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FINAL REPORT 

DIRECT VERSUS ORBITAL ENTRY FOR MARS MISSIONS 

VOLUME V I 1  - SUPPLEMENTARY REPORT 

By Raymond S .  W i l t s h i r e ,  Wil l iam J .  P r a g l u s k i ,  Theodore F. Morey 
Joe  C. Pohlen, Dean A. Schneebeck, and Hugh E. Craig 

SUMMARY 

T h i s  r e p o r t  documents t h e  r e s u l t s  of  t h e  work accomplished 
i n  M o d i f i c a t i o n  1 t o  the  D i r e c t  Versus O r b i t a l  E n t r y  f o r  Mars 
M i s s i o n s  S tudy .  The o b j e c t i v e  o f  t h i s  s t u d y  was t o  de t e rmine  
and document any changes t h a t  t h e  new Mars environmental  model, 
"Mars E n g i n e e r i n g  Model Parameters  f o r  Miss ion  and Design S t u d i e s  ,I' 
d a t e d  May 1968 by t h e  Langley Research C e n t e r ,  would c a u s e  i n  t h e  
r e s u l t s  o f  t h a t  s tudy .  

The m i s s i o n  a n a l y s i s  s t u d i e s  were conducted i n  two p a r t s .  
F i r s t ,  a l l  e n t r y  t r a j e c t o r i e s  were r e r u n  using t h e  new Mars atmos- 
phe re  d a t a .  Two d i f f e r e n c e s  of  r e l a t i v e l y  minor s i g n i f i c a n c e  were 
i d e n t i f i e d ;  t h e  peak d r a g  d e c e l e r a t i o n  i s  l e s s  o v e r  a lmos t  t h e  
e n t i r e  r ange  o f  e n t r y  pa rame te r s ,  and t h e  a l t i t u d e  a t  which Mach 2 
i s  r eached  i n  t h e  MEM 5/68-min atmosphere i-s h i g h e r  t h a n  i n  VM-8 
f o r  t h e  h i g h e r  e n t r y  b a l l i s t i c  c o e f f i c i e n t  BE,  e n t r y  a n g l e  

r e g i o n ,  These d i f f e r e n c e s  a r e  a p p a r e n t  f o r  b o t h  t h e  d i r e c t  and 
o u t - o f - o r b i t  e n t r y  modes. 

YE' 

The Mach 2 p a r a c h u t e l v e r n i e r  t e r m i n a l  phase system performance 
was t h e n  ana lyzed  u s i n g  the  i n i t i a l  c o n d i t i o n s  from t h e  r e v i s e d  
e n t r y  t r a j e c t o r i e s .  The performance i n  t h e  new atmospheres  i n  a l l  
c a s e s  i s  improved o v e r  t h a t  i n  the  VM atmospheres ,  p r i m a r i l y  be- 
c a u s e  o f  t h e  h i g h e r  d e n s i t y  a t  low a l t i t u d e s .  T h i s  i n c r e a s e d  pe r -  
formance can be  a p p l i e d  i n  a number o f  ways, i . e . ,  t o  p rov ide :  

1) More u s e f u l  landed weight f o r  a g iven  e n t r y  w e i g h t /  

2 )  Sma l l e r  e n t r y  w e i g h t / a e r o s h e l l  d i ame te r  f o r  a g i v e n  

3 )  G r e a t e r  a l l o w a b l e  d i s p e r s i o n s  i n  e n t r y  a n g l e l e n t r y  

4 )  C a p a b i l i t y  t o  l and  a t  h i g h e r  e l e v a t i o n s .  

a e r o s h e l l  d i ame te r ;  

u s e f u l  landed weight ;  

v e  loci t y  ; 



A l a n d i n g  s t a b i l i t y  a n a l y s i s  was r u n  combining s t a t i s t i c a l  
d a t a  on s u r f a c e  s l o p e  from t h e  new envi ronmenta l  model w i t h  o t h e r  
p e r t i n e n t  d a t a ,  The r e s u l t s  show t h a t  t h e  p o i n t  d e s i g n s  d e s c r i b e d  
i n  Volume I1 of  t h e  b a s i c  s t u d y  have a 99.82% p r o b a b i l i t y  of  land-  
i n g  s u c c e s s f u l l y  on t h e  s u r f a c e s  d e f i n e d  by NASA-Langley Research  
Center.f: The s u r f a c e - b e a r i n g  s t r e n g t h  d a t a  i n  t h e  new model con- 
f i rmed t h a t  t h e  o r i g i n a l  l a n d i n g  f o o t  pads were s i z e d  c o r r e c t l y .  

The thermal  c o n t r o l  a n a l y s i s  r e s u l t e d  i n  o n l y  a s m a l l  (12.5%) 
r e d u c t i o n  i n  t h e  h e a t e r  power r e q u i r e d  due t o  t h e  reduced  conduc- 
t i v i t y  of  t h e  atmosphere.  

The s o l a r  a r r a y  r e s u l t s  p r e s e n t e d  i n  t h e  b a s i c  s t u d y  a r e  s t i l l  
v a l i d ,  a l t h o u g h  t h e  e f f e c t  o f  t h e  envi ronmenta l  parameters  i n -  
f l u e n c i n g  t h e  d e s i g n  a r e  d i f f e r e n t .  The p r e v i o u s  d e s i g n  was based  
on 8% a tmospher ic  a t t e n u a t i o n  and 1 7 "  maximum s u r f a c e  s l o p e s .  The 
new envi ronmenta l  model i n d i c a t e s  t h a t  1% o f  22" should  be used .  
The reduced e f f i c i e n c y  due t o  i n c r e a s e d  s l o p e s  i n  compensated a l -  
most e x a c t l y  by r e d u c t i o n  i n  a tmospher ic  a t t e n u a t i o n .  

The f i n a l  t a s k  accomplished d u r i n g  t h i s  s t u d y  was t o  de t e rmine  
the  minimum a e r o s h e l l  d i a m e t e r  r e q u i r e d  t o  meet t h e  m i s s i o n  ob- 
j e c t i v e s  u s i n g  t h e  o u t - o f - o r b i t  mode, A 7 .3 - f t -d i ame te r  a e r o s h e l l  
i s  s u f f i c i e n t  t o  m e e t  t h e  performance r e q u i r e m e n t s .  However, t h i s  
system h a s  no performance o r  weight  margin and ,  a s  was d i s c u s s e d  
i n  t h e  b a s i c  r e p o r t ,  packaging t h e  sys tem w i t h i n  an a e r o s h e l l  t h i s  
smal l  p r e s e n t s  s i g n i f i c a n t  problems. F o r  t h e s e  r e a s o n s ,  an  a e r o -  
s h e l l  d i a m e t e r  o f  9 t o  9 .5  f t  would be recommended f o r  t h e  o u t -  
o f - o r b i t  mode. 

The pr imary conc lus ions  of  t h e  o r i g i n a l  s t u d y  a r e  s t i l l  v a l i d :  

1) E i t h e r  e n t r y  mode i s  f e a s i b l e ;  

2) The o u t - o f - o r b i t  mode p r o v i d e s  g r e a t e r  i n f l i g h t  
mi s s ion  f l e x i b i l i t y ;  

3) The T i t a n  I I IC /Cen tau r  launch  v e h i c l e  i s  r e q u i r e d  
f o r  e i t h e r  m i s s i o n  mode i f  o r b i t e r  s c i e n c e  c a p a b i l i t y  
i s  d e s i r e d .  

>?Mars Eng inee r ing  Model Pa rame te r s  f o r  M i s s i o n  and Design 
S t u d i e s ,  NASA-Langely Research  C e n t e r ,  May 1968. 



The one s i g n i f i c a n t  change concerns t h e  bulbous shroud r e q u i r e -  
ment. The d i r e c t  e n t r y  mode s t i l l  r e q u i r e s  a bulbous sh roud ;  
however, i t  i s  h i g h l y  p robab le  t h a t  t h e  o u t - o f - o r b i t  m i s s i o n  can  
b e  accommodated w i t h  a system t h a t  w i l l  f i t  w i t h i n  t h e  s t a n d a r d  
Surveyor  shroud.  

INTRODUCTION 

T h i s  s t u d y  i s  a n  e x t e n s i o n  t o  t h e  Mars Miss ion  Mode Study 
r e c e n t l y  completed f o r  t h e  Langley Research Cen te r  by M a r t i n  
M a r i e t t a  C o r p o r a t i o n .  The o b j e c t i v e  o f  t h i s  s t u d y  was t o  d e t e r -  
mine and document any changes t h a t  t h e  new Mars env i ronmen ta l  
model,  r e f e r e n c e  1, d a t e d  May 1968 by t h e  Langley Resea rch  C e n t e r ,  
would cause  i n  t h e  r e s u l t s  o f  t h a t  s t u d y .  The 1 0 . 5 - f t - d i a m e t e r  
a e r o s h e l l  (BE = 0.35) o u t - o f - o r b i t  mode i s  t h e  pr imary c o n f i g -  

u r a t i o n  used t o  de t e rmine  any concep tua l  d e s i g n  impact.  

S p e c i f i c a l l y ,  e n t r y  t r a j e c t o r i e s ,  b o t h  d i r e c t  and o u t - o f - o r b i t ,  
were r e r u n ;  Mach 2 p a r a c h u t e l v e r n i e r  t e r m i n a l  phase s y s  t e m  a n a l -  
y s i s  r e v i s e d ;  and l a n d i n g ,  s t a b i l i t y ,  t he rma l  c o n t r o l ,  and s o l a r  
a r r a y  a n a l y s e s  were reexamined,  F i n a l l y ,  u s i n g  t h e s e  r e s u l t s ,  
t h e  impact  on t h e  C o n f i g u r a t i o n  1 B  c o n c e p t u a l  d e s i g n  was d e t e r -  
mined. A l l  c o n c l u s i o n s  reached d u r i n g  t h e  d i r e c t  v e r s u s  o u t - o f -  
o r b i t  e n t r y  mode s t u d y  w e r e  reviewed and changes i d e n t i f i e d .  

SYMBOLS AM) ABBREVIATIONS 

AC S a t t i t u d e  c o n t r o l  system 

e n t r y  b a l l i s t i c  c o e f f i c i e n t ,  M/C A ,  s l u g s / f o o t 2  

C s u r f a c e  h e a t  c a p a c i t y ,  Btulpound-"F 

BE D 

d i a m e t e r  of a e r o s h e l l ,  f e e t  DA/ S 

g g r a v i t a t i o n a l  a c c e l e r a t i o n  

G&C guidance and c o n t r o l  

k s u r f a c e  the rma l  c o n d u c t i v i t y ,  Btulhour-foot-"F 

6 s u r f a c e  the rma l  i n e r t i a ,  Btu/foot2-"R-hour h 
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MEM 
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'LE 

a 
S 

YE 

E 

P 

Mach number 

Mars envi ronmenta l  model 

a tmospher ic  t e m p e r a t u r e ,  O F  

s u r f a c e  t e m p e r a t u r e ,  "F 

e n t r y  we igh t ,  pounds 

landed  equipment w e i g h t ,  pounds 

s u r f a c e  s o l a r  a b s o r p t i v i t y  

e n t r y  a n g l e ,  d e g r e e s  

s u r f  a c e  e m i s s i v i t y  

s u r f a c e  d e n s i t y ,  pounds/foot3 

E a r t h  



ENTRY TRAJECTORY AND TERMINAL PHASE ANALYSIS 

The e n t r y  t r a j e c t o r y  d e f i n e s  performance from e n t r y  a t  800 000 
f t  above t h e  mean Mar t i an  s u r f a c e  t o  t e r m i n a l  phase i n i t i a t i o n  
o c c u r r i n g  t y p i c a l l y  from 10 000 t o  20 000 f t  above the  t e r r a i n .  
The termtnal phase p a r a c h u t e / v e r n i e r  sys  tern d e c e l e r a t e s  the c a p -  
s u l e  from v e l o c i t i e s  a t  the end of the e n t r y  phase t o  z e r o  v e l o c i t y  
a t  t h e  Mar t i an  s u r f a c e .  The o b j e c t i v e s  of t h i s  s tudy  a r e  t o :  
(1) de termine  the  e f f e c t  of t h e  updated Mar t i an  atmosphere models 
( r e f .  1) on e n t r y  t r a j e c t o r y  c h a r a c t e r i s t i c s  and t e r m i n a l  phase 
system performance,  and ( 2 )  de te rmine  changes ,  i f  any, t o  the  con-  
c l u s i o n s  of the  Miss ion  Mode Study r e s u l t i n g  from the  use  of the 
new atmosphere models .  Data a r e  p re sen ted  p a r a m e t r i c a l l y  and a 
comparison of p o i n t  d e s i g n s  made. Thus, r e s u l t s  of t h i s  s t u d y  may 
be d i r e c t l y  r e l a t e d  t o  the r e s u l t s  p r e s e n t e d  i n  r e f e r e n c e  2 
(Volumes I ,  11, and IV) . 

