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Ihis report docllr~_nts the  resu l t s  of four spec i f i c  study tasks defined 

by the  JPL seady manager as c r i t i c a l  t o  the  evolving understanding of the 

lhrs Surface Sample Beturn (LISSR) mission. 

Task 1 campares the  Mars mission opportunities i n  1981, 1983184, 1986, 

1988, and 1990 t o  detennine which mission modes are possible and appropriate 

f o r  each. 

Task 2 m i n e s  the design features of the  hardware systems used t o  

return the  saaple, in  the Mars o r b i t  rendezvous mode, t o  identify ways in 

which the probability of back contamination can be minimized. 

Task 3 loolcs in to  the hardware and performance trade o f f s  between the 

options of d i rec t  entry of the returning sample capsule a t  Earth and the  

o rb i t a l  capture of that capsule fo r  recovery by the Shuttle. 

Task 4 explores the  poss ib i l i t i e s  fo r  increasing the landed weight 

a t  Mars, beyond that possible with zfnimally modified Viking lander, to 

support HSSR missi-n modes involvk- g heavier systems. 



B o d e  technical  mesroranda were prepared i n  accordance with t he  Contract 

Schedule, Article 1, Paragraph a. (31, of JPL Contract No. 954205, Mars 

Surface Sample Return (lSSR) Tradeoff Studies.  A technical  memorandum is 

submitted f o r  each of t h e  four  tasks  i n  t h e  Statement of Work as follows: 

Task 1: Compile mission performance data f o r  the  leading mission mode 
candidates f o r  t he  1981, 1984, 1986, 1988 and 1990 opportuni t ies .  
Single  and dual  s h u t t l e  launches, in-orbi t  weights, landed weights, 
Earth r e tu rn  weights, and AV budgets s h a l l  be coasidered. Ti tan 
111EICentaur launches a r e  included f o r  comparison purposes only, 
but no t  emphasized. 

Task 2: I den t i fy  and descr ibe back contamination cont ro l  opt ions t h a t  
could be incorporated i n t o  t he  Mars Ascent Vehicle (MAV) rendez- 
vous and docking, docking and sample t r a n s f e r  scheme, o r b i t e r ,  
Ear th  Return Vehicle (ERV) and Earth recovery hardware and 
operat ional  sequences. 

Task 3: Perform t radeof fs  f o r  preliminary performance and hardware def i -  
n i t i ons  t o  compare t he  d i r e c t  en t ry  and o r b i t a l  capture modes f o r  
Earth recovery. 

Task 4: Define and quant i fy  ava i l ab l e  options f o r  increasing landed weight. 

Appendices A through B a r e  technical  notes completed during t he  course 

of t h i s  work t h a t  provide addi t iona l  d e t a i l  and subs tan t ia t ion  f o r  assump- 

t i ons  made i n  performing the  cont rac t  t rades .  
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'Ihe krs Surface Sample Beturn (HSSR) mm.ision has been recognized by 

USA mission s t r a t e g i s t s  and planetary s c i e n t i s t s  alike as the  most a t t r a c t -  

ive and po ten t i a l l y  valuable  unmanned firs explorat ion mission. The mission 

has been s tudied  by a a.am'ber of groups in recent  years (References 1 and 2 

are m l e s  of previous work). 

Several problems and challenges merged from previous examinations of 

the  mission t h a t  prompted Dr. Louis Friedman, fly study manager f o r  t h i s  

contract ,  t o  request  the four  study tasks reported here. 

The f i r s t  of these is t h a t  t he  projected cos t  of an  MSSR mission makes 

it very d i  t cu l t  t o  f i t  the  program ;nto the  NASA new start plan. There- 

fore ,  it appeared advisable t o  examit,r a l l  the  mission opportuni t ies  i n  the  

1980-1990 time period t o  see i f  there  Fere launch years o f f e r ing  more po- 

t e n t i a l  than othels .  This information could then be factored i n t o  the  

d s s i c n  planning process. Task 1 of t h i s  study is aimed a t  t h i s  objective. 

Task 1 a l s o  defines  and examines the  mission modes t h a t  are made poss ib le  

by and are compatible with the  Shuttle-IUS and Shuttle-Tug launch systems. 

Another problem encountered in  planning the  MSSRmission is minimizing 

the  probabi l i ty  of bringing Mars organisms back i n t o  the Earth biosphere i n  

an uncontrolled condition. T ~ S K  2 of t h i s  study addresses the hardware 

design and operation fea tures  t h a t  could be incorporated i n t o  Mars Ascent 

Vehicle <MAV), the Earth Return Vehicle (ERV) and the hardware and sequences 

used in  rendezvous and docking and recovery a t  Earth, t o  minimize back- 

contaminat ion p robab i l i t i e s  . 
Task 3 derives a l s o  from the  concerns over back contamin-tion. It 

compares the hardware implementation requirements f o r  two methods of re- 

covering the sample capsule a t  Earth. One approach is t o  allow the  capsule 

t o  en ter  the  Earth 's  atmosphere d i r e c t l y  from the Mars t o  Earth t r a j ec to ry  

a s  r a s  done with the  Apollo re turns  from the  Moon. The dther  option i s  t o  

r e t r o  t h rus t  the  capsule i n to  Earth o r b i t  f o r  subsequent r e t r i e v a l  by a 

Shuttle-based system. The choice between t h s e  options w i l l  u l t imate ly  

be made on the basis  of cost ,  back-contaminarion control  and r e l i a b i l i t y .  



Because of the  g rea t e r  po ten t i a l  MSSR performance c a p a b i l i t i e s  made 

possible  by the  Space Transportation System, mission m d e s  can be considered 

t h a t  requi re  l a r g e r  landed weights on Mars. Task 4 of t h i s  study examines 

p o s s i b i l i t i e s  f o r  increasing landed w e i ~ h t s  beyond the  l e v e l s  allowed by 

Viking-derived systems . 
This repcirt, as prescribed by the  cont rac t  statement of work, is com- 

prised of four  teclmical memoranda, one f o r  each of the  study tasks,  and 

an assessment of the  technology and program implications to  a MSSR mission. 

Several o ther  technical  notes a r e  appended t o  provide supporting data. 

Three of these notes,  Appendices C, 3 and E, contain en t ry  and descent 

data  and a r e  included t o  support Lhe increased landed weight study (Task 4). 

The mission performance da ta  contained i n  these p a r t i c u l a r  notes  a r e  not i n  

context with the  performance data  generated f o r  t he  current  study i n  Task 1. 



11. TASK 1 MISSION PERFORMANCE DATA FOR VARIOUS MARS SAMPLE RETURN MODES 

A. INTRODUCTION 

This t a s k  was designed t o  explore  t h e  p o s s i b i l i t y  o f  us ing t h e  Space Tug 

and /or  t h e  I n t e r i m  Upper Stage (IuS) t o  enhance MSSR miss ion r e 1  i a b i l i t y .  

Increased r e l i a b i l i t y  would presumably r e s u l t  i f  t h e  system mass margins a r e  

increased o r  t h e  t o t a l  m i s s i o ~  time is shortened.  The lat ter  is  accomplished 

by a l l o c a t i n g  the a d d i t i o n a l  payload m r g i n  t o  t h e  Ear th  r e t u r n  v e h i c l e  pro- 

p e l l a n t  load.  The a d d i t i o n a l  load  a l lows non-optimum (non-con junzt ion)  Mars 

depar tu res  and hence s h o r t e r  s topover  times an6 miss ion times. Previous 

MSSR s t u d i e s  wi th  t h e  T i t a n  IIIEICentaur launch system (Refs. 1 and 2)  show 

t h a t  t o t a l  mission times of t h e  o rder  of 1000 days a r e  requ i red  p r i m a r i l y  

due t o  t h e  long w a i t  a t  Mars (stopover 400 days)  whi le  awai t ing  t h e  minimum 

energy Mars-Earth geometry. I f  near minimum energy t r a n s f e r s  a r e  no t  r e -  

qu i red ,  on ly  30 days need be spen t  a t  Mars performing t h e  b a s e l i n e  Mars 

o r b i t a l  rendezvous (MoR) miss ion mode. 

This s tudy considered 5 d i f f e r e n t  mission modes, 5 launch years  (1981, 

198314, 1986, 1988 and i990),  and 3 launch veh ic les  (T i tan  I I IEICentaur ,  

Shut t leITug and S h u t t l e I ~ ~ S ) .  The mission modes were: 

1. S ing le  launch, out-of-orbi t  landing,  d i r e c t  r e t u r n  (SL, 00, DR) 

2. S ing le  launch, d i r e c t  e n t r y  landing,  d i r e c t  r e t u r n  (SL, DE, DR) 

3 .  Sing le  launch, out-of-orbi t  landing,  MOR (SL, 00, MOR) 

4. S ing le  launch, d i r e c t  e n t r y  landing,  MOR (SL, DE, MOR) 

5. Dual launch, out-of-orbi t  landing,  MOR (DL, 00, MOR) 

Tug and IUS performance c h a r a c t e r i s t i c s  were suppl ied by JPL as summarized 

i n  Figure  11-1 below. 



Cg (km2/sec2) 

Figure 11-1 IUsjTug Performance 

B. APPROACH 

The b a s i c  approach taken was r o  match up the  Ear th  Return Vehicle (ERV) 

weight a v a i l a b l e  f o r  E a r t h  r e t u r n  wi th  t h e  weight r equ i red  f o r  Ear th  r e t u r n .  

In  o t h e r  words, t h e  approach a r b i t r a r i l y  accumulates a l l  mission performance 

margins i n t o  t h e  a v a i l a b l z  ERV weight f o r  t h a t  va lue  and becomes a measure 

of t h e  e a s e  ( o r  d i f f i c u l t y )  of performing t h a t  p a r t i c u l a r  mode wi th  t h a t  

launch v e h i c l e  i n  t h a t  mission oppor tuni ty .  For t h e  Mars-Earth l e g ,  a b a s i c  

d r y  weight of 20 kg was assumed f o r  t h e  E a r t h - o r b i t a l  7apsule  (EOC);:. This 

mass was "backed-up" t o  Mars us ing  the  r e c i p r o c a l  rocke t  equat ion t o  cowpute 

p r o p e l l a n t  weights f o r  Ear th  o r b i t  capture ,  Mars-to-Earth t r a n s f e r  and t h e  

i n s e r t i o n  i n t o  t h e  1000 x 100,000 km Mars depar tu re  o r b i t .  The non-propulsive 

mass assumed f o r  t h e  ERV was 137 kg*". The weight computations a r e  as 

fol lows : 

1. Ear th  o r b i t  weight = WEOC = 20 kg 

- AvEoI/gls~ 2. Mars-Ehrth t r a n s i t  weight = 'ME - 'EOC + 137 kg 

:JTEI/gIsp 
3. Mars o r b i t  weight = Wm = Wet WERV r equ i red  

* Based on t h e  o r b i t i n g  capsule  design descr ibed i n  Task 3. 
-1. .'. --  See t h e  ERV non-propulsive mass s t u d y  of Appendix B ,  



me f i n a l  o r b i t  wi th  a per igee  o f  500 lan and a per iod of 24 hours can be 

reached wi th  a Space Tud o r  IUS from a Shutt le-compatible parking o r b i t .  

For  each mission mode, launch year  and launch v e h i c l e  (LIV), Earth- 

Mars launch/encounter windows were generated. ERV weights a v a i l a b l e  f o r  

Ear th  r e t u r n  were computed f o r  each launch encounter point .  The f i n a l  

window cons i s ted  o f  t h e  range of launch and encounter da tes  where a v a i l -  

a b l e  ERV weights were g r e a t e r  than 100 kg. (This was a somewhat a r b i t r a r y  

lower l i m i t  on weight. It tu rns  ou t  t h a t  a number more l i k e  200 kg is  

c l o s e r  t o  t h e  minimum f o r  return-to-earth*.) Other d a t a  generated in- 

cluded C.,, Vhp at Ear th  and Mars, t r a n s f e r  t i m e ,  t r a n s f e r  angle ,  DLA, 

*%o1 , i n j e c t e d  weight t o  Mars and landed weight and e n t r y  weight when 

appropr ia te .  The computer program which generates  t h e  Earth-Mars windows 

punches o u t  f o r  each p o i n t  i n  t h e  window a ca rd  wi th  t h e  launch da te ,  

encounter d a t e  and corres .  ' ' ng  ERV weight a v a i l a b l e  f o r  Ear th  r e t u r n .  

Likewise t h e  program which generates  t h e  Mars-Earth r e t u r n  wtndows punches 

o u t  s i m i l a r  cards--with t h e  Mars launch d a t e ,  t h e  Ear th  a r r i v a l  d a t e  and 

requ i red  Mars-Earth ERV weight. These s e t s  of cards  are input  t o  program 

EMERGE (Ear th -e r s -Ear th  F u n d t r i p  E n e r a t o r )  whose func t ion  is t c  f i n d  

a l l  poss ib le  roundt r ip  missions.  

The Mars-Earth launch window f o r  a p a r t i c u l a r  Ear th  launch year  was 

t h e  union of a11 Mars encounter d a t e s  f o r  a l l  mission modes and launch 

veh ic les .  This r e s u l t e d  from an i n i t i a l  sea rch  dimension of 400 days i n  

Ear th  launch and 600 days i n  Mars encounter. (Types I and I1 t r a n s f e r s  

f o r  t h e  Ear th  launch windows were t r e a t e d  separa te ly . )  F i n a l  Earth-Mars 

windows ( f o r  Tug) were t y p i c a l l y  6 months long i n  launch and 1 year  i n  

a r r i v a l .  The range of Mars-Earth launch da tes  were extended by about 

400 days t o  a l low f o r  var ious  Mars s topover  times. I n i t i a l  Mars launcn-  

Earth  encounter searches  were c a r r i e d  ou t  over a launch range of 500 days 

and an encounter range of 700 days. (Points  were computed every 10 days 

f o r  a l l  windows.) Punched output  was obtained only  f o r  those  LDIED p a i r s  

whose corresponding ERV-weight-required was l e s s  than t h c  maximum a v a i l a b l e  

ERV weight c ~ ~ p u t e d  f o r  the  Earth-Mars I eg. 

See the ERV nor,-propulsive mass s tudy of Appendix B. 



The EMERGE program, mentioned e a r l i e r ,  accep t s  as i n p u t  t h e  Earth- 

Mars data and t h e  Mars-Earth d a t a  and computes f o r  output  two types of 

t a b l e s .  For each Ear th  launch d a t e  f o r  which v i a b l e  missions can be found, 

t h e  program s o r t s  t h e  miss ions  according t o  Mars stopover  time and p r e s e n t s  

i n  t a b u l a r  form t h e  miss ion which a f f o r d s  minimum t o t a l  miss ion t i m e  and t h e  

miss ion which a f f o r d s  maximum ERV margin ( t h e  margin being def ined ag t h e  

d i f f e r e n c e  between t h e  a v a i l a b l e  ERV weight and reqLired ERV weight). The 

program optimizes t h e  two q u a n t i t i e s  by sea rch ing  through v.trying Mars 

a r r i v a l  d a t e s  f o r  t h e  same Ear th  launch d a t e  and s topover  time. The Mars 

a r r i v a l  d a t e  f o r  t h e  optimum miss ion is t h e r e f o r e  shown a long  wi th  t h e  

ERV margin (when t h e  miss ion time is  minimized) and wi th  t h e  miss ion time 

(when t h e  ERV margin is  maximized). 

The f i v e  mission modes analyzed and t h e  assumptions a s s o c i a t e d  wi th  each 

a r e  descr ibed i n  t h e  nex t  s e c t i o n  (C). That s e c t i o n  is followed by a suumary 

o f  t h e  Earth-Mars performance ( D l ,  :he Mars-Earth perf  o~mance (E) , and 

f i n a l l y  t h e  Round T r i p  P o s s i b i l i t i e s  (F). 

C. MISSION MODE DESCRIPTIONS 

The f i v e  MSSR mission mode; considered are descr ibed here.  For t h e  

dual launch case ,  i n  a d d i t i o n  t o  computing t h e  a v a i l a b l e  ERV weight from 

t h e  ERV/orbiter combination, it was necessary t o  check t h e  Lander/Orbiter  

s p a c e c r a f t  weight a f t e r  Mars o r b i t  i n s e r t i o n  t o  make c e r t a i n  t h a t  a t  l e a s t  a 

1205 kg (Ref. 1 )  lander  was a v a i l a b l e  f o r  subsequent Mars o r b i t  rendezvous. 

The following s t e p s  a r e  performed t o  determine t h e  weight a v a i l a b l e  f o r  

the  ERV. 

S ing le  Launch, Out-of-Orbit Landing, Di rec t  Return 

1. Trans-Mars I n j e c t i o n  Weight = f (C3) 

2. Midcourse AV = 35 m/s ( I s p  = 306 s e c )  

3 .  Mars o r b i t  i n s e r t i o n  i n t o  1000 x 100,000 km o r b i t  (AV = f(Vhp)) 

60 m/s f i n i t e  burn l o s s  ( I s p  = 306 s e c )  

4. Transfe r  t o  1 day o r b i t ,  hp = 1500 km (AV = 167.5 m/s) ( I s p  = 306 s e c )  

5 .  Subt rac t  dry  o r b i t e r  weight = 549 kg  and p r o p e l l a n t  i n e r t  weight = 

59 + .I27 x W (App. B) t o  e s t a b l i s h  t h e  l ander  weight a t  e n t r y  = 
P W~ 

6 .  Landed weight = WLD = .75 WE - 180 kg ( see  below) 

7. L i f t o f f  weight = W - 
LIFT - * 5  'LD 

( see  below) 

8. 1 sight i n s e r t e d  i n t ~  100 x 2200 o r b i t  = W -. 
INS - 'LIFT ( s e e  below) 



Transfer t o  1000 x 100,000 km with s o l i d  rocket  motor 

(1sp = 290 sec)  AV = 1.077 m/s  

10. Compute weight ava i l ab l e  f o r  ERV using mass f r ac t i on  = .9 

The landed weight expression, ( s tep  b;, ~ b o v e  is based on the  r e s u l t s  of 

Task 4. Its a p p l i c a b i l i t y  f o r  en t ry  weights exceeding 1500 kg has no t  been 

establ ished.  It is, however, cons is ten t  ~ i t h  t he  2700 kg d i r e c t  en t ry /  

d i r e c t  r e tu rn  mission design of Ref. 2. The assumption i n  s t e p  7 is appro- 

p r i a t e  t o  landed weights of t he  order  of 1000 kg and is probably conservative 

f o r  l a rge r  landed weights. The 10 t o  1 r a t i o  i d e n t i f i e d  i n  s t e p  8 should 

apply through a r e l a t i v e l y  wide range of l i f t o f f  weights. 

Single Launch, Direct Entry Landing, Direct Return 

Trans-Mars i n j ec t i on  weight = f (C3) 

Midcourse AV = 35 m / s  

Compute en t ry  ve loc i ty ,  VE (= f ( ~ h p , y ) )  f o r  Y = -24' a t  800,000 f t  

Subtract  dry c ru is2  bus weight = 227 kg + propel lant  i n e r t s  = 

.I27 x W t o  e s t ab l i sh  t h e  lander weight a t  en t ry  = 
P w~ 

Compute lpmded weight, WLDy f o r  en t ry  ve loc i ty  of 18822 fps,  i.e., 

WLD = '75 WE - 142 kg 
- Compute en t ry  ve loc i ty  cor rec t ion  t o  landed weight, i.e., W$ - 

WLD - '011 (YE x 3280.8 - 18822.0). (This amounts t o  a l c s s  of 

11 kg of useru l  landed weight f o r  each 1000 f ps over 18822. ) 
- 

'LIFT - - 5  wLD - 
"INS - "LIFT 
Transfer t o  1000 x 100,000 km with s o l i d  rocket motor (1sp = 290 sec )  

Compute weight ava i l ab l e  fo r  ERV using mass f r ac t i on  - . 9  

The re la t ionsh ip  i n  Step 5 is  based on r e s u l t s  of Task 4. The en t ry  ve loc i ty  

correct ion was ascer ta ined from da ta  i n  Ref. 3. 

Single Launch, Out-of-Orbit Landing, MOR 

1. Trans-Mars i n j ec t i on  weight = f(c3) 

2. Midcourse AV = 35 m / s  

3. I n s e r t  i n to  1000 x 100,000 km o r b i t  (+ 60 m / s  f i n i t e  burn l o s s )  

4 .  Transfer to  a 1-day landing o r b i t  (AV = 167.5 m/s) 

5. Subtract off  the  lander mass = 1205 kg (Ref. 1 )  



6. Trans fe r  o r b i t e r  t o  2200 km c i r c u l a r  (Av = ,971 h / s )  

7. Allow 69 m/s f o r  o r b i t e r  a c t i v e  rendezvous der ived from d a t a  

from Reference 1. 

8. ERV weight a v a i l a b l e  i n  2200 km o r b i t  = t o t a l  weight i n  2200 km 

o r b i t  l e s s  59 kg + .I27 x W l e s s  735 f o r  d ry  o r b i t e r  
P 

9. Trans fe r  ERV t o  1000 x 100,000 o r b i t  (AV = 1.044 km/s) us ing  

s o l i d  rocke t  motor (1sp = 290 s e c )  

10. Compute ERV weight a v a i l a b l e  f o r  r e t u r n  assuming .9 mass f r a c t i o n  

f o r  s o l i d  motor. 

S ing le  Launch, Di rec t  Entry  Landing, MOR 

1. Trans-Mars i n j e c t i o n  weight = f(C3) 

2. Midcourse AV = 35 m/s 

3. Compute e n t r y  v e l o c i t y ,  V f o r  y = -24' a t  800,000 f t  E' 
4. Ca lcu la te  W required t o  achieve landed weight of 776.4 kg E 

(need min. of 776.4 kg f o r  MOR type miss ion)  

a.  Compute e n t r y  v e l o c i t y  c o r r e c t i o n  t o  d e s i r e d  landed weight 

Wb = 776.4 kg + '011 (VE x 3280.8 - 18822) kg 

b. Compute correspondingly l a r g e r  e n t r y  weight = WE = (w$ + 
142)/.75 

5. Sub t rac t  W from i n j e c t e d  weight l e s s  midcourse p r o p e l l a n t  E 
6, I n s e r t  i n t o  1000 x 100,000 km o r b i t  (+ 60 m/s f i n i t e  burn l e s s )  

7. Transfer  t o  2200 km c i r c u l a r  o r b i t  (hV = 1.13 h / s )  

8. Allow 69' m / s  f o r  o r b i t e r  rendezvous 

9. ERV weight a v a i l a b l e  i n  2200 km o r b i t  = t o t a l  weight i n  o r b i t  

l e s s  p r o p e l l a n t  i n e r t s  = 59 kg + . I27 x W l e s s  735 kg f o r  
P 

d ry  o r b i t e r  

10. Transfer  ERV t o  1000 x 100,000 km o r b i t  with s o l i d  rocket  motor, 

I s p  = 290 s e c ,  A V  = 1.044 km/s 

11. Compute ERV weight a v a i l a b l e  f o r  r e t u r n  assuming s o l i d  rocket  

mass f r a c t i o n  of .9 

Steps  4a and 4b a b o ~ e  a r e  used t o  compute t h e  increased e n t r y  weight needed 

t o  land 776.4 kg on the  s u r f a c e  of Fkrs when t h e  en t ry  v e l o c i t y  i s  g r e a t e r  

than 1822 fps.  776.4 kg is  t h e  base l ine  landed weight f o r  t h e  MOR mode 

( ~ e f .  1 ) .  



