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FOREWORD 

This  volume, which i s  one of a set of  t h r e e  volumes, summariz 

tasks,  ana lyses ,  and r e s u l t s  t h a t  were accomplished under Contra t NAS8-5371, 

Mission Oriented Study of Advanced Nuclear System Parameters, f o r  George C .  

Marshall  Space F l i g h t  Center ,  Huntsv i l le ,  Alabama. This  work was performed 

during t h e  pe r iod  from May 1965 t o  December 1966 and covers Phase I V  o f  t h e  

s u b j e c t  c o n t r a c t .  

a 
The f i n a l  r epor t  has been organized i n t o  a s e t  of t h r e e  s e p a r a t e  volumes 

on t h e  b a s i s  of  c o n t r a c t u a l  requirements.  The volumes i n  t h i s  se t  are: 

Volume I 

Volume I1 

Volume I11 

Summary Technical Report 

Deta i led  Technical Report 

Research and Technology Impl ica t ions  Report 

Volumes I and I1 inc lude ,  r e s p e c t i v e l y ,  a summary and t h e  d e t a i l s  of t h e  

b a s i c  s tudy  gu ide l ines  and assumptions,  t h e  a n a l y s i s  approach, t h e  a n a l y t i c  

techniques developed, t h e  ana lyses  performed, t h e  r e s u l t s  ob ta ined ,  and an 

eva lua t ion  of t h e s e  r e s u l t s  t oge the r  with s p e c i f i c  conclusions and recommenda- 

t i o n s .  Volume I11 d e l i n e a t e s  those  a reas  of research  and technology i n  which 

f u r t h e r  e f f o r t s  would be d e s i r a b l e  based on t h e  r e s u l t s  o f  t h e  s tudy .  

The p r i n c i p a l  c o n t r i b u t o r s  t o  t h i s  s tudy  were Messrs. A .  R .  Chovi t ,  R .  D .  

F i scus ,  and L .  D .  Simmons. In  add i t ion ,  D r .  C .  D .  Ky l s t r a ,  i n  a consul t ing  

capac i ty ,  provided t echn ica l  support  on conputer  program r e v i s i o n s .  

Also t h e  a s s i s t a n c e  given by t h e  fol lowing persons i s  g r a t e f u l l y  acknowledged: 

D r .  R .  K .  Plebuch and Messrs. W .  H .  Bayless, G .  W .  Cannon, H.  W .  Hawthorne, G .  

Ros le r ,  and R .  L .  Sohn, TRW Systems; Mr. C .  D .  McKereghan, Lockheed Missile and 

Space Div is ion;  Mr. P .  G .  Johnson, SNPO-W; and R .  J .  Harris, W .  Y .  Jordan,  and 

D .  R .  Saxton, MSFC. 
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ABSTRACT 

A summary of t h e  s tudy  approach and b a s i c  gu ide l ines  and assumptions which 

were used i n  a s e r i e s  of ana lyses  of manned Mars s topover  missions i s  g iven .  

Analyses were performed f o r  f i v e  s e p a r a t e  s tudy tasks ,  v i z ,  (1) ana lyses  

and comparisonsof swingby, oppos i t ion ,  and conjunct ion c l a s s  miss ions ,  ( 2 )  a 

d e t a i l e d  paramet r ic  ana lys i s  of  t h e  conjunct ion c l a s s  mission,  (3) an i n v e s t i g a t i o n  

of t h e  e f f e c t s  of providing launch windows a t  Earth and Mars f o r  va r ious  miss ions ,  

(4) an eva lua t ion  of t h e  v e h i c l e ' s  abor t  c a p a b i l i t i e s  f o r  var ious  miss ions ,  and 

(5) an a n a l y s i s  t o  determine t h e  e f f e c t s  of  Earth launch azimuth c o n s t r a i n t s  

f o r  var ious  missions and launch o p p o r t u n i t i e s .  A summary i s  presented  of t h e  

r e s u l t s  ob ta ined  f o r  each of these  s tudy  t a s k s  with an eva lu t ion  of and recommenda- 

t i o n s  based on the r e s u l t s .  
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I .  INTRODUCTION 

This  f i n a l  r e p o r t  summarizes t h e  mission, t r a j e c t o r y ,  and v e h i c l e  ana lyses  

conducted during Phase I V  of t h e  Mission Or ien ted  Study of  Advanced Nuclear System 

Parameters performed by TRW Systems fo r  t h e  George C .  Marshall  Space F l i g h t  Center .  

Included i n  t h i s  volume are summaries of t h e  b a s i c  gu ide l ines  and assumptions,  

t h e  a n a l y s i s  approach, t h e  a n a l y t i c  techniques developed, t h e  ana lyses  performed, 

t h e  r e s u l t s  ob ta ined ,  and an eva lua t ion  o f  t h e s e  r e s u l t s  t oge the r  wi th  s p e c i f i c  

conclusions and recommendations. 

STUDY OBJECTIVES AND TASKS 

The b a s i c  o b j e c t i v e s  of t h i s  s tudy were t o  expand t h e  mission eva lua t ions  

performed i n  t h e  e a r l i e r  s tudy  phases t o  inc lude  t r a d e - o f f s ,  mission mode com- 

p a r i s o n s ,  and s e n s i t i v i t y  inves t iga t ions  of t h e  Venus swingby mode f o r  manned 

Mars s topover  miss ions ;  t o  perform v e h i c l e  and engine s i z i n g  computations f o r  

eva lua t ing  launch and abor t  opera t ions  and c o n s t r a i n t s ;  and t o  r e v i s e  and modify 

e x i s t i n g  computer programs t o  incorpora te  a d d i t i o n a l  mission concepts and 

parameters  t h a t  would render  t h e  programs more e f f e c t i v e .  

s e p a r a t e  a n a l y s i s  tasks were e s t ab l i shed .  

To t h i s  end, f i v e  

The f i v e  s tudy  t a s k s  were 1)  Swingby Mission Analys is ,  2) Conjunction Class  

Mission Analys is ,  3) Launch Window Analysis ,  4) Mission Abort Analys is ,  and 5) 

Launch Azimuth Cons t r a in t  Analysis .  

inc luded  a t  t he ,beg inn ing  of  each task  s e c t i o n  i n  t h i s  r e p o r t .  

d i screpancy  i n  a computer program u t i l i z e d  i n  Task 4 ,  t h e  Launch Window 

Analys is ,  many of  t h e  f i n a l  r e s u l t s  obtained f o r  t h i s  t a s k  were i n v a l i d .  

The computer program has  been cor rec ted  and t h e  launch window a n a l y s i s  i s  i n  

t h e  p rocess  of being r ev i sed .  

p r e s e n t e d  i n  a supplemental  r e p o r t  a t  a l a t e r  d a t e . )  

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

(Due t o  a 

The results of t h e  r e v i s e d  a n a l y s i s  w i l l  be  

REVIEW OF PREVIOUS STUDY PHASES 

Phase I V  of  t h e  s tudy u t i l i z e d  t h e  miss ion  op t imiza t ion  and v e h i c l e  s i z i n g  

computer program developed during t h e  e a r l i e r  phases  of t h e  s tudy  as we l l  as some 

of t h e  pa rame t r i c  d a t a  and a n a l y s i s  techniques developed during Phase 111. 

f o r e ,  a b r i e f  review of Phases I ,  11, and 111 is  given he re  i n  o r d e r  t o  p re sen t  t h e  

s t u d y  c o n t i n u i t y  and background app l i cab le  t o  Phase I V .  

There- 

I- 1 



The f i r s t  major task of t h e  previous phases was t o  develop t h e  SWingby 

Optimizat ion Program (SWOP), a computer program t h a t  would permit  t h e  r ap id  d e t e r -  

mination of t h e  optimum (minimum weight) t r a j e c t o r y  f o r  a v a r i e t y  of mission modes, 

p ropu l s ive  systems, v e h i c l e  conf igu ra t ions ,  system and payload weights and s c a l i n g  

laws, and performance parameters .  The development of t h i s  computer program requ i r ed  

d e t a i l e d  ana lyses  of  i n t e r p l a n e t a r y  t r a j e c t o r i e s ,  nuc lear  engines ,  and t h e  space- 

c r a f t  i n  o r d e r  t o  determine t h e  requi red  s c a l i n g  laws, d a t a ,  and c o r r e l a t i o n s  which 

would r e l a t e  a l l  of t h e  p e r t i n e n t  v a r i a b l e s .  

The SWOP program was then u t i l i z e d  t o  ana lyze  oppos i t ion  class and f lyby  

missions f o r  var ious  t r a j e c t o r y  types ,  launch o p p o r t u n i t i e s ,  v e h i c l e  conf igu ra t ions ,  

and performance parameters .  The r e s u l t s  of t h i s  a n a l y s i s  permi t ted  t h e  determina- 

t i o n  of 1) t h e  bes t  compromise engine t h r u s t  l e v e l  f o r  t hese  missions i n  t h e  1975 

t o  1990 time per iod ,  2 )  t h e  v e h i c l e  and s t a g e  weight s e n s i t i v i t y  t o  v a r i a t i o n s  i n  

performance, veh ic l e ,  and mission parameters ,  and 3) t h e  mission,  v e h i c l e ,  and 

engine requirements f o r  t hese  f u t u r e  manned i n t e r p l a n e t a r y  missions.  

F i n a l l y ,  a l l  o f  t h e  paramet r ic  d a t a  t h a t  were genera ted  i n  t h e  course of t h i s  

s tudy were compiled i n  an ex tens ive  paramet r ic  d a t a  book, t o  suppor t  f u t u r e  ana lyses  

of i n t e r p l a n e t a r y  miss ions ,  v e h i c l e s ,  and propuls ion  systems. (The d e t a i l e d  

t echn ica l  r e p o r t  of the  mission and v e h i c l e  a n a l y s i s  p o r t i o n  of Phases I ,  11,  and 

I11 is  given i n  Reference 1. Reference 2 i s  t h e  paramet r ic  d a t a  book mentioned 

above. ) 

SWOP DESCRIPTION 

The SWOP program was t h e  primary t o o l  u t i l i z e d  i n  opt imizing and ana lyz ing  

t h e  va r ious  missions i n  t h i s  s tudy as wel l  as s i z i n g  t h e  v e h i c l e  component systems 

and computing the  i n i t i a l  v e h i c l e  weights .  

The SWOP program uses  a unique employment of a n a l y t i c  andmathematical  

t echniques ,  s p e c i f i e d  curve f i t  r o u t i n e s ,  and precomputat ional  p rocess ing ,  

s e l e c t i o n ,  and s torage  of t r a j e c t o r y  and performance d a t a  t o  minimize t h e  i n i t i a l  

v e h i c l e  weight i n  Ear th  o r b i t  with r e s p e c t  t o  a l l  t h e  v e l o c i t y  changes (p ropu l s ive  

and aerodynamic braking) ,  t he  p e r i h e l i o n  d i s t a n c e  ( s o l a r  f l a r e  s h i e l d i n g ) ,  t h e  

t r i p  t imes ( l i f e  support  expendables,  and micrometeoroid p r o t e c t i o n ) ,  t h e  pro-  

p e l l a n t  b o i l o f f  requirements ,  and t h e  p l a n e t  passage  d i s t a n c e  c o n s t r a i n t s  ( f o r  

swingby mis s ions ) .  The veh ic l e  i s  configured by t h e  program by means of parameter  
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I 

op t ions  and payload s p e c i f i c a t i o n s .  

aerodynamic s t a g e  weights  which make up t h e  v e h i c l e ,  t h e  program computes o r  

provides  f o r  var ious  weight p rov i s ions  inc luding  a t t i t u d e  c o n t r o l ,  midcourse 

c o r r e c t i o n s ,  p l a n e t  lander ,  and Ear th  lander  ( a f t e r  r e t r o  o r  aerodynamic b rak ing ) .  

The program a l s o  cons iders  t h e  a d d i t i o n  o r  d e l e t i o n  of f i x e d  weights a t  var ious  

p o i n t s  along t h e  mission t r a j e c t o r y  on opt ion .  

In a d d i t i o n  t o  t h e  v a r i a b l e  p ropu l s ive  o r  

A l l  v a r i a b l e  weights a r e  s i zed  using genera l  s c a l i n g  laws whose c o e f f i c i e n t s  

are  i n p u t .  

d a t a  and powered f l i g h t  information.  

a mission f o r  one o r  more cons t ra ined  t r a j e c t o r y  o r  f ixed  v e l o c i t y  parameters .  
These inc lude  t h e  launch o r  a r r i v a l  da tes  a t  Earth o r  t h e  t a r g e t  p l a n e t ;  

t h e  ind iv idua l  l e g  o r  t o t a l  t r i p  times; t h e  v e l o c i t y  increments and 

t h e  p e r i h e l i o n  d i s t ance ;  t h e  p e r i a p s i s  d i s t a n c e ;  and t h e  propuls ion  systems'  

t h r u s t ,  th rus t - to-weight  r a t i o ,  o r  percentage g r a v i t y  l o s s .  When one o r  more 

of  t h e  independent parameters are  cons t r a ined ,  t h e  program opt imizes  those  t h a t  

are unconstrained;  i f  a l l  are cons t ra ined ,  t h e  veh ic l e  i s  s i z e d  f o r  t h e  f i x e d  

t r a j e c t o r y .  The f l e x i b l e  c o n s t r a i n t  opt ion was very  u s e f u l  f o r  t h e  launch window 

and v e h i c l e  s i z i n g  ana lyses .  

The t r a j e c t o r y  d a t a  used by t h e  program are  preprocessed f ree  f l i g h t  

The program has t h e  c a p a b i l i t y  of opt imizing 

The i n i t i a l  v e h i c l e  weight d a t a  a r e  based on c a l c u l a t i o n s  f o r  t h e  p r o p e l l a n t  

weight i n  which t h e  v e l o c i t y  l o s s e s  due t o  opera t ion  i n  a g r a v i t y  f i e l d  a r e  taken 

i n t o  account i n  an exac t  manner. 

s t a g e s ,  t h e s e  lo s ses  are based on t h e  r equ i r ed  v e l o c i t y  change, t h e  engine s p e c i f i c  

impulse,  and t h e  v e h i c l e  th rus t - to-weight  r a t i o  obta ined  from t h e  computed v e h i c l e  

weight and t h e  s p e c i f i e d  engine t h r u s t .  

systems,  t he  c h a r a c t e r i s t i c  v e l o c i t y  is  obta ined  by inc reas ing  t h e  requi red  i m -  

p u l s i v e  v e l o c i t y  change by a f i x e d  percentage.  

from 0 t o  2 . 3  percen t  f o r  t h e  va r ious  mission p ropu l s ive  phases .  

For veh ic l e s  employing nuc lea r  propuls ion  

For veh ic l e s  employing chemical propuls ion  

These percentage va lues  ranged 

The impulsive ve loc i t ies  used by t h e  program are  based on t h e  assumption t h a t  

t h e  s p a c e c r a f t  i n j e c t s  i n t o  an i n t e r p l a n e t a r y  o r b i t  from a 500 km c i r c u l a r  o r b i t  

a t  E a r t h  and a 600 km c i r c u l a r  o r b i t  a t  Mars; f o r  t h e  braking maneuver a t  Mars, 

t h e  v e h i c l e  i s  dece le ra t ed  i n t o  a 600 km c i r c u l a r  o r b i t .  

Running time f o r  t h e  SWOP program i s  t y p i c a l l y  two seconds p e r  case. 

1 - 3  



REPORT O R G A N I Z A T I O N  

Each of the fol lowing f o u r  s e c t i o n s  of t h e  r e p o r t  summarizes t h e  analyses  and 

r e s u l t s  f o r  one of t h e  s tudy  tasks .  

i t s e l f  although f o r  those t a s k s  i n  which s p e c i f i c  task d a t a  o r  gu ide l ines  a r e  

i d e n t i c a l  t o  those of a previous ly  descr ibed  task,  r e p e t i t i o n  has  been avoided 

by r e fe renc ing  back t o  t h e  s e c t i o n  where t h e  d a t a  was f irst  presented .  

s e c t i o n  p resen t s  a summary of only the  more s a l i e n t  r e s u l t s  f o r  each task.  