Ent ry  T r a j e c t o r y  A n a l y s i s  

The e n t r y  t r a j e c t o r y  a n a l y s i s  i n c l u d e s  g e n e r a t i o n  of e n t r y  
t r a j e c t o r y  time h i s t o r i e s  ove r  t h e  f o l l o w i n g  r ange  of e n t r y  param- 
e t e r s  : 

O r b i t a l  mode D i r e c t  mode 

VE = 16 000 f p s  VE = 2 1  000 f p s  

1 6  5 - y < 24" E -  

0 . 2  < BE < 0 . 6  s l u g / f t 2  - - 

20 < - - yE 5 40" 

0 .2  < BE < 0.6  s 1 u g / f t 2  - - 

Data a r e  p r e s e n t e d  f o r  the minimum, mean, and maximum atmosphere 
models d e f i n e d  i n  r e f e r e n c e  1, h e r e i n  d e s i g n a t e d  as MEM 5/68-minY 
MEM 5/68-meanY and MEM 5/68-max. A b r i e f  d e s c r i p t i o n  of the new 
atmosphere i s  g iven  a long  w i t h  a comparison of s i g n i f i c a n t  c h a r -  
a c t e r i s t i c s  of the  new atmosphere and t h e  VM atmospheres  c r i t i -  
c a l  t o  the  Miss ion  Mode Study. Data p r e s e n t e d  a r e  l i m i t e d  t o  t h e  
a l t i t u d e  a t  which Mach 2 . 0  occur s  ( f o r  t e r m i n a l  phase pa rachu te  
deployment)  and peak d rag  a c c e l e r a t i o n  c h a r a c t e r i s t i c s .  
dependent  v a r i a b l e s  a r e  p r e s e n t e d  a s  a f u n c t i o n  of the e n t r y  param- 
e t e r s  d e s c r i b e d  above. Vehic le  drag c h a r a c t e r i s t i c s ,  p l a n e t a r y  
c o n s t a n t s ,  and computa t iona l  methods a r e  the same a s  p r e s e n t e d  i n  
r e f e r e n c e  2 (Volume IV) .  

These 
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Impor t an t  c h a r a c t e r i s t i c s  o f  t he  new atmosphere model are 
given i n  t a b l e  1. 

TABLE 1 . -  ATMOSPHERE MODEL CHARACTERISTICS 

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

Sur face  p r e s s u r e ,  mb 

Sur face  d e n s i t y ,  s l u g / f t 3  x l o 5  
Sur face  t e m p e r a t u r e ,  O R  

Tropopause a l t i t u d e ,  f t  x 

Composition, % by mass 

co2 
N 2  
A 

Molecular  we igh t  

S p e c i f i c  h e a t  r a t i o  

~~ 

MEM 5/68 model 

Min 

6 

4.10 

270 

;54.35 

100 

0 

0 

44 

1 . 3 8  

~ ~~ 

Me an 

9 

3 .70  

414 

337.943 

74.4 

1 2  .a 
1 2 . 8  

40 .5  

1 . 3 4  

Max 

20 

5.40 

504 
- - - -  

25  

50 

25 

33 .6  

1 . 4 0  

Densi ty  v e r s u s  a l t i t u d e  f o r  t h e  t h r e e  MEM 5/68 atmospheres  i s  
shown i n  f i g u r e  1. Ambient t empera tu re  and speed of  sound are 
compared t o  t h e  VM-8 d a t a  i n  f i g u r e  2 .  A comparison of the  MEM 
5/68-min d e n s i t y  c h a r a c t e r i s t i c s  w i t h  VM-7 and VM-8 i s  shown i n  
f i g u r e  3 .  The VM-7 and VM-8 models a r e  the  c r i t i c a l  a tmospheres  
used p r e v i o u s l y  ( r e f .  2 )  from the  s t a n d p o i n t  of e n t r y  environment  
and t e r m i n a l  phase d e s i g n  c o n d i t i o n s .  The above d a t a  i l l u s t r a t e :  

1) The MEM 5168-min atmosphere h a s  the  l o w e s t  d e n s i t y  a t  
a l t i t u d e s  above 5 000 f t ,  i n d i c a t i n g  t h a t  i t  w i l l  be 
c r i t i c a l  f o r  v e l o c i t y  / f 1 i g h  t p a  t h  a n g l e  c h a r a c t e r  i s  t i c s  
d u r i n g  e n t r y ,  t e r m i n a l  phase i n i t i a t i o n ,  and t h e  a e r o -  
d e c e l e r a t o r  p o r t i o n  o f  t he  t e r m i n a l  phase ;  

2 )  A h i g h e r  minimum speed of sound and a h i g h e r  minimum 
d e n s i t y  than  t h e  c r i t i c a l  VM a tmosphe res .  Th i s  i n d i -  
cates  less  c r i t i c a l  c o n d i t i o n s  f o r  e n t r y  t r a j e c t o r y  
c h a r a c t e r i s t i c s  ( i . e . ,  peak d r a g  d e c e l e r a t i o n )  f o r  
t e r m i n a l  phase i n i t i a t i o n  and t e r m i n a l  phase perform- 
a n c e .  
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The a l t i t u d e  a t  which t h e  e n t r y  c a p s u l e  h a s  d e c e l e r a t e d  t o  
Mach 2 . 0  i n  the  MEM 5/68-min atmosphere i s  shown i n  f i g u r e  4 f o r  
the o r b i t  mode and f i g u r e  5 f o r  t h e  d i r e c t  mode. The d a t a  a r e  
p re sen ted  a s  a f u n c t i o n  of  e n t r y  c o n d i t i o n s .  Data f o r  VM-8, 
c r i t i c a l  f o r  Mach 2 among t h e  VM models,  i s  superimposed f o r  
r e f e r e n c e .  The a l t i t u d e  a t  which Mach 2 i s  reached  i n  t h e  MEM 
5168-min atmosphere i s  e s s e n t i a l l y  t h e  same a s  i n  VM-8 f o r  t h e  
lower 

The a l t i t u d e  a t  Mach 2 f o r  t h e  MEM 5/68-min and mean atmospheres  
i s  shown f o r  t h e  o r b i t  and d i r e c t  modes i n  f i g u r e s  6 and 7 ,  r e -  
s p e c t i v e l y .  The same d a t a  f o r  t h e  MEM 5168-max a tmosphere ,  o r b i t  
and d i r e c t  modes a r e  shown i n  f i g u r e  8 .  The MEM 5/68-min atmos-  
phere shows t h e  lowes t  a l t i t u d e  a t  Mach 2 .  

and h i g h e r  t h a n  i n  VM-8 a s  BE,  y E  i n c r e a s e .  BE' 'E 

The a l t i t u d e  a t  M = 2 c h a r a c t e r i s t i c s  ( f i g s .  4 and 5 )  show 
l i t t l e  d i f f e r e n c e  between t h e  o l d  and new atmosphere models a t  
low BE and yE and i n c r e a s i n g  d i f f e r e n c e  f a v o r i n g  t h e  new a t -  

mospheres a t  h i g h e r  BE and yE. This  t r e n d  appeared  a l i t t l e  

unusual ,  a t  f i r s t ,  when look ing  a t  t h e  a l t i t u d e l d e n s i t y  r e l a t i o n -  
s h i p s  shown i n  f i g u r e  3 .  The t r e n d  i s  b e t t e r  unde r s tood  by l o o k -  
ing i n  d e t a i l  a t  some o f  t h e  e n t r y  t r a j e c t o r i e s .  The d a t a  i n  
f i g u r e  9 show the  a l t i t u d e / v e l o c i t y  r e l a t i o n s h i p  f o r  two d i r e c t  
e n t r y  t r a j e c t o r i e s  The d a t a  show 

t h a t  t h e  h i g h e r  d e n s i t y  a t  a l t i t u d e  i n  t h e  MEM 5/68-min atmosphere 
causes  an  e a r l i e r  d e c e l e r a t i o n  f o r  bo th  

t o  merge i n  t h e  30 000- t o  40 0 0 0 - f t  a l t i t u d e  range where t h e  VM-8 
and MEM 5168-min atmosphere d e n s i t i e s  a r e  about  t h e  same. The low 
a l t i t u d e l v e l o c i t y  end of t h e  c u r v e s  a r e  reproduced i n  f i g u r e  10 f o r  
more d e t a i l .  Again,  t h e  a l t i t u d e / v e l o c i t y  r e l a t i o n s h i p  i n  t h e  
30 000- t o  40 0 0 0 - f t  a l t i t u d e  r e g i o n  appea r s  q u i t e  s i m i l a r  f o r  t h e  
VM-8 a n d  MEM 5168-min atmosphere t r a j e c t o r i e s  a t  c o n s t a n t  

However, t he  cu rves  sp read  a p a r t ,  a g a i n ,  a t  lower a l t i t u d e s  where 
the MEM 5/68-min atmosphere d e n s i t y  is  g r e a t e r  t han  t h a t  f o r  VM-8. 
The M = 2 l i n e s  f o r  b o t h  a tmospheres  are superimposed on t h e  
f i g u r e .  It i s  shown t h a t  a l l  t h e  c u r v e s  seem t o  c r o s s  a t  t h e  p l a c e  
f o r  t h e  

tween the  atmosphere models .  The a l t i t u d e  a t  M = 2 f o r  h i g h e r  

BE 
is below the  30 0 0 0 - f t  range  where the  MEM 5168-mi1-1 atmosphere 

d e n s i t y  i s  h i g h e r .  Here the  a l t i t u d e  a t  M = 2 i s  c l e a r l y  h i g h e r  
for  t h e  new atmospheres  i n  s p i t e  o f  t h e  f a c t  t h a t  some of  t h e  
p o t e n t i a l  g a i n  i s  l o s t  because o f  t h e  lower speed o f  sound.  The 
r e s u l t s  a r e  keyed t o  the  f a c t  t h a t  combina t ions  t h a t  

(BE = 0.2 and 0 . 6  s l u g / f t 2 ) .  

BE, and t h e  c u r v e s  t end  

BE'  

BE = 0 . 2  s l u g / f t 2  example,  l e a d i n g  t o  no d i f f e r e n c e  b e -  

BE,  yE 
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Figure 9 . -  High Altitude/Velocity Relationships 
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r e s u l t  i n  M = 2 i n  t h e  30 000- t o  40 0 0 0 - f t  a l t i t u d e  r ange  where 
the  o l d  and new atmosphere d e n s i t i e s  a r e  e q u i v a l e n t  show no a p p r e -  
c i a b l e  d i f f e r e n c e .  Working a t  a l t i t u d e s  below 30 000 f t  w i l l  show 
some advantage f o r  t h e  new atmospheres  and t h i s  o n l y  happens f o r  
the h i g h e r  BE,  yE combina t ions .  The c o i n c i d e n c e  of t h e  d a t a  

f o r  BE = 0 . 2  and M = 2 i s  j u s t  t h a t .  

