  s i m u : : i t o  t h e  r e t u r n  
o f  t h e  v e h i c l e  f r o m  i t s  h e l i o c e n t r i c  o r b i t  t o  a 300 k i l o m e t e r  n L t , i ~ t , u d e  1 : a r t h  
p a r k j ~ n g  o r b i t .  T h e  E a r t h  r e t u r n  v e h i c l e  u s e s  n e r o b r a k i n g  to a c h i e v e  Lhe  
necessa ry  r e d u c t i o n  i n  e n e r g y  t o  e n t e r  E a r t h  o r b i t .  By a i m i n g  f o r  t he  p r o p e r  
p e r i g e e  a l - t i t u d e  p r i o r  t o  a e r o b r a k i n g ,  t h e  E a r t h  r e t u r n  c a p s u l e  c a n  b e  p l a c e d  
i n t o  a n  o r b i t  w i t h  a n  a p o g e e  o f  300 km. When t h e  v e h i c l e  r e a c h e s  a p o g e e ,  t h e  
o r b i t  c a n  b e  c i r c u l a r i z e d  u s i n g  i t s  p r o p u l s i o n  s y s t e m .  T h e  E a r t h  r e t u r n  c a p s u l e  
a n d / o r  i t s  crew c o u l d  be  r e t r i e v e d  by  a n o t h e r  v e h i c l e  b a s e d  a t  t h e  S p a c e  S t a t i o n  
o r  o n  t h e  g r o u n d .  
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AEROCAPTURE OF EARTH RETURN CAPSULE 
EARTH RETURN CAPSULE AEROCAPTURE TRAJECTORY 

300 K M  
/ 

REMOVABLE STORM SHELTER SHIELDING F INAL  

/ 
AEROBRAKING SHIELD STORM SHELTER FL 

EARTH RETURN CAPSULE WGT. = 19336 L B S  
AEROBRAKE WGT. = - 2273 L B S  
TOTAL BURN OUT WGT. 21609 LBS 
TOTAL PROPELLANT WGT. = 318 LBS 

TOTAL GROSS WGT. 5 2 2 0 3 2  
TOTAL RCS PROPELLANT 105 LBS 

AEROBRAKE DIAMETER 
I S P  

= 37.5 FT. 
= 460 SEC. 

INCOMING I... C3 = 11.74 KM2/SEC2 
= 81.59 K M  " P 

TIME IN ATMOSPHERE = 796.5 SEC 
MAX. ACCELERATION = 2.81 g's 
AVG. ACCELERATION = 1.28 g's 
MAX. DYN. PRESSURE = 30.37 LBSIFT* 
TOTAL DELTA VELOCITY = 65.353 MIS 
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EARTH R E T U R N  C A P S U L E  WEIGHT STATEMENT VALIDATION STUDY 

The  n e x t  s e c t i o n  of  t h i s  documen t  p r e s e n t s  a d e t a i l e d  a n a l y s i s  o f  t h e  E a r t h  
r e t u r n  c a p s u l e .  T h i s  s t u d y  was p e r f o r m e d  b y  Mark S a r g e n t  o f  t h e  U n i v e r s i t y  o f  
I l l i n o i s  a t  Champaign-Urbana  a s  p a r t  o f  t h e  U n i v e r s i t i e s  S p a c e  Research A s s o c i a -  
t i o n  Summer F e l l o w s h i p  P r o g r a m .  The r e p o r t  t h a t  f o l l o w s  r e p r e s e n t s  a s e v e n  week 
s t u d y  i n  w h i c h  d e t a i L e d  w e i g h t  s ta tements  f o r  a l l  o f  t h e  s u b s y s t e m s  of  t h e  E a r t h  
r e t u r n  c a p s u l e  were d e v e l o p e d .  
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EARTH RETURN CAPSULE 

INTRODUCTION 

This section summarizes the results of a study of the weight breakdown of an Earth Return Capsule (ERC). This 
breakdown is used to validate the ERC weight suggested by John Niehoff of Science Applications International 
Corporation (SAC) in Humans to Mars. a -iD In itiative. A secondary purpose of this study is to 
provide a roadmap to personnel expertise and reference material in order to facilitate further research at both 
Marshall Space Flight Center and the author's school, the University of Illinois at Champaign-Urbana. 

This study was performed under the direction of the Preliminary Design office at Marshall Space Flight Center. 
The research was funded by the University Space Research Association (USRA) under the USRNNASA 
Universities Advanced Engineering Design Program. The objective of this annual summer program is to 
determine how NASA and the university community environment can best work together to produce a meaningful 
product in engineering design. 

IS an Earth Return C a D W  

The Earth Return Capsule (ERC) is a life support capsule to house the crew of a manned Mars mission. The ERC 
has two primary functions: 1) it serves as a life support capsule within the radiation-shielding "Storm Shelter" in 
the event of a Solar Particle Event, and 2) it is the command module for the Earth Return Vehicle which houses 
the crew during aerobraking and recovery at Earth.. 

dv the we iaht bre-n of an E a r t h t u r n  w s u  le? 

It is important to have a valid estimate of the weight of the ERC because of the significant mass leverage which it 
possesses. An additional pound of spacecraft returned to Earth would very likely mean thousands of pounds of 
additional initial Low Earth Orbit (LEO) mass. 
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What is an Earth Return Capsule? 

life support capsule within the radiation-shielding "Storm 
Shelter" 

command module for the Earth Return Vehicle 

Whv studv the weiaht breakdown of an Earth Return Cacxule? 

significant mission-mass leverage demands a valid 
estimate 
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STUDY APPROACH 

First, the ERC requirements were determined from the Manned Mars Mission model. Next, the ERC was broken 
down into specific subsystems for analysis by subsystem engineers within the preliminary design office. 
Subsystem weight were determined by the subsystem engineers and assembled into a final weight statement for 
comparison to the Niehoff baseline. 

254  



STUDY APPROACH 

ERC requirements determined from Mission Model 

ERC subsystem breakdown determined 

Subsystem Engineers consulted, subsystem weights 
determined 

Subsystems integrated into final weight statement 
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AGENDA 

The outline of the report is presented on this chart. The report consists of three main portions. The first is an 
introduction to the Manned Mars Mission and ERC. This is followed by the specific subsystem analyses. Finally, 
the ERC weight statement is given. 
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AGENDA 

1. Introduction 
Manned Mars Mission Description 
Earth Return Capsule Mission Description 
Earth Aerocapture 
Earth Return Vehicle Configuration 
General Requirements and Assumptions 

II. Subsystem Analyses 
Guidance, Navigation and Control 
Communications 
Life Support 
Electrical Power 
Primary Propulsion and RCS 
Storm Shelter Shielding 
Thermal Control 
Crew and Seating 
Structures 

111. Summary 
Earth Return Capsule Weight Statement 
Recommended Further Study 

IV. Attachments 
Acronyms and Abbreviations 
References 
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Manned Mars Mission 

The following is a brief description of the piloted portion of the Manned Mars Mission, only those details 
which drive the Earth Return Capsule design are included. This summary is included in order to establish a 
framework from which the missions of the Earth Return Capsule can be better understood. 

Six astronauts are launched from low earth orbit (LEO) into an Earth-Mars transfer orbit. They spend the 
224-day trip in a command module called the Mission Module (MM). Upon arrival at Mars, three of the crew 
descend to the surface for a 30-day stay, the other three remain in the MM orbiting the planet. After 30 days, the 
surface crew leaves Mars and transfers to the Mission Module. The Mission Module carries the crew for the 
return Mars-Earth transfer which takes 165 days. One day out from Earth, the crew climbs into the Earth Return 
Vehicle (ERV), which then breaks away from the Mission Module. The astronauts pilot the ERV through an 
aerobraking maneuver in the Earth's atmosphere to dissipate their transfer orbit energy, and end up in a highly 
elliptical Earth orbit. An apogee burn places the ERV in a circular orbit suitable for pickup by an Orbital 
Maneuvering Vehicle (OMV) and transfer to the Space Station. 

Mars, and the return leg. During all three segments of the journey, solar flare radiation could easily kill an 
unprotected crew. Protection from these Solar Particle Events (SPE) while in space is provided by a "Storm 
Shelter". As currently conceived, the Storm Shelter is a small life support capsule surrounded by suitable 
radiation shielding. The Earth Return Capsule surrounded by detachable aluminum radiation shielding panels 
fulfills all Storm Shelter requirements: life support for up to five days, external communications, and all other 
neccessities for a possible five day SPE. This establishes the first mission of the Earth Return Capsule - to 
function as the life support capsule for a Storm Shelter. 

For our purposes the overall mission can be broken into three pieces: The initial leg, the 30 day stay at 

The Earth Return Vehicle is a completely autonomous spacecraft composed of two major pieces: First, 
the Earth Return Capsule, which serves as the control module for the ERV. Second, the aerobraking shield, 
which enables the ERV to decelerate in Earth's atmosphere. This Earth Return Vehicle configuration establishes 
the second mission of the Earth Return Capsule - to function as the control module for the Earth Return Vehicle- 
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Manned Mars 

Space Station Assembly of Mars Vehicle 
Checkout and Preparation 

Earth-Mars Transfer and Mars Aerobrake 

Rendezvous with cargo vehicle 
Prepare landing vehicle 
Mars surface exploration (3 crew) 
Prepare for Earth return 

Mars-Earth Transfer 

Mission Module and ERC separation 
ERC completes Earth-aerobraking maneuver 

OMV rendezvous and dock 
Maneuver to Space Station 

Mission 

240 days 

224 days 

30 days 

165 days 

1 day 

2 days 
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Dual Function of the Earth Return Capsule 

1. Life SUDDO rt CaDsu le for the Sto rm Shelter 

"Space missions to other planets, including Mars, where most of the mission is outside the protection of the 
Earth's magnetosphere, will subject the mission crew to radiation hazards from solar particle events (SPE) 
produced by solar flares. Radiation from this source may reach levels of several hundred rads in periods of a few 
hours." (Ref 2) 

The Storm Shelter will provide this protection, maintaining full life support as well as restricted Mission Module 
control and communication for up to to five days. The life support consummables can be recharged so that the 
Storm Shelter can be used as needed for the fourteen month mission. 

II. co mmand Module for the Earth Return Vehicle 

As the Mission Module nears Earth on the return leg from Mars, the crew climbs into the Earth Return Vehicle 
(ERV), which then breaks away from the Mission Module. It is a fully operational spacecraft which takes the crew 
through the aerobraking maneuver. The ERC is the command module portion of the ERV, in the same way that 
the Mission Module served as the command module for the entire Earth-Mars piloted spacecraft. 
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Dual Function of the Earth Return Capsule 

Life Support Capsule for the Storm Shelter 

provides full life support within the radiation-shielded Storm Shelter 
during a potentially lethal Solar Particle Event 

Command Module for the Earth Return Vehicle 

serves as the command module for the ERV during the aerobraking 
maneuver at Earth 
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Earth Aerocapture Mission Profile 

The following page illustrates the mission profile of the aerobraking maneuver used at the end of the 
return leg to decelerate the Earth Return Vehicle (ERV). (Ref 3) 

Approximately one day out from Earth the crew will abandon the Mission Module and board the ERV. The 
ERV separates from the Mission Module, which enters a heliocentric orbit. In the baseline mission for this study, 
the Mission Module is discarded. Next, the aluminum radiation shielding covering the outside walls of the ERC 
is jettisonned to lighten the spacecraft and allow the body mounted thermal radiators to function. The portion of 
shielding which is mounted between the ERC and the aerobrake cannot be jettisonned until the ERC separates 
from the aerobrake. Finally, the solar panel arrays are deployed on two extendible booms. 

The ERV coasts in this configuration for approximately 24 hours; the reaction control system (RCS) lines 
up the spacecraft precisely for the aerobraking maneuver. Approximately one hour before the aerobraking 
maneuver, the solar panels are retracted and the ERV switches to battery power. 

The duration of the aerobraking maneuver is between five and twelve minutes. After this aerobraking 
maneuver, the aerobrake and Storm Shelter floor are jettisonned, and the solar arrays are redeployed. When the 
spacecraft reaches the apogee of its' elliptical orbit, an impulsive burn from the 500 IbF main engine circularizes 
the orbit. An OMV requires approximately 18 hours to match positions with the ERC, and three hours to dock. 

The OMV transports the ERC to the Space Station in approximately 24 hours. 

2 6 2  



L 

I 
t 

Earth AerocaDture Mission Profile 

From Mars 

1. separation from Mission Module, discard 
radiation shielding, deploy solar arrays 

2. retract solar arrays, Earth aerobrake, 
discard aerobrake, discard Storm Shelter 
Floor, extend solar arrays 

3. circularization burn 

4. rendezvous with OMV 

delta V = 483 ft/s 

5. Space Station 

Note: orbit positions 4 and 5 are not exact. The ERV completes 
approximately 11 orbits before OMV rendezvous, and another 15 
orbits before docking with the Space Station. 