Dual Launch, Out-of -Orbit  Landing, MOR 

1. Trans-Mars i n j e c t i o n  weight = f  ( c ~ )  
2. Midcourse AV = 35 m / s  

3. I n s e r t  i n t o  1000 x 100,000 km o r b i t  (60 m / s  f o r  f i n i t e  burn l o s s )  

4. C i r c u l a r i z e  a t  2200 km (AV = 1.13 km/s) 

5 ,  Allow 69 m/s f o r  o r b i t e r  active rendezvous 

6. ERV weight a v a i l a b l e  i n  2200 km o r b i t  = t o t a l  weight less 

p r o p e l l a n t  i n e r t s  = 59 k g  + .I27 W less 735 t h e  weight o f  t h e  
P' 

d r y  o r b i t e r  

7. Transfe r  ERV t o  1900 x 100,000 lan (AV = 1.044 h / s )  with s o l i d  

rocke t  motor, I s p  = 290 s e c  

8. Compute a v a i l a b l e  ERV weight f o r  Ear th  r e t u r n  assuming s o l i d  

p r o p e l l a n t  mass f r a c t i o n  of .9 

D . EARTH-MARS PERFORMANCE SUMMARY 

A s w n a r y  of a v a i l a b l e  ERV weight i n  Mars o r b i t  is presented i n  Tables 

T T - - 1  tilrougri 11-15 f o r  each launch v e h i c l e  (L/V) ,  launch Year and mission mode. 

Type I and I1 t r a j e c t o r i e s  t o  Mars were t r e a t e d  s e p a r a t e l y  i n  t h e  study. 

(Note t h e  I and I1 headings i n  t h e  Tables.) For each mission mode t h e  launch 

and a r r i v a l  window da tes  a r e  presented a long  wi th  t h e  maximum ERV weight 

a v a i l a b l e  f o r  t h e  window (MAX P/L) and t h e  number of miss ions  (IIMSNS) i n  t h e  

window. The l a t t e r  is t h e  number of launch/encounter po in t s  with a v a i l a b l e  

ERV weight greaLt? than 100 kg. These windows were determined by scanning 

t h e  launch/encounter space u n t i l  every launch/encounter po in t  which a f fo rded  

a t  l e a s t  100 kg of a v a i l a b l e  ERV weight was found. This meant t h a t  very  

l a r g e  windows had t o  be considered f o r  poss ib le  roundt r ip  missions.  The 

t r a j e c t o r y  da ta  f o r  these  windows cannot be  presented i n  t h i s  document but 

f o r  t h e  sake of completeness t h e  following parameters a r e  summarized and 

discussed i n  Appendix A f o r  the  key  mission^ of i n t e r e s t :  

1. C3*, Earth-to-Mars launch energy 

2. Vhp*, hyperbol ic  excess v e l o c i t y  a t  Mars 

3. DLA, d e c l i n a t i o n  of outgoing asymptote from Ear th  
(Missions considered here  a r e  not  const ra ined by DLA. T h i s  e f f e c t  
is discussed i n  t h e  Appendix.) 

4 ,  AVmI, v e l o c i t y  change f o r  Mars o r b i t  i n s e r t i o n  . 
5. AVTEI, v e l o c i t y  change f o r  trans-Earth i ~ j e c t i o n  

7 
I I -# 



6. C3M, Mars-to-Earth launch energy 

7.  VhpE, hyperbol ic  excess v e l o c i t y  a t  Ear th  

8. AvEoI, v e l o c i t y  change f o r  Ear th  o r b i t  i n s e r t i o n  

9. 'ME, Mars- to-Earth t r a n s f e r  angle  

For the  198112 S ing le  Launch, Di rec t  Entry,  Di rec t  Return Mission flown 

with  t h e  T i t a n  111E/Centaur (Table 1-11 t h e r e  a r e  no miss ions  s i n c e  t h e  l a rg -  

e s t  ERV weights a r e  87 kg and 88 kg f o r  t h e  Type I and I1 t r a j e c t o r i e s  respec- 

t i v e l y .  Table 11-16 f u r t h e r  sunrmariies t h e  maximum a v a i l a b l e  ERV weights f o r  

t h e  mission moaes, launch years  and launch veh ic les .  The numbers i n  paren- 

theses  a r e  a v a i l a b l e  ERV weights assuming l i f t o f f  weight = 75% of landed 

weight (as  opposed t o  t h e  50Xassumed f o r  t t le r e s t  of t h e  c a l c u l a t i o n s ) .  A s  

w i l l  be shown i n  Sectiur. F t h e  l i f t o f f  weight f r a c t i o n  and t h e  requ i red  ERV 

weight a r e  c r i t i c a l  f a c t o r s  i n  e s t a b l i s h i n g  t h e  v i a b i l i t y  of d i r e c t  r e t u r n  

missions.  The ERV weight a v a i l a b l e  i s  g rea tes f  f o r  the  Dual Launch, MOR 

mission node flown i n  1988 wi th  t h e  Tug. The l e a s t  ERD weight a v a i l a b l e  i s  

a ssoc ia ted  wi th  t h e  S ing le  Launch, Out-of-Orbit, Di rec t  Return Missions. 

Table 11-1 Earth-Mars Performance Summary: 

198112 Launch Year; L/V = Ti tan  I I IEICentaur  

Mission Mode 

S ing le  Launch; 
h t - o f - O r b i t ,  
Direct  Return 
S ing le  Launch; 
Out-of-Orbit, MOR 

Launch - MoR 

S ing le  Launc5; 
Direct  Ent- r , 
Direct  Re t t rn  
S ing le  Launch; 

* 'ERV 
Avail .  

I 

- 
- 

273 

87 

41 
t Direct  Entry, MOK ! 

I1 

- 

104 

586 

88 

295 

A r r i v a l s  MSNS 

I 

1 12/17/81 

I 

Launches 

I I 

11/12/82 

I1 

0 

I 

0 

I I 

- 

09/23/82 

07/25/82 
12/02/82 

- 
08/14/82 

- 

- 
12/25/81 
01/24/82 

- 

- 

0 

l5 

0 

0 

- 

11/27/81 

09/28/81 
01/06/82 

- 

10/28/81 

1 

80 

0 

35 

- 

- 
07/28/82 
09/26/82 

- 

- 



Table 11-2 Earth-Mars Performance Summary: 

198314 Launch Year; L/V = T i t a r  IIIE/Centaur 

Table 11-3 Earth-Mars Performance Summary: 

1986 Launch Year; L/V - Titan I ~ I E / C e n t a u r  

Mission Mode 

Sing le  Launch; 
Out-of-Orbit 

, Direc t  Return 
S lng le  Launch; 
Out-of-Orbit, MOR 

Dual Launch - MOR 

S ing le  Launch, 
Di rec t  Entry,  

, Direc t  Return 
S ing le  Launch, 
Direct  Entry, MOR . 

MSNS 

Mission Mode 

S ing le  Launch; 
Out-of-Orbit 
Di rec t  Return 

I 

0 

0 

Launches 

I1 

0 

0 

A r r i v a l s  

I 

- 

- 

If MSNS 

I 

- 

- 
10/01/86 
02/28/87 

- 

MAX 'ERV 
Av.ii1. 

I1 

- 

- 
11/08/83 
02/16/84 

- 
12/18/83 
01/17/84 

A r r i v a l s  

- 
0 

0 

I 

0 

S ing le  launch;  I 
Out-of-Orbit, MOR 1 , 

Launch - 'OR! 53 

S ing le  Launch, I 

Direct  Entry ' 0  
, Direc t  Return 1 

S ing le  Launch, I 

Launches 

I11 

- 

- 
09/29/86 
04/07/37 

- 
11/20,86 
01/29/87 

I 

- 

413 

89 

I 

- 

MAX 'ERV 
Avail .  

08/24/84 
10/23/84 

- 

- 

I1 

0 

62 

0 

I 

- 

- 
04/20/86 
06/19/86 

- 
05/10/86 
05120186 

I1 
1 

29 1 
- 

338 
1 

89 

I1 

- 
I 

- 
- 

260 

83 

27 - 

08/22/84 
12/10/84 

- 
09/21/84 
10/31/84, 

' 02/19/84 1 03/20/84 

Di rec t  Entry,  MOR I l2 1 

I I 

- 

- 
01/11/86 
05/21/86 

- 

04/21/86 
05/01/86 . 

01/17/87 154 
01/27/87 1 

I1 

- 

- 
408'  

89 

148-' 

0 

1 

- 

- 

- 

l l i  - 



Table 11-4 Earth-Mars Performance Summary: 

1988 Launch Year; L/V = T i t a n  I I ~ E / C e n t a u r  

Table 11-5 Earth-Mars Performance Summary: 

1990 Launch Year; L/V = T i t a n  I I IEjCentaur  

Mission Mode 

S ing le  Launch; 
Out-of-Orbit , 
Direc t  Return 
Sing le  Launch; 
Out-of-Orbit, MOR 

launch - 'OR 

S ing le  Launch, 
Di rec t  Entry, 
Di rec t  Return 
S ing le  Launch, 

! Direc t  Entry,  MOR! 46 1 O 

I/ MsNS 

I 

0 

l1 

86 

0 

Mission Mode 

S ing le  Launch; 
Out-of -Orbi t ,  
Di rec t  Return 
S ing le  Launch; 
Out-of-Orbit, MOR 

launch - MoR 

S ing le  Launch, 
Direct  Entry,  
Direct  Return 

I1 

0 

O 

94 

0 

Launches 

Launches Ar r iva l s  

I 

- 

06/28/85 
07/29/88 
05/10/88 
08/28/88 

- 
05/30/88 
08/08/88 

- 
03/08/91 03/31/91 
0 1261'91 11/16/91 - -- 

- - 6 5 

S ing le  Launch, 
,Di rec t  Entry,  MOR 

MAX 'ERV 
Avail. 

I 

- 

- 
08/30/90 
10/09/90 

- 

MSNS 

I 

- 

03/27/89 
' - , 332 

Arr iva l s  

I I 

- 

- 
04/10/88 
08/28/88 

- 
- 

- 07/25/90 

I 

- 

I1 

- 
- 

06/25/90 
10/13/90 

- 

I 

0 

0 

l9 

0 

I I 

- 

12/17788 84 

MAX 'ERV 
Avail. 

I 

- 
01/16/89 
02/25/89 
11/27/88 
05/16/89 

- 

- 

I1 

- 

I1 

0 

0 

95 

0 

0 

I 

- 

165 

653 

84 
---. 

I I 

- 

- 
11/27/88 
09/23/89 

- 

1 09/23/90-- ' 10/17/91,  - 40 

I1 

- 

- 
411 

75 - 



Table 11-6 Earth-Mars Performance Summary: 

198112 Launch Yeer; L/V = Siluttle/IUS 

Table 11-7 Earth-Mars Performance Swmnary: 

198314 Launch Year; L / V  = Shuttle/IUS 

Mission MI - 

S i n g l e  Launch; 
Out-of-Orbit , 
Direct Return 
S ing le  Launch; 
Out-of-Orbit, MOR 

launch - MoR 

S ing le  Launch, 
D i r e c t  Entry,  
Di rec t  Return 
S i n g l e  Launch, 
D i r e c t  Entry,  MOR - 

Launcttes 

Mission Mode 

S i  Launch; 
0. -Orb; t ,  
Q Return 
Si l t+ '  e Launch; 
Out-of-Orbit, MOR 

Launch - MoR 

S i n g l e  Launch, 
Di rec t  Entry ,  
Di rec t  Return 
S ing le  Launch, 
Di rec t  Entry, MOR 

I 

- 
01/04/82 

._ 
I 

0 

23 

41 

l4 

11 

- 
10/28/81 

I1 

0 

56 

lo3 

79 

A r r i v a l s  

I TI 

- I _ 

Arr iva l s  

01/14/82 
12/05/81 
01/24/82 

11/25/81 
01/14/82 

12/15/81 
01/14/82 

MAX 'ERV 
Avai l .  

I I I1 

08/17/8? 

I 

- 

09/03/84 
10/13/84 
08/14/84 
11/02/84 

07/25/84 
11/02/84 

08/24/84 
11/02/84 

4 

MAX 'ERV 
A.:ail. ENS 

44 

153 

607 

, 28 

387 
! 

08/04/82 

Launches 

I I 

- 
09/01/84 
11/20/8L 
08/12/84 
01/19/85 

08/12/84 
04/29/85 

08/12/84 
12/30;84 

I 

47 

209 

662 

128 

433 

I 

0 

' 
31 

41 

22 

67 

591' 

130 

775 

I 

- 
02/19/84 
03/19/84 
01/30/84 
03/20/84 

01/10/84 
03/20/84 

01/30/84 
03/20/84 

I1 

54 

343 

798 

130 

552 
, 

I 
11 

0 

33 

S4 

14' 

64 

11/22/82 
07/15/82 
31/01/83 

07/05/82 
03/12/83 

07/15/52 
12/22/8? 

12/27/814 3?!06/82 

11: 

- 

11/18/83 
01/27/84 
11/08/83 
03/17/84 

11?28/83 
05/16/84 

11/28/83 
02/26/84 

10/08/%i 
01/26/82 

10/28/81 
03/27/82 

10/28/81 
01/16/82 

m 1 . / 8 2  
09/26/82 

06/08/82 
09/06!82 

07/28/82 
09/06/82 



Table 11-8 E a r t h a s  Performance S u ~ r ~ a r y :  

1986 Lunch Year; L/V = Shu t t l e /~US 

Table 11-9 Earth-Mars Performance Summary: 

1988 h u n c h  Year; L/V = Shuttle/IUS 

C 

Mission Node 

Single  Launch; 
€ht t-of -0r5i t , 
Direct Return 
Single Launch; 
Out-of-Orbit, MOR 

IaUnch - 
Single  Launch ; 
Direct Entry, 
Direct Return 
Single  Launch; 
Direct Entry, MOR: 

t 

Launches # nSNS 

I 

- 

03/31/84 
06/09/86 
03/21/86 
06/19/86 

03/11/86 
06/19/86 

03/21/86 
06/19/86 

I 

0 

6o 

lW 

Mission Mode 

Single Launch; 
Out-of-Orbit, 
Direct Return 
Single launch; 
Out-of-Orbit, XOR 

,Due' launch - 'OR 

Single Launch; 
Direct Entry, 
Direct: Return 

I1 

- 
02/20/86 
05/11/36 1 

01/21/86 
07/10/86 

02/10/86 
07/10/86 

02/10/86 
06120186 

Arr iva ls  

I1 

0 

27 

lo7 

lo' 

1 Single Launch; 
: Direct Entry, MOR 

I 

- 
10101186 
02/08/87 
09/11/86 
03/10187 

80 

K9X "ERV 
Avail. 

I I 11 I1 

- 

10/29/86 
02/26/87 
09/29/86 

08/05/87  

67 

580 

1037 

131 

768 

49 

286 

733' 

131 

510 

64 

# MShS 

08/12/86 1 10/19/86 

Arr iva ls  Launches 

I 

0 

51 

94 

6L 

03/10/87 

09/21/86 
03/10/87 

I 

- 
12/07/88 
03/17/89 
11/17/88 
05/06/89 

11/17/88 
03/27/89 

11/27/88 
03/27/89 

1 

- 

05/30/88 
07/29/88 
05/10/88 
08/18/88 

05/30/88 
07/29/88 

05/30/88 
08/08/88 

u ~ R v  
Avail. - 

I1 

0 

l7 

84 

l9 

08/05/87 

10119186 
06/16/87 

I1 

- 

06/05/89 
. 09/13/89 

12/07/88 
09/23!89 

06/05/89 
09/23/89 

06/05/89 
. 05/23/89 

I1 

- 

07/09/88 
08/18/88 
04/20/88 
08/28/88 

07/09/88 
08/28/88 

07/09/88 
08/28/88 

I 

72 

680 

1149 

124 

843 

I1 

49 

245 

715 

llo 

443 



Table 11-10 Earth-Mars Performance Summary: 

1990 Launch Year; L/V = ShuttleIIUS 

Table 11-11 Ezrth-Mars Performance Summary: 

198112 -Launch Year; i / V  = Shuttle/Tug 

Mission Mode 

Single  Launch; 
Out-of-Orbit , 
Direct Return 
Single  Launch; 
Out-of-Orbit, MOR 

, Iaunch - IWR 

Single  Launch, 
Direct  Entry, 
Direct  Return 
Single  Launch, 
Direct Entry, MOR 

: 

# HSNS Launches - 
I 

0 

39 

l3 

, 

I 

- 
08/20/90 
08/30/90 
08llOl90 
09/29/90 

08/20/90 
09/09/90 

08/20/90 
09/09/90 

Mission Y ~ d e  

Single Launch; 
Out-of-Orbit, 
Direct Return 
Single Launch; 
Out-of-Orbit, MOR 

Launch - 'OR 

I: 

0 

39 

34 

39 

45 

I 

Arr iva ls  

I1 

- 
08/14/90 
10/03/%1 
G7l05190 
10/13/90 

08/14/90 
10/03/90 

08/04/90 
10/03/90 -- 

I 

- 

03/18/91 
04/17/91 
02/26/91 
07/06/91 

02/26/91 
04/17/91 

02/26/91 
05/07/91 

MAX 'ERV 
Avail. 

71 

06/29/91 
11/06/91 
03/31/91 
11/16/91 

06/29/91 
11/06/91 

06/09/91 
. 11/06/91 

I 

57 

354 

880 

576 

?I MsNS 

I1 

64 

534 

1007 

117 

702 

I 

0 

22 

Single h u n c h ;  
Direct  En t ry ,  
Direct Re turn 
Single Launch ; 
Direct Entry, MOR 

Launches 

I1 

10 

loo 

I 

- 

12/05/81 
01/24/82 
11/25/81 
02/13/82 

11/15/81 
01/24/82 

11/25/81 
02/03/82 

49 

Arr iva ls  I MAX "ERV 
Avail. 

59 

37 

I1 

11/17/81 
12!07/81 

10/08/81 
01/16/82 
09/28/81 
02/05/82 

10/08/81 
03/27/82 

09/28/81 
02/05/82 

I 

- 

07/18/82 
09/16/82 
07/08/82 
10/26/82 

186 

134 

06/08/82 
09/26/82 

07/08/82 

I1 

09/03/82 
10/13/82 

07/15/82 
12/22/82 
07/05/82 
01/21/83 

05/25/82 
03/12/83 

07/05/82 

189 

s3,+ 
10/06/82 

191 

1487 
01/21/83 1 

I 

75 

727 

1150 

I1 

106 

i314 
1740 



Table 11-12 Earth-Nars Performance Summary: 

198314 Launch Year; L/V = Shuttle/Tug 

Table 11-13 Earth-Mars Performance Summary: 

198516 Launch Year; LIT = Shuttle/:t:;: 

MAX 'ERV 
Avail. 

- 
Mission Mode 

Single Launch ; 
Out-of-Orbit , 

Arrivals  

I 

78 

791 

1208 

189 

Mission Hode 

Single Launch; 
Out-of-Orbit , 
Direct Return 
Single Launch; 
Out-of-Orbit, MOR 

launch - 'OR 

Single Lzunch ; 
Direct Entry 
Direct Return 

1 

- 

08/14/84 
11/02/85 
08/04/84 
12/12/85 

07/25/84 
d3/12/85 

Launches 

11 

88 

975 

1395 

191 

1169 ' Single Launch ; 

MAX 'ERV 
Avail. 

I1 

- 
08/12/84 
01/09/85 
07/23/84 
03/30/85 

07/23/84 
04/29/85 

I 

- 
01/30/84 
03120184 
01/20/84 
04/09/84 

01/10/84 
05/19/84 

01/20/84 10/59/83 ! 08/04/84 1 08/12/84 1 998 

# MSNS 

I 

# MSNS 1 bunches  Arr iva ls  

' 

I 

105 

1291 

1714 

193 

1468 

I1 

- 
11/18/841 
03/07/84 
10/19/83 
04/26/84 

11/18/83 
05/16/84 

I 

0 

I1 

83 

875 

1283 

192 

1080 

11 

0 

75 

lg4 

Direct Return 
Single Launch; 
Out-of -Orbit, MOR 

launch - MOR 
Single Iaunch ; 
Direct En t r y ,  
Direct Return 

1 Direct  Entry, MOR 

Single Launch; 
I 

123 ! 03/30/84 1 04/16/84 ' 111 22/84 ! 03/10/85 ! 

30 

65 

77 

. 49 

03/11/86 [ 12/22/85 

I 

10/31/86 
12/10/86 

09/21/86 
03/10/87 
79/0?/86 
04/0v/87 

08/12/86 
04/09/87 

09/11/86 
03/20/87 

I 

85 

133 

140 

! 

I 

04/20/86 
05/10/86 

03/21/86 

I1 

- 

10/09/86 
08/05/87 
08/30/86 
08/25/87 

09/09/86 
08/25/87 

09/09/86 
08/15/87 

11 

O 

lo5 

189 

172 

I1 

- 

01/21/86 

Direct entry,  nee 1 13' 

06/19/86 i 07/10186 
03/11/86 1 12/12/85 
07/09/86 / 07/30/86 

06/29/86 : 07/20/86 

03/01/86 
07/09/86 

01/11/86 
07/30/86 



Table 11-14 Earth-Mars Performance Summary: 

1988 Launch Year; L/V = Shut t leITug 

Table 11-15 Earth-Mars Performance Sumr~ary : 

1990 Launch Year; L/V = Shctt1e/Tug 

Mission Mode 

S ing le  Launch; 
Out-of -Orbit ,  
Direct Return 
S ing le  h u n c h ;  
Out-of-Orbit, MOR 

- MoR 

Mission Mode 

SirAgle Launch; 

S ing le  Launch; 05/10/88 
+ Direct Entry,  MOR 13' 08/28/88 

Launches A r r i v a l s  

S ing le  Launch; 
Direct Entry,  
Di rec t  Return 

# MsNS 

I 

06/19/88 
07/29/88 

05/10/88 
08/18/8d 
04/30/88 
08/28/88 

I 

12/27/88 
03/17/89 

11/17/88 
05/06/89 

MAX 'ERV 
Avail .  