Each s e c t i o n  e s s e n t i a l l y  i s  complete wi th in  

A f i n a l  
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11 .  SWINGBY MISSION ANALYSIS 

TASK DESCRIPTION 

The SWingby Optimizat ion Program (SWOP) was u t i l i z e d  t o  determine t h e  i n i t i a l  

weight requirements i n  Ear th  o r b i t  f o r  manned Mars s topover  missions employing the  

Venus swingby mission p r o f i l e .  

g r a v i t y  t u r n  swingby l egs  were suppl ied  t o  TRW Systems by NASA. 

ana lyses  included both g r a v i t y  t u r n s  and powered t u r n s  a t  Venus f o r  

mission oppor tun i t i e s  from 1980 t o  1986. Both outbound and inbound Venus swingby 

t r a j e c t o r i e s  were analyzed toge the r  with both long and s h o r t  t r a j e c t o r i e s  f o r  t h e  

d i r e c t  l e g  of  t h e  round t r i p  mission.  

The necessary f ree  f l i g h t  t r a j e c t o r y  d a t a  f o r  t h e  

The mission 

These i n v e s t i g a t i o n s  included v a r i a t i o n s  i n  the  veh ic l e  p ropu l s ive  and 

d e c e l e r a t i o n  systems both a t  Mars and a t  Ea r th ,  i n  nuc lea r  engine performance 

parameters ,  and i n  v e h i c l e  s t r u c t u r a l  s c a l i n g  laws. 

Opposi t ion class round t r i p  missions t o  Mars were reanalyzed f o r  those  v e h i c l e  
I weight and perfarmance parameters  which were not  i n v e s t i g a t e d  i n  Phase 111. 

r e s u l t s  of t h e s e  mission eva lua t ions  were incorpora ted  with e x i s t i n g  d a t a  from 

Phase 111 ,  t h e  swingby mission r e s u l t s ,  and t h e  conjunct ion class mission r e s u l t s  

(Sec t ion  111) t o  i l l u s t r a t e  t h e  effect on i n i t i a l  v e h i c l e  weight of t he  v a r i a t i o n s  

i n  launch o p p o r t u n i t i e s ,  mission and t r a j e c t o r y  types ,  performance parameters ,  

and v e h i c l e  systems and s c a l i n g  laws. 

The 

ASSUMPTIONS AND CONSTRAINTS 

t 

A set of  assumptions and c o n s t r a i n t s  were p o s t u l a t e d  f o r  t h i s  t a s k  i n  o rde r  

t o  c i rcumscr ibe  t h e  mission types and modes, t h e  v e h i c l e  system weights and per -  

formance parameters ,  t he  mission and veh ic l e  ope ra t iona l  c r i t e r i a ,  and t h e  scope 

o f  a n a l y s i s .  

Miss i ons 

The b a s i c  s e t  of missions analyzed and compared i n  t h i s  task cons i s t ed  of  

va r ious  types  of t h e  manned Mars stopover  miss ion .  

t h e  Venus swingby mode wi th  both g r a v i t y  and powered t u r n s  a t  Venus, t h e  oppos i t ion  

class miss ion ,  and t h e  conjunct ion c l a s s  miss ion .  

These v a r i a t i o n s  included 
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Mission Descr ip t ion .  A t y p i c a l  oppos i t ion  c l a s s  s topover  mission i s  
cha rac t e r i zed  by four  major a c c e l e r a t i o n  and dece le ra t ion  phases t h a t  occur dur ing  

t h e  mission.  These a r e  t h e  leave Earth i n j e c t i o n  phase,  braking a t  Mars, t h e  

leave Mars i n j e c t i o n  phase,  and r e t r o  braking a t  Earth with a subsequent aerodynamic 
en t ry  and sur face  landing.  While i n  c i r c u l a r  o r b i t  a t  Mars, t h e  spacec ra f t  

j e t t i s o n s  a Mars s u r f a c e  lander  and a t  t h e  end of t h e  Mars s topover  per iod  

recovers  an ascent  module. 

f o r  l i f e  support  expendables,  p r o p e l l a n t  b o i l o f f ,  and a t t i t u d e  c o n t r o l .  I f  an 

aerodynamic braking mode i s  employed a t  t h e  t a r g e t  p l ane t  (Mars), a p ropu l s ive  

v e l o c i t y  change is  used f o r  c i r c u l a r i z i n g  o r  a d j u s t i n g  the  r e s u l t i n g  o r b i t .  

Ear th  braking propuls ive r e t r o  can be e l imina ted  by opt ion  and an a l l  aerodynamic 

Earth braking mode employed. 

Addit ional  veh ic l e  weight requirements a r e  considered 

The 

A swingby mission i s  e s s e n t i a l l y  t h e  same as  t h e  oppos i t ion  c l a s s  Mars 

s topover  mission except t he  t r a j e c t o r y  i s  cons t ra ined  t o  pass  i n  the  v i c i n i t y  

of t he  p l a n e t  Venus e i t h e r  during t h e  outbound o r  inbound l e g .  

t h e r e f o r e ,  performs a hyperbol ic  t u r n  about Venus, t h e  degree of t u rn  governed 

by t h e  choice of t h e  p e r i a p s i s  r a d i u s .  For the  swingby miss ion ,  a t h i r d  mid- 

course co r rec t ion  propuls ion  maneuver i s  assumed. 

For t h e  Venus powered t u r n  swingby, a d e s i r e d  depar ture  hyperbola 

The v e h i c l e ,  

is a t t a i n e d  by i n i t i a t i n g  a propuls ive  impulse i n  t h e  v i c i n i t y  of Venus. 

A d i s c r e t e  approach p e r i a p s i s  rad ius  e x i s t s  t h a t  minimizes t h e  p ropu l s ive  

impulse r equ i r ed  t o  a t t a i n  t h e  des i r ed  outgoing asymptote.  I f  t h i s  

p e r i a p s i s  r ad ius  i s  l e s s  than  t h e  s p e c i f i e d  minimum, t h e  approach d i s t a n c e  

i s  cons t ra ined  t o  t h e  minimum and t h e  corresponding (nonminimum) p ropu l s ive  impulse 

i s  computed. 

The conjunct ion c l a s s  s topover  mission i s  e s s e n t i a l l y  similar t o  t h e  

oppos i t ion  c l a s s  mission except a s topover  time a t  Mars i s  s e l e c t e d  s o  t h a t  t h e  

r e t u r n  t r i p  t o  Earth occurs  during the  next  Earth-Mars oppos i t i on  fol lowing t h e  

oppos i t ion  t h a t  occurs during t h e  outbound l e g .  The s p a c e c r a f t ,  t h e r e f o r e ,  

dwells  a t  Mars during t h e  Earth-Mars conjunct ion which occurs  between t h e  two 

oppos i t i ons ,  

1 1 - 2  



I T r a  j I to ry  Types - Two types of t r a j e c t o r i e s  were considered f o r  t h e  d i r e c t  

l eg  of  t h e  swingby missions,  types I o r  B and types 11 o r  A .  

t o  t h e  outbound l eg ;  types A and B r e f e r  t o  t h e  inbound l eg .  

less than  360'; t h e  I1 o r  A des igna te s  a t r a j e c t o r y  l e g  where Oo-= 8 -= 180'. 

Types I and I1 r e f e r  

The I o r  B denotes  a 
t r a j e c t o r y  l e g  where t h e  h e l i o c e n t r i c  angle  t r ave r sed ,  8 ,  is  g r e a t e r  than 180 0 and 

Three types of t r a j e c t o r i e s  were considered f o r  t h e  swingby l eg  of a swingby 

mission,  types 1, 3 ,  and 5. A d e t a i l e d  d i scuss ion  of swingby t r a j e c t o r y  cha rac t e r -  

i s t i c s  i s  presented  l a t e r  i n  t h i s  s ec t ion  and i n  Ref 3 .  

Only t h e  IIB round t r i p  t r a j e c t o r y  was considered f o r  t h e  oppos i t ion  class 

mission comparisons. I t  was previous ly  shown i n  Phase I11 (Ref 1) t h a t  t h e  IIB 

t r a j e c t o r y  gene ra l ly  produces t h e  minimum i n i t i a l  v e h i c l e  weight f o r  a l l  oppor- 

tuni t ies .  

A IA conjunct ion class mission t r a j e c t o r y  was s e l e c t e d  f o r  comparing t h e  

conjunct ion class mission with t h e  oppos i t ion  and swingby c l a s s  missions i n  t h i s  

task.  
o t h e r  t h r e e  p o s s i b l e  t r a j e c t o r i e s  ( types I B ,  IIA, and I IB) .  (See Sec t ion  111.)  

The IA conjunct ion c l a s s  t r a j e c t o r y  y i e l d s  a lower weight v e h i c l e  than t h e  

Mission Matrix. Table  11-1 presen t s  t h e  ma t r ix  of  oppor tuni ty  yea r s  and 

mission and t r a j e c t o r y  types analyzed f o r  t h i s  task i n  o rde r  t o  provide  comparisons 

among oppos i t i on ,  swingby, and conjunct ion class miss ions .  

Table 11-1 Comparative Mission Matrix 

Mission Type Year - 
Swingby (Gravi ty  Turn) 1980 

1982 

1984 

1986 

Tra j ec to ry  Type 
Outbound Inbound 

I and I1 
3 

I and I1 
1 

I and I1 
5 

I and I1 
3 

1 
A and B 

3 
A and B 

5 
A and E 

1 
A and B 
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Mission Type Year - 
Tra jec to ry  Type 

Outbound Inbound 

Swingby (Powered Turn) 1980 I 

1982 I 

Opposit ion Class 1980, 1982, 1984 6, 1986 I1 

Conjunction Class 1983 I 

Vehicle  Configurat ion and System Weights 

A number of assumptions,  c o n s t r a i n t s ,  and s c a l i n g  laws were used concerning 

t h e  mission payloads,  p r o p e l l a n t  t anks ,  p ropuls ion  systems, secondary spacec ra f t  
systems, and opera t iona l  modes. 

Propuls ion System Weight Sca l ing  Laws - Two i n h e r e n t l y  d i f f e r e n t  types of 

v e h i c l e  conf igura t ions  were used f o r  t h i s  s tudy  task,  a tanking mode and a 

connecting mode, 

The tanking mode tends t o  make f u l l  u se  of t h e  Earth launch veh ic l e  payload 

volume capac i ty  by o r b i t i n g  empty o r  p a r t i a l l y  f i l l e d  modules. 

then f i l l e d  v i a  p rope l l an t  t r a n s f e r  from t anke r  veh ic l e s  o r  from an o r b i t a l  

p r o p e l l a n t  s to rage  f a c i l i t y .  

by t h e  l i m i t a t i o n s  of t h e  Ear th  launch v e h i c l e .  

The modules a r e  

The maximum capac i ty  of  each module o r  tank was s e t  

In  t h e  connecting mode, t h e  modules a r e  o r b i t e d  f u l l y  loaded wi th  p r o p e l l a n t ,  

hence, t h e i r  p rope l l an t  capac i ty  i s  l imi t ed  by t h e  E a r t h  launch v e h i c l e  payload 

weight capac i ty .  The use  of t h e  connecting mode g ives  r ise  t o  s p e c i f i c  v e h i c l e  

conf igu ra t ions  as tanks a r e  added t o  each s t a g e  as t h e  p r o p e l l a n t  requirements  

i nc rease .  For the  leave  Earth s t a g e ,  a c l u s t e r  of  t h r e e  propuls ion  modules i s  

f i r s t  assumed, each propuls ion  module conta in ing  a nuc lea r  engine .  

t h r e e  modules i s  designated t i e r  1. 

capac i ty  t o  conta in  t h e  requi red  p r o p e l l a n t  a s i n g l e  p r o p e l l a n t  module, des igna ted  

t i e r  2A i s  a t tached  above t i e r  1. 

2 A  i s  s t i l l  i n s u f f i c i e n t ,  two a d d i t i o n a l  p r o p e l l a n t  modules a r e  c l u s t e r e d  t o  t h e  

s i n g l e  p r o p e l l a n t  module. The r e s u l t a n t  t h r e e  p r o p e l l a n t  modules a r e  des igna ted  

t i e r  2 B .  

p r o p e l l a n t  module, des igna ted  t i e r  3 ,  i s  a t t ached  above t i e r  2 B .  

This  s e t  of 

I f  t h e s e  t h r e e  modules have i n s u f f i c i e n t  

I f  t h e  t o t a l  p r o p e l l a n t  capac i ty  of t i e r  1 and 

Should t h e  t o t a l  p r o p e l l a n t  capac i ty  s t i l l  b e  i n s u f f i c i e n t  another  s i n g l e  
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I 

The Configurat ions f o r  t h e  a r r i v e  Mars and leave Mars s t a g e s  are similar t o  

t h e  leave Earth s t a g e  except  s i n g l e  propuls ion  modules o r  p r o p e l l a n t  modules are 
used a t  each l e v e l  o r  t i e r .  

conf igura t ion  i s  shown i n  F igure  11-1. 

A schematic dep ic t ion  of t h e  connecting mode 

Figure  11-1. Connecting Mode Vehicle Configurat ion 

An a d d i t i o n a l  f i x e d  weight i s  assigned t o  each s t a g e  of t h e  connect ing mode 

conf igu ra t ion  t o  account f o r  t h e  i n t e r s t a g e  s t r u c t u r e  and a d d i t i o n a l  docking and 

assembly weight requirements .  

Each of t h e  two modes, t h e  tanking mode and t h e  connecting mode, has  i t s  own 

Two se t s  of s c a l i n g  laws were i n v e s t i g a t e d  f o r  

These sets  of sca l ing  laws were taken from Phase I11 and are 
s e t  of s t r u c t u r q l  s c a l i n g  laws. 

t h e  tanking  mode. 

des igna ted  mass f r a c t i o n  case  No. 2 and No. 3 (Ref 1 ) .  Vehicle  conf igu ra t ions  

employing e i t h e r  chemical o r  nuc lear  propuls ion systems f o r  main s t ages  were 

TIER 3 4 
TIER 2 

1 TIER 1 

TIER 3 

TIER 2 

TIER 1 

TIER 3 

TIER 28 

T 
P A Y L O A D  

LEAVE i M A R S  

S T A G E  

ARRIVE \ M A R S  

LEAVE I EARTH 

S T A G E  

S T A G E  
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analyzed f o r  mass f r a c t i o n  case  No. 2.  

t h e  veh ic l e  conf igura t ions  employing chemical main s t a g e  propuls ion  systems. 

Mass f r a c t i o n  case No. 3 was used only  f o r  

The s c a l i n g  laws f o r  t h e  connecting mode conf igura t ion  were based on 

pre l iminary  results from t h e  LMSC Modular Nuclear Vehicle  Study, Phase 11. 

Subsequent LMSC design analyses  have shown t h a t  t h e s e  mass f r a c t i o n  va lues  can 

be cons iderably  improved. The connecting mode conf igura t ion  was used only f o r  

v e h i c l e  conf igura t ions  employing nuc lea r  propuls ion  s t a g e s .  

t h e  average mass f r a c t i o n  obtained from t h e  s c a l i n g  laws used f o r  t h e  main 

propuls ion  s t ages .  Addit ional  s c a l i n g  laws were used t o  d e f i n e  t h e  weights of t h e  

secondary propuls ion systems. 

Table 1 1 - 2  g ives  

Table  1 1 - 2 .  S t r u c t u r a l  Sca l ing  Laws 

Mission Phase Average Mass F rac t ion  

Earth Depart 

*Nuclear 
Cryogenic 

P 1 ane t  Braking 

*Nuc 1 ear 
Cryogenic 

P lane t  Depart 

*Nuclear 
Cryogenic 
S t o r a b l e  

*Engine Weight not Included 

MF No. 2 

.84 

.90 

.83 

.87 

.83 

.87 

.91 

Connecting 
MF No. 3 Mode 

.80** .78  

.86 

.79** .78 

.82 

.79** .78 

.82 

.87 .87 

**Mass f r a c t i o n  case No. 3 f o r  nuc lea r  engines  used only f o r  Conjunction Class 
Mission Analysis (See Sec t ion  111) .  
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F o r  the  conjunct ion class mission,  an a d d i t i o n a l  weight was added t o  t h e  p l ane t  

depar t  stage t o  account f o r  t h e  increased micrometeoroid p r o t e c t i o n  requi red  due t o  

t h e  longer  p l a n e t  s topover  per iod .  

sets of  s c a l i n g  laws, i . e . ,  mass f r a c t i o n  case No. 2 and N o .  3 and connecting mode. 

