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SECTION 1 

INTRODUCTION AND SUMMARY 

The genera l  purpose of the Automated Biological  Laboratory Program Plan 
presented i n  t h i s  volume is  to: 

Es t ab l i sh  overall ABL mission requirements and 
constraints. 

Describe a conceptual system design meeting 
these  requirements. 

Describe t h e  program required s p e c i f i c a l l y  
t o  d e f i n e  the  s c i e n t i f i c ,  engineering, hardware, 
and software aspec ts  of the ABL and e s t a b l i s h  
the  schedule required t o  implement th i s  program. 

Describe r e l a t e d  and in t e r f ac ing  programs. 

Estimate budget and planning type c o s t s  f o r  t h e  
t o t a l  ABL program. 

Sect ions of t h i s  Program Plan per ta in ing  t o  the  ABL mission, design, 
i n t e r f a c e s ,  and supporting programs summarize ma te r i a l  which i s  covered 
i n  cons iderable  d e t a i l  i n  o ther  volumes of t h i s  f i n a l  r epor t .  

It i s  assumed t h a t  Al3L e f f o r t  w i l l  be d i r ec t ed  towards a 1975 Voyager Mars 
mission which comprises a l a rge  capsule/ lander  and a f lyby spacecraf t ,  and 
t h a t  ABL sur face  operat ion w i l l  be nominally 2 years .  Of course these  
mission ob jec t ives  a r e  subject  t o  continuing eva lua t ion  i n  the  perspec t ive  
of  o v e r a l l  Voyager mission planning. 
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Major i n t e r a c t i o n s  are indica ted  between t h e  ABL program and r e l a t e d  
activit ies,  including Voyage* capsule  in t e r f aces ,  supporting technology 
and research  programs, and f a c i l i t i e s  and s p e c i a l  equipment requirements. 
Considerable emphasis is  given t o  implications of s t e r i l i z a t i o n  requirements 
because of t h e  s t rong  impact on a l l  phases of ABL. 

Schedule and phasing d i scuss ion  is presented i n  Section 4 which conta ins  a 
prel iminary PERT schedule chart f o r  reference.  The c h a r t  includes major 
activit ies of t h e  ABL system in t eg ra t ion  con t r ac to r  and subcont rac tors ,  
and of NASA/JPL i n  d i r e c t  support of the ABL program. Depth of d e t a i l  on 
t h e  chart does not include c e r t a i n  o v e r a l l  management and r epor t ing  
uctivikies which wouici be present i n  an a c t u a i  program concro i  process. 

Schedule ana lys i s  has ind ica ted  requirements f o r  e a r l y  i n i t i a t i o n  of key 
activities including supporting technologies on which t o  base development 
and design, and cons t ruc t ion  of key f a c i l i t i e s  t o  accomnodate assembly, 
t e s t i n g ,  and opera t ion .  The schedule assumes t h a t  preliminary design 
and system d e f i n i t i o n  continues without i n t e r r u p t i o n  from t h e  cu r ren t  
s tudy  activities. 

To ta l  costs f o r  t h e  ABL program are estimated a t  $106.8 mil l ion  assuming 
launch a t  the 1975 Mars opportunity.  
FY 1970-1973 a t  $12.9 t o  $14.4 m i l l i o n  per year .  
program t o  1977 and later missions i s  not included i n  t h e s e  t o t a l s ,  
a l though c o s t s  are included f o r  pos t  launch opera t ions  and data a n a l y s i s  
through FY 1979 i n  d i r e c t  support of t h e  1975 mission. 

Peak annual c o s t s  occur dur ing  
Cost of extending the 
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SECTION 2 

BIOLOGICAL EXPLORATION OF MARS 

The search f o r  l i f e  on Mars has,  of course, a l ready  begun. Many years  of 
astronomical observat ions have produced considerable  d a t a  on p lane tary  
c h a r a c t e r i s t i c s .  These d a t a ,  cu r ren t ly  under re-examination and comparison 
wi th  r e s u l t s  of t h e  recent Mariner 4 Mars f lyby  observat ions,  have been a 
source of ana lys i s  and specula t ion  concerning the  p r o b a b i l i t y  t h a t  l i f e  
forms analagous t o  terrestrial organisms could surv ive  o r  propagate on 
Mars. 
been examined t o  evaluate  p r o b a b i l i t i e s  t h a t  l i f e  forms might surv ive  o r  
propagate. 

Corresponding d a t a  f o r  o the r  members of t he  s o l a r  system have a l s o  

Within t h e  s o l a r  system, t he re  has become recognized a zone i n  which ea r th -  
l i k e  l i f e  forms might surv ive  or propagate. This p lane tary  "biozone" i s  
charac te r ized  by s u i t a b l e  regimes of temperature, atmosphere, rad ia t ion ,  
and o the r  parameters re levant  t o  b io log ica l  processes.  
poss ib l e  biozone p l ane t s  have included Mars, Venus, Mercury, and J u p i t e r ,  i n  
decreasing p robab i l i t y .  
candida tes .  

Besides Earth,  

Some n a t u r a l  s a t e l l i t e s  of t hese  p l ane t s  are a l s o  

The NASA program of space explorat ion has  placed Mars a t  the  top of p r i o r i t y  
ranking among poss ib le  p lane tary  t a r g e t s .  
study has  been on Mars explora t ion ,  b u t  t he  ana lys i s  i s  r e a d i l y  extended t o  
b i o l o g i c a l  search on o ther  p l ane t s .  

Emphasis during the  cu r ren t  ABL 

Following the  NASA/JPL spec tacular  Mariner 4 Mars f lyby of November 1964 - 
August 1965, the  Voyager p ro jec t  i s  cu r ren t ly  being planned f o r  explorat ion 

l a r g e r  and more complex than Mariner, 
"1 :viars and pussrDiy of other piiirlets by .-------A - - - - - - - - C +  - - n n 4  e r n h l ~ ~  u L l l l l a L l L l c u  3tJacF;C. L Q L  L CI"Il.2 *d,* U Y  *LJ 

Prel iminary NASA s tud ie s  have a l s o  
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been made of dubsequent manned expeditions t o  the  p l ane t s  wi th  emphasis on 
Mars, and the Space Science Board of the National Academy of Sciences has 
reconmended that Mare explora t ion  during 1970-1985 become the  major space 
program following manned t r i p s  t o  t h e  moon. 

2.1 VOYAGBR MARS PROYECT 

NASA has  announced p lans  f o r  a Voyager s e r i e s  of p l ane ta ry  spacecraf t  
u t i l i z i n g  (at least i n i t i a l l y )  t h e  Saturn lB/Centaur launch vehic le .  The 
f i r s t  operg t iona l  miesion f a  scheduled for t he  1971 Mars opportunity.  
Subsequent missions are planned f o r  t h e  oppor tun i t i e s  of 1973, 1975, 1977, 
and beyond. 
Mars and t o  land instrumented payloads on t h e  Mars sur face .  Test f l i g h t s  

I is current ly  planned t o  place t h e  spacec ra f t  i n  o r b i t  about 

are a l s o  planned f o r  t h e  1969 &rs opportunity t o  acqu i r e  space f l i g h t  
technology informration and pos8ibly t o  test a v a i l a b l e  s c i e n t i f i c  instruments 
which can contmibute t o  t h e  1971 mission. 

2.1.1 VOYAGER OBJECTIVES 

Primary ob jec t ive  of t h e  Voyager Mars Pro jec t  is t o  perform experiments on 
the  su r face  of and i n  o r b i t  about Mars t o  acqu i r e  fundamental s c i e n t i f i c  
information concerning Mars, including the ex is tence  and na ture  of ex t r a -  
terrestrial l i f e ,  t h e  physics and chemistry of t h e  p l ane ta ry  atmosphere, 
s a i f a c e ,  i n t e r i o r ,  and o the r  environmental characteristics. 

Secondary ob jec t ives  include performing experiments i n  the  in t e rp l ane ta ry  
medium t o  ob ta in  s c i e n t i f i c  information concerning p a r t i c l e s  and f i e l d s  i n  
i n t e r p l a n e t a r y  space  between t h e  o r b i t s  of Ear th  and Mars, and the development 
of space f l i g h t  technology. 

2.1.2 SCHEDULE OF OPPOSITIONS AND JXIGHTS 

The bas i c  cyales of Mars launch oppor tuni t ies  are derived from t h e  length  
of t h e  Mars year  (687.0 Earth days o r  22.57 months), o r b i t a l  e c c e n t r i c i t y  
(0.0934), and o r b i t a l  i n c l i n a t i o n  t o  the  e c l i p t i c  plane (1'50. '8), toge ther  
wi th  corresponding Earth o r b i t a l  c h a r a c t e r i s t i c s .  Mars launch oppor tun i t i e s  
occur a few months p r i o r  t o  each opposit ion and repeat a t  average i n t e r v a l s  
of 780 days or  25.6 months. A l ist  of oppos i t ion  d a t e s  and approximate 
launch oppor tun i t i e s  i s  given i n  Table I. 
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TABLE I 

MARS OPPOSITION DATES AND APPROXIMATE LAUNCH OPPORTUNITIES 

Opuos i t ion Launch 

31 May 1969 February 1969 

11 August 1971 M Y  1971 

25 October 1973 J u l y  1973 

15 December 1975 September 1975 

22 January 1978 October 197 7 

26 February 1980 November 1979 

Earth t o  Mars f l i g h t  t i m e s  under cons idera t ion  vary wi th  launch veh ic l e  
c a p a b i l i t i e s ,  spacecraf t  weight, launch azimuth, and o r b i t a l  parameters of 
Earth and Mars f o r  t he  p a r t i c u l a r  opposit ion.  
approximately 180 t o  400 days (6 to  13 months). 

F l i g h t  t i m e s  range from 

2.1.3 VOYAGER MISSION PLAN 

It is  planned t h a t  two opera t iona l  Voyager spacecraf t  w i l l  be launched 
during each Mars opportuni ty  beginning wi th  1971. 
both o r b i t a l  and lander  missions. During 1969, test  f l i g h t s  towards Mars 
are a l s o  planned t o  evaluate spacecraf t  systems, subsystems, and components, 
and t o  demonstrate opera t iona l  procedures. A l imited complement of 1971 
experiments may b e  flown, i f  ready, i n  1969 t o  support  t h e  1971 mission. 

The series w i l l  include 

The Voyager "overall" spacecraf t  comprises two modules: spacecraf t  (or 
bus") and capsule  (or "lander"). 

spacec ra f t ,  e n t e r s  t he  Mars atmosphere, and surv ives  impact on the  surface.  
The spacec ra f t  e i t h e r  i s  captured i n t o  Mars o r b i t  o r  cont inues on a flyby 
course,  depending on mission requirements. Capsule sepa ra t ion  may occur 
from an o r b i t i n g  spacecraf t ,  from a spacecraf t  p r i o r  t o  spacecraf t  capture  
i n t o  o r b i t ,  o r  from a f lyby spacecraf t .  

The capsule  is  separated from t h e  11 

Communication between capsule and E a r t h  may be d i r e c t  or  by r e l a y  through 
the  spacec ra f t  . 
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Weight totals and d i s t r i b u t i o n  between modules are determined by the  mission 
mode adopted. Retropropal lant  w i g h t  fo r  spacecraf t  cap ture  i n t o  Mars o r b i t  
may equal o r  exceed d r y  e i g h t :  of t h e  spacecraf t ,  depending on the approach 
t r a j e c t o r y  and on t he  des i red  o r b i t .  Total  capsule  weight is s t rong ly  
dependent on c h a r a c t e r i s t i c 8  of t h e  Mars atmosphere ( fo r  which adequate 
d a t a  are s t i l l  unavailable) and on design of t h e  capsule  e n t r y  system. 
Current planning is f o r  total capsule  weights of about 2300 pounds i n  1971 
and 

After  landing, t h e  capeulc pos i t i ons  i t s e l f  f o r  operat ion of i ts  science 
psytod  e ~ d  a q p r t i n g  systems. The sequence and dura t ion  of operat ions 
are programed t o  match estimated priorit ies of planned experiments and 
r e l i a b i l i t i e s  of operation. Planned design l i f e t i m e s  on t h e  su r face  have 
ranged from 2 days to  6 months f o r  e a r l y  (1971) capsules  t o  24 months f o r  
later (1975) capsules.  
provided by 24 months of  operat ion.  

A mobile sc ience  u n i t  f o r  Mars su r face  raving and a mobile sampling u n i t  
which returns s o i l  samples t o  a s t a t iona ry  processing u n i t  a t  t h e  landing 
s i te  have been studied.  

sur face  
roving capab i l i t y .  
wider ranges of  sampling than a s i n g l e  immobile capsule .  

Prel iminary a n a l y s i s  of schedule requirements i nd ica t e s  t h a t  s c i e n t i f i c  
o r  opera t iona l  d a t a  from a Mars landing mission w i l l  become ava i l ab le  
s u f f i c i e n t l y  la te  t h a t  i t s  probable i n t e r a c t i o n  with the  next mission 
(corresponding t o  an  opposi t ion about 25.6 months later)  i s  almost negl ig ib le .  
Earliest probable u t i l i z a t i o n  of such data i s  f o r  the  mission a f t e r  next 
(corresponding t o  t h e  opposi t ion about 51.2 months later) .  

l 1973, and 450Q t o  6000 pounds f o r  1975 and later. 

I 
Complete coverage of four  Mars seasons would be 

A f u r t h e r  alternative is deployment of two o r  
, more smaller capsules  at  separated landing sites, wi th  o r  without 

A l l  of these  poss ib le  modes of sur face  opera t ion  provide 

2.2 ABL MARS PROGRAM 

2.2.1 OBJECTIVES 

I The ABL Mars program ob jec t ives  are t o  provide,  by means of a Voyager 
capsule  payload constructed on the  p r inc ipa l s  es tab l i shed  by t h i s  study, a 
means t o  sys temat ica l ly  and e f f e c t i v e l y  explore  Mars and o the r  s u i t a b l e  
bodies i n  our s o l a r  system, f o r  l i f e .  The search f o r  l i f e  i n  t h i s  context  
i s  taken i n  i t s  broadest sense and includes the  search fo r  remnants of 
l i f e  ( f o s s i l s ) ,  i n d i r e c t  evidence of  l i f e ,  and the  necessary biochemical 
precursors  t o  l i f e ,  The r e s u l t s  achieved i n  t h i s  study ind ica t e  t h a t  t h i s  
can only be accomplished by a comprehensive program over a period of t i m e - -  
c e r t a i n l y  more than a s i n g l e  mission--and employing ind iv idua l  payloads 
having improved c a p a b i l i t y  f o r  performing inves t iga t ions  i n  the  manner of 
sound b i o l o g i c a l  research.  
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2.2 .2  MISSION SCHEDULE 

The actual b io logic+ exp lo ra t ion  of Mars must be pro t rac ted  i n  time t o  
accomplish t h e  des i red  s c i e n t i f i c  ob jec t ives .  However, it is d i f f i c u l t  t o  
say a t  exac t ly  what point  i n  the NASA p lane ta ry  program such explora t ion  
missions should cease being simpler general  exp lo ra t ion  missions and should 
become t h e  more comprehensive b io log ica l  exp lo ra t ion  missions. 
unreasonable t h a t  the 1973 landing missions could be  considered as i n i t i a l  
ABL missions by incorpora t ing  many o f  the d e s i r a b l e  f e a t u r e s  i d e n t i f i e d  
i n  t h t s  s t d y .  EI-vori 19?5 i e  the earliest mission which could reasonably 
be expec ted ' to  a c c d a t e  the f u l l  ABL concept i n  a form approaching t h a t  
defined i n  the study. The remainder of t h i s  program plan w i l l ,  t he re fo re ,  
be predicated on t h i s  mission opportunity. 
t h e  ground r u l e s  e s t ab l i shed  by NASA and employed f o r  t he  t echn ica l  e f f o r t  
on t h i s  study. 