Aer oca p t u re Ti me1 i ne 

0 1 day 2 days  3 
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Earth Return Vehicle Configuration 

The Earth Return Capsule (ERC) is the life support capsule containing the crew. 

The Earth Return Vehicle (ERV) is composed of the ERC, Aerobraking shield, and the Storm Shelter Floor. 

The Aerobraking shield is the detachable shield used at the Earth aerobraking maneuver. 

A Solar Particle Event (SPE) is a solar flare releasing very high levels of radiation. 

The Storm Shelter is composed of the ERC, enclosed by Aluminum radiation shielding. The astronauts remain 
within the ERC during Solar Particle Events. 

The Storm Shelter Floor is that portion of the Storm Shelter that cannot be jettisonned until the aerobrake is 
detached. 
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Earth Return Vehicle Co nfiauration 

Removable Sto rrn Shelter Shielding 

/ I  
d I 
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Fundamental ERC Requirements 

Given the dual function description and Manned Mars Mission description, it is possible to determine the 
fundamental requirements of the ERC. 

FUNDAMENTAL REQUIREMENTS: STORM SHELTER FUNCTION 

The astronauts will retreat into the Storm Shelter in the event of a Solar Particle Event. The ERC must provide up 
to 5 days of full life support in the event of this emergency. In addition, the ERC must provide some capability of 
Mission Module control, and communications during this retreat. 

FUNDAMENTAL REQUIREMENTS: EARTH RETURN VEHICLE FUNCTION 

The ERC is the command module for the Earth Return Vehicle. Following separation from the mission module, 
the ERV is a completely functional spacecraft composed of the ERC, the aerobraking shield, and little else. The 
ERC must provide all of the functions of a command module during aerobraking and orbital adjustment using 
chemical propulsion. 
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Fundamental ERC Requirements 

STORM SHELTER 

provide life support: six men for five days 

provide Mission Module control, communications 

EARTH RETURN VEHICLE 

Fully functioning command module during Earth aerobrake 

provide life support: six men for three days 
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G U I D A N C E ,  N A V I G A T I O N  A N D  CONTROL 

The  E a r t h  R e t u r n  v e h i c l e  h a s  t o  c o n t a i n  s u f f i c i e n t  e q u i p m e n t  t o  a c c u r a t e l y  
a c c o m p l i s h  t h e  a e r o b r a k e  m a n e u v e r .  A l i s t  o f  c o m p o n e n t s  t h a t  c a n  p r o v i d e  t h e  
n e e d e d  k n o w l e d g e  a n d  a c c u r a c y  i s  shown .  To d e t e r m i n e  t h e  s t a t e  v e c t o r  o f  t h e  E R V ,  
t h e  G l o b a l  P o s i t i o n i n g  S y s t e m  (GPS) i s  u s e d .  The  G P S  d a t a  c a n  a l s o  b e  u s e d  t o  
d e t e r m i n e  t h e  a l t i t u d e  a t  a n y  g i v e n  t i m e .  Use o f  t h e  G P S  becomes  e f f e c t i v e  a t  
g e o s y n c  a l t i t u d e s  a n d  lower.  To a c c u r a t e l y  d e t e r m i n e  t h e  a t t i t u d e  a n d  a t t i t u d e  
r a t e  d u r i n g  t h e  a e r o b r a k e  m a n e u v e r ,  t h e  r i n g  l a s e r  g y r o  I M U  i s  u s e d .  U p d a t e s  f rom 
t h e  s t a r  t r a c k e r s  a n d  t h e  GPS c a n  b e  u s e d  p r i o r  t o  a t m o s p h e r i c  e n t r y  t o  o p t i m i z e  
t h e  a e r o b r a k e  m a n e u v e r .  A c o m p u t e r  i s  n e e d e d  t o  p r o c e s s  t h e  i n f o r m a t i o n  a n d  
c o n t r o l  t h e  t h r u s t e r  s y s t e m .  Also c o m m u n i c a t i o n s  i s  p r o v i d e d  b e t w e e n  t h e  ERV a n d  
g r o u n d  t o  a l l o w  u p d a t e s  t o  v a r i o u s  s y s t e m  p a r a m e t e r s  t o  b e  u p l i n k e d  from t h e  
g r o u n d .  
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Component 

Guidance, Navigation and Control 

Quantity Wt (I bs) Total 
each weight (Ibs) 

Ring Laser Gyro I M U  2 25 50 
Control Electronics 2 40 80 
Compute r/Co m m u n icat i ons 2 25 50 
Power Amplifiers 2 15 30 

2 15 30 
2 

Transponder 
1 2 

20 
Antenna 

1 20 
20 

Cabling 
1 20 

20 
GPS 

Growth and Contingency (5% - Ref 5) 15 

Total Weight 31 7 

Star Tracker 2 10 
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Life Support 

ANALYSIS: All subsystems are sized for 6 men for 5 days. Important subsystems are typically given an extra day 
for contingency, critical subsystems even more. 

Temperature and Humidity Control is provided by a condensing heat exchanger with a temperature and humidity 
control package (Ref. 13). Carbon Dioxide and Contamination Control is provided by a C02 Control Assembly 
with replaceable LiOH cannisters (Ref. 13) 

Pressure Control is provided by the 02/N2 Control Assembly (Ref. 13) The Nitrogen supply system is modeled 
after that of the Orbiter (Ref. 14). Oxygen supply was estimated for 60 man-days at 1.59 Ibs per man-day. 

Food management is provided by a Galley which contains all required dispensers, heaters, rehydration ports, 
water chiller, and stowage (Ref 13). 

Water management: Grey water provided by the condensing heat exchanger fulfills hygiene requirements. Food 
reconstruction and drinking is estimated to be 6.9 Ibs/man-day (Ref 17), storage tanks and plumbing (Ref. 13) 

Waste Management consists of a commode, waste storage tank, and an estimate of liquid waste produced: 
urine, respiration/perspiration, and waste water. 

\ 

Medical supplies include a medical life support module, physicians equipment, pharmacy, and medical supplies 
kit (Ref. 6). 

Fire Protection is modeled after the Orbiter's systems (Ref. 14). One fixed Freon 1301 extinguisher, two portable 
extinguishers, and three detectors. 

Miscellaneous equipment includes 28 items. For example: a workbench, clean wipes, radiation monitors, 
clothing, spacesuits, camera equipment and film, etc. 
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Component 

Life Support 

Temperature and Humidity Control 
Carbon Dioxide and Contamination Control 
Pressure Control 
Oxygen Supply 
Food Management 
Water Management 
Medical 
Fire Protection 
Miscellaneous Equipment 
growth and contingency (5% - Ref 5) 

weight (Ibs) 

43 
194 
457 
249 
134 
31 9 
103 
28 

1562 
178 

Total Weight 3267  
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COMMUNICATIONS AND DATA MANAGEMENT 

The Communications and Data Management (C6tDM) subsystem for the Earth Return Vehicle 
(ERV) is capable of supporting autonomous ERV operations during final return and 
capture in Low Earth Orbit (LEO) when it is separated from the Mission Module. The 
C&DM subsystem also provides sufficient controls and interfaces with the Mission 
Module to permit the crew to control the Mission Module and to communicate with the 
ground from the ERV when it is being used as a storm shelter. A preliminary 
equipment list for the ERV communications and data management system is provided on 
the facing chart. This set of equipment supports a dual redundant system. 
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C O E I M U I ' I C A T  IONS AP'D E A T A  I IAF4AGEMENl 

~ J I l  I h T i 
S-BAND: 2 20 40 

AUDIO: 

K-BAN D: 

DATA: 

Transponder 
parametric amplifier assembly 
power amplifier (30 watts) 
signal processor 
encryptldecode 
low gain antennae 
communications and tracking processor 
audio controller 
audio storage unit 
voice recognition 
crew audio unit 
wall plugs 
remote speakers 
transponder 
power amplifier 
signal processor 
encryptldecode 
low gain antennae 
central processor 
module processor 
database processor 
operations processor 
timeifreq unit 
mass storage 
remote interface units 
multi-function control station 
caution and warning electronics 
annunciator assembly 
caution and warning sensors 
wiring and cables 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

10 
6 
2 
2 
2 

12 

10 
16 
30 
10 
2 

35 
30 
30 
35 

2 
1 
3 

20 
10 
15 
10 

1 
20 
20 
20 
20 
10 
14 
10 
80 
22 

6 
0.17 

20 
32 
60 
20 
4 

70 
60 
60 
70 
4 
2 
6 

40 
20 
30 
20 
2 

40 
40 
40 
40 
20 

140 
60 

160 
44 
12 

2.04 
125 - 

arowth and continaencv f5% - ref 5) 64 
Total Weight 1347 
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Electrical Power 

ERV Requirements watts 

ECLSS: 6 men at 1000 w/each 6000 
Guidance, Navigation, and Control 400 

Propulsion and Thermal Control 1500 
Communications and Data Handling 1000 

Total 8900 W 

Analysis: (Reference 11) This power requirement must be met for three days: one day after separation from the 
Mission Module, and for two days after the aerobrake maneuver. Because weight is critical, solar arrays were 
chosen. During the aerobrake, the arrays must retract and AgZn batteries are used until the arrays can be 
extended again after aerobrake. The requirement is rounded for 9 kW for calculations. 

9 kW x (2.2 safety factor) = 20 kW array --> two 10 kW arrays 
20 kW / 75 w/kg --> 267 kg --> 600 Ibs of solar array 

durina ae robrake: assume a 3 hour retracted period, 3 hr x 9 kW = 27 kW-hr. 
27 kW-hr / 38 W-hr/lb --> 710 Ib + 90 Ib packaging 
each battery can provide approximately 3500 W-hr --> 8 batteries + redundancy. Ten batteries at 100 Ibs/ea = 

1000 Ibs 
Charger/Regulator 2 @ 80 Ibs/ea = 160 Ibs, Distribution and Wiring = 140 Ibs 

The ERV is deeply embedded within the Mission Module and the solar arrays can't be extended before 
separation. Therefore, the Mission Module must supply the required power during Storm Shelter use. 
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Component 

Electrical Power 

N weight total weight 
each (Ibs) 

10 kW Solar Array 2 300 600 

C hara e r/Rea u I at or 2 80 160 
AgZn Batteries 10 100 1000 

Wiring and Distributors 
growth and contingency (5% - Ref 5) 

1 140 140 
95 

Total Weight 1995 
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EARTH R E T U R N  CAPSULE A L T E R N A T I V E  E L E C T R I C A L  POWER SYSTEM 

D u r i n g  t h e  r e v i e w  p r o c e s s  f o r  t h i s  d o c u m e n t ,  Bob G i u d i c i  (MSFC/PD14) ( R e f  25)  
d e t e r m i n e d  t h a t  t h e  power  r e q u i r e m e n t s  o f  t h e  E a r t h  R e t u r n  C a p s u l e  c o u l d  b e  
d e c r e a s e d  s i g n i f i c a n t l y  s i n c e  t h e  crew w o u l d  o n l y  b e  u s i n g  i t  f o r  t w o  o r  t h r e e  
d a y s .  He a l s o  d e t e r m i n e d  t h a t  l i t h i u m  b a t t e r i e s  s h o u l d  b e  u s e d  r a t h e r  t h a n  
s i l v e r - z i n c  b a t t e r i e s .  T h i s  c h a r t  s u m m a r i z e s  Mr. G i u d i c i ' s  c a l c u l a t i o n s  f o r  t h e  
e l e c t r i c a l  power  s y s t e m  u s i n g  t h e s e  two  m o d i f i c a t i o n s .  I t  i s  shown t h a t  t h e  
w e i g h t  o f  t h e  power  s y s t e m  i s  d e c r e a s e d  s i g n i f i c a n t l y ,  t h i s  w o u l d  a l l o w  w e i g h t  
r e d u c t i o n s  i n  t h e  t h e r m a l  c o n t r o l  s y s t e m  as  wel l  a s  r e d u c i n g  t o t a l  v e h i c l e  
w e i g h t .  T h i s  w e i g h t  r e d u c t i o n  i n  t h e  E a r t h  R e t u r n  C a p s u l e  w o u l d  f i l t e r  b a c k  
t h r o u g h  a l l  o f  t h e  p r o p e l l a n t  r e q u i r e m e n t s  t o  r e d u c e  t h e  t o t a l  E a r t h  d e p a r t u r e  
w e i g h t  o f  t h e  p i l o t e d  v e h i c l e  b y  a b o u t  9600 lbs. The  i m p a c t s  o f  t h i s  w e i g h t  
r e d u c t i o n  o n  t h e  o t h e r  s u b s y s t e m s  was n o t  i n v e s t i g a t e d .  
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EARTH RETURN CAPSULE ALTERNATWE ELECTICAL POWER SYSTEM 

& ERC REQUIREMENTS WATTS 
ECLSS : 6 PEOPLE AT 250 WATTS/ PERSON 1500 
GUIDANCE,NAVIGATION,AND CONTROL 100  
COMMUNICATIONS AND DAT HANDLING 200 

c PROPULSION AND THERMAL CONTROL 200 

TOTAL 2000 

ANALYSIS 

LITHIUM BATTERIES 

SOLAR ARRAYS 
TWO 1 KW ARRAYS NEEDED 
2 KW @ 75 W/KG = 27 KG = 60 LBS 

DURING AEROBRAKING 

6000 W/ (67 W/LB) = 90 LBS 

10 BATTERIES @ 9 LBS EACH = 90 LBS 
2 CHARGERS/REGULATORS = 20 LBS 
DISTRIBUTION AND WIRING = 50 LBS 
5"/0 CONTINGENCY 11 LBS 

3 HOUR ON BATTERIES = 6 KW-HR 

6000 W/ (600 W-HR/BATTERY )= 10 BATTERIES 

TOTAL WEIGHT 

2 1 1  
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Primary Propulsion and RCS 

ANALYSIS: Assumptions - 1) the Primary Propulsion burns are performed after jettisonning the Storm Shelter 
floor and the aerobrake shield. 2) all RCS burns are performed while shield, brake, and capsule are still 
attached. 3) both systems are cryogenic, and use the same tanks. 