This weight was added t o  t h e  tank weight f o r  a l l  

A s i n g l e  nuc lea r  engine weight of 38,000 pounds was used and each engine was 

The engine weight and t h r u s t  f o r  c l u s t e r s  assumed t o  have 230,000 pounds t h r u s t .  

of two o r  more nuc lea r  engines were taken as d i r e c t  mu l t ip l e s  of  t h e s e  va lues .  

Payload and Expendable Weights - The payloads and expendable weights ass igned  

t o  t h e  var ious  missions were s e l e c t e d  j o i n t l y  by MSFC and TRW. 

reasonable  va lues  obta ined  from the  many i n t e r p l a n e t a r y  mission s t u d i e s  performed 

by N A S A ,  TRW, and indus t ry  i n  t h e  p a s t  y e a r s .  

The Earth recovered payload i s  the  module weight inc luding  t h e  crew t h a t  lands 

They r ep resen t  

on t h e  Ea r th ' s  s u r f a c e  a f t e r  aerodynamic braking has been accomplished. 

mission module conta ins  a l l  systems, equipment, and l i v i n g  q u a r t e r s  requi red  duriny 

t h e  f u l l  du ra t ion  of t he  mission. This module i s  j e t t i s o n e d  j u s t  p r i o r  t o  r e t r o -  

braking a t  Earth o r  aerodynamic braking i f  a r e t r o  i s  not  employed. 

The 

The s o l a r  f l a r e  s h i e l d  i s  not  included i n  t h e  mission module weight.  The 

s h i e l d  weight i s  computed as a func t ion  of t h e  assumed s o l a r  a c t i v i t y  qnd p e r i h e l i o n  

d i s t a n c e  and i s  added t o  the  mission module weight t o  determine t h e  t o t a l  weight 

t o  be j e t t i s o n e d  p r i o r  t o  Earth a r r i v a l .  The y e a r l y  v a r i a t i o n  i n  s o l a r  a c t i v i t y  

was accounted f o r  by developing t h r e e  s o l a r  f l a r e  s h i e l d  weight s c a l i n g  laws, f o r  

a q u i e t ,  i n t e rmed ia t e ,  and a c t i v e  sun.  These laws were developed i n  Phase 111 

(Ref 1 ) .  The v a r i a t i o n s  i n  p e r i h e l i o n  d i s t ances  f o r  t h e  var ious  missions and 

o p p o r t u n i t i e s  t o g e t h e r  with t h e  app l i cab le  s c a l i n g  laws produced s o l a r  f l a r e  

s h i e l d  weights t h a t  va r i ed  from approximately 16,000 t o  25,000 l b s .  

The Mars excursion module f o r  t he  s topover  mission i s  j e t t i s o n e d  from t h e  

s p a c e c r a f t  a t  t h e  t a r g e t  p l a n e t ,  out  o f  t h e  c i r c u l a r  parking o r b i t ,  

t h e  p l a n e t  s u r f a c e  landing system, experiment equipment, and t h e  o r b i t  r e t u r n  module 

which r e t u r n s  t h e  crew and payload t o  t h e  o r b i t i n g  s p a c e c r a f t .  The s p e c i f i e d  weight 

f o r  t h e  o r b i t  r e t u r n  module inc ludes  only t h a t  p o r t i o n  of t h e  module which i s  taken 

I t  conta ins  

onboard t h e  o r b i t i n g  spacec ra f t  and subsequently 

The l i f e  suppor t  expendables inc lude  a l l  of  

b i o l o g i c a l  requirements  which a r e  expended a t  an 

mis s ion .  
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boosted out  of t h e  p l ane ta ry  o r b i t .  

t h e  crew's environmental  and 

average d a i l y  r a t e  during t h e  



A l i s t  of the  payload and expendable weight d a t a  used i n  t h i s  t ask  a r e  g iven  

The weights f o r  t h e  conjunct ion c l a s s  mission a r e  approximately i n  Table  11-3. 

50 pe rcen t  g r e a t e r  than t h e  weights f o r  t h e  oppos i t ion  and swingby class missions 

t o  account f o r  an increased  crew s i ze  and crew and system requirements  d i c t a t e d  

by t h e  long s t ay  time a t  Mars. 

Table 11-3. Payload and Expendable Weights 

Mission Mode 

Pay1 oad 
Opposit ion and 

Swingby Con j unc t i on 

Earth Recovered Module 10,000 lb  15,000 l b  

Mission Module 68,734 l b  

Mars Excursion Module 80,000 l b  

Orb i t  Return Weight 1,500 l b  

Life Support Expendables 50 lb/day 

(not  inc luding  So la r  F l a r e  Shie ld)  
100,000 l b  

135,000 l b  

3,100 l b  

75 lb/day 

Aerodynamic Braking Sca l ing  Laws - The weight of t h e  aerodynamic h e a t  s h i e l d  

was expressed as a func t ion  of  t h e  e n t r y  v e l o c i t y  f o r  t h e  o p e r a t i o n a l  modes 

employing aerodynamic braking f o r  t h e  Earth e n t r y  module and f o r  a r r i v i n g  a t  Mars. 

The a n a l y s i s  and de r iva t ion  of t h e  s c a l i n g  laws were accomplished during Phase 111 

and a r e  descr ibed i n  Ref 1. 

The s c a l i n g  laws f o r  aerodynamically brak ing  t h e  Ear th  recovered module f o r  

t h e  two module weights used i n  t h i s  task produced g ross  v e h i c l e  weights  be fo re  

Ear th  braking t h a t  ranged from 13,000 t o  20,000 l b s  over  t h e  range of Earth a r r i v a l  

v e l o c i t i e s  encountered. 

The weight s ca l ing  law f o r  aerodynamic b rak ing  a t  Mars r e s u l t e d  i n  a h e a t  

s h i e l d  weight inc luding  a l l  j e t t i s o n a b l e  a b l a t i v e  m a t e r i a l , s t r u c t u r e ,  and 

i n s u l a t i o n  t h a t  averaged about 25 pe rcen t  of t h e  g ross  v e h i c l e  weight a r r i v i n g  

a t  Mars. 
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Secondary Spacecraf t  Systems - Addit ional  weight expendi tures  were allowed 

f o r  secondary spacec ra f t  systems inc luding  midcourse c o r r e c t i o n s ,  a t t i t u d e  c o n t r o l ,  

and o r b i t  adjustment f o r  modes employing aerodynamic braking  a t  Mars. 

I t  was assumed t h a t  t h e  midcourse co r rec t ions  were performed with a 330 s e c ,  

l i q u i d  s t o r a b l e  p r o p e l l a n t  system. 

outbound and inbound l e g  v e l o c i t y  co r rec t ions  and f o r  a t h i r d  leg  co r rec t ion  f o r  

swingby missions.  

t he  mission.  

Separate  j e t t i s o n a b l e  s t a g e s  were used f o r  t he  

A midcourse co r rec t ion  of 100 m/sec was used f o r  each l eg  o f  

One percent  of  t h e  veh ic l e  weight was used f o r  a t t i t u d e  con t ro l  during each 

l eg  of  t h e  mission inc luding  t h e  t h i r d  swingby l e g .  

dur ing  t h e  p l ane ta ry  s topover  pe r iod  were computed on t h e  b a s i s  of  0 . 2  percent  of  

t h e  v e h i c l e  weight i n  p l a n e t a r y  o r b i t .  

The a t t i t u d e  con t ro l  p rov i s ions  

A s e p a r a t e  propuls ion  system was used f o r  a l l  modes employing aerodynamic 

braking a t  Mars f o r  c i r c u l a r i z i n g  and ad jus t ing  t h e  o r b i t  a f t e r  braking a t  Mars. 

This  j e t t i s o n a b l e ,  l i q u i d  s t o r a b l e ,  propuls ion s t a g e  has  a s p e c i f i c  impulse of 330 s e c  

and i s  s i z e d  f o r  a c h a r a c t e r i s t i c  v e l o c i t y  of  130 m/sec. 

Cryogenic P rope l l an t  Vaporizat ion - Due t o  t h e  b a s i c a l l y  d i f f e r e n t  des ign ,  

launch, and assembly phi losophies  inherent  i n  t h e  two conf igura t ion  modes, v i z ,  

t h e  tanking  mode and t h e  connecting mode, two s e p a r a t e  computational techniques 

were employed f o r  determining t h e  p rope l l an t  vaporized during t h e  i n t e r p l a n e t a r y  

t r i p .  

For t h e  tanking mode, t h e  cryogenic p r o p e l l a n t  s t o r a g e  a n a l y s i s  determines t h e  

optimum t r ade -o f f  between t h e  th ickness  o r  weight of  i n s u l a t i o n  and the  weight of 

vapor ized  p r o p e l l a n t  such t h a t  a minimum weight v e h i c l e  r e s u l t s .  

of t h e  necessary  equat ions used i n  t h i s  a n a l y s i s  was performed during Phase I11 and 

i s  d e t a i l e d  i n  Ref 1. 

op t imiza t ion  subrou t ine  i n  t h e  SWOP program. 

The d e r i v a t i o n  

The equat ions form t h e  b a s i s  of  t he  i n s u l a t i o n / b o i l o f f  

The cryogenic  p r o p e l l a n t  s t o r a g e  a n a l y s i s  f o r  t h e  connecting mode determines 

t h e  weight of  p r o p e l l a n t  vaporized during t h e  var ious  phases  o f  t h e  mission based 

on s p e c i f i e d  rates of  p r o p e l l a n t  b o i l o f f ,  i . e . ,  a f i x e d  i n s u l a t i o n  th ickness  

i s  p r e s e l e c t e d  t o  form t h e  b e s t  compromise f o r  a l l  o f  t h e  mission phases dur ing  which 

t h e  p r o p e l l a n t  i s  vaporized.  

a f i x e d  q u a n t i t y  and i s  included i n  the s t r u c t u r a l  laws. 
The weight of t h i s  i n s u l a t i o n  p e r  tank i s ,  t h e r e f o r e ,  
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Since t h e  p rope l l an t  tanks f o r  t h i s  mode a r e  not  f i l l e d  o r  topped o f f  i n  Ear th  

o r b i t ,  t h e  q u a n t i t y  of p r o p e l l a n t  vaporized from t h e  tanks during assembly and 

checkout p r i o r  t o  i n j e c t i o n  i n t o  t h e  i n t e r p l a n e t a r y  o r b i t  must be  cons idered ,  and 

t h e  s c a l i n g  laws and tank c a p a c i t i e s  ad jus t ed  t o  account f o r  t h e  a d d i t i o n a l  tankage 

requi red  and t h e  reduct ion  i n  a v a i l a b l e  tank capac i ty .  

vaporized i n . E a r t h  o r b i t  were approximately 24,000 l b s  f o r  t i e r  1 of  t h e  leave Ear th  

s t a g e ;  

t he  leave Earth s t a g e ;  and 2,500 lb s  f o r  t i e r  3 of t h e  leave  Earth s t a g e  and f o r  

each of t h e  t i e r s  of t h e  a r r i v e  and leave  Mars s t a g e s .  

The weights of  p r o p e l l a n t  

4,700 lbs  f o r  t i e r  2A of t h e  leave  Ear th  s t a g e ;  10,000 l b s  f o r  t i e r  2 B  of 

Earth Ar r iva l  

A 

s (PI 

The p rope l l an t  b o i l o f f  rates used f o r  computing t h e  p r o p e l l a n t  vaporized dur ing  
2 

t h e  outbound leg  are 24 l b s  p e r  day p e r  tank p l u s  2.388 x 

of tank s u r f a c e  a rea ;  during t h e  s topover  pe r iod  a t  Mars t h e  rates a r e  58.32 l b s  p e r  

day p e r  tank p lus  4.674 x l o m 3  l b s  p e r  day p e r  f t 2  of tank s u r f a c e  area. 

l b s  p e r  day p e r  f t  

Earth Depart ,  Mars A r r i v a l ,  Mars Depart 

I ccc 1 CAS 
N" NAS 

--- -_-- 
I 

MF #2 MF #2  MF # 2  ! MF # 2  
Connecting Mode Connecting Mode MF # 3  I MF # 3  

1 

' MF #2  1 MF #3 I MF #2 
Connecting Mode 

Vehicle  Mode Matrix 

Each of  t h e  mission cases  represented  i n  t h e  Comparative Mission Matr ix ,  

Table 11-1, pg 11-3 

types ,  engine performance parameters ,  and s t a g e  s c a l i n g  laws. Table 11-4  shows 

t h e  combination of se ts  of s c a l i n g  laws and propuls ion  and aerodynamic braking 

systems analyzed f o r  each of t h e  oppos i t ion ,  conjunct ion ,  and g r a v i t y  t u r n  swingby 

class missions of t h e  Comparative Mission Matrix.  

was analyzed f o r  a v a r i e t y  of v e h i c l e  modes, p ropuls ion  
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The use  of one, two, t h r e e ,  and four  c l u s t e r e d  nuc lea r  engines was 

i n v e s t i g a t e d  f o r  t h e  depa r t  Earth s t a g e  f o r  mass f r a c t i o n  case  No. 2 i n  o r d e r  t o  

determine t h e  optimum engine conf igu ra t ion ,  i . e . ,  t he  number of engines  which 

produces t h e  optimum thrus t - to-weight  r a t i o  f o r  t h e  depar t  Earth s t a g e .  

The powered t u r n  swingby mode was analyzed p r i m a r i l y  t o  ob ta in  a comparison 

with t h e  g r a v i t y  t u r n  swingby. 

conf igura t ion  was i n v e s t i g a t e d .  

nuc lea r  engines and a chemical cryogenic propuls ion  system with a s p e c i f i c  i n p u l s e  

of  440 sec was assumed f o r  provid ing  the p ropu l s ive  kick during t h e  Venus swingby. 

For t h i s  purpose only the  NNNA connect ing mode 

A s p e c i f i c  impulse of 850 sec was used f o r  t h e  

GRAVITY TURN SWINGBY MISSIONS 

The major o b j e c t i v e s  f o r  t h i s  task were 1) t o  determine the  i n i t i a l  veh ic l e  

weight requirements  f o r  Mars s topover  missions employing g r a v i t y  t u r n  swingbys a t  

Venus f o r  t h e  yea r s  1980 through 1986, and 2) t o  compare these  r e s u l t s  with t h e  

analogous r e s u l t s  f o r  oppos i t ion  and conjunct ion c l a s s  missions f o r  t h e  same 
time pe r iod .  

Generat ion and Processing of  Tra jec tory  Data 

The gene ra t ion  of t h e  g r a v i t y  turn  swingby t r a j e c t o r y  d a t a  was accomplished 

a t  t he  NASA/Office of  Manned Space F l i g h t  (Washington) and t r ansmi t t ed  t o  TRW. 

P o s s i b l e  Venus swingby missions were found by matching one-way, Mars-Venus 

and Venus-Earth t r a j e c t o r i e s  a t  Venus. I n  o r d e r  f o r  Venus t o  pe r tu rb  t h e  v e h i c l e  

s u f f i c i e n t l y  t o  a l t e r  i t s  h e l i o c e n t r i c  t r a j e c t o r y ,  it is  necessary  f o r  t h e  v e h i c l e  

t o  pas s  well wi th in  t h e  sphere of in f luence  o f  Venus. While t h e  v e h i c l e  i s  wi th in  

t h e  sphe re  of i n f luence  of Venus, i t  is assumed t o  be on a f r e e - f l i g h t  conic  s e c t i o n  

(hyperbol ic )  t r a j e c t o r y  about Venus and t h e r e  i s  no change of  energy of t he  v e h i c l e  

wi th  r e s p e c t  t o  Venus. Therefore ,  conservat ion of  energy r equ i r e s  t h a t  t h e  

magnitude of t h e  v e h i c l e ' s  v e l o c i t y  a t  i n f i n i t y  (V,) leav ing  Venus must equal  i t s  

a r r i v a l  v e l o c i t y  a t  i n f i n i t y .  I t  i s  p o s s i b l e ,  then ,  t o  match Mars-Venus t r a j e c t o r i e s  

and Venus-Earth t r a j e c t o r i e s  a t  Venus ( f o r  a given d a t e  a t  Venus) t o  form t h e  Mars- 

Venus-Earth g r a v i t y  t u r n  swingby t r a j e c t o r i e s  simply by matching t h e  a r r i v a l  and 

d e p a r t u r e  V, magnitudes. 

d e p a r t u r e  Vm t o g e t h e r  de f ine  a unique hype rbo l i c  t r a j e c t o r y  about Venus, i . e . ,  t h e  

p l a n e t  passage  d i s t a n c e  ( p e r i a p s i s )  is  uniquely determined. 