The d a t a  shown i n  f i g u r e  9 a t  h i g h  a l t i t u d e  i m p l i e s  an e a r l i e r  
b u i l d u p  o f  e n t r y  load  f a c t o r  w i t h  t h e  new a tmospheres ,  w h i l e  t h e  
peak load  f a c t o r ,  i n v e r s e l y  p r o p o r t i o n a l  t o  s c a l e  h e i g h t ,  i s  lower 
i f  i t  occur s  above 50 000 f t  ( f i g .  3 ) .  The a l t i t u d e  a t  peak load  
f a c t o r  f o r  t h e  MEM 5/68-min a t  VM-8 a tmospheres  a r e  shown i n  t h e  
MEM 5/68-min and V M - 8  a tmospheres  are shown i n  f i g u r e s  11 and 1 2  
f o r  t h e  o r b i t a l  and d i r e c t  modes, r e s p e c t i v e l y .  The c r o s s o v e r  i n  
the d e n s i t y  c u r v e s  between the MEM 5/68-min and VM-8 atmospheres  
i s  r e f l e c t e d  i n  t h e s e  d a t a .  The peak d r a g  d e c e l e r a t i o n  i n  MEM 
5/68-min d u r i n g  e n t r y  i s  shown p a r a m e t r i c a l l y  f o r  t he  o r b i t a l  and 
d i r e c t  modes i n  f i g u r e s  13a and 13b, r e s p e c t i v e l y .  Also shown f o r  
comparison i s  d e c e l e r a t i o n  i n  VM-8 ( c r i t i c a l  f o r  t h e  VM models) .  
The peak d e c e l e r a t i o n  i n  t h e  MEM 5/68-min atmosphere i s  less  o v e r  
the range of e n t r y  pa rame te r s  t han  in VM-8, w i t h  the  e x c e p t i o n  of  
the BE = 0 . 6  s l u g / f t 2 ,  yE = -40" p o i n t ,  d i r e c t  e n t r y .  Maximum 

peak v a l u e s  f o r  t h e  o r b i t a l  mode a r e  approx ima te ly  2 2  g ( E a r t h )  
v e r s u s  31 g w i t h  the  VM atmospheres .  It i s  n o t e d  t h a t  peak d e c e l -  
e r a t i o n  i s  c o n s t a n t  w i t h  v a r y i n g  BE a t  a g iven  i n  t h e  MEM 

5/68-min atmosphere.  Th i s  i s  c o n t r a s t e d  w i t h  a n o n l i n e a r  v a r i a -  
t i o n  w i t h  BE i n  t h e  VM-8 model. This o c c u r s  because of t he  

d i f f e r e n c e  i n  t ropopause a l t i t u d e  between t h e  two model a tmospheres  
( f i g .  2 ) .  Peak g o c c u r s  c o n s i d e r a b l y  below t h e  t ropopause a l t i -  
tude in t h e  MEM 5/68-min atmosphere,  t h u s  e l i m i n a t i n g  the  change 
i n  s c a l e  h e i g h t  i n  the  r e g i o n  o f  peak g as e x p e r i e n c e d  i n  VM-8.  
Thus, t he  n o n l i n e a r  peak g e f f e c t  i n  t h e  MEM 5/68-min atmosphere 
i s  e l i m i n a t e d .  Peak d e c e l e r a t i o n  i n  the  o t h e r  MEM 5/68 atmosphere 
models i s  lower than i n  t h e  MEM 5/68-min model as i l l u s t r a t e d  i n  
t a b l e  2 .  

TABLE 2 . -  PEAK DRAG DECELERATION 

D i r e c t  

Peak g i n  
8 

MEM 5/68 
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Time from e n t r y  t o  20 0 0 0 - f t  a l t i t u d e  i n  t h e  MEM 5/68-min; 
m e a n  and  max atmospheres  i s  shown as a f u n c t i o n  of e x t r y  f l i g h t  
p a t h  a n g l e  and b a l l i s t i c  c o e f f i c i e n t  f o r  t h e  o r b i t a l  and d i r e c t  

'modes i n  f i g u r e s  14a  and 1 4 b .  Superimposed on t h e  t ime p l o t s  a r e  
l i m i t  p l o t s  f o r  t h e  VM-8, V M - 7 ,  and VM-3 model a t m o s p h e r e s .  These 
VM atmospheres  r e p r e s e n t  t h e  l i m i t  and mean e n t r y  t i m e s  from t h e  
p r e v i o u s  s t u d y  d a t a  ( r e f .  2) 

For  t h e  o r b i t  mode ( f i g .  14a) ,  t i m e  t o  20 000 f t  i s  l e s s  i n  
t h e  VM atmosphere o v e r  t h e  e n t i r e  range of  e n t r y  c o n d i t i o n s  i n -  
v e s t i g a t e d .  For  t h e  d i r e c t  mode, time t o  20 000 f t  i s  s l i g h t l y  
g r e a t e r  a t  h i g h  b a l l i s t i c  c o e f f i c i e n t s  i n  t h e  VM-8 atmosphere 
t h a n  i n  t h e  MEM 5/68-min model .  The a p p a r e n t  i n c o n s i s t e n c y  i n  
t i m e  t r e n d  between o r b i t  and d i r e c t  mode can be unders tood  by 
r e f e r e n c e  t o  t h e  d e n s i t y  vs a l t i t u d e  c u r v e  ( f i g .  3 ) ,  and t h e  a l -  
t i t u d e  f o r  peak d r a g  d e c e l e r a t i o n  ( f i g s .  11 and 1 2 ) .  The peak 
d e c e l e r a t i o n  d u r i n g  e n t r y  f o r  t h e  o r b i t  mode occurs  between 80 000- 
and 40 0 0 0 - f t  a l t i t u d e .  The h i g h e r  d e n s i t y  i n  t h e  MEM 5/68-min i n  
t h e  a l t i t u d e  r a n g e  from 35 000 f t  down t o  20 000 f t  i s  t h e  dominant 
f a c t o r  i n  t h e  l a r g e r  d e s c e n t  t imes f o r  t h i s  mode. I n  t h e  d i r e c t  
e n t r y  mode, peak d e c e l e r a t i o n  occurs  between 35 000 f t  and 20 000 
f t .  I n  t h a t  a l t i t u d e  range  t h e  s l i g h t l y  h i g h e r  sca le  h e i g h t  i n  
VM-8 and t h e  reduced d e s c e n t  a l t i t u d e  increment  t o  20 000 f t  r e -  
s u l t  i n  r e l a t i v e l y  reduced t ime t o  20 000 f t  f o r  t h e  d i r e c t  ca se .  

A comparison was made of t h e  t i m e  t o  20 0 0 0 - f t  a l t i t u d e  be- 
tween t h e  VM-9 atmosphere (no t  a s p e c i f i e d  model i n  t h e  Mars M i s -  
s i o n  Mode Study)  and t h e  MEM 5/68-max atmosphere.  It was found 
t h a t  f o r  t h e  o r b i t a l  mode ( t h e  o n l y  e n t r y  mode a v a i l a b l e  w i t h  
comparable p a r a m e t r i c  r a n g e s ) ,  t h e  t ime d i f f e r e n c e  was 10 s e c  o r  
l e s s .  

Downrange a n g l e  covered  from e n t r y  t o  20 0 0 0 - f t  a l t i t u d e  i s  
shown f o r  t h e  t h r e e  MEM 5 / 6 8  atmospheres  f o r  t h e  o r b i t a l  and d i -  
r e c t  modes i n  f i g u r e s  14c and 14d .  These downrange a n g l e s  were 
compared t o  t h o s e  i n  t h e  cor responding  VM atmospheres  and were 
found t o  d i f f e r  l e s s  t h a n  0 . 5 ' .  
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F i g u r e  1 4 d . -  Downrange Angle Ent ry  t o  20 0 0 0 - f t  A l t i t u d e ,  
MEM 5 /68  Atmospheres, Di rec t  E n t r y ,  VE = 2 1  000 f p s  
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Terminal  Phase Ana lys i s  

T e r r i n a l  phase i n i t i a t i o n  c o n d i t i o n s  a r e  de te rmined  by e n t r y  
t r a j e c t o r y  c h a r a c t e r i s t i c s  , p r e s e n t e d  i n  the  p reced ing  s e c t i o n ,  
and may be  expres sed  i n  terms o f  e n t r y  c o n d i t i o n s  ( v e l o c i t y ,  f l i g h t -  
pa th  a n g l e ,  b a l l i s t i c  c o e f f i c i e n t ) .  En t ry  c o r r i d o r s  ( f l i g h t p a t h  
angle  v s  v e l o c i t y  a t  e n t r y )  r e s u l t  from t h e  t a r g e t i n g  and e r r o r  
a n a l y s i s .  C o r r e l a t i o n  w i t h  t h e s e  v a l u e s  d e f i n e s  t h e  r e q u i r e d  
v a l u e s  over  t h e  p a r a m e t r i c  range  o f  e n t r y  pa rame te r s  used  i n  t h e  
t e rmina l  phase a n a l y s i s .  Terminal  phase performance i s  measured 
i n  terms of e n t r y  w e i g h t ,  a e r o s h e l l  d i a m e t e r ,  and u s e f u l  landed  
we igh t .  Ent ry  weight  conve r t ed  t o  c a p s u l e  system we igh t  a l lows  
c o r r e l a t i o n  w i t h  launch  v e h i c l e  c a p a b i l i t y ,  a s  shown i n  r e f e r e n c e  
2 (Volumes I ,  11, and 1 1 1 ) .  The end p o i n t  o f  t he  t e r m i n a l  phase 
a n a l y s i s  d e f i n e s  u s e f u l  landed we igh t  as a f u n c t i o n  of a e r o s h e l l  
d iameter  and e n t r y  c o n d i t i o n s  and d i s p e r s i o n s .  S e n s i t i v i t y  t o  
des ign  parameters  such a s  landed  t e r r a i n  h e i g h t  and d e c e l e r a t o r  
s i z e  i s  a l s o  f a c t o r e d  i n t o  t h e  a n a l y s i s  a long  w i t h  t h e  c o n s t r a i n t s  
under which t h e  sys tem i s  assumed t o  per form.  Th i s  r e p o r t  p r e -  
s e n t s  t h e  r e s u l t s  o f  t h e  MEM 5/68 atmosphere a n a l y s i s  compared 
wi th  t h e  VM atmosphere r e s u l t s  t aken  from r e f e r e n c e  2 (Volume IV) .  

f p s )  
I n  a d d i t i o n ,  VM r e s u l t s  a r e  r e r u n  f o r  t h e  d i r e c t  mode (VE = 21  000 

t o  provide  a d i r e c t  comparison.  

The t e r m i n a l  d e s c e n t  sys tem i n v e s t i g a t e d  c o n s i s t s  o f  a d i s c -  
gap-band o r  r i n g s a i l - t y p e  pa rachu te  deployed a t  M = 2 . 0  o r  l e s s .  
The a e r o s h e l l  i s  s e p a r a t e d  from t h e  l a n d e r  a t  abou t  M = 0.80 .  
F i n a l  d e c e l e r a t i o n  i s  s u p p l i e d  by a v e r n i e r  p r o p u l s i o n  sys tem 
a f t e r  pa rachu te  r e l e a s e .  The MEM 5/68-min atmosphere is  most 
c r i t i c a l  f o r  t he  pa rachu te  t r a j e c t o r y  because of  i t s  low d e n s i t y  
du r ing  t h i s  phase .  I n i t i a l  v e l o c i t i e s  and Mach number are h i g h e s t  
a t  pa rachu te  deployment i n  t h i s  a tmosphere model. T h e r e f o r e ,  t h i s  
atmosphere de t e rmines  t h e  a l t i t u d e  o f  pa rachu te  deployment .  The 
e f f e c t  o f  t he  MEM 5/68-mean atmosphere on t e r r a i n  h e i g h t  c a p a b i l i t y  
i s  a l s o  i n v e s t i g a t e d  f o r  s e v e r a l  p o i n t  d e s i g n s .  

Cond i t ions  i n v e s t i g a t e d  f o r  t h e  t r a j e c t o r y  a n a l y s i s  are:  

1) En t ry  v e l o c i t i e s  of  16  000 f p s  ( o r b i t a l  mode) and 

2 )  En t ry  f l i g h t p a t h  a n g l e s  of  -16 t o  -24" ( o r b i t a l  mode) 

2 1  000 f p s  ( d i r e c t  mode); 

and -20 t o  -40" ( d i r e c t  mode); 

3 )  T e r r a i n  h e i g h t s  o f  0 ,  3000, and 6000 f t  above t h e  mean 
p lane  t s u r f  ace  ; 

e r a t o r  s e p a r a t i o n  ( r e t r o  system i g n i t i o n ) .  
4 )  L a t e r a l  v e l o c i t y  due t o  winds of  220  f p s  a t  a e r o d e c e l -  
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A d d i t i o n a l  a s sumpt ions ,  ground r u l e s ,  and c o n s t r a i n t s  r e l a t e d  
t o  t h e  a e r o d e c e l e r a t n r  phase a r e  as f o l l o w s  : 

1) The a e r o d e c e l e r a t o r  h a s  completed i t s  job  a t  4000 f t  
above t e r r a i n ;  

t i o n  must b e  -60" o r  s t e e p e r ;  
2 )  The f l i g h t p a t h  a n g l e ,  y, a t  a e r o d e c e l e r a t o r  s e p a r a -  

3 )  Time on a e r o d e c e l e r a t o r  must be 16  s e c  o r  l o n g e r ;  

4 )  The pa rachu te  sys tem must be s i z e d  t o  accompl ish  1) 
and 2 )  above or. s e p a r a t e  t h e  a e r o s h e l l ,  whichever  i s  
l a r g e r .  