The mission profile calls for aerobraking at an altitude of 81 km, resulting in an elliptical orbit with an apogee and 
perigee radius of 600 km and 81 km respectively. At apogee, the main 500 IbF engine will produce a delta-V of 
483 ft/s to circularize the orbit (Ref. 3). 

The main engine is an XLR-134 (Ref. lo) ,  producing 500 IbF at an Isp of 460 Ibf-s/lbm. The circularization burn 
requires 497 Ibs of L02/LH2. 

The RCS engines (Ref. 8 and 9) produce 70 IbF at 420 Ibf-s/lbm. Three RCS delta-V's are assumed: from 
separation to aerobrake: 200 ft/s, during aerobraking: 500 ft/s, and from aerobrake to Space Station: 50 ft/s. 
These maneuvers require 11 68 Ibs of L02/LH2. 

Boiloff is 83 Ibs. Giving a total propellant weight of 1748 Ibs. 

Cryogenic tankage, boiloff, and contingency were sized by Robert Champion (Ref. 8). The insulation and 
distribution systems are sized as shown (Ref. 8, 10). Twelve RCS thrusters provide full redundancy. Growth and 
contingency includes fuel lines, metering, bracketing, etc. 
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Primary Propulsion and RCS 

weight total 
Component N each weight (Ibs) 

1 Primary Propulsion Subsystem: 
XLR-134 Engine (500 IbF) 
Liquid Hydrogen Tanks 

Insulation 
Vapor Cooled Shield (VCS) 

Liquid Oxygen Tanks 
Insulation 
vcs 

Reaction Control System: 
70 IbF Thrusters 

Pressurization System for RCS 
and Primary Propulsion 

Growth and Contingency (15% - Ref. 5) 

1 
2 
2 
2 
1 
1 
1 

12 

1 

125 
21 
16 
30 
14 
12 
23 

15 

129 

125 
42 
32 
60 
14 
12 
23 

180 

129 

92 

Total Dry Weight 709 

Cryogenic Fuels: 
Liquid Hydrogen 270 

1 

Liquid Oxygen I 478 

* Total Wet Weight 2457 
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XLR-134 

LISTED ON THE FACING PAGE ARE THE CHARACTERISTICS OF THE 

ON THE ERC. 
XLR-134. THE XLR-134 WAS USED FOR THE MAIN PROPULSION SYSTEM 

28 0 



XLR-134 

. Thrust . 500 Ibf 
.a. ..* 

Propellants LQ/LH2 

Cycle Expander 

ISP 460 + sec 

Length 48 In. 

CHVFER P”E?SUSE, %l!l PS I A  

EXPAFISIr3N R A T I O  770 I 

M I G H T  125 LB 

EXIT DIAMETER 22 IN 
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70 LBF THRUSTER 

LISTED ON THE FACING PAGE ARE THE CHARACTERISTICS OF THE 
RCS THRUSTER. THE THRUSTER WAS USED FOR ATTITUDE CONTROL 
ON THE ERC. 
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1 -I 1 1  ,,.* 
. .. 

SPARK 
IGNITER 

THRUST 70 LBF 
P R OP ELLANT S LQX/LH 
I S P  VAC 420,5 s 

EXPPNS I ON RAT I O  
CHAMBE!? PRESSURE 250 P S I A  

60:l  

WE 16HT 15 LB 

t X l T  DIAMETFR 3.0 IN 

MIXTURE KAT10 4 

LEVGTH 1 2 , 1  I N  
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Thermal Control 

Analysis: (Reference 12) The total power requirement of 9000 wattts is also the heat rejection requirement, and 
drives the design of this subsystem. The heating that occurs during the aerobraking maneuver is brief enought 
so as not to be a major concern. Body mounted radiators are chosen because their design is not dramatically 
affected by the aerobraking maneuver, they don't have to be retracted or extensively shielded. The Replaceable 
TAG 54 Heat Pipe Radiator was selected in the Space Station study, and is scaled from 14.2 kW to 9.0 kW for the 
table of weights below. Growth and contingency includes the fluid lines, capsule insulation, etc. 

Assumed Thermal Load: 9 kW 
Scale Factor = Thermal Load / 14.2 kW = 0.633802 

Before separation from the Mission Module, the radiators will be covered by Storm Shelter Shielding. Therefore, 
the Mission Module must provide heat rejection capability through an interface with the Earth Return Capsule 
during Storm Shelter use. 
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Thermal Control 

weight (Ibs) Component 

Main Panel 973 
Heat Exchanger 
Panel Attachments 
Panel Fluid 
Pumped Loop Dry Weight 
Pumped Loop Fluid Weight 
growth and contingency (20% Ref 5) 

9a 
64 
17 

160 
126 
287 

Total Weight 1725 
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Crew and Seating 

ANALYSIS: The seats must withstand high-G loading (approximately 3 g's - Ref. 3) during aerobrake. The 
shuttle seats are designed to survice a high-G crash landing (Ref 6). The aluminum seats in Reference 4 are 
designed for up to 30 g's. 
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Component 

Crew and Seating 

Wt (Ibs) 

Man 170 
Personal 
Seat 
Clothes 
Miscellaneous 

5 
59 

5 
2 

Total x 6 men 1446 
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Structure 

ANALYSIS: This subsystem includes all supporting structure, the physical walls and structure of the Earth Return 
Capsule. Lacking the resources to create a detailed design, a first-order estimate of the structural weight can be 
estimated as a percentage of the total spacecraft weight (References 5 and 19). Previous studies on similar 
spacecraft indicated a structural weight of approximately 25% of total spacecraft dry weight (Ref. 4) 
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Structure 

Assumed ERC Dry Weight: 

Structure 

15500 Ibs 

= 25% of ERC Dry Weight 

= 3875 IbS 
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Earth Return Capsule Weight Statement 

This table summarizes the subsystem weight analyses. A dry weight of 15546 Ibs is indicated 
for the ERC. This is compared to a weight of 12877 Ibs for the ERC baselined in the SAlC study 
The propellant required for this ERC mission is 1748 Ibs as shown. 
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Earth Return Capsule Weight Statement 

Subsystem Weight (I bs) 

Crew and Seats 1446 
Guidance, Navigation and Control 31 7 
Environmental Control and Life Support 3742 

Primary Propulsion and Reaction Control 709 
Electrical Power 1995 
Thermal Control 1725 
Science Return 300 
Structure 3875 

Communications 1347 

Dry Weight 15456  Ibs 

Propellant Weight: 1748 1b.s 

Niehoff's Return Capsule Dry Weight: 

(Reference: page 12, 11 June 87 DATAFAX from John Niehoff of Science Applications International Corporation 
to Tom French, MSFC) 

12877 Ibs 
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Conclusion 

The purpose of this study was to provide a preliminary weight breakdown of an Earth Return Capsule and 
compare it to that proposed by SAIC. The breakdown is shown above, comparing the numbers is more difficult 
because of the lack of information available concerning the Niehoff study. More data is needed from SAlC before 
these figures can be meaningfully compared. First and foremost, a more detailed breakdown of Niehoff's 
Capsule Dry Weight would indicate differences in analysis. For example: Is Niehoff's weight a "dry" weight or a 
"wet" weight? In the SAlC proposal, it is termed a "damp" weight, but no propellant is manifested. What 
assumptions were made, if any, of weight-saving advanced technology? Are the aerobrake and Storm Shelter 
Floor discarded before the apogee burn, or saved for future missions? These are just a few of the questions 
raised during the comparative analysis. Given the unknowns of the Niehoff study, and the first-order analyses in 
this study, the Niehoff capsule weight is within acceptable limits. 
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Conclusion 

Estimated ERC Dry Weight 15,846 Ibm 

Niehoff/SAIC ERC Weight 12,877 Ibm 

To first-order, the NiehofflSAlC ERC Weight is validated 

More information is required from the Niehoff study for a 
detailed comparison: 

detailed subsystem breakdown 

what are the level-of-technology assumptions? 
spacecraft configuration during key engine firings 

is it a "dry weight" or a "wet weight"? 
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Recommended Further Study 

Complete a true preliminary design of the vehicle concept as opposed to a mass analysis. 

Investigate configuration of external components for best fit with the Mission Module. 

Investigate use of disposable shielding for the Storm Shelter Floor that could be discarded before the 
aerobraking maneuver: liquid, propellant, pellets, etc. 

Life Support interface: What if the Mission Module Life Support System can be used during Storm Shelter 
operation? The ERC ECLSS can be sized for the three day ERV mission instead of the five day Storm Shelter 
mission. 

Equipment commonality and portability: Significant advantage could be gained by using modular equipment in 
the Mission Module that can be transferred to, and used in the ERV following separation from the Mission 
Module. 
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Recommended Further Study 

True preliminary design of the Earth Return Vehicle Concept 

Investigate external component configuration for best fit with Mission 
Module 

Investigate possible use of disposable Storm Shelter shielding 

ERC Life Support Requirements may be reduced 

Overall equipment commonality and portability could reduce duplication 

2 9 5  



4 .O S P E C I A L  ANALYSES 

The f o l l o w i n g  s e c t i o n  c o n t a i n s  t h e  r e s u l t s  of s e v e r a l  s p e c i a l  a n a l y s e s  t h a t  were 
p e r f o r m e d  d u r i n g  t h i s  s t u d y .  T h e s e  i n c l u d e  a b r i e f  i n v e s t i g a t i o n  i n t o  
a l t e r n a t i v e  m i s s i o n  p r o f i l e s  t o  t h e  s p l i t  s p r i n t  m i s s i o n ,  s o l a r  f l a r e  
p r e d i c t i o n ,  a n d  l o n g  term c r y o g e n i c  p r o p e l l a n t  s t o r a g e  i n  s p a c e .  
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4.0 S p e c i a l  A n a l y s e s  

4 .1  Visits t o  Phobos  o r  Deimos 
4 . 2  A l t e r n a t e  M i s s i o n  P r o f i l e  Options 
4 . 3  S o l a r  Flare A n a l y s i s  
4 . 4  Long T e r m  C r y o g e n i c  S to rage  
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TRANSFERS T O  PHOBOS OR DEIMOS 

S e v e r a l  o v e r a l l  m i s s i o n  a n d  v e h i c l e  r e q u i r e m e n t s  were e v a l u a t e d  i n  o r d e r  t o  
d e t e r m i n e  t h e  i m p a c t  o f  a d d i n g  v i s i t s  t o  P h o b o s  a n d / o r  Deimos  t o  t h e  m i s s i o n .  
I t  was a s s u m e d  t h a t  a n  e x t r a  P h o b o s / D e i m o s  t r a n s f e r  v e h i c l e  wou ld  b e  a d d e d  t o  
t h e  c a r g o  v e h i c l e  p a y l o a d  f o r  t h i s  p u r p o s e .  T h i s  v e h i c l e  wou ld  b e  r e q u i r e d  t o  
t r a n s f e r  f r o m  t h e  1000 kilometer a l t i t u d e / 7 4  d e g r e e  i n c l i n a t i o n  p a r k i n g  o r b i t  t o  
t h e  n e a r  e q u a t o r i a l  o r b i t s  o f  P h o b o s  a n d  De imos .  T h e  m i s s i o n  o p t i o n s  t h a t  were 
c o n s i d e r e d  were v i s i t s  t o  P h o b o s ,  D e i m o s ,  o r  b o t h .  The  t r a j e c t o r y  o p t i o n s  t h a t  
w e r e  c o n s i d e r e d  were two i m p u l s e  t r a n s f e r s  a n d  t h r e e  t r a n s f e r s  w i t h  a n d  w i t h o u t  
a e r o b r a k i n g .  