It is not 

This is a l s o  c o n s i s t e n t  wi th  

2.2.3 MISSION DESCRIPTION 

a. Launch and In t e rp l ane ta ry  Trans i t .  This  phase of t h e  mission, 
except f o r  ' the  s i z e  and complexity of t h e  payload, w i l l  be similar t o  t h e  
1964-1965 Mariner Mars mission. Type I t r a j e c t o r i e s  are a n t i c i p a t e d  
because of t h e i r  s h o r t e r  elapsed t i m e  and more favorable  communications 
range a t  encounter. For some mission oppor tun i t i e s ,  a Type I1 t r a j e c t o r y  
g ives  a more favorable  arr ival  t i m e  at Mars from t h e  standpoint of l o c a l  
condi t ions  of i n t e r s t ,  such as t h e  passage of t h e  dark  wave phenomena; t h i s  
i s  not t h e  case i n  1975, when Type I1 missions w i l l  arrive a t  Mars i n  the  
nor thern  hemisphere summer o r  southern hemisphere win ter .  
missions appear t o  be more i n t e r s t i n g ,  a r r i v i n g  i n  t h e  spr ing  i n  t h e  northern 
hemisphere. 

Type I 1975 

The lower energy requirements f o r  t h e  Type I1 t r a j e c t o r y  are expected t o  
have l i t t l e  inf luence  on mission type s e l e c t i o n  because of t h e  above 
cons ide ra t ions ,  and because Saturn class boos ter  systems w i l l  have adequate 
performance by 1975 t o  allow mission opt imiza t ion .  Launch c a p a b i l i t y  should 
be i n  t h e  8000 t o  9000 pound payload c l a s s .  
inc luding  t h e  ABL as defined by t h i s  study, w i l l  weigh no more than  5500 
pounds, and probably less depending on e n t r y  v e h i c l e  technology developments. 
This a l lows  ample weight f o r  t he  bus, s t e r i l i z a t i o n  shroud s t r u c t u r e s ,  
i n j e c t i o n  system, and assoc ia ted  bus-mounted equipment. 

The complete e n t r y  capsule,  

b. Entry and Landing. The en t ry  phase of Mars landing missions 
remains d i f f i c u l t  t o  d e f i n e  p r e c i s e l y  because of  t h e  continued lack  of 
precise d e f i n i t i o n  of t h e  Martian atmosphere. The occu l t a t ion  data from 
Mariner  may narrow t h i s  range. However, t hese  d a t a  have not been published 
at t h e  t i m e  of t h i s  r e p o r t  and i t  i s  s t i l l  not c l e a r  whether re t ropropuls ion  
w i l l  be required t o  d e c e l e r a t e  t he  landed payload t o  v e l o c i t i e s  below those 
a t t a i n e d  pass ive ly  by t h e  aerodynamic e n t r y  veh ic l e .  Except f o r  t h i s  
u n c e r t a i n t y ,  t h e  remaining e n t r y  vehic le  aerodynamic shape, payload 
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separa t ion ,  parachute dece le ra t ion ,  and terminal impact absorpt ion 
requirements are straightforwerd app l i ca t ions  of e x i s t i n g  technology. 
These funct ions are descr ibed i n  Paragraph 5 . 6  of Volume 1x1 of t h i s  
r epor t ,  

c. Surface Ooerafions. I n  a systematic d e t a i l e d  time-phase s tudy of 
ABL operat ton on t h e  Marre, aurface f o r  the two year design l i f e ,  t h e  
experimental programs were found t o  repeat on e s s e n t i a l l y  a one-and-one- 
half-month cycle .  
Martian season f o r  each of 3 or 4 d i f f e r e n t  sample sites. 
sample s i te  could be el iminated i n  later cycles i f  i n t e r e s t i n g  changes are 
not  o b s e d ,  
high l e v e l  of  a c t i v i t y ,  is purposely planned t o  conserve consumable supp l i e s  
f o r  use i n  obtaining da ta  over t h e  f u l l  Martian year.  The low l e v e l  per iods  
a l s o  provide t i m e  t o  recycle t h e  labora tory  back t o  i t s  o r i g i n a l  i n t e r n a l  
state by, f o t . a a m p l e ,  removing t r a c e  contaminants which bui ld  up slowly 
with time from i t s  i n t e r n a l  atmosphere. 
exceeds the  average required electrical power. 
f o r  t he  rad io iso tope  thermoelectr ic  generator  system which puts  ou t  t h i s  
continuous p m e r  l e v e l  f o r  i t s  design l i f e  of w e l l  i n  excess of two Earth 
years .  No consumab3,es: ( fue ls  o r  e lec t rodes)  l i m i t  i t s  usefu l  l i fe .  The 
d e t a i l e d  time-phase study r e fe r r ed  t o  was developed t o  generate  labora tory  
consumable vo lumes , ’ e l ec t r i ca l  power requirements, data processing loud, 
and comnand and c o n t r o l  requirements. 

One complete cyc le  is t he re fo re  repeated during each 
The fou r th  

A luw l e v e l  labora tory  a c t i v i t y ,  r a t h e r  than a cons tan t  

Actual a v a i l a b l e  power always 
No  problem is presented 

One of t h e  p r i n c i p a l  f e a t u r e s  of t h e  ABL is i t s  c a p a b i l i t y  of being modified 
t o  perform a l t e r n a t i v e  experiments and operat ions.  Therefore,  the  ind ica ted  
r e p e t i t i v e  cyc le s  r e fe r r ed  t o  w i l l  undoubtedly not  a l l  be i d e n t i c a l  i n  
conten t ,  but w i l l  probably be extensively modified t o  emphasize those 

can occur e i t h e r  through i n t e r n a l  feed-back from the  results of preceding 
experiments, o r  by means of commands t ransmit ted from Earth a t  t he  
d i r e c t i o n  of s c i e n t i s t s  and i n  response t o  t h e i r  eva lua t ion  of the  progress  
of t he  experimental  program. 

,experiments  producing the  most meaningful r e s u l t s .  These modif icat ions 

‘ I  
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SECTION 3 

ABL PRELIMINARY DESIGN 

3.1 GENERAL DESCRIPTION 

3.1.1 DEFINITION OF THE AUTOIATED IOLOGICAL ABORATORY 

The Automated Biological Laboratory is a part of the Voyager capsule 
landed payload, and integrates closely with other eubystems of that 
payload. Division of the total lander into "ABL" and "interfacing 
subsystems" requires careful evaluation of the primary functions performed. 
Certain of the subsystem are so intimately related to basic ABL functions 
that they are inseparable in a system sense. 
function but are of a more general nature or support a number of capsule 
operations. 

Others perform an essential 

The portions of the landed payload that are considered part of the ABL for 
this study are s h m  in Figure 1. The intimate functional relationship of 
these subsystems make essential their integration as part of the laboratory. 
These subsystems can be further defined functionally: 

(1) Sample acquisition. 

(a) Sampler deployment. 

(b) Sample pickup and transport. 

(c) Sample grading and storage. 

-9- 



CAPSULE 
INTERFACES 

13 SEQUENCING AM) CONTROL 
DATA PROCESSING 

COMPUTATION 
AND STORAGE OR 
SEQUENCE C W M N D  

PROGRAM FOR 
EXPERIMENT 1 

PROGRAM FOR 
EXPERIMENT 2 

-r---- 
I 

--o-L-- -- 
PRWW FOR 
EXPERIMENT N 

--- 

1 1 I 

INTEGRATED 
SAMPLE 
ACQUISITION AND 
PROCESSING 
EQUIPMENT 
AND SENSING 
INSTRUMENTS 

FIGURE 1.  AUTOMATED BIOLOGICAL LABORATORY 
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(2) Chemical processing. 

(a) Reagent storage and distribution. 

(b) Reaction chamber operation. 

(3) Experiment instrumentation. 

(a) Sensor activation and deployment. 

(b) Instrument operation and readout. 

(4)  Sequencing and control. 

(a) Conmand implementation. 

(b) Process sequencing. 

(c) Experiment sequencing. 

( 5 )  Data processing. 

(a) Evaluation and storage. 

(b) Analysis and comnand generation. 

In addition to these major subsystems, there are additional functional 
elements that interface closely with landed payload subsystems, but require 
adaptation to meet the special requirements of the ABL. These include: 

(1) Integrating structure. 

(2) Power adaptation. 

(3) Environmental control adaptation. 

Additional supporting subsystems that make up the total landed payload, 
along with the ABL include: 

(1) Data encoding and decoding. 

(2) Communication system. 

(3)  Power supply. 

( 4 )  Erection system. 

(5) Structure. 

(6) Environmental control. 
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3.1.2 SYSTEM CONSTRAINTS 

The definition of tha design point system parameters used in this study 
employed mission consttaints specified for the study by NASA. The most 
important of these are listed in Table 11. 

TABLE I1 

PRINCIPAL STUDY CONSTRAINTS 

Mission Time 1975 

Mission Duration 
Payload Size 500 - 1000 pounds 
Mission Philosophy 

Two Earth years on Mars 

The mission is t o  be a comprehensive biological and 
related environmental surface exploration, probably 
following orbital and possibly simple entry or 
landing missions in 1969, 1971, and 1973. 

3.2 SYSTEM I)$SCRIP!W3M 

The ABL/lander configurat.ion, which establishes the basis for the program 
plan is shcrwn in Figure 2. 
spherical envelope 68 inches in diameter exclusive of any impact limiting 
material that may be used to protect it on landing. 
weighs approximately 1200 pounds and is intended to operate on the Martian 
surface for a period of two Earth years. 

The overall assembly is packaged into a 

This configuration 

The configuration sham in Figure 2 is a complete self-contained landed 
payload with its am power supply, data processing, communications, and 
environmental control subsystems. The ABL concept employs the integrated 
laboratory approach in which it is possible to use analytical instruments 
and processing equipment in a variety of combinations and sequences. The 
heart of the laboratory, containlng the reagent storage, chemical processing 
equipment, and the analytical instruments, is distributed immediately above 
and below the central horizontal plane of the sphere. 
laboratory is pressurized and has a controlled atmosphere. 

This portion of the 

I 

The primary sampling equipment is located on top of the laboratory, with 
secondary sampling beneath. In its surface operational mode, the laboratory 
is supported by three legs and has a mast structure, containing experimental 
instrumentatation which can be extended up to 15 feet; the mast is also 
used in conjunction with deployment of the remote soil sampler. 

The major ABL susbystems and the primary interfacing subsystems are 
&sci-i'j& ia the f w ~ ~ u - g ~ i i g  paragrap&. 
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FIGURE 2. ABL DESIGN POINT CONFIGURATION 
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3.2.1 EU?ERIMEWIS 

I 

The ABL has been sized on the basis of performing 35 experiments with the 
capability of repeating each experiment approximately 60 times in the two 
year lifetime. The experiment complement consists of biological experiments 
to detect evidence of life by both chemical and growth culturing analyses 
supported by the necessary environmental measurements to provide correlative 
and interpretive data. The local environment of Mars is sampled by both 
visual and infrared scans of the surrounding terrain, by atmospheric gas 
samples, and by evtlkce and subsurface soil samples, The flexibility of 
aitering 01 addiiq expar~aer?tal rnutines by Earth-based decisions and 
c-nds based on the preceding experimental results is incorporated into 
the laboratory capabilities; 

3.2.2 INSTRUMENTS 

The experimental sequences are supported by a complement of approximately 
29 different types of analytical instruments. 
data is produced by the following specialized instrwents. 

A facsimile iwging system is used to provide a visual scan of the 
surrounding terrain with a coordinate infrared map of the same area. 
instrument may be operated in a sun tracking mode and as a solar insolation 
radiometer yielding either discrete or integrated values. 
system is mounted on top of the mast. 

The bulk of the experimental 

This 

The imaging 

A spectral analyzer which combines the functions of an ultraviolet and 
visible spectrophotometer, a fluorometer, and a polarimeter is used to 
analyze chemical solutions for the absorption characteristics, fluorescence, 
and optical rotations associated with detecting biological constituents of 
life such as protein molecules, porphyrins, and nucleic acids. This 
instrument is mounted in one of the toroidal segments in the lmer part of 
the central section. 

An infrared spectrophotometer, located in one of the toroidal segments, is 
used to identify functional groups, such as carbon-hydrogen, carbon-carbon, 
nitrogen-hydrogen, and oxygen-hydrogen bonds. 

Gas chromatographs are used to identify elemental gases and molecular 
constituents of the Martian atmosphere and chemical extracts prepared from 
Martian soil. Several varieties of column packings are required indicating 
the need for multiple instruments. 
upper deck of the central portion of the ABL. 

These instruments are mounted on the 

A mass spectrometer is used in conjunction with the gas chromatograph or 
Ind lvLdzal ly  tz d e t e c t  gn.1 i d e n t i f y  the atomic mass of molecular con- 
stituents from the same Sources as described in the preceding paragraph. 
It is located in one of the toroidal segments. 
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An alpha-scattering instrument is used to perform elemental analyses on 
soil samples or oa’the residue of evaporated solutions by performing an 
integrated count af back-scattered alpha particles from the surface of the 
sample. 
and a count of back scattered particles at various angles is made Over a 
period of time. 

A colliminated beam of alpha particles is directed on the sample 

A variety of environmental and control sensors is used in conjunction with 
these ingtruments to obtain correlative environmental data and the requisite 
feedback coptrol aiid c z l i ? x s t i , ~ .  cf the nrima+y r- ---- inntruments. 

3.2.3 CHEMICAL PROCESSING 

The bulk of the chemical processing is performed in a single piece of 
equipment referred t o  a8 the chemical processor. 
performing the following functions: 

It has the capability of 

(1) Preparation of a soil extract using a solvent. 

(2) Perform solution filtrations. 

(3) Preparation of controlled concentrations and 
varieties of solutions. 

(4) Preparation of soil extracts using liquid/liquid 
phase separation techniques. 

(5) ContrQlled evaporation of solutions to dryness. 

(6) Controlled pyrolysis or oxidation of solid 
samples. 

(7)  Incubation of a growth culture with a soil 
sample. 

The chemical processor receives the required reagents by two means. 
Gaseous supplies and bulk solvents are stored in the toroidal pressure 
vessels around the central mast and are fed through piping to a valve- 
controlled manifold at the processor. Specific small quantity -reagents are 
stored in ampule form around the circumference of the ABL and are trans- 
ported to the chemical processor with the internal mechanical transport 
system of the laboratory. The ampule is placed in the ampule feed 
mechanism of the chemical processor and is used as the dispenser for the 
reagent. Specialized empty versions of the ampule are used to transport 
p a r t i a l l y  prccessec! l i q ~ i c !  samples within the laboratory. 
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Thirteen chemical processors are arranged circumferentially around the 
central bulk reagent storage. Reagent ampule storage is arranged in a 
cylindrical fashion around the chemical processor with sufficient space 
left between the chemical processors and ampule storage for the internal 
transport mechanism to operate, 

Auxiliary to the chemical processors are dialysis chambers to reduce salt  
concentratigns in solutions and culture evaluation chambers with optical 
densitometers t o  detect changes in turbidity or culture growth. 
chemical processor utilizes throw-away elements, such as filters and 
chnmber sealing elements, t o  provide the Capability of easily cleaning and 
recycling the equipment t o  its initial condition. 
form a dry heat bake sterilization cycle for the critical surfaces is 
incorporated into the design. 

Each 

The capability to per- 

3.2.4 DATA PROCESSING 

Data generated by the operation of the laboratory equipment must be 
processed for generation of internal commands or for storage and 
subsequent transmittal to Earth. It will be desirable to perform some 
form of data coapreesion on eome of the raw data as they come from the 
experimental equipment. Redundant data within an experiment output or 

nts can be removed in this way without loss of information. 
reduction of the data from imaging experiments can be obtained 

of coding to reduce the load on the connnunications link. 
w i l l  be stated on magnetic tape units for processing in 

re transmission, The memory capacity required for this 
function is provided with a redundancy factor of 2 by means of two separate 

e units of lo8 bits capacity. 