Ground r u l e s  and c o n s t r a i n t s  r e l a t e d  t o  t h e  v e r n i e r  s y s  t e m  
s i z i n g  a r e  a s  f o l l o w s :  

1) I g n i t i o n  a t  4000 f t  above t h e  s u r f a c e ;  

2 )  V e l o c i t y  a t  i g n i t i o n  i s  1 . 2 5  times pa rachu te  t e r m i n a l  

3 )  F l i g h t p a t h  a n g l e  a t  i g n i t i o n  i s  -60'; 

4 )  A e r o d e c e l e r a t o r  s e p a r a t i o n  a t  v e r n i e r  i g n i t i o n .  

v e l o c i t y  ; 

A monopropel lan t  t h r e e  -engine v e r n i e r  p r o p u l s i o n  sys t e m  w i t h  a 
s p e c i f i c  impulse of  225 s e c  i s  assumed f o r  t h e  t e r m i n a l  phase 
a n a l y s i s .  

The a n a l y s i s  i s  performed f o r  a range  of  a e r o s h e l l  d i ame te r  
as f o l l o w s :  

1) O r b i t a l  mode - 6 .5 ,  8 . 5 ,  1 2 ,  and 1 5  f t ;  

2 )  Direct  model - 6.5 ,  8 . 5 ,  1 2 ,  15,  20, 25,  and 30 f t .  

The l aunch  v e h i c l e  shroud s i z e  l i m i t a t i o n  assumed f o r  t h i s  a n a l y -  
s i s  ( 1 6 - f t  d i a m e t e r )  has  been i n t e r p r e t e d  i n  t h i s  p a r a m e t r i c  a n a l y -  
s i s  t o  l i m i t  t h e  a e r o s h e l l  d i ame te r  t o  approx ima te ly  1 5  f t .  Aero- 
s h e l l  d i a m e t e r s  g r e a t e r  than  1 5  f t  a r e  o b t a i n e d  by dep loy ing  f l a p s .  

These a s sumpt ions ,  ground r u l e s ,  and c o n s t r a i n t s  are i d e n t i c a l  
t o  t h o s e  used i n  VM atmosphere model a n a l y s i s .  A more d e t a i l e d  
d i s c u s s i o n  may be found i n  r e f e r e n c e  2 (Volume IV) .  

A d i s c u s s i o n  of  the d a t a  and comparison of a tmospheres  follows. 
Reason f o r  d i f f e r e n c e s  due t o  a tmospheres  i s  found i n  t h e  summary 
a t  t h e  end of  t h i s  s e c t i o n .  
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Parachu te  t r a j e c t o r i e s  a r e  c a l c u l a t e d  f o r  v a r i o u s  BE based 

on deployment a t  M = 2 i n  t h e  MEN 5/68-min a tmosphere .  The 
parachute  i s  assumed t o  have accomplished i t s  purpose when a r e l a -  
t i v e  f l i g h t p a t h  a n g l e  o f  -60" i s  reached  a t  l e a s t  4000 f t  above 
t h e  t e r r a i n .  The BDEC (pa rachu te  s i z e  r e q u i r e d  t o  r e a c h  t h e s e  

f i n a l  c o n d i t i o n s )  f o r  v a r i o u s  and BE a r e  shown i n  f i g u r e s  

1 5  t h r u  20 f o r  t h e  MEM 5/68-min a tmosphere .  
VM-7 and VM-8 ( d i r e c t  mode) a r e  shown i n  f i g u r e s  21 and 22 .  BDEC 
f o r  VM-7 and VM-8 f o r  t h e  o r b i t  mode a r e  p a r t i a l l y  shown f o r  r e f -  
e rence  i n  f i g u r e s  15  and 1 7 .  I t  i s  s e e n  t h a t  t he  pa rachu te  s i z e s  
r e q u i r e d  f o r  t h e  MEM 5/68-min atmosphere a r e  s m a l l e r  t h a n  f o r  
VM-7 and V M - 8 .  The pa rachu te  s i z e  used i n  c a l c u l a t i o n s  i s  always 
s u f f i c i e n t  t o  s e p a r a t e  t h e  sys tem from t h e  a e r o s h e l l  a t  M = 0 .8 .  
T h e r e f o r e ,  i n  t hose  c a s e s  where t h e  pa rachu te  s i z e  r e q u i r e d  f o r  
s e p a r a t i o n  is  l a r g e r  t han  shown i n  f i g u r e s  1 5  t h r u  22, t he  s i z e  
r e q u i r e d  f o r  s e p a r a t i o n  i s  used .  A minimum time on the  pa rachu te  
o f  16 s e c  i s  assumed. Time on t h e  pa rachu te  i s  shown pa rame te r -  
i c a l l y  i n  f i g u r e s  23 and 24 f o r  t h e  6000- f t  t e r r a i n  h e i g h t  and 
pa rachu te  s i z e s  of  0 .015,  0 .030 ,  and 0.10 s l u g / f t 2 .  

S i m i l a r  d a t a  f o r  

The approach used  i n  t h i s  a n a l y s i s  i s  t o  compare the  u s e f u l  
payload on t h e  ground on t h e  b a s i s  of e n t r y  we igh t  and a e r o s h e l l  
d i ame te r .  The parameter  used f o r  comparison i s  landed  equipment  
weight  , 
minus a e r o s h e l l  w e i g h t ,  a e r o d e c e l e r a t o r  s y s  tem, v e r n i e r  sys tem,  
e n t r y  thermal c o n t r o l ,  ACS,  landed s t r u c t u r e  i n c l u d i n g  l e g s ,  pyro  
subsystem, and d i ame te r  s e n s i t i v e  c a b l i n g .  Thus,  WLE i s  t h e  

e f f e c t i v e  u s a b l e  we igh t  on t h e  ground comprised o f  e n t r y  G&C, a l l  
communications and d a t a  hand l ing  subsys tems,  power subsys tems,  
s u r f a c e  thermal  c o n t r o l ,  and s u r f a c e  s c i e n c e  subsys t ems .  The p a r a -  
m e t r i c  we igh t  e q u a t i o n s  used  f o r  t h e  d e l i v e r y  sys tem weight  a r e  
shown i n  r e f e r e n c e  2 ,  (Volume V I ) .  

. This  parameter  i s  d e f i n e d  a s  e n t r y  w e i g h t ,  W E ,  'LE 

A Sample o f  t h e  b a s i c  d a t a  c a l c u l a t e d  i s  shown i n  f i g u r e  25 
f o r  t h e  MEM 5/68-min and VM-7, VM-8 a tmosphe res .  The r e s u l t s  
f o r  t h e  MEM 5/68-min a tmosphere ,  compared t o  the  VM-7, VM-8 r e -  
s u l t s ,  show h i g h e r  landed  equipment w e i g h t s  f o r  a g i v e n  e n t r y  
weight  o r  a g i v e n  d i a m e t e r .  I l l u s t r a t e d  i n  f i g u r e  25 a r e  t h e  
maximum WLE con tour  and t h e  maximum w L E / W E  e n v e l o p e .  The 

maximum 'LE/WE envelope  o p t i m i z e s  landed  equipment  we igh t  per  

pound e n t r y  weight  a t  t h e  expense of h i g h e r  a e r o s h e l l  d i a m e t e r s .  
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BE, s l u g / f t 2  

E ’  vs B Direct Mode F i g u r e  21.-  BDEC 
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Those p o i n t s  maximizing WLE f o r  a g i v e n  d i ame te r  a e r o s h e l l  do 

SO a t  t he  expense of h i g h e r  e n t r y  w e i g h t .  The d a t a  f o l l o w i n g  
a r e  f o r  t h e  maximum WLE o r  t h e  maximum WLE/  WE enve lope .  

Maximum landed equipment we igh t  always o c c u r s  a t  a h i g h e r  e n t r y  
weight  t han  maximum landed w e i g h t  r a t i o .  

Heat s h i e l d  a b l a t o r  w e i g h t s  f o r  d i r e c t  e n t r y  depend on whether  
t he  flow i s  l amina r  o r  t u r b u l e n t .  In prev ious  work ( r e f .  2 )  f low 
t r a n s i t i o n  w a s  assumed t o  occur  a t  f o r  a l l  c o n d i t i o n s .  

However t h e  t r a n s i t i o n  BE i s  a c t u a l l y  a f u n c t i o n  of  a e r o s h e l l  

d i ame te r  and e n t r y  f l i g h t p a t h  a n g l e .  Th i s  i s  i l l u s t r a t e d  i n  
f i g u r e  26 which shows the  t r a n s  i t  ion  t h a t  a r e  used i n  t h i s  

r e p o r t .  Values  f o r  VM-7, VM-8 are a l s o  c a l c u l a t e d  f o r  compari-  
son pu rposes .  Weight cu rves  were n o t  f a i r e d  as i n  r e f e r e n c e  2 ;  
rather, a n  a b r u p t  change i n  a b l a t o r  we igh t  i s  used a t  t he  t r a n s i -  
t i o n  BE.  Th i s  i s  i l l u s t r a t e d  i n  f i g u r e  2 7 .  

BE = 0.3 

BE 

The maximum landed equipment and e n t r y  we igh t s  f o r  t h e  MEM 
5168-min atmosphere a r e  shown i n  f i g u r e  28 t h r u  33 f o r  o r b i t a l  
e n t r y  and t e r r a i n  h e i g h t s  of  0 ,  3000, and 6000 f t .  Some v a l u e s  
u s i n g  VM-7 and VM-8 atmospheres  a r e  superimposed f o r  comparison.  
The new atmospheres  i n  a l l  c a s e s  y i e l d s  g r e a t e r  landed equipment 
we igh t s  t han  t h e  VM atmospheres  f o r  a g iven  d i a m e t e r .  Fo r  example,  
i n  f i g u r e  32 a t  f o r  a 1 0 - f t  a e r o s h e l l ,  t he  landed e q u i p  

ment we igh t  f o r  t h e  minimum atmosphere i s  1350 l b  

compared w i t h  940 l b  ( W E  = 1910 l b )  f o r  VM-7,  VM-8. The MEM 

5/68-min atmosphere a l s o  a l l o w s  smaller a e r o s h e l l s  t o  be used f o r  
a given W L E .  From f i g u r e  32 f o r  W L E  = 1000 l b  and yE = 16" ,  

t h e  MEM 5/68-min atmosphere r e q u i r e s  a n  a e r o s h e l l  d i ame te r  of 8.8 
f t ;  t h e  VM-7, VM-8 atmospheres r e q u i r e  a 1 0 . 2 - f t - d i a m e t e r  a e r o -  
s h e l l .  Corresponding e n t r y  w e i g h t s  a r e  1900 and 1970 l b ,  a small  
v a r i a t i o n .  Note a l s o ,  t h a t  t h e  new atmosphere p e r m i t s  a g r e a t e r  

- D  comb i n a  - d i s p e r s i o n  i n  e n t r y  a n g l e  t o  o b t a i n  a g i v e n  

t i o n .  It  shou ld  be p o i n t e d  o u t  t h a t  t h e  VM-7,  VM-8 d a t a  shown 
f o r  comparison a r e  based on a 

Thus, t he  improvement shown by t h e  MEM 5168-min atmosphere r e s u l t s  
( V E  = 16 000 f p s )  

improvement might be expec ted  u s i n g  e q u a l  e n t r y  v e l o c i t i e s .  The 
e f f e c t  of t e r r a i n  h e i g h t  shown i n  f i g u r e  34 f o r  o r b i t a l  e n t r y ,  i s  

y E  = -16" 

(WE = 2475 l b )  

'LE AIS 

VE = 4.5 km/sec (14 760 f p s ) .  

i s  s l i g h t l y  c o n s e r v a t i v e ;  a s l i g h t l y  l a r g e r  
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condi t ion -- WLE / WE 

1.1' 

e s s e n t i a l l y  l i n e a r .  
e n t r y  we igh t  f o r  t he  VM-7 and VM-8 atmospheres  f o r  d i r e c t  e n t r y  
a r e  shown i n  f i g u r e s  35 t h r u  38 .  Minimum atmosphere p l o t s  f o r  
d i r e c t  e n t r y  a r e  shown i n  f i g u r e s  39  t h r u  44. The i r r e g u l a r i t y  
i n  the  c u r v e s  i s  caused  by a change i n  a b l a t o r  w e i g h t s  a t  f low 
t r a n s i t i o n  i l l u s t r a t e d  p r e v i o u s l y  i n  f i g u r e  26. The r e s u l t s  
show the  same t r e n d s  a s  f o r  t h e  o r b i t  mode. 