T h e  two  i m p u l s e  t r a n s f e r s  were d i r e c t  Hohmann t y p e  t r a n s f e r s  w i t h  t h e  l a r g e  
p l a n e  c h a n g e  d i v i d e d  o p t i m a l l y  b e t w e e n  t h e  t w o  b u r n s .  T h i s  a l l o w e d  s h o r t  
t r a n s f e r  times, b u t  r e q u i r e s  l a r g e  v e l o c i t y  i n c r e m e n t s .  The t h ree  i m p u l s e  
t r a n s f e r  i s  shown on  t h e  c h a r t .  The  l a r g e  p l a n e  c h a n g e  i s  made a t  a v e r y  h i g h  
a l t i t u d e  w h e r e  t h e  o r b i t a l  v e l o c i t y  i s  l o w e s t .  T h i s  is  more e f f i c i e n t  t h a n  t h e  
two i m p u l s e  t r a n s f e r  i n  t e r m s  o f  v e l o c i t y  i n c r e m e n t s ,  b u t  r e q u i r e s  a much l o n g e r  
t r a n s f e r  t ime o f  two d a y s .  

I t  i s  p o s s i b l e  t o  f u r t h e r  r e d u c e  t h e  d e l t a  v e l o c i t y  r e q u i r e m e n t s  of t h e  t h r e e  
i m p u l s e  t r a n s f e r  i f  a e r o b r a k i n g  i s  u s e d  t o  decrease t h e  o r b i t  a p o a p s i s  p r i o r  t o  
t h e  f i n a l  o r b i t  i n s e r t i o n .  After m a k i n g  t h e  l a r g e  p l a n e  c h a n g e ,  t h e  v e h i c l e  
w o u l d  t r a n s f e r  i n t o  t h e  Mars a t m o s p h e r e .  A e r o b r a k i n g  wou ld  d e c r e a s e  t h e  v e h i c l e  
a p o a p s i s  a l t i t u d e  f r o m  50 ,000  k i l o m e t e r s  t o  t h e  m o o n ' s  o r b i t  a l t i t u d e .  After  
l e a v i n g  t h e  a t m o s p h e r e ,  t h e  v e h i c l e  w o u l d  u s e  t h e  t h i r d  i m p u l s e  t o  c o m p l e t e  t h e  
i n s e r t i o n  i n t o  t h e  m o o n ' s  o r b i t .  
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TRANSFERS TO PHOBOS OR DIEMOS 
3 IMPULSE TRANSFER FROM PARKING ORBIT TO MARS MOONS 

6) LEAVE PARKING ORBIT (RAISE APOAPSIS) 
@ CHANGE ORBIT INCLINATION AND CHANGE PERlAPSlS ALTITUDE 
@ INSERT INTO MOON'S ORBIT 

TRANSFER 

76 DEG. 
PLANE 

CHANGE 
.......-. - 

ORBIT 

ORBIT 
(20000 KM/1.4 DEG) 

ORBIT 
(1 000 KM/74.73 DEG.) 
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DELTA V E L O C I T Y  REQUIREMENTS FOR TRANSFERS T O  MARS MOONS 

T h i s  c h a r t  s u m m a r i z e s  t h e  v e l o c i t y  i n c r e m e n t s  r e q u i r e d  f o r  t h e  v a r i o u s  m i s s i o n  
a n d  t r a j e c t o r y  o p t i o n s  t h a t  were c o n s i d e r e d .  The d e l t a  v e l o c i t i e s  shown are  f o r  
t r a n s f e r s  f r o m  t h e  p a r k i n g  o r b i t  t o  t h e  Mars moons a n d  back.  T h e  maximum 
t r a n s f e r  a p o a p s i s  i s  g i v e n  f o r  each 3 i m p u l s e  t r a n s f e r .  
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DELTA VELOCITY REQUIREMENTS FOR TRANSFERS TO MARS MOONS 
ORBITS PARKING ORBIT : 1000 KM /74.73 DEG. 

PHOBOS : 5823 X 6141 KM11.8 DEG. 
DEIMOS : 20014 X 20146 KM/1.4 DEG 

ASSUMPTIONS: 2 DAY TRANSFERS FOR 3 IMPULSE TRAJECTORIES 
PERlAPSlS = 50 KM FOR AEROBRAKING TRAJECTORIES 
WORST CASE PLANE CHANGES USED 

MISSION OPTIONS 

I VISIT PHOBOS ONLY 
2 IMPULSE (2.4 HR. TRANSFER) 

DELTA V 
( M I S )  

OUTBOUND = 2 8 4 4 . 2  
RETURN P 2 8 4 4 . 2  
TOTAL = 5 6 8 8 . 4  

II VISIT DEIMOS ONLY 

2 IMPULSE (7 HR. TRANSFER) 
DELTA V 
( M I S )  

OUTBOUND = 2 2 8 9  
RETURN = 2 2 8 9  
TOTAL = 4 5 7 8  

111 VISIT BOTH 

2 IMPULSE 
DELTA V 
( M I S )  

OUTBOUND = 2 8 4 4  
PHOBOS TO DEIMOS = 755 
RETURN - - 2 2 8 9  
TOTAL - - 5 8 8 8  

3 IMPULSE (2 DAY TRANSFER) 
DELTA V MAX. ALT. 
( M I S )  ( K M )  

OUTBOUND = 2 2 8 8 . 5  5 3 5 3 6  
RETURN = 2 2 8 8 . 5  5 3 5 3 6  
TOTAL = 4 5 6 7  

3 IMPULSE (2 DAY TRANSFER) 
DELTA V MAX. ALT. 
( M I S )  ( K M )  

OUTBOUND = 2 0 8 1  4 6 1 0 7  
RETURN = 2 0 8 1  4 6 1 0 7  
TOTAL = 4 1 6 2  

3 IMPULSE (2 DAY TRANSFER) 
DELTA V MAX. ALT. 
( M I S )  ( K M )  

OUTBOUND = 2 2 8 9  5 3 5 3 6  
PHOBOS TO DEIMOS = 755 
RETURN - - 2 0 8 1  4 6 1 0 7  
TOTAL - - 5 1  2 5  
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3 IMPULSE WlAEROBRAKlNG 
DELTA V MAX. ALT. 
( M I S )  ( K M )  

OUTBOUND = 2 0 6 6 . 7  5 4 4 5 7  
RETURN 1 3 2 7 . 7  5 3 0 6 5  
TOTAL = 3 3 9 4 . 4  

3 IMPULSE WlAEROBRAKlNG 
DELTA V MAX. ALT. 
( M I S )  ( K M )  

OUTBOUND = 2 1  9 2  5 0 4 4 6  
RETURN = 1 1 5 4  4 5 6 0 0  
TOTAL = 3 3 4 6  

3 IMPULSE WlAEROBRAKlNG 
DELTA V MAX. ALT 
( M I S )  ( K M )  

OUTBOUND = 2 0 6 7  5 4 4 5 7  
PHOBOS TO DEIMOS = 755 
RETURN - 1 1 5 4  4 5 6 0 0  
TOTAL - - 3 9 7 6  
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M A R S  E X P L O R A T I O N  
MASS I N  EARTH O R B I T  REQUIREMENTS 
C H E M I C A L  PROPULSION (LOX/LH2) 

T h e  i n i t i a l  mass r e q u i r e d  i n  l o w  E a r t h  o r b i t  (LEO) f o r  f o u r  d i f f e r e n t  Mars 
m i s s i o n  p r o f i l e  o p t i o n s  i s  g i v e n  o n  t h i s  f i g u r e .  The  i n i t i a l  mass r e q u i r e d  i n  
L E O  r a n g e s  from 8 5 0 , 0 0 0  l b s ,  l o w e s t  v a l u e  f o r  a o n e  y e a r  Mars f l y b y ,  t o  
6 , 8 0 0 , 0 0 0  l b s ,  h i g h e s t  v a l u e  f o r  t h e  2 0 1 0  s p l i t  s p r i n t  m i s s i o n  o p p o r t u n i t y .  
Shown i n  t h i s  f i g u r e  i s  a g r e a t  v a r i a t i o n  i n  i n i t i a l  mass r e q u i r e d  i n  LEO o f  t h e  
i n t e r p l a n e t a r y  s p a c e  v e h i c l e  o v e r  a number  o f  m i s s i o n  o p p o r t u n i t i e s .  T h i s  
v a r i a t i o n  i s  d u e  t o  t h e  e c c e n t r i c i t y  o f  Mars o r b i t ,  w h i c h  h a s  a p e r i h e l i o n  
d i s t a n c e  of  1 . 3 8  A . U .  a n d  a n  a p o h e l i o n  d i s t a n c e  of  1 . 6 6  A . U .  The  w i d e  v a r i a t i o n  
i n  mass r e q u i r e d  i n  LEO may b e  r e d u c e d  i n  t h e  Mars f l y b y  a n d  s p l i t  s p r i n t  
m i s s i o n  p r o f i l e s  by  a d j u s t i n g  t h e  t o t a l  m i s s i o n  time of  more op t imum v a l u e  a n d  
by  op t imum d e e p  s p a c e  p r o p u l s i v e  m a n e u v e r s .  T h e  w i d e  v a r i a t i o n  i n  i n i t i a l  mass 
i s  r e d u c e d  by  a e r o c a p t u r e  a t  Mars a r r i v a l  a n d  E a r t h  r e t u r n  f o r  t h e  V e n u s  s w i n g b y  
a n d  c o n j u n c t i o n  c l a s s  m i s s i o n  mode .  T h e  v a r i a t i o n  i n  i n i t i a l  mass f o r  
c o n j u n c t i o n  c l a s s  m i s s i o n  mode o v e r  a number  o f  m i s s i o n  o p p o r t u n i t i e s  i s  
r e l a t i v e l y  small b e c a u s e  t h e r e  i s  m o r e  f r e e d o m  t o  o p t i m i z e  t h e  o u t b o u n d  
t r a j e c t o r y  t r a n s f e r  t o  Mars a n d  t h e  r e t u r n  t r a j e c t o r y  t r a n s f e r  t o  E a r t h .  Range  
o f  mass r e q u i r e d  i n  LEO f o r  m i s s i o n s  a n d  o p p o r t u n i t i e s  c o n s i d e r e d  a r e :  

Mars F l y b y  0 . 8 5  t o  4.70M l b s  

S p l i t  S p r i n t  2 . 6 5  t o  6.80M l b s  

Venus  S w i n g b y  1 . 6 0  t o  2.50M l b s  

C o n j u n c t i o n  1.50 t o  1.70M l b s  

N u c l e a r  E l e c t r i c  P r o p u l s i o n  - 1.1M l b s  
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1-3955-7 MARS EXPLORATION 
MASS IN EARTH ORBIT REQUIREMENTS 
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IDEALIZED SUNSPOT NUMBER VS. TIME FRAME FOR SELECTED MISSIONS 

The chart on the facing page shows the relationship between mission times and 
projected fluctuations in solar activity. The vertical scale depicts the relative 
number of sunspots. The occurance of solar flares is more likely in the period when 
the number of sunspots is declining, for example the period from 2004 to 2009. The 
first manned Mars mission is nearly centered on this period, suggesting that of all 
the missions shown that it is the most likely to experience radiation from a major 
solar flare. The least likely mission to experience solar flare radiation is the last 
manned Mars expedition. 
fall between these two extremes. If the series of three manned Mars missions were 
slipped by two years, the likelihood of experiencing a major solar flare during flight 
would be reduced significantly. 