3.2.5 SEQUENCING AND CONTROL 

The sequencing of the experimental activity of the laboratory and the 
control of essential engineering functions of the ABL landed payload are 
performed by a central ccmputer system: This computer contains, in 
addition to the temporary magnetic tape memory previously discussed, a 
central arithmetic and control unit, a main thin film or core memory of 
6 x LO5 bits capacity in which the executive control and preprogrammed 
portion of the experimental procedures are stored, and a backup wired 
memory of less than LO5 bits capacity in which critical executive routines 
and instructions are stored against the possibility of their inadvertent 
loss from the main memory. 

3 . 2 . 6  SAMPLING 

The ABL acquires atmospheric gases and atmospheric-borne dust particles by 
means of a suction-blower system, with sampling repeated on a limited basis. 
This sampler is shown as the slender probe parallel to the surface at the 
ABL major diameter. 
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Soil samples are acquired at the laboratory landing site and at two remote 
sites per season resulting in a total of 12 sample sites in the two year 
lifetime. 
follows: 

At each sample site, five aubsample batches are collected as 

(1) An aerosolizing jet and brush with a pneumatic 
transport sys tem is used to collect surface soil 
to a depth of 1 centimeter in particles sizes up 
to 300 microns in diameter, 

An auger-type cylindrical drill is used to collect 
soil samples to a depth of 20 centimeters. This 
sample is subdivided into 5 centimeter batches and 
processsed separately for experimental analysis. 
The soil sample is fed into a rotary pulverizer 
designed to break dawn agglomerated masses of 
particles, The effluent from the pulverizer is 
then graded by pneumatic sieving and transported 
into a combined cyclone particle collector and 
weight scale. The graded s o i l  sample containing 
particles from 300 microns and less is weighed 
and measured into a filter unit for storage or 
transport to the appropriate chemical processor. 
The filter storage unit rotates, presenting a 
series of fresh filter units to the cyclone 
collector for a soil sample, This sample grading 
equipment is mounted on the top deck of the ABL, 
accessible to the remote or local sampler. 

The on-site sampler is boom mounted so that it may 
be rotated over the edge of the laboratory and 
lowered to the surface, as shown on the near left 
side in Figure 2, 
sample collector support structure into the sur- 
face, soil mechanics data are acquired, and 
characteristics of the surface measured to 
determine subsequent sampling procedures. The 
boom is used to return the sampler to the 
laboratory and position it on the pulverizer 
entrance. Soil is transferred from the cylindrical 
auger in incremental fashion until a complete 
5 centimeter batch has been processed and analyzed. 
Subsequent batches are processed in the same manner 
until the soil sample from a given sampling site 
is exhausted. 

By initially pressing the 

The aerosol dust sampler is a cyclone particle 
collector mounted on the sample collector support 
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structure. This sample is pneumatically 
transferred to the laboratory using the same 
compressor system on the sample collector as is 
used t o  collect the sample. This sample is 
collected by rotating a brush carrying aero- 
solizing jets ineide a ahroud to suspend soil 
particlee in the atmosphere. An open loop 
circulation system from the compressor to the 
shltaud and back t o  the cyclone particle collector 
i t a  used to gather the suspended soil particles. 

Remote sampling aites are attained by ballistically 
deploying an anchor which is fixed to the end of a 
cable, in a high looping trajectory, as shmn in 
the upper left part of Figure 2. After the anchor 
embeds itself in the soil, a winch takes up and 
preload8 the cable. A sample collector similar 
to the boom mounted version is then attached to 
a trolley drive system on the cable which is used 
t o  carry the sampler along the cable. Power and 
control are furnished t o  the trolley and sampler 
with a wire control link deployed from the 
laboratory, as required. At the selected point 
the trolley Stops; cable tension is relaxed 
sufficiently to place the sampler on the surface 
for sampling operation: The cable tension is 
then reapplied to lift the sampler from the sur- 
face and return it to the laboratory. This 
system eliminates the requirement for detailed 
knowledge of the local terrain, thus simplifying 
the transport problem and increasing the 
reliability for retrieving the sample. 
range limit of this system is approximately 800 feet 
over a flat, level surface. 

Reasonable 

3.2.7 ENVIRONMENTAL CONTROL ADAPTATION 

The environmental control for the ABL consists of two functions; (1) pre- 
vention of atmospheric contamination from either internal or external 
sources, and (2) thermal control of the laboratory environment. The 
chemical processing, reagent storage, and instrument sections of the 
laboratory are pressurized to essentially one Earth atmosphere with clean 
dry nitrogen. 
uniform temperatures in the laboratory by convective heat transfer. A 
scrubber is located in this system to remove gases and compounds released 
into the internal atmosphere during ABL operation. It also filters solid 
particulate matter out of the atmosphere which may come from sources such 

A closed loop internal circulation system is used to maintain 
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as dust from soil samples being processed. 
clean the Martian atmosphere, if local air is used as a makeup gas to 
compensate for leakage. 

A bypass on the closed loop circulation system is utilized to obtain waste 
heat from the R!E power supply as required to maintain the temperature of 
the laboratory above freezing. The net requirement for the laboratory is 
a heat input under most of the daily temperature variations encountered. 
Since the R!LG is only 5 t o  10 percent efficient, it produces 90 to 95 per- 
cent  wg_a+e hest, m-j.a i~dicatnn that if nome other type of primary power 
supply is used, it must also provide the power to maintain the laboratory 
at its operating temperature. 

The scrubber is also used to 

3 . 3  ABL INTERFACES 

3 .3 .1  ELECTRICAL POWER 

As indicated under environmental control considerations previously 
discussed, there exists a strong interaction between the electrical power 
supply and the thermal control of the laboratory, 
thermoelectric generator) is ideally suited to providing for these thermal 
requirements, as well as for the electrical loads of the ABL. The RTG is, 
in fact, such a perfect match to the operating requirements of the ABL 
landed payload that its availability on time and in the proper sizes and 
configurations for the mission is considered mandatory. No particular 
problems are anticipated in this regard, but some continued development is 
required. Fuel availability, fuel element packaging, general overall 
system performance upgrading, and, in particular, improvement in the shock 
and vibration sensitivity of the units are areas in which work should be 
pursued. 

The RTG (radioisotope 

The design point ABL has requirements for a unit with 75 watts peak 
electrical power output; two such identical units are suggested for 
redundancy. 
right side of the ABL in Figure 2. 
the fact that it must dissipate heat continuously from the time it is 
assembled. When the RTG is enclosed within another system (such as the 
landed payload) means must be provided for removal of this heat, or the 
unit and adjacent equipment can be damaged. During the Earth-Mars transit 
phase, this must be done by means of a cooling loop to the exterior of the 
entry vehicle sterilization shroud. During the terminal sterilization of 
the system, this heat can be used to advantage by being shunted into the 
interior of the ABL payload in a controlled fashion, bringing up the 
internal temperature to the sterilization level in less time and with less 
severe thermal gradients than if the payload were heated only from the 
outside. 

They are shown as two finned cylinders mounted on the upper 
One peculiarity of the RTG system is 
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postuiate the use of B 103 ki trazsmitter gt e l l  three DSN facilities. At 
present, this capability exists only in experimental but operating form at 
Goldstone. 

The main telecomunication data link from the ABL to Earth is by means of 
an 80 watt transmitter working through a fan beam antenna of 15.5 db gain. 
The fan-shaped pattern of the antenna is oriented once on landing to lie 
in the ecliptic plane and spetrically about the Mars-sun line at noon; 
thus, each day the Earth passes through the long dimension of the beam 
cross section. 
time per day. 

For the parameters discussed, the communication link capacity varies from 

1 

For the design point, this case gives a 3 hour transmission 

The ABL will land on the surface of Mars with a set of experimental 
sequences preprogrammed into its central control computer. 
been developed by the participating principal investigators in various 
science disciplines, such as biology, chemistry, geology, and physics. 
Priority will initially be assigned those experiments designed to detect 
evidence of life on Mars. Evaluation of the results of these first 
experiments may shift the investigation techniques to emphasize experiments 
producing more interesting results, or, in case completely negative bio- 
logical results are obtained, may be shifted to another field of investi- 
g a i i v r i  wliFch coi;?d p rzduce  mer= rewarding information. 
experiments and the rate at which they are performed can also be compressed 

I 
These will have i 

I 

I 

The phasing of 
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or expanded to allow a more comprehensive evaluation of an interesting 
transient phenomena, or to avoid the useless repetition of experiments 
when this is indicated. Thus, the principal investigators must receive 
and analyze data on a regular basis to evaluate their experimental results 
and to coordinate this in terms of the overall operation of the ABL. 

3.4.2 SUMMARY OF LIFETIME OPERATION 

At arrival on the Martian surface, the ABL will erect and orient itself to 

the major subsystems. 
experiments not dependent on soil samples or a known orientation of the 
laboratory with surrounding terrain, During this day, the facsimile ' ,  

scanning system will go into a sun track mode to determine the proper 
orientation of the high gain comnunications antenna, 
achieved by rotating the entire laboratory. 
the plane of the ecliptic will provide Earth view times of 3 hours per day 
in which to transmit data and receive instructions, 
ment of the beam is performed periodically by electronic switching of the 
phased array to raise or lower the beam, as required. 

the l o c a l  varrica!. %+.ich is ren,uir& t= p r ~ ~ i d ~ ,  nrnnclr nnerat3nn ~f nl_l r- sr-- -r --- -____ 
The first day of operation will initiate a l l  those 

This orientation is 
A fan-shaped beam lying in 

Subsequent realign- 

After the communications link is established, the laboratory begins all 
programed surface operations. The total operating lifetime of the ABL 
will ultimately be determined by depletion of supplies in conjunction with 
the rate at which experiments are being performed by lifetime of the power 
supply, or by failures in the equipment. The lifetime could be less than 
2 years, but it is also possible that it could be operational for periods 
appreciably in excess of 2 years, This is particularly true of those 
experiments not dependent on chemical supplies, such as the environmental 
experiments, the visual and infrared scanning equipment, background 
radiation counters, and the mass spectrometer. This type of secondary 
mission objective could strongly influence the selection of the type of 
power supply used, and might also affect the ultimate selection of the 
analytical instrument complement carried in the ABL. 
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4.1 ABL AND RELATED PROGRAMS 

In order to meet the planned 1975 flight date, a number of related programs 
must be carefully planned and interlaced. 
are noted in,the following paragraphs and are discussed in more detail in 
Section 5 .  

4.1.1 AUTOMATED BIOLOGICAL LABORATORY DEVELOPMENT 

This program is the primary subject of this preliminary program plan. 
deals with the design, development, fabrication, delivery, and mission 
support of the ABL itself. 

4.1.2 SCIENCE DEFINITION PROGRAM 

Several of the major,programs 

It 

,This program would be conducted by NASA in parallel with the ABL development 
program. It includes the definition of the'science mission, selection of 
principal investigators, definition of scientific experiments, and specifi- 
cation of experiment techniques. Because it interfaces so closely with the 
ABL developnent program, discussian of it is included in Paragraph 4.3 of 
the ABL program plan. 

4.1.3 VOYAGER CAPSULE DEVELOPMENT PROGRAM 

The ABL and capsule programs have a strong influence on each other. 
points of interface are noted in the ABL program plan. 

Major 
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4.1.4 SPACE FLIGHT OPERATIONS PROGRAM 

This program covers the development of Earth-based data analysis and ABL 
control facilities for the operational period of the ABL on Mars. Near- 
real-time data analysis, evaluation, and operational command control will 
be required on a continuous basis throughout the operational life. 

4.1.5 STERILIZATION PROGRAM 

The current program for development of sterilization technology and parts 
qualification must continue and be partially directed to consider the problems 
of the ABL. This continuing program will furnish the requirements for 
terminal sterilization, fabrication and assembly procedures, sterilization 
assay, and other such technology developments. 

4.2 ABL DEVELOPMENT PROGRAM 

The schedule for the ABL development program is shown in Figure 3 .  
continuous program with a very early start is indicated, following directly 
behind the present conceptual study. The program divides logically into 
a number of phases discussed in following paragraphs. 

A 

4 .2 . 1 PRELIMINARY DESIGN 

The preliminary design phase commences in the fourth quarter of 1965 and 
continues to mid 1967. 
the specific definition of a nominal ABL compatible with the planned capa- 
bility of the corresponding Voyager mission. The nominal ABL is used as a 
basic input for the science definition phase as discussed later. 

The primary effort in this phase is directed toward 

In the preliminary design phase, variations of the basic configuration will 
be studied. 
be established, and the effect of increased and decreased capability 
traded-off, 
levels of capability will be determined, and the detailed characteristics 
of these instruments will be defined. The capability level investigated 
will vary from relatively simple experiments involving minimum processing, 
instrumentation, and data output, to very comprehensive systems at and 
beyond the upper limit of delivery system capability. The interaction of 
various instruments will be investigated to determine potential multiple 
use and flexibility in a number of applications. The instruments will be 
examined in detail to define specific design parameters, identify require- 
ments for state of art improvements, and establish weight, size, and data 
parameters expected. 

The most desirable experiment and processing capability will 

The specific science instrument complement required for various 

n,,-; -- tL .2  
. - . - r r r L b  L ~ ~ L s  per iod ,  ihe supporting subsystems wiii be defined ana cne 
characteristics similarly analyzed. 
detail required to permit making specific decisions concerning the methods 

The designs will be carried to the 
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of operation, limits of performance, reliability, redundancy requirements, 
and interface requirements for all subsystems and systems. This information 
will be continuously translated into capsule requirements so that the effect 
on the overall system can be predicted. 

Based on this engineering information and supporting science inputs from 
NASA, a nominal ABL will be defined. 
capability and engineering configuration t o  be used as a basis for definition 
of the specific science program, and to initiate hardware development. 

This design will represent the science 

During the preliminary design effort, supporting programs in sterilization 
ccnn,pstibi?itg sr& eqmr’rmeni; techniques are essential. A s  design tradeoff 
studies are conducted, specific materials and canponents will be identified 
that are essential to successful operation of the system. 
of these with the sterilization requirements must be determined to identify 
early development requirements or possibly to eliminate certain approaches. 
Similarly, the adaptability of specific experimental processes to automatic 
operation must be investigated in the laboratory to assist in defining the 
complete capability required. Ignoring either of these test areas may 
result in designing into a corner that would require major modification of 
concept or approach later on. 

The compatibility 

The major output of the preliminary design phase then is: 

(1)  A specific definition of the nominal ABL intended 
for 1975 flight, including the instrument complement, 
sampling and processing capability, and the operating 
modes and limitations. 

(2) A specific Qefinition of the interface characteristics 
necessary to determine the total effect on the entry 
vehicle, landing, and support systems. 

(3)  A specific definition of major development requirements 
necessary to meet the performance parameters of the 
nominal ABL and the sterilization requirements of the 
Voyager sys tem. 

( 4 )  A specific program plan defining the complete develop- 
ment, flight, and surface operations program, including 
the supporting and related programs essential to mission 
completion. 

4 . 2 . 2  SCIENCE DEFINITION PROGRAM 

The integrated laboratory concept of the ABL implies participation of the 
s c i - ~ n t - i f i c  ccm,ur;lty in a siightiy ditferent manner than normally considered 
in space programs. Conventionally, the spacecraft substantially provides 
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a test bed, delivery system, communication system, and functional support 
for individual experiments that are designed and furnished by the individual 
principal investigators. Each experimenter is completely responsible for 
the design, fabrication, and operation of his particular experiment. 