P l o t s  o f  maximum landed equipment we igh t  and 

WLE and WE a r e  summarized i n  f i g u r e s  45 t h r u  52 f o r  b o t h  

modes. The f i g u r e s  a r e  i n  such form t h a t  i n t e r p o l a t i o n s  may be 
made r e a d i l y .  Some V M - 7 ,  VM-8 p o i n t s  a r e  a l s o  shown i n  t h e s e  
f i g u r e s  f o r  r e f e r e n c e .  

Landed equipment we igh t  and e n t r y  we igh t  f o r  t h e  landed  we igh t  
r a t i o  envelope  a r e  shown i n  f i g u r e s  53 t h r u  60. These d a t a  may 
be used f o r  d e s i g n  when e n t r y  we igh t  r a t h e r  t han  a e r o s h e l l  diam- 
e t e r  i s  t h e  l i m i t i n g  d e s i g n  pa rame te r .  

The f i g u r e s  i n  t h i s  s e c t i o n  a r e  p l o t t e d  f o r  c o n s t a n t  e n t r y  
f l i g h t p a t h  a n g l e s .  They show t h a t  i n c r e a s i n g  yE w i l l  d e c r e a s e  

the  landed  equipment weight  f o r  a p a r t i c u l a r  . This  h o l d s  t r u e  

f o r  n e a r l y  eve ry  p o i n t  f o r  d i r e c t  and o r b i t a l  modes. 
BE 

S e v e r a l  p o i n t  d e s i g n s  a r e  e v a l u a t e d  t o  de t e rmine  t h e  e f f e c t  
of  a tmosphere u n c e r t a i n t y  on t e r r a i n  h e i g h t  c a p a b i l i t y .  These 
p o i n t s  a r e  f o r  landed equipment we igh t s  of 600 l b ,  o r b i t a l  mode, 
and nominal yE = -16" and maximum yE = -18". Design c o n d i t i o n s  

a r e  f o r  bo th  maximum WLE and W L E / W E  enve lope .  Pa rachu te  d e -  

ployment i s  a t  M < 2 .0  i n  two a tmospheres ,  MEM 5/68-min and 
-mean. 
parachute  a r e  g i v e n  i n  t a b l e  3 .  

The d e s i g n p o i n t s  and c a l c u l a t e d  f i n a l  a l t i t u d e s  on t h e  

TABLE 3 . -  D E S I G N  POINTS AND CALCULATED FINAL ALTITUDES ON 
THE PARACHUTE 

MEM 5/68-min 
atmosphere, f t 

MEM 5/68-mean 
atmosphere, f t 

32 800 

31 700 

30 000 

30 000 

25 800 

24 700 

26 000 

26 000 

I 

2 1  800 

20 700 

22  000 

2 2  000 
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F i g u r e  45.- Landed Equipment Weight,  O r b i t  Mode 
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The deployment a l t i t u d e  i s  below the Mach 2 a l t i t u d e  i n  the  
MEM 5168-mean a tmosphere .  Th i s  i s  necessa ry  t o  o b t a i n  t h e  same 
Ah t o  v e r n i e r  i g n i t i o n  v e l o c i t y  a s  in  t h e  MEM 5168-min atmos-  
*phere,  assuming sys tem d e s i g n  based on M = 2 deployment i n  the  
PIEX 5/68-min atmosphere,  The t e r r a i n  h e i g h t  c a p a b i l i t y  i n  t h e  
MEM 5168-mean atmosphere i s  20 700 t o  22 000 f t  compared t o  6000 
f t  f o r  t he  MEM 5168-min a tmosphere .  

Capsule  sys tem weight  r e q u i r e d  t o  l and  v a r i o u s  landed  e q u i p -  
ment we igh t s  f o r  o r b i t a l  and d i r e c t  modes f o r  

shown i n  f i g u r e  61.  A comparison of modes may be made from t h i s  

'E - p l o t .  For example a 500-lb landed equipment weight  w i t h  a 

-18" f o r  t h e  o r b i t a l  mode r e q u i r e s  a 1400- lb  c a p s u l e  sys tem 

r e q u i r e s  1600-lb c a p s u l e  system weight  and a D 1 0 . 5  f t .  

Th i s  t r e n d  h o l d s  t r u e  f o r  a l l  p o i n t s  comparing mis s ion  modes. 
The o r b i t  mode i s  s u p e r i o r  i n  amount of landed  equipment we igh t .  
T h i s  i s  p r i m a r i l y  due t o  h i g h e r  e n t r y  f l i g h t p a t h  a n g l e s  r e q u i r e d  
f o r  d i r e c t  e n t r y .  The e f f e c t  o f  e n t r y  a n g l e  may be r e a d i l y  s e e n  
from t h i s  f i g u r e .  I n c r e a s i n g  yE i n c r e a s e s  r e q u i r e d  c a p s u l e  s y s  - 
tern w e i g h t  f o r  t h e  same WLE p a r t i c u l a r l y  a t  t h e  h i g h e r  yE. 

hT = 6000 f t  i s  

- 

weigh t  and a D = 7 . 5  f t .  The d i r e c t  mode, f o r  a YE = -24" A I  s 
A /  S 

Summary of  Atmosphere Change on Performance 

Two small changes i n  t r a j e c t o r y  c h a r a c t e r i s t i c s  i n  the  new 
a tmospheres  have l e d  t o  g r e a t e r  performance c a p a b i l i t y  ( i . e . ,  
g r e a t e r  WLE p e r  DAIS). The f i r s t  is  t h e  a l t i t u d e  a t  Mach 2 

as a f u n c t i o n  of BE and yE ( f i g s .  4 and 5 ) ,  which i s  b a s i c a l l y  

t h e  same a t  low 

phe res  a t  h i g h e r  BE, yE. 

d a t a  a r e  summarized i n  f i g u r e s  62 and 63 f o r  t h e  MEM 5168-min and 
VM-7, VM-8 a tmospheres ,  r e s p e c t i v e l y .  Comparison of  t h e s e  d a t a  

show t h a t  l e s s  a l t i t u d e  i s  r e q u i r e d  f o r  a g iven  a t  c o n s t a n t  

p a r a c h u t e  s i z e  i n  t h e  MEM 5168-min atmosphere.  T h i s ,  coupled w i t h  
t h e  d a t a  i n  f i g u r e s  4 and 5 ,  t ends  t o  s h i f t  t he  optimum perform- 
ance  p o i n t  f o r  a g iven  a e r o s h e l l  d iameter  t o  h i g h e r  

t h e r e f o r e ,  g r e a t e r  pounds on the  ground. L i t t l e  g a i n  i s  r e a l i z e d  
a t  nonoptimum p o i n t s .  

BE,  yEY b u t  shows an advantage  i n  t h e  new atmos-  

The second c h a r a c t e r i s t i c  i s  the  A- 

a l t i t u d e  r e q u i r e d  by the  pa rachu te  t o  comple te  t h e  j o b .  These 

B~~~ 

BE and ,  
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A second f a c t o r  t h a t  l e a d s  t o  g r e a t e r  performance i n  t h e  new 
atmospheres  is  t h a t  t h e  h i g h e r  l o w - a l t i t u d e  d e n s i t i e s  a l l o w  s m a l l e r  
p a r a c h u t e s  t o  r e a c h  a g iven  t e r m i n a l  v e l o c i t y .  Th i s  c h a r a c t e r -  
i s t i c ,  coupled w i t h  the  v e r n i e r  p r o p u l s i o n  sys tem c h a r a c t e r i s t i c s ,  

t o  lower t e r m i n a l  v e l o c i t i e s  and smaller v e r n i e r  systems. A1 though 
t h i s  o p t i m i z a t i o n  w a s  n o t  made as p a r t  o f  t h i s  s t u d y ,  t h e  c h a r a c t e r -  
i s t i c s  a r e  i n d i c a t e d  i n  the  pa rame t r i c  d a t a .  

L.- -  L C ~ S  t o  s h i f t  t h e  optimum p a r a c h u t e l v e r n i e r  sys tem o p t i m i z a t i o n  

A more q u a n t i t a t i v e  comparison showing t h e  e f f e c t  o f  t h e  new 
atmospheres  i s  p re sen ted  f o r  s p e c i f i c  p o i n t  d e s i g n s  i n  t a b l e s  4 
and 5 f o r  o r b i t a l  mode and t a b l e s  6 and 7 f o r  d i r e c t  mode. A 
t y p i c a l  maximum performance c a s e  d e r i v e d  from t h e  p a r a m e t r i c  d a t a  
i n  r e f e r e n c e  2 i s  used a s  a r e f e r e n c e  p o i n t  d e s i g n .  From t a b l e  
4, t h i s  p o i n t  d e s i g n  f o r  t h e  o r b i t a l  mode h a s  an  e n t r y  weight  o f  
1488 l b  and 

(BE = 0 .5 ) .  

s t u d y  w i t h  t h e  new atmospheres  a r e  shown f o r  comparison.  The f i r s t  
= 8.5 f t  w i t h  one ho ld ing  t h e  same W E ,  t h e  second two have D 

The second two p o i n t  be ing  t h e  optimum WLE p o i n t  f o r  t h a t  

d e s i g n  a r e  s imilar ,  one having  t h e  same 

second t h e  same WLE.  

a e r o s h e l l  d i ame te r  f o r  each  c a s e .  

WLE = 7 1 1  l b  f o r  a n  a e r o s h e l l  d i ame te r  o f  8.5 f t  

Four d i f f e r e n t  p o i n t  des igns  d e r i v e d  from t h e  c u r r e n t  

A/  S 

' 

W E  a s  t h e  r e f e r e n c e ,  t he  

These two cases  make use  of  t h e  optimum 

The d a t a  i n  t a b l e s  4 and 6 comparing t h e s e  p o i n t  d e s i g n s  show 
improved n e t  performance f o r  a l l  o f  t h e  c a s e s  w i t h  t h e  new atmos-  
p h e r e s .  The tendency f o r  h i g h e r  BE and ,  g e n e r a l l y ,  s m a l l e r  
p a r a c h u t e  s i z e s  i s  a p p a r e n t .  

The we igh t  d a t a  i n  t a b l e s  4 and 6 have been normal ized  by 
bo th  WE and WLE and a r e  p re sen ted  i n  t h i s  form i n  t a b l e  5 

and 7 .  F i r s t ,  t h e  W 

are a l l  g r e a t e r  t han  t h a t  f o r  t h e  r e f e r e n c e .  Th i s  i s  l a r g e l y  a 
r e s u l t  of  t h e  g r e a t e r  WE o r  WLE. A s  a g e n e r a l i z a t i o n ,  t h e  

g r e a t e r  WE l e a d s  t o  a more e f f i c i e n t  c o n f i g u r a t i o n  from a 

W L E / W E  v i e w p o i n t ,  because t h e  a l lowab le  we igh t s  a r e  g r e a t e r  

r e l a t i v e  t o  t h e  b a s i c ,  r e l a t i v e l y  f i x e d  we igh t s  such a s  s t r u c t u r e ,  
c a b l i n g ,  e n t r y  s c i e n c e ,  e t c . ,  which a r e  r e q u i r e d  j u s t  t o  s u p p o r t  
t h e  u s e f u l  payload ( i . e . ,  f i g .  25). 

f o r  the new atmosphere p o i n t  d e s i g n s  LE/ 'E 
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TABLE 4 . -  COMPARISON OF POINT DESIGNS, ORBIT  MODE 

'E> Ib 

W l b  

W 

LE' 

A I S '  lb 

l b  'PAR 9 

wvs * l b  

l b  

BE,  s l u g / f t '  

f t  

BDEC, s l u g / f t 2  

DPAR 

f t  

T y p i c a l  

maximum 
per formance  

VM-7,8 

1488 

7 1 1  

121 

1 5 1  

222 

8 . 5  

. 5  

70 

.02 

8000 

C o n s t a n t  

DA/S,WE 

1488 

778 

1 2 1  

66 

234 

8 . 5  

.5 

44 

.0504 

8000 

MEM 5/68-min a tmosphere  

C o n s t a n t  
n 

YA/S  
maximum 

per formance  

1830 

920 

128 

225 

2 49 

8 . 5  

.615  

78 

.02 

2900 

N o t e :  Y E  = -16", hT = 6000 f t ,  VE = 16 000 f p s .  