The Phobos expedition and the second manned Mars expedition 
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CRYOGENIC PROPELLANT STORAGE ANALYSIS 
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PROPELLANT STORAGE FACILITY THERMAL ANALYSIS 

T h e  f a c i n g  p a g e  c h a r t  o u t l i n e s  t h e  o b j e c t i v e s ,  g u i d e l i n e s ,  a n d  a s s u m p t i o n s  
u s e d  t o  p e r f o r m  t h e  t h e r m a l  a n a l y s i s  o f  a Mars p r o p e l l a n t  s t o rage  f a c s i i t y .  The 
f a c i l i t y  t h e r m a l  m o d e l  c o n s i s t s  of  a c y l i n d e r  w i t h  f l a t  e n d  c a p s ,  s i z e d  t o  
a c c o m m o d a t e  p r o p e l l a n t  l o a d i n g ,  h a v i n g  n o m i n a l  s u r f a c e  c o a t i n g  p r o p e r t i e s  f o r  
a b s o r p t i v e t y ,  a n d  e m i s s i v i t y  o f  0 . 4  a n d  0 . 9 ,  r e s p e c t i v e l y .  
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I 

MANNED MARS MISSION 

PROPELLENT STORAGE FACILITY THERMAL ANALYSIS 
f 

P 

4 OBJECTIVES: 

Determine On-Orbit Propellant Boil-Off Rates For Storage Facility 
in Three Phases of Flight 

1. Low Earth Orbit (250 NMI, 28.5') 
2. Heliocentric Mars Transfer Orbit 
3. Mars Orbit (550 NMI, 0 . O )  

e 

GUIDELINES AND ASSUMPTIONS: 

20.4 ft. Diameter, 35 ft. Long Cylinder 

Exterior Surface Properties: a = 0.4 
E = 0.9 

Storage Facility is Analyzed in Two Orientations in LEO and MARS Orbits 

1. Planet Oriented 
2. Sun Oriented 
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C r y o g e n i c  S t o r a g e  S y s t e m s  

Long term, o r b i t a l  s t o r a g e  o f  c r y o g e n s  i n  t h e  Mars c a r g o  a n d  t r a n s i t  v e h i c l e s  
w i l l  r e q u i r e  a d v a n c e d  p r o p e l l a n t  s t o r a g e ,  m a n a g e m e n t ,  a n d  t r a n s f e r  h s s d w a r e .  The 
Mars c a r g o  v e h i c l e  may r e s e m b l e  t h e  c o n c e p t u a l  d e s i g n  o f  a s t o r a g e  f a c i l i t y  f o r  
l i q u i d  h y d r o g e n  a n d  l i q u i d  o x y g e n .  The  f a c i n g  p a g e  d i s p l a y s  t h e  c h a r a c t e r i s t i c s  
o f  a c r y o g e n  s to rage  t a n k s e t ,  c o m b i n i n g  m u l t i l a y e r  i n s u l a t i o n  ( M L I ) ,  v a p o r  c o o l e d  
s h i e l d s  ( V C S ) ,  a t h e r m o d y n a m i c  v e n t  s y s t e m  (TVS), a n d  low c o n d u c t a n c e  s t r u t s  t o  
form a n  e f f i c i e n t  s t o r a g e  s y s t e m .  A d d i t i o n a l l y ,  a m i c r o - g r a v i t y  l i q u i d  
a c q u i s i t i o n  d e v i c e  ( L A D ) ,  f l u i d  s l o s h  b a f f l e s ,  a n d  p r o p e l l a n t  d i s c o n n e c t s  e n a b l e  
t h e  management  a n d  t r a n s f e r  o f  t h e  c r y o g e n s  o n  o r b i t .  The  i n s u l a t i o n  s y s t e m  
p r o v i d e s  a t h e r m a l  b a r r i e r  from t h e  s p a c e  e n v i r o n m e n t  a n d  t h e  m i c r o - m e t e r o i d  a n d  
d e b r i s  s h i e l d  a d e q u a t e l y  p r o t e c t s  t h e  t a n k s e t  from p e n e t r a t i o n s .  A n a l y t i c a l l y  
t h e  p a s s i v e  t h e r m a l  p r o t e c t i o n  s c h e m e  h a s  r e l a t i v e l y  low b o i l o f f  r a t e s ;  h o w e v e r ,  
t h e r e  a re  s t i l l  u n p r o v e n  f l i g h t  s y s t e m s  ( t h i c k  M L I ,  M L I / V C S  s u p p o r t s ,  micro-g 
f l u i d  t r a n s f e r )  i n  t h e  r e p r e s e n t e d  c o n c e p t u a l  d e s i g n .  
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ALL- PASSIVE FACILITY 

Outer Debns 
Bumper Panel 

Pnmary Strucfural Shell and 
MicrometeoroidlDebns Shield 

- Grapple Fitting, 2 PLS 
shown under EVA installable cover 

MLI Blankets 
LH2 Propellant Transfer 

and Pressurization Equipment 
LOP Propellant Transler --a MLI Blankets - 

and Pressunzation Equipment 

L L 
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M A R S  PROPELLANT C A R G O  S T O R A G E  A N A L Y S I S  

The t h e r m a l  a n a l y s i s  o f  t h e  Mars p r o p e l l a n t  s t o r a g e  c o n f i g u r a t i o n  i n v o l v e d  
d e t e r m i n i n g  t h e  e n v i r o n m e n t a l  h e a t  r a tes  o n  t h e  e x t e r n a l  m i c r o m e t e o r o i d  s h i e l d  
u s i n g  t h e  c o m p u t e r  c o d e  TRASYS. C i r c u m f e r e n t i a l  a n d  e n d  c a p  h e a t  r a t e s  were t h e n  
s p a t i a l l y  o v e r a g e d  t o  o b t a i n  a s i n g l e ,  e q u i v a l e n t ,  e n v i r o n m e n t a l  s i n k  
t e m p e r a t u r e .  

The  a c c o m p a n y i n g  c h a r t  shows  t h e  a v e r a g e  s i n k  t e m p e r a t u r e  f o r  t h e  t h r e e  
p h a s e s  o f  f l i g h t  a n d  two o r b i t a l  o r i e n t a t i o n s g  
a v e r a g e  s i n k  t e m p e r a t u r e  is a p p r o x i m a t e l y  -30 F f o r  e a r t h  o r i e n t e d  a n d . - 6 5  F 
f o r  s u n  g r i e n t e d .  
a r e  -130  F a n d  -160  F ,  r e s p e c t i v e l y .  The d a s h e d  l i n e  i n d i c a t e s  t h a t  
a e r o b r a k i n g  a t  Mars was n o t  c o n s i d e r e d .  

I n  low e a r t h  o r b i t ,  t h e  o r b i t a l  

i n  Mars o r b i t ,  t h e  p l a n e t  a n d  s u n  o r i e n t e d  s i n k  t e m p e r a t u r e s  

, 
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MARS PROPELLANT CARGO STORAGE THERMAL ANALYSIS 

Propdlanl Slorage Facility Orbital Orlcnlalion ‘4 LEO (250 NMI, 28.5’) 
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P r o p e l l a n t  B o i l o f f  A n a l y s i s  
b 

The a n a l y s i s  o f  t h e  c a r g o  v e h i c l e  thermal  p e r f o r m a n c e  u t i l i z e d  a s i n k  t e m p e r a t u r e  
c a l c u l a t i o n  t o  d e t e r m i n e  t a n k  h e a t  l e a k  ( r e s u l t i n g  i n  c r y o g e n  b o i l - o f f ) .  Based  
o n  t h e  c o n c e p t u a l  d e s i g n  a n d  138,000 l b .  p r o p e l l a n t  l o a d i n g  w i t h  4 i n .  o f  MLI, 
t h e  c u r v e s  o n  t h e  f a c i n g  p a g e  were g e n e r a t e d  f o r  t h e  h y d r o g e n  and  o x y g e n .  The  
p l o t s  show t h e  b o i l - o f f  v a r i a t i o n  a g a i n s t  t h e  e n v i r o n m e n t a l  s i n k  t e m p e r a t u r e .  
T h e  lower E a r t h  and  Mars o r b i t s  s i n k  t e m p e r a t u r e s  were c a l c u l a t e d  from 
e n v i r o n m e n t a l  d a t a  o b t a i n e d  from TRASYS. The  c o n c l u s i o n s  t h a t  c a n  b e  d r a w n  from 
t h e  c u r v e s  a r e  as  f o l l o w :  

- W i t h  t h e  s y s t e m  s e t u p  f o r  e f f i c i e n t  s t o r a g e ,  t h e  b o i l - o f f  ra tes  a re  low,  
e v e n  i n  LEO ( h y d r o g e n - 1 %  p e r  m o n t h ,  a n d  o x y g e n - . 1 5 %  p e r  m o n t h ) .  

- The s y s t e m  c a n  c e r t a i n l y ,  b a s e d  o n  t h e  a n a l y s i s ,  r e m a i n  i n  Mars o r b i t  f o r  
e x t e n d e d  p e r i o d s  w i t h  minimum c r y o g e n  l o s s .  
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C r y o g e n  Bo i l -Of f  Summary 
a 

G i v e n  t h e  p r e v i o u s l y  shown s i n k  t e m p e r a t u r e  a n d  b o i l - o f f  p l o t s  t h e  f o l l o w i n g  b a r  
g r a p h  was c o n s t r u c t e d .  Fo r  t h e  e s t i m a t e d  s t a y  t imes ,  L E O - 3 0  d a y s ,  t r a n s i t - 2 0 0  
d a y s ,  a n d  Mars o r b i t - 5 2 0  d a y s  t h e  b o i l - o f f  f o r  e a c h  m i s s i o n  p h a s e  i s  p l o t t e d .  I n  
t h e  LEO v e h i c l e  b u i l d u p  p h a s e  t h e  s to rage  s y s t e m  w i l l  v e n t  a p p r o x i m a t e l y  370 l b s .  
o f  p r o p e l l a n t  (200  l b  o f  h y d r o g e n  a n d  170  l b  o f  o x y g e n ) .  The  Mars t r a n s i t  p h a s e  
w i l l  l ose  1500  l b s  (1000 l b  h y d r o g e n  a n d  500 l b  o x y g e n ) .  T h e  most d e m a n d i n g  
p h a s e ,  f r o m  a time s t a n d p o i n t ,  i s  t h e  Mars o r b i t  p h a s e .  N e g l e c t i n g  c o a t i n g  
d e g r a d a t i o n ,  t h e  b o i l - o f f  l o s s  i s  a p p r o x i m a t e l y  4 2 0 0  l b s .  ( 2 7 0 0  l b  h y d r o g e n  a n d  
1500 l b  o x y g e n ) .  The re fo re ,  t h e  t o t a l  m i s s i o n  losses  a re  6070 l b s .  o r  4 %  o f  t h e  
138,000 l b s .  ( p r o p e l l a n t  t r a n s f e r  l o s ses  a re  n e g l e c t e d ) .  T h e  b o i l - o f f  losses  
r e p r e s e n t  a 20% h y d r o g e n  l o s s  a n d  2% o x y g e n  l o s s  b a s e d  o n  a m i x t u r e  r a t i o  o f  6 
p a r t s  o x y g e n  t o  1 p a r t  h y d r o g e n .  

I n  c o n c l u s i o n ,  t h e  m i s s i o n  a p p e a r s  t o  b e  f e a s i b l e  from a p r o p e l l a n t  management  
p o i n t  o f  v i e w .  T h e r e  a r e  a d d i t i o n a l  t r a d e s  t h a t  c o u l d  b e  p e r f o r m e d  t o  o p t i m i z e  
t h e  i n s u l a t i o n  s y s t e m  a n d  V C S ,  t r a d i n g  b o i l - o f f  v e r s u s  i n s u l a t i o n  s y s t e m  w e i g h t .  
I n  g e n e r a l ,  f o r  a l o n g  d u r a t i o n  m i s s i o n  s u c h  as t h i s  t h e  ca rgo  v e h i c l e  
p e r f o r m a n c e  i s  n o t  as s e n s i t i v e  t o  t h e  i n s u l a t i o n  s y s t e m  w e i g h t  as  a manned ea r th  
r e t u r n  s t a g e  m i g h t  b e .  

i 
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SUMMARY 

T h i s  r e p o r t  d e s c r i b e s  t h e  work  c o m p l e t e d  a t  MSFC o v e r  t h e  p a s t  few m o n t h s  i n  
d e v e l o p i n g  d e t a i l e d  a n d  s e n s i t i v i t y  d a t a  f o r  t h e  Mars S p l i t  S p r i n t  M i s s i o n ,  
w h i c h  i s  o n e  o f  t h e  m i s s i o n  p r o f i l e  o p t i o n s  b e i n g  c o n s i d e r e d  i n  t h e  S p a c e  
E x p l o r a t i o n  N e w  I n i t i a t i v e s .  The  f a c i n g  p a g e  p r o v i d e s  a summary o f  t h e  k e y  
f i n d i n g s  from t h i s  s t u d y .  A s i g n i f i c a n t  l o n g - t e r m  commi tmen t  t o  d e v e l o p i n g  
s eve ra l  c r i t i c a l  t e c h n o l o g i e s  a n d  t o  e s t a b l i s h i n g  t h e  s u b s t a n t i a l  t r a n s p o r t a t i o n  
c a p a b i l i t i e s  a n d  o r b i t a l  f a c i l i t i e s  n e e d e d  i s  e s s e n t i a l  t o  t h e  s u c c e s s  o f  a 
Manned Mars M i s s i o n .  The  i n i t i a l  Manned Mars E x p l o r a t i o n  w i l l  r e q u i r e  t h e  
d e v e l o p m e n t  o f  a number  o f  t e c h n o l o g i e s  i n c l u d i n g  a e r o c a p t u r e  ( w h i c h  
s i g n i f i c a n t l y  r e d u c e s  t h e  amount  o f  mass w h i c h  m u s t  b e  d e l i v e r e d  t o  low E a r t h  
o r b i t )  , e f f i c i e n t  i n t e r p l a n e t a r y  p r o p u l s i o n ,  a u t o m a t i o n  a n d  r o b o t i c s ,  a n d  
s t o r a g e  a n d  t r a n s f e r  o f  c r y o g e n i c  p r o p e l l a n t  i n  s p a c e .  A l s o  r e q u i r e d  i s  t h e  
s u c c e s s f u l  d e m o n s t r a t i o n  o f  t h e  f u n c t i o n a l  a b i l i t i e s  o f  human b e i n g s  t o  c o p e  
w i t h  s p a c e  f l i g h t s  o f  m o r e  t h a n  o n e  y e a r .  Fo r  t h i s  s u c c e s s f u l  d e m o n s t r a t i o n ,  
t h e  S p a c e  S t a t i o n  wou ld  b e  c r i t i c a l .  I t  m u s t  s u p p o r t  t h e  l i f e  s c i e n c e  r e s e a r c h ,  
m e d i c a l  t e c h n i q u e  d e v e l o p m e n t ,  a n d  crew r e h a b i l i t a t i o n  so  e s s e n t i a l  t o  a p i l o t e d  
Mars m i s s i o n .  