In the integrated ABL, each principal investigator is furnished a laboratory 
that is capable of performing many types of experiments by selecting and 
sequencing the many individual processes and readouts that are available. 
An experimenter may therefore specify completely the experiment to be 

he would not design the specific equipnent to perform these functions. 
pertormed, with the ciaca required, a d  he analyzes L1.S - ~ - * * ' + - *  L G P U I  cu , hcwever , 

Whereas this method of operation is unusual, it is not unique. It has 
been applied in essential form, for example, in the OS0 program. There 
are undoubtedly many ways the science definition program and principal 
investigator participations could be handled. 
discusshd in the following paragraphs. 

One reasonable way is 

The science definition program would be handled directly by NASA, starting 
concurrently with the preliminary design and continuing to mid 1969. 
Principal investigator participation would continue through the development 
and flight program, lander operations on Mars, and subsequent data evaluation. 

During the preliminary design .program, the specific philosophy for the science 
program must be developed. Operating procedures must be established in detail 
to ensure maintaining the scientific integrity of the experiment program, to 
direct participation and control by the principal investigators where this 
is essential, to define acceptable interface arrangements for all partici- 
pants, and to provide for adequate decision-making machinery during system 
development and Mars surface operations. 

These operating procedures, the definition of the nominal ABL, and other 
mission information comprise the Announcement of Flight Opportunity (AFO) 
that is released for experiment proposals in the first quarter of 1967. 
This AFO would define the laboratory instrument complement, sampling, and 
processing capability, data processing and analysis capability, and generic 
description of science and experiment types contemplated. Potential 
principal investigators would respond to the AFO with the proposed experi- 
ments planned to utilize the specified ABL capability, or reasonable per- 
turbations of it. 

Evaluation of the science proposals would consider the potential effect on 
the overall ABLY complementarity of experiments and techniques, compatibility 
with efficient and economical use of the equipment, adaptability to utilization 
or' various pieces oi l l lu l t ip i i rpsse  equip,cnt ,  b a l n x e . 1 -  csp- nf t h e  overall 
system capability, and other such pertinent factors. 
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An initial selection of principal investigators would be made to participate 
in the final science definition. During this period the group of selected 
experiments would be further defined to maximize the combined information 
content and to optimize the ABL configuration. It is possible that specific 
experimental procedures and techniques would be modified where the experi- 
ment integrity would not be camprcnnised, that experiment intent would be 
expandecl to cover open areas or provide redundant related information, and 
that other such changes would be made in arriving at the final science 
program. 

Concurrently, the principal inveetigatora would develop the spec i f i c  expert- 
mental techniques 80 that by the first of 1969 the specific instrument 
performance can be defined, and by mid 1969, the step-by-step experiment 
procedures are available. This infomation establishes the requirements 
for the corre8ponding parts of the ABL and defines the operating require- 
ments for the related subeyrtems. 

The principal investigators continue on the program, coordinating contin- 
uously with the ABL integrator as the hardware is developed and tested. 
They participate in development of operating procedures for Mars operations. 
During the operating life on Mars, they analyze the appropriate scientific 
data, and participate in cormnand control of experiment operation and 
modification. 

Because of the additional coordination required during the ABL developnent, 
the science definition and principal investigator selection must occur 
ea-rlier than on the more conventional programs. For the 1971 Voyager 
migsion, for instance, the principal investigator selection is planned 
about 5 years before the flight date; for the ABL Voyager mission, about 
7 years lead time is planned. 

4 . 2 . 3  SUBSYSTEM AND SYSTEM DEVELOPPlENT 

Development of the ABL would be initiated on the basis of the nominal 
System defined for the AFO in the preliminary design phase. 
continuous tradeoff and evaluation studies would be conducted in support 
of the science definition program which is proceeding concurrently. Specific 
effects on the various ABL subsystems would be fed into the development 
program as they occur. 

In addition, 

Certain of the instruments and sensors considered for use in the ABL 
present the most critical development and lead time problems. Although 
instrument concepts are based on known principles used routinely in normal 
laboratory operation, development in the flight configuration with usable 
sizes, weights, power requirements, performance, and reliability presents 
challenging problems. 
ABL are in this category. 

Three major instruments included in the design point 
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The spectral analyzer is a special instrument that combines the functions 
of a fluorimeter, UV spectrometer, and polarimeter. Significant volume 
and weight advantages can be realized by multiple use of the structural, 
optical, and control systems that are common to the three instruments. In 
addition, the simplification of the sample handling system offers further 
advantage? of reliability. 

The various functions would be performed using c m o n  optics and energy 
sources, with multiple filters for the spectral ranges desired and differ- 
ent nenxore €or the variniln fijnctfnng; T h e  prfm_a_r)t g e c g ~ y  1. a_ p h n + _ ~  
multiplier; currently available types are suitable for relatively high 
g-level shocks, and are compatible with sterilization requirements. 
Primary development problems in space application designs are associated 
with the lens mounting system to maintain the required close optical 
alignment during and after shock and vibration, and during temperature 
changes that would be experienced in operation. Also, the canplex lens 
assemblies which conventionally use special cements appear to be incom- 
patible with heat sterilization. Special methods of compounding lenses 
must be developed. 

Finally, this caubination of instruments has not previously been assembled. 
Preliminary designs have been prepared that indicate the feasibility of 
such combination, but problems in doing this can be anticipated. 
of time required to solve problems not yet defined can be risky; however, 
estimates for the development time were made, based on previous work with 
instruments of similar complexity. The 3 year lead time for the first 
complete prototype does not allow signigicant slack, based on the estimates 
received; however, the additional 1 1/2 years for final prototype comfort- 
ably covers the total predicted time. These availability dates are keyed 
to the overall ABL development and test program. If intolerable develop- 
ment difficulties are experienced, single purpose instruments could be 
used with some compromise in system weight, volume, and related subsystem 
complexity. 

Prediction 

The combined gas chromatograph and mass spectrometer is similarly conven- ' 

tional in principle as separate units, but has not previously been combined 
into a single unit in space flight configurations. The advantages realized 
by combining the instruments to permit continuous flow operation without 
intervening handling of the gas sample are major, and justify extensive 
development effort. The basic controls of the gas chromatograph are 
relatively conventimal; primary problems are expected in miniaturization 
of the columns and development of packing techniques to obtain uniform and 
predictable performance. Considerable work has been done at JPL and NASA/ 
Ames Research Center on this problem, and confidence is felt in solution 
of the problems. 
materials suggested has not been verified and this may present problems. 

Compatibility with sterilization of some of the packing 
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The mass spectrameter problems are associated with miniaturization of the 
instrument while maintaining the range and suitable operation at power 
levels sensibly available on the ABL. 
the weight ranges required but with sensitivity characteristics not good 
enough for the application. 
not cover the necessary range. 
problems in the t h e  required again involves real risk. 

Units are currently available in 

Other units with reasonable sensitivity do 
Prediction of solution of the development 

The IR spectrophotometer does not present the basic development problems 
of the two previous major instruments. 
conventional ranges, although the flexibility of the instrument could be 
increased by increasing the nonnal linear range. Some mounting problems 
may be experienced with the radiation source if the vibration or shock 
environment is severe; preliminary investigation indicates that modified 
mounting or caging techniques are reasonable. 

Operation is well within the 

Other instruments and sensors are relatively conventional, and significant 
development problems are not anticipated. However, development should 
start concurrently with the other instruments to allow for unanticipated 
problems that might arise. 

The instrument development will begin in the first quarter of 1967, based 
on the nominal design ABL used in the AFO. 
program proceeds, additional information and requirements w i l l  be formulated 
for the instruments, although no major changes from the nominal performance 
requirements would be expected. 
developnent of basic design, miniaturization, and compatibility with 
sterilization. 

A s  the science definition 

Initial work will concentrate on the 

With the initial selection of experiments at the start of 1968, the 
instrument requirements are more definitive; by the end of 1968, the specific 
performance can be defined. 
is mutually dependent, and simultaneous work is essential. In fact, 
instrument developments of a related nature have been under way for some 
time at JPL, b e e  Research Center, and other places under NASA sponsorship. 

Since the instruments are the longest lead-time components of the ABL, it 
is important that their development start as soon as feasible. It is 
planned that the initial development would be of breadboard nature, during 
which the fundamental techniques would be established and sterilization 
compatibility determined. During this time, functional changes affecting 
range, resolution, sensitivity, etc., can be accepted with minor impact, 
as long as basic operating principles are not modified. The "brassboard," 
or prototype designs would be based on specific performance requirements, 
and would be fabricated of components that are (short term) qualified for 
sterilization, shock, and other environments. 

Development of instruments and experiments 
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Development of the other ABL subsystems would also proceed on the basis of 
the nominal ABL design. The sample acquisition and processing system is 
relatively independent of the other functional systems. Initial work would 
concentrate on the sample acquisition-development of the sampler, soil 
loosening and pickup, deployment of the sampler, sampler system control, etc. 
Preliminary work on sample grinding, grading, and handling would camnence 
early; emphasis on this part of the system would increase as the experiments 
are defined and the epecific processing requirements determined. 

The chemical processing subsystem work is initially concentrated on devei- 
oprnent of reagent storage and handling techniques, transfer system, and 
mechanization of the reaction chamber operations. Knowing the types of 
processing involved, these aspects can be developed in detail. A s  the 
experiments are defined, the specific reagents and reagent quantities, 
precise sequencing, and process timing will be superimposed on the system 
design. Next to the instruments, the chemical processing system requires 
the longest lead time for development. 
ones of detailed implementation, extensive development will be required 
to assure a reliable, long life system. 

Whereas the problems are primarily 

The data processing and analysis subsystem is based on current state of the 
art computer techniques. Initial work would concentrate on development of 
data compression techniques for the raw data output contemplated in the 
nominal ABL. 
internal decision making that can be built into the ABL. 
that adaptive learning techniques will be used. 

This allies closely with the amount of data analysis and 
It is not planned 

The sequencing and control aubsystem is also based on current state of the 
art. Significant work on this subsystem will be delayed until the prelim- 
inary definition of the experiments is available, and the initial system 
work on the processing and instrument design has been completed. Each of 
the processing and instrumentation steps will be programed individually. 
Subroutines in the sequencing system w i l l  group these steps in various 
combinations to conduct complete experiment cycles. 
these subroutines by internal or external command will be based on predicted 
and built-in changes that optimize potential sequential data, or analysis 
of  data on Earth and reprogramming into sequences not previously planned. 

Modifications to 

Development of all the subsystems will continue past the complete definition 
of processing and sensing requirements to incorporate the final procedures 
developed. During this time, the engineering prototype assembly design 
will commence, so that the initial ABL prototype system testing can begin 
in mid 1970. Testing continues through the first quarter of 1971 as 
performance data are analyzed and indicated design modifications are 
incorporated. 
will be conducted under cleanroom assembly conditions to identify special 
problems that may result. All materials and components will have demon- 
strated short term compatibility with the sterilization cycle. The com- 
plete assembly will be tested as assembled, and will then be subjected 

The first prototype assembly a d  ill: siibsjrstem assembly 
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to the sterilization heat cycle to identify any additional problems that 
may occur because of the materials and subsystem combinations. 

As the engineering prototype cycle is under way, many problems of detail 
design, fabrication, and operation will be apparent. Concurrently with 
fabrication and test, design of the flight prototype will commence. The 
same clean assembly and sterilization considerations will apply, with 
incorporation of the lessons learned on the first prototype. The flight 
prototype should be very nearly the final configuration of the ABL, and 
in addition to extenetlive performance testing, will provide for system 
l i f e  teetni  cnmylo,tc. iz+,o,rf=ce tee:% w i t h  tt;= tapa.;;~ al;G rciiiii~inicatfofis 
systems, development of AGE and system test equipment, development of cap- 
sule system checkout, assembly, and launch operations, and any other system 
functions in which the ABL plays a significant part. 

The qualification hardware will follow the flight prototype by about a year 
to give maximum assurance that the qualification and flight systems will 
meet the mission requirements. The parts and subsystems for the qualifi- 
cation and flight units w i l l  be fabricated in the same production cycle. 
The first eanplete rysteme will be used for qualification test, with subse- 
quent units for flight. Three complete flight units are programmed; two 
for launch and one for backup. 
end of the third quarter of 1974. 

All flight units will be available at the 

The flight units will be fabricated and assembled under cleanroom cadi- 
tions to minimize biological contamination. 
pletely checked out and acceptance tested. The ABL will be delivered in 
the "bio-clean" but unsterile condition for integration with the cmpkte 
capsule assembly. 

4.2.4 SYSTEM ASSEPfWY 

The system will be com- 

The ABL would be delivered to the sterilization and final assembly facility 
for integration into the complete capsule. It is anticipated that these 
final Operations would occur at a central Government facility, or a t  the 
capsule integrator's facility. 

All portions of the landing capsule system would be collected for simul- 
taneous sterilization. It is a$sumed that sterilization would occur before 
final assembly, and that final assembly would be accomplished by "caterpillar 
tube" access to the sealed sterilization chamber. Therefore, qualification 
of sterilization heat soak parameters for the ABL would be on the basis 
that it is directly exposed to the ambient temperature. 

The ABL would be checked out before and after the sterilization cycle. After 
the second checkout, assembly With the c a p s ~ ~ I p _  s.lc?tlld prnceec! thrcugh i c s t a l l -  
ation of the sterile shroud. 
required, procedures to be used, assembly level checkouts, etc. -- would have 

The complete assembly process -- equipment 
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been previously developed, using a flight prototype model in conjunction 
with the other capsule systems involved, 
this final checkout and assembly in the sealed, sterile chamber. 

After installation in the sterile shroud, the complete capsule is available 
for launch site operations. 
interfaced with the Voyager spacecraft, and the total Voyager spacecraft 
with the launch system. 
remains unopened during launch site operations. Any checkout and system 
functional -operation8 are monitored through hermetic external connections. 
If failures occur within the sterile shroud envelope, the complete sterile 
assembly would be exchanged for the backup unit. 
requiring entrance inside the sterile shroud would be conducted at the 
sterile assembly facility, with the unit then being reassigned as the backup 
system, 

A 6-month period is allmed for 

There the capsule is physically and functionally 

It is presumed that the capsule sterile shroud 

Modification or repair 

For planning purposes, 4-1/2 months are allowed for launch site operations 
with the capeule. Same of the launch operations affecting the booster and 
spacecraft w i l l  occur before the capsule is required or available. 
of the restriction on access to the sterile assembly, the operations to be 
performed with the capsule at the launch site will be relatively limited. 

Because 

4 . 2 . 5  SPACE FLIGHT OPERATIONS PROCRAM 

The ABL is a relatively comprehensive payload that will require a parallel 
program for the development of ground based support and operation facili- 
ties to carry out the mission. The ABL will operate for 2 years on Mars. 
Because of the flexibility built into the ABL system, extensive near-real- 
time data analysis and decieion making by the principal investigators are 
required to realize the full potential of the operating laboratory. This 
will require develapment of facilities, equipment, and extensive personnel 
training to make the maximum use of data that are obtained on a sequential 
basis, and to determine the most reasonable and most productive operational 
commands fot continued experimentation. 

Development of the mission operation procedures will start with the ABL 
engineering prototype availability in mid 1970. Participating scientists 
and engineers will develop operating and control procedures to use during 
surface operations. Development of corresponding facilities and equipment 
will be initiated for inclusion in the SFOF to be used for the mission. 

So that the ABL can be properly controlled, the SFOF would be provided with 
a Mars operation duplicator and command generation simulators. The duplica- 
tor would be an ABL of flight configuration that would be operated in 
parallel with the ABL on Mars; it would precisely duplicate the condition 
of the operating ABL; as experiments are conducted, the process would be 
duplicated; if failures should occur, the corresponding portion of the 
duplicator would be disabled; commands sent to the Mars ABL would also be 
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t ransmit ted t o  the  dup l i ca to r .  
b i l i t y ,  modified experiment p o t e n t i a l ,  and e f f e c t  of command funct ions can 
be continuously evaluated. 