I 

'6 

95 

I1 

- 

04/20/88 
08/28/88 
03/31/88 
09/17/88 

I1 

- 

12/07/88 
09/23/89 

11/07/88 
06/05/89 

10/28/88 
05/06/89 

I 

114 

1462 

#/ MSNS 

I1 

O 

96 

l5' 

05/10/88 
08/18/88 

I1 

84 

896 

11/17/88 11621 \1082 03/31/88 

I 

Out-of-Orbit, , 0 

04/30/88 
0 9 / ~ 7 / 8 8  

. 09/07/88 06/95/89 : 10/03/89 ! 
11/17/88 

I1 

13 

Launches 

1334 

169 
L 

11/07/88 
10/13/89 

12/07/88 
10/03/89 

I 

- 

08/20/90 

1902 

184 

I1 

08/14/90 
09/03/90 

07/05/90 

A r r i v a l s  

Direct Retur.1 
S ing le  Launch; 

10/13/90 
06/25/90 
11/02/90 

07/25/90 

I 

- 

02/26/91 

MAX 'ERV 
Avzil  . 

I 
I 

Out-of-Orbit, MOR 

launch - MOR 

Di rec t  Return 
/ 47 ' l7 1 09/19/90 

I 
Sing le  Launch; 08/10/90 
Direct  Entry, MOR : 60 ' ' 10/09/90 

I1 

06/29/91 
09/07/91 

03/31/91 
07/06/91 
02/06/91 
07/26/91 

01/27/91 

I 

96 

t131 
42 1 95 09/29/90 

07/31/90 
71 / 1 10/09/90 

11/16/91 
03/21/91 
12/06/91 

05/10/91 

I1 

105 

1288 

1578 

16i 
S ing le  Launch; 
Di rec t  En t r y ,  ' 08/10/90 

10/23/90 

1732 

171 
06/06/91 11/26/91 

06/25/90 / 02/16/91 
10/23/90 07/26/91 

03/21/91 1297 
11/26/91 1 1450 

4 



Table 11-16 Elaximum Avai lab le  ERV Weight f o r  Return t o  Earth 

Dual Launch; 
Out-of-Orbit, 

MOR 

- 
1037 

586 

- 
7 98 

408 

1714 

1037 

413 

1902 

1149 

653 

1732 

1007 

556 

I ( ) = With 75% of landed weight  a v a i l a b l e  f o r  l i f t o f f  

S i n g l e  Launch; 
Out-of-Orbit 

MOR 
- 

591 

104 
1- 

- 
343 

0  

1291 

580 

0 

1462 

' S i n g l e  Launch; 
D i r e c t  Entry ,  
D i r e c t  Return 

- 
(195) 130 

(131) 87 

- 
(195) 130 

(134) 89 

(290) 193 

(197) 131 

(134) 89 

Year 

1981 

19831 
1984 

1986 

S i n g l e  Launch; 
Direct Ent ry ,  

MOR 

- 
775 

295 

- 
552 

(222) 148 

1468 

7  68 

(231) 154 

1621 

843 

332 

1450 

702 

236 

T i t a n  ~ I I E / C e n t a u r  

I 
~ h u t t l e / T u g  / 1990 1 ~ h u t t l e / ~ ~ S  

I 
I 

' T i t a n  I I IE /Centaur  

I S i n g l e  Launch; 
Launch VehicLe ( but-of-Orbit ,  

D i r e c t  Return ---+ 

(108) 72 

(47) 31 (126) 84 

(158) 105 (266) 177 

(96) 64 (176) 117 534 

0  ! (119) 79 6 5 

Shut t l e ITug  

Shut t l e / IUS 

Ti tan  111E/Centaur 

Shu t t l e /Tug  

S h u t t l e l I U S  

T i t a n  I I IEICentaur  

Shut t le /Tug 

Shut t le / IUS 

T i t a n  I I IE /Centaur  

( 1 ~ 1 1 )  67 

0  

- 
(81)  53 

0 

(158) 105 

(101) 67 

(44) '9 

(171) 314 



E . MARS -EARTH PERFORllANCE SlJMMARY 

The range of ERV weights ( i n  t h e  1000 x 100,000 km Mars depar tu re  o r b i t )  

r equ i red  t o  r e t u r n  t o  Ear th  f o r  t h e  MSSR launch years  a r e  shown i n  Table 11-17. 

The window is  const ra ined by W MAX. This q u a n t i t y  is t h e  maximum ERV E RV 
weight a v a i l a b l e  i n  t h e  given year.  It is provided by t h e  k a l  Launch MOR 

miss ion mode flown with  the  Tug. Any launch/encounter pal;  * . ~ i t h  a requ i red  

ERV weight l e s s  than o r  equal  t o  W MAX is a candidate  p o i n t  i n  t h e  window. 
ERV 

Note t h a t  a l l  mission years  except 1990 have two window segments, denoted a s  

a )  and b). The a )  segment c o n s i s t s  of " f a s t "  Type 11s of 240 day t r i p  t imes 

and 265' t r a n s f e r  angles .  These are r e t u r n  t r a j e c t o r i e s  t h a t  d i p  i n s i d e  t h e  

E a r t h ' s  o r b i t a l  r ad ius .  The b) segment c o n s i s t s  of Type I r e t u r n s .  Ncte 

t h a t  t h e  f a s t  Type 11s r e q u i r e  heavier  ERVs t o  execute  them. The 1990 re- 

t u r n s  c o n s i s t  of both Type Is and IIs, without t h e  f a s t ,  l a r g e  t r a n s f e r  

angle ,  Type 11s. Tra jec to ry  r e l a t e d  parameters a s s o c i a t e d  wi th  t h e  Ear th  

r e t u r n  windows f o r  key missions of i n t e r e s t  a r e  surmarized i n  Appendix A. 

Table 11-17 P o t e n t i a l  Ear th  Return Windows - 
Earth 
Launch 

1981 

19831 

1984 

1986 

Max Avail .  
W~~~ 

1750 

1750 

1400 

1400 

1725 

1725 

Min Req. 
W~~~ 

1272 

230 

6E 7 

2 64 

529 

334 

05/26/89-09/23/89 1925 

07/10/90-01/06/91 

' 08/29/?2-04/36/93 

Ear th  
A r r i v a l  Dates 

01!31/84-03/22/83 

04/05/84-09/02/84 

01/29/85-06/08/85 

05/04/86-09/21/86 

02126187-08/15/87 

05/31/88-10/28/88 

IjMSNS 

250 

243 

288 

1988 288 1 (a)  
11/07/88-01/16/89 

( b )  06/05/89-03/12/90 

I 

Mars Laur~ch Dates 

(a)  07/05/82-08/14/82 

(b )  03/12/83-11/07/83 

(a )  07123184-10/21/84 

(b )  03/30/85-11/25/85 

(a) 08/30/86-12/18/86 

(b )  04/27/87-01/02/88 

! 1990 
I 

247 ! 07/26/91-06/10/92 



The ERV weights required f o r  a minimum energy re turn  t o  Earth a r e  shown 

i n  Table 11-18. Reading across  from l e f t  t o  r i g h t ,  t h e  dry Earth o r b i t a l  

capsuls  (EOS) is backed up t o  Mars o rb i t .  AVzOI and AVmI a r e  t he  Earth 

o r b i t  i n se r t i on  and trans-Earth i n j ec t i on  AVs respect ively.  A dry ERV 

weight of e i t h e r  85 kg "r 137 kg is  added t o  t he  w e t  EOC. The t o t a l  ERV 

weight i n  Mars o r b i t  is the  w e t  W + the  w e t  EOC. Again t he  numbers in 
ERV 

parentheses a r e  f o r  a 137 kg dry ERV. These r e s u l t s  w i l l  be uced i n  Section 

F t o  evaluate  the  d i r e c t  r e tu rn  mission opportuni t ies .  

Table 11-18 Minimum. Energy Return t o  Earth 

I Dry WERV = 85 kg 
I 

Dry VERY., = (137 kg) I 



F . ROUNDTRIP MISSION OPPORTUNITIES 

The Farth-Mars o p p o r t u n i t i e s  and t h e  llar.7-Earth r e t u r n  o p p o r t u n i t i e s  a r e  

used i n  t h e  EMERGE program t o  genera te  a l l  p o s s i b l e  MSSR missions  wi th  s top-  

over  times from 0 t o  400 days. This program was run f o r  each mission mode, 

launch year ,  t r a j e c t o r y  type,  and launch veh ic le .  The program has two 

func t iona l  loops : 

1. For each Ear th  launch d a t e  and s topover  time, t h e  program b u i l d s  a 

l i b r a r y  of f e a s i b l e  MSSRmis-ions wi th  varying Mars a r r i v a l  d a t e s ,  t o t a l  

mission times and ERV weight margins ( a v a i l a b l e  W requ i red  W 
ERV, ERv) 

2. From t h i s  l i b r a r y  o f  missions i t  then f i n d s  t h e  miss ion which has 

the  l a r g e s t  ERV weight margin and a l s o  t h e  miss ion which has t h e  s h o r t e s t  

t o t a l  t i m e .  For each of these  missions i t  s t o r e s  t h e  Mars a r r i v a l  d a t e  a long  

wi th  t h e  ERV margin and t h e  mission t i m e  f o r  l a t e r  output.  

The r o u t i n e  performs func t ions  1 )  and 2) f o r  each Ear th  launch d a t e  and s top-  

over t i m e  and then p r i n t s  o u t  t a b l e s  as snown ( i a b l e s  11-19 and 11-20 below). 

The s topover  times a r e  i n d i c a t e d  ac ross  t h e  top  wi th  Ear th  launch d a t e s  on 

t h e  left. I n  t h e  f i r s t  output  t a b l e  (Minimum Time Missions) t h e  minimuv 

mission time is  shown f i r s t ,  then ERV margin and f i n a l l y  t h e  Mars a r r i v a l  

d a t e  f o r  each Ear th  launch d a t e  and s topover  time. I n  t h e  second ou tpu t  

t a b l e  (Maximum ERV Margin Missions) t h e  ERV mbrgin appears f i r s t ,  followed 

by t h e  corresponding mission t ime and Mars a r r i v a l  da te .  The sample output  

shows t h a t  t h e r e  a r e  20-day Ear th  launch windows f o r  stopover times from 0 t o  

50 days wi th  mission times i n  t h e  731 t o  751 day range. A 20-day window 

af fo rd ing  maximum ERV weight margin ~ h o u l d  be flown i n  t h e  i n t e r v a l  7/19/88 

t o  8/8/88 wi th  a  50 day s topover .  The maximum margin would be 664 kg. 

An EMERGE run was mads f o r  each n f  the  f i v e  launch years ,  th ree  launch 

veh ic les ,  two t r a j e c t o r y  types and f i v e  mission modes--a t o t a l  of 150 runs.  

These output  shee t s  ece a v a i l a b l e  a t  MMC upon request .  For more compact 

p resen ta t ion ,  t h e  o u t l u t  was f u r t h e r  summarized a s  follows. From t h e  mini- 

mum mission time tab'-es only ,  the  smal les t  mission time f o r  a  20-day launch 

window (with the  s t o r t e s t  s topover  g r e a t e r  than 30 days) was noted. The ERV 

~ z r g i n  r e s u l t s  were summarized by e x t r a c t i n g  the  l a r g e s t  ERV weight margin 

a v a i l a b l e  over a  20 day launch window ( r e g a r d l e s s  oE st2pover t ime) .  ihese 

r e s u l t s  a r e  presented i n  Tables 11-21. 11-22 and 11-23 f o r  the  th ree  MOR mission 

modes. Only minimum energy ccnjunct ion or  opposi t ion missions are  poss ib le  

with t.he d i r e c t  r e tu rn  mode. This w i l l  be discussed l a t e r .  

11-19 



Table 11-19 Sample EXERGE Output: Dual Launch, MOR 

Type 11, 1988, L/V = Shutt leITt1g 

\ q8 topover 

Earth (Days) 
Launch Dat 

0 

Minimum T i m e  M i s s i o n s  

50 
* * *+  Mission Time (Days) 

J ERV Margin (kg) 
3 /  0 Mars Arrival Date 



Table 11-20 Sample EMERGE Output: Dual iaunch, MOR 

Type 11, 1988, L/V = Shuttle/T.lb 

Maxin.*~m ERV Weight Margin Missions 

6 'ERV Margin (kg) 
'*" Mission Time ( D a y s )  

Mars Arrival D a t e  

721 
e i i  
7 /  2 5  



MOR Sumnary 

Referr ing t o  Tables 11-21, 12-22 and 11-23, it  should b e  noted t h a t  IUS 

d a t a  is  presented f o r  only  1981 and 1983/4, A f t e r  t h a t  it is assumed t h e  

Tug w i l l  be a v a i l a b l e ,  The T i tan  111EI~entaur r e s u l t s  a r e  shown f o r  com- 

par ison purposes only f o r  a l l  years .  A dashed l i n e  e n t r y  means t h a t  t h e  

mission is  n o t  f e a s i b l e  wi th  t h e  s p e c i f i e d  launch veh ic ie .  Also no te  t h a t  

t h e  l e f t  s i d e  of t h e  t a b l e s  p resen t  t h e  mipimum mission time summaries whi le  

t h e  r i g h t  s i d e  is f o r  t h e  maximum ERV weight rnargin sumnaries. Minimum stop- 

over miss ions  (30 days s topover )  a r e  p o s s i b l e  only  wi th  t h e  Tug. They can be 

flown i n  1988 and 1990 with  any of t h e  t h r e e  MOR modes but i n  1986 on ly  wi th  

t h e  Dual Launch o r  S ing le  Launch, Di rec t  Entry modes (when DLA is  no t  

const ra ined,  s e e  Appendix A ) .  The 1986 minimum stopover  missions have a 

very s h o r t  t o t a l  mission t i n e  of 462 days. (These a r e  comprised of Type I 

outgoing t r a j e c t o r i e s  and t h e  f a s t  Type I1 r e t u r n s . )  The h e a l t h i e s t  ERV 

weight margin going a long wi th  these  minimum stopover missions i s  102 kg 

f o r  t h e  year  1990. Margins range from 102 down t o  0 kg f o r  t h i s  c l a s s  of 

mission. A s  expected, l a r g e  maxi~um ERV weight margins occur f o r  very long 

s topover  times of 300 t o  480 days. These a r e  t h e  minimum energy Mars-Earth 

r e t u r n s  which produce long t o t a l  mission times of 902 t o  1020 days. 

The IUS allows t h e  S ing le  Launch, out-of-orbi t ,  MOR t o  be flown i n  1981 

and 198314. There is l i t t l e  c a p a c i t . ~ ,  however, t o  reduce t o t a l  mission time 

with  t h i s  launch vehic le .  

Di rec t  Return Sunanary 

The Earth-Mars r e s u l t s  f o r  d i r e c t  r e t u r n  miss ions ,  Table 1-16, Sec t i -n  

D, were matched a g a i n s t  t h e  Mars-Earth minimum energy :esults or Table 1-20, 

Se2tion E, t o  determine b . ~ a t  d i r e c t  r e t u r n  missions arc; poss ib le  under what 

s e t  of  assumptions concerning 1: propor t ion of landed weight a v a i l a b l e  f o r  

l i f t o f f  (50% o r  75%) and 2 )  dry ERV weight (85 o r  137 kg).  Table 1-24 shows 

the  outcome. The s i n g l e  launch, ou t -o f -o rb i t  landing,  d i r e c t  r e t u r n  mode i s  

p r a c t i c a l l y  impossible t o  f l y  even with t1 - Tug and a ciinimum energy t r a -  

j ec to ry .  The d i r e c t  e n t r y  ~ i l r e c t  r e t u r n  mode, on tile uuher hand, ,-an be 

flown in  every launch year except when t h e  l i f t o f f  weight i s  assumed t o  be 

only  50% of t h e  landed weight and the  l a r g e r  dr--  ERV weight (137 k g )  i s  

assumed. Then it c a n ' t  be flown a t  a l l ,  



Table 11-21 Dual Launch, Out-of-Orbit, MOR 

M i ~ e i o n  
Time 

(Days) 

982 

Max ERV 
Margin 

(kg) 

279 

Stopover 
Time 

(Days) 

420 

- 

380 

360 

380 

- 
380 

480 

380 

480 

310 

480 

410 - 

4 80 

330 

- 
450 

- 

300 
320 

Earth 
Launch 

Date 

12/25/81 
01/1$/82 

Stopover 
Time 
(Days) 

240 

Mars 
Arrival 

Dete 

08/17/82 
09/06/82 

L/V 

I i S  

Year 

Minimum ' 

Time 
(Oavs 1 

852 

- 

783 , 

314 

348 

- 

496 

123 

1332 

14 

872 

4 8 

- 
1?/17/81 
01/06/82 
11/27/81 
12/17/81 

02/29/84 
03/20/84 

- 
01/27/84 
02/16/84 
1?/~8/83 
01/17/84 

03/31/86 
04/20/86 

-7/L0/86 
05/30/86 

06/20/86 
07/10186 
04/11/86 
05/01/86 

07/09/88 
07/29/98 
07/09/88 
07/29/88 

0) 109l88 

- 02 !22/a8. 
- 

09l09l90 
09]29/90 . -- 

- 
08/24/90 
09/13/90 
09/03/90 
09/23/90 

T 

1911 

I 
1 1  
I 

19-  1 

Type 
ERV 

Margin 
(kg, 

31 

- 

1020 

1010 

94 5 

- 

1008 

1004 

902 - 

938 

931 

957 

- 
11/02/82 
11/22/82 
10/03/82 
10/23/82 

10/03/84 
11/02/84 

- 
11/30/84 
12/10/84 
10/11/84 
10/21/84 

10/01/86 
10/11/66 
11/10!8o 
01/09/87 

06/06/87 
071261 
01/17/g 
01/27/87 

02/25/89 
02/05/89 
02/15/89 

06/05/89 
- _ 021 1 ga9- 

- 
04/17/91 
05/27/91 

- 
071 19/91 
08/28/91 
09/07/91 
10/17/91 

r37 

It S 

T 3  5 

I1 S 

T 3 c  

- 

870 

900 

865 

- 
, 1-  4 

I 
11 

I 

! 

I 
I I 

1 
t i .  -- 

I 
I 

I - 

I 

1351 

313 

--890. 

- 

884 

- 

1311 
198 

- - 

92 1 

976 

986 

- 
9LO 

- 
-- 

966 
976 

3 6 

20 

150 

190 

I 22 -- 

2 0 

59 

ILS , 

i3E 

' C ;  

1 I\< 

1900 

- 1 90 - 

250 

-- - 30 - 

3 1 

- 

898 

928 

i6L 

13 

-,, 
L C  

r3: 

- 7  - 
I , 

T3 

230 -- 
- 

.. -3-0 . 

- 

140 
- - - - - - 

- 

- J 0 
2 0 ~  

I I 

I 

' 

751 + -  -_- 59 
I 

882 

761 

947 

731 

811 

TL ; 

T3C 

TCS 
-- 

T3C 

780 

756 
906 

T I 1 TI-'!, 

1 1 T3E 

- 
0 
- - 
- 

102 

, 2 

O ,  

8 

13 

6 3 

2 7 

320 

50 

480 

100 

2 00 





Table 11-23 Single Launch, Out-of-Orbit, MOR 

! 

stopover 
Time 

- 
year 
- 

I S > 1  

1 4 L .  , '  
1 4 5 4  

1936 

1988 

1990 

i 

Minimum 
Misslon 
Ti_ 

- 
- 

900 
- 
- 
- 

- -  -- .  
978 

- 

831 
- 

74 1 
- 

?91 
- - 

800 

- 
736 

- - I -  

ERV 
Margin 

- 
- 
16 
- 

- 
3 

- 
- 
- 
12 
- 
101 
- 

I 
1 

- 
1 7  

- 
4 2 

me 
- 

I 
-- 

= I  

I 
- -- . ' 

Z 1 

I 

I' 

I 
' 

IT 

I 
' 

'I 

Earth 
hunch  
Date 

- 
- 

Launch 
Vehicle 

ICS 

T 3 E  

1'3 

T?' 

I S 

T 1-  
- - - 

Ii S 

732 

;I <; 

T 3 E  
- 

TCC 

~ 3 i  

7L.G 

T3E 

i i G  

i 3 L  

TLC 

r 3 ~  

TCG 

TTF 

Mars 
Arrival 

Date 

- 
- 

~ B f ' f ~ ~ / s 2  
10/23/82' - 

- 
._ 

10/1/84 
10/11/&6 - 

- 
- 

01/27/87 
04/01/87 

02/15/89 

- 
08/04/89 

I 99/23/89 

12/17/81 

stopover 
Trme 

- 
- 

Earth  
launch 
Date 

- 
- 

 ax ERV 
PIergin 

- 
- 

- - 
290 

- 
- 
- 

370 
- 
- 
- 
380 

- 

Hars 
Arrival 
Date 

- 
- 

11/17/81 
12/07/81 - 

- 
- - - - - - - -  

12/18/83 
01/07/64 

- 
- 

Mission 
Time 

- 
- -y-- 

- 
- 
- 

- --_ _ _  
12/18/83 
31/07/84 - 

- 
- 

- 
3 10 
- 
30 

- 

09/13/82 
10/3/82 - 

- 
09/11/84 
10/11/84 - 

- 
- 

1020 
- 
- 
- 

01/17/87 
01/21/87 - 
01/16/89 
01/26/89 - 
07/25/89 
06/04/89 - 
03/18/91 

- 
07/29/91 
08/28/91 - 

1008 
38 1 

I - - 
- i - 
- 1 - 

05/1i/86 120 ( 05/31/86 - - 

- - 
08/30/90 / 03/281'91 

- 
- 

555 ' 

120 
- 

09/13/90 - 
09/03/90 
09/23/90 - 

- 
04/21/86 1 05/11/86 

07/09/88 
07/29/88 - 

05/17/ 91 - 
08/18/91 
09/17/91 - 

957 
- - 

410 

- 
330 
- 
450 

- -- 
280 
- 

30 
I 08/08/88 

os/ns/sa 

- 
06/29/88 
07/19/88 - 
07/19/88 
08/08/88 - 
08/20/90 
09/09/90 - 
08/14/90 
09/03/90 - 

913 921 

- 
461 
- 
453 

- 
917 - 

- 
986 
- 

960 - 
966 
- 



Table 11-24 Summary of D i r ec t  Return Mission ERV Weight Margins (kg)* 

with Minimum Energy Mare-Earth Transfers  

Year 

19111 

lga3' 
1984 

1986 

1988 

1990 

* Available  ERV weight minus requi red  ERV weight. 