Cons t a n  t 

rnax imum 
per formance  

~~ 

1488 

725 

110 

135 

2 18 

7 . 8  

.59  

59 

.028 

4000 

C o n s t a n t  

LE 
maximum 

per formance  

W 

1450 

7 1 1  

107 

131  

213 

7 . 7  

.59  

58 

.028 

4000 

TABLE 5 . -  PERCENTAGE COMPARISON OF DELIVERY SYSTEMS, O R B I T  MODE 

'LE/ 'E 

A I S /  'E 
W 

'PAR/ 'E 

'VS/'E 

c 'DEL 

'A/ s / 'LE 

PAR/ ' J ~ ~  
wvs / w L E  

"DEL/'LE 

W 

Ty p i c  a 1 

maximum 
per formance  

VM-7,8 

0 .478  

0.082 

0 .102  

0 .149  

0 .333  

0 .170  

0.212 

0.312 

0 .694  

Cons t a n  t 

.'E 

0 .523  

0.082 

0 . 0 4 4  

0.157 

0 .283  

0 .156  

0 .085  

0.301 

0.542 

MEM 5/68-min a tmosphere  

Cons t a n  t 

A / S  
maximum 

p e r f  orman ce 

D 

0 . 5 0 3  

0.070 

0 . 1 2 3  

0 .136  

0 .329  

0 .139  

0 .246  

0 .271  

0 .656  

C o n s t a n t  

maximum 
per formance  

0 .487  

0.074 

0 . 0 9 1  

0 .147  

0.312 

0 .152  

0.186 

0 .301  

0 .639  

C o n s t a n t  

'LE 
maximum 

per formance  

0 .490  

0.074 

0 . 0 9 0  

0 .147  

0 .311  

0.151 

0 . 1 8 4  

0 .300  

0 .635  



TABLE 6 . -  COMPARISON OF P O I N T  DESIGNS, DIRECT MODE 

'E' Ib 

'LE7 Ib 

'AIS'  lb 

W l b  

W l b  

PAR ' 

VS'  

f t  

BE' s l u g / f t '  

f t  D 

B D E C 7  s l u g / f t "  

PAR ' 

&PAR, 

T y p i c a l  

maximum 
per formance  

VM-7,8 

914 

232 

155 

108 

131 

8.5 

.307 

52 

.02 

6200 

A/ ~ 

C o n s t a n t  D 

E same W 

9 14 

28 1 

155 

35 

146 

8.5 

.307 

29 

.066 

8 500 

a 

a 
BDEC r e q u i r e d  f o r  a e r o s h e l l  s e p a r a t i o n .  

Mb,M 5/63 - m i n  a tmosphere  

Cons t a n  t 

maximum 
per formance  

1086 

3 56 

164 

102 

151 

8.5 

.365 

47 

.03 

4500 

C o n s t a n t  
W 

E 
maximum 

per formance  

914 

265 

138 

104 

130 

7.7 

.374 

46 

.026 

3800 

C o n s t a n t  

'LE 
maximum 

per formance  

870  

232 

13 1 

99 

125 

7.5 

.374 

45 

.026 

3800 

TABLE 7 . -  PERCENTAGE COMPARISON OF DELIVERY SYSTEMS, DIRECT MODE 

'LE / 'E 

'A/S/'E 

'PAR/ 'E 

'VS / 'E 
"DEL/ 'E 

'AIS/ 'E 

W 
PAR / 'LE 

'vs/ 'LE 

"DEL/'LE 

T y p i c a l  

maximum 
per formance  

VM-7'8 

0.254 

0.170 

0.118 

0.144 

0.432 

0.667 

0.465 

0.565 

1.697 

A / S  
: o n s t a n t  D 

E same W 

0.307 

0.170 

0.038 

0.160 

0.368 

0.552 

0.125 

0.052 

0.729 

MEM 5/68 - m i n  a tmosphere  

C o n s t a n t  

A I S  
D 

max imum 
per formance  

0.328 

0.151 

0.094 

0.139 

0.384 

0.461 

0.287 

0.424 

1.172 

C o n s t a n t  

maximum 
per formance  

~ 

0.290 

0.151 

0.114 

0.142 

0.407 

0.520 

0.393 

0.491 

1.404 

C o n s t a n t  

%E 
maximum 

per formance  

0.267 

0.151 

0.114 

0.144 

0.409 

0.565 

0.426 

0.539 

1.530 
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The remain ing  comparisons shown i n  t a b l e s  5 and 7 a r e  on the  
of t h e  b a s i c  d e l i v e r y  sys tems 

'LE b a s i s  of pe rcen tage  of WE o r  

( i . e .  , 'DEL A I S  + 'PAR VS)  
sys  tem we igh t  improvements f o r  the  v a r i o u s  p o i n t  d e s i g n s  compared 
to the  r e f e r e n c e .  The f o u r  comparison c o n f i g u r a t i o n s  cover  the  
gamut from most we igh t  saved i n  the  pa rachu te  sys tem ( l i t t l e  i m -  
provement i n  the  v e r n i e r )  t o  most we igh t  saved i n  the  v e r n i e r .  
I n  a l l  c a s e s ,  t h e  t o t a l  d e l i v e r y  system we igh t  r a t i o  i s  improved 
over the  r e f e r e n c e  c o n f i g u r a t i o n  u s i n g  the  VM-7, VM-8 a tmospheres .  

= w  + W . The d a t a  i l l u s t r a t e  t h e  v a r i o u s  

The b a s i c  c o n c l u s i o n s  d e r i v e d  from t h i s  a n a l y s i s  a r e :  

1) The mis s ion  mode comparison p r e s e n t e d  i n  r e f e r e n c e  2 
i s  n o t  b a s i c a l l y  changed;  

2 )  The new atmospheres  do a l l o w  g r e a t e r  landed  u s e f u l  
we igh t s  f o r  a g iven  a e r o s h e l l  d i a m e t e r .  



LANDING STABILITY ANALYSIS 

The s t a b i l i t y  c a p a b i l i t y  of t h e  C o n f i g u r a t i o n  1 B  v e h i c l e  was 
de te rmined  c i s h g  t h e  s l c y  p r o b a b i l i t y  p l o t  ( f i g .  111-C-4) from 
r e f e r e n c e  1. F i g u r e  6 4  i s  a r e p r o d u c t i o n  of  t h e s e  d a t a .  

S t a b i 1 it: y D e  t ermina t i o n  

There  were e i g h t  s t e p s  used  t o  de te rmine  t h e  v e h i c l e s  s t a b i l -  
i t y  c a p a b i l i t y :  

1) The Mar t in  Marietta Corpora t ion  Phase B fou r - l egged  
l a n d e r  had a n  R/H ( r a t i o  of l e g  r a d i u s  t o  c . g .  h e i g h t )  
of 2 . 2  and a 100% s t a b l e  l a n d i n g  c a p a b i l i t y  f o r  s l o p e s  
up t o  36" ( f i g .  3 . 1 - 2 1 ,  r e f .  3 ) .  

Study had a R/H of 2 . 0  and a 100% stable landing 
c a p a b i l i t y  of 32" s l o p e ,  

c o n f i g u r a t i o n ,  t h e  minimum R / H  i s  1 .8  and t h e  100% 
s t a b l e  p o i n t  becomes 28". 

2)  The r e f e r e n c e  c o n f i g u r a t i o n  f o r  t h e  Mars Miss ion  Mode 

3 )  Applying 10% t o l e r a n c e  t o  t h e  c . g .  o f  t h i s  r e f e r e n c e  

4 )  Above t h i s  a n g l e ,  a s t a t i s t i c a l  approach  was used  t o  
de te rmine  t h e  l a n d i n g  c a p a b i l i t y .  

app rox ima te ly  a 17' d t f f e r e n c e  e x i s t s  between t h e  
100% s t a b l e  s l o p e  and t h e  0% s t a b l e  p o i n t .  For t h i s  
a n a l y s i s ,  a c o n s e r v a t i v e  6" w a s  used and t h e  0% 
s t a b l e  p o i n t  of 3 4 " .  These two a n g l e s  28  and 32"  
were used i n  t h e  c o n s t r u c t i o n  of  f i g u r e  6 5 .  

5) From f i g u r e  3 . 1 - 2 3  of r e f e r e n c e  3 ,  i t  i s  s e e n  t h a t  

6 )  Cumrnulative p r o b a b i l i t y  p l o t s  were o b t a i n e d  f o r  t h e  
f i v e  major parameters  involved  i n  l a n d i n g  s t a b i l i t y .  
These parameters  a r e ,  

a )  S u r f a c e  s l o p e ,  

b) D i r e c t i o n  of s l o p e  ( a n g l e  between h o r i z o n t a l  ve-  
l o c i t y  and  downhi l l  d i r e c t i o n )  , 

c )  Ver t ica l  v e l o c i t y ,  

d )  H o r i z o n t a l  v e l o c i t y ,  

e)  R o l l  a t t i t u d e  ( r o t a t i o n  a b o u t  v e r t i c a l  v e l o c i t y  
a x i s )  ; 
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S u r f a c e  s l o p e  a n g l e ,  deg 

F i g u r e  6 4 . -  P r o b a b i l i t y  D e n s i t y  D i s t r i b u t i o n  f o r  S u r f a c e  S l o p e s  
between t h e  -60' t o  60' L a t i t u d e s  on  Mars 

32  36 0 4 8 1 2  16 20 24 28 
S u r f a c e  s l o p e ,  deg 

F i g u r e  6 5 . -  P r o b a b i l i t y  o f  S t a b i l i t y  v s  S u r f a c e  S lope  



These p l o t s  a r e  shown as f i g u r e s  66 t h r u  70.  The 
s u r f a c e  s l o p e  p l o t  ( f i g .  6 6 )  i s  t h e  i n t e g r a t i o n  of 
f i g u r e  6 4 .  The v e l o c i t y  d a t a  ( f i g .  6 8  and 6 9 )  were 
a l s o  o b t i i n e d  from r e f e r e n c e  3 (Volume 11, S e c t i o n  I, 
t a b l e  3 . 4 - 4 ) .  

7 )  Tabu la r  r e p r e s e n t a t i o n s  of t h e s e  p l o t s  were used i n  
a d i g i t a l  computer program i n c o r p o r a t i n g  a random 
number g e n e r a t o r  t o  determine t h e  v a l u e  of  t h e  f i v e  
pa rame te r s .  The v a l u e  of e a c h  of t h e  f i v e  pa rame te r s  
was determined f o r  5000 " l and ings"  and t h o s e  t h a t  had 
a s u r f a c e  s l o p e  i n  excess  o f  28" were p r i n t e d  o u t .  

8) There were 4 4  " l and ings"  on s u r f a c e  s l o p e s  i n  e x c e s s  
of 28" as p r e s e n t e d  i n  t a b l e  8. Seven of t h e  " land-  
i n g s "  were on a s l o p e  i n  excess  of 34" and two o t h e r s  
were judged u n s t a b l e  because of t h e  v a l u e s  of t h e  
f i v e  pa rame te r s .  The pe rcen tage  of s t a b l e  l a n d i n g s  
i s  t h e n  4 9 9 1  o u t  o f  5000 o r  a v e h i c l e  s t a b l e  
99.82% of t h e  l a n d i n g s .  

f o r  

0 4 8 12 16 20 24 28 32 36 
S u r f a c e  s l o p e ,  deg 

F i g u r e  6 6 . -  Cumulative P r o b a b i l i t y  o f  S u r f a c e  S lope  
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-I-- + 
1 2  13 14 15 16 17 18 2 2  23 24 19 20 2 1  

V e r t i c a l  v e l o c i t y ,  f p s  

F i g u r e  68. - Cumulative P r o b a b i l i t y  of V e r t i c a l  V e l o c i t y  
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Figure 70.-  Cumulative Probability of Roll Attitude 

IO 

93 



TABLE 8.- "LANDINGS" WITH SLOPES GREATER THAN 28' 

2.00 
_ _  - 3  t 00. 

1.00 
0.30 
0.30 
0.30 
0.70 
2 r 7-0 . 

0.70 
0.30 
3.30 . 

1.00 
3.00 
1970- 
2.30 
1.30 
2.70 
2.70 
1.70 
0.30 
2 . 3 0  
2.70 
0.30 
1.00 
2.00 

0.70 
1.00 
0.30 
2.00 
1.70 
I .no 
0.30 
1.30 
2.30 
0 0 3 0  
1.30 
1 0 7 0  
0.70 
2.00 
1.30 
2.00 

-331 0- . 