To support the  operations. provis ion i s  required f o r  near-real-t ime ana lys i s  
of da t a  from the  ABL. 
of p r inc ipa l  i nves t iga to r s  during portions of the  experiment cycle .  
t h i s  da t a  ana lys i s ,  p o t e n t i a l  r ed i r ec t ion  of t he  experiments w i l l  be 
generated,  and the corresponding commands formulated. 

'1'0 evaiua te  the  e f f e c t s  of a i a rge  number of p o t e n t i a l  commands, tne  ai, 
may be simulated by a computer. 
and the  optimum command sequences se lec ted .  
mand would be determined.by i n s e r t i o n  in to  a test ABL, and the  e f f e c t s  
evaluated.  
ABL and the  dup l i ca to r .  

It is an t i c ipa t ed  t h a t  the  t e s t  ABL would be a f l i g h t  prototype model, 
updated t o  f l i g h t  conf igura t ion  i n  a l l  e s s e n t i a l  elements. 
be ava i l ab le  i n  mid 1970 f o r  personnel t r a in ing  and development of procedures. 

I n  t h i s  way the  p rec i se  condi t ion ,  capa- 

This requi res  r e l a t i v e l y  continuous pa r t i c ipa t ion  
From 

- 
The e f f e c t s  could then be quickly checked 

The a c t u a l  e f f e c t  of t h e  cam- 

When confirmed, t he  camsnand would be t ransmi t ted  t o  the  Mars 

This ABL would 

The dupl ica tor  ABL would be the  q u a l i f i c a t i o n  model, reworked t o  f l i g h t  
condi t ion .  
g r a t i o n  i n t o  the  SFOF system, and f i n a l  r ehea r sa l  of operat ing procedures. 

This would be ava i l ab le  i n  the last quar te r  of 1973 f o r  i n t e -  
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4 . 3  STERILIZATION PROGRAM 

4 . 3 . 1  REQUIREMENTS 

In broad terms, the sterilization program will be required to provide: 

Documentary support for the certification of 
sterility of the flight hardware through audits 
of the critical steps and through reports of the 
critical tests performed in the program to build 
sterility into the ABL. 

Technical support of the design effort 
early identification of technical need 
tions arising out of the sterilization 
requirement. 

Technical support of the manufacturing 

through 
and solu- 

depart - 
ments through suitable training of personnel 
operating on or testing the hardware, and through 
provision of appropriate facilities and techniques 
for both the manufacture of the ABL and 
the certification of i ts  final sterility. 

The sterilization aspect of hardware development and qualification has no 
real schedule of its own. It must be smoothly and closely integrated, at 
each step, with the analogous efforts pertaining to technical and adminis- 
trative objectives. 

4 . 3 . 2  HARDWARE DEFINITION AND SELECTION 

Hardware definition and selection start with the first iteration of de- 
sign and development testing. 
conceptual study and will continue through the preliminary design phase into 
early 1967. It is a continuing effort thereafter until final designs are 
established. 

This process has started during the current 

Sterilization testing is applied, of course, only at the levels of assembly 
at which there are reasonable questions of sterilization compatibility. 
The functions of the various subsystems will be divided into simple and 
complex parts so that lists of alternative materials and designs can be 
developed for sterilization compatibility screening as needs arise. 
revision will occur as the proof test data are developed. 
of certification of sterility, documentation of proof test data is essential. 

Design 
For the purposes 

A s  the design begins to become firm in particular subsystems, the prepara- 
tion of specifications pertaining to both procured and to contractor- 
fabricated parts will start. The sterilization program will provide suitable 
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information defining the acceptable materials, the appropriate packaging, 
and portions of the poststerilization functional proof testing. When ap- 
propriate, the sterilization program will provide audit of vendor facilities 
and capabilities as they pertain to the attainment of sterility in the final 
ABL . 
The effort to prepare these specifications will start in the last quarter 
of 1966 and will carry through the third quarter of 1968. 

4 . 3 . 3  ‘HARDWARE DEVELOPMENT AND QUALIFICATION 

The ABL will contain many commly used parts, components, and materials, 
but will also use materials and parts not reasonably a part of other pro- 
grams, e.g., growth media.and reagents used in chemical processing may not 
otherwise be considered for sterilization compatibility. 
that standard parts and components will generally be sterilization qualified 
in supporting technology programs. For those identified parts where this is 
not true and, for ABL peculiar parts, qualification is planned as part of 
this program. 

It is essential that sterilization qualification of essential materials and 
parts be started very early. Qualification testing of ABL peculiar materials 
should start as early as mid 1966, and of ABL peculiar parts as early as the 
second quarter of 1967. The breadboard performance testing of subsystems 
starts in late 1967, with the sterilization related aspects starting about 
the first quarter of 1968. Specifically, the later breadboard subsystems 
and the “brassboard” and prototype subsystems would incorporate cpmponents and 
materials that have been short-term sterilization qualified. 
assembly of the engineering prototype, a l l  components and materials should 
be qualified and into the 10,000 hour life test. 
terials, parts, and subsystems should be on life test in parallel so that 
failure of one does not endanger the program. These alternative models of 
critical subsystems must be interchangeable as far as the remainder of the 
system is concerned. 

Toward the final stages of development of each subsystem, thermal soak evalu- 
ation and any necessary design revision will be performed. 
aspects of thermal soak will be performed concurrently with design. The 
laboratory proof tests will be applied only to reasonably complex assemblies 
in which the mathematical models used in the analysis might be expected to 
deviate significantly from the actual results. The effectiveness of the 
overall sterilization program depends critically on the thoroughness of the 
thermal soak model analysis and complete laboratory confirmation. At the 
subsystems level, the thermal soak confirmation should be complete by mid 
1970. However, the final confirmation will be part of the proof test of the 
f i ig ; i i i  pror;ocype. 

It is assumed 

By the time of 

Alternative models of ma- 

The analytical 
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4.3.4 PROCEDURES DEVELOPMENT 

From the  standpoint of the  s t e r i l i z a t i o n  program, procedures development is 
intended t o  f u l f i l l  t h ree  broad objec t ives .  
d e f i n i t i o n  of t he  s t eps  t o  be performed i n  preparing,  f ab r i ca t ing ,  assembl- 
ing ,  and packaging of assemblies and p a r t s .  
smoothly i n t e g r a t e  t h e  d e t a i l s  of e f f i c i e n t  manufacturing opera t ions ,  cos t  
con t ro l ,  r e l i a b i l i t y  attainment, and b u i l t - i n  s t e r i l i t y .  These procedures 
w i l l  be prepared before  the engineering prototype assembly phaae, and as 
the  prototype program progresses w i l l  go through seve ra l  i t e r a t i o n s  t o  
a t t a i n  t h i s  smooth i n t e g r a t i o n ,  

The f i r s t  ob jec t ive  is the  

These s t e p s  must u l t ima te ly  

Def in i t ion  of manufacturing and q u a l i t y  cont ro l  record requirements is t he  
second ob jec t ive .  Here aga in ,  smooth in t eg ra t ion  wi th  other  program objec- 
t i v e s  is as important as, the  s t e r i l i z a t i o n  objec t ive  i t s e l f .  

The t h i r d  objec t ive  w i l l  be  the  d e f i n i t i o n  of procedures fo r :  

(1) Selec t ion ,  t r a i n i n g ,  and aud i t ing  the  performance 
o f  personnel i n  a pos i t ion  t o  a f f e c t  s t e r i l i t y .  

(2) Ver i f i ca t ion  of mater ia l s ,  p a r t s ,  and f a c i l i t i e s  
s u i t a b i l i t y .  

(3) Detecting devia t ions  from procedures, i n s t i -  
t u t i n g  co r rec t ive  ac t ion ,  and follow-up. 

( 4 )  Monitoring and v e r i f i c a t i o n  of contamination 
con t ro l .  

These t h r e e  objec t ives  w i l l  represent  a continuous e f f o r t  throughout the  
program. 

4 . 4  INTEGRATED TEST PROGRAM 

The t e s t i n g  a c t i v i t i e s  t o  be conducted during t h e  ABL program div ide  i n t o  
e igh t  major phases: 

(1) Component Evaluation Testing ( S t e r i l i z a t i o n  
and Performance). 

(2)  Subsystem Breadboard Test ing.  

(3) Subsystem Prototype Test ing.  

(4) Engineering Prototype Assembly Tes t ing .  
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( 5 )  Flight Prototype Assembly Testing. 

( 6 )  Qualification Testing. 

(7) Flight Checkout and Acceptance Testing. 

(8) Mission Operation Evaluation Testing. 

The time schedule for each test phase is based on estimates of design, fab- 
rication and test time durations for each phase of equipment development. 
Scneduiing of the major tests is snown In Figure 4. Minor scheciuie phasing 
in subsystem tests will occur between the various subsystems because of 
variance in subsystem complexity and present development status; however, 
completion of each phase as shown is required to satisfy a 1975 launch date. 

During the preliminary design phase of the ABL program, a detailed integrated 
test program plan will be developed. 
major tests to be conducted, the environment and stress levels to be used, 
and the criteria for success. 
will impose stress level ranges more severe than those used for qualification; 
qualification test ranges are similarly more severe than those expected in 
actual operation; acceptance tests aye in nominal ranges that will verify 
hardware duplication of the qualification models, 
the major testing planned is included in following paragraphs. 

This plan will include the specific 

In general, the breadboard and prototype tests 

A preliminary summary of 

4.4.1 COMPONENT EVALUATION TESTING 

The objective of the component evaluation test program is the definition of 
components which will survive the environments required for the Voyager 
mission. 
of surviving the heat sterilization cycles. Such component development 
programs have already begun in support of Voyager and will provide a base 
which later designs will expand. 

Paramount to the Ut 1975 mission is the initiation of an evaluation pro- 
gram of components peculiar to ABL prior to the design of the subsystem 
prototypes. A s  shown on the Program Schedule, subsystem prototype design 
begins in 1968. Consequently, an evaluation program of components peculiar 
t o  ABL must begin with the preliminary design phase with extensive testing 
occurring in 1967 concurrently with the design of the breadboard subsystems. 
Because of the potential long term effects of the sterilization heat soak on 
materials, evaluation of many components potentially useful in t h e  ABL 
design must begin more than a year prior to the time final results are 
required, The component evaluation tests must continue throughout the 
program until the final design configuration has been reached. 

Particular emphasis is, of course, directed toward the requirement 
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4.4.2 SUBSYSTEM BREADBOARD TESTING 

Subsystem breadboard testing should begin as early as possible during the 
subsystem development programs. 
fication of the feasibility of subsystem design. Consideration should be 
given the mission environments anticipated; however, survival of these 
environments is not an objective of the breadboard test program. 
breadboard testing program should be continued during a significant portion 
of the subsystem prototype design.80 that a maximum exchange of information 
can be obtained between the working model and the new design. 

The objective of this testing is the veri- 

The 

4.4.3 SUBSYSTEM PROTOTYPE TESTING 

Following demonstration of the feasibility of the subsystem design, the 
next task is to verify that the subsystem can perform its functions during 
a simulated mission environment, The purpose of the subsystem prototype 
test program is to subject the subsystem to the mission environments, to 
determine whether the design is satisfactory,and to indicate those areas 
within each subsystem requiring additional development. 
of this testing program is the preliminary determination of the thermal 
profile of the subsystem as it relates to the sterilization heat soak. 

A second objective 

Two major characteristics will be evaluated on the subsystem prototypes: 
(1) compatibility with clean assembly and thermal heat soak requirements, 
and (2) performance under simulated environment. 

The clean assembly prototype will be used to define problems in the fabri- 
cation and assembly of the subsystem under bioclean conditions. This unit 
will point out those areas requiring further design because of difficult 
assembly or repair procedures, and will serve to assist in the definition 
of clean room support requirements and initiation of definitive assembly 
procedures. 

This unit will also be used to investigate the problems associated with the 
terminal sterilization heat soak; it will be instrumented to determine the 
heat soak characteristics during the terminal sterilization heat cycle. 
It will also be subjected to successive heat cycles to determine which areas 
are most sensitive or vary in performance after repeated heat cycles. 
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The performance t e s t i n g  subsystem prototypes w i l l  be subjected t o  the  c m -  
p l e t e  mission p r o f i l e  including a t  a minimum the  following environments 
taking i n t o  account the  appropriate  operating configurat ion:  

(1) Terminal Heat Soak - 135OC f o r  24 hours 

(2) Launch, T rans i t ,  and Landing Environment 

(a) Vibrat ion and shock 

(b) Vacuum and thermal 

(c) Radiation 

(3) Mars Operation 

(a) Atmospheric simulation 

(b) Pressure and thermal 

(c) Radiation 

The imnediate r e s u l t s  of t e s t i n g  this u n i t  will be appl ied  t o  t he  design 
phase of the  engineering prototype. This u n i t  w i l l  also be  subjected t o  
extended l i f e  t e s t s  under Martian environments so t h a t  r e s u l t s  of repeated 
opera t ions  under these  condi t ions can be ava i l ab le  f o r  t he  f l i g h t  prototype 
design. 

4.4.4 ENGINEERING PROTOTYPE TESTING 

The engineer ing prototype wi l l  se rve  t o  def ine  the  i n t e r f a c e s  between the  
subsystems i n  addi t ion  to  f u r t h e r  de f in i t i on  of the  subsystems. The primary 
o b j e c t i v e  of the engineering prototype t e s t i n g  program w i l l  be t o  v e r i f y  the  
opera t ion  of a complete ABL system. 
v e r i f i e d  are the clean assembly compatibi l i ty ,  thermal soak c h a r a c t e r i s t i c s ,  
and performance a t  simulated environments. 

Again the  major c h a r a c t e r i s t i c s  t o  be 

One u n i t  w i l l  be used t o  def ine the fabr ica t ion  and assembly procedures 
a s soc ia t ed  with c lean  assembly. This u n i t ,  once aga in ,  i s  a l s o  used t o  
i n v e s t i g a t e  the  thermal soak c h a r a c t e r i s t i c s  of the  f l i g h t  configurat ion 
with primary emphasis i n  determining the spec i f i ca t ions  f o r  t h e  terminal  
hea t  cyc le  of the  f l i g h t  u n i t s .  Temperature w i l l  be measured a t  a la rge  
number of l oca t ions  i n  the  assembly t o  determine the  a c t u a l  temperature- 
time r e l a t i o n s h i p s .  These t e s t s  must be conducted a t  t h i s  e a r l y  s tage  of 
the  develcpaent  zc thst proper  design changes, if required,can be i n t r o -  
duced wi th  a minimum of system a l t e r a t i o n .  
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The engineering prototype configurat ion w i l l  be  subjected t o  the same o r  
similar environments used i n  t h e  subsystem prototype tests. For t h e  com- 
p l e t e  prototype, the  sand and dus t  environment would be added t o  those 
previously used. The prel iminary r e s u l t s  of t hese  performance tests w i l l  
be incorporated i n t o  t h e  design modif icat ions of t he  f l i g h t  prototype. I n  
add i t ion  t o  the  short term performance tests, the  engineer ing prototype w i l l  
be  subjected t o  mul t ip l e  operat ion tests. 
follows: 

A t y p i c a l  test sequence i s  as 

(1) The ABL i s  checked out  and t e s t e d  on a subsystem 

and e l e c t r i c a l  operat ion,  . 

“r mn&21P- hesie t-n dPtcrminP preper mechanical 

(2) The experiments are conducted without  i n i t i a l  
sample inputs .  I f  the r e s u l t s  are pos i t i ve ,  
add i t iona l  tests o r  r e s t e r i l i z a t i o n  i s  requi red ,  

(3) Af te r  proper performance of Step (2), a con- 
t r o l l e d  test sample i s  introduced and experi-  
ments conducted. Each sensor should g ive  a 
predetermined ind ica t ion .  Addit ional  tes t  
samples wi th  d i f f e r e n t  c h a r a c t e r i s t i c s  are 
introduced u n t i l  a l l  experiments and modifi- 
c a t i o n s  thereof  have been exerc ised ,  o r  t h e  
ABL i s  contaminated t o  the degree t h a t  no 
a d d i t i o n a l  tests can be conducted. 