C o n s i d e r a b l e  e f f o r t  m u s t  a l s o  b e  g i v e n  t o  t h e  a d v a n c e d  p l a n n i n g  o f  t h e  t r a n s p o r -  
t a t i o n  e l e m e n t s  n e e d e d  f o r  t h i s  m i s s i o n  p r o f i l e  o p t i o n ,  some o f  w h i c h  a r e  o f  
u n i q u e  d e s i g n .  The  v e h i c l e s  w h i c h  m u s t  b e  d e v e l o p e d  i n c l u d e  a p i l o t e d  v e h i c l e ,  
a Mars l a n d e r ,  a c a r g o  v e h i c l e ,  a n d  a n  E a r t h - r e c o v e r y  c a p s u l e .  D e v e l o p m e n t  o f  
t h e  r e f u e l a b l e  t h i r d  s t a g e  a n d  t h e  l a r g e  r e c o v e r a b l e  f i r s t / s e c o n d  s t a g e s  i s  a l s o  
n e c e s s a r y .  
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5.0 S U M M A R Y  

o ANALYTICAL COMPUTER PROGRAMS HAVE BEEN M O D I F I E D  AND DEVELOPED TO PERFORM 
M I S S I O N  D E S I G N  AND TRANSPORTATION REQUIREMENTS A N A L Y S I S  FOR LUNAR A N D  
PLANETARY M I S S I O N S .  

o MARS O R B I T  S E L E C T I O N  CAN B E  ACHIEVED TO M I N I M I Z E  THE ENERGY REQUIRED FOR MARS 
CAPTURE A N D  E S C A P E  MANEUVERS. 

o O R B I T S  ABOUT MARS WITH A L T I T U D E S  GREATER THAN 200 KM W I L L  HAVE L I F E T I M E S  O F  
OVER 600 DAYS. 

o FOR T H E  CARGO A N D  P I L O T E D  V E H I C L E S ,  A 50 D A Y  LAUNCH WINDOW CAN BE ACHIEVED 
WITH ABOUT 12% I N C R E A S E  I N  TOTAL WEIGHT R E Q U I R E D  I N  LOW EARTH O R B I T  ABOVE 
LAUNCHING ON THE M I N I M U M  ENERGY DATE.  

o RENDEZVOUS C O M P A T I B L E  M A R S  PARKING O R B I T S  HAVE BEEN DETERMINED.  

o T H E  P I L O T E D  V E H I C L E  H A S  THREE M A I N  P R O P U L S I V E  S T A G E S  FOR EARTH O R B I T  E S C A P E ,  
THE F I R S T  P R O P U L S I V E  S T A G E  I S  ALSO USED BY THE CARGO V E H I C L E  FOR EARTH O R B I T  
E S C A P E ,  T H E  T H I R D  S T A G E  I S  REFUELED I N  M A R S  O R B I T  A N D  IS USED FOR M A R S  O R B I T  
E S C A P E ,  

o THE P I L O T E D  A N D  CARGO V E H I C L E  P R O P U L S I O N  SYSTEM C H A R A C T E R I S T I C S  AND 
PROPELLANT REQUIREMENTS HAVE BEEN DEVELOPED.  

o V E H I C L E  AEROBRAKE D E S I G N  W A S  I N V E S T I G A T E D ;  AEROBRAKE S H A P E  A N D  S I Z E ,  F L I G H T  
A T T I T U D E ,  AERODYNAMIC FLOW, A N D  L O N G I T U D I N A L  S T A T I C  S T A B I L I T Y  WERE ADDRESSED.  

o ALL O F  T H E  AEROBRAKING MANEUVERS WERE ANALYZED I N  D E T A I L  WITH INTEGRATED 
TRAJECTORY S I M U L A T I O N S .  

o A D E T A I L E D  PERFORMANCE A N A L Y S I S  O F  T H E  M A R S  EXCURSION MODULE W A S  PERFORMED,  
WHICH INCLUDED A N A L Y S I S  O F  T H E  DESCENT TO M A R S  S U R F A C E ,  A N D  ASCENT BACK TO 
M A R S  O R B I T .  

o A D E T A I L E D  WEIGHT A N A L Y S I S  A N D  AEROBRAKING TRAJECTORY S I M U L A T I O N  WERE 
PERFORMED FOR THE EARTH RETURN C A P S U L E .  
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5 . 0  S U M M A R Y  ( C O N T I N U E D )  

t 

o CRYOGENIC P R O P E L L A N T  STORAGE AND MANAGEMENT FOR T H E  CARGO V E H I C L E  WAS 
I N V E S T I G A T E D .  L O S S E S  CAN B E  M I N I M I Z E D  BY ADVANCED THERMAL P R O T E C T I O N  
S Y S T E M S .  

o SOLAR FLARE HAZARDS CAN B E  REDUCED BY S H I F T I N G  LAUNCH T I M E S  TO P E R I O D S  O F  LOW 
SOLAR F L A R E  OCCURANCES.  

o B I P R O P E L L A N T  P R O P U L S I O N  S Y S T E M S  HAVE BEEN D E S I G N E D  FOR THE M A R S  DESCENT A N D  
ASCENT V E H I C L E ,  AND T H E  F L I G H T  CONTROL SYSTEM FOR BOTH T H E  CARGO A N D  P I L O T E D  
V E H I C L E S .  

o CRYOGENIC S Y S T E M S  WERE D E S I G N E D  FOR T H E  M A I N  P R O P U L S I O N  SYSTEMS O F  BOTH THE 
CARGO AND P I L O T E D  V E H I C L E S ,  A N D  ALSO T H E  M A I N  P R O P U L S I O N  A N D  RCS OF T H E  EARTH 
RETURN C A P S U L E .  

o S U N  ANGLES ENCOUNTERED DURING T H E  S P R I N T  M I S S I O N  DO NOT BLOCK COMMUNICATIONS 
BETWEEN T H E  P I L O T E D  V E H I C L E  A N D  EARTH AT A N Y  T I M E .  

o T H E  WINDOW FOR EARTH/MARS LANDING S I T E  COMMUNICATIONS DURING T H E  3 0  D A Y  STAY 
T I M E  IS ABOUT 9 .5  HOURS P E R  DAY. 

o COMMUNICATION O P P O R T U N I T I E S  BETWEEN THE MARS LANDING S I T E  A N D  T H E  P I L O T E D  
V E H I C L E  ( I N  MARS O R B I T )  IS C O N F I N E D  TO 7 C O N S E C U T I V E  O R B I T A L  R E V O L U T I O N S  EACH 
2 4 . 6  HOURS,  WITH A N  AVERAGE COMMUNICATION WINDOW OF 2 7 . 3  MINUTES P E R  O R B I T .  

o ALTERNATE M I S S I O N  P R O F I L E  O P T I O N S  HAVE BEEN I D E N T I F I E D  FOR T H E  S P L I T  S P R I N T  
P R O F I L E .  
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6 .O COMPUTER PROGRAM DEVELOPMENT A N D  MODIFICATION 

The  f o l l o w i n g  s e c t i o n  d e s c r i b e s  t h e  c o m p u t e r  p r o g r a m s  t h a t  were d e v e l o p e d  o r  
m o d i f i e d  d u r i n g  t h i s  s t u d y .  T h e y  p r o v i d e  a s i g n i f i c a n t  c a p a b i l i t y  a n d  w i l l  b e  
o f  g r e a t  v a l u e  i n  f u t u r e  a n a l y s e s  r e l a t e d  t o  t h e  L u n a r  a n d  Mars N e w  S p a c e  
E x p l o r a t i o n  I n i t i a t i v e s .  
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6 . 0  C o m p u t e r  P r o g r a m  D e v e l o p m e n t  a n d  M o d i f i c a t i o n  

6 . 1  
6 .2  
6 . 3  
6 .4  
6 . 5  
6 . 6  
6 . 7  
6 . 8  

Mars O r b i t a l  L a u n c h  Window P r o g r a m  
O r b i t  L i fe t ime P r o g r a m  
P l a n e t a r y  E p h e m e r i s  
I n t e g r a t e d  M i s s i o n  P r o g r a m  
A n a l y t i c a l  S a t e l l i t e  E p h e m e r i s  P r o g r a m  
O r b i t  T r a n s f e r  P r o g r a m  
H e l i o  
Mars 
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M A R S  O R B I T A L  L A U N C H  W I N D O W  P R O G R A M  

A c o m p u t e r  p r o g r a m  was d e v e l o p e d  t o  e v a l u a t e  p r o p o s e d  Mars p a r k i n g  o r b i t s  f o r  
m a t c h i n g  t h e  a r r i v a l  a n d  d e p a r t u r e  a s y m p t o t e s  o f  t h e  h e l i o c e n t r i c  t r a n s f e r  
t r a j e c t o r i e s .  T h e  r i g h t  a s c e n s i o n  of  t h e  a s c e n d i n g  n o d e ,  a n d  t h e  r i g h t  
a s c e n s i o n  o f  t h e  p e r i a p s i s  o f  t h e  p a r k i n g  o r b i t ,  a r e  c o m p u t e d  from t h e  
h e l i o c e n t r i c  a r r i v a l  a s y m p t o t e .  T h e  n o d a l  p r e c e s s i o n  a n d  a p s i d a l  r o t a t i o n  of  
t h e  p a r k i n g  o r b i t s  a r e  t h e n  c o m p u t e d  a s  a f u n c t i o n  o f  a l t i t u d e ,  i n c l i n a t i o n  
o r b i t  e c c e n t r i c i t y ,  a n d  Mars s t a y  t ime.  T h e  r e s u l t i n g  p a r k i n g  o r b i t  i s  t h e n  
c o m p a r e d  t o  t h e  o r b i t  r e q u i r e d  t o  a c h i e v e  t h e  d e s i r e d  d e p a r t u r e  a s y m p t o t e  a n d  
t h e  n o d a l  a n d  a p s i d a l  m i s a l i g n m e n t s  d i s p l a y e d .  
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MARS ORBITAL LAUNCH WINDOW PROGRAM 1-4082-8-16D 

TO 
EARTH 

f 

PROGRAM INPUT 

ARRIVAL ASYMPTOTE 
0 RIGHT ASCENSION 

DECLINATION 
* C 3  (ENERGY) 

DEPARTURE ASYMPTOTE 
0 RIGHT ASCENSION 

DECLINATION 
c 3  

STOP-OVER TIME AT MARS 

PROGRAM OPERATIONS 

PARKING ORBIT VARIATION 
ALTITUDE 

0 ECCENTRICITY 
0 INCLINATION 

NODAL PRECESSION 
OAPSIDALeROTATlON 

PROPULSIVE MANEUVERS 
0 LOCATION 

ATTITUDE 
MAGNITUDE 

PROGRAM OUTPUT 

OPTIMAL PARKING ORBIT 
CHARACTERISTICS 
0 ALTITUDE 

INCLINATION 

P R 0 P U LSlV E R E Q U I R EM E NT! 
0 MINIMUM PLANE CHANGE 

MINIMUM ENERGY 
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MSFC A N A L Y T I C A L  TOOLS 

P R O G R A M  N A M E :  Mars O r b i t  L i fe t ime P r o g r a m  

D E S C R I P T I O N :  A m o d i f i c a t i o n  o f  t h e  MSFC LTIME P r o g r a m  i n c o r p o r a t i n g  t h e  
Mars g r a v i t a t i o n a l  a n d  o b l a t e n e s s  c o n s t a n t s .  A l s o  i n c o r p o r -  
a t e d  i s  t h e  V i k i n g  "High  D e n s i t y "  a t m o s p h e r i c  m o d e l .  