252- 
288 251.36 

23.19- --__ 
172.34 

34.06 
332.81 
157.03 
102.20 
198.97- 

40.94 
32.07 

- 3-23 . 94- 
111.08 

1 1 3 9 0 7 1  
--7a81 
7.8.01 

234.04 
_ _ _  1 6 2 1 5  

260.24 
60.70 

2 0 9 ~ 8 3  
253.80 
200.97 
269.11 
350.13 
313.06 

__1443 15 
218.73 
236.04 
3-30 97 
190.10 

67.13 
_ 3 4 8 . U  
271.11 

58.26 
.. _ _  76 !-Ol 

93.33 
174.78 
3 0-40 18 
279.9s 
315.06 
119.96 
130.84 

I 589 
6 5 1  
875 

I 890 

I 1142 

1185 

2003 
2798 
3099 

3524 

3697 

3882 
3968 

- 3998 I 3999 

~ ~-~ 

;LOPE 
)EG 
!9.0 

35.0" 
51-00 

5J.2 0- 
3 5 0 0 ~ -  
3 5 0 0 ~  
?goo 
33.0 
31.0 
?-9 . 0 
z9.d 
29 00 
3 1  0-0- - 
29.0 
29.0 
31 0.0 . 

33.0 
29.0 
29.0 ._ 

31.0 
29.0 
3 - 1 4  . 

29.0 
31.0 
3 1 0-0 
3 5 * 0 *  
29.0 
31.0 .. 

29.0 
33.0 
3 5 0 0 ~  
31.0 
3 1  0 0  
3 1.0 
35.0' 
3 1 0 0 ~  
~. 29.0 
35oOJr 
29 00 
_ _ _ _  31.0 
31.0 
3 3 0 0  
29.0 
29.0 

>k 

D-SLOPE 
D E G  

1-66019 . 

86.91 
133.14 
1490.67 
164.52 

39.43 
275.60 
133.56 
118.29 
291.70 
354.46 

7 2 0 0 6  
333.. 2 1 

40.68 
1 3 5 0 2 3  

~- 1 1-8 7 1 
164.94 
134.81 

4 1  10 
55.53 

166.61 
~- 181.46 

306.97 
259.07 
337.93 
273.93 
103.43 

__ 2.43080 
103.85 
102.18 
1 0 1  076 

9.30 
275 18 

. 306.56 
305.30 
352.79 
197.57 
195.90 
338.35 
1 8 1 0 0 4  
227.69 

70.80 
323.08 
212.84 

18.30 
1 9-06 0 
2 0 0 3 0  
18.30 
17.30 
18.60 
18.00 
1 8 0-3 0 
17.00 
21.60 
15.00 
19.00 
19.30 
18.30 
21.00 
19.30 
19.00- 
19.30 
16.30 
17.00 
18.60 
21.60 
20.30 
15.60 
17.60 

__ 2 0-* 3 0- 
18.00 
17.00 
17.00 
17.30 
1 7 0 0 0  
18.60 
18.00 
21.60 
18.CO 
17.00 
21.00 
16.30 
19.00 
20.30 
20.30 

~ 

V E R T  VEL 
FPS 
15.00. 
15.60 

- 

- 

- 

18.60 

HOR V E L  1 ROLL 

155.03 
181.22 

"Uns t ab  le. 
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S u r f a c e  Bearing S t r e n g t h  E f f e c t s  

The d e s i g n  e f f e c t s  of  t h e  b e a r i n g  s t r e n g t h  d a t a  p r e s e n t e d  i n  
t h e  new env i ronmen ta l  model i s  as  d e s c r i b e d  below. 

Assuming a 1000-lb l a n d e r  impacting a t  a p p r o x i m a t e l y  24 f p s ,  
t h e  maximum k i n e t i c  energy on touchdown i s  9200 f t - l b .  

The b e a r i n g  s t r e n g t h  d a t a  from r e f e r e n c e  1 (page 63 ,  s e c t i o n s  
III -C-3-f-2-b and d )  : 

p = 0.7  N/cmz a t  0 p e n e t r a t i o n ;  

p = 5.5  N/cm2 a t  5 cm p e n e t r a t i o n .  

Assuming t h e s e  d a t a  t o  be s t r a i g h t  l i n e ,  t h e  b e a r i n g  s t r e n g t h  
would be :  

p ( h )  = (0.7 f 4.8h) N/cm2 

where h i s  i n  c e n t i m e t e r s  o r  

p (h )  = (146 + 6120h) l b / f t 2  

where 1-1 i s  i n  f e e t .  The amount of p e n e t r a t i o n  f o u r  f o o t  pads 
would have i n  expending 9200 f t - l b  would be 

H = 0.978/d 

where H i s  i n  f e e t  and d i s  r h e  f o o t  pad d i a m e t e r  i n  f e e t .  

It i s  t h e r e f o r e  recommended t h a t  t h e  f o o t  pads f o r  a f o u r -  
legged l a n d e r  be a t  l eas t  1 f t  i n  d i ame te r .  
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THERMAL CONTROL ANALYSIS 

Thermal. C o n t r o l  Pa rame te r s  

The mod i f i ed  Mars thermal  environment pa rame te r s  t h a t  conform 
t o  the  new Mars e n g i n e e r i n g  model a r e  p r e s e n t e d  i n  t a b l e  9. The 
g r e a t e s t  change from t h e  p rev ious  v a l u e s  i s  i n  the  s u r f a c e  emis- 
s i v i t y ,  w i t h  l e s s e r  d i f f e r e n c e s  i n  t h e  s u r f a c e  thermal  i n e r t i a ,  
wind v e l o c i t y ,  a tmospheric  compos i t ion ,  and s o l a r  t r a n s m i s s i v i t y .  
These parameters  have no a p p r e c i a b l e  e f f e c t  on t h e  c r u i s e  mode o r  
descen t  mode thermal  c o n t r o l  subsystem d e s i g n .  

For the  l a n d e r  thermal c o n t r o l  d e s i g n ,  t h e  h o t  extreme e n v i r o n -  
ment d i f f e r s  s i g n i f i c a n t l y  i n  s u r f a c e  e m i s s i v i t y  and thermal  i n -  
e r t i a ,  w h i l e  t h e  c o l d  extreme d i f f e r s  o n l y  i n  t h e  a tmosphe r i c  
composi t ion and wind v e l o c i t y .  Because t h e  i n t e r m e d i a t e  and c l e a r -  
day env i ronmen ta l  parameters  were somewhat a r b i t r a r i l y  s e l e c t e d  
from t h e  a n t i c i p a t e d  range of v a l u e s ,  t h e y  a r e  n o t  b e i n g  a l t e r e d .  
The mod i f i ed  t a b u l a t i o n  of thermal  environments  showing t h e  
changes t h a t  were made a r e  p r e s e n t e d  i n  t a b l e  10. 

P a r a m e t r i c  S t u d i e s  

For t h e  pa rame t r i c  s t u d i e s ,  t h e  Mars s u r f a c e  and a tmosphe r i c  
temperatures  f o r  t h e  h o t  extreme a r e  i n c r e a s e d  a s  shown i n  f i g u r e  
7 1 .  The c o r r e s p o n d i n g  t empera tu res  f o r  t h e  o t h e r  environments  
remain unchanged, a s  do t h e  q u a n t i t i e s  and r a t e s  of h e a t  i n p u t  
r e q u i r e d  t o  m a i n t a i n  40°F i n t e r n a l  t empera tu re .  The h e a t  i n p u t  
r e q u i r e d  t o  m a i n t a i n  t h e  maximum 100°F i n t e r n a l  t empera tu re  as a 
f u n c t i o n  of i n s u l a t i o n  t h i c k n e s s  w i t h  t h e  extreme h o t  environment 
i s  d e c r e a s e d  as shown i n  f i g u r e s  7 2  and 73 f o r  two d i f f e r e n t  
l ande r  s u r f a c e s .  The thermal  c o n t r o l  system we igh t  c u r v e s  a re  
based p r i m a r i l y  on t h e  h e a t  i n p u t  r e q u i r e d  w i t h  c o l d  extreme,  i n -  
t e rmed ia t e ,  and c l e a r - d a y  environments .  The o v e r h e a t i n g  check 
f o r  t h e s e  c u r v e s  w a s  a l s o  based on t h e  c l e a r - d a y  environment 
c o n d i t i o n s ,  s o  t h e s e  system we igh t  c u r v e s  do n o t  r e q u i r e  m o d i f i -  
c a t i o n .  I f  t h e  extreme h o t  day were used f o r  t h e  o v e r h e a t i n g  
check, t h e  Mars env i ronmen ta l  model environment  c u r v e s  from 
f i g u r e s  7 2  and 73 would a p p l y .  
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TABLE 9 .  - MARS MODIFIED THERMAL ENVIRONMENT PARAMETERS 

Environmental  parameter 
~~~~~ ~- 

~~~ 

S o l a r  f l u x ,  B t u l h r  f t '  

Atmospheric s o l a r  t r a n s m i s s i v i t y  

Sur face  s o l a r  a b s o r p t i v i t y ,  a 

Sur face  e m i s s i v i t y ,  E 

S u r f a c e  d e n s i t y ,  p ,  l b / f t 3  

S u r f a c e  h e a t  c a p a c i t y ,  c y  B t u / l b  OF 

Sur face  the rma l  c o n d u c t i v i t y ,  k ,  
B t u f h r  f t  OF 

S u r f a c e  the rma l  i n e r t i a , v F ,  
B t u / f t 2  O R  hrk 

Sur fdce  t empera tu re ,  T "F 

Atmospheric t empera tu re ,  T OF 

Atmospheric p r e s s u r e ,  mb 

Wind v e l o c i t y  a t  1 meter, f p s  

Atmospheric compos i t ion ,  mol % 

S 

g' 

a '  

co2 

N 2  

A 

~ ~~ 

Nomina 1 

180 

- - - -  

.80 

.80 

6 2 . 4  

. 1 7  

.145 

1 .24  

- - - -  

- - - -  

9 

- - -_  

68.5 

18.5 

13.0 

Range 

160 t o  232 

0 t o  a . 0  

.65 t o  .95 

.60 t o  1.0 

- - - -  

.0242 t o  ,242 

.51 t o  1.6 

-190 minimum 

-190 minimum 

6 t o  20 

44 t o  148 

19 t o  100 

60 t o  0 

21 t o  0 
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280 - - -_.  
I 

' 
Note: 1. Environment g iven  i n  t a b l e  io. 

--t I - 2 .  Shape, flat octagon w i d t h l h e i g h t  = 4 . 5 .  
3 .  Lander s u r f a c e  p r o p e r t i e s :  

1 
l a = 0 . 6 ,  E = 0 . 3 .  

p e r a t u r e  = 100'F. I 
.I 

I I I 
MEM environment  

- VM environment  - -  

I c 
k = 0.025 I 

I -  .I I U I -4  I 

I n s u l a t i o n  t h i c k n e s s ,  i n .  

F igu re  7 2 . -  Heat  Requi red ,  Hot Environment (a = 0.6,  E = 0 .3 )  
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P o i n t  Designs 

A s i n g l e  d e s i g n  w a s  used f o r  t h e  l a n d e r  thermal  c o n t r o l  sub-  
system f o r  C o n f i g u r a t i o n s  lA, 2 A ,  l B ,  and 2 C .  Th i s  d e s i g n  con- 
s i s t s  of a 3 - i n .  l a y e r  of i n s u l a t i o n ,  r a d i o i s o t o p e  h e a t e r s  of 
200 W t o t a l  power, and phase change mater ia l  f o r  peak power l o a d s .  
The extreme h o t  environment d i d  n o t  a f f e c t  t h e  d e s i g n ,  and t h e  
extreme c o l d  environment on which t h e  d e s i g n  was based  i s  mod i f i ed  
o n l y  s l i g h t l y .  The Mars env i ronmen ta l  model minimum tempera tu re  
m i x t u r e  c o n t a i n i n g  60% n i t r o g e n  has  a lower thermal  c o n d u c t i v i t y  
than  pure n i t r o g e n  as shown i n  f i g u r e  74, and produces a c o r r e s -  
ponding lower i n s u l a t i o n  e f f e c t i v e  c o n d u c t i v i t y  i n c l u d i n g  p e n e t r a -  
t i o n s  as shown i n  f i g u r e  75. T h i s  d e c r e a s e  i n  the rma l  c o n d u c t i v -  
i t y  makes a small  d e c r e a s e  i n  t h e  h e a t  l o s s  per  i n c h  of i n s u l a -  
t i o n .  With 3 i n .  of i n s u l a t i o n ,  t h e  r e q u i r e d  h e a t e r  power i s  de -  
c r e a s e d  from 200 t o  abou t  1 7 3  w. The c o r r e s p o n d i n g  w e i g h t  de-  
c r e a s e s  a re  from 28.8 t o  24.9 l b  f o r  t h e  h e a t e r  and from 46.8 t o  
42.9 l b  f o r  t h e  t o t a l  system. 