The magnitudes and d i r e c t i o n s  of  t h e  a r r i v a l  V, and t h e  
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Figure  1 1 - 2  : i l l u s t r a t e s  t h e  V,matching procedure f o r  a given Venus encounter  

d a t e  of an inbound swingby. 

Venus encounter  da t e  wherever t h e  a r r i v a l  and depa r tu re  V m l s  match. 

Venus encounter  d a t e  t h e r e  are a c t u a l l y  s i x t e e n  p o s s i b l e  matching combinations 

y i e l d i n g  s i x t e e n  combinations of f irst  l eg  time and second l eg  time. 

assumed t o  be a dimensionless p o i n t  mass and i f  we ignore  what happens t o  t h e  

v e l o c i t i e s  leaving Mars and a r r i v i n g  a t  Ear th ,  a l l  of t h e s e  s i x t e e n  combinations 

a r e  t h e o r e t i c a l l y  p o s s i b l e .  However, p r a c t i c a l  r e s t r i c t i o n s  e l i m i n a t e  some of 

t h e s e  p o s s i b l e  matching combinations.  

s i ze  with an atmosphere, it i s  necessary  t o  e l imina te  any combinations y i e l d i n g  

a p l a n e t  passage d i s t ance  less than some minimum value  (1.05 Venus r a d i i  was assumed 

t o  allow some margin above t h e  atmosphere).  

h igh  speeds leaving Mars o r  a r r i v i n g  a t  Ear th  and those  which do not  permit  a f e a s i b l e  

outbound t r i p c a n  be  e l imina ted .  

t y p i c a l l y  two t o  f o u r  combinations remain. 

Inbound g r a v i t y  t u r n  swingbys are p o s s i b l e  f o r  a given 

For a given 

If Venus i s  

Since  Venus i s  an approximate sphere  of f i n i t e  

Also combinations y i e l d i n g  i m p r a c t i c a l l y  

A f t e r  t h e s e  p r a c t i c a l  r e s t r i c t i o n s  are app l i ed ,  

DATE AT VENUS, TEV, IS FIXED 

Y 
z' 

8 > 

I 

I 
I 

Il80" TRANSFER 

1 
1180" TRANSFER 

I 
I I 

MARS-VENUS TRIP TIME, TIl VENUS-EARTH TRIP TIME, TI2 

Figure  11-2. Typical  Poss ib l e  Grav i ty  Turn Swingby T r a j e c t o r i e s  
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However, g e n e r a l l y  a l l  q u a n t i t i e s  of i n t e r e s t  f o r  p a i r s  o f  t h e s e  combinations 

are  continuous s o  each p a i r  of combinations can he taken toge the r  as one s e t  o f  

t r a j e c t o r y  d a t a .  
I 

Since SWOP mates t h e  outbound and inbound t r a j e c t o r i e s  a t  Mars, i t  i s  

convenient i n  SWOP t o  u s e  t h e  Mars d a t e  as one of t h e  independent v a r i a b l e s  

de f in ing  the ' round  t r i p  t r a j e c t o r y .  I t  was necessary ,  t h e r e f o r e ,  t o  convert  t h e  

NASA-furnished d a t a  t o  d a t a  having t h e  Mars depa r tu re  d a t e  as t h e  independent parameter .  

This  r equ i r ed  a s u b t r a c t i o n  and a reorder ing  o f  t h e  d a t a  t o  ob ta in  sets  of  

cons t an t  Mars depa r tu re  d a t e .  

as an independent parameter  s i n c e  f o r  each combination of Mars depa r tu re  d a t e  and 

f i r s t  l e g  t ime,  t he  second l eg  t ime (as well as a l l  of t h e  o t h e r  d a t a j  i s  double 

valued. 

second l e g  time s o  t h a t  it could be used as t h e  second independent parameter.  

I n  addi ton,  t h e  f i r s t  l e g  time i s  u n s a t i s f a c t o r y  

Therefore ,  an i n t e r p o l a t i o n  was r equ i r ed  t o  o b t a i n  f ixed  increments o f  t h e  

The procedure f o r  prepar ing  t h e  outbound anpowered swingby d a t a  f o r  u se  i n  t h e  

SWOP program was the  same as o u t l i n e d  above with one a d d i t i o n a l  s t e p .  Since t h e  

d a t a  was genera ted  wi th  f i x e d  increments of  Venus encounter  d a t e  and Earth 

depa r tu re  d a t e  and s i n c e  SWOP r e q u i r e s  f i x e d  increments of Mars a r r i v a l  d a t e ,  an 

a d d i t i o n a l  i n t e r p o l a t i o n  was r equ i r ed  t o  o b t a i n  f i x e d  increments of Mars a r r i v a l  

d a t e .  

F igures  11-3 and 11-4 i l l u s t r a t e  t y p i c a l  sets of  t r a j e c t o r y  d a t a  as they  have 

been f i n a l l y  prepared f o r  mission a n a l y s i s  us ing  SWOP. In t h e  nomenclature of 

Ross and G i l l e s p i e  (Reference 3 ) ,  these  r e p r e s e n t  a type  1 swingby and a type  3 

swingby, r e s p e c t i v e l y .  They d i f f e r  p r imar i ly  wi th  r e s p e c t  t o  t h e  e f fec t  of t h e  

p l a n e t  passage d i s t a n c e  c o n s t r a i n t .  In t h e  type  1 swingby (Figure 11-3) ,  t h e  

minimum p l a n e t  passage d i s t a n c e  i s  encountered b e f o r e  the  minimum AV's  a t  Mars 

and E a r t h  are reached; whereas i n  t h e  type 3 swingby (Figure 1 1 - 4 ) ,  p r a c t i c a l  

swingby t r a j e c t o r i e s  conta in ing  the  lowest hV's' a t  Mars and Ear th  are f e a s i b l e  

because they  l i e  o u t s i d e  t h e  region r e s t r i c t e d  due t o  t h e  p l a n e t  passage d i s t a n c e  

c o n s t r a i n t .  A t h i r d  p r a c t i c a l  swingby type, ( type 5) a l s o  occurs .  I t  d i f f e r s  

apprec i ab ly  from t h e  types 1 and 3 s i n c e  i t  r e s u l t s  from a much d i f f e r e n t  alignment 

of t h e  t h r e e  p l a n e t s  than  t h a t  y i e ld ing  t h e  types 1 and 3. A more comprehensive 

d i s c u s s i o n  of  t he  swingby types ,  t h e  d i f f e rences  between them, and t h e i r  merits 

i s  a v a i l a b l e  i n  Reference 3. 
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Resul ts  and Discussion 

Gravi ty  Turn Swingby Evaluat ion - The g r a v i t y  t u r n  swingby missions are 

eva lua ted  on t h e  b a s i s  of s e v e r a l  l eve ls  o f  t r a j e c t o r y  and v e h i c l e  c h a r a c t e r i s t i c s .  

F i r s t ,  t h e  d i f f e r e n t  types of swingby t r a j e c t o r i e s  a r e  compared; second, t h e  use  

of  t he  s h o r t  o r  long d i r e c t  l e g  with a swingby l eg  is eva lua ted ;  t h i r d ,  a compari- 

son of t he  r e s u l t s  f o r  t h e  var ious  mission years  is  made; and f i n a l l y ,  t h e  

r e s u l t s  f o r  t he  d i f f e r e n t  v e h i c l e  modes are d iscussed .  

F igures  11-5 and 11-6 f o r  t h e  NNNA and NASA modes i n d i c a t e  t h a t  t h e  type  3 g r a v i t y  

t u r n  swingby t r a j e c t o r i e s  lead  t o  lower weight v e h i c l e s  than t h e  type  1 t r a j e c t o r i e s  

f o r  t h e  yea r s  1980, 1982, and 1986. The s u p e r i o r i t y  of t h e  type  3 ' s  over  t h e  type  

1 's  is  c o n s i s t e n t  r e g a r d l e s s  of t h e  d i r e c t  l eg  type  o r  v e b i c l e  mode. I n  1984, t h e  

inbound type  5 y i e l d s  a lower weight veb ic l e  than  t h e  outbound type  5 f o r  t h e  

v e h i c l e  modes employing propuls ive  braking a t  Mars (Figure 11-5).  

employing aerodynamic braking a t  Mars, t h e  outbound type  5 swingby t r a j e c t o r i e s  

wi th  a long ( type B) d i r e c t  inbound leg show a s l i g h t l y  lower v e h i c l e  weipht.  

For v e h i c l e  modes 

The type  3 t r a j e c t o r i e s  f o r  t he  years  1980 and 1982 y i e l d  a lower weight 

v e h i c l e  by employing a long t r a j e c t o r y  f o r  t h e  d i r e c t  l e g .  That i s ,  a 1980 out -  

bound type  3 swingby l eg  with a type  B inbound d i r e c t  l e g  ( 3 - B )  and a 1982 inbound 

type  3 swingby l e g  with a type  I outbound d i r e c t  l e g  (1-3) are  t h e  b e s t  swingby 

t r a j e c t o r i e s  f o r  those  two y e a r s .  The use  of  t h e  long in s t ead  of  t h e  s h o r t  d i r e c t  

l e g  tends  t o  i n c r e a s e  t h e  t o t a l  t r i p  time by 128 and 50 days f o r  1980 and 1982, 

r e s p e c t i v e l y ,  b u t  reduces t h e  gross  veh ic l e  weight by approximately 15 pe rcen t .  

The long d i r e c t  l eg  a l s o  y i e l d s  the  minimum weight veh ic l e s  when coupled 

with t h e  type  5 t r a j e c t o r i e s  f o r  1984. For those  v e h i c l e s  employing p ropu l s ive  

brak ing  a t  Mars, t he  longer  inbound swingby o r  type 1-5 round t r i p  t r a j e c t o r y  

r e s u l t s  i n  a v e h i c l e  weight approximately f i v e  pe rcen t  l e s s  than t h a t  given by t h e  

s h o r t e r  11-5 t r a j e c t o r y .  

b rak ing  i n  1984, t h e  longer  outbound swingby mission,  type  5-B i s  b e s t ;  t h e  

v e h i c l e  weight i s  about f i v e  percent  lower than  f o r  t h e  next  b e s t  swingby (11-5). 

As previous ly  shown f o r  veh ic l e s  u t i l i z i n g  aerodynamic 

I n  1986 t h e  s h o r t e r  type  3 swingby mission (3-A) y i e l d s  s l i g h t l y  lower 

weight v e h i c l e s  than t h e  longer  type  3-B. This  lower weight and t h e  s h o r t e r  t r i p  

time (49 days l e s s ) ,  t h e r e f o r e ,  make the  type  3-A t r a j e c t o r y  the  p r e f e r r e d  swingby 

miss ion  f o r  t h i s  y e a r .  
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The r e s u l t s  f o r  t h e  NNNS(P), CCCA, CCCS(P), and CASA v e h i c l e  modes are 

q u a l i t a t i v e l y  s imilar  t o  t h e  analogous NNNA and NASA modes. 

A t y p i c a l  comparison of swingby missions on t h e  b a s i s  of  t h e  mission yea r  

o r  oppor tuni ty  i s  shown i n  Figure 11-7 f o r  t h e  NNNA, NASA, CCCA, and CASA modes. 

P l o t t e d  on t h i s  graph a r e  t h e  v e h i c l e  weights f o r  t he  b e s t  (minimum weight) 

t r a j e c t o r i e s  as p rev ious ly  d iscussed .  The veh ic l e  weights f o r  t h e  NNNA mode 

inc rease  i n  t h e  fol lowing o rde r ;  1982 (minimum) , 1986, 1980, and 1984 (maximum). 

For t h e  NASA mode, t h e  weight i s  a minimum i n  1986 and inc reases  i n  1980, 1984, 

and 1982 (maximum). 

p u l s i v e  modes have v e h i c l e  weights t h a t  vary through the  years  i n  t h e  same o r d e r  

except  t h a t  f o r  t h e  CCCA and CCCS(P) modes, 1986 i s  t h e  minimum weight yea r  

followed by 1982 which has  only a s l i g h t l y  g r e a t e r  weight.  

The r e s u l t s  f o r  the  o t h e r  analogous n u c l e a r  and chemical pro- 

0 OUTBOUND SWINGBY NNNA - CONNECTING MOM 

0 INEOUND SWINGBY E CCCA - MF CASE NO. 2 

RlO SEC NUCLEAR ISP NASA - CONNECTING MODE 

CASA - MF CASE NO. 2 

,-- 
MISSION YEAR 

Figure  11-7. Launch Opportunity Comparison f o r  Gravi ty  Turn Swingby P i s s i o n s  

The weight d i f f e rences  on t h e  b a s i s  of t h e  y e a r l y  v a r i a t i o n s  are q u i t e  

s i g n i f i c a n t .  

t o  40 p e r c e n t  g r e a t e r  than  the  minimum yea r  f o r  t h e  " N A  and NNNS(P) modes; and 

from 65 t o  80 pe rcen t  f o r  t h e  CCCA and CCCS(P) modes. The inc rease  from minimum 

t o  maximum f o r  t h e  modes u t i l i z i n g  aerodynamic braking a t  Mars is  88 t o  120 p e r c e n t .  

For example, t h e  veh ic l e  weight f o r  t h e  maximum yea r  is from 30 
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Although the  c h a r a c t e r i s t i c s  of swingby t r a j e c t o r i e s  r epea t  on a synodic 

c y c l e  of  approximately 6 . 4  yea r s ,  it does not  n e c e s s a r i l y  follow t h a t  f avorab le  

(o r  unfavorable)  round t r i p  missions w i l l  occur a t  l i k e  i n t e r v a l s  because t h e  d i r e c t  

l eg  i s  Fe r iod ic  over a f i f t e e n - y e a r  cyc le .  Therefore ,  any conclusions reached by 

c o n p r i n g  t h e  r e s u l t s  f o r  t h e  years  1980 through 1086 may not  n e c e s s a r i l y  apply f o r  

Freceding o r  succeeding s ix-year  pe r iods .  

The r e s u l t s  on Figure 11-7 show t h a t  t h e  modes employing chemical cryogenic  

propuls ion  s t ages  r e q u i r e  veh ic l e s  whose w e i p h t s  range from 15 t o  110 percent  g r e a t e r  

than  t h e  nuc lear  v e h i c l e s .  

impulse from 850 t o  800 s e c  inc reases  t h e  v e h i c l e  weight from 5 t o  20 pe rcen t .  

In a d d i t i o n ,  a decrease  i n  t h e  nuc lea r  enpine s p e c i f i c  

The a r r i v a l  v e l o c i t i e s  a t  Earth f o r  t h e  b e s t  swingby t r a j e c t o r i e s  i n  any yea r  

a re  g e n e r a l l y  only s l i g h t l y  g r e a t e r  than  p a r a b o l i c  v e l o c i t y .  

on ly  a s l i g h t  d i f f e r e n c e  i n  weight between t h e  modes employing a l l  aero6ynamic brak-  

ing a t  Earth and those  employing a r e t r o s t a g e  t o  d e c e l e r a t e  t h e  v e h i c l e  t o  pa rabo l i c  

Therefore ,  t h e r e  i s  

e n t r y  v e l o c i t y .  

Mission Modes Comparison - A comparison of t h e  t h r e e  mission modes o r  types i s  
presented  by f i r s t  comparing the  conjunct ion and oppos i t ion  class miss ions ,  then the  

conjunct ion and swingby c l a s s  miss ions ,  and f i n a l l y  t h e  oppos i t ion  and swingby 

c l a s s  missions.  

t he  NNNA mode f o r  a l l  t h r e e  c l a s s e s  of miss ions ,  i . e . ,  t h e  swingby, oppos i t i on ,  

and conjunct ion c l a s s  miss ions .  

t h e  conjunct ion c l a s s  mission have been increased  by 50 pe rcen t  over  t h e  o t h e r  two 

types of missions t o  account f o r  t h e  approximately double t o t a l  t r i p  time and 

extremely long Mars dwell t ime. 