C A P A B I L I T I E S :  P r o v i d e s  a time h i s t o r y  o f  t h e  o r b i t a l  elements o f  a s p a c e -  
c r a f t  s u b j e c t e d  t o  t h e  p e r t u r b a t i v e  f o r c e s  o f  a t m o s p h e r i c  
d r a g  a n d  Mars g r a v i t a t i o n a l  h a r m o n i c s .  T h e  a t m o s p h e r i c  m o d e l  
i n c o r p o r a t e d  i s  a mean mode l  a n d  d o e s  n o t  m o d e l  t h e  e f f e c t s  
o f  s o l a r  h e a t i n g  as  a f u n c t i o n  o f  p r e d i c t e d  so l a r  a c t i v i t y .  

FEATURES: 

APPLICATION: 

The  g e n e r a l  me thod  o f  a v e r a g i n g  i s  u s e d  t o  d e f i n e  t h e  mean 
o r b i t a l  elements a n d  t h e i r  t ime r a t e s  o f  c h a n g e .  T h e s e  
e l e m e n t s  c h a n g e  s l o w l y  u n t i l  t h e  s a t e l l i t e  i s  i n  i t s  f i n a l  
s t a g e s  o f  d e c a y .  T h i s  a l l o w s  t h e  a v e r a g e  ra tes  o f  c h a n g e  o f  
t h e  e l e m e n t s  t o  b e  i n t e g r a t e d  o v e r  r e l a t i v e l y  l o n g  time s p a n s  
w i t h  n e g l i g i b l e  e r r o r .  

T h e  p r o g r a m  was o r i g i n a l l y  d e v e l o p e d  i n  t h e  1960ts by LMSC 
u n d e r  c o n t r a c t  t o  MSFC. The p r o g r a m  h a s  b e e n  u s e d  t o  p r e d i c t  
E a r t h  s a t e l l i t e  o r b i t a l  d e c a y  f o r  a l l  U.S. s p a c e  p r o g r a m s .  
The v a l i d i t y  o f  t h e  r e s u l t s  when u s e d  f o r  Mars s a t e l l i t e s  
w i l l  d e p e n d  p r i m a r i l y  o n  t h e  a c c u r a c y  o f  t h e  a t m o s p h e r i c  
m o d e l  u s e d .  
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MSFC A N A L Y T I C A L  TOOLS 

PROGRAM NAME : PLANETS 

DESCRIPTION: P l a n e t a r y  E p h e m e r i s  G e n e r a t i o n  

FEATURES: 

CAPABILITIES: User i n p u t s  m o n t h ,  d a y ,  y e a r  a n d  GMT. D i s p l a y e d  o n  t h e  
t e r m i n a l  s c r e e n  a r e  t h e  names o f  t h e  e i g h t  p l a n e t s  a n d  t h e  
s u n  a l o n g  w i t h  t h e  r e s p e c t i v e  R i g h t  A s c e n s i o n ,  D e c l i n a t i o n ,  
a n d  u n i t  v e c t o r  i n  t h e  E a r t h ' s  E q u i t o r i a l / V e r n a l  E q u i n o x  
c o o r d i n a t e  s y s t e m .  

A t  t h e  e n d  of e a c h  d i s p l a y ,  t h e  p r o g r a m  c o n t r o l  o p t i o n s  a re :  

1 .  P r e s s  <Ret> t o  i n c r e m e n t  t ime by 1 d a y .  
2 .  E n t e r  a new time i n c r e m e n t .  
3 .  E n t e r  r r R 1 l  t o  r e s t a r t  w i t h  a new d a t e .  
4 .  E n t e r  ''F1I t o  t o g g l e  o n  f i l e  o u t p u t .  
5 .  E n t e r  llX1l t o  e x i t  t h e  p r o g r a m .  

APPL I C  AT I O N  : G e n e r a l  P u r p o s e  M i s s i o n  A n a l y s i s  
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INTEGRATED MISSION PROGRAM 
(IMP) 

DEVELOPED A N D  PROGRAMMED 
BY 

V . A .  D A U R O ,  SR. 
( 2 0 5 )  544-0546 

FTS 824-0546 

ABSTRACT 

T h i s  i s  a s i m u l a t i o n  l a u g u a g e  t h a t  c a n  b e  u s e d  t o  m o d e l  most p r e s e n t  o r  f u t u r e  
m i s s i o n s  a b o u t  E a r t h ,  Mars, o r  t h e  Moon. M i s s i o n  p r o f i l e s  a re  u s e r  c o n t r o l l e d  
t h r o u g h  s e l e c t i o n  from a l a rge  e v e n t / m a n e u v e r  menu.  

PROGRAM CODE A N D  USER'S M A N U A L  

T h i s  p r o g r a m  i s  a d y n a m i c  g r o w i n g  code ,  a n d  i s  a l w a y s  b e i n g  i m p r o v e d  a n d  
e x p a n d e d .  The  l a t e s t  v e r s i o n  a n d  i t s  u s e r ' s  m a n u a l  may b e  o b t a i n e d  by  r e q u e s t  
t h r o u g h  P r o g r a m  D e v e l o p m e n t ,  MSFC. 

T h e  f o l l o w i n g  s i x  p a g e s  d e s c r i b e  a n d  g i v e  t h e  c a p a b i l i t i e s  o f  t h e  I n t e g r a t e d  
M i s s i o n  P r o g r a m  ( I M P ) .  
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SLIDE # 

6 JULY 1988 
MSFC/PD34/DAURO 

IMP CHARACTERISTICS 

A FEHLBERG 7/13 RUNGE-KUTTA INTEGRATOR WITH ERROR 
AND STEP SIZE CONTROL IS USED TO NUMERICALLY 
INTEGRATE THE EQUATIONS OF MOTION. 

INPUT/OUTPUT HAS BEEN SIMPLIFIED AND IS IN METRIC 
UNITS, WITH THE EXCEPTION OF THRUST AND WEIGHTS 
WHICH ARE IN ENGLISH UNITS. 

INPUT IS READ FROM THE VDT KEYBOARD AND THE USER'S 
EDITED INPUT FILE. REAL TIME KEYBOARD INPUT HAS 
BEEN MINIMIZED. 

* THE MAIN OUTPUT IS STORED IN THE USER'S PRINT FILE. 
SOME DATA IS DISPLAYED ON THE VDT DURING EXECUTION. 

* THE OUTPUT INCLUDES VEHICLE STATE, ORBITAL AND GUIDE 
PARAMETERS. IT ALSO SHOWS EVENT AND TOTAL VELOCITY 
CHANGES, WEIGHT CHANGES AND PROPELLANT USAGE. 

* THE CODE IS IN DOUBLE PRECISION FORTRAN, AND 
CONSISTS OF ABOUT 13000 FORTRAN V STATEMENTS. 



SLIDE K 

6 JULY 1988 
MSPC/PD34/DAURO 

IMP CAPABILITIES 

* ONE TO THREE SPACECRAFTS MAY BE SIMULATED. 
(MAIN, TARGET, AND AN OBSERVER1 

* PROFILES MAY BE GENERATED ABOUT THE EARTH, MOON OR MARS. 

OBLATE OR SPHERICAL GRAVITY AT EARTH OR MARS IS AVAILABLE. 

SPHERICAL GRAVITY IS USED FOR THE SUN AND THE MOON. 

* ATMOSPHERES AT EARTH OR MARS ARE INCLUDED WHEN DESIRED. 

* THE PERTURBATIVE EFFECTS OF SOLAR PRESSURE, SOLAR GRAVITY 
AND MOON GRAVITY M A Y  BE SELECTED WHEN IN EARTH ORBIT. 

* THE PERTURBATIVE EFFECTS OF SOLAR PRESSURE AND GRAVITY 
MAY BE INCLUDED WHEN IN MARS ORBIT. 

' THE EFFECTS OF EARTH GRAVITY M A Y  BE USED WHEN IN MOON ORBIT. 

VELOCITY CHANGES MAY BE IMPULSIVE FOR PRELIMINARY PLANNING 
OR OF FINITE DURATION CONTROLLED BY INTERNAL ALGORITHMS. 

NON IMPULSIVE VELOCITY CHANGES MAY BE SEMI-OPTIMIZED, 
AND BURN DURATIONS UP TO 3 6 0 0  SECONDS ARE FEASIBLE. 

* OVER 40 EVENTS SUCH AS LIFTOFF, POST MECO, RENDEZVOUS, 
COAST, TRANSFER, AEROCAPTURE, DEBOOST, REENTRY AND 
MANY OTHER USEFUL MANUEVERS ARE PREPROGRAMMED. 

SOME EVENTS CONTAIN A SEQUENCE OF FIXED MANUEVERS, 
HOWEVER IN GENERAL THE USER CAN SELECT THE MANUEVERS 
AND CHAIN THEM TOGETHER IN THE ORDER DESIRED. 
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SLIDE # 

6 JULY 1988 
MSFC/PD34/DAURO 

c 

t 
LATEST IMP ADDITIONS 

* TRANSFERS TO EARTH-SUN OR EARTH-MOON 
LIBRATION POINTS AND/OR HALO ORBITS. 

TRANSFERS BETWEEN EARTH AND MOON. 

’ MANUEVERS ABOUT THE MOON. 
EPHEMERIDES FOR THE INNER AND OUTER 
PLANETS. 

EARTH TO MOON OR MOON TO EARTH COORDINATE 
SYSTEM TRANSFORMATION. 

* PROVISIONS FOR A USER SUPPLIED ATMOSPHERE. 

2 

7 
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SLIDE # 

6 JULY 1988 
MSFC/PD34/DAURO 

* EQUATION OF MOTION FEATURES 

THE FOLLOWING TABLE SHOWS THE EQUATION OF MOTION ACCELERATIONS 
PRESENTLY PROGRAMMED. THRUST IS AUTOMATICALLY INCLUDED WHEN USED. 
THE BASE GRAVITY FIELD IS ALWAYS PRESENT: THE OTHERS SELECTABLE. 

ORBITING 
-------GRAVITY----------- 
EARTH SUN MOON MARS ATMOS SOLPRES 

EARTH BASE YES YES NO YES YES 

MARS NO YES NO BASE YES YES 

MOON YES NO BASE NO NO YES 
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SLIDE # 

6 JULY 1988 
MSFC/PD34/DAURO 

* * LINE OF SIGHT FROM THE S/C * 

IN ADDITION TO SIGHT TO THE OBSERVER AND/OR TARGET. 

EARTH 

MARS 

MOON 

---- LINE OF SIGHT TO----- 
EARTH SUN MOON MARS 

YES YES NO 

NO YES NO 

Y E S  YES NO 

3 3 3  



S L I D E  # 

6 JULY 1988 
MSFC/PD34/DAURO 

IMP SAMPLE INPUT FOR LUNAR RETURN 

COMMENT 
TRANSFER FROM MOON TO 200 NM CIRCULAR AT EARTH 
INITIAL PARKING ORBIT A T  1000 KM 
GRAVITY; OBLATE EARTH, MOON 

E N D  
DATE 7 29 1992. 
PROP 1 446.4 
RKMAX 3600. 
SUNMOON 10 
INSERT 22 0 120. 

COAST 3.58 
TRANSFER 2 4 400000 
COAST 24. 
SWITCH 00 
COAST 60. 
ORBIT 220 4 370.4 
COAST 15.2 
TARGET 0 2 223.5 

RKMAX 360. 
PLANE 12 4 
COAST 4 
CIRCLE 4 
PROP 2 
STOP 

-9 .78257 152.18352 1000. 

-22.70434 77.51425 407.44 

6 .  
360. 
10. 

15790.96 5000. 360.0 
1338.04257 0.0 111.96885 

0 .  
1. 

340000. 

0. 28.5 
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MSFC A N A L Y T I C A L  T O O L S  

PROGRAM N A M E :  

DESCRIPTION: 

CAPABILITIES : 

FEATURES : 

APPLICATION: 

ASEP ( A n a l y t i c a l  S a t e l l i t e  E p h e m e r i s  P r o g r a m )  

S imula t e s  t h e  mot ion  o f  a S a t e l l i t e  i n  E a r t h  o r  Mars o r b i t .  
The  s o l u t i o n  t o  t h e  s a t e l l i t e  m o t i o n  i s  c o m p l e t , e l y  a n a l y t i c  
a n d  i n c l u d e s  s e c u l a r ,  s h o r t  p e r i o d ,  a n d  l o n g  p e r i o d  terms. 
The  g r a v i t y  m o d e l  i n c l u d e s  J2 t h r o u g h  J4 s p h e r i c a l  
h a r m o n i c  terms. 