0 = Not Feas ib l e  - = Not Applicable 
I 

- 

L/V 

-8 
ZUS 

T3E 

Tug 
IUS 

T3E 

Tug 
IUS 

T3E 

Tug 

IUS 

T3E 

Tug 
IUS 

T3E 

Mission 

S ingle  Launch, Out-of-Orbit 

Mode 

S ingle  h u n c h ,  Di rec t  Entry 
Di rec t  

'LIFT * 'LND 

ERV-85 

- 
0 

0 

- 
0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

Return 
WLnT = .75 Wm 

Direc t  

WLIm - 5 Wm 

ERV3137 

- 
0 

0 

- 
0 

0 

C 

0 

0 

0 

0 

0 

0 

0 

0 

ERV-85 

- 
0 

0 

- 
0 

0 

-8 .1  

0 

0 

-9.0 

0 

0 

-2.9 

0 

0 

ERV-85 

- 
0 

0 

- 
0 

0 

+ 26.9 

0 

0 

+ 4.0 

0 

0 

+ 16.1 

Return 

WLIFT 7 5 WLND - 

ERV-137 

- 
0 

0 

.. 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ERV-137 

- 
0 

0 

- 
0 

0 
- 

0 

0 

0 

0 

0 

0 

0 

ERV-85 

.I 

+ 38.0 

0 

- 
+ 49.2 

- 11.8 

-1.123.9 

t 30.9 

0 

+ 96.0 

+ 6.0 

0 

+105.1 

+ 15.1 

0 
O I O 
0 0 

ERV-137 - - 
0 

0 

- 
0 

0 

+ 47.0 

0 

0 

+ 13.0 

0 

0 

+ 3 0 . 1  

0 

0 



G. TASK 1 CONCLUSI(lNS 

Of t he  f i v e  mission modes s tudied,  only t he  th ree  Mars Orbi ta l  Rendez- 

vous (XOR) types could be flown i n  times s h o r t e r  than t h e  minimum-energy-out/ 

minimum-energy-back m i s s  ion t i m e  by u fii i z i n g  the  increased Tug and IUS 

launch performance, Missions as sho r t  as 462 days, with 30 day stopovers,  

a r e  poss ib le  with the Tug i n  1986. The d i r e c t  r e tu rn  mission times could 

no t  be decreased from t he  1000 day range because of  the  need f o r  minimum 

energy Mars-Earth r e tu rns  even with the  Shuttle/Tug a s  the launch vehicle.  

The Sizgle  Launch, Out-of-Orbit , Direct Return mission is p r a c t i c a l l y  

impossible even v i t h  t h e  Tug. The Direct Entry, Direct Return mission can 

be flown v i t h  the Tug i n  1986, 1988 and 1990 i f  the dry  ERV weight is 

c lo se r  t o  85 kg than 137 kg. The heavier d ry  ERVs can be flown every year 

from 1981 t o  1990 i f  75% of the  landed weight can be used f o r  l i f t o f f .  

Overall implications of the r e s u l t s  of t h i s  mission suzvey task a r e  

discussed i n  Chapter VI. 



111. TASK 2 BACK CONTAMINATION CONTROL OE'TIONS 

During t h i s  t a sk ,  t h e  problem of  back contamination was s t u d i e d  as it 

p e r t a i n s  t o  t h e  c o n t r o l  o f  microorganisms e x t e r n a l  t o  t h e  sample c a n i s t e r .  

No cons idera t ion  has been given t o  t h e  handl ing o f  t h e  sample once i t  has 

been r e t r i e v e d  a t  Earth. Each phase o f  t h e  sample r e t u r n  miss ion has been 

revieved t o  determine what types  of b a r r i e r s  could be incorporated t o  pre- 

vent t h e  t r a n s p o r t i n g  of organisms from Mars t o  Earth.  Three events  i n  t h e  

sample r e t u r n  mission sequence provide o p p o r t u n i t i e s  f o r  t r a n s f e r r i n g  t h e  

organisms i f  indeed they do exist. They are: (1) even t s  dur ing  t h e  t ime 

s p e n t  on t h e  s u r f a c e  ok Mars; (2) t h e  t r a n s f e r  of t h e  sample from t h e  M4V 

t o  t h e  ERV; and, (3 )  t h e  r e t r i e v a l  o f  the sample a t  Earth.  The i n t e n t  o f  t h i s  

s tudy  was t o  i d e n t i f y  p reven ta t ive  schemes t h a t  could be i n t e g r a t e d  i n t o  t h e  

miss ion wlthout jeopardiz ing t h e  b a s i c  purpose o f  t h e  mission,  i.e., t o  

o b t a h  a sample of t h e  s u r f a c e  o f  Mars. 

Figure  111-1 i l l u s t r a t e s  t h e  sources  of contamination a c t i n g  upon each 

of t h e s e  events  i n  a d d i t i o n  t o  t h e  safeguards  t h a t  are a p a r t  of t h e  b a s e l i n e  

miss ion design and measures t h a t  were i n v e s t i g a t e d  i n  t h e  Task 2 study. 

Each of t h e s e  even t s  was approached a s  though t h e r e  were no o t h e r  back- 

contamination b a r r i e r s  i n  t h e  e n t i r e  miss ion,  a s  opposed t o  t h e  b a s e l i n e  

MSSR concept which w a s  an i n t e g r a t e d  p lan  wi th  each phase of t h e  x i s s i o n  

f u r t h e r  reducing t h e  p o s s i b i l i t y  of t r a n s p o r t i n g  Martian organisms back t o  

Earth. 

The base l ine  MSSRmissjon sequence was used as a re fe rence  configur- 

a t i o n  f o r  t h i s  study. Modif icat ions  t o  t h i s  conf igurat ion a s  wel l  as t h e i r  

impact on t h e  t o t a l  s p a c e c r a f t  w i l l  be discussed a s  we consider  each of 

t h e  even ts . 
A. EVENT #1 (DURING TIME SPENT ON '_3;E SURFACE OF MARS) 

The back contamination concern f o r  t h i s  phase of t h e  miss ion is t o  keep 

t h e  MAV, and p a r t i c u l a r l y  i ts  t h i r d  s t a g e ,  f r e e  of any organisms i n  o rder  t o  

i n s u r e  a sterile t r a n s f e r  of t h e  sample i n  Mars o r b i t .  One of t h e  most 

comnon ways of doing t h i s  would be t o  enclose  t h e  NELV i n  a b iosh ie ld ;  however, 

t h e  na tq l re  of t h i s  mission makes t h i s  a very d i f f i c u l t  opt ion t o  implement. 

For example, a b iosh ie ld  would have t o  be capable of wi ths tanding e n t r y ,  

landing,  Martian s u r f a c e  environment, launch, aeroheat ing,  and s e p a r a t i o n  
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fr- t h e  MV. In a d d i t i o n ,  a b i o s h i e l d  must be capable  o f :  (1) acconmodating 

t h e  t r a n s f e r  of t h e  sample from t h e  c o l l e c t o r  t o  t h e  sample c a n i s t e r ;  (2) 

i n t e r f a c e  w i t h  t h e  ACS t h r u s t e r s  s o  as t o  a l low t h r u s t i n g  p r i o r  t o  b i o s h i e l d  

separa t ion ;  and, (3) n o t  i n t e r f e r e  w i t h  t h e  opera t ion  o f  t h e  sun s e n s c r s  

which are mounted on t h e  ACS motor assemblies.  A sample t r a n s f e r  and a c c m -  

modation scheme is d i scussed  i n  subsequent paragraphs. The b iosh ie ld  i n t e r -  

f a c e  w i t h  t h e  ACS t h r u s t e r s  p r e s e n t s  t h e  most s e v e r e  problems i n  t h a t  t h e  

t h r u s t e r s  p o i n t  forward, a f t ,  aad l a t e r a l l y  and a l l  sets need t o  be f i r e d  

p r i o r  t o  b i o s h i e l d  separat ion.  This  is an area t h a t  would r e q u i r e  addi t ion-  

a l  s tudy  should a d e c i s i o n  be made t o  inc lude  t h e  b i o s h i e l d  i n  t h e  program; 

however, t h e  scheme would probably inc lude  a s l e e v e  from t h e  b i o s h i e l d  t o  

t h e  t h r u s t e r  wi th  breakaway seals a t  t h e  t h r u s t e r  f o r  both t h e  forward and 

lateral t h r u s t e r  assemblies.  The l a r g e r  a f t  t h r u s t e r s  would seal d i r e c c l y  

t o  t h e  b i o s h i e l d  (Figure 111-2a). Blowout plugs  could be used i n  t h e  t h r u s t -  

ers t o  pFevent contamination through t h e  motor assemblies  whi le  on t h e  Mar- 

t i a n  sur face .  The sun sensor  problem could probably b e s t  be worked by add- 

i n g  a sensor  assembly t o  t h e  b i o s h i e l d  f o r  pre-launch use. This wul-d then 

be j e t t i s o n e d  wi th  t h e  b iosh ie ld  a t  t h e  same time exposing t h e  sensor  assem- 

b l i e s  on t h e  ACS motors. To c l o s e  o f f  t h e  b i o s h i e l d ,  a seal would be in-  

s t a l l e d  between Stage I1 and S tage  111 of t h e  MAV thus  prevent ing t h e  con- 

tamination of Stage I11 from t h e  lower s t ages .  Use of  t h e  b i o s h i e l d  would 

r e q u i r e  modifying t h e  b a s e l i n e  thermal c o n t r o l  des ign and make necessary  a 

s e p a r a t e  thermal system f o r  t h e  Stage I11 components. 

The b i o s h i e l d  would be a two-piece, r i g i d  s t r u c t u r e  wi th  t h e  forward 

cap being e j e c t e d  and t h e  a f t  p o r t i o n  remaining wi th  Stage 11. h t h e r  

than have a dua l  forward cone, t h e  c a n i s t e r  and antenna would be t o t a l l y  

exposed a f t e r  b iosh ie ld  s e p a r a t i o n  which could e l imina te  the  need f o r  a n  

extendable boom t o  expose t h e  c a n i s t e r  f o r  docking. The b iosh ie ld  being 

l a r g e r  than t h e  b a s e l i n e  MAV conf igura t ion  would r e q u i r e  a l a r g e r  "bubble" 

or: t h e  assumed b a s e i i n e  Viking ' 7 5  lander  capsule  basecover t o  accomnodate 

it. 

In  o r d e r  t o  g e t  t h e  sample through t h e  b iosh ie ld  and i n t o  t h e  c a n i s t e r  

without contaminating any s u r f a c e  i n s i d e  t h e  s h i e l d ,  we would propose t o  

use  a one-piece p l a s t i c  s l e e v e  t h a t  would l i n e  t h e  sample c a n i s t e r  and i n t e r -  

f ace  the  o u t s i d e  of t h e  b iosh ie ld .  Once t h e  sample t r a n s f e r  is complete, 
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Figure 111-2 Back Contamination Prevention Concepts 



t h e  ~ leeve  would be h e a t  s e a l e d  and then c u t  through t h e  s e a l e d  por t ion  

thus  providing a s e a l e d  sample, a n  uncontaminated c a n i s t e r  which can then 

be c losed o f f  and s e a l e d  and a l s o  an uncontaminated inner  s u r f a c e  o f  t h e  

bioshie ld .  This scheme is  i l l u s t r a t e d  i n  Figure  111-3. A number o f  s t u d i e s  

were conducted by Martin Marietta ( ~ e f .  4 )  i n  t h e  middle and l a t  60s on t h e  

use  of h e a t  s e a l i n g  p l a s t i c s  f o r  s t e r i l e  i n s e r t i o n  techniques as app l ied  t o  

spacecra f t  maintenance. A number of m a t e r i a l s  (polyimide composites, poly- 

esters, and f luorocarbons)  were found t o  b, . .apable  of wi ths tanding steril- 

i z a t i o n  temperatures of 1 2 5 ' ~  and remain 1~z::ible enough t o  accomplish a 

h e a t  sea l ing .  This technique was adequzte f o r  s e a l i n g  openings t h e  approxi- 

mate s i z e  of a manhole cover and, of course,  our  a p p l i c a t i o n  would be on a 

much smaller s c a l e  making ttie t a s k  e a s i e r .  Temperatures i n  t h e  range of 
0 

355-360 C were required t o  i n s u r e  a p o s i t i v e  s e a l .  Development work needs 

t o  be performed t o  i n s u r e  t h a t  any gases o r  melted p l a s t i c  impur i t i e s  pro- 

duced i n  t h e  s e a l i n g  process  do no t  produce r e a c t i o n s  wi th  t h e  s o i l  sample 

and t h a t  t h e i r  presence can be d i f f e r e n t i a t e d  from t h e  sample dur ing  sub- 

sequent chemical ana lys i s .  For MSSR a p p l i c a t i o n ,  t h e  s e a l  would be made 

while t h e  MAV is  a t t ached  t o  t h e  lander  and lander  power could be used f o r  

t h e  sea l ing .  This scheme uses  a top-loading c a n i s t e r  r a t h e r  than t h e  end 

opening a s  proposed i n  t h e  base l ine  design. This could a l s o  make t h e  

c a n i s t e r  s e a l  less s u s c e p t i b l e  t o  damage dur ing t h e  docking maneuver i n  

t h a t  t h e  MAV would n o t  be "leading" wi th  t h e  c a n i s t e r  cover. 

An a l t e r n a t i v e  means of enhtncing back contamination con t ro l  t h a t  

p resen t s  fewer problems than a b iosh ie ld  would be t h e  inc lus ion  of a 

pop-off o u t e r  cover f o r  t h e  forward end of t h e  c a n i s t e r .  This would pre- 

vent  having t o  depend on t h e  a b l a t i o n  process o r  t h e  high s u r f a c e  tem- 

pera tu re  induced by aerodynamic hea t ing  (about 6 0 0 ~ ~ )  t o  e f f e c t  decon- 

tamination a s  was t h e  case  wi th  the  Reference 1 basel ine .  I n  a d d i t i o n ,  

a braze  s e a l  a s  shown i n  Figure  111-2b could be used i n  p lace  of the  

gold-deforming s e a l  of Reference 1 t o  f u r t h e r  reduce t h e  p o s s i b i l i t y  of 

s e a l  leakage. These s t e p s  do no t ,  however, a f f o r d  t h e  degrde of c o n t r o l  

provided by t h e  complete-MAV b iosh ie ld  approach. 

a. EVENT :/2 (SAMPLE TRANSFER FROM MAV TO ERV) 

This phase of t h e  mission i s  more amenable t o  t h e  u s e  of a b iosh ie ld  

(on t h e  ERV) in  t h a t  the  adverse  condi t ions  to which  a MAV biosh ie ld  would 
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Figure 111-3 Canister Sealing Sequence Using Plas t i c  Liner 



be sub jec ted  are n o t  present .  Figure  111-2c shows t h e  o u t l i n e  of a bio- 

s h i e l d  enclosure  o f  t h e  docking cone and t h e  ERV. The MAV uses  t h i s  dock- 

i n g  cone t o  dock before  i t  t r a n s f e r s  t h e  s u r f a c e  sample ( see  Ref. 1) .  This 

b i o s h i e l d  would a l s o  be a two-piece enc losure  wi th  t h e  cap being a t t a c h e d  

t o  and j e t t i s o n e d  wi th  t h e  d o c k i ~ g  cone. The remainder would be a t t a c h e d  

t o  and remain w i t h  t h e  o r b i t e r .  One f e a t u r e  of t h i s  des ign is t h a t  i t  

does n o t  a£  f e c t  t h e  docking i n t e r f a c e s .  The h e a t  s e a l i n g  p l a s  t t  2 s l e e v e  

concept could a l s o  be app l ied  once t h e  MA'J has completed t r a n s f e r  and been 

j e t t i s o n e d  (Figure 111-4). This would provide a secondary s e a l i n g  o f  t h e  

c a n i s t e r  i n s i d e  t h e  EEC and a l s o  e l i m i n a t e  t h e  p e n e t r a t i o n  i n  the  b iosh ie ld .  

The c a n i s t e r  r e c e p t a c l e  i n  t h e  EEC contains  l a t c h e s  t o  secure  t h e  c a n i s t e r  

once i n s e r t i o n  is complete. To avoid i n t e r f e r i n g  w i t h  t h e  opera t ion  of 

t h e s e  l a t c h e s ,  t h e  p l a s t i c  s l e e v e  would be terminated forward of t h e  l a t c h e s  

and s e a l e d  i n s i d e  t h e  recep tac le .  The mechanism f o r  t h e  h e a t  s e a l i n g  and 

c u t t i n g  of t h e  s l e e v e  would be a t t ached  t o  t h e  docking cone i n  o r d e r  t o  

j e t t i s o n  it so it would n o t  i n t e r f e r e  wi th  s e p a r a t i o n  of t h e  EEC a t  Earth.  

The power requ i red  would be provided by the  o r b i t e r .  

The use of t h e  Space S h u t t l e  t o  r e t r i e v e  t h e  sample i n  Ear th  o r b i t  

would open up a number o f  p o s s i b i l i t i e s .  With man i n  t h e  loop, t h e  sample 

could be r e t r i e v e d  wi th  a clam s h e l l  device  on the  end of a manipulator 

a n  (Figure 111-5). Once t h e  capsule  had been enclosed,  h e a t  and /or  chemi- 

c a l  sp ray  could be app l ied  and the  capsule  monitored f o r  days, i f  d e s i r e d ,  

p r i o r  t o  br inging i t  on board t h e  s p a c e c r a f t .  This would n e c e s s i t a t e  re- 

p l a c i n g  t h e  Ear th  e n t r y  capsule  of Reference 1 wi th  an Ear th  O r b i t i n g  Cap- 

s u l e  such a s  t h e  one descr ibed i n  Task 3. 

Although i t  could be poss ib le  t o  incorpora te  a l l  of t h e  aforementioned 

safeguards  i n t o  a s i n g l s  miss ion,  t h i s  would no t  n e c e s s a r i l y  be t h e  th ing  

t o  do. The S h u t t l e  r e t r i e v a l  descr ibed f o r  Event !I3 provides the  most posi -  

t i v e  r e s u l t s  p a r t l y  because of the  a d a p t a b i l i t y  a f fo rded  by having man d i -  

r e c t l y  involved. The ERV biosh ie ld  d82scribed i n  Event !/2 would be t h e  

e a s i e s t  t o  implement and in l i g h t  of the  r e s u l t s  o f  the b i o t a  t r a n s f e r  

a n a l y s i s  performed by D r .  Vandrey ( see  Ref. 1, App. G )  which indicated 

the  p r o b a b i l i t y  o f  a s i n g l e  s p o r e  reaching the  ERV is  11200 "QO,  t h i s  s t e p  

a lone  might be adequate. R e  t l o s l ~ i e l d  f o r  the MAV as  desc d i n  C v e n t  

i;l ~.rrll?ld 52 t!:~ m o s t  d i f f i ~ ~ l t  i i i i t ) : e i i ~ e ~ ~ ~  ~ I C L ~ U ~ C '  o i  ~ i i c  l n I ~ r 1 ~ 1 ~ c  
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problems p rev ious ly  d iscussed.  While enhancing contamination c o n t r o l ,  

t h i s  approach could degrade miss ion  succ:ers p r o b a b i l i t y .  

D. ALTERNATIVE DOCKING CONFIGURATION 

An a l t e r n a t i v e  docking scheme was considered f o r  t h e  purpose of 

determining t h e  a d a p t a b i l i t y  of t h e  previously  d i scussad  back contamit:ation 

lneasures t o  conf igura t ions  o t h e r  than t h e  MSSR base l ine .  The success  of 

the  Apollo probe and drogue system makes i t  a d e s i r a b l e  cand ida te  f o r  

sample r e t u r n  a p p l i c a t i o n .  With t h i s  des ign,  t r a n s f e r  of t h e  sample from 

t h e  MAV t o  t h e  ERV becomes much more d i f f i c u l t  and l e a d s  t o  c o n s i d e r a t i o n  

of r e t u r n i n g  t h e  e n t i r e  MAV t h i r d  s t a g e  t o  Ear th  o r b i t .  Such a mode would 

e l i m i n a t e  any u n r e l i a b i l i t y  a s s o c i a t e d  wi th  remote sample t r a n s f e r ,  but  

would r e q u i r e  heav ie r  systems . 
This conf igura t ion  is shown i n  Figure  111-6. Although t h e  b a s e l i n e  

conf igurat ior l  was A ~ C C  e s s e n t i a l l y  a probe and drogue device ,  t h e  mass 

l i m i t a t i o n s  and t h e  use  of  t i le  sample c a n i s t e r  a s  t h e  probe made i t  im- 

poss ib le  to  d u p l i c a t e  t h e  Apollo probeldrogue docking geometry. The 

a 1  t e r n a t i v e  des ign would be a d u p i i c a t e ,  thL,ugh s c a l e d  down v e r s i o n ,  of 

t h e  Apollo system. 

With t h i s  conf igura t ion ,  emphasis is  placed upon t h e  safeguard- asso-  

c i a t e d  wi th  Event 111. Should *he e n t i r e  MAV t h i r d  s t a g e  be re tu rned ,  it  

would be e s s e n t i a l  t h a t  a n  e f f e c t i v e  MAV b i o s h i e l d  be used i n  a d d i t i o n  t o  

a p o s i t i v e  s e a l i n g  of t h e  c a n i s t e r .  The schemes considered f o r  Event #7 

( b i o s h i e l d ,  EEC s e a l i n g ,  and docking cone removal) w o u l ~  no t  app ly  f o r  

t h i s  conf igura t ion .  The added precaut ion of making a f i n a l  e x t e r n a l -  

s u r f a c e  decontamination i n  Ear th  o r b i t  would be i n d i c a t e d  wi th  t h i s  

approach. Also, t h e  p o s s i b i l i t y  of having an ERV i n  Ear th  o r b i t  t h a t  

could have been i n t e r n a l l y  contaminated by a f a i l u r e  i n  t h e  MAV b i o s h i e l d  

must be considered.  The p o s s i b i l i t y  of a c a n i s t e r  s e a l  r u p t u r e ,  however, 

i s  g r e a t l y  reduced wi th  t h i s  des ign in  t h a t  t h e  c a n i s t e r  i s  nes ted  ins id :  

t h e  MAV, s ea led  wi th  t h e  p l a s t i c  bag :.nd l i d ,  and never d i s t u r b e d .  