(4) The ABL is r e s t e r i l i z e d  and Steps  (1) through 
(3) repeated.  

( 5 )  Steps (4) and (5) are repeated u n t i l  performance 
eva lua t ion  i s  completed or system fails. 

The engineer ing prototype w i l l  be used f o r  i n i t i a l  development of ABL 
system checkout procedures.  
checkout would r e s u l t  i n  use of some of t h e  expendable materials and 
contamination of some of t he  equipment. 
f o r  checkout of the  f l i g h t  u n i t s .  I n  add i t ion ,  a f t e r  i n s t a l l a t i o n  of the  
s t e r i l e  shroud, only remote e l e c t r i c a l  s i g n a l s  can be used. 

Complete opera t ion  of a l l  subsystems during 

This  i s  c l e a r l y  not permissible  

S t a r t i n g  during the  engineer ing prototype design,  t he  checkout problem 
w i l l  be analyzed; the  completeness of checkout a t  each l e v e l  of assembly 
w i l l  be def ined ,  and methods and Sensors f o r  higher  l e v e l s  of check w i l l  
be eva lua ted .  Def in i t ion  of the  procedures and development of t h e  s p e c i a l  
ins t rumenta t ion  i n  the  ABL t o  implement t h e  procedures w i l l  cont inue through 
the  f l i g h t  prntnty?” c~ t ha t  f ~ s . r f h l ~ ;  comprehensive assurance of f l i g h t  
wor th iness  can be obtained even af ter  the ABL i s  in t eg ra t ed  with the  
capsule  and enclosed i n  the  s t e r i l e  shroud. 
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Primary func t iona l  areas wi th in  the  ABL r equ i r ing  prelaunch checkout 

(5) 

I n i t i a t i o n  of s t a r t u p  operations on landing. 

Operation of the  process sequencer, including 
proper s t e p s  wi th in  a process and proper process 
sequencing i n  an experiment rout ine .  

In t e r f ace  between sequencer and processing 
equipment. 

Operation of the  chemical processing mechanical 
manipulating systems corresponding t o  sequencing 
commands. 

Operation of the  da t a  processing subsystem, 
including input  and output i n t e r f a c e s .  

Operatioti of the  da t a  computation system, 
including proper ana lys i s  of input  da t a ,  and genera- 
t i o n  of proper output command signals. 

Operation of t he  da t a  compression system, 
including v e r i f i c a t i o n  of input-output 
c o r r e l a t i o n .  

Opqration. of the  memory system including input  
and output address  and in t e r roga t ion  i n t e r f a c e s .  

Operation of t he  command implementation system 
f o r  a l l  s to red  commands and random ex te rna l  
corPmands * 

Operation of a l l  sensors and instruments.  

Operation of thermal cont ro l  subsystem. 

4.4.5 FLIGHT PROTOTYPE TESTING 

The f l i g h t  prototype w i l l  incorporate  a l l  of the  changes found necessary 
from t h e  engineering prototype t e s t i n g ,  f e a s i b l e  modifications desired 
by p a r t i c i p a t i n g  s c i e n t i s t s ,  changes for  i n t e r f a c e  compat ib i l i ty ,  e t c . ,  and 
will include a l l  d iagnos t ic  instrumentations required f o r  checkout and 
conciicion monitoring during launch, t r a n s i t ,  and Mars surface Operation. 
It w i l l  be of planned f l i g h t  configurat ion except as minor changes m y  be 
found necessary during t e s t i n g .  
s t e r i l i z a t i o n  q u a l i f i e d  components, and w i l l  be processed exac t ly  a s  
planned fo r  the  f l i g h t  u n i t s .  

This prototype w i l l  be fabr ica ted  from 
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The f i r s t  of these  prototypes w i l l  be assembled and s t e r i l i z e d ,  and then 
subjected t o  the  complete simulated mission, much as descr ibed f o r  t h e  
engineering prototype i n  Paragraph 4.4.4. 
cycl ing of a l l  systems t o  reveal any short  t e r m  d e f e c t s  r equ i r ing  change 
f o r  the  q u a l i f i c a t i o n  u n i t s .  

This w i l l  include mul t ip le  

Another prototype model w i l l  be assembled and s t e r i l i z e d  complete with a 
capsule  o r  capsule  s imulator  and subjected t o  simulated prelaunch, launch, 
t r a n s i t ,  and e n t r y  environments t o  dupl ica te  i n t e r f a c e  e f f e c t s .  Af t e r  
these  tests i t  w i l l  be subjected t o  a .s imulated landing cyc le ,  inc luding  
impact; e r ec t ion ;  deployment of experiments, sensors ,  sampling system, 
e t c . ;  and i n i t i a t i o n  of t h e  experiments. 
might be requi red  t o  a l low f o r  t he  d i f f e rence  i n  t h e  Earth and Mars 
environments, i .e.,  atmospnere, temperature, r a d i a t i o n ,  and g rav i ty .  It 
may be d e s i r a b l e  t o  use  an a i rp l ane  or tower drop t o  most adequately simu- 
late the  landing parameters,  sampler deployment, and funct ioning of t h e  
equipment and experiments on n a t u r a l  t e r r a i n .  
landing parameters could be adequately simulated i n  a l a rge  space chamber, 
so t h a t  t h e  o the r  mission envitonments could be more c l o s e l y  dupl ica ted .  
This  would permit operat ion a t  a simulated Mars pressure ,  temperature 
cyc le ,  atmospheric c o n s t i t u e n t s ,  r a d i a t i o n ,  sur face  c h a r a c t e r i s t i c s ,  and 
poss ib ly  wind, sand, and dus t  environments. The u n i t  would be operated 
through a number of preprogrammed and commanded experiment cyc le s  wi th  
the  r e s u l t s  compared t o  s tandard laboratory tests of the  same samples. 
After t h e  i n i t i a l  tests,  t h i s  u n i t  would be removed t o  a s p e c i a l l y  prepared 
pressure  and temperature s imulator  f o r  extended l i f e  t e s t .  The long term 
wear-out e f f e c t s  would be acce lera ted  by s u b s t a n t i a l l y  continuous cyc l ing  
of t he  equipment so t h a t  da t a  w i l l  be ava i l ab le  f o r  i nc lus ion  i n  f i n a l  
design changes f o r  t h e  q u a l i f i c a t i o n  u n i t .  Tests would cont inue on an 
i n t e r m i t t e n t  b a s i s  t o  evaluate t h e  e f f e c t s  t h a t  are purely t i m e  dependent. 

For t h i s  t e s t ,  some adjustments 

It is  poss ib le  t h a t  t h e  

Another pro to type  u n i t  would be  used for  system in t eg ra t ion  and i n t e r f a c e  
tests. This u n i t  would be  used a t  t h e  s te r i le  assembly f a c i l i t y  f o r  
d e f i n i t i o n  and p r a c t i c e  of the s t e r i l i z a t i o n  and capsule  assembly procedures. 
It would also be used i n  phys ica l  and func t iona l  i n t e r f a c e  tests wi th  the  
a s soc ia t ed  parts of the  system. Complete prototype AGE would be a v a i l a b l e  
f o r  these  system opera t ions  t o  determine the  adequacy of t h i s  support  
equipment . 
One prototype u n i t  would be furnished to the  Space F l i g h t  Operations 
F a c i l i t y  (SFOF) fo r  development of t he  operat ions support  procedures and 
science d i s c i p l i n e s  t h a t  w i l l  be used during f l i g h t  and Mars sur face  
opera t ions .  With t h i s  u n i t ,  the  complete operat ion,  cont ro l ,  command, and 
da ta  a n a l y s i s  procedures would be worked ou t .  

The Ear th  s imulat ion of t ne  Mars surface opera t ions  would be an i n t e g r a l  
p a r t  of the  a c t u a l  Mars mission. A t  t h i s  time, i t  i s  not  c l e a r  whether the 
Space F l i g h t  Operations F a c i l i t y  would inc lude  a f l i g h t - t y p e  ABL, a 
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complete computer simulation of the  system, o r  both - probably the l a t t e r .  
As the mission progresses,  the SFOF ABL would be kept  i n  a condi t ion 
dupl ica t ing  the  one i n  operat ion on Mars, i.e., as s p e c i f i c  operat ions were 
performed there,  they would be dupl icated here;  i f  any por t ion  of the  system 
should f a i l ,  the  f a i l u r e  would be duplicated, e t c .  As data  a r e  analyzed, 
p o t e n t i a l  commands would be evaluated on the  computer s imulator ;  the 
se l ec t ed  conmrctnd sequence would be in se r t ed  i n t o  the  SFOF ABL and the  e f f e c t  
evaluated. Such simulation would be e s s e n t i a l  t o  system operat ion.  

Simulation of a Voyager mission by an Earth o r b i t  test of a complete system 
has been considered. Such a test  could be very  valuable  f o r  those systems 
which are func t iona l  during launch, t r a n s i t ,  o r  t he  en t ry  phase of the  
mission. 
those systems which a r e  inopera t ive  during these  phases of the mission. 
the dormant systems, such a e  the  ABL, the  only environment which cannot be 
simulated on Earth i s  t h a t  of zero-g. A l l  o ther  environments - vibra t ion ,  
thermal, pressure,  rad ia t ion ,  e tc . ,  can be simulated, and, consequently, 
the t e s t s  can be conducted under cont ro l led  and access ib l e  condi t ions where 
t e s t  r e s u l t s  can be r ead i ly  evaluated. For these reasons i t  i s  not  immedi- 
a t e l y  evident  t h a t  an o r b i t a l  test of the ABL i s  j u s t i f i e d ;  the  f i n a l  
decis ion must consider the  p lans  f o r  an o r b i t  test  f o r  o ther  parts of the  
system, and t r adeof f s  of cost ,  da ta  value, e t c .  

However, some quest ion exists as to  the  va lue  of such a test  on 
For 

4 . 4 . 6  QUALIFICATION TESTS 

The q u a l i f i c a t i o n  tests are designed t o  v e r i f y  the  c a p a b i l i t y  of the  
complete system t o  accomplish the mission objec t ives .  The q u a l i f i c a t i o n  
u n i t  must be of f l i g h t  configurat ion,  f ab r i ca t ed  and assembled under f l i g h t  
condi t ions,  and subjected to a complete complex of f l i g h t  environments. 
second q u a l i f i c a t i o n  u n i t  w i l l  b e  required which i s  not of exact  f l i g h t  
conf igura t ion  but  is heavi ly  instrumented f o r  q u a l i f i c a t i o n  of the terminal 
hea t  soak. This u n i t  w i l l  contain thermal sensors  capable of ve r i fy ing  
t h a t  t he  proper temperature cycle  w a s  obtained. 

4.4.7 

A 

FLIGHT CHECKOUT AND ACCEPTAMCE TEST 

Checkout and acceptance t e s t i n g  of the three  f l i g h t  u n i t s  w i l l  be required.  
This t e s t  phase incorporates  a complete func t iona l  t e s t  sequence, as 
e s t ab l i shed  during the prototype phase, t o  v e r i f y  cor rec tness  of manufacture 
and i n i t i a l  operat ion of the equipment. This checkout w i l l  be performed 
during assembly and p r i o r  t o  delivery,  a f t e r  del ivery i n  the  s t e r i l i z a t i o n  
chamber, a f t e r  s t e r i l i z a t i o n  and before capsule assembly, and a f t e r  the 
i n t e g r a t i o n  i s  complete. 
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4.5 RELIABILITY PROGRAM 

The u t l imate  va lue  of t h e  ABL system is d i r e c t l y  proport ional  t o  i t s  
r e l i a b i l i t y .  Design innovations o r  cost  reduct ions are acceptab le  only 
when t h e  t radeoff  with r e l i a b i l i t y  is favorable.  
ABL design is an optimum system and meets or exceeds t h e  des i red  r e l i a b i l i t y ,  
a forc ing  r e l i a b i l i t y  program must b e  introduced a t  the  ou t se t  of t h e  devel- 
opment program. 
Publ icat ion EJPC 250-1 is  described i n  the following paragraphs. 

To a s su re  t h a t  t h e  f i n a l  

A r e l i a b i l i t y  p l an  i n  compliance wi th  NASA R e l i a b i l i t y  

The r e i i a b i i i t y  program a c t i v i t i e s  support and d i r e c t  aeveiopment a c t i v i t i e s  
of t h e  ABLY and s p e c i f i c  system reviews mst be conducted a t  appropr ia te  
milestones during a l l  phases of t h e  program. 
reviews is t o  provide assurance t h a t  a l l  poss ib l e  problem areas are detected 
and cor rec ted  before  moving on t o  t h e  next s t age  of the design. 

The prime ob jec t ive  of t hese  

4.5.1 RELIABILITY MODEL 

R e l i a b i l i t y  can only be designed i n t o  a product;  consequently, t h e  ABL 
r e l i a b i l i t y  program must be  i n i t i a t e d  during t h e  prel iminary design of t h e  
system so that the r e s u l t s  of r e l i a b i l i t y  a n a l y s i s  are available t o  the  de- 
s ign  engineer.  
study w i l l  be conducted which e s t ab l i shes  a system r e l i a b i l i t y  ob jec t ive  
and appor t ions  t h i s  ob jec t ive  t o  appropr ia te  lower assembly levels. 
s tudy must de f ine  w h a t  c o n s t i t u t e s  "mission success" and relate t h i s  d e f i n i -  
t i o n  t o  a model which incorporates  t h e  f a i l u r e  modes and rates of ind iv idua l  
subsystems, instruments,  and components along wi th  a p r i o r i t y  or  weighing of 
each experiment . 

During t h e  prel iminary design of t h e  ABLY a r e l i a b i l i t y  

This 

P a r t i c u l a r  emphasis must be  placed i n  the  de t ec t ion  and a n a l y s i s  of f a i l u r e  
modes w i t h  r e spec t  t o  t h e  terminal  heat  soak. 
l i t t l e  d a t a  a v a i l a b l e  concerning t h e  long term r e l i a b i l i t y  of hea t  s t e r i l i z e d  
components and in t e r f aces ,  i n i t i a l  f a i l u r e  rates w i l l  undoubtedly be based 
upon engineer ing estimates. 
eva lua t ion  and subsystem prototype tests, these  estimates w i l l  be updated 
and incorporated i n  t h e  r e l i a b i l i t y  model. 

Because of the  r e l a t i v e l y  

A s  r e s u l t s  are a v a i l a b l e  from t h e  component 

A s  soon as  t h e  r e l i a b i l i t y  model i s  es tab l i shed ,  i t  can be used f o r  a 
system a n a l y s i s  t o  determine which subsystems o r  components r e q u i r e  redun- 
dancy because of t h e i r  c r i t i c a l i t y  t o  the  mission success.  
of t he  r e l i a b i l i t y  model, those a r e a s  w i l l  be pointed out where redundancy 
of components, instruments,  or  even complete experiments i s  d e s i r a b l e  be- 
cause of high u t i l i z a t i o n ,  p o t e n t i a l  f a i l u r e  r a t e s ,  or  ca t a s t roph ic  r e s u l t s  
of improper operat ion.  
system weight ,  s i z e ,  and capab i l i t y ,  an optimum complex of instruments and 
equipmenc can be chosen. 

Through ana lys i s  

By conducting a t radeoff  between r e l i a b i l i t y  and 

'1ni.s sys t em w i i i  have iakeii iiiLL0 accoiifit t h ~  _. 
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Poten t i a l  sources of human e r r o r ,  t h e  advantages and disadvantages of 
u t i l i z i n g  instruments comon t o  more than one experiment, redundancy of 
c r i t i c a l  funct ions,  the  optimum sequencing of experiments, e t c .  