Figure 11-8 p r e s e n t s  a comparison of t h e  i n i t i a l  v e h i c l e  weight f o r  

I t  should be remembered t h a t  t h e  payloads f o r  

NNNA CONNECTING MODE 
4 

0 OUTBOUND SWINGBY OPPOSITION MISSION I 
' 

SWINGBY MISSION 

CONJUNCTION MISSION 

c 
(3 s 
" 2  
u 
? 
2 5 1  - 

0 N 
CLASS 

MISSION YFAR 

Figure  11-8. Mission Mode Comparison, NNNA Vehic le  Conf igura t ions  
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A comparison of  t h e  conjunct ion and oppos i t ion  c l a s s  missions shows t h a t  t h e  

veh ic l e  weight f o r  t he  conjunct ion c l a s s  -mission i s  e s s e n t i a l l y  equal  t o  t h a t  f o r  

t he  oppos i t i on  c l a s s  mission i n  1984 and an average of 16 percent  g r e a t e r  than the  

1986 oppos i t ion  v e h i c l e ;  bu t  t he  1980 and 1982 oppos i t ion  c l a s s  missions have 

g r e a t e r  v e h i c l e  weights than the  conjunct ion c l a s s  mission;  25 pe rcen t  g r e a t e r  i n  

1980 and 1 2  pe rcen t  g r e a t e r  i n  1982. 

A comparison of  t he  conjunct ion and swingby c l a s s  missions shows t h a t  t he  

swingby mission y i e l d s  a lower weight veh ic l e  f o r  the  years  1982 and 1986; 17 

pe rcen t  less i n  1982 and approximately 5 percent  less i n  1986. In  1980, t he  

swingby mission v e h i c l e  weight i s  e s s e n t i a l l y  equal t o  t h e  conjunct ion c l a s s  weight 

and i n  1984, approximately 16 percent  g r e a t e r .  

A comparison of  t h e  oppos i t ion  and swingby c l a s s  missions shows t h a t  t h e  

swingbys g ive  lower v e h i c l e  weights i n  1980 and 1982, 20 percent  less i n  1980 and 

30 p e r c e n t  less i n  1982. In  1984 and 1986, t h e  swingby missions y i e l d  g r e a t e r  

v e h i c l e  weights than the  oppos i t ion  c l a s s  miss ions ;  18 pe rcen t  g r e a t e r  i n  1984 and 

approximately 10 pe rcen t  g r e a t e r  i n  1986. 

S imi l a r  comparisons of  mission c l a s s e s  f o r  t he  CCCA v e h i c l e  mode revea led  

t h a t  t h e  conjunct ion c l a s s  mission y i e l d s  a v e h i c l e  weight lower than e i t h e r  t he  

oppos i t i on  o r  swingby c l a s s  mission f o r  a l l  yea r s .  In  t h e  comparison of  the  

oppos i t i on  o r  swingby c l a s s  miss ions ,  t h e  swingby mission has  a lower weight 

v e h i c l e  i n  a l l  years  except  1984. 

An extens ion  of t h e  comparisons t o  v e h i c l e s  employing aerodynamic braking a t  

Mars is  shown i n  F igure  11-9 f o r  t h e  NASA mode. A comparison o f  t h e  conjunct ion 

and oppos i t i on  class missions f o r  t h i s  mode shows t h a t  t he  v e h i c l e  weights f o r  

a l l  y e a r s  of t h e  oppos i t ion  class missions are  g r e a t e r  than f o r  t h e  conjunct ion 

class miss ion .  The oppos i t ion  c l a s s  veh ic l e  weights a r e  1 1 2  percent  g r e a t e r  i n  

1980, 70 pe rcen t  i n  1982, 48 percen t  i n  1984, and 40 pe rcen t  i n  1986. 

A comparison of  t h e  conjunct ion and swingby c l a s s  missions shows t h a t  t h e  

swingby missions of 1980 and 1986 y i e l d  lower weight v e h i c l e s ;  9 pe rcen t  less 

i n  1980 and 23 pe rcen t  less i n  1986. In  1982 and 1984, t h e  swingby mission 

v e h i c l e s  are g r e a t e r  i n  weight ;  65 percent  g r e a t e r  i n  1982 and 48 pe rcen t  i n  1984. 
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Figure 11-9. Mission Mode Comparison, NASA Vehicle  Configurat ion 

A comparison of  t h e  oppos i t ion  and swingby c l a s s  missions shows t h a t  t h e  

swingby missions y i e l d  lower veh ic l e  weights i n  a l l  y e a r s .  

f o r  t h e  swingby c l a s s  missions a r e  57 percent  less i n  1980, 3 percen t  i n  1982, 

14 percent  i n  1984, and 45 percent  i n  1986. 

The v e h i c l e  weights 

S i m i l a r  comparisons of  mission modes f o r  t h e  CASA v e h i c l e  mode revea led  

t h a t  q u a l i t a t i v e l y  t h e  r e s u l t s  a r e  i d e n t i c a l  t o  those  of  t h e  NASA mode. 

POWERED TURN SWINGBY MISSIONS 

Analysis Approach 

A number of  i n v e s t i g a t o r s  have found t h a t  us ing  a powered t u r n  a t  Mars 

can provide s i g n i f i c a n t  reduct ions  i n  the  t o t a l  v e l o c i t y  requirements  f o r  t h e  

nonstop Mars f lyby mission.  

might a l s o  o f f e r  an improvement t o  t h e  unpowered o r  g r a v i t y  t u r n  Venus swingby 

missions.  

r e q u i r e  a few hundred feet  p e r  second less t o t a l  AV than d i d  t h e  b e s t  unpowered 

H o l l i s t e r  (Ref 4) suggested t h a t  a powered t u r n  

H o l l i s t e r  found t h a t  i n  some cases t h e  b e s t  powered swingbys d i d  

swingbys. However, a comparison on t h e  b a s i s  of t o t a l  AV i s  n o t  s u f f i c i e n t  t o  

determine whether t he  a d d i t i o n  of  t h e  powered t u r n  a t  Venus (which r e q u i r e s  an 

a d d i t i o n a l  veh ic l e  s t age )  w i l l  improve t h e  mission i n  terms of reduced v e h i c l e  

weight .  

t o  determine whether i t  o f f e r s  any advantages over  t h e  unpowered swingbys and o t h e r  

mission modes. 

I t  i s  necessary t o  a c t u a l l y  s i z e  v e h i c l e s  f o r  t h e  powered swingby mission 
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A comparison was made of powered with unpowered swingbys f o r  t h e  1980 ( type  1) 

inbound swingby and t h e  1982 ( type 3) inbound swingby. 

The graph o f  t he  v e l o c i t y  d a t a  f o r  t h e  1980 inbound g r a v i t y  t u r n  swingby ( type 
1) was shown p rev ious ly  on Figure 11-3, p I I - 1 4 .  Since the  use  of  a g r a v i t y  t u r n  

swingby is  cons t ra ined  t o  ope ra t e  above a minimum Venus passage d i s t a n c e ,  t he  

p o s s i b l e  g r a v i t y  t u r n  t r a j e c t o r i e s  must l i e  i n  the  region t o  the  l e f t  of t h e  PP = 

1.05 c o n s t r a i n t  l i n e  shown on Figure 11-3. The depar t  Mars and a r r i v e  Earth 

v e l o c i t i e s  are r e l a t i v e l y  high i n  t h i s  region s i n c e  t h i s  reg ion  is  considerably 

removed from the  region of minimum v e l o c i t i e s  which occurs  off t h e  graph t o  the  

r i g h t .  

forming a powered t u r n  about Venus, the  angle  turned a t  t h e  p l a n e t  can be favorably  

increased  while  t h e  v e h i c l e  can s t i l l  opera te  on o r  above t h e  minimum passage 

d i s t a n c e  c o n s t r a i n t .  This  i s  equiva len t  t o  moving below the  PP = 1.05 r a d i i  l i n e  

on t h e  graph i n t o  the  reg ion  of  minimum v e l o c i t i e s  ( AVLp and AVAE), which would 

have been impossible f o r  unpowered swingbys. 

By adding an a d d i t i o n a l  propuls ive  c a p a b i l i t y  t o  t h e  v e h i c l e  f o r  per-  

I t  would, t h e r e f o r e ,  appear t h a t  the use o f  a powered swingby mode f o r  t h e  typ,e 

1 t r a j e c t o r i e s  might have an advantage over  t h e  g r a v i t y  t u r n  ( type  1) mode by 

pe rmi t t i ng  lower depa r t  Mars and a r r i v e  Ear th  v e l o c i t i e s  ( o r  depa r t  Ear th ,  a r r i v e  

Mars v e l o c i t i e s  f o r  an outbound type 1 Venus swingby). 

The v e l o c i t y  d a t a  shown on Figure 11-4 ,  p 11-14 is t y p i c a l  f o r  t h e  type  3 swingby 

t r a j e c t o r i e s .  

type 3 swingby t r a j e c t o r i e s  l i e s  below the  PP = 1.05 c o n s t r a i n t  l i n e  shown on 
Figure  11-4. Therefore ,  t h e  reg ion  of  p o s s i b l e  g r a v i t y  swingbys inc ludes  the  minima 

of  t h e  

swingbys o r  t ype  3 t r a j e c t o r i e s ,  no improvement i s  p o s s i b l e  over t h e  optimum g r a v i t y  

swingby by employing a powered t u r n  a t  Venus. 

Resul t s  and Discussion 

The reg ion  of p o s s i b l e  g r a v i t y  t u r n  swingby t r a j e c t o r i e s  f o r  t h e  

AVLp and AVAE curves.  I t  would, t h e r e f o r e ,  appear t h a t  f o r  1982 inbound 

Figure  11-10 p r e s e n t s  a comparison of  t h e  sum of  t h e  mission c h a r a c t e r i s t i c  

v e l o c i t i e s  f o r  bo th  t h e  g r a v i t y  t u r n  and powered t u r n  swingby missions f o r  t h e  1980 

inbound swingby, a type 1 t r a j e c t o r y .  

(minimum weight) t r a j e c t o r i e s  f o r  each Mars a r r i v a l  d a t e ,  and t h e  curve f o r  t h e  

powered swingby inc ludes  the  add i t iona l  A V  requi red  f o r  t h e  powered t u r n  a t  Venus. 

The v e l o c i t y  summations are f o r  t he  optimum 
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As was i n f e r r e d  from the  previous d iscuss ion  of t h e  type 1 swingby v e l o c i t y  d a t a ,  

t h e  powered swingbys do indeed y i e l d  a lower t o t a l  AV than do t h e  unpowered swingbys. 

22.4 

22.2 

- 22.0 

c 
3 
> 21.8 a 
2 
2 

v 

2 

21.6 

21.4 

21.2 - . .- 
4565 45m 4575 4580 4585 4555 4 5 6 0 .  

MARS ARRIVAL DATE, (JULIAN DATE - 2440000) 

Figure 11-10. 1980 Inbound Swingby Veloc i ty  Comparison 

Notwithstanding the  f a c t  t h a t  t h e  t o t a l  AV i s  lower f o r  t he  type 1 powered 

t u r n  swingby than f o r  t h e  g r a v i t y  t u r n  swingby, t h e  v e h i c l e  weight f o r  t he  powered 

t u r n  swingby mission i s  approximately f i v e  percent  g r e a t e r  than  f o r  t h e  g r a v i t y  

t u r n  swingby mission (3.18 and 3 .02  m i l l i o n  pounds, r e s p e c t i v e l y  f o r  t h e  NKNA 

v e h i c l e  mode). In o rde r  t o  perform t h e  powered swingby mission,  t h e  v e h i c l e  must 

c a r r y  an add i t iona l  s t a g e  f o r  t h e  maneuver a t  Venus. Since t h i s  a d d i t i o n a l  f i x e d  

weight must be c a r r i e d  through t h r e e  prev ious  p ropu l s ion  maneuvers, a lower v e h i c l e  

weight i s  not  obtained.  

A comparison o f  t h e  sum o f  t h e  c h a r a c t e r i s t i c  v e l o c i t i e s  and v e h i c l e  weights  

f o r  t h e  1982 inbound ( type 3) swingby missions shows t h a t  as was expected,  t h e  

v e l o c i t y  summation f o r  t h e  powered t u r n  swingbys is  g r e a t e r  (by approximately f o u r  

percent )  than  t h a t  f o r  t h e  g r a v i t y  t u r n  swingby; t h e  v e h i c l e  weight i s  correspond- 

ing ly  g r e a t e r  by approximately f ive  pe rcen t  (1.78 and 1 .70  m i l l i o n  pounds, 

r e s p e c t i v e l y ) .  

1 1 - 2 2  



The r e s u l t s  of  t h e  powered swingby mission a n a l y s i s  i n d i c a t e  t h a t  t h e  powered 

swingby mission o f f e r s  no advantage o v e r - t h e  unpowered swingby mission f o r  t h e  type  

3 swingby t r a j e c t o r i e s  because t h e r e  i s  no r educ t ion  i n  t o t a l  mission c h a r a c t e r i s t i c  

v e l o c i t y  o r  i n i t i a l  veh ic l e  weight.  (The type  5 swingby missions have 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  similar t o  those of t h e  type  3 missions and would t h e r e f o r e  a l s o  not  

ob ta in  any b e n e f i t  from t h e  use o f  a powered t u r n  a t  Venus.) 

For t h e  type  1 inbound swingby, use o f  t h e  powered t u r n  a t  Venus reduces t h e  

t o t a l  mission c h a r a c t e r i s t i c  v e l o c i t y  by about 4 percen t ,  b u t  no r educ t ion  i n  veh ic l e  

weight r e s u l t s .  

type 1 inbound t r a j e c t o r y  is  a reduct ion  i n  t h e  Earth a r r i v a l  v e l o c i t y .  Since t h i s  

maneuver i s  performed by a low weight aerodynamic braking system t h a t  i s  r e l a t i v e l y  

i n s e n s i t i v e  t o  a r r i v a l  v e l o c i t y ,  only a small weight reduct ion  i s  obta ined  f o r  t h i s  

s t age .  On t h e  o t h e r  hand, f o r  an outbound type  1 swingby t h e  major v e l o c i t y  

r educ t ions  obta ined  from a powered Venus f lyby  apply  t o  maneuvers performed by pro-  

pu l s ion  systems. However, f o r  t h e  1982 outbound type  1 g r a v i t y  swingby ( t h e  only  

outbound type  1 swingby occurr ing  i n  the 1980 t o  1986 per iod)  t h e  t o t a l  mission 

c h a r a c t e r i s t i c  v e l o c i t y  i s  approximately twice t h a t  f o r  t h e  1982 inbound ( type 3)  

g r a v i t y  swingby. Therefore ,  t h e  use of a powered Venus swingby f o r  t h i s  launch 

oppor tun i ty  would have t o  reduce t h e  t o t a l  v e l o c i t y  of t h e  outbound swingby by 50 

pe rcen t  t o  make it competi t ive with the  inbound g r a v i t y  swingby. Since a reduct ion  

o f  t h i s  magnitude i s  no t  apparent ly  f e a s i b l e ,  it i s  concluded t h a t  t h e  b e s t  g r a v i t y  

swingby (outbound o r  inbound with sho r t  o r  long connect ing leg)  would be s u p e r i o r  

t o  t h e  b e s t  powered swingby f o r  any given yea r  i n  t h e  1980 t o  1986 t ime pe r iod .  

The major e f f e c t  obtained from t h e  use of a powered t u r n  with t h e  
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111. CONJUNCTION CLASS MISSION ANALYSIS 

TASK DESCRIPTION 

The Swingby Optimizat ion Program (SWOP) was u t i l i z e d  t o  determine t h e  

i n i t i a l  weight requirements i n  Ear th  o r b i t  f o r  conjunct ion c l a s s ,  manned Mars 

s topover  missions.  

veh ic l e  and p ropu l s ive  modes, s t r u c t u r a l  s c a l i n g  laws, and payload weights i n  

o r d e r  t o  i l l u s t r a t e  t h e i r  effect  on i n i t i a l  v e h i c l e  weight .  

These inves t iga t ions  inc luded  paramet r ic  v a r i a t i o n s  of  t h e  

ASSUMPTIONS AND CONSTRAINTS 

The s e t  of assumptions and c o n s t r a i n t s  t h a t  was pos tu l a t ed  f o r  t h i s  t a s k  i n  

o r d e r  t o  c i rcumscribe the  v e h i c l e ' s  performance, ope ra t ion ,  and system weights  i s  

e s s e n t i a l l y  t h e  same as t h a t  of t he  Swingby Mission Analysis  with only a few 

except ions  o r  a d d i t i o n s .  Therefore ,  the b a s i c  se t  of  assumptions,  c o n s t r a i n t s ,  

and d e f i n i t i o n s  are se t  f o r t h  i n  d e t a i l  i n  Sec t ion  I1  and only those  p e c u l i a r  t o  

t h i s  t a sk  are given below. 