Overa l l ,  t h i s  approa:.h would appear t o  a f  ford  l e s s - c e r t a i n  back 

contamination c o n t r o l  feiit1;res than the  b a s e l i n e  (sample-transfer-in-Mars- 

o r b i t )  approach. Ear ly  i n  t h e  o r i g i n a l  s tudy  ( ~ e f .  11, cons ide ra t ion  was 

given to  " toss ing  and catching"  sample t r a n s f e r  techniques ,  t o  l e s s e n  back 

contamination p o t e n t i a l ,  but  these  were dropped a s  being too u n r e l i a b l e  from 

a miss ion success  s t andpo in t .  
111-10 
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IV, TASK 3 EARTH ORBITING CAPSULE - - 
Captu r ing  t h e  Mars s u r f a c e  sample i n  E a r t h  o r b i t  i n s t e a d  o f  a f t e r  

Ea r th  ~ L i t r y  a f f o r d s  p o t e n t i a l  advantages  i n  terms of r educ ing  back contami- 

n a t i o n .  The c a p t u r e  could  be accomplished by t h e  S h u t t l e  o r b i t e r ,  t h e  

S h u t t l e  upper s t a g e ,  o r  a  s a t e l l i t e  i n s p e c t i o n / r e c o v e r y  v e h i c l e  such  as t h e  

"Free F lye r "  t ype  of  v e h i c l e  (see Ref. 5) t h a t  is proposed t o  o p e r a t e  i n  

con junc t ion  w i t h  t h e  S h u t t l e  o r b i t e r .  I n  t h e  case o f  t h e  upper  s t a g e  it is 

conce ivab le  t h a t  a h y p e r b o l i c  rendezvous could  be e f f e c t e d  s i n c e  t h e  Tug 

w i l l  be  capab le  of  a c c e l e r a t i n g  t o  e scape  v e l o c i t y  and t h e n  r e t u r n i n g  t o  

t h e  o r b i t  o f  t h e  S h u t t l e  o r b i t e r .  Such a  mode of o p e r a t i o n  would e l i m i n a t e  

t h e  need f o r  r e t r o p r o p u l s i o n  on t h e  r e t u r n i n g  sample-conta in ing  v e h i c l e ,  

bu t  would r e p r e s e n t  a  r e l a t i v e l y  h i g h  r i s k  approach (h igh  r i s k  I n  terms of 

mi s s ion  s u c c e s s  bu t  probably  lower r i s k  i n  t enns  of  back contaminat ion) .  

Altliough t h i s  approach might  be used  a s  a  backup mode, t h e  pr imary  c a p t u r e  

mode w i l l  more l i k e l y  i n v o l v e  r e s t o r i n g  t h e  sample c a r r y i n g  v e h i c l e  i n t o  

an  o r b i t  compat ib le  w i t h  t h a t  o f  t h e  S h u t t l e  o r b i t e r  and e f f e c t i n g  rendez-  

vous and sample t r a n s f e r  i n  t h a t  o r b i t .  

Wi th in  t h i s  g e n e r a l  mode of o p e r a t i o n  a number of  subop t ions  e x t s t ,  

The e n t i r e  E a r t h  Return Veh ic l e  can be i n j e c t e d  i n t o  E a r t h  o r b i t  and cap- 

t u r e d  i n t a c t .  I n  t h i s  c a s e  t h e  sample could  have  been p r e v i o u s l y  t r a n s -  

f e r r e d  from t h e  MAV t o  t h e  ERV ( i n  Mars o r b i t ) ,  o r  t h e  e n t i r e  MAV t h i r d  

s t a g e  could  s imp ly  be t r a n s p o r t e d  back t o  E a r t h  by t h e  ERV and be i n j e c t e d  

a long  w i t h  t h e  ERV i n t o  t h e  S h u t t l e  rendezvous o r b i t .  E i t h e r  o f  t h e s e  

o p t i o n s  imposes s i g n i i i c a n t  r e t r o p r o p u l s i o n  r e q u l r e n e n t s  b u t  t h e  l a . - t e r  

a !f o rds  advantages  i n  t enns  of  r educ ing  t h e  sample t r a n s f e r  o p e r a t i o n s ,  

s e e  Task 2. 

T ie  most e f f i c i e n t  a p p r o a ~ h  ( ~ w . i ~ h t - w i s ~ )  is  t o  t r a n s f e r  t h e  s2mplc 

whi le  i n  Mars o r b i t  i n t o  a s m a l l  c a p s u l e  capab le  of i n j e c t i n g  i t s e l f  i . 1 ~ 0  

Ear th  c r b i t  a f t e r  be ing  r e t u r n e d  t o  Ear th  by t h e  ERV. lhis approach a l s o  

permi ts  a more d i r e c t  cornparidon w i t h  t h e  Ea r th  En t ry  Capsulc mode evnlu-  

a t e d  i n  R e f .  1. There fo re  a p r e l b ~ i i n a r y  sys tcm des ign  f o r  t h i s  iype ,,f 

Ear th  o r b i t i n g  capsu le  has been performed. The subsystems mass b reakdoms  

f o r  t h i s  v e h i c l e  a r e  p t e s e n ~ e d  i n  Tab. i V - 1  and i t s  c o n f i g u r a t i o n  i s  

shown i n  Figure  IV-1, Table 1V-1 and Figure  I V - 1  a l s o  show t h e  ~ a r t h  

e n t r y  c a p s u l e  of R e f .  1. A comparison revea l s  t h a t  t h e  two sys t ems  a r c  



similq- i n  terms o f  t o t a l  mass and s i z e .  This means that f i n a l  choice oC 

the t i s s i o n  mode would depend more on a d e t a i l e d  comparison o f  mission 

success probabil ity and back contamination r i s k  than on payload performance. 



Table IV-1 Compr,rison of Mass Break*- for E a r t h  Orbiting and E n t r y  Capsu le s  - 
A. Mass Breakdown f o r  E a r t h  O r b i t i n g  Capsule  

ITEM -- BLISS (kg) 

S t r u c t u r e  5.0 

Samf l e  ConEainer  .9 
Sab,ple Ct.r.:ainer Recep tac l e  1.8 
Bas i c  S ~ r u c t u r e  2.3 

Telecomnunics t ions  

P ~ w e r  

R a t t e r y ,  Power Con t ro l  2.3 
s o l a r  Array (Ear th  O r b i t )  1.3 

~ u i d a n c e / A t t  i t u d e  C o n t r o l  

P ropu l s ion  I n e r t s  

S c i e n c e  (Sample) 

Sub T o t a l  

Cont ingencv (102) 

T o t a l  Dry >lass 

O r b i t  I n s e r t i o n  P r o p e l l a n t  

(For 24 hour,  500 Ijn P e r i a p s i s  Orbit! 

T o t a l  

B. Piass Breakdown f o r  Ea r th  En t ry  Capsule  
(From R e f .  1) 
S t r u c t u r e  

Sample Recep tac l e  1.86 
Aeroshe 1 l S t r u c t u r e  3.91 

( i n c l .  2-53; Crush M a t e r i a l )  
I nne r  S t r u c t u r e  .93 
Upper Frustum .61 
Lower Frus  t*tm - 8 3  

Abla tL7r 

Paraci iute  Sys t e m  

F l o t a t i o n  System 1.36 I 
Power and C a b l i n q  System 

E l e c t r o n i c s  2 .95  I 
Pyrotec t in ics  . 91  i 

Sample and C o n i a  iner -- 2.00 I 
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A. INFLUENCE OFENTBY ANGLE OF W f D M S  

The Viking '75 out-of-orbit Mars h t r y  Capsule and the  k i r e c t  en t ry  

capsule pat terned a f t e r  it t h a t  was baselined f o r  the  i n i t i a l  sample r e t u r n  

study (Ref. 1) were designed t o  e n t e r  a t  angles  a s  c lose  t o  skip-out as 

poss ib le  in order  t o  reduce en t ry  environment sever i ty .  The skipout  angle  

is somewhat s teeper  f o r  d i r e c t  en t ry  (-17.5~ v s  -15.0~)  but i n  e i t h e r  case, 

due t o  a dynamic pressure overshoot phenomenon t h a t  occurs near skipout*, 

s e l ec t i ng  en t ry  angles  near  t h e  skipout  boundary r e s u l t s  i n  having t o  delay 

deploying t h e  parachute u n t i l  lower a l t i t u d e s  a r e  reached than would be 

poss ib le  with s l i g h t l y  s teeper  en t ry  angles. This s i t u a t i o n  is i l l u s t r a t e d  

i n  Figure V-1. The f i gu re  shows t h a t  t h e  optimum ent ry ,  from a parachute 

deployment s tandpoint ,  occurs a t  an angle  a few degrees s t eepe r  than t h e  

skipout-bounded en t ry  angle.  Figure V-1 w a s  constructed f o r  ou t -of -orb i t  

e n t r i e s  but s imi l a r  curves exist fo r  the  d i r e c t  en t ry  case only they a r e  

s h i f t e d  t o  t h e  r igh t .  The out-of-orbit mode a f fords  the  advantages of 

landing s i t e  c e r t i f i c a t i o n  and the  added mass of o r b i t  i n se r t i on  prope l lan t  

required is ava i l ab l e  i n  most of the  mission options under consideration. 

Se lec t ing  the  optimum ent ry  angle  allows a grea te r  e n t r y  mass t o  be 

acconmodated before reaching a point  bhere i n su f f i c i en t  a l t i t u d e  exists a t  

chute deployment t o  allow the  chute and retropropuls ion system t o  e f f e c t  a 

landing. The s teeper  angles  do, however, r e s u l t  i n  a heavier aeroshe l l .  

The va r i a t i on  of p rope l lan t  weight, a e roshe l l  weight, and r e s u l t a n t  landed 

weight f o r  a fixed en t ry  weight are shown i n  Figure V-2. Uthough t h i s  

f i gu re  shows t h a t  t h e  ne t  e f f e c t ,  f o r  a f ixed  en t ry  weight, is a decrease 

i n  landed weight with increasing en t ry  angle ,  t h e  important thing is t h a t  

g rea te r  landed weights can be achieved by se l ec t i ng  higher en t ry  angles 

when addi t iona l  en t ry  weight is avai lable .  This is  apparent from Figure 

v-3. 

* When a l t i t ude -ve loc i ty  p l o t s  a r e  constructed f o r  a family of en t ry  angles  
(yEs) j u s t  above the  angle  f o r  skipout,  it  is observed f u r  l i f t i n g  airtry 

t h a t  there  i s  a region where these curves cross-over each o ther ,  i .e . ,  a t  
a given a l t i t u d e  the  ve loc i ty  Ls grea te r  f o r  a s t eep  YE than f o r  a shallow- 

er one. A s  l a rge r  and l a rge r  v s a r e  cousidered, t h i s  trend reverses  and 
E 

the  ve loc i ty  a t  a given a l t i t u d e  is grea te r  f o r  the s teeper  en t ry  angles.  



B. IN~UENCE OF ENTRY CORRIDOR WIDTH, LID AND DESCENT PROPULSION 

THRUST LEVEL ON LANDED MASS 

From Figure  V-1 i t  is apparent t h a t  narrowing t h e  e n t r y  ang le  c o r r i d o r  

inc reases  t h e  a l lowable  parachute  deployment a l t  i t u d r  and thus  produces t h e  

same b e n e f i c i a l  e f f e c t  i n  terms o f  inc reas ing  landed mass descr ibed above. 

Narrowing t h e  c o r r i d o r  width t o  2  degrees has been f ~ m d  t o  be p o s s i b l e  by 

going t o  o p t i c a l  guidance. Conceivably t h e  2' a n t r y  corricior csu ld  be 

narrowed even f u r t h e r .  The e n t r y  s e n s i t i v i t i e s  were discussed i n  t h e  

URDMO f i n a l  r e p o r t  (see  Ref .  1 ) .  

A h igher  L/D (Lif t IDrag r a t i o )  a l s o  produces hFgher parachute deploy- 

ment a l t i t u d e s ,  See Figure V-4, b u t  i t  causes  a s h i f t  of t h e  optimum e n t r y  

a n g l e  t o  a s t i l l  s t e e p e r  va lue  which means some of  t h e  added e n t r y  weight 

is absorbed i n  a e r o s h e l l  s t r u c t u r a l  weight. The increased ang le  of a t t a c k  

requ i red  by t h e  higher  LID a l s o  causes some h e a t  s h i e l d  weight increase .  

F i n a l l y ,  inc reas ing  t h e  t h r u s t  l e v e l  of t h e  descent  engines has been 

examined s i n c e  t h i s  causes t h e  d e c e l e r a t i o n  impulse t o  be accomplished i n  

a  smaller a l t i t u d e  span. This i n  t u r n  means t h a t  lower parachute deploy- 

ment a l t i t u d e s  can be accepted,  and t h a t  f i n i t e  burn l o s s e s  a r e  reduced. 

The t o t a l  inc rease  i n  landed weight of decreas ing  t h e  c o r r i d o r  width 

t o  2O, inc reas ing  t h e  L/D from 0.20 t o  0.25 and inc reas ing  t h e  t h r u s t  level. 

50% is shown i n  *igure V-5. It is apparent  t h a t  f o r  a  f ixed  e n t r y  weight 

on ly  r e l a t i v e l y  small landed weight inc reases  r e s u l t  from t h e  f a i r l y  l a r g e  

v a r i a t i o n s  i n  e n t r y  c o r r i d o r  width,  LID and t h r u s t  l e v e l  examined. The 

main advantage of modifying t h e s e  parameters i s  t o  s h i f t  t h e  p o i n t  a t  

which c o n s t r a i n t s  a r e  reached and thus t o  make it poss ib le  t o  use  the  added 

e n t r y  weight t o  inc rease  landed weight. The r e s u l t i n g  landed weigh t len t ry  

weight r e l a t i o n  i s  shown i n  Figure V-6. From t h i s  f i g u r e  i t  is seen t h a t  

t h e  r a t i o s  of landed mass t o  e n t r y  mass s t a y s  r e l a t i v e l y  constant  a t  about 

70% over t h e  range of e n t r y  mass evaluated.  

C. EXTENSION OF STUDY DATA TO U R G E  SYSTEMS 

The preceding ' i t a  were generated f o r  r e l a t i v e l y  small i n c r e a 5 . e ~  i n  

e n t r y  mass (10% t o  25%) r e l a t i v e  t o  t h e  base l ine  system der ived i n  Ref .  1, 

and a s  pointed ou t  e a r l i e r ,  t h i s  provides adequate increased lander  mass 

f o r  rendezvous type miss ions;  however, some of the  Shut t leITug missions of 



i n t e r e s t  involve en t ry  masses t h a t  a r e  3 o r  more times g rea t e r  than those 

of the e a r l i e r  baseline. Due t o  t he  diameter cons t ra in t  o f  the Shu t t l e  

payload compartment, however, t h e  Mars en t rv  aeroshe l l  diameter cannot 

e a s i l y  be increased much more than about 16% ( l a rge r  diameters would re- 

quirk deployable o r  assembly-in-space techniques). This means t h e  en t ry  

b a l l i s t i c  coe f f i c i en t s  may well  increase by almost a f a c t o r  of th ree  i f  t he  

f u l l  launch vehic le  capabi l i ty  is u t i l i zed .  Figure V-1 shows t h a t  a bal- 

l i s t i c  coe f f i c i en t  increase of a much smaller amount (33%) has a s i g n i f i -  

cant  impact on allowable parachute deployment a l t i t u d e .  In  f a c t ,  t h a t  

amount of increase i n  b a l l i s t i c  coe f f i c i en t  was found t o  degrade the  de- 

ployment a l t i t u d e  by the  same degree t h a t  it would be improved by increasing 

the  L/D r a t i o  from 0.20 t o  0.25. I f  even grea te r  L/I) values a r e  used t o  

o f f s e t  t he  high b a l l i s t i c  coe f f i c i en t s  the r e s u l t i n g  en t ry  angle of a t t a c k  

becomes very l a rge  (> 20') and the  aeroshe l l  afterbody no longer s t ays  i n  

the mild environment of t he  shadowed flow region. Using a sharper en t ry  

cone angle would help solve t h i s  problem, o r  the  parachute could . ?ply 

be designed t o  withstand the  higher dynamic pressure conditions incurred 

with the  l a rge  b a l l i s t i c  coe f f i c i en t  vehicles.  For such vehicles  a new 

s e t  of component weight r e l a t i ons  should be developed t o  properly i n t e r p r e t  

t he  parametric mission ana lys is  da ta  of Task 1, i.e., the  values of landed 

mass t o  entry mass f o r  such vehicles  could d i f f e r  subs t an t i a l l y  from the  

values establ ished i n  t h i s  task. Consequently i t  i s  reconanended t h a t  

systeuh design s tudies  be performed f o r  h igh-ba l l i s t ic  coef f ic ien t  c lasses  

of entry/ lander  vehicle.  
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V I  . SUMMARY OF PROGRAM AND TESHNOLOGY IMPLICATIONS 

A f t e r  a number o f  s t u d i e s  and reviews of  t h e  MSSRmission by NASA, 

i n d u s t r y ,  and t h e  s c i e n c e  conrmunity, s e v e r a l  key c o n c l u s i ~ n s  have a e r g e d :  

1. The Mars s ~ m p l e  r e t u r n  i s  a n  e x c i c i n g  mis s ion  concep t ,  one t h a t  

promises t o  ar~swer more impor tant ,  f i r s t  or i le r  s c i e n c e  q u e s t i o n s  

than  any o t h e r  unmanned v e n t u r e  t o  Mars, and one t h a t  shou ld  

and w i l l  be performed. 

2.  The MSSRmission w i l l  b e  a n  expens ive  one t h a t  is and w i l l  be 

d i f f i c u l t  t o  f i t  w i t h i n  t h e  NASA budget f o r  p l a n e t a r y  p r o g r a m .  

3,  The problem o f  adequa te ly  s a f e g u a r d i n g  a g a i n s t  back contaminat ion  

is a formidable  and perhaps even insurmountable one ,  depending 

upon t h e  a l l o w a b l e  p r o b a b i l i t i e s  f i n a l l y  ag reed  t o .  

4 .  Most o f  t h e  technology r e q u i r e d  t o  perform a minimum PlSSR 

miss ion ,  n e g l e c t i n g  t h e  p o t e n t i a l  impact o f  s t r i n g e n t  back 

contaminat ion  c o n t r o l  rcy,ul .at ions,  is i n  ha. I now. I n  f a c t ,  

much o f  t h i s  minimum miss ion  technology can be de r ived  d i r e c t l y  

from t h e  Viking program. 

At l e a s t  two p o s s i b l e  MSSR miss ion  s c e n a r i o s  p r e s e n t  themselves:  

1. The c o n s e r v a t i v e  p l ann ing  a p ~ r o a c h .  Ailow t h e  r e s u l t s  of  t h e  

Viking'  75 l a a d i n g s  and o f  a p o s s i b l e  follow-on Mars miss ion  i n  

1981 t o  be eva lua t ed .  Then plhn an MSSR miss i an  f o r  a 1938 

launch t o  c a p i t a l i z e  on the  f a v o r a b l e  Ea r th  t o  Mars launch/  

a r r i v a l  performance requi rements  oZ t h a t  oppor tunicy .  This  

approach would probably be most compat ib le  w i t h  NASA budget 

p r o j e c t i o n s  and is i n  f a c t  t h e  mis s ion  t iming c u r r e n t l y  i n  t h e  

NASA p l a n e t a r y  miss ion  model. 

The cho ice  of micq'on mcde f o r  per forming t h e  MSSR i n  1988 can 

proceed from ~ w o  s e t s  of  l o g i c .  On t h e  one hand t h e  probablc  

a v a i l ~ b i l i t y  o i  t h e  Shu t t l e /Tug  lallr,ch system makes i t  p o s s i b l e  

t o  use  heav ie r  s p a c e c r a f t  e lements .  This  wouid a l l o w  e i t h e r  

s h o r t  t o t a l  miss ion  t imes ( c . g . ,  ?31  ~ : n y ~ )  o r  the  s imp le r  I ~ u t  

h e a v i e r  m i s e ~ o n  modes such a s  tb- d i r e c t  r e t u r n  wi thout  Mars 

o r b i t  rendezvous. 

VI-1 



On t h e  o t h e r  hand, t h e  l a t e r  launch d a t e  (1988) should  a l low 

technology development t o  suppor t  t h e  l i g h t e r  weight Mars o r b i t a l  

rendezvous mode wi th  a h igh degree  of canfidenc.\.  

It would seem that t h e  more e n e r g y - e f f i c i e n t  MOR mode would be t h e  

choice  over  t h e  b r u t e  f o r c e  c ' i r ec t  r e t u r n  technique,  g iven the. 

a v a i l a b i l i t y  o f  r e l i a b l e  rendez%.nus and docking technology. A l s g ,  

t h e  MOR mode o f f e r s  s i g n i f i c a c t l y  b e t t e r  c o n t r o l  o f  back con- 

tamination. 

2. The Mars-emphasis p lanning approach, I f  t h e  r e s u l t s  o f  t h e  Viking 

' 7 5  landings  were s u f f i c i e n t l y  s p e c t a c u l a r  t o  s t i m u l a t e  a n  in ten-  

s i v e  program of %rs e ~ p l o r a t i o n ,  an  MSSr? missiqn could  be flown 

a s  e a r l y  a s  t h e  1981 o r  t h e  1983/84 o p p o r t u n i t i e s .  These e a r l v  

miss ions  w u l d  probzbly emphasize t h e  use  of proven hardware 

concepts.  This a g a i n  w u l d  probably favor  the  MOR mode because 

such a miss ion could be der ived from Viking technology. 

The r e s u l t s  of t h i s  s tudy ,  t h e r e f o r e ,  r ea f  f j r m  t h a t  MOR-rela ted tech- 

nology developments, p a r t i c u l a r l y  those  i n  t h e  a r e a s  of remote rendezvous 

a lgor i thm development, rendezvous sensor  developmeat, and mul t i -degree  of  

freedom experimental  docking s imula t ion  would l a t l y  b e n e f i t  t h e  accom- 

plishment of t h e  sample r e t u r n  miss ion no mat te r  when it is flcwn. Addi- 

t i o n a l  a r e a s  have been i d e n t i f i e d  where new technology developments could 

f u r t h e r  improve miss ion performance, reduce c o s t s ,  o r  inc rease  miss ion 

success.  These a r e a s  which suppor t  back contamination c o l ~ t r o l ,  increasir.g 

t h e  landed weight,  and r e t r i e v a l  of t h e  sample from Earth o r b i t  are sutn- 

marized as follows: 

1. Development of " p l a s t i c  bag" s e a l i n g  t echr iques  t o  minmize  

contamination of sample con ta ine r  e s i e r n a l  s u r f a c ~ s .  