T h i s  d e c r e a s e  i n  c o n d u c t i v i t y  c a u s e s  a s m a l l  d e c r e a s e  i n  t h e  
l a n d e r  cooldown r a t e  w i t h  t h e  extreme c o l d  environment ,  as shown 
i n  f i g u r e  76. f i e  mod i f i ed  extreme h o t  environment  produces a n  
8°F i n c r e a s e  i n  t h e  i n t e r n a l  t empera tu re  peaks as shown i n  f i g u r e  
7 7 ,  b u t  t h e y  are  s t i l l  w e l l  w i t h i n  t h e  100°F maximum. 
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S O U R  ARRAY ANA.LY S I S 

Thc m i t e r i a l  on c l o u d s ,  a tmosphe r i c  c h a r a c t e r i s t i c s ,  and s u r -  
f a c e  s l o p e s  d e f i n e d  i n  t h e  new Mars e n g i n e e r i n g  ~ o d e ?  (ref3 1) was 
reviewed t o  de t e rmine  t h e  e f f e c t  on t h e  s o l a r  a r r a y ,  as d e f i n e d  
i n  r e f e r e n c e  2 ( S e c t i o n  8 of Volume VI, and s e c t i o n  e n t i t l e d  
"Power and P y r o t e c h n i c  Subsystem" i n  Volume 11). 

The i n f o r m a t i o n  on c l o u d s  i s  s t i l l  t o o  l i m i t e d  t o  pe rmi t  a 
d e t e r m i n a t i o n  of  t h e  p r o b a b i l i t y  of c loud cover  o r  of t h e  a t t e n u -  
a t i o n  of s o l a r  energy due t o  c l o u d s .  Because c louds  may be p r e s e n t  
d u r i n g  t h e  landed mis s ion  (some cove r ing  v e r y  l a r g e  areas of  t h e  
s u r f a c e  of  Mars ) ,  t h e  power system d e s i g n  must s t i l l  i n c l u d e  b a t -  
t e r i e s  c a p a b l e  of p r o v i d i n g  a l l  t h e  r e q u i r e d  power f o r  t h e  minimum 
l i f e .  

The a tmosphe r i c  d a t a  show t h a t  t h e  a tmosphe r i c  a t t e n u a t i o n  on 
a c l e a r  day i s  l ess  t h a n  1% ( a s  compared w i t h  8% used i n  t h e  o r i g -  
i n a l  s t u d y )  w i t h  t h e  sun a t  t h e  z e n i t h  and f o r  wavelengths  of  0.4 
t o  1 . 2  p. Using 1% i n s t e a d  of 8% f o r  a tmosphe r i c  a t t e n u a t i o n ,  
t h e  ene rgy  c o l l e c t e d  from a s o l a r  a r r a y  a t  20's l a t i t u d e  w i t h  a 
17's s l o p e  r e s u l t s  i n  a 10 t o  1 2 %  i n c r e a s e  i n  a v a i l a b l e  ene rgy  
per day.  

The energy a v a i l a b l e  from t h e  so la r  array i s  a l s o  dependent  
on t h e  ground s l o p e  and s l o p e  azimuth a t  t h e  l and ing  s i t e .  The 
p r o b a b i l i t y  d e n s i t y  d i s t r i b u t i o n  f o r  s u r f a c e  s l o p e s  on Mars i n d i -  
c a t e s  t h a t  98% of t h e  s l o p e s  a r e  22' o r  l e s s  ( r e f .  1 f i g .  1II.C-4). 
Assuming t h a t  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  f o r  t h e  azimuth of t h e  
s l o p e  i s  l i n e a r ,  t hen  t h e  p r o b a b i l i t y  of l a n d i n g  on a s o u t h e r n  
s l o p e  (135 t o  225' azimuth)  of  g r e a t e r  t h a n  22'  i s  

225 - 135) = o .5% 
3 60 (1.00 - 0.98) x ( 

Based on t h i s ,  a s o u t h  s l o p e  of 22" i s  s e l e c t e d  as  t h e  w o r s t -  
c a s e  c r i t e r i a  f o r  t h e  d e s i g n  of t h e  s o l a r  a r r a y .  

The s o l a r  a r r a y  ene rgy /ou tpu t  was then  r e c a l c u l a t e d  t o  d e t e r -  
mine t h e  combined e f f e c t  of t h e  change i n  a tmosphe r i c  a t t e n u a t i o n  
and  s u r f a c e  s l o p e .  The r e s u l t i n g  change i n  a v a i l a b l e  energy i s  
a p p r o x i m a t e l y  2%; t h e r e f o r e ,  t h e  system d e s i g n  p r e v i o u s l y  p r e s e n t e d  
i s  n o t  a f f e c t e d .  
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AEROSHELL DIAMETER ANALYSIS 

The o b j e c t i v e  of t h i s  s t u d y  i s  t o  de t e rmine  t h e  minimum a e r o -  
s h e l l  d i ame te r  r e q u i r e d  t o  meet t h e  mis s ion  o b j e c t i v e s  u s i n g  t h e  
new env i ronmen ta l  model. S t a r t i n g  w i t h  t h e  570 l b  of landed 
equipment weight  r e q u i r e d  t o  meet t h e  mis s ion  o b j e c t i v e s ,  r e f e r -  
ence 2 (Volume I I ) ,  and u s i n g  t h e  new performance d a t a  p r e s e n t e d  
i n  En t ry  T r a j e c t o r y  and Terminal  Phase Analyses  d i s c u s s i o n  above,  
a e r o s h e l l  d i ame te r  of 7 . 3  f t  w a s  found t o  be t h e  minimum u s a b l e  
t o  meet t h e  performance pa rame te r s  ( s e e  t a b l e  11, C o n f i g u r a t i o n  
1A’) f o r  a system u s i n g  t h e  o u t - o f - o r b i t  e n t r y  mode. T h i s  p o i n t  
d e s i g n  i s  d i r e c t l y  comparable w i t h  C o n f i g u r a t i o n  1A of t h e  o r i g -  
i n a l  s t u d y ,  which r e q u i r e d  a n  8 . 5 - f t  a e r o s h e l l .  A s  w a s  d i s c u s s e d  
i n  r e f e r e n c e  2 (Volume 11) C o n f i g u r a t i o n  1A inc luded  no we igh t  
nor performance margin.  I n  a d d i t i o n ,  packaging t h e  l a n d e r  i n  t h e  
8 . 5 - f t  a e r o s h e l l  p r e s e n t e d  two d i f f i c u l t  problems -- stowing t h e  
l e g s  d u r i n g  e n t r y ,  and eng ine  f lame impingement on t h e  l e g  s t r u t s .  
These problems a r e  compounded by t h e  smaller d i a m e t e r  a e r o s h e l l  
of C o n f i g u r a t i o n  1A ‘ . 

A s imi la r  a n a l y s i s  g i v e s  a minimum a e r o s h e l l  d i ame te r  of 9 . 6  
f t  f o r  t h e  d i r e c t  e n t r y  c a s e  ( t a b l e  11, C o n f i g u r a t i o n  2A‘). Th i s  
i s  compared t o  10.75 f t  r e q u i r e d  u s i n g  t h e  VM atmosphere.  A 
second major d i f f e r e n c e  i n  t h e s e  two systems i s  t h e  p a r a c h u t e  
s i z e  r e q u i r e d ,  5 6 . 5 - f t - d i a m e t e r  f o r  C o n f i g u r a t i o n  2 A ’  v e r s u s  7 1  f t  
f o r  C o n f i g u r a t i o n  2A.  Again,  t h e s e  s y s t e m s  have no we igh t  nor  
per f o rmanc e m a r  g i n .  

TABLE 11. - POINT D E S I G N  C O N F I G U R A T I O N  SUMMARY 

En t ry  mode 

Weight,  l b  
Landed equipment 
Useful  landed 
Landed 
Verniered 
En t ry  
S e para  t ed 
Capsule system 

A e r o s h e l l  d i a m e t e r ,  f t  

Pa rachu te  d i a m e t e r ,  f t  

Entry b a l l i s t i c  c o e f f i c i e n t ,  s l u g / f t 2  

C o n f i g u r a t i o n  

1 A  ’ 

O r b i t  

5 70 
822 
935 

1041 
1340 
15  13 
1645 

7.3 

63.5 

. 6 1  

1 B  ‘ 

O r b i t  

627 
9 59 

1083 
1195 
14 50 
1644 
1850 

9 .45  

39 

.39 

2A ’ 
~~ 

Direct 

570 
905 

1022 
1139 
1545 
1690 
1883 

9.6 

56 .5  

. 4 1  
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To a c h i e v e  a p r a c t i c a l  d e s i g n ,  a sys tem e n t e r i n g  o u t - o f - o r b i t  
w i t h  10% weight  margin on a l l  hardware e lements  w a s  g e n e r a t e d  
s imi l a r  t o  Conf igu ra t ion  1B of t h e  o r i g i n a l  s t u d y ,  r e f e r e n c e  2 
(Volume 11). This  p o i n t  d e s i g n ,  d e s i g n a t e d  C o n f i g u r a t i o n  1B' i n  
t a b l e  11, r e q u i r e s  a n  a e r o s h e i l  d iamcter  crf j u s t  under  9 . 5  f t  
compared t o  10.5 f t  f o r  Conf igu ra t ion  1 B .  A t  t h i s  d i a m e t e r ,  t h e  
packaging problems p r e s e n t  i n  t h e  8 . 5 - f t  C o n f i g u r a t i o n  1 A '  c a n  be 
e a s i l y  r e s o l v e d .  P re l imina ry  a n a l y s i s  a l s o  i n d i c a t e s  t h e  h i g h  
p r o b a b i l i t y  of  i n t e g r a t i n g  t h i s  l a n d e r  sys tem i n t o  a s t a n d a r d  
Surveyor  s h r o u d ,  t h u s  e l i m i n a t i n g  t h e  need f o r  a new shroud d e v e l -  
opment. 
c o n f i g u r a t i o n  f o r  t h e  o u t - o f - o r b i t  e n t r y  mode. 

For t h e s e  r e a s o n s  , Conf igu ra t ion  1 B '  i s  t h e  recommended 

CONCLUSIONS 

With one s i g n i f i c a n t  e x c e p t i o n ,  t h e  major c o n c l u s i o n s  o f  t h e  
o r i g i n a l  Mars Miss ion  Mode Study a r e  s t i l l  v a l i d  u s i n g  t h e  new 
envi ronmenta l  model. The r e s u l t s  of t h i s  s t u d y  i n d i c a t e  t h a t  an 
a e r o s h e l l  d i a m e t e r  o f  j u s t  under  9 .5  f t  i s  r e q u i r e d  t o  meet t h e  
mis s ion  o b j e c t i v e s  u s i n g  t h e  o u t - o f - o r b i t  e n t r y  mode, w i t h  weight  
and performance margin.  I t  i s  now h i g h l y  p r o b a b l e  t h a t  t h e  f l i g h t  
c a p s u l e  can be i n t e g r a t e d  i n t o  a s t a n d a r d  Surveyor  1 0 - f t  s h r o u d .  
The d i r e c t  e n t r y  v e h i c l e  s t i l l  requi res  a bulbous s h r o u d .  E i t h e r  
e n t r y  mode i s  f e a s i b l e ;  t h e  o u t - o f - o r b i t  mode i s  p r e f e r r e d  be- 
c a u s e  o f  miss ion  f l e x i b i l i t y .  The T i t a n  I I IC /Cen tau r  l a u n c h  ve- 
h i c l e  i s  s t i l l  r e q u i r e d  f o r  e i t h e r  e n t r y  mode i f  o r b i t a l  s c i e n c e  
i s  d e s i r e d .  

M a r t i n  M a r i e t t a  Corpora t ion  
Denver,  Colorado ,  August 2 9 ,  1968 
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