Mission and Tra j ec to ry  Descr ip t ion  

The conjunct ion  class mission i s  designed t o  take  advantage of  t h e  lowest 

p o s s i b l e  energy requirements f o r  both the outbound t r i p  and the  r e t u r n  t r i p .  

oppos i t ion  class mission i s  charac te r ized  by s h o r t  s topover  per iods  a t  Mars and, 

t h e r e f o r e ,  cannot take advantage of m i n i m u m  energy t r i p s .  

r e t u r n  t r i p  occurs  be fo re  r a t h e r  than a f t e r  t h e  n e a r e s t  minimum energy outbound 

t r i p .  

bound and inbound energy requirements c lose  t o  t h e  t ime of  t he  Earth-Mars 

oppos i t i on .  

The 

The minimum energy 

Therefore ,  t h e  oppos i t ion  c l a s s  t r i p s  a r e  a compromise combination of out-  

I t  is p o s s i b l e  t o  u t i l i z e  t h e  minimum energy t r i p s ,  but  t o  do so  r e q u i r e s  

long s topove r  pe r iods  a t  Mars. 
are r e f e r r e d  t o  as conjunct ion class because the  Earth-Mars conjunct ion occurs  

dur ing  t h e  s topover  p e r i o d  and t h e  mission is approximately symmetrical about t h e  

conjunct ion .  

less from y e a r  t o  y e a r  than  do t h e  requirements f o r  o t h e r  mission types .  

f o r e ,  one y e a r ,  1983, was taken as t y p i c a l  and veh ic l e s  were analyzed f o r  only 

t h a t  y e a r .  

These missions us ing  t h e  minimum energy t r i p s  

The energy requirements for t h e  conjunct ion class missions vary much 

There- 
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For both the outbound and inbound l egs  of t h e  round t r i p  t r a j e c t o r y ,  two 

types of t r a j e c t o r i e s  were considered,  v i z ,  t h e  s h o r t  and t h e  long one-way 

t r a n s f e r s .  Therefore ,  f o u r  types  of round t r i p  missions were i n v e s t i g a t e d ;  type  

I A  (long outbound l e g ,  s h o r t  inbound l e g ) ,  type  I B  ( long,  long) ,  type  IIA ( s h o r t ,  

s h o r t ) ,  and type  IIB ( s h o r t ,  long) .  

Vehicle Confieurat ion and System Weights 

The s c a l i n g  laws and system weights used t o  de f ine  t h e  mission payloads,  

p r o p e l l a n t  t anks ,  propuls ion systems, secondary s p a c e c r a f t  systems, and ope ra t iona l  

modes are e s s e n t i a l l y  the  same as those f o r  t h e  Swingby Mission Analysis except  

f o r  t he  q u a l i f i c a t i o n s  and except ions  noted below. 

Propuls ion System Weight Sca l ing  Laws - Only the  tanking mode conf igura t ion  was 

employed i n  t h e  mission analyses  conducted f o r  t h i s  t ask .  The s e t s  of  s c a l i n g  

laws used were the mass f r a c t i o n  cases Nos. 2 and 3 .  The average mass f r a c t i o n s  

f o r  t hese  s c a l i n g  laws were p rev ious ly  given i n  Sec t ion  I1 i n  Table 1 1 - 2  on 

page 11-6. 

An add i t iona l  weight was added t o  t h e  p l a n e t  depa r t  s t a g e  t o  account f o r  

increased  micrometeoroid p r o t e c t i o n  requirements  due t o  the  longer  p l a n e t  s topover  

pe r iod .  This  weight i s  added t o  t h e  tank weight f o r  a l l  se t s  of s c a l i n g  laws, 

i . e . ,  mass f r a c t i o n  cases  Nos. 2 and 3 ,  and i s  j e t t i s o n e d  p r i o r  t o  Mars depa r tu re .  

This weight var ied  wi th  the  assumed payload and i s  given i n  Table 111-1 which 

follows l a t e r  i n  t h i s  s e c t i o n .  

A s i n g l e  nuc lear  engine weight of 38,000 pounds was used and each engine 

was assumed t o  have 230,000 pounds of t h r u s t .  The engine weight and t h r u s t  f o r  

c l u s t e r s  o f  two o r  more nuc lea r  engines  were taken as d i r e c t  m u l t i p l e s  of t h e s e  

va lues .  A s i n g l e  nuc lea r  engine was assumed f o r  t h e  a r r i v e  and depa r t  Mars s t a g e s  

and the  optimum number of  engines was determined and used f o r  t h e  depa r t  Ear th  

s t a g e ,  i . e . ,  t h e  number of engines  t h a t  y i e l d  t h e  minimum i n i t i a l  v e h i c l e  weight .  

Payload and Expendable Weights - The longe r  s topove r  time f o r  t h e  conjunct ion  

class mission requi res  t h a t  t h e  mission module, l i f e  suppor t  and Mars payload weights  

be increased .  

se t  i s  i d e n t i c a l  t o  t h a t  used f o r  t h e  missions i n  t h e  o t h e r  s tudy  tasks which use  a 

20-day s topover  time. The o t h e r  t h r e e  sets  r e p r e s e n t  i nc reased  weights  t o  account 

f o r  added experiments and crew. 

conjunct ion class mission t o  t h e  o t h e r  mission types  i n  t h e  o t h e r  t a s k s ,  

Four payload s e t s  were p o s t u l a t e d  as shown i n  Table  111-1. The f i rs t  

Payload s e t  3 was used i n  t h e  comparisons of t h e  
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Table 111-1 Conjunction Mission Payloads 

Mars Orhit Life Support 
Payload Earth Return Mission Excursion Return Expendables Additional Micrometroroid 

Set  Crew Module (Ib) Module (Ib)* Module ( lb)  Weight(1b) (Ib/day) Protect ion ( lb)  

1 8 10,000 68,734 80,000 1500 50 

2 8 11,500 75,000 109,000 2500 50 27,500 + 27 TSO 

3 12 15,000 100,000 135,000 31G0 75 38,000 + 40 TSO 

4 20 27,000 150,000 178,000 7500 120 57,000 + 60 TSO 

*Does not include s o l a r  f l a r e  s h i e l d  

The s o l a r  f l a r e  r a d i a t i o n  s h i e l d  weight used i n  t h i s  t a s k  was based on an assumed 

a c t i v e  yea r  f o r  s o l a r  f l a r e  a c t i v i t y .  A p e r i h e l i o n  d i s t a n c e  of 1 .0  AU was used.  

Aerodynamic Braking Sca l ing  Laws - The weight s c a l i n g  laws f o r  aerodynamically 

braking t h e  s p a c e c r a f t  a t  Mars o r  E a r t h  were i d e n t i c a l  t o  those  descr ibed i n  

Sec t ion  I1 and given i n  d e t a i l  i n  Ref 1. 

Vehicle  Mode Matrix 

%e conjunct ion class missions f o r  1983 were analyzed f o r  a v a r i e t y  of v e h i c l e  

modes , t r a j e c t o r y  t y p e s ,  p ropuls ion  systems, engine performance parameters , and 

s t a g e  s c a l i n g  laws. Table  111-2  shows t h e  mat r ix  of cases inves t iga t ed .  

Table  111-2 Vehicle  Mode Matrix 

Year Tra j ec to ry  Types Vehicle Modes Sca l ing  Laws Payloads 

1983 I A  Long, Shor t  NNNA MF No. 2 S e t s  1, 2 ,  3 and 4 

- 

IB Long, Long NNNS (P) MF No. 3 

IIA - Shor t ,  Short  NASA 

IIB - Shor t ,  Long CCCA 

cccs (P)  

CASA 

N - Nuclear  Propuls ion (800 sec )  
C - Chemical Cryogenic Propuls ion,  H2/02 (430 sec )  

S - Liquid  S t o r a b l e  Propuls ion (330 sec)  
A - Aerodynamic braking  
S(P) - Liquid s t o r a b l e  propuls ion  (330 sec )  t o  p a r a b o l i c  e n t r y  v e l o c i t y  followed 

by aerodynamic braking .  
111-3  



RESULTS AND DISCUSSION 

Tra jec to ry  Type Comparison 

A comparison of the  fou r  combinations of t r a j e c t o r y  types shows t h a t  t h e  

type I A  g ives  the lowest v e h i c l e  weight as  shown i n  Figure 111-1 f o r  t h e  NNNA mode, 

mass f r a c t i o n  case No. 2 ,  and payload s e t  3 .  The type  IIA t r a j e c t o r y ,  on t h e  

o t h e r  hand, gives  the  s h o r t e s t  t r i p  bu t  with t h e  g r e a t e s t  v e h i c l e  weight.  There- 

f o r e ,  t h e  type IA was s e l e c t e d  as t h e  b e s t  o v e r a l l  compromise s i n c e  i t  r equ i r e s  11 

pe rcen t  less vehic le  weight than type IIA with only 4 percent  longer  t o t a l  t r i p  

time. 

mission t o  t h e  o the r  mission types i n  t h e  o t h e r  f o u r  s tudy  tasks .  

The type  IA t r a j e c t o r y  was used i n  t h e  comparisons of t h e  conjunct ion class 

1983 CONJUNCTION MISSION 
NNNA MF NO. 2 
PAYLOAD SET 3 

VEHICLE WEIGHT 

TOTAL TRIP TIME 

2 .2  I120 

(LONG, SHORT) (LONG, LONG) (SHORT SHORT) (SHORT, LONG) 

TRAJECTORY TYPES 

Figure 111-1. Conjunction Mission T r a j e c t o r y  Type Comparison 

A comparison of  t r a j e c t o r y  types  f o r  t h e  o t h e r  v e h i c l e  modes and payload 

weights r e s u l t s  i n  i d e n t i c a l  comparative conclus ions .  

Vehicle  Mode Comparisons 

F igure  1 1 1 - 2  shows t h e  inc reased  v e h i c l e  weight  t h a t  r e s u l t s  from inc reases  

i n  payload weights f o r  t h e  var ious  v e h i c l e  modes based on t h e  mass f r a c t i o n  case 

No. 2 s t r u c t u r a l  s ca l ing  laws. Analogous r e s u l t s  were obta ined  f o r  mass f r a c t i o n  

case  No. 3 .  The vehic le  weights corresponding t o  payload s e t  1 (which i s  t h e  same 

as t h a t  used f o r  a l l  o the r  mission types)  are  extremely low. A comparison among 

mission modes i n  t h e  o the r  s tudy  tasks based on t h i s  s e t  would show t h e  conjunct ion  
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c l a s s  mission r equ i r ing  considerably lower v e h i c l e  weights  than the  o t h e r  modes 

f o r  a l l  years  and v e h i c l e s .  

r e a l i s t i c  f o r  comparisons involv ing  t h e  conjunct ion class mission.  

However, payload sets 2 ,  3 ,  and 4 are probably more 

1983 CONJUNCTION (TYPE IA) MISSION 

VEHICLE MODE 

Figure  111-2.' Conjunction Mission Mass F rac t ion  No. 2 Payload Comparison 
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I V .  MISSION ABORT ANALYSIS 

TASK DESCRIPTION 

An i n v e s t i g a t i o n  was made of oppos i t ion ,  swingby, and conjunct ion class 

missions t o  determine t h e  abor t  c a p a b i l i t y  of t h e  v e h i c l e  from va r ious  p o i n t s  

along t h e  outbound t r a j e c t o r y  using the a v a i l a b l e  v e h i c l e  p ropu l s ive  systems. 

Various combinations of t h e  veh ic l e  propuls ive  systems were considered f o r  pro- 

v id ing  t h e  abor t  v e l o c i t y  increment and t h e  Earth d e c e l e r a t i o n  requirements .  

Veloc i ty  contour maps were cons t ruc ted  i n d i c a t i n g  t h e  v e h i c l e  abor t  c a p a b i l i t i e s ,  

Earth en t ry  v e l o c i t i e s ,  and Earth rescue requirements .  

ASSUMPTIONS AND CONSTRAINTS 

The f o u r  missions and veh ic l e s  used f o r  t h e  abor t  a n a l y s i s  are  shown i n  

Table I V - 1 .  

Table I V - 1 .  Abort Analysis Vehicles  

Miss ion  

Opposi t ion,  IIB 

Conjunct i on ,  I A  

Inbound Swingby, I 3  

Outbound Swingby, 3A 

- Year Vehicle  Mode 

1982 NNNS (15) 

1983 NNNS (P) 

1982 NNNS (P) 

1986 NNNS (P) 

The connecting mode v e h i c l e  conf igura t ion  was used f o r  a l l  v e h i c l e  

weight c a l c u l a t i o n s .  

ANALYSIS APPROACH 

For convenience of  d i scuss ion  we can d iv ide  t h e  manned Mars mission i n t o  

f i v e  gene ra l  phases:  

inbound l eg ,  and cap tu re  and landing.  

probably  b e  provided by a launch escape system t o  s e p a r a t e  t h e  manned capsule  from 

t h e  launch v e h i c l e  and a landing system f o r  t h e  capsule  o r  i t s  occupants .  

launch, outbound l e g ,  near  p l a n e t  and s u r f a c e  maneuvers, 

Abort during launch from Earth w i l l  

Once t h e  v e h i c l e  has  reached t h e  necessary  energy t o  escape t h e  Earth i t  can 

be  cons idered  t o  be  on i t s  outbound t r i p ,  and abor t  a n a l y s i s  f o r  t h e  beginning of 

t h e  outbound t r i p  w i l l  then be app l i cab le .  During t h e  outbound t r i p ,  t h e  v e h i c l e  

i s  c a r r y i n g  the  p ropu l s ive  c a p a b i l i t y  t o  be used f o r  t h e  Mars a r r i v a l  and depa r tu re  
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and Ear th  a r r i v a l  maneuvers. Therefore ,  during t h e  outbound t r i p ,  t h e  v e h i c l e  has  

p ropu l s ive  c a p a b i l i t y  which could poss ib ly  be adequate f o r  a r e t u r n  t o  Ear th  i f  it 

was necessary t o  a b o r t  t he  mission.  

The opera t ions  near  Mars and on i t s  s u r f a c e  c o n s i s t  of a complicated series 

o f  maneuvers f o r  which c e r t a i n  f a i l u r e s  could te rmina te  t h e  mission,  e .g . ,  pro- 

pu ls ion  f a i l u r e s  on t h e  s u r f a c e  of t h e  p l a n e t  o r  during escape from t h e  p l a n e t .  

The only poss ib l e  abor t  mode f o r  such f a i l u r e s  would be  redundant propuls ion  

systems which would g r e a t l y  inc rease  t h e  t o t a l  veh ic l e  weight t o  t h e  p o i n t  of being 

unreasonable .  However, i n  most cases, it would be  p o s s i b l e  t o  r e t u r n  t o  Earth if 

t h e  f a i l u r e  occurred i n  the  Mars parking o r b i t  and d id  no t  involve  t h e  depa r t  Mars 

propuls ion  system. 

During the  r e t u r n  t r i p  t o  Ear th ,  t h e  only a v a i l a b l e  p ropu l s ive  c a p a b i l i t y  i s  

t h e  Earth a r r i v a l  s t a g e .  

a r r i v a l  s t a g e  would be t o  provide a f a s t e r  r e t u r n  t r i p  o r  t o  provide a d d i t i o n a l  

midcourse c o r r e c t i o n  c a p a b i l i t y .  In  e i t h e r  case ,  t he  v e h i c l e  would be  l e f t  with-  

ou t  t h e  necessary means f o r  i t s  a r r i v a l  maneuver a t  Ea r th .  Therefore ,  any abor t  

a t tempt  during t h e  inbound t r i p  which employs t h e  Earth a r r i v a l  propuls ion  would 

be e s s e n t i a l l y  imprac t ica l  un less  a rescue  mode was a v a i l a b l e  a t  Ea r th .  

The only p o s s i b l e  use  which could be  made of  t h e  Earth 

The cap tu re  and landing maneuvers a t  Earth involve  us ing  t h e  l a s t  of t h e  pro-  

p u l s i v e  c a p a b i l i t y  of t h e  veh ic l e .  Therefore ,  without  redundant p ropu l s ive  o r  

aerodynamic braking c a p a b i l i t y  t h e r e  i s  very l i t t l e  t h e  crew can do i n  c a s e  o f  

f a i l u r e  during these  maneuvers. However, a t  t h i s  p o i n t  i n  t h e  miss ion ,  i t  may 

be f e a s i b l e  t o  consider  rescue  of t h e  crew by an Earth-based v e h i c l e .  