2. Development of  b i o s h i e l d i n g  techniques f o r  the  Mars a s c e n t  

v e h i c l e  upper s t a g e  t h a t  a r e  compatible with autopornous launch 

opera t ion .  

3. Opt ica l  guidance t o  decrease  Mars e n t r y  ang le  d i s p e r s i o n s  (tc 

improve landed weight) .  

4. Development of  metho ls f o r  extending Mars e n t r y  capsule  a r ~ r o s h e l l  

diameter a f t e r  separq t ion  from S h u t t l e  launch v e h i c l e  ( t o  improve 



landed weight capabi l i ty  vhere massive landers a r e  involved, e. g. 

d i r e c t  re turn  missions 1. 

5. Shut t le  manipulator arm m d i f  fca t ion  f o r  sample capsule docking 

or  capture. 

Recommended areas  f o r  fu r the r  sample r e tu rn  s tud ie s  include: 

1. Development of de t a i l ed  requirements fo r  Phrs rendezvous sensors. 

(Study s e n s i t i v i t y  of rendezvous performance t o  sensor tccuracy 

and range capabi l i ty .  ) 

2. Earth re turn  v e h i ~ l e  design. 

3. Earth o r b i t  capture--rendezvous and docking modes and a l g o r i ~ h m  

development . 
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APPENDIX A 

The range of r i s r i o n  p e r f o m a c e  parameters f o r  the  key mission wdes  

[dual launch, out-of -orbit,  W& s ingle  launch, out-of -orbit,  l4Ok and 

s ing le  launch, d i r e c t  entry, X9R) a r e  presented i n  Tables A-1 through A-6. 

Tables A-1, A-3, and A-5 a r e  t o r  minimum t ime missions and A-2, A-4 and 

A-6 f o r  missions which afford maxim& ERV weight margin. The parameters 

are defined as f 01 lows : 

2 2 
c 3 ~  

2arth launch energy (km /sec ) 

m*n h m r b o l i c  excrss veloci ty a t  Mars ( W s e c )  

D U  declination of outgoing asymptote f r a  Earth (deg) 

Avno~ liars o r b i t  inser t ion  veloci ty change (lum/sec) 

2 2 
c3t4 Mars launch energy (km /sec ) 

WE hyperbolic excess veloci ty a t  Barth r e t m  ( k d s e c )  

"~01 Earth o r b i t  inser t ion  veloci ty  change (kaw'sec) 

AvTB~ trans-Earth in jec t ion  veloci ty  change (km/sec) 

&rs-Earth transf er angle (deg) 

The range of parameter values presented i n  the tables do not  exactly 

correspond t o  the t o t a l  range fo r  the viable missions. The l a t t e r ,  however, 

a r e  contained i n  th former. Complete launch/encounter grids f o r  these 

paraaeters and others a r e  available a t  mCI upon request. 

Several in teres t ing  features of the data should be pointed out. As 

expected, the  Earth-to-Mars legs for  both the minimum time missions and 

the  max- RRV weight missions optimizes with the same Earth launch/ 

Hars encounter vindow. The primnry difference i s  in  the Mars-Earth leg 

and par t icular ly  i n  the time the ERV departs Mars for  Earth. By comparing 

A-1, -3, -5 with A-2, -4, -6, respectively, it can be seen tha t  +.he potential  

ERV weight margin is spent on AVmI and AVgOI i n  order t o  shorten Earth- 

return t r i p  time. Large AVEOI maneuvers a r e  possible because of the very 

l i g h t  (20 kg) entry capsule. For example, the 5.03 h l s e c  AVm1 f o r  the 

1986 Yype I Tug missfon (Table A-1) can be accomplished with -47 kg of 

propellant. 



Table  A-1 Dual Launch, Out of Orbit, MOR: Minimum Mission T i m e  

C V l ' ~ ~  

2.93 
5.38 

--- 
2.62 
4.99 
2.93 

V h P ~  'ME 

150.4 - 
190.7 

--- 
175.1 
194.7 , 
185.1 

i 

fear 

1981 

1983/ 
19dr 

* Constraint violated over the entire Earth launch window. 
** Constrdint violated over a portion of the window. I 

Minimum 
Missior 
Time 
(Days) 

**a52 

--- 

*kt370 

**900 

**865 

--- 

898 

928 

--- 
140 

--- 
I 

,, 

I 

14"o 

I 

5.38 '194.5 

*'EOI C3K Type 

I 

. 

L 1 

I 

2.10 
3.13 

--- 

07/79/88 10?/15/89 
07/09/88 (06/05/89 5 9 

--- 

0 

--- 

102 

2 

C 3 ~  

12.66 
25.88 

--- 
8.90 
16.82 
8.94 
11.77 
14.78 
70.26 

--- 
8.78 
10.52 
10.59 
12.81- 

* 462 

**882 

""761 

ERV 
Margin 
(kg) 

31 

--- 

36 

2 0 

3 1 

--- 

22 

2 0 

Earth 
Launch 
Date 

2.79 
6.16 

- -- 
2.40 
6.32 , 2.06 
6.26 
1.89 
3.08 

-- 

v h p ~  L/V 

IUS 
: 

T3E 

I 

13E 

JUS 188.6 
198.1 

--- 

i .  

I L  

**751 

--- 

**780 

--- 

**756 

906 

1358 

Tug 

T>'.. 

l b g  

I 

03/31/86 10/01/86 
04/20/86 10/11/86 
05/10/86 1 11/10/86 
05/30/86 01/09/87 
06/20/86 ' 06/06/87 
07/10/86 107/26/87, 

Stopover 
Time 
(Dcl~s) 

240 

--- 
lS0 

230 

--- 

250 

Mars 
Arrival 
Date 

7.48 
12.60 

--- 
6.77 
12.69 
7.48 
12 60 
5.76 
7.98 

--- - 

Tug 

T3t 

lug 

5.03, 4.94 ,188.6- 
, 3.69 ' 4.35 1 141.0 

66.39 

I I 1390 

I IL 
I 

480 

loo 

59 

O 

8 

3.95 1 - 0.6 

I 
I 

i I 

2.10 '188.6 

10.94 0.86 
1.15 

16.12 

T3E 

Tug 

T3E 

3o 

320 

50 

1.46 12/25/31 
01/14/82 12.35 

--- 
3.71 
4.40 
3.13 
3.53 
3.75 
7.09 

T3E 

Itib 

T3E 

4.55 
4.88 
3.60 
3.90 

3. L3 
1.85 
6.39 

55.79 1 8.96 
2.21 07/29/88 1 07/15/89 , 48.52 1 4.85 , 71.72 28.18 1 19.86 : 15.95 164.6 

33.17 08/17/82 
09/06/82 

2.01 
2.25 
1.37 
1.54 

-61.1 

--- 
18.8 
49.0 
17.3 
44.9 
-24.1 
-65.4 

- 3.1 
23.1 
3.2 
29.5 

196.1 
183.7 
202.9 

; 13t 1 947 j 13 

-48.1 

2.72 

--- 

1.50 
1.81 
1.12 
1.47 
2.15 
3.10 

--- I --- 
1 

-47.8 
-60.7 
-26.8 
-42.7 - 8.6 
-58.0 
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1.07 --- 
5 2  
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4.00 
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10.74 --- 
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54.16 

04/11/86 '01/17/87 
05/01/86 101/;7/87 

2.2 1 1-63 
-15.5 , I .8(. 

28.7 
, 18.83 3.24 

8.79 

--- 
1.45 
1.91 
1.09 
1.33 
1.47 
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--- 

-- 

11.72 
8.52 
18.92 
17.49 
51.13 

3.50 i 273.5 
3.91 305.1 

- 4 190.6 ' 

17.24 
30.36 --- 
11.69 
8.59 

8.37 
12.46 

07/09/88 102/05/89 

15.8 
, 37.3 63 

27 

' lug 
- 
T3t 

--- I --- 
28.1 / 0.67 

1.3 

62.48 1 4.79' 1.46 ! 4.73 ; 159.0 
70.01 ! 14.26 1 7.55 8.15 170.1 

--- 1 --- - t --- --- 
I --- 

80.6.2 i 8.18 : 3.51 : 5.71 ' 186.0 
46.81 ! 44.69 1 35.65. 26.71 201.3 
28.97 ; 3.12 0.89 i 2.46 190.6 ' 

1 45.66 6.86 7.01 3.75 . 235.4 - 

-- -- --- 
1 I 

09/09/90 04/17/91 119.65 

.-- 

74.65 

--- 
28.80 
66.66 
24.53 
74.65 
21.84 
36.08 

--- 

-- 

26.08 
18.62 
95.33 
41.69 
48.30 
28.65 

21.84 5.76 

4.20 
3.18 
3.76 
4.74 
5.33 

11.93 
2.61 
3.43 

7 8 
:7::;::8 [02/25/89 

0.77 
1.00 

731 

811 

--- 
2.33 

--- 

' 1.89 

235.5 
mr 
170.7 , 

12.1 ' '.55 
16.1; 1 i.97 

--- I --- --- 

09/29/90 / 05/27/91 1 31.87 , 3.02 ! 60.8 1 1.03 

12/17/81 11/02/82 
Oi/U6/82 111/22/82 
11/27/81 f10/03/82 
12/17/81 110/23/82 

7.98 
5.11 
13.47 
10.74 
12.34 
6.78 

1.12 j 136.8 
1.17 j 177.6 --- --- 

- 4.92 ' 151.7 
-- i 4.29 159.3 0.76 12.19 

-- 

02/29/84 
03/20/84 

3.08 
1.60 
6.93 
5.03 

;::; 

10/03/84 
11/02/84 

14.85 
2.41 
- ?.64 

40.69 1 8.88 

2.52 

- - 

32.64 
60.99 

9.2 

--- --- 
1 

08/24/90 07/19/91 
09/13/99 08/28/91 
09/03/90 109/07/91 I 1 09/23/90 , 10/17/91 

-- 

7.96 
22.76 

1 

14.96 1 2.68 j 8.4 1 0.84 
44.32 1 8.47 1-60.9 1 5.23 
14.38 ' 2.92 i - 6.5 0.97 

, 20.95 1119 17.2 1.24 

-- 
01/27/84 ]11/30/84 
02/16/84 1 12/10/84 
12/28/83 
01/17/84 

10/11/84 
10/21/US 



Table A-2 Dual Launch, Out-of-Orbit, MOR: Maximum ERV Weight Margin 

I Year 
I 

1 

/ 1981 

1 
I 
7- 

I 
I 
I 

19831 
1984 

I 
i 

T3E ** 14 938 480 05/10/86 0 1 ~ 1 9 ~ 8 7  =).)1-22.81.48- 3.44 ' 1 198b . 05130186 3.87 -42.1 1.55 21.87 13.86 7.23 7.76 193.0 

Tug 872 921 
04/21/86 01/17!i7 8.37 3.87 2 . 2  1.55 19.77 3.84 1.11 1.9% 198.6 

I I1 - 3L0 
05/11/86 01/27/87 9.91 4.05 -37.7 1.72 22.76 4.41 1.32 2.18 223.2 

I T3E 48 957 4i0 04,'21/85 01/17/87 8.37 3.87 2 . 2  1.55 10.14 3.11 0.89 1.12 
05/11/86 01/27/87 9.91 4.13 - 3 7 . 7  1.72 22.07 12.43 6.8s 

Tug 1351 921 
06/29/88 61/16/89 11.67 2.61 8.5 0.81 33.01 3.01 0.86 1 410 
07/19/88 01/26/89 13.12 2.75 23.8 0.86 36.05 3.72 1.07 

T3E 313 976 
1 3 9 4  2.55 9.8 0.77 13.64 3.12 0.89 0711918R 021251a9 21:13 2.64 2 .  0.82 14.40 3.26 0.94 480 

08/08/88 

Tuf 890 986 07/19/88 07/25/89 '17.92 3 .50)  1.5 1.31118.50 3.59 1.03 

I1 - 33c 08/08/88 08,'04/89 21.16 3.10 -20.3 1.43 1 2 8 . 0 0 1  - 5.00 1.55 

T3E --- --- --- --- --- ' -.- -- --- --- -..- 

960 
17.82 3. .;A i 13. 

I - 
--.. --- 

03118191 19.56 3 :::: . 1 5 .  :::: :::: i::: 
966 

--- .9 i ;:;: 3 . 2  
8:04/9C 07/09/91 17.8) 2.51 -17.0 0.75 13.96 ' 7.88 I 0.83 1.46 204.5' , 976 3 2  :8/24/90 j 07/19/91 20.99 , 2.72 6.6 ' 0.97 ' 19.22 3.47 0.89 : 1.90 I 237.2 , 

** Constrarnt  v io la ted  over a por t ion of the wind~w - 

Max. 
ERV 

Margin 

*A279 

--- 

783 

314 

**348 

--- 

496 

1 2 3  

* i 3 ~  

lype 

I 

11 

L -  

- 

I I 

I 

Hission 
Time 

382 

-- 

1020 

1010 

L / V  

[US 

T3E 

IL'S 
- 
T3E 

IUS 

T J t  

LUS 

T ~ C  

rug 

Earth 

Date 
Launch 

12/25/81 
01/14/82 

-- 
11/!7/81 
12/07/81 
11/17/81 

Stopover 
Time 

420 

--- 
380 

360 

945 

- - 

Mars 

Late 
Arr ival  

08/07/82 
08/27/82 

-- 
09/13/82 
09/23/82 
09/13/82 

--*---- 

--- -- -- --- --- --- --- 

C3E 

10.21 
25.88 
--- 
9.33 

10.92 
9.18 

1008 

1004 

902 

380 01/07/84 10/11/84 11.69 3.92 29.2 1.58 11.95 4.43 1 ,54  

05/10/86 11/?0/86 9.89 3.25 -60.0 1.16 21 .I1 21.40, 13.64 11.80 193.2 

V'hh 

3.95 
7.71 
--- 
3.06 
3.20 
3.06 

DLA 

- 0 . 6  
-44.2 
--- 
17.5 
40.7 
12.0 

C3* 

5.85 
7.19 
--a 

6.04 
7.19 
6.41 

CVMOI 

' 1 . 4 8  
2.38 
--- 
1.05 
1.13 
1.05 

VhpE 

4.48 
5.39 
-- 
4.48 
5.39 
4.35 

AVEOI 

1.34 
1.72 
--- 
1.34 
1.72 
1.29 

aviEI 
0.71 
0.84 
--a 

0.73 
0.84 
0.77 

rjME 

202.5 
230.8 
--- . 

206.9 
230.8 
201.7 





Table A 4  Single Launch, Out-of-Orbit, MOR: hxhaum ERV Weight Margin 

7 Max. Earth 
Mission Stopover Launch , year Type L/V ERV Time Margin Time Date 

I I 

! 
I I 

I 1981 

i IUS 1020 
11  17 81  

370 12/07/81 

I I I IUS I --- I -- I --- I -- 

Tug --- -- --- -- I I .  I 
1 T3E --- ! -- --- --. 

1 

Tug 913 i 921 

- 
06/29/88 

I 
I r 

410 07/19/88 

I l 8  I 
Tug 461 1 986 

07/19/88 
330 08/08/88 

I 

I 

Tug **453 960 
08/20/9iJ 

I I f  
450 1 09/09/90 

I 

I 

Tug 917 966 
08/14/90 

280 1 09/03/90 
1 

Mars 
Arrival  

Date 

L i 1 1 I I 

* Constraint v io la ted  over the e n t i r e  Earth launch window. ' -7 
** Constraint v io la ted  over a portion of the window. - 



Table A-5 Single Launch, Direct Entry, MOR: Ninimum Mission Time 

I * Constraint v io la ted  over the e n t i r e  Earth launch window. 
, ** Constraint v io la ted  over a portion of the window. ! 

AllHoI 

1 . 4 8  
2.38 
--- 
5.85 
6 .00  

I 

Year Type 

1 I 1 ,  
I 

L981 

C3M 

12 .32  
15.64 
--- 

33.94 
53.30 

L/V 

IUS 

' r 3 ~  

IUS 

T3E 

U S  

T 3 E  

IUS 

7 T 

Stopover 
Time 

( - y s )  

300 

--- 

290 

270 

--- 

320 

1 *-  

1 
l i .  
I 

19831 
198% 

P 
I 
QI 

- 
--- 

30 

--- 

3~ 

--- 

Minimum 
Mission 

Time 
(Days) 

**922 

--- 

890 

980 

VhpE 

3.92 
4.89 
--- 
7.48 

10 .33  
1 .05  

--- 

1 . 1 3  
1.47 
1 . 9 3  

1.56 

--- 
2 .13  

1 .29  
1 . 5 3  
--- 
2.19 
2.36 
--- 
0 .76  

0.82 

1.00 

1 .28  
1.54 
--- 
0.99 
1 . 3 6  
--- 
0.97 

t R V  
Kargin 

(kg) 

2 1 

--- 
1 8  

1 
I 

3.89 

--- 

4.10 
5 . 1 1  

13.47 

4.35 

--- 
5.28 

9.47 
14 .55  
--- 
4.64 

14.29 
--- 
--- 

3.28 

10 .82  

8.07 
28.18 
--- 

a:;; 
--- 
5.35 

14.26 
--- 

10 .47  

--- 

11 .58  
18.62 
95.33 

14 .75  

--- 
1 7 . 7 1  

37.13 
66.95 
--- 

22.83 
42.60 
--- 
--- 

13.91 

61.14 

53.72 
80.84 
--- 

61.36 
68.03 
--- 

1 63.38 

I 
I 

AVEOI 

1 .14 
1 . 5 1  
--- 
2.79 
4.60 

Earth 
Launch 

Date 

12/25 /81  
01/14/82 

1 . 2 0  1 89.76 
1 --- --- 

VhpM 

4 .31  
5.04 
--- 
3.27 
3.53 
3.06 

--- 

3.20 
3.75 
4 . 4 3  

3 .89  

- 
I 

AVTEI 5,% , I 
I 

1.32 2 0 1 . d  
1.60 2 2 0 . 4 1  
--- 
2.98 1 8 1 . 1  
4.21 190.7 

1,;3 

I 

**Be5 1 25 

, 

110 

4 80  

3, 

I 

DLA 

- 0 . 6  
-44.2 
--- 
1 7 . 3  
39.2 
1 2 . 0  

--- 

40.7 
-23.6 
-58.1 

1 . 7  

--- 
4 .71  

3.47 
3.84 
--- 
4.79 
5.02 
--- 

1 .15  210;l 

--- 
19.67 

8 . 2 1  
9.42 
--- 

18.05 
25.32 
--- 

Mars 
Arrival 

Date 

08/07/82 
, 08/27/82 

--- 

-- 
02/06 i84  

04/10/86 
04 /30 /86  

-- 
06/20/86 
07:10/86 

-- 

T 3 E  

I 

741 6 1  

- -- 
43.2 

-45.5 
-58.2 
--- 

- 8 . 6  
-37.9 
--- 

2.52 

2.64 

2.97 

3.45 
3.86 
--- 

13.20 

13.94 

1 6 . 0 3  

1 7 . 3 1  
25.03 
--- 

CIE 

1 0 . 2 1  
25.88 

--- 

-- 
( 11/20/84 

10 /11 /86  
10 /21 /86  

-- 
06/26/87 
07/26/87 

-- 
07/09 /88  

07 /19 /88  

07/29/86 

07/29/88 
08 /18 /88  

- - 
- 

--- / --- 

1 0  

--- 

0 

--- 

Tug **462 

T3E --- 

1 ' 
6:; [ 986 , 6 

1988 
Tug ' 761 25 

I 
I I 

37 .3  

24.6 

12.2 

4 .3  
-27.9 

I --- 

--- --- 

17 .82  
24.07 
--- 

14.60 
20.95 
--- 

--- 
8 .94  

10.24 
9.18 

--- 

11 .21  
11.65 
20.25 

9.14 

- - 
1 1 / 2 7 / 8 1  
1 7 / 1 7 / 8 1  
11;17/81 

-- 

12/07 /81  
02/19/84 
03 /10 /84  

**go8 ) 3 

02/15/89 

02/25/89 

02/22/89 

07/15/89 
09 /13 /89  

-- 

I 

T3E --- 1 --- 
I ! 

2.96 ' 36.2 

1.20 

-- 
10/13 /82  
10!23/82 
09/13/82 

-- 

10/03 /82  
09/13/84 
10 /03 /84  

03 /18 /91  
04 /14 /91  

- - 
09/07/91 
09/17/91 

-- 
1 

--- 
Tug **81o 44 

! I I 1 T3E --- --- 
3.58 
--- 
2.92 
3.32 
--- 

--- I 1 . 2 5 ,  224.5 

01 /17 /84  i 10/31/84 

T3E 

62.8 
--- 
10.8 - 6 .5  
--- 

--- 

zoo lM:20/90 
39/09/90 

1 . 6 0 1  1 .85  188.6 
6 .93  1 6.39 2 ! 9  

1 
1.29 1.54 3 5 . 2  --- 4 
1.67 1 .69  212.8 -I 

--- 4 4.02 i 3.23-105;9 

--- 
--- 

--- 
68  30 

, T3E I --- 1 --- , --- 

0.94 1 1 . 4 5  
I 

- - 
09/03/90 
09 /23 /90  

-- 

226.0 

3.14 1 4 .23  ? 142.3 
15 8 6  1 5  95 1 7 4 . 1  

- -I-- -- - ml ;- - .03 196.0 
--- ,- - 4  1.70 i 5.14 ~ 5 6 . 5  I 

7 .55 : 8 .15  1 186.0 
I 

I --- --- 
1 --- 



Table A-6 Single Launch, Direct Entry MOR: Maximum ERV Weight Margin 

I ' Max. ?fission Stopover Earth Mars 
, year ! rype i LIV I ERV I Tim I Time 1 Launch Arrival 

i 1 Yarain Date Date 

/ Tug **lo86 922 
04/20/86 11/10/86 8.37 3.15 

I I .  