Computes s a t e l l i t e  e p h e m e r i s ,  g r o u n d  t r a c k s ,  d a y / n i g h t  
c y c l e s ,  times o f  t e r m i n a t o r  c r o s s i n g s ,  S u n / E a r t h / M a r s  
p o s i t i o n a l  g e o m e t r y ,  a n d  o t h e r  g e o m e t r i c a l  q u a n t i t i e s  
a s s o c i a t e d  w i t h  t h e  s a t e l l i t e  o r b i t .  

I n t e r a c t i v e  a n d  m e n u - d r i v e n .  C u s t o m  d e s i g n e d  f o r  t h e  DEC 
VT200 s e r i e s  t e r m i n a l s  a n d  t h e  V A X  11/780 c o m p u t e r .  

General  p u r p o s e  t o o l  f o r  b o t h  real-time a n d  p r e - m i s s i o n  
a n a l y s i s  a n d  m i s s i o n  p l a n n i n g .  
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MSFC ANALYTICAL TOOLS 

PROGRAM : ORBIT TRANSFER PROGRAM 

D E S C R I P T I O N :  CALCULATES I M P U L S I V E  DELTA VELOCITY REQUIREMENTS FOR O R B I T  
TRANSFERS AT EARTH A N D  M A R S ,  A N D  PERFORMANCE CHARACTERISTICS,  
INCLUDING PAYLOAD C A P A B I L I T I E S  A N D  PROPELLANT REQUIREMENTS. 

PURPOSE : PROVIDES QUICK ASSESSMENTS OF SPACECRAFT PERFORMANCE 
REQUIREMENTS FOR ORBIT TRANSFERS. 

FEATURES : DELTA VELOCITY REQUIREMENTS CAN BE CALCULATED FOR HOHMANN 
( 2 - I M P U L S E )  A N D  B I - E L L I P T I C  ( 3 - I M P U L S E )  O R B I T  TRANSFERS. 
PLANE CHANGES ARE OPTIMALLY D I V I D E D  BETWEEN EACH BURN. THE 
THREE IMPULSE TRANSFERS HAVE A N  AEROBRAKING OPTION.  

HISTORY: WRITTEN FOR USE I N  PRELIMINARY DESIGN ORBIT TRANSFER AND 
PERFORMANCE ANALYSIS.  
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MSFC ANALYTICAL TOOLS 

PROGRAM N A M E :  

DESCRIPTION: 

CAPABILITIES: 

FEATURES : 

APPLICATIONS: 

H E L I O  

E a r t h  a n d  Mars p l a n e t a r y  e p h e m e r i s  g e n e r a t o r  combined  w i t h  a n  
E a r t h  t o  Mars t r a n s f e r  t r a j e c t o r y  p r o p o g a t i o n .  

Computes  v e h i c l e  d i s t a n c e s  from E a r t h  a n d  Mars, c o m m u n i c a t i o n  
d e l a y  times ( l i g h t  t r a v e l  t i m e s ) ,  a n d  s u n  a n g l e s .  

User i n p u t s  d a t e  a n d  time o f  E a r t h  d e p a r t u r e ,  semi-major 
a x i s ,  e c c e n t r i c i t y ,  a n d  i n c l i n a t i o n  o f  t h e  t r a n s f e r  o r b i t .  
I n i t i a l  t r u e  a n o m a l y  i n  t h e  t r a n s f e r  o r b i t ,  time i n c r e m e n t  
f o r  o u t p u t ,  a n d  number  o f  d a y s  t o  r u n .  

Mars M i s s i o n  A n a l y s i s  
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MSFC A N A L Y T I C A L  TOOLS 

P R O G R A M  N A M E  : MARS 

DESCRIPTION: Mars a n d  E a r t h  e p h e m e r i s  g e n e r a t i o n  a n d  g e o m e t r y  c a l c u l a t o r .  

CAPABILITIES: User i n p u t s  d a t a  a n d  time, a n d  o n  t h e  t e r m i n a l  s c r e e n  i s  
d i s p l a y e d  29 q u a n t i t i e s  d e s c r i b i n g  v a r i o u s  g e o m e t r i c a l  
a s p e c t s  o f  t h e  E a r t h  a n d  Mars o r b i t s .  

FEATURES : Computes  t h e  a n g l e s  i n  t h e  Sun-Ear th-Mars  t r i a n g l e ,  R i g h t  
A s c e n s i o n  a n d  D e c l i n a t i o n  o f  t h e  Sun  a n d  Mars i n  t h e  E a r t h  
E q u i t o r i a l / V e r n a l  Equ inox  s y s t e m .  R i g h t  A s c e n s i o n  a n d  
D e c l i n a t i o n  o f  t h e  Sun a n d  E a r t h  i n  t h e  Mars 
E q u i t o r i a l / V e r n a l  Equ inox  s y s t e m .  The p rogram r u n s  o n  t h e  
V A X  11/780 c o m p u t e r  w i t h  a VT200 ( o r  c o m p a t i b l e )  t e r m i n a l .  

A P P L I C A T I O N :  G e n e r a l  P u r p o s e  Mars M i s s i o n  A n a l y s i s  
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ACRONYMS A N D  A B B R E V I A T I O N S  

AFE 
AgZn 
ANT 
AREF 
ASEP 
ASMG 
a v e  

E2 
CD 
C D N  
CG 
C I R C  
CL 
C L L ,  C 1 ,  o r  CMR 
C L N ,  Cn,  o r  EMY 
CM, C m ,  o r  CMP 
CN 

dB 
DECL 
d e l t a - V  o r  D V  
D I A  
d i r e f  
D L A  
D S N  
DYNP 
ECLSS 
EFF 
ELV 
E R C  
E R V  
E V A  
FP R 
f t / s  

Aeroassist  F l i g h t  E x p e r i m e n t  
S i l v e r - Z i n c  
A n t e n n a  
A e r o d y n a m i c  R e f e r e n c e  Area 
A n a l y t i c a l  S a t e l l i t e  E p h e m e r i s  P r o g r a m  
A c c e l e r a t i o n  S e n s e d  
A v e r a g e  
H y p e r b o l i c  O r b i t  E n e r g y  
A e r o d y n a m i c  A x i s  F o r c e  C o e f f i c i e n t  
D r a g  C o e f f i c i e n t  
C a r g o  D e s c e n d i n g  Node 
C e n t e r  o f  G r a v i t y  
C i r c u l a r i z a t i o n  B u r n ,  OMS2 
L i f t  C o e f f i c i e n t  
A e r o d y n a m i c  R o l l  Moment C o e f f i c i e n t  
A e r o d y n a m i c  Y a w  Moment C o e f f i c i e n t  
A e r o d y n a m i c  P i t c h  Moment C o e f f i c i e n t  
Change  N o t i c e d  
C a r b o n  D i o x i d e  
C a r g o  V e h i c l e  
D e c i b e l  
D i r e c t  E n e r g y  C o n v e r s i o n  L a b o r a t o r y  
Del ta  V e l o c i t y ,  V e l o c i t y  Change  
D i  ame t e r 
Reference Dia 
E s c a p e  O r b i t  D e c l i n a t i o n  
Deep  S p a c e  N e t w o r k  
Dynamic P r e s s u r e  
E n v i r o n m e n t a l  C o n t r o l  a n d  L i f e  S u p p o r t  S y s t e m  
E f f i c i e n c y  
E x p e n d a b l e  L a u n c h  V e h i c l e  
E a r t h  R e t u r n  C a p s u l e  
E a r t h  R e t u r n  V e h i c l e  
E x t r a v e h i c u l a r  A c t i v i t y  
F l i g h t  P e r f o r m a n c e  R e s e r v e  
F e e t  P e r  S e c o n d  

i- 

7 
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g 
G D L A T  
G H  
GH2 
GLOW 
GND 
G P S  
HLLV 

A h  
h P  
i n  
I S P  
52 

K b p s  
km 
KSC 
kW 
kW-hr 
L A D  
L a R C  
1 b F  
l b s  
L / D  
LEO 
LH 
LH2 
l i O H  
LO2 
LREF 
Mbps 
M 
MEM 
ML I 
M M  
M M H  
MR 
M R P  
MV 
N 

1 G r a v i t y  
Geodet ic  L a t i t u d e  
G a s e o u s  H y d r o g e n  
G a s e o u s  H y d r o g e n  Molecule 
G r o s s  L o f t  O f f  Weight  
G r o u n d  
G l o b a l  P o s i t i o n i n g  S y s t e m  
Heavy L i f t  L a u n c h  V e h i c l e  
Delta h 
H o r s e p o w e r  
I n c h e s  
S p e c i f i c  I m p u l s e  
L e g e n d r e  P o l y n o m i n a l  C o e f f i c i e n t  Used i n  G r a v i t y  
P o t e n t i a l  F u n c t i o n  
K i l o b i t s  P e r  S e c o n d  
Kilometers  
Kennedy S p a c e  C e n t e r  
K i l o w a t t s  
K i l o w a t t - H o u r  
L i q u i d  A c q u i s i t i o n  D e v i c e  
L a n g e l y  Research C e n t e r  
P o u n d s  o f  F o r c e  
P o u n d s  
L i f t /Drag 
Low E a r t h  O r b i t  
L i q u i d  H y d r o g e n  
L i q u i d  H y d r o g e n  M o l e c u l e  
L i t h i u m  H y d r o x i d e  
L i q u i d  Oxygen 
R e f e r e n c e  Moment A r m  ( A e r o d y n a m i c )  
M e g a b i t s  P e r  S e c o n d  
Number o f  Mars R o t a t i o n s  
Mars E x c u r s i o n  Module  
M u l i t - L a y e r  I n s u l a t i o n  
M i s s i o n  M o d u l e  
Monomethyl  H y d r a z i n e  
M i x t u r e  R a t i o  
Moment R e f e r e n c e  P o i n t  
Mars Vehic les  
Number o f  I tems 
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N 

NTO/MMH 
~ i 4  o r  NMI 

:Tv 
OMV 
PAN 
P c  
PD o r  PDD 
PDO 
PLD 
PLS 
P s i  
P s i a  
PSf 
Q 
R 
R A  
R C S  
Ref 
RF 
RKMAX 
R&R 
SA1 o r  S A I C  
SDV 
sec 
SPE 
ss 
STS 
TRASYS 
TVS 
U S R A  
V i n  
vcs 
VHP 
Vout  
V R  o r  VRL 
W 
WAGSPOT 
We 

M o l e c u l a r  N i t r o g e n  
N a u t i c a l  Miles 
N i t r o g e n  Heteroxide/Monomethylhydrazine 
M o l e c u l a r  Oxygen 
O r b i t a l  T r a n s f e r  V e h i c l e  
O r b i t a l  Maneuver ing  V e h i c l e  
P i l o t e d  Ascend ing  Node 
Combust i o n  Chamber P r e s s u r e  
Program Development  D i r e c t o r a t e  
P r e l i m i n a r y  D e s i g n  Off ice  
P a y l o a d  
P r o p e l l a n t  Load Sys tem 
Pounds  P e r  S q u a r e  I n c h  
Pounds  Per S q u a r e  I n c h  A b s o l u t e  
Pounds  P e r  S q u a r e  F o o t  
S p a c e c r a f t  P i t c h  Rate 
S p a c e c r a f t  Y a w  Rate 
R i g h t  A s c e n s i o n  
R e a c t i o n  C o n t r o l  Sys t em 
R e f e r e n c e  
R a d i o  F r e q u e n c y  
Maximum R e c h a r g e  
Rest & R e l a x a t i o n  
Science A p p l i c a t i o n s  I n t e r n a t i o n a l  C o r p o r a t i o n  
S h u t t l e  D e r i v e d  Vehic le  
S e c o n d s  
S o l a r  P a r t i c l e  Even t  
S p a c e  S t a t i o n  
S p a c e  T r a n s p o r t a t i o n  Sys t em 
Therma l  R a d i a t i o n  A n a l y s i s  Sys t em 
Thermodynamic Vent  Sys t em 
U n i v e r s i t i e s  S p a c e  R e s e a r c h  A s s o c i a t i o n  
V e l o c i t y  E n t e r i n g  t h e  Atmosphere  
Vapor Cooled  S h i e l d  
H y p e r b o l i c  O r b i t  E x c e s s  V e l o c i t y  
V e l o c i t y  L e a v i n g  t h e  Atmosphere  
R e l a t i v e  V e l o c i t y  
Watt 
Weight  and Geometry  S i z i n g  Program o f  Tanks  
E a r t h ' s  A n g u l a r  R o t a t i o n  Rate 
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W-hr 
WI 
WP 
wt 

Watt-Hour 
Inert Weight 
Propellant Weight 
Weight 
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