I t  i s  c l e a r  from t h e  above d i scuss ion  t h a t  only dur ing  t h e  outbound t r i p  

w i l l  t h e  crew have c l e a r  a l t e r n a t i v e s  f o r  a b o r t i n g  the  mission i f  t h e  need a r i s e s .  

I t  was necessary then t o  ana lyze  t h e  requirements  f o r  abor t  from t h e  outbound 

t r a j e c t o r y  s o  t h a t  these a l t e r n a t i v e s  could be  compared. The approach which was 

taken was t o  compute t h e  impulsive abor t  and Ea r th  a r r i v a l  v e l o c i t y  requirements  

f o r  abor t ing  along t h e  nominal outbound t r a j e c t o r y .  The r e s u l t s  were p l o t t e d  as 

contours  of cons tan t  AV on a g r i d  of r e t u r n  t r i p  time ve r sus  d a t e  of a b o r t .  

Lines were a l s o  included on the  contour  maps t o  i n d i c a t e  t h e  reg ions  where t h e  

v e h i c l e  would not pass  through p e r i h e l i o n  on t h e  a b o r t  t r a j e c t o r y  o r  t o  i n d i c a t e  

how near  t h e  veh ic l e  must approach t h e  sun when it does pas s  through p e r i h e l i o n .  
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Then s i x  d i f f e r e n t  combinations of t h e  v e h i c l e  propuls ive  systems f o r  abor t  and 

a r r i v i n g  a t  Earth were assumed and t h e  bV c a p a b i l i t y  f o r  each of  t hese  combinations 

was computed as a func t ion  of mission da te .  

p o s s i b l e  abor t  f o r  each combination were o v e r l a i d  on t h e  contour  maps. 

r e s u l t  shows when abor t  w i l l  be poss ib l e  f o r  a given mission and f a i l u r e  mode, 

and t h e  time requ i r ed  f o r  t h e  r e t u r n  t r i p .  

conjunct ion c l a s s ,  and inbound and outbound Venus swingby missions were s e l e c t e d  

and abor t  analyses  completed f o r  each.  

Envelopes showing the  region of  

The f i n a l  

Typical  examples of oppos i t ion  c l a s s ,  

RESULTS AND DISCUSSION 

The contour  maps with t h e i r  a s soc ia t ed  v e h i c l e  abor t  c a p a b i l i t y  over lays  f o r  

t he  f o u r  missions analyzed are given i n  Figures  I V - 1 ,  IV-2 ,  IV-3 and IV-4. With t h e  

veh ic l e  abor t  c a p a b i l i t y  curves ove r l a id  on t h e  contour maps i t  is  immediately 

apparent  when abor t  i s  p o s s i b l e  and when i t  i s  impossible ,  which of  t h e  p o s s i b l e  

abor t  t r i p s  g ives  the  qu ickes t  r e t u r n  t o  Ea r th ,  which w i l l  r e q u i r e  the  l e a s t  

amount of f u e l ,  which w i l l  g ive  t h e  lowest a r r i v a l  v e l o c i t i e s  a t  Ea r th ,  and which 

w i l l  g ive  t h e  g r e a t e s t  s o l a r  passage d i s t ance .  I n  some i n s t a n c e s ,  such as when a 

f a i l u r e  o r  malfunct ion i s  discovered l a t e ,  i t  may be impossible  o r  undes i rab le  t o  

fol low one of t h e s e  "optimum" t r i p s .  For such in s t ances  t h e  map shows a l l  t r i p s  

t h a t  are  s t i l l  p o s s i b l e  and a choice can be made. 

F igure  I V - 1  i l l u s t r a t e s  t h e  abor t  c a p a b i l i t i e s  f o r  t h e  1982 oppos i t ion  c l a s s  

mission.  Successful  abor t  i s  p o s s i b l e  during approximately t h e  f irst  h a l f  o f  t h e  

outbound l e g  f o r  a l l  assumed veh ic l e  abor t  c a p a b i l i t i e s .  (The reg ions  of  p o s s i b l e  

a b o r t s  l i e  t o  the  l e f t ,  w i th in  t h e  areas  t h a t  are p a r t i a l l y  enclosed by the  

i n d i v i d u a l  c a p a b i l i t y  curves . )  The abort  c a p a b i l i t y  i s  extended over  nea r ly  t h e  

e n t i r e  outbound t r i p  f o r  two of t h e  cases which employ both the  a r r i v e  Earth r e t r o  

and aerodynamic braking c a p a b i l i t y  f o r  d e c e l e r a t i n g  a t  Ear th .  

The a b o r t  curves  f o r  t h e  conjunction c l a s s  mission shown on Figure  IV-2 i n d i c a t e  

t h a t  a t  b e s t  an abor t  i s  p o s s i b l e  only dur ing  t h e  f i rs t  t h i r d  of t h e  outbound t r a -  

j e c t o r y  f o r  those  cases  i n  which both t h e  a r r i v e  Earth p ropu l s ive  r e t r o  and aero-  

dynamic braking  c a p a b i l i t y  i s  employed f o r  d e c e l e r a t i n g  the  v e h i c l e  a t  Ea r th .  

those  cases i n  which t h e  a r r i v e  Ear th  propuls ive  r e t r o  i s  known t o  be inoperable  

o r  has  been u t i l i z e d  f o r  t he  abor t  AV, no successfu l  abor t  i s  p o s s i b l e  s i n c e  t h e  

v e h i c l e  i s  l e f t  without  t h e  necessary means f o r  performing i t s  a r r i v a l  maneuver a t  

For 
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I982 OPPOSITION MISStON - TYPE I I B  
NNNS( 1s) CONNECTING MODE 

__ -AM, LM RETRO, AERO ___ i AM 

,.,AM, LM, AER AERO 

4960 5100 5200 5300 
. -  . 

I 
I , .  

ABORT DATE (J.D. - 2440900) 

I 

Figure IV-la. 1982 Opposition Mission Vehicle Abort Capability 



1982 OPPOSITION MISSION - TYPE W 
NNNS(15) CONNECTING MODE 

I I I I 
F60 5000 5100 5200 5300 

ABORT DATE (J. D. - 2440000) 

Figure IV-lb. 1982 Opposit ion Mission Abort Ve loc i ty  Contour Map 
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1983 CONJUNCTION MISSION - TYPE ZA 
"NS(P) CONNECTING MODE 

__ - AM, LM RETRO, AERO 

_._AM, LM, AER RESCUE REQ 

ili I 
DEPART EAkTH 2444937.2 
ARRIVE MARS 245238.0 

I ! I 
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Figure IV-2a. 1983 Conjunction Mission Vehicle Abort Capabi l i ty  
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1982 INBOUND SWINGBY MISSION - TYPE I3 
NNNS(P) CONNECTING MODE 

Figure IV-3b. 1982 Inbound Swingby Mission Abort Ve loc i ty  Contour Map 

I V -  6b 



1982 INBOUND SWINGBY MISSION - TYPE I3 
NNNS(P) CONNECTING MODE 

360 

320 

280 

240 
h 

Y z 
Iu 200 
5 - 
b 

i 
z 160 
5 
t; 
pc 

120 

80 

40 

0 

_- - AM, LM RETRO, AERO 
--- .- AM RETRO, AERO 
------ LM 

-.-AM, LM. *ER R E S C U E  R E O  

,,.,AM, AE RESCUE REO 

-..,LM, A E ~  RZSCUE a m  

180" TRANSFER 

4920 5000 5100 5200 

ABORT DATE (JULIAN DATE - 2440000) 

5300 

Figure  IV-3a. 1982 Inbound Swingby Mission Vehicle Abort Capability 

IVa6a 



0 * 0 9 
7 

8 
m N x cy 

0 0 m 0 N 

h 
c, 
.rl 
v 
0 

0 c d 

h 
P 
M c 

a 

e, s 

IV- 7b 



= I Y < 

c, 
k 
0 

h 
P 
M c 

IV- 7a 



Ear th .  This  condi t ion e x i s t s  because the  veh ic l e  w i l l  a r r i v e  a t  Earth a t  a 

r e l a t i v e  speed g r e a t e r  than pa rabo l i c  v e l o c i t y .  Since f o r  t h i s  v e h i c l e ,  i t  has  

been assumed t h a t  i t s  aerodynamic braking c a p a b i l i t y  extends only  t o  p a r a b o l i c  

e n t r y  v e l o c i t y ,  a success fu l  abor t  would r e q u i r e  e i t h e r  a rescue  mode by an 

Earth-based vehic le  o r  a redundant propuls ive  r e t r o .  Therefore ,  although 

abor t  reg ions  a r e  shown on t h e  graphs f o r  t h r e e  such cases ,  i t  must b e  noted t h a t  

rescue a t  Earth o r  added propuls ive  o r  aerodynamic braking c a p a b i l i t y  must be  pro- 

vided t o  the  veh ic l e .  

The r e s u l t s  of t he  abor t  ana lys i s  f o r  t he  inbound swingby a r e  given i n  F igure  

IV-3. These r e s u l t s  are e s s e n t i a l l y  similar t o  those  of t h e  preceding conjunct ion 

c l a s s  mission.  That i s ,  a success fu l  abor t  a t  b e s t  can be accomplished only during 

t h e  f i r s t  t h i r d  of the  outbound l eg  i f  rescue a t  Earth o r  an increased  a r r i v e  Earth 

brak ing  c a p a b i l i t y  i s  not  a v a i l a b l e  t o  t h e  s p a c e c r a f t .  

The contour map of a b o r t s  from an outbound Venus swingby shown i n  Figure IV-4, 

i s  a c t u a l l y  a composite of two contour  maps; t h e  map o f  a b o r t s  from t h e  Ear th- to-  

Venus t r a n s f e r  t r a j e c t o r y ,  and t h e  map of  a b o r t s  from t h e  Venus-to-Mars t r a n s f e r  

t r a j e c t o r y .  As f o r  t h e  previous f i g u r e s ,  t he  reg ions  of p o s s i b l e  a b o r t s ,  on each 

s i d e  of the  r idge  l i n e  (180' t r a n s f e r  l i n e ) ,  l i e  w i t h i n  the  a r e a  p a r t i a l l y  enclosed 

by the  c a p a b i l i t y  curves .  

Without r e so r t ing  t o  an Ear th  rescue  mode o r  an inc reased  a r r i v e  Ear th  brak ing  

c a p a b i l i t y ,  abor t s  f o r  t he  outbound swingby a s  shown i n  F igure  IV-4, a r e  p o s s i b l e  

a t  b e s t  during approximately t h e  f i r s t  h a l f  of t h e  Earth-Venus l eg  and dur ing  t h e  

last  7 5  percen t  o f  the  Venus-Mars l e g .  

A veh ic l e  Earth braking c a p a b i l i t y  c o n s i s t i n g  of a r e t r o  maneuver t o  p a r a b o l i c  

e n t r y  v e l o c i t y  followed by aerodynamic en t ry  is a reasonable  assumption f o r  t h e  con- 

junc t ion  c l a s s  and swingby missions cons ider ing  t h e i r  nominal mission a r r i v a l  

v e l o c i t i e s .  However, as t h e s e  abor t  a n a l y s i s  r e s u l t s  i n d i c a t e ,  t he  abor t  c a p a b i l i t y  

of  the  v e h i c l e  i s  seve re ly  l i m i t e d  i f  t h e  r e t r o  s t a g e  i s  no t  a v a i l a b l e  a t  Ear th  

a r r i v a l .  Furthermore, i t  becomes apparent  t h a t  by i n c r e a s i n g  t h e  aerobraking 

c a p a b i l i t y  f o r  a l l  of t h e  missions analyzed,  a g r e a t e r  a b o r t  f l e x i b i l i t y  i s  

achieved and the  reg ions  i n  which a b o r t s  a r e  p o s s i b l e  a r e  inc reased .  The same 

e f f e c t  i s  obtained i f  t he  a r r i v e  Ear th  r e t r o  s t a g e  i s  s i z e d  t o  be  g r e a t e r  than 

t h a t  r equ i r ed  f o r  t h e  nominal miss ion .  

a d d i t i v e  i f  both the  r e t r o  and aerodynamic braking  c a p a b i l i t i e s  are  inc reased .  

I t  should be  noted  t h a t  t h e  e f f e c t s  a r e  

IV-8 
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V. LAUNCH AZIMUTH CONSTRAINT ANALYSIS 

TASK DESCRIPTION 

An ana lys i s  was conducted t o  determine the  e f f e c t s  on Mars s topover  mission 

launches due t o  the  c o n s t r a i n t s  imposed on al lowable launch azimuths by range 

s a f e t y  r e s t r i c t i o n s  and the  phys ica l  limits on t h e  depar ture  dec l ina t ion  achievable  

f o r  launches from the  ETR. 

d e c l i n a t i o n s  exceed t h e  al lowable l imits  were superimposed on energy contour maps 

t o g e t h e r  with po in t s  r ep resen t ing  t h e  optimum t r i p s  f o r  s e v e r a l  types o f  miss ions ,  

The regions i n  which t h e  i n t e r p l a n e t a r y  depar ture  

i n t e r p l a n e t a r y  t r a j e c t o r i e s ,  and vehic le  conf igu ra t ions .  Mission o p p o r t u n i t i e s  

from 1975 t o  1990 were i n v e s t i g a t e d .  Opposition c l a s s ,  conjunct ion c l a s s ,  and 

outbound and inbound swingby missions were considered.  

For those  missions and oppor tun i t i e s  f o r  which t h e  optimum (minimum weight) 

t r a j e c t o r i e s  r equ i r e  Earth depar ture  dec l ina t ions  t h a t  exceed t h e  al lowable 

limits, weight p e n a l t i e s  were determined f o r  var ious  methods of circumventing the  

launch azimuth l i m i t a t i o n s .  

ASSUMPTIONS AND CONSTRAINTS 

Mission Matrix 

The ma t r ix  of mission types and launch oppor tun i t i e s  t h a t  a r e  analyzed i n  t h i s  

t ask  i s  shown i n  Table V - 1 .  

Table V - 1 .  Launch Azimuth Cons t ra in t  Mission Matrix 

Mission Type Launch Oppo r t un it y 

Opposi t ion 

Conjunction 

Outbound Swingby 

Inbound Swingby 

1975, 1978, 1980, 1982, 1984 
1986, 1988, 1990 

1983 

1980, 1986 

1982, 1984 
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Vehicle Configuration and System Weights 

The s c a l i n g  laws and system weights used i n  t h i s  t a sk  f o r  t h e  p r o p e l l a n t  

tanks and propuls ion systems a r e  those  given i n  Sec t ion  I1 f o r  t h e  connect ing 

mode. In add i t ion ,  t he  s c a l i n g  laws and system weights used f o r  de f in ing  t h e  

mission payloads,  secondary spacecraf t  systems, and ope ra t iona l  modes a r e  t h o  

a l s o  given i n  Sect ion 11. 

Vehicle Mode 

e 

The veh ic l e  mode used f o r  a l l  missions analyzed i n  t h i s  t ask  i s  t h e  NNNA con- 

The s p e c i f i c  impulse of t h e  nuc lea r  propuls ion  system nec t ing  mode conf igura t ion .  

was taken a t  850 s e c .  

Launch Azimuth and Decl inat ion Cons t ra in ts  

Due t o  s a f e t y  r e s t r i c t i o n s  imposed on any given launch s i t e ,  a l lowable f i r i n g  

s e c t o r s  a r e  set  up and a l l  veh ic l e  launches must be r e s t r i c t e d  t o  pass  over  only 

t h e s e  s e c t o r s .  These s e c t o r s  a r e  p r imar i ly  e s t a b l i s h e d  from t h e  ground r u l e  t h a t  

during suborb i t a l  f l i g h t  t h e  veh ic l e  must no t  pass  over  any inhab i t ed  land mass. 

Therefore ,  f o r  any launch s i t e ,  t h e  al lowable f i r i n g  s e c t o r  s e t s  t h e  launch 

azimuth limits which i n  t u r n  s e t s  t he  maximum achievable  parking o r b i t  i n c l i n a t i o n .  