380 05/10/86 11/20/80 9.89 3.25 
I 

Tug 682 921 
04/21/86 01/17/87 8.37 3.87 

I I 
33,0 05/11/86 01/27/87 9.91 4.13 

I I 1 

Tug , 1076 921 
06/29/88 01/16/89 11.67 2.61 

1 ,  
1 410 

07/19/88 01/26/89 13.12 2.75 
r I 

I 

Tug 664 986 
37/19/88 07/25/89 17.92 3 -50 

I I 
330 08/08/88 08/04/89 21.16 1 3.70 

I T3E, --- -- --- -- -- --- 1 --- 
I 

Tug ""654 960 
17 82 3.54 08/20190 03/18/91 19:56 1 3.58 I .  450 1 09/09/90 

I 

1990 1 1 
Tug 1076 966 08/14/90 07/29/91 15.96 2.61 

II 
280 09/03/90 08/28/91 19.77 3.04 

I I I / T3E I --- I -- I --- ( -- 1 -- 1 --- ; --- 
I 

* Constraint v io lated over the ent i re  Earth launch window. 
** Constraint v io lated over a portion of  the window. - 



The as ter i sks  i n  the tables (colrrmn 4) c a l l  a t tent ion  to  DWL constraint  

violations. A s ingle  a s t e r i sk  means tha t  the constraint  is violated over 

the e n t i r e  Earth launch window. Double a s t e r i sks  denote a v io la t ion  ove. a 

portion of the window. The DLA i s  l imited t o  the in terval  -40.3 c DLA < 40.3 

because of the 60' t o  120' launch azimuth requirement a t  Cape Canaveral. Only 

the 1986/Type I/Tug mission is eliminated due to  t h i s  constraint .  

The 8 s f o r  the  minimum time missions a r e  generally smaller than the HE 
s fo r  the corresponding maximrmr ERV weight margin missions. The smaller 

t ransfer  angles mean shorter  missions but again the pr ice  i s  paid i n  terms 

of t ra jec tory  mismatch a t  Mars launch and Farth a r r iva l .  Some 8 s f o r  ME 
minimum time missions a r e  la rger  however (e,g. 1983/4/~ypt: IIIIUS, 19861 

Type 11'Pug). These a r e  the f a s t  Type I1 Earth ie turns  where the  t ransfer  

t ra jec tory  dips below the Earth's o r b i t a l  radius. 



APPENDIX B 

ERV NON- PROPULS IVE MASS 

In  Task 1 of Contract  9540205, Mars Sur face  Sample Return Tradeoff 

Studies ,  we a r e  t o  examine t h e  performance requirements f o r  t h e  launch 

years  1981, 1983184, 1986, 1988 and 1990, t o  determine which mission 

modes a r e  most f e a s i b l e  and appropr i - te  f o r  each opportuni ty .  This in- 

formation w i l l  provide inpu ts  t o  t h e  NASA mission planning process.  

Our approach w i l l  be t o  examine oppos i t ion  and conjunct ion c l a s s  

miss ions ,  Mars o r b i t a l  rendezvous and d i r e c t  r e t u r n  modes, and d i r e c t  

e n t r y  and o u t  of orbi"anding techniques t o  determine which choices  o r  

combinations a r e  most compatible wi th  t h e  performance requirements and 

t h e  a v a i l a b l e  launch sys  tans .  

One assumption r e q u k e d  i n  i n i t i a t i n g  a sea rch  f o r  such compatible 

mission p r o f i l e s  i s  an  e s t i m a t e  of t h e  non-propulsive mass of t h e  Ear th  

Return Vehicle (ERv) incluuing t h e  Ear th  e n t r y  capsule  o r  Ear th  o r b i t  

i n s e r t i o n  capsule.  The d e f i n i t i o n  of an ERV conf igura t ion  has n o t  been an  

o f f i c i a l  p a r t  of our previous MSSR c o n t r a c t  s t u d i e s  a l though some pre- 

l iminary s i z i n g  e x e r c i s e s  have been performed. 

This t echn ica l  n o t e  w i l l  summarize t h e  va r ious  approaches which have 

been s p p l i e d  i n  e s t a b l i s h i n g  t h e  s i z e  of t h e  ERV and w i l l  racomnend a non- 

propuls ive  weight t o  be used i n  Task 1. 

The mission base l ine  i n  our  previous s tudy  assumed an  ERV with a dry  

mass of 105 kg,  c a r r y i n g  130 kg of p ro?e l l an t  and a 28 kg  ECC. This con- 

f i g u r a t i o n  was based on an e a r l y  ve rs ion  of t h e  Pioneer Venus s p a c e c r a f t  

t h a t  was t o  have been compatible with  t h e  Thor Delta launch veh ic le .  To 

meet t h e  263 kg t o t a l  w e t  mass, PV components a r e  used f o r  t h e  most p a r t  

but  a new more e f f i c i e n t  spaceframe s t r u c t u r e  would be requ i red .  Removing 

the  propulsion i n e r t s  (31 kg)  br ings  the  non-propulsive (with t b e  EEC) 

mass t o  102 kg. 



B. MODIFIED W/ATLAS m A U R  CONFIGURATION 

Sumnary mass sta tements  f o r  two vers ions  of modified Pioneer Venus 

o r b i t e r s  of t h e  later A t l a s  Centaur class a r e  shown i n  Table B-1 below. 

The minimally modified system (Version A) uses  t h e  b a s i c  W conf igura t ion  

fram which some non-essential  s t r u c t u r a l  elements have been removed. The 

maximum modif icat ion Version B incorporates  a reduced s p a c e c r a f t  diameter 

fram 2.54m t o  1.8m t o  improve s t r u c t c z a l  e f f i c iency .  I n  both t h e  A and B 

ve rs ions ,  t h e  subsystems and components no t  required f o r  t h e  MSSR mission 

were removed. The non-propulsive masses of Versions A a d  B are 177 kg 

and 164 kg r e s p e c t i v e l y  inc lud ing  28 kg f o r  t h e  EEC. 

C. JPL/LRC S'lWFl CONFIGURATION 

The s tudy  of t h e  d i r e c t  r e t u r n  MSSR miss ion performed by a JPL/LRC 

team i n  1974 assumed an  ERV mass o f  169 kg broken down a s  shown i n  Table 

B-2. Removal of p rope l lan t s  and propuls ion d ry  ,vteight y i e l d s  a non- 

propuls ive  mass of 58 kg. Adding the 28 kg f o r  t h e  EEC br ings  the com- 

p a r a t i v e  mass t o  86 kg. 

D. PIONEER 10/11 

The Pioneer 10 and 11 v e h i c l e s  weigh 270 kg a f t e r  e l imina t ion  of 

sc ience (30 kg), p r o p e l i a n t s  (27 kg) and propuls ion system dry weight 

(approximately 1 3  kg). The non-propulsive mass becomes approximately 

200 kg. Adding 28 kg f o r  t h e  EEC brings  the  t o t a l  t o  228 kg. 

E. HELIOS 

The Helios s p c c c r a f t  mrds is 364 kg including 55 kg of sc ience  

'nstruments. The non-proyr!lsive mass would be  approximately 265 kg. 

Adding t h e  EEC (28 kg )  brir,gs t h e  t o t a l  t o  293 kg. 

F. PIONEER 6/9 

These smal ler  in terpl -anetary  v e h i c l e s  weighed 62 kg including 25 kg 

of sc ience.  Non-propulsive mass would be about 30 kg. Attaching 8 28 

kg EEC would brirlg t h e  t o t a l  non-propulsive mass to  58 kg. 



Table B-1 Pioneer venur Based ERV Mas8 Breakdown 

Element 

Connnunica t i.tns 

Data Handling 

Control  

S t r u c t u r e  

Power 

Propuls ion 

Contingency 5% 

Tota l  ERV Dry 

Ear th  Entry Capsule 

Total  Eft'.' Dry + EEC 

RCS Prope l l an t  

Liquid Prope l l an t  

Sol id  Rocket Motor 

ERV Gross 

SYSTEM - 

Mass - k~ 

Verefon A Version R 
(hlin Mod) _(Max Mod) 

10.50 

7.44 

10.42 

87.40 

25.20 

19.60 

8.04 - 
168.60 

. 28.00 

196.60 

6.00 

SO. 30 

138.80 -- 
391.70 

Table 8-2  JPL/LRC ERV Mass Breakdown 

S t r u c t u r e  

Propulsion and A t t i t u d e  Control  

Teleconununications 

Power 

Data Handling and Command 

Pyrotechnics 

Cabling 

Temperatitre Control 

Elechanisms 

TOTAI. 

Ni\SS (kg) 



The maseer of a31 t h e  vehicles  diecussed a r e  p lo t ted  i n  Pigure B-1. 

Several Mariner claee vehicles  are also shown. A f i gu re  of 165 kg is  

recoaarended a s  the reference ERV mas8 s ince  it is cloee t o  t he  cen t r a l  

value for the  designs which have had the  benef i t  of moat de t a i l ed  s tudy 

and which a r e  compatible with the  s e l ~ c t e d  Earth o r b i t  capture module. 



' 1  Recosllllended W V  

" Mass - 165 kg 

Figure &1 Non-prop.ilsive Xass of Interplanetary Cruise Vehicles 

(Includds 28 kg for mrth Entry Capsule) 



Our earlier study of  HSSR f o r  JPL was di rec ted  t o  consider a mission 

character ized hy r e l a t i v e l y  constrained per forwmce-a  s i n g l e  *?itan I I IEf  

Centaur launch appl ied  t o  t h e  w i g h t  requirements of  a r r l t i p l e - twdu le  

spacecraf t  designed t o  accomplish a va r i e ty  of c a p l e x  phases in  o r b i t  a t  

&rs. The basel ine u h i s  was developed t o  achieve mission f e a s i b i l i t y  

required the  se l ec t ion  of c e r t a i n  fea tures  which u w l d  have preferably been 

awoided ia a l e s s  r e s t r i c t e d  weight eavirolooent, notably d i r e c t  en t ry  land- 

ing, small weight reargins assigned t o  t h e  IIAV, and an op t imi s t i ca l ly  lw 

weight a l l oca t ion  t o  t he  ERV l imi t ing  its f l e x i b i l i t y  t o  return-to-Earth, 

hence l imi t ing  landing s i t e  acces s ib i l i t y .  

When the  more a t t r a c t i v e  perforeance of fered  by a dual  T i t an  launch 

can be considered, opt ions are opened which lead t o  a more realistic 

mission baseline, By div id ing  t h e  1 a n d e r l W  and ERVmodules between 

separa te ly  launched spacecraf t ,  t he  weight c r i t i c a l  na ture  of t h e  s i n g l e  

launch 1981 opportunity is eliminated, and the  1983!84 Mars opportunity 

can be recons i c  x e d  f o r  MSR. Host importantly, dual launch allows the  

design of out-of-orbir landing, permitting the  lander  t o  w a i t  out  any 

troublesome Martian weather while the landing s i t e  is c e r t i f i e d .  For 1981 

launches, s u f f i c i e n t  performance e x i s t s  t o  basel ine a Viking-type landing 

o r b i t  of 24.623 hours, planet  synchronous, while i n  19C3/84 a l a rge r  

5-day synchrono& landing o r b i t  would b~ required f o r  ample weight a l l o -  

ca t ion  t o  the  lander/NAV a t  entry. Both designs accnunt f o r  much l a r g e r  

and heavier ERV de f in i t i ons ,  and incorporate reasonable growth margins 

on a l l  vehicles.  

B. DISCUSSION 

ERV Siz ing  - Current dzsigns defined i n  the  MSSR study of t h i s  vehic le  

c a l l  f o r  a 100% increase i n  non-prcpulsive weight returned t o  Earth over 

t ha t  considered i n  the e a r l i e r  baseline. Payload f o r  re turn  now i n c l u d ~ s  

172.9 kg f o r  useful  EF' . ..t (with 20% contingency), 21.2 kg f o r  the  f u l l  

survival  EEC, and 6.0 kg of ACS propelLant, fo r  a t o t a l  retqlrn payload of 



210.1 kg. propulsion sptm accapl i sh  trans-Earth W e r t i o a  (=I) 

& W i n e d  .nB baselined i n  the LgSB study. A sol id  rocket -tor dues 

the initial AV from circular rmd- orb i t  t o  the iarge ellipse (2200 

by 100,000 h n l l p ) ,  After i t8  jettison, a l iquid s y s t a  docs a l l  

remaining burns. 

In developing EBY propulsioa s y s t a  s i ze  for  19E1 and 1983/84, the 

follovfng AV -1- were s a s d .  Starting from a 22W km circular ren- 

dezvous orbit ,  the solid ro tor  mt generate 1044 dsec t o  achieve the 

100,000 h apoapsis altitude. The liquid s y s t a  thea trims periapsis t o  

1000 h w i t h  22 dsec, and f iaal ly  transfers t o  the Earth return trajectory 

w i t h  6bl dsec in 1981, 715 dsec for  1983/84, An additional 1W dsec 

is allocated to  t h i s  s y s t a  for  other trims, plane change maneuvers, and 

btvn loss. Total KBV AV requirements a re  then 1833 dsec for  the 1981 

mission, and 1881 dsec fo r  1983184. 

For the solid rocket Irotor, Isp is 285 sec and the lpass fraction is 

0.88. For the liquid systm, Izp is 306 sec, with iner ts  = 8.9 kg + 0.17 

and 6 kg RCS propellant included in the liquid t~nks. Given 

th i s  backgrouud, the resulting EBV sizing is presented in Table Gl. 

Table C-1 ERV Sizing for  1981 and 1983184 

1981 - 1983184 

2 2 
Reference C (.km /cec ) 

3 
5.42 5.90 

Total TEI A V  (kmlsec) 1.833 1.881 

EHV useful, 20X margin (kg) 

EEC (full survival) 

Total non-propulsive 

ACS p r o p  1 l a n t  

Total P / L  tor return 

Sol id propu l s  ion 

Liquid propulsicn 

Total I . i i V  ,11 :neation ci67.0 476.' - - ---2 



Orbiter  S i t i n g  - Chnges t o  the  weight def in i t ion  of the o r b i t e r  bus 

involwe the delet ion of much science hardware and the  s p l i t t i n g  of func- 

ti-1 requirements between the  orbi ter l lanaer  and orbiter/BBV configur- 

ations. Beginning with a nominal bus of 690.5 kg noapropulsive pass f o r  

tbc+ orb i tu r fhnder ,  rass delet ions subt rac t  87.0 kg of science, 32.8 kg 

f o r  $cur platform, 31.4 kg data  storage, and 46.2 kg f o r  the  cold gru, RCS. 

i n  addit ion of 21 kg f o r  thc  auxi l ia ry  LCS propulsion systen, and 35 kg of 

-gin brings the  o rb i t e r  t o t a l  mass, less amin propulsion, t o  549 kg. 

The implication is t h a t  this orb i t e r  server e s sen t i a l ly  as only a propul- 

sive bus t o  carry the landerhlAV in to  orbi t .  A l l  of the  complex functions 

associated with site ce r t i f i ca t ion ,  rendezvous, and relay cotmmication 

are assigaed t o  the  orbiter/EBV spacecraft. That bus, from a base mass 

of 690.5 kg, deletes 87.0 kg science ana 46.2 kg cold gas system, but 

adds 43.7 kg f o r  the  VIS (TV), 9.8 kg f o r  UBP re lay  radio, 15.3 kg dock- 

ing cone and rendezvous radar. Scan platform and da t s  s torage a r e  re- 

tained. With 74 kg al located t o  the  auxi l ia ry  propulsion system, which 

p e r f o m  terminal rendezvous and K S  maneuvers, and a 35 kg margin, the  

t o t a l  o rb i t e r  mass comes t o  735 kg, less main propulsion. 

To s i z e  propulsion systees f o r  these two orbi ters ,  the  orbiter1ERV 

was assamed t o  reach the  famil iar  2200 km ci rcular  o rb i t ,  while the 

orbi ter / lander was t o  achieve the  standard Viking o r b i t  of 1500 km peri- 

aps is  and 24.623 hour period. W I  conditions were selected t o  r e f l e c t  

the vors t case, highest Vhp, s i  tuat icn f o r  each opportut.ity, assuming 20- 

day launch wind~ws, where each individual launch was subjected t o  worst 

case conditions. Additional AV budget was defined t o  include 35 mlsec 

f o r  midcourse correction, 60 m/sec f i n i t e  burn loss ,  40 m/sec AVSTAT, 

and 69 m/sec ren3ezvous and trims for  the orbiter/ERV (50 m/sec trims 

fo r  the  orbiter/lander).  

C. MISSI(RJ PERFO=CE FOR 1981 AND 1983/84 

With the ERV and a r b i t e r  s ized more r e a l i s t i c a l l y  t o  accomplish =SR 

functions, given the premise of dual Titan IIIEICentaur launch, both Mars 

opportunities were evaluated t o  determine weight al locat ions -;;rich could 

be assigned to  the lander/MAV. The in ten t  was hopefully t o  provide 100- 

200 kg additional weight to  that  configuration a t  entry, thereby opening 

the p c s s i b i l i t i e s  of greater  MAV weight margins and/or lander mobility. 



The reference entry ueigbt for our direct entry bueliaa pnr 1205 kg. 

Mditiorully it bma felt tbat kcaping to land* out of 8 Viking-Qpe 

orbit (1500 h permis, 24,623 hour period) d d  be a desirable feature 
for LGSR, since significant experience would be pined through r succssa- 

t;!. Vikiag '75 flight, Table C-2 presents the spacific d e s i w  trhich were 

treated for 1981 and 1983184, uti l iz ing all available launch Might in a l l  

h b l e  G 2  W R  Ferforrurace for Out-of-Orbit, Rral Lounch 

I 1981 I 1983/&4 

s /C 
Orbit 

Ref \%p (km/sec) 

Elain 3 V  ?b/sec) 

Throw W t .  (kg) 

Adapt/Elp 

Bio. Cap 

Cruise  K t .  

M/C wp 

Pre-MOI W t .  

Bus + Marg. 

Aux. Prop. 

ERV + Karg. 
* 

Main Prop. Wp 

Ket P / I  

Remaining Orb. Itt.  

ORB/EKV 

2200 

3.12 

2.317 

4407 

165 

0 

4242 

5 1 

4191 

66 1 

74 

46 7 

2330 

361 

298 

ORF/LND 

1-day 

3.1: 

1.444 

4407 

165 

54 

4188 

5 1 

4 137 

528 

2 1 

0 

1643 

2 7L 

1671 

Adapt + Bio B ~ s c  

Sep. Lander 

Deorb. Prop.  

Ent ry  W t .  

87 

1237 

80 

1157 - 

8 7 

158G 

8 0 

1504 

b 

ORB/ERV 

2200 

3.66 

2.645 

434 1 

i65 

9 

4176 

5 1 

4125 

66 1 

74 

4 76 

1492 

38 2 

4 0 

ORB/LND 

1-day 

3.b6 

1.784 

434 1 

165 

54 

5122 

5 1 

4071 - 
528 

2 1 

0 

1892 

306 

1324 

~ R B / L N D  

2-day 

3.66 

1.686 

4341 

165 

54 

4 122 

5 1 

4071 

528 

2-1 

0 

1816 

296 

L4 10 

ORS/LND 

5-day 

3.66 

1.612 

434 1 

165 

56 

4122 

5 1 

4071 

5 28 

2 1 

0 

1757 

289 

14 76 

8 7 

1323 

80 

1243 

87 

1383 

80 

1309 



The obvious r e s u l t  of t h i s  ana lys is  is t h a t  t h e  1981 opportunity,  

vith d-1 launch, o f f e m  an exceptional performance p i c tu re  f o r  a Viking- 

derived WSR, with clstple weight margins a l l  around. Even a f t e r  allowance 

is m d e  f o r  a much heavier ERV and o r b i t e r  bus, and propulsion sys t an  

s t r e t c h ,  an orb i ted  weight margin of 298 kg exists f o r  t h e  rendezvous 

spacecraf t  . The orb i t e r l l ande r  spacecraf t  , f ram a 1-day o r b i t ,  can 

provide an entry weight of 1504 kg (3316 lb ) ,  o r  300 kg excess over our  

d i r e c t  en t ry  baseline, 

For 1983/84, the  Viking-derived MSSR becones f e a s i b l e  with dual  

launch, although the  ample margins of  1981 do not  ex is t .  The rendezvous 

spacecraf t  has an orb i t ed  we2-ht margin of 40 kg, which is still reason- 

able. Rut t he  o rb i t e r l l ande r  provides only 1157 kg e n t r y  weight froen a 

1-day o r b i t ,  less than the  d i r s c t  en t ry  basel ine weight of 1205 kg. 

Fraa a 2-day synclu-onous o r b i t ,  entw weight car. be increased t o  1243 kg. 

To reach a 1C9 kg excess over our previous design, landing must be ou t  of 

a 5-day o rb i t .  =is l a s t  case has bsen t en t a t ive ly  accepted a s  our 

reference 1983184 design, upon which landed weight s tud ie s  have been based. 

The 5-day o r b i t  provides an  en t ry  weight uL' i309 kg (2886 l b s ) ,  and s t i l l  

appears t o  allow en t ry  cha rac t e r i s t i c s  no t  too d i s s imi l a r  froat the  nominal 

Viking :?try. 

Opportun,,ies i n  1981 and 19831'84 fc3r MSSR have been re-evaluated 

given the acceptance of a dual launch and out-of-orbit landing. Assigning 

rhe rendezvous and landing functions t o  two separa te ly  launched space- 

c r a f t  produces a very a t t r a c t i v e  perconnance scenario f o r  1981, with m p l e  

weight .xargins f o r  a l l  systems and landing from a 1-day Viking-type o rb i t .  

For 1983184, much smaller perfarmanee margins e x i s t ;  ye t  by specifying 

landing from a 5-day o r b i t ,  an en t ry  weight of 1309 kg can be provided, 

exceeding the  1981 d i r e c t  en t ry  basel ine by over 100 kg. 

This study on the 1981 and 1983184 missions was conducted before the  

contract  start and was company-funded. The 1990 and 1986 missions have 

l a rge r  perfonnance margins than the  1983/84 launch oppcr tuni t ies ,  b t t  have 

smaller perfonnance margins than i n  1981. Figure 11-16 shows the  maximum 

ERV weight f o r  Earth re turn  vehicles  f o r  the dual launch, out-of-o:rbit, 

and Mars o r b i t a l  rendezvous, and ind ica tes  the r e l a t i v e  ~e r fonnance  needed 

f o r  each mission. 
C- 5 



AND LANDING F-CS FOR THE 5-MY ORBIT 

With tha i n t e n t  of  providing increased e n t r y  w&ight f o r  t he  lander/ 

W V  in  1983184, a 5-day (123-115 hour) planet  synchronous landing o r b i t  

has been t en t a t ive ly  accepted as our  reference f o r  t h e  opportunity. Ade- 

quate landed weight can not  be achieved by using a one-day o r b i t  s imi l a r  

to  Viking '75, s o  a 5-day o r b i t  was used t o  ge t  enough landed weight, 

This o r b i t  has been examined t o  determine its compatibi l i ty  with t h e  con- 

sidered Viking-class entry systems and cons t ra in ts .  Deflection AV re- 

quirements are defined as a function of  en t ry  f l i g h t  path angle  (ye) and 

coast time. Entry pararaetrics a r e  then developed f o r  t he  c h a r a c t e r i s t i c  

en t ry  ve loc i t i e s ,  considering va r i a t i ons  i n  en t ry  Weight (W ) and ye, A 
e 

corr idor  width of 4O is assumed, with L/D = -2 + -02. Pressure regulated 

terminal descent propulsion is chosen f o r  the mission, with t h r u s t  equal 

t o  640 lb ,  no blowdom, and nominal Viking parachute dimensions a r e  ac- 

cepted. Both t h e  ae roshe l l  and ab la to r  are allowed t o  grow heavier  i n  

response t o  va r i a t i ons  i n  t h e  maximum dynamic pressure (q max.) f o r  t he  

various en t ry  conditions. &an Mars atmosphere is used throughout. 