4.5.2 SUBSYSTEM EVALUATION 

During the  subsystem development, t h e  r e l i a b i l i t y  component s p e c i a l i s t s  
w i l l  assist des igners  in se lec t ion ,  appl ica t ion ,  and procurement of d e t a i l  
p a r t s ,  reviewing each p a r t  as it is used t o  a s su re  proper p a r t  appl ica t ions .  
=ii?y parts t h ~ t  h ~ ~ e  a pr~~i j t i i  high ~ d i a b f l i C y  arid that  have k e i l  quali i iaci  
t o  t he  expected environmental condi t ions can be used, P a r t i c u l a r  emphasis 
must be placed on s e l e c t i n g  p a r t s  and materials which (1) w i l l  not be de- 
graded o r  damaged by s t e r i l i z a t i o n ,  and (2) have l i f e  times w e l l  i n  excess 
of t h a t  required,  so that they can, with high probabi l i ty ,  survive from 
f i n a l  assembly through the two year operat ing per iod.  

A s  r e s u l t s  are made a v a i l a b l e  from the  component and subsystems tests,  t h e  
r e l i a b i l i t y  model will be updated t o  r e f l e c t  t h e  neu da ta .  The e f f e c t s  
upon system r e l i a b i l i t y  of t hese  new d a t a  will be examined, and i f  t h e  
r e l i a b i l i t y  analyses i nd ica t e  t h a t  the  ob jec t ives  are not being m e t ,  t h e  
equipment design w i l l  be examined f o r  poss ib l e  modification, design 
s impl i f i ca t ion ,  o r  f u r t h e r  add i t ion  of redundancy. 

4 . 5 . 3  SYSTEM EVALUATION 

A t  t h e  conclusion of t h e  engineering prototype t e s t  program a re -eva lua t ion  
of t h e  system r e l i a b i l i t y  can be conducted and i t s  conclusions and recom- 
mendations included in the f l i g h t  prototype design.  Throughout t h e  design 
of t h e  f l i g h t  prototype t h e  r e l i a b i l i t y  engineers  must be a c t i v e l y  evaluat ing 
and inves t iga t ing  t h e  impact of any design change upon system r e l i a b i l i t y .  

Af t e r  t h e  design of t he  f l i g h t  prototype, t he  ove ra l l  l e v e l  of r e l i a b i l i t y  
which t h e  ABL w i l l  possess  w i l l  have been es tab l i shed .  Continued su rve i l -  
lance of the test programs and fu r the r  i d e n t i f i c a t i o n  of f a i l u r e  modes w i l l  
be a c t i v e l y  pursued; however, i f  the r e l i a b i l i t y  program conducted i n  t h e  
e a r l i e r  s tages  of development w a s  successful ,  t h e  remainder of t he  r e l i a -  
b i l i t y  program w i l l  have a monitoring r a t h e r  than a c t i v e  funct ion upon the  
o v e r a l l  system r e l i a b i l i t y .  

4.5.4 FAILURE RECURRENCE PREVENTION PROGRAM 

During t h e  complete program, the  r e l i a b i l i t y  engineers c lose ly  monitor t h e  
r e s u l t s  of t he  t e s t  programs and ac t ive ly  engage i n  a f a i l u r e  recurrence 
prevent ion program. This program provides the  necessary d i s c i p l i n e  and 

problem a reas ,  t o  i s o l a t e  causes of f a i l u r e s ,  t o  document t h e  implementa- 
t i o n  of co r rec t ive  ac t ions ,  and t o  monitor the  e f fec t iveness  of co r rec t ive  
a c t i o n s .  Addit ional ly ,  the  program provides f o r  the  co l l ec t ion  and 

nrnrarllwnc t~ Z C J I P Z ~ ~  211 malfuncti~ns 2nd discrepancies, tc jCl,0,ntifx7 
r -  ------ -- 
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r e t en t ion  of a l l  forms of r e l i a b i l i t y  data for  f u t u r e  review and ana lys i s .  
A f a i l u r e  r epor t  w i l l  be w r i t t e n  f o r  every f a i l u r e  t h a t  occurs.  I m e d i a t e  
f a i l u r e  ana lys i s  a c t i o n  w i l l  then be i n i t i a t e d  t o  accura te ly  determine t h e  
mode and cause of f a i l u r e .  
made t o  the  respons ib le  organizat ion and systematic followup is accomplished 
t o  a s su re  that adequate and t imely ac t ion  is taken. 

I f  co r rec t ive  ac t ion  i s  required,  feedback is 
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SECTION 5 

SUPPORTING AND RELATED PROGRAMS 

5.1 VOYAGER CAPSULE PROGRAM 

Development of t he  Voyager capsule  f o r  e a r l y  (1971) mission is c u r r e n t l y  
under s tudy by NASA/JPL. 
s tudy phase during 1965-1966 t o  e s t a b l i s h  bas i c  1971 capsule  conf igura t ion  
and opera t iona l  modes and t o  de f ine  the  capsule  i n t e r f a c e s  with t h e  
spacec ra f t  and with i t s  science payload. 

It is planned t o  conduct a prel iminary design 

Prel iminary estimates ca l l  for a 2,300-pound capsule  f o r  t he  1971 (and 
probably 1973) mission and a 4,500 t o  6,000-pound conf igura t ion  f o r  1975 
and later.  It i s  expected t h a t  the  smaller capsule  w i l l  be accompanied by 
a spacec ra f t /o rb i t e r ,  but  the  addi t iona l  weight f o r  the  1975 capsule  will 
be accolmnodated by convert ing the  spacecraf t  t o  a f lyby  mode wi th  el iminat ion 
of i t s  re t ropropule ion  capab i l i t y .  
atmosphere by d i r e c t  f l i g h t  r a t h e r  t h a n  from o r b i t a l  separat ion.  

Thus, t h e  capsule  would e n t e r  the  Mars 

Poss ib l e  v a r i a t i o n s  i n  these  modes are given elsewhere i n  t h i s  r epor t ,  
such as t r a d e o f f s  of weight f o r  opera t iona l  l i f e t i m e  on Mars o r  f o r  
p rec i s ion  of landing s i t e  a t t a i n a b i l i t y ,  deployment of mul t ip le  capsules 
versus  a s i n g l e  capsule  t o  cover m u l t i p l e  landing s i t e s ,  e t c .  

Overal l  design of t he  capsule  i s  severly influenced by changes i n  the Mars 
atmosphere as o u r  kncwledge of  t he  atmosphere increases .  This design i n  
tu rn  inf luences  capsule  in t e r f aces  w i t h  t h e  ABL and wi th  t h e  spacecraf t .  

atmospheric dece le ra t ion  more d i f f i c u l t  and r equ i r e s  more weight which 
reduces t h e  weight of the capsule science payload. 

T, -1 ^ ^ - ^ - - ^  * 
L L 1  s j S I 1 c L a I y  ucLIcasc in S U K ~ ~ C ~  s t ~ ~ ~ p h e r i c  prsssiiire (derisity) i i i ~ k s  
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I n i t i a l  evaluat ion of  the  ABL/capsule in t e r f aces  begins as a part  of t h e  
ABL prel iminary design in  mid 1966. This i s  indicated on the  Program 
Schedule (Figure 3) 0 

i n t e r f a c e  is ava i l ab le ,  
A t  mid 1967, t h e  preliminary d e f i n i t i o n  of the  i n t e r -  

Timing of capsule  development i n i t i a t i o n  r equ i r e s  a d i f f i c u l t  dec is ion .  
Since t h e  capsule  design is s t rongly  influenced by t h e  Mars atmosphere, 
it is d e s i r a b l e  to  delay the  s t a r t  of development as long as poss ib le  so 
t h a t  t h e  b e s t  information i s  ava i lab le .  On the  o the r  hand, the  capsule  
represents  r e l a t i v e l y  long lead time development problems, so t h a t  t he  r i s k  
in f n ~ r ~ , p s e <  ~?if,h A n 1 o - r .  - - --J 

The cu r ren t  d a t a  from the  Mariner 4 mission are t h e  bes t  a v a i l a b l s a n d  have 
resu l ted  i n  s i g n i f i c a n t  rev is ion  of earlier opinions concerning t h e  Mars 
atmosphere, which were based on observat ions from Earth.  It i s  poss ib l e  
that continued observat ions from Earth may confirm t h a t  the  Mariner d a t a  
a r e  v a l i d ,  bu t  it is quite unl ike ly  t h a t  such add i t iona l  da t a  would 
f u r t h e r  r e f i n e  the  Mariner da t a .  

The next c l o s e  observat ion of Mars w i l l  be a t  the 1969 opportuni ty  wi th  a 
Voyager f lyby  and poss ib le  en t ry  probe, according t o  cu r ren t  planning. 
These d a t a  will become ava i l ab le  i n  late 1969 o r  e a r l y  1970. 
required a major r ev i s ion  i n  entry and landing system techniques,  it could 
have s i g n i f i c a n t  cffeet on the schedule. 
the  atmospheric parameters would influence the  hea tsh ie ld  shape and 
c h a r a c t e r i s t i c s  without schedule change o r  major e f f e c t  on func t iona l  
subsystems. 

I f  these  da t a  

A more reasonable refinement of 

It is proposed t h a t  t he  i n i t i a l  capsule  development s ta r t  with t h e  i n i t i a l  
i n t e r f a c e  d e f i n i t i o n  i n  mid 1967. Primary e f f o r t  would be  placed on the  
func t iona l  subsystems-communications, power supply, etc,--which l i k e  t h e  
ABL, remain the  same over a broad range of veh ic l e  s i z e  and shape. The 
capsule  e n t r y  configurat ion would be developed t o  t h e  l eve l  t h a t  permits 
i n t e r f a c e  mockups t o  be ava i l ab le  f o r  the i n t e r f a c e  tests with t h e  ABL 
engineer ing prototype a t  mid 1970. 

Any new da ta  from the  1969 Voyager would be  ava i l ab le  a t  t h a t  t i m e .  Using 
the  d a t a  from the  i n t e r f a c e  t e s t s  and the b e s t  da t a  then ava i l ab le  on the  
Mars atmosphere, the  f i n a l  design of the  e n t r y  conf igura t ion  can continue 
on f i rm requirements.  
prototypes f o r  hard i n t e r f a c e  t e s t s  w i t h  t he  f l i g h t  prototype ABL a t  the  
end of the  1st qua r t e r  of 1972.  Considering the  p r i o r  and p a r a l l e l  
development of en t ry  capsule  technology f o r  the  1 9 7 1  and 1973 missions,  
and the  e a r l y  development of func t iona l  subsystems, a v a i l a b i l i t y  of the  
f l i g h t  capsules  f o r  assembly i n  the  3 r d  qua r t e r  of 1974 i s  f e a s i b l e .  
Clearly,  informatinn frcm t h e  1971  or  1?!3 zissior: czr: h a ~ c  only  very n i n o r  
in f luence  on the  capsule design,  and may have only a go o r  no-go e f f e c t .  

This  allows about 2-years  fo r  completion of capsule  
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5 . 2  SPACE FLIGHT OPERATIONS PROGRAM 

The ABL development w i l l  r equ i r e  a p a r a l l e l  program f o r  t he  development of 
ground based support  and operat ion f a c i l i t i e s  t o  c a r r y  out t he  mission. 
Extensive near-real-t ime da ta  ana lys i s  and dec is ion  making by t h e  p r i n c i p a l  
i nves t iga to r s  a r e  required t o  realize the  tu11 p o t e n t i a l  of t he  operat ing 
laboratory.  This w i l l  r equ i r e  development of f a c i l i t i e s ,  equipment, and 
extensive personnel t r a i n i n g  t o  make the maximum use of da t a  t h a t  i s  
obtained on a sequen t i a l  basis, and t o  determine t h e  most reasonable and 
most productive opera t iona l  commands f o r  continued experimentation. 
f a c i l i t i e s  w i l l  be incorporated i n  the  SFOF t o  be used f o r  the  mission. 

These 

So t h a t  the  ABL can D e  properly cont ro l led ,  the  SFOF would,be pravided 
with a Mars operat ion dupl ica tor  and command generat ion s imulators ,  as 
described i n  the  program plan .  
provis ion i s  required f o r  near-real-t ime ana lys i s  of da t a  from t h e  ABL. 
This r equ i r e s  r e l a t i v e l y  continuous p a r t i c i p a t i o n  of pr inc ipa l  i nves t iga to r s  
during por t ions  of t he  experiment cycle.  
r e d i r e c t i o n  of t h e  experiments w i l l  be generated,  and t h e  corresponding 
commands formulated,  

To support t he  dupl ica tor  operat ion,  

From these  da t a  analyses ,  p o t e n t i a l  

To eva lua te  t h e  e f f e c t s  of a large number of p o t e n t l a l  commands, t he  ABL 
may be simulated by a computer. 
checked and che optimum comaand sequences se l ec t ed .  
of t he  command would be determined by i n s e r t i o n  i n t o  a test  ABL, and the  
e f f e c t s  evaluated.  When confirmed, the command would be t ransmi t ted  t o  
t h e  Mars ABL and tne  dup l i ca to r .  

The e f f e c t s  could then  be quickly 
The a c t u a l  e f f e c t  

A support ing program is  necessary t o  develop the  appropr ia te  f a c i l i t y  items 
and provide fo r  development of techniques f o r  t h e i r  use.  
would s tar t  about mid 1970 when the  ABL i n t eg ra t ed  system c a p a b i l i t y  
is  r e l a t i v e l y  w e l l  e s t ab l i shed .  
Mars mission and subsequent eva lua t ion  of mission r e s u l t s .  

This program 

It would continue through the  complete 

5.3 TECHNOLOGY AND RESEARCH PROGRAMS 

It i s  e s s e n t i a l  t h a t  a reas  of required technology t o  support ABL be i d e n t i -  
f i e d  during preliminary design s tud ie s  so t h a t  adequate resources  can be 
provided t o  develop t h e  necessary technology. 
i d e n t i f i e d  i n  t h e  cu r ren t  ABL study, a r e  discussed i n  the  following 
paragraphs .  

Some of t he  a r e a s ,  a l ready 

5 .3 .1  STERILIZATION 

S t e r i l i z s t i ~ n  standards and. procedures a r e  es tab l i shed  by NASA/JPL and 
a p p l i e d  t o  t h e  ABL and t o  other  elements of t h e  Voyager capsule .  
development must be kept f l e x i b l e  t o  be responsive t o  poss ib le  modifications 
i n  s t e r i l i z a t i o n  r u l e s .  

ABL 
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J u s t i f i c a t i o n  of s t e r i l i z a t i o n  cons t r a in t s  upon ABL a r e  not considered a 
pa r t  of t h e  ABL program. 
t o  t h e  es tab l i shed  procedures w i l l  ensure s t e r i l i z a t i o n ,  and t h a t  v e r i f i c a -  
t i o n  of procedural conformity i s  s u f f i c i e n t  t o  qua l i fy  f l i g h t  hardware. In  
terms of cur ren t  s t e r i l i z a t i o n  procedures, thermal soaking is v e r i f i e d  by 
thermal design and thermal measurements. A l l  i n t e r i o r  por t ions  of t h e  ABL 
a r e  considered s t e r i l i z e d  when they have been exposed t o  t h e  required 
temperature-time cycle .  

The philosophy t o  be followed is t h a t  adherence 

A s  a supporting technology, it is necessary t h a t  cont inuing s t e r i l i z a t i o n  

a goal of relaxing requirements,  i f  poss ib le ,  so  a s  t o  minimize adverse 
e f f e c t s  on ABL components and materials. 
pursued inc lude  syne rg i s t i c  combination of two or more s t e r i l i z a t i o n  pro- 
cedures ,  each of which i s  less s t r ingen t  and less product ive than cur ren t  
procedures,  o r  possibly a t radeoff  of longer time t reatment  a t  lower 
i n t e n s i t y  (lower temperature),  etc. 