In  o rde r  t o  achieve t h e  d e c l i n a t i o n  o f  any depa r tu re  hyperbol ic  asymptote f o r  

launches out of  a parking o r b i t  without r e s o r t i n g  t o  p l ane  change maneuvers, t h e  

i n c l i n a t i o n  of t h e  parking o r b i t  must be equal  t o  o r  g r e a t e r  than  t h e  d e c l i n a t i o n  

of  t h e  depar ture  hyperbol ic  asymptote. Therefore ,  f o r  t h e  launch azimuth limits 

set  by t h e  ETR al lowable f i r i n g  s e c t o r  t h e r e  w i l l  be some maximum achievable  

parking o r b i t  i n c l i n a t i o n  (or  d e c l i n a t i o n  o f  t h e  depa r tu re  hype rbo l i c  excess  

v e l o c i t y ) .  

of t he  A t l a n t i c  bounded by t h e  Caribbean I s l a n d s  and North America. 

mate launch azimuth range a s soc ia t ed  with t h i s  s e c t o r  i s  44' t o  114'. 

f o r  most r ecen t  launches,  i t  has  been r equ i r ed  t h a t  t h e  v e h i c l e  n o t  pass  over  

Europe during the launch o r  f i rs t  o r b i t .  This  r e s t r i c t i o n  reduces t h e  launch 

azimuth range t o  approximately 72' t o  114'. 

The nominal a l lowable f i r i n g  s e c t o r  f o r  ETR is  r e s t r i c t e d  t o  a reg ion  

The approxi-  

However, 

Together with t h e  l a t i t u d e  of  ETR (approximately 28.4'), t h e  azimuth range 

de f ines  the  range of ascent  t r a j e c t o r y  and pa rk ing  o r b i t  i n c l i n a t i o n s  t h a t  are 

achievable .  

o r b i t  without plane change maneuvers range from ze ro  up t o  t h e  maximum achievable  

The depa r tu re  d e c l i n a t i o n s  which can be achieved from a given parking 
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o r b i t  i n c l i n a t i o n .  

of launch azimuth f o r  ETR. 

s e c t o r s  a r e  a l s o  shown. From these  c o n s t r a i n t  envelopes,  t h e  maximum achievable  

d e c l i n a t i o n  can be determined. For the  nominal azimuth c o n s t r a i n t s ,  t h e  maximum 
achievable  d e c l i n a t i o n  i s  52.4' ( a t  44' launch azimuth).  

range which misses Europe, t h e  maximum achievable  d e c l i n a t i o n  i s  36.6' ( a t  114' 

launch azimuth).  

Figure V - 1  i l l u s t r a t e s  t h e  l i m i t i n g  d e c l i n a t i o n  as a func t ion  

The azimuth l i m i t s  based on t h e  a l lowable  f i r i n g  

For t h e  reduced azimuth 

ZOO 30" 40' 50" 60' 70' 80- 90' 1W 
DEPARTURE UECLINATION, 6 

Figure  V - 1 .  Launch Azimuth and Decl ina t ion  L i m i t s  f o r  ETP. 

ANALYSIS APPROACH 

For each of t h e  optimum (minimum weight) i n t e r p l a n e t a r y  missions considered 

i n  t h i s  t a sk  it was necessary  t o  determine i f  t h e  necessary depar ture  d e c l i n a t i o n  

could be achieved with nominal launches out  of ETR. For a l l  of  t h e  laqnch 

o p p o r t u n i t i e s  considered,  Earth t o  Mars and Earth t o  Venus t r a j e c t o r y  data were 

used t o  c o n s t r u c t  b a s i c  contour  maps showing t h e  contours  o f  hype rbo l i c  excess  

speed  l eav ing  Ear th  and a r r i v i n g  a t  Mars or Venus. 

d e p a r t u r e  d e c l i n a t i o n s  exceed t h e  limits of 36.6' and 52.4'  were superimposed on 

t h e  con tour  maps. 

optimum miss ions .  

Ea r th  d e p a r t u r e  d e c l i n a t i o n s  t h a t  exceed t h e  achievable  limits. 

The reg ions  where t h e  Earth 

Po in t s  were p l o t t e d  on t h e s e  maps r ep resen t ing  a l l  of  t h e  

From t h e s e  graphs it was e a s i l y  a sce r t a ined  which missions r e q u i r e  

v- 3 



Next, t h r e e  a l t e r n a t i v e  modes o f  ca r ry ing  out t h e  mission were eva lua ted  

f o r  those  missions exceeding t h e  d e c l i n a t i o n  l i m i t s .  This eva lua t ion  was made 

by determining t h e  weight pena l ty  a s soc ia t ed  with each of t h e  t h r e e  mission 

a l t e r n a t i v e s .  The t h r e e  a l t e r n a t i v e  modes were: 

o Make a p lane  change during t h e  parking o r b i t  escape maneuver t o  reach 

t h e  necessary d e c l i n a t i o n  f o r  t h e  ''optimum" t r i p .  

o Use a non-optimum outbound t r i p  f o r  which t h e  depar ture  d e c l i n a t i o n  does 

not  exceed t h e  achievable  l i m i t .  

o Use the  oppos i te  type outbound t r a j e c t o r y  (which i n  a l l  cases requi red  

dec l ina t ions  l e s s  than  t h e  achievable  l i m i t ) .  

RESULTS AND DISCUSSIONS 

Typical  r e s u l t s  o f  t h e  launch azimuth c o n s t r a i n t  a n a l y s i s ,  i . e . ,  t h e  energy 

contour  p l o t s  with superimposed reg ions  o f  Earth depa r tu re  d e c l i n a t i o n s  exceeding 

36.6' and 52.4', a r e  given i n  Figure V - 2  f o r  1982 oppor tuni ty  missions t o g e t h e r  

with t h e  p o i n t s  t h a t  r ep resen t  t he  t r i p s  leav ing  Earth f o r  t h e  var ious  mission 

types .  

ing t h e  weight p e n a l t i e s  a s s o c i a t e d  with t h e  t h r e e  a l t e r n a t i v e  modes used f o r  

circumventing t h e  d e c l i n a t i o n  l i m i t s  f o r  t h o s e  optimum missions t h a t  exceed t h e  

l imits.  

Table V-2  conta ins  t h e  d e t a i l e d  t r a j e c t o r y  d a t a  f o r  t h e s e  missions inc lud-  

- EARTH DEPARTURE DECLINATION EXCEEDS 36.6' 
%* EARTH DEPARTURE DECLINATION EXCEEDS 52.4' 

4700 4800 4900 5000 5100 
EARTH DEPARTURE DATE (JULIAN DATE - 2UoooO) 

Figure V - 2 .  1982 Earth Departure Dec l ina t ion  L i m i t s  
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I f  t h e  nominal azimuth range of 44' t o  114' i s  allowed f o r  t h e  manned Pars 

missions from 1975 t o  1990, no d e c l i n a t i o n  c o n s t r a i n t  problems w i l l  b e  encountered,  

However, i f  range s a f e t y  r e s t r i c t i o n s  r e q u i r e  using t h e  launch azimuth range o f  72 

t o  114', then  f i v e  of t h e  optimum missions analyzed w i l l  r e q u i r e  adjustments  t o  

compensate f o r  the dec l ina t ions  c o n s t r a i n t s .  The r e s u l t s  ob ta ined  by using t h e  

a l t e r n a t i v e  launching modes f o r  t hese  f i v e  missions a r e  shown on Table v - 2 .  

0 

O f  t h e  t h r e e  a l t e r n a t i v e  modes considered,  t h e  use of  a nonoptimum outbound 

t r a j e c t o r y ,  i n  genera l ,  r equ i r ed  t h e  lowest veh ic l e  weight i nc rease  t o  compensate 

f o r  t h e  d e c l i n a t i o n  c o n s t r a i n t s .  The oppos i te  t ype  outbound t r a j e c t o r i e s ,  i . e . ,  

a type  I i n  l i e u  o f  a type 11, gave t h e  next  lowest weight i nc rease  f o r  a l l  except  

I Figure V-3. 1986 Earth Departure  Dec l ina t ion  L i m i t s  

t hose  missions only s l i g h t l y  out  of t he  d e c l i n a t i o n  limits. 

maneuver dur ing  depar ture  gene ra l ly  r equ i r ed  g r e a t e r  weight i nc reases  than  t h e  

The p l ane  change 

o t h e r  two methods of  compensating f o r  t h e  d e c l i n a t i o n  c o n s t r a i n t s .  

The mission most a f f e c t e d  by t h e  d e c l i n a t i o n  c o n s t r a i n t s  is t h e  1986 oppos i t ion  

class mission,  shown i n  Figure V - 3 .  The optimum IIB mission r e q u i r e s  a very low 

v e h i c l e  weight,  but  t h e  depa r tu re  d e c l i n a t i o n  a s soc ia t ed  with t h e  optimum t r i p  i s  

-51.2 . The weight p e n a l t i e s  t o  compensate f o r  t h e  d e c l i n a t i o n  c o n s t r a i n t  if t h e  

nonoptimum o r  the oppos i te  type outbound t r a j e c t o r i e s  are use( a r e  14.8 pe rcen t  and 

19.7 p e r c e n t ,  r e s p e c t i v e l y .  However, even with t h e s e  seve re  p e n a l t i e s ,  t h e  1986 

oppos i t ion  c l a s s  mission r equ i r e s  lower veh ic l e  weight than  most of  t h e  o t h e r  

miss ions .  

0 

D EARTH DEPARTURE DECLINATION EXCEEDS 36.6' 
*- EARTH DEPARTURE DECLINATION EXCEEDS 52.4 '  

6800 
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The o t h e r  f o u r  optimum missions t h a t  exceeded t h e  d e c l i n a t i o n  l imits ,  v i z ,  

t h e  1975, 1978, and 1990 oppos i t ion  c l a s s  and t h e  1984 swingby miss ions ,  i n c u r  

weight p e n a l t i e s  t h a t  are  less than four  pe rcen t  when t h e  nonoptimum outbound t r i p  

i s  employed. 

This a n a l y s i s  d id  no t  cons ider  any launch window dec l ina t ion  e f f e c t s  f o r  

depa r t ing  Earth.  

of d e c l i n a t i o n  c o n s t r a i n t s  would be undes i rab le  when launch window requirements  

a r e  taken  i n t o  account .  The launch window e f f e c t s  would p l ace  a c o n s t r a i n t  on 

t h e  s ta r t  o f  t h e  launch window as well r e q u i r i n g  t h e  nominal d a t e  o r  c e n t e r  of  

t h e  window t o  s h i f t  t o  a l a t e r  depart  d a t e .  I t  appears  l i k e l y  t h a t  i f  d e c l i n a t i o n  

c o n s t r a i n t s  and launch window requirements were considered s imultaneously,  t h e  

oppos i t e  type  outbound t r a j e c t o r y  would y i e l d  t h e  lowest veh ic l e  weight.  

I t  i s  l i k e l y  t h a t  the nonoptimum t r i p s  used t o  avoid t h e  region 
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V I .  SUMMARY 

Due t o  t h e  d ive r se  and d e t a i l e d  na tu re  of each of  t h e  t a s k s  i n  t h i s  s tudy ,  

an o v e r a l l  summary of t h e  r e s u l t s  i n  depth i s  n e i t h e r  warranted no r  p o s s i b l e  

i n  t h i s  s e c t i o n  without render ing  a r e p e t i t i o n  of t h e  d i scuss ion  included a t  t h e  

end of each s e c t i o n .  Therefore ,  t h i s  summary i s  l i m i t e d  t o  a r e c a p i t u l a t i o n  

i f  only t h e  more s a l i e n t  r e s u l t s  f o r  each task.  

SWINGBY MISSION AKALYSIS 

The r e s u l t s  o f  t h e  swingby mission a n a l y s i s  task showed t h a t  f o r  manned 

s topover  missions,  t h e  type  '3 swingby leg coup!cc! w i ? P  t h e  long d i r e c t  l e g '  ( type 

I o r  B) y i e lded  t h e  lowest weight vehic le  i n  t h e  yea r s  1980 and 1982. However, i n  

1986, t h e  type  3 swingby with t h e  s h o r t ,  t ype  4 d i r e c t  l eg  (3A round t r i p  t r a j e c t o r y )  

l eads  t o  both a lower weight veh ic l e  and s h o r t e r  t r i p  time. In 1984, an inbound 

type  5 swingby i s  b e s t  f o r  t h e  a l l  propuls ive  modes (NNN o r  CCC modes) whi le  t h e  

outbound type 5 swingby is  p r e f e r a b l e  f o r  t h e  Mars aerodynamic braking modes (NAS 

o r  CAS modes); t h e  long d i r e c t  l eg  i s  bes t  f o r  both of  t h e  l a t t e r  mission types .  

The v e h i c l e  weights f o r  swingby missions f o r  t h e  NNNA mode inc rease  i n  t h e  fol lowing 

o rde r :  1982 (minimum), 1986, 1980 and 1984 (maximum). For t h e  NASA mode, t h e  

weight i s  a minimum i n  1986, and increases  i n  1980, 1984, and 1982 (maximum). 

A comparison of  t h e  t h r e e  d i f f e r e n t  mission types  shows t h a t  f o r  t h e  NNN mode, 

t h e  oppos i t ion  class mission y i e l d s  t h e  minimum v e h i c l e  weight i n  1984 and 1986: 

t h e  swingby mission i s  minimum i n  1982; and a conjunct ion class mission y i e l d s  

t h e  minimum v e h i c l e  weight i n  1980. 

t h e  powered swingby produces no weight savings over  t h e  unpowered swingby f o r  

e i t h e r  t h e  type  1 o r  type  3 t r a j e c t o r i e s .  

The powered swingby a n a l y s i s  revea led  t h a t  

CONJUNCTION CLASS MISSION ANALYSIS 

The conjunct ion mission a n a l y s i s  showed t h a t  t h e  type  I A  t r a j e c t o r y  (long 

outbound, s h o r t  inbound) y i e lded  t h e  m i n i m u m  weight veh ic l e .  

was e l even  pe rcen t  less than f o r  t h e  s h o r t e s t  t r i p  time t r a j e c t o r y  ( type IIA) 

b u t  had a f o u r  pe rcen t  i n c r e a s e  i n  t o t a l  t r i p  time, 920 t o  956 days.  

The v e h i c l e  weight 
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LAUNCH WINDOW ANALYSIS 

As mentioned p rev ious ly ,  t h e  launch window a n a l y s i s  i s  i n  t h e  process  Of 

be ing  r ev i sed  and t h e  r e s u l t s  of t h i s  t a s k  w i l l  be presented  i n  a supplemental  

r e p o r t  a t  a l a t e r  da t e .  

MISSION ABORT ANALYSIS 

I t  was shown f o r  a l l  missions analyzed t h a t  a b o r t s  were g e n e r a l l y  p o s s i b l e  

during t h e  f irst  t h i r d  t o  f irst  h a l f  o f  t h e  outbound l e g  du ra t ion .  

abor t  reg ions  can b e  extended t o  cover  e s s e n t i a l l y  t h e  e n t i r e  outbound l eg  

d u r a t i o n s  by providing t h e  v e h i c l e  wi th  s u f f i c i e n t  r e t r o  and aerodynamic braking  

c a p a b i l i t y .  The combined ' re t ro  and aerodynamic braking  c a p a b i l i t y  would have t o  

be increased  t o  permit braking a t  Earth f o r  Earth a r r i v a l  v e l o c i t i e s  from 15 t o  18 

km p e r  sec (approximately 50,000 t o  60,000 f t  p e r  s e c ) .  

These p o s s i b l e  

LAUNCH AZIMUTH CONSTRAINT ANALYSIS 

I t  was shown i n  t h e  launch azimuth c o n s t r a i n t  a n a l y s i s  t h a t  f o r  a l l  mission 

types  and launch o p p o r t u n i t i e s  considered,  launches a r e  p o s s i b l e  i f  t h e  nominal 

a l lowable  f i r i n g  s e c t o r  (depar ture  d e c l i n a t i o n  l i m i t  o f  52.4') can be used. If 

t h e  depa r tu re  dec l ina t ion  l i m i t  of  36.6' i s  imposed, t h e  optimum 1975, 1978, 1986, 

and 1990 oppos i t ion  c l a s s  missions,  and t h e  1984 inbound swingby mission a re  not  

p o s s i b l e .  By r e s o r t i n g  t o  t h e  long ( type I )  d i r e c t  l eg  f o r  t h e s e  mis s ions ,  t h e  

launches are poss ib l e  but  t h e  v e h i c l e  weights are inc reased  by 2 t o  7 pe rcen t  f o r  

a l l  missions except t h e  1986 oppos i t ion  c l a s s :  t h e  v e h i c l e  weight f o r  t h i s  l a t t e r  

mission i s  increased  by approximately 20 pe rcen t .  
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