The ana lys is  def ines  t he  re la t ionship  hetween en t ry  weight, terminal 

descent propel lant ,  and dry landed weight f o r  t h e  5-day o r b i t ,  and relates 

these r e s u l t s  t o  t he  considered mission designs f o r  1981 and 1983184 (sec. 

Appendix C). 

B. DISCUSSION 

Deflection Coridi5lons f o r  the  5-Day Orbit - An e a r l y  concern with a 

landing o r b i t  of t h i s  s i z e  was the f e a s i b i l i t y  of achieving coast  tfmes 

(deflect ion t o  en t ry )  of 4 t o  6 hours with reasonable AV requirements. 

Th i s  coast time <ons t ra in t  der ives  from lander ba t te ry  limits. Using i;he 

program DEORBIT, ihe deflected t r a j ec to ry  was targeted t o  vari.ous en t ry  

conditions,  optimizing the  burn t o  minimize AV. Constraining coas t  tirile 

t o  4, 5, and 6 hours resu l ted  i n  the def lec t ion  AV cha rac t e r i s t i c s  shown 

i n  Figure D-1, varying with ye. 
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Figure D-1 Deorbit AV f o r  t h e  5-Day Orbit  

The 1imir;s noted i n  t h e  f i g u r e  represent  1 )  a mimum ava i l ab l e  bV of 

129 d s e c  f o r  def lec t ion  given nominal lander  deorb i t  performance (78.9 kg 

usable propel lant  and 225.4 sec  Isp)  and 2) a maximum coast  time of 5 hours 

from ba t t e ry  power l i m i t s .  These bounds e s t ab l i sh  the  s t eepes t  en t ry  angle, 

-25.5', t h a t  is achievable by the  lander systems without a deorb i t  (RCS) 

propulsion s t r e t c h  o r  re laxa t ion  of the coas t  time constraint .  Entry veloc- 
0 0 i t y  was found t o  bc insensitive to entry angls  i n  the  range -14 t o  -26 , 

ar.d t o  coast time i n  the range of 4 t o  6 hours. The reference en t ry  veloc- 

i t y  is 4.770 km/sec (15650 fps ) ,  t.uch nearer  t he  V0'75 value of 15010 fps  

than the  d i r e c t  en t ry  ve loc i t i e s  of 19-20,000 fps. Other than the  obvious 

e f f e c t  on def lec t lon  AV, varying f l i g h t  path angle produces s ign i f i can t  

changes i n  the loca t ion  of en t ry  with respect  t o  per iaps is ,  and w i l l  there- 

fo re  have important implications f o r  landing s i t e  acces s ib i l i t y .  



Landed We+.&t Analysis - The technique used t o  generate t h i s  ana lys is  

corresponds t o  t h a t  used by I). Howard in  h i s  previous s tudiee  f o r  MSSR and 

Viking '79 (see Ref. 3). The study requires  two t r a j ec to ry  simulation pro- 

grams, UD288 and TgPOT, with supporting graphical and ana ly t i ca l  work t o  

patch together  t h e  r e s u l t s  of each, converting t h e  f i n a l  r e s u l t s  t o  data 

re levant  f o r  our  mission design. 

A matrix of parameters was defined f o r  the  5-day landing o r b i t  t h a t  

included va r i a t i on  i n  en t ry  weight from 2400 t o  3400 l b  (1091 t o  1541 kg) 

and in f l i g h t  path angle f r a n  near skipout a t  -14' t o  -22'. To control  

the study, assumptions were accepted f o r  L/D (.2 .02), cor r idor  width 

(4' bye), terminal engine t h r u s t  (640 l b  - 2816 N - with no blowdown), . 

parachute size and weight (16 m and 112 kg), and en t ry  ve loc i ty  (constant 

a t  7114 mps). The desired r e s u l t  was a de f in i t i on  of landed weight f o r  

varying We and Ye. 

Entry t r a j e c t o r i e s  f o r  t h e  various conditions were propagated from 

the  en t ry  in t e r f ace  a l t i t u d e  of 800,000 f t  (242.8 km) t o  the mean Mars 

surface,  considering a mean Mars atmospheric model (Ref. 6). For each 

en t ry  condition (We, ye) a t r a j ec to ry  must be generated f o r  th ree  LID 

values represent ing t h e  expected range--here, f o r  L/D equal t o  .18, .20, 

and .22. Ftom t h a t  t r a j ec to ry  s e t  t h e  lowest a l t i t u d e  where chute deploy- 

e n t  conditions are s a t i s f i e d  (nominally q 2 9.5 psf and M 2.2) is 

selected. The s t a t e  associated with t h a t  mininnrm a l t i t u d e  is then input 

t o  T E m ,  which simulates parachute and terminal engines phases of t he  

landing, After  mechanical i t e r a t i o n  on terminal engine phase i n i t i a t i o n ,  

t he  point  where ve loc i ty  is reduced to  8 fps  (2.4 mlsec) is graphical ly  

determined f o r  a spec i f i c  t e r r a i n  height (zero f o r  our  mission). This 

es tab l i shes  the  vern ier  propel lant  requirement f o r  each (W , ye)  and e 
allows de f in i t i on  of landed weight. 

0 Rather than t r e a t  individual  ' r e  cases,  each 4 corr idor  must be con- 

s idered as a s e t ,  o r  range, of ye. Here the corr idors  a r e  denoted by 

t h e i r  s t eepes t  , SJ t h a t  the  "-20' corridor" extends from -16' t o  -20'. 

Within each 4' cor r idor  the severest  case must be accounted for .  Maximum 

q is taken f r m  the  s teepes t  y t ra jec tory ,  with th t  smallest  LID, and 
e 

size: the aeroshel l .  Minimum deployment a l t i t u d e  i s  taken from whichever 

ye (an1 LID) y ie lds  the lowest value, but s t a t e  conditions f o r  TEPOT a r e  



then se l ec t ed  from t h e  shallow ye t r a j e c t o r y  a t  that minimum a l t i t u d e ,  

and always from t h e  LID = .2 case. 

I l l u s t r a t e d  i n  Figure D-2 are t h e  r e s u l t i n g  chute deployment a l t i t u d e s  

f o r  t h e  various sets of (We, ye). The c i r c l e d  points  i nd ica t e  minimum 

a l t i t u d e s  considering a l l  three L/Ds, and represent  spec i f  ic  tra j ec to r i ee  

and t h e  standard deployment conditions (q 5 9.5, M - 2.2). It was found 

that f o r  t he  heavier entry weights, low ye t r a j e c t o r i e s  (-14O and -16O) 

represented a critical area not  s a t i s f y i n g  the 9.5 psf condit ion a t  posi- 

tive a l t i t u d e s ,  s o  could thdrefore not  be considered. Zdowever, t he  con- 

sensus of opinion cc cerning real chute capab i l i t i e s ,  based on t e s t  r e s u l t s ,  

ind ica tes  t h a t  a 10.7 psf  q l i m i t  is more r e a l i s t i c ,  which i f  is indeed 

t h e  w e  would reopen a region of (We, ye) space at the  shallow ye end. 

For t h i s  ana lys is ,  then, t he  higher l i m i t  is used whenever the  standard 

l i m i t  f a i l s  t o  produce a poss ib le  t ra jec tory .  These poin ts  are noted by 

a s t e r i s k s  i n  Figure D-2. 

The deployment a l t i t u d e  curves, with 4' corr idors  f i t t e d  i n t o  t h e i r  

contours, y ie ld  minimum a l t i t u d e  conditions which, v i t h  t he  corresponding 

q max, fo ld  i n t o  the  landing simulation done by the  program TEPOT f o r  

various en t ry  weights. Table D-1 summarizes the resu1,s of TEPOT, which 

generates terminal engine propel lant  requirements f o r  var ious a1 t i t udes  . 
Certain combinations of w ye) produce no landing s o l u t i o c  a t  a pos i t i ve  

a l t i t u d e ,  and a r e  so  marked. These cases represent  r e a l  s i t u a t i o n s  a r i s i n g  

from the  i n a b i l i t y  of chute  and/or vern ier  engines t o  slow the  lander i n  

the  ava i l ab l e  time before zero a l t i t u d e  is reached. This condition cor- 

responds t o  the "Lander Systems Limits" discussed i n  our d i r e c t  en t ry  

study . 
The r e s u l t s  give snme indica t ion  of maximum landed weight f o r  t h i s  

o rb i t .  Up t o  and including a 3200 l b  (1455 kg) en t ry  weight, a 4' cor- 

r i do r  e x i s t s  which produces a v a l i d  so lu t ion ,  hence a usable  landing tra- 

jectory. As  en t ry  weight increases ,  however, providing so lu t ions  does 

become more d i f f i c u l t .  A t  We = 3000 l b  (1364 kg),  the  q l i m i t  is r a i sed  

t o  10.7 psf fo r  the  -18' and -20' corr idors .  A t  We = 32C0 l b ,  even r a i s i n g  

the q limit is n s t  s u f f i c i e n t  t o  avoid the  lo s s  of those cor r idors ,  Only 

the -22' corr idor  is ava i l ab l e  fo r  landing. For We = 3400 l h  (1545 kg) 

no corr idors  were found t o  provide landing so lu t ions ,  therefore  s e t t i n g  



Entry F l i g h t  P a t h  Angle (deg) 

Figure D-2 Chute Deployment A l t i t u d e s  f o r  t h e  5-Day Orbit 



Table D-1 Performance Sumr..sry f o r  5-day Landing Orb i t ,  With 

Ve = 15650 fp8 and Aye = 4O, H, = 0  

Steep 
We Ye q max 
(Ib) ( d e d  (psf) 

Aero- 
Ablator S h e l l  

( lb )  ' ( l b )  

W t .  on 
Chute 
0 

W t .  on 
Vernier 
0 

W t .  Pro- V t .  Dry 
p e i l a n t  Landed** 
0 L E L -  

(No Pos. HT s o l n )  

(No Pos. tSI, s o l n )  

305 2 143 

(No Pos. K, s o l n )  

- - - -- - - -- pp 

;t q deploy a t  10.7 psf required 

does not accoE..r for  Lander p r o p e l l a n t  tank s t r e t c h  on s t r u t  beefup. 



m upper l i m i t  t o  landed ueight  potent ial .  Further f i n e  tuning would tm 

required i f  t h i s  bound is t o  be b e t t e r  i den t i f i~ td .  

Propellant req;tirementrt are p lo t ted  i n  Figure D-3 a s  a function of 

en t ry  weight and corridor.  Solutions requir ing a q deployment of 10.7 psf 

are denoted by a s t e r i sks .  Figure D-4 presents  the  f i n a l  product--the 

var ia t ion  i n  landed weight as a function of en t ry  weight and cor r idor ,  

again noting the cases requir ing a higher deployment q. Here 1ar.ded 

weight does not yet  ad jus t  f o r  propel lant  tank s t r e t c h  o r  landing s t r u t  

beefup. S t i l l ,  comparisons with the  o ld  '81 d i r e c t  en t ry  basel ine can be 

made by applying the  above r e s u l t s  t o  the dual launch weight de f in i t i ons  

f o r  1981 and 1983184. 

Our reference en t ry  weight f o r  1981 d i r e c t  was 2657 l b s  (1205 kg) 

with a landed weight of S711.lb (776 kg). For 1981 dual launch a 1-day 

landing o r b i t  has bee11 se iec ted ,  so  the r e s u l t s  reported here can be 

applied only approximately. (using 5-day landing parametrics f o r  a 1-day 

o r b i t  should be conservative.) This design y ie lds  an ample en t ry  weight 

of 3316 l b  (1504 kg) which by extrapolat ing Figure D-4 ind ica tes  a pos- 

s i b l e  landed weight of 21.00 l b  (998 kg), l robably near  the systems l imi t .  

For 1983184 with dual launch the  5-day landing o r b i t  provides 2886 l b  

(1309 kg) of en t ry  weight and between 1930 and 1990 l b  (875 and 902 2g) 

landed, varying with corr idor  select ion.  Skipout f o r  these cases occurs 

j u s t  "above" -14' (-13.7' more exac t ly j ,  so  the  more conservative corr idor  

of -20' (s teep end) should be used. That corr idor  gives 1950 l b  (885 kg) 

f o r  the nominal landed weight. I f  the sho r t e r  period landing o r b i t s  of 

TN 47 a r e  considered, decreased en t ry  weight t r ans l a t e s  i n t o  decreased 

landed weight. The 2-day o r b i t  provides 2740 l b  (1243 kg) en t ry  weight, 

therelore,  1840 l b  (835 kg) landed. The 1-day o r b i t  provides 2551 l b  

(1157 kg) entr!,. 1700 l b  1771 kg) landed. 

This ana lys is  allows us t o  choose the  type of landing o r b i t  bes t  

su i t ed  t o  the needs of lander/MAV weight increases f o r  1983184. The 5- 

day o r b i t  produces a 109 kg increase over the  '81  d i r e c t  ec t ry  landed 

configuration. Designing the 2-day n r b i t  would y ie ld  a 59 kg increase,  

and the 1-day o r b i t  would yield a 5 kg decrease. For 1981, the dual 

launch mission produces f o r  a 1-day landing o r b i t  a r e l a t i v e  landed weight 

increase of 222 kg. 
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Figure D-3 Lander Descent Engine Propellant Requirements 
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Figure D-4 Landed Weight for the 5-Day Orbit 



Jamdad lmdght s t d i e s  have kcn cqpleted for tbe trajectory chrrc- 

-tics of 8 bdinjJ orbit. with -1 deorbit perfolnnce, 8 

5-bur ~t t* u n  be achieved for emtry flight path angles shllmer 

t b  -25,s0, a e  dipout  mear -14O, mrridor stlcctioa for 4O 

width imdicates tht entry wt is l u t e d  to & upper bound bemeem 

3200 l b  and 3400 l b  (1455 kg .ad 1545 kg), The prrrrctrics can be related 

to the proposed mion desigms (landing orbit  designs) ur f o l l m .  For 

1983184 b d e d  wtigbt w i t h  respect. to the direct entry baseline of 77'3 kg 

is +I09 kg w i t h  tbt 5487 orbit, +59 kg w i t h  the 2-day orbit, and -5 kg 

with the 1-dq Viking orbit. For 1981 the l a y  orbit  provides +222 kg. 

Saw uiuor adjustment of these figures m s t  be made to account for lander 

propellant trnLc stretch aud s t ru t  beef-up. 



APPENDIX B 

a 52 - 
HIQI PERFORHANCE ENTBY TO LANDING FOR l l fE 1983/84 WSR 

Landed weight po ten t i a l  has earlier been defined parametrically f o r  

the  5-day landing o r b i t  t en t a t ive ly  referenced f o r  the  1983184 HSSR. I n  

48 (see Appendix D) landed weight was developed as a function of en t ry  

weight and en t ry  angle f o r  a set of bas i ca l ly  nominal lander character is-  
0 

tics--4 y en t ry  cor r idor ,  L/D = -20 + .02, and terminal engine t h r u s t  E 
of 640 l b  (2816 N), pressure regulated. This t e c h n i a l  note  def ines  

landed weight f o r  two s p e c i f i c  en t ry  weights provided by the  1-day and 

5-day o r b i t s  in 1983/84 (2551 l b  and 2886 lb--1160 kg and 1312 kg-- 

respect ively) ,  considering a higher performance entry-to-landing with a 
0 

2 AyE ent ry  corr idor ,  LID = -25 - + .02, and t h r u s t  = 950 l b  (4224 N). 

Landed weight va r i a t i ons  with f l i g h t  path angle a r e  developed. 

B. DISCUSS ION 

From the  reference weight? .fined i n  TN 47 (see  Appendix C), a 5- 

day landing o r b i t  provides 2886 ~b (1309 kg) en t ry  weight, and the 1-day 

. o r b i t  provides 2551 l b  (1157 kg). With nominal lander cha rac t e r i s t i c s ,  

landed weight f o r  these conditions was found t o  be 1950 Lb (885 kg) and 

1700 l b  (771 kg) respect ively,  considering -16O a s  the shallowest design 
0 

yE f o r  a 4 corridor.  Fo*: comparison, +he '81 d i r e c t  en t ry  basel ine landed 

weight was 1711 l b  (776 kg). In  the present study, entry-to-landing has 

been s inula tcd  f o r  the enhanced performance ava i lab le  with a 2' en t ry  

corr idor ,  high LID (.25 + .02), and 50% increase i n  engine t h r u s t  (960 I D ) .  

Thz analys is  e laborates  and expands t h s  e a r l i e r  parametrics, and while some 

modification of the  en t ry  d i g i t a l  computer program UD288 tab les  wad re- 

quired, entry t r a j ec to ry  design techniques w i l l  not be addressed. 

Entry f l i g h t  path angle was se lec ted  a s  the primary control  var iable .  

For both landing o r b i t s ,  Y was varied from -14 t o  -24'. Skipout occurs 
0 

E 
j u s t  under -14 , so a s- allow y cf -16' i s  chosen a s  a conservative bound E 
on en t ry  corridor.  Corridor width f o r  these cases i s  2'. Parachute de- 

ployinent conditions a r e  assumed s a t i s f i e d  during the en t ry  t r a j ec to ry  when 



n - < 2.2 and dpnanic pressure (q) 10.7 psf ,  as has been suggested i n  

previous test ing.  A nominal 53 foo t  (16.2 m) diameter chute is chosen. 

W n i n m  deployment a l t i t u d e  f o r  both landing o r b i t s  is presented in 

Figure E-1, showing the  va r i a t i on  with yg and considering t h e  L/D range 

of  -25 .02. The 5-day o r b i t ,  with higher e n t r y  ve loc i ty  (15650 fps-- 

4.8 kPllsec) and en t ry  m i g h t  (2886 lb--1312 kg) ptdduces lower deployment 

a l t i t u d e s  than t h e  1-day o r b i t  (1510 fps--4575 m/sec and 2551 lb--1160 kg). 

bwer dep1o;-at means t h e  chute has less time t o  dece lera te  the  sys tern, 

and leads  t o  high AV and propel lan t  requirements f c r  t h e  terminal descent 

engines. Maximum dynamic pressure detenuines ae roshe l l  s i z e  and s o  inf lu-  

ences landed weight. Max q f o r  both o r b i t s  is shown by Figure E-2. These 

f ac to r s  show up f i r s t  i n  t h e  va r i a t i on  of lander  propel lan t  load, i l l u s -  

t r a t e d  i n  Figure E-3 varying with en t ry  corridor.  Here the  points  repre- 

s en t  t he  s t eep  yE end of each corridor.  Propel lant  weight is about 25% 

grea t e r  i n  t he  5-day o rb i t .  

Final ly ,  these  conditions t r a n s l a t e  i n t o  dry landed weight f o r  both 

o r b i t s ,  presented i n  Figure E-4. It is imnediately apparent t h a t  the  

shallower cor r idors  provide the  maximum landed weight. The upper two 

curves f o r  the  5-day o r b i t  compare the  d i f f e r e n t  entry-to-landing per- 

formance cha rac t e r i s t i c s ,  with t he  upper curve showing t h e  enhanced landed 

weight capab i l i t y  with a narrow corr idor ,  high L/D, and high thrus t .  The 

nominal 4O parametrics a r e  extracted f tom Appendix D. Ignoring corr idor  

width, the  e f f e c t  of L/D and t h r u s t  can be approximately i so l a t ed  by com- 
0 paring landed weights a t  the  same s teep  yE. For instance,  the  2 cor- 

r idor  a t  the s teep  yE of -20' (from -18' t o  - 2 0 ~ )  and the  4' cor r idor  a t  

a s teep  y of -20' (-16' t o  -20') represent  nearly t he  same max q con- 

d i t ion .  A t  t h i s  p * i n t  th2  higher performance adds 75 l b  (34 kg) t o  landed 

weight, increasing it from 1950 l b  (885 kg) t o  2025 l b  (919 kg). The 

e f f e c t  of the narrow corr idor  can be seep by moving t h e y  range of the E 
2' case t o  the shallow l i m i t  of -16O, (-16' t o  -18') thereby t runcat ing 

the s teeper  angles which must be included i n  t he  4' corr idor .  This 

alone adds 40 l b  (18 kg) t o  landed weight. Considering a l l  the  enhance- 

ments, landed weight f o r  the  5-day o r b i t  can be increased t o  2065 l b  (937 

kg) from 1950 l b  (885 kg),  o r  about 6%. Compared with the d i r e c t  en t ry  

baseline fo r  1981, t h i s  937 kg represents  a 20% increase over the ea r ly  



Figure E-1 Minimum Deployment Altitude 

Figure E-2 Maximum Dynamic Pressure 





Figure E-4 Landed Dry Weight 



value of 776 kg, which w i l l  be very useful  i n  applicat ion t o  a l a rge r  MV. 

The primary grin is, however, derived from the  dual launch concept f o r  the  

mission and the la rger  landing orbi t .  

Landed weight f o r  the 1-day Viking landing o r b i t  is shown by the  lower 

curve of Figure E-4, and is considerably less than the  5-day design. The 

decreased entry weight of 2551 l b  (1157 kg) leads t o  a la rge  decrease i n  

landed weight, t o  1787 l b  (811 kg), i l l u s t r a t i n g  the importance of providing 

as much entry weight as possible. 

For the  current 1983184 MSSR baseline landing from a 5-day o r b i t ,  

great ly increasing entry-to-landing performance with a narrow corridor,  

high LID, and high thrust ,  produces only a moderate increase i n  landed 

weight, from 885 kg t o  937 kg. The primary gains f o r  our design derive 

from providing increased entry weight by accepting dual launch and 

se lec t ing  the  5-day landing orbi t .  For the cases studied here, landed 

weight is maximized at: the  shallowest acceptable entry corridor, from 

-16' t o  -18' with a 2' entry angle spread. 