-------L L- -------+-a t- - - - -4G-.  A- -+.d4Z-- +L- r n t o l . 1 4  n L - d  . . r ~ n r r l . r r - n  ~ A t h  
LSUGQ&b.I.I  U S  O U p p U L L S U  L U  V S L I & J  U& L U W U A l J  C11G G U L O Y L A U I I G U  pLULSUY&LY y W & b L .  

Indicated avenues which could be 

Supporting research  is  required f o r  assay techniques t o  v e r i f y  adequacy of 
s t e r i l i z a t i o n  procedures. 
appropr ia te  t o  t h e  ABL complement of components. After  t h a t  comes develop- 
ment of technique$ f o r  monitoring and con t ro l l i ng  contamination i n  t h e  
assembly and t e s t i n g  o r  checkout f a c i l i t i e s .  

Assay methods must be developed which a r e  

By t h e  cu r ren t  planning, severa l  payloads w i l l  be landed on t h e  sur face  of 
Mars p r i o r  t o  t h e  ABL. It is presumed t h a t  t hese  e a r l i e r  missions w i l l  
develop many of t h e  s t e r i l i z a t i o n  techniques and so lve  many of t h e  
a s soc ia t ed  problems p r i o r  t o  t h e  ABL program. 

n a t u r e  of t h e  ABLY a number of spec ia l  problems assoc ia ted  wi th  b io log ica l  
instrumentat ion and materials w i l l  undoubtedly be revealed.  
of needs f o r  development of p a r t s  and mater ia l s  which a r e  compatible wi th  
s t e r i l i z a t i o n  procedures w i l l  be a major por t ion  of t h e  ea r ly  e f f o r t .  
items w i l l  be i d e n t i f i e d  i n  a qua l i f i ed  and prefer red  l i s t  from which sub- 
systems can be  designed f o r  che ABL. 

However, because of t h e  

I d e n t i f i c a t i o n  

Such 

5.3.2 COMPONENT DEVELOPMENT 

I d e n t i f i c a t i o n  of component development requirements w i l l  be made ea r ly  i n  
t h e  ABL prel iminary design period. It i s  expected t h a t  s i g n i f i c a n t  improve- 
ments w i l l  be poss ib le  i n  e l ec t ron ic  microminiatur izat ion wi th  consequent 
reduct ions  i n  weight and volume of data  processing and communications 
equipment. 
be log ic  type c i r c u i t r y ,  with advances i n  micromodule assembly technology 
playing a key r o l e .  

A major candidate fo r  continuing microminiatur izat ion appears t o  
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Additional a r eas  f o r  p o t e n t i a l  advances i n  computer technology include da ta  
processor opera t iona l  speeds,  mater ia l  s e l e c t i o n  and design techniques f o r  
memory u n i t s  and bulk data  s torage  devices ,  and assembly and inspec t ion  
techniques.  Detai led study i s  recommended f o r  app l i ca t ion  of da ta  com- 
pression methodology. 

Advances i n  microe lec t ronics  a r e  a l s o  d i r e c t l y  app l i cab le  t o  instrumentat ion 
design and cons t ruc t ion .  Close coordinat ion during instrument development 
w i l l  permit advantage t o  be taken of such technology advances. 

5.3.3 MARS ECOLOGY RESEARCH 

It i s  poss ib l e  t o  simulate many of the  known Mare su r face  physical  charac- 
t e r i s t i c s  i n  a labora tory  chamber i n  which Mars s o i l ,  temperature,  atmos- 
phere,  e t c . ,  are con t ro l l ed  c y c l i c l y  t o  provide a Mars-like environment i n  
which t e r r e s t r i a l  organisms are seeded. Research with such a chamber has 
begun a t  Ames Research Center under d i r e c t i o n  of D r .  Richard S. Young. 

The Mars ecology chamber permits s tud ie s  such a s  eva lua t ion  of s p e c i f i c  
microorganism su rv iva l  and growth c h a r a c t e r i s t i c s  wi th  varying degrees of 
c l ima t i c  s e v e r i t y ,  thus  s imulat ing seasonal and l a t i t u d e  e f f e c t s  and 
suggesting poss ib l e  microclimate vg r i a t ions  in microorganism d i s t r i b u t i o n .  
Other poss ib l e  research  s t u d i e s  involve v a r i a t i o n  i n  assumed moisture 
con ten t ,  l oca t ion ,  and a v a i l a b i l i t y  under Mars temperature and s o i l  
permeabi l i ty  condi t ions .  

Current s t u d i e s  have concentrated on subsurface water migrat ion as a func- 
t i o n  of permafrost zones assoc ia ted  with t h e  polar  caps. 
a rea  of s tudy is t he  v e r t i c a l  ecology under changing condi t ions  a t  a given 
l a t i t u d e .  
a f f e c t i n g  optimum sampling depths ,  measurable condi t ions  as a func t ion  of 
depth t h a t  r e l a t e  t o  optimum sampling zones, or other  information of 
importance t o  ABL experiment design. 
i s  u rgen t ly  recmmended. 

An important 

Simulation of v e r t i c a l  c u t s  may provide important information 

Pur su i t  of such research  programs 
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5.4 EFFECTS OF OTHER PROGRAMS 

I t  can be expected t h a t  add i t iona l  Mars d a t a  w i  1 be  provided during the  
per iod  1965-1975 which may inf luence  decision on the  1975 mission and on 
the ABL. 
from near-Earth astronomical observations based on bal loon or  s a t e l l i t e  
instrumentation, and from Mariner and ear ly  Voyager missions.  
the p robab i l i t y  of ob ta in ing  s i g n i f i c a n t  Mars observat ions from the  moon . 
during Apollo lunar  operat ions does n o t  appear high. 

These da t a  may come from Earth-based astronomical observations,  

A t  t h e  present ,  

Mars observat ions are inherent ly  coupled t o  Mars opposi t ion periods,  spread 
between 1965 and 1975 i n t o  approximately 26 month i n t e r v a l s .  
da ta  r equ i r e s  several days up t o  many months, although preliminary r e s u l t s  
are sometimes a v a i l a b l e  much sooner. 

Analysis of 

I t  appears l i k e l y  t h a t  major environmental Mars da ta  are  w e l l  enough 
e s t ab l i shed  t h a t  add i t iona l  observat ions w i l l  probably narrow the  range of 
unce r t a in ty  b u t  n o t  g rea t ly  inf luence  ABL design. The most probable r e s u l t  
would be to  improve ABL performance by permit t ing b e t t e r  d e f i n i t i o n  of 
instrumentat ion design requirements. Most important u n c e r t a i n t i e s  are 
atmospheric parameters which s t rongly  inf luence capsule  design. ABL design 
may be secondari ly  a f f e c t e d  by such changes, p r i n c i p a l l y  by poss ib l e  ad jus t -  
ment i n  o v e r a l l  e i z e  and weight l imi ta t ions .  

Improved knowledge of Mars dimensional and o r b i t a l  parameters w i l l  permit  
more r e l i a b l e  p red ic t ion  of landing s i t e  and t i m e .  These da ta  w i l l  most 
probably ar ise  from cur ren t  ana lys i s  of Mariner 4 da ta  and from pre-1975 
Voyager missions.  

Increased  confidence i n  ABL a b i l i t y  t o  deploy and ob ta in  samples, as planned, 
w i l l  come from information t h a t  1971 and 1973 Voyager landers  have success- 
f u l l y  survived landing and operated on the Mars sur face .  
which have g r e a t e s t  e f f e c t  on such survival,  inc lude  su r face  winds, su r f ace  
topography and load-bearing c h a r a c t e r i s  t i cs ,  and dus t  bombardment. Some of 
these  da t a  may be deduced from nonlander observat ions (f lyby o r  o r b i t e r ) .  

Surface unknowns 

5.5 SPECIAL FACILITIES 

Spec ia l i zed  f a c i l i t i e s  and major equipment are  requi red  fo r  ABL development, 
f ab r i ca t ion ,  tes t ,  s t e r i l i z a t i o n ,  and incorporat ion i n t o  the  Voyager space- 
c r a f t  system. These i t e m s  a r e  needed a t  t he  ABL systems cont rac tor  loca t ion  
and a t  NASA/JPL s i t e s .  

5 .5 .1  CLEAN AND STERILE ASSEMBLY 

Current  assembly requirements c a l l  fo r  a Class 100 v e r t i c a l  laminar flow 
cleanroom. Such a f a c i l i t y  w i l l  be completed i n  1966 a t  the Aeronutronic 
Divis ion Newport Beach loca t ion  where i t  w i l l  b e  used t o  accumulate adequate 
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experience i n  operat ion and i n  monitoring contamination con t ro l  before  i t  
i s  used i n  c r i t i ca l  assembly operat ions.  ABL instrumentation, components, 
and subassemblies w i l l  be  developed and assembled, as required,  i n  t h i s  
f a c i l i t y .  Design and p roof - t e s t ing  of the f a c i l i t y  w i l l  proceed concurrent ly  
with the design of p a r t s  r equ i r ing  i t .  F a c i l i t i e s  w i l l  be  s p e c i f i c a l l y  
t a i l o r e d  t o  requirements of t he  p a r t s  assembled there in .  

I n  the  course of t i m e ,  cleanroom requirements w i l l  be modified both with 
r e s p e c t  t o  s p e c i f i c  procedures f o r  use  and with r e s p e c t  t o  ca t egor i e s  of 
assemblies which may r e q u i r e  spec ia l  o r  d i f f e r e n t  f a c i l i t i e s .  Requirements 
w i l l  be  cont inua l ly  reviewed and appropr ia te  f a c i l i t i e s  provided as needed. 

For those components and subsystems r equ i r ing  thermal i s o l a t i o n  f o r  pro- 
t e c t i o n  during the  terminal  s t e r i l i z a t i o n  process  and r equ i r ing  s te r i le  
assembly before  it, a s u i t a b l e  s ter i le  assembly f a c i l i t y  w i l l  b e  developed. 
Design and p roof - t e s t ing  of t he  s ter i le  assembly f a c i l i t y  and design of the 
p a r t s  r equ i r ing  i t  w i l l  proceed concurrent ly  as i n  the case of the c lean  
assembly f a c i l i t y .  

5 . 5 . 2  TERMINAL STERILIZATION AND HANDLING EQUIPMENT 

I t  i s  assumed t h a t  o v e r a l l  capsule  and ABL terminal  s t e r i l i z a t i o n  (both 
prototype and f l i g h t  u n i t s )  w i l l  be conducted a t  a NASA f a c i l i t y  t o  which 
the  c lean  assembled ABL i s  t ranspor ted  fo r  mating w i t h  the  capsule .  
same o r  a s imilar  f a c i l i t y  w i l l  be  used for t h e  more s t r i n g e n t  q u a l i f i c a t i o n  
t e s t i n g  of f l i g h t  pro to type  hardware, with higher temperature and increased  
t i m e  cycl ing.  

The 

Transportat ion between assembly f a c i l i t y  and s t e r i l i z a t i o n  f a c i l i t y  w i l l  be  
i n  s p e c i a l  equipment designed f o r  p ro tec t ing  and maintaining c l ean l ines s .  
Subsequent t r anspor t a t ion  f o r  t e s t i n g  and checkout and t o  the  launch complex 
w i l l  r e q u i r e  similar equipment f o r  the capsule/ABL combination which p r o t e c t s  
and maintains  s t e r i l i t y .  Design of t h e  above handling equipment r equ i r e s  
cons idera t ion  of t he  presence of RTG power suppl ies  and the  accompanying 
r a d i a t i o n  sh ie ld ing  and hea t  d i s s i p a t i o n  needs, and a l s o  the  needs fo r  
checkout and i n t e g r a t i o n  of ABL wi th  capsule and spacec ra f t  e l e c t r i c a l  and 
mechanical sys t ems .  

5 .5 .3  TEST OPERATIONS F A C I L I T I E S  AND EQUIPMENT 

Spec ia l  f a c i l i t i e s  requirements f o r  clean t e s t  opera t ions  a r e  no t  funda- 
mental ly  d i f f e r e n t  from those requi red  for  c lean assembly. The g r e a t e s t  
a d d i t i o n a l  impact on tes t  f a c i l i t i e s  requirements w i l l  be those concerned 
wi th  s t e r i l e  proof t e s t i n g  of prototype capsules,  and q u a l i f i c a t i o n  t e s t i n g  
of the f l i g h t  model capsule,  where i n  each case  the  tes ts  must be  performed 
i n  a s t e r i l e  manner. I n  t e s t i n g  var ious  modes of operat ion of t he  l i f e  
de t ec t ion  components, r e s t e r i l i z a t i o n  of the  proof t es t  prototype may be 
requi red .  F a c i l i t i e s  assoc ia ted  wi th  s t e r i l e  t es t  opera t ions  must be 
analyzed beginning i n  1967 with proof- tes t ing  i n  mid 1969. 
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5.5.4 MARS ENVIRONMENT SIMULATORS AND MARS OPERATION DUPLICATOR 

Mars Environment Simulator f a c i l i t i e s  a r e  requi red  t o  enclose the  performance 
and l i f e  test  prototype ABL u n i t s  during t h e i r  r e spec t ive  t e s t  sequences. 
The chambers must provide adequate simulation of Mars environmental con- 
d i  t ions,  such as d iurna l  temperature cycl ing and atmosphere composition, and 
possibly add i t iona l  c h a r a c t e r i s t i c s  such a s  atmospheric pressure  and inso-  
l a t i o n  cycling. 
space chamber simulation f a c i l i t y  a t  JPL where the  h ighes t  degree of simu- 
l a t i o n  i s  undertaken. 

Detai led func t iona l  t e s t i n g  must be conducted i n  the  major 

The chambers must be capable of preventing acc identa l  in t roduct ion  of 
materials which would b i a s  the  performance o r  l i f e  test  r e s u l t s .  I n  t h i s  
sense, the  chamber must be steri le and present  a s ter i le  b a r r i e r  around the  
ABL t o  ex te rna l  microorganisms. 

The Mars Operation Duplicator i s  an i n s t a l l a t i o n  of t he  Space F l i g h t  
Operations F a c i l i t y  i n  which opera t iona l  conf igura t ion  of the  f l i g h t  
capsule  i s  maintained as a dupl ica te  of Mars condi t ions as c lose ly  as 
poss ib l e  i n  real t i m e .  This i s  discussed i n  Paragraph 5.2. 

5 . 5 . 5  CENTAUR COMBINED SYSTEMS TEST FACILITY 

It i s  proposed t o  u t i l i z e ,  i f  possible ,  the e x i s t i n g  NASA Centaur Spacecraf t  
Combined System Test F a c i l i t y  operated in  San Diego by General Dynamics/ 
Convair f o r  j o i n t  t e s t i n g  of the Centaur t h i r d  s t age  launch veh ic l e  and the 
Voyager spacecraf t .  Testing comprises mechanical and e l e c t r i c a l  compat ibi l i ty  
v e r i f i c a t i o n  and simultaneous operat ion of Centaur and Voyager systems i n  a 
real  t i m e  s imulat ion of launch operations from assembly and checkout through 
separa t ion  of the  spacecraf t  i n t o  in te rp lane tary  t r a j ec to ry .  Further  
extension of the  tests would c w e r  separat ion of capsule from spacecraf t  
near  Mars. I n  a l l  cases, ABL systems a re  monitored f o r  poss ib l e  in t e r f e rence  
o r  incompatibi l i ty ,  and a r e a l i s t i c  test of ABL e f f e c t s  on the  Centaur/ 
Voyager Spacecraft/Capsule combination. Operation of the  Combined System 
Test  F a c i l i t y  may extend from prototype t e s t i n g  through f l i g h t  u n i t  t e s t ing .  
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SECTION 6 

PROGRAM COSTS 

6.1 BASIS OF COSTS 

The program c o s t  estimates includes he re in  are based on the  program plan  
descr ibed i n  Sec t ion  4 of t h i s  volume. 
used as a b a s i s  f o r  the  c o s t s ;  each of t h e  events  w a s  eva lua ted ,  and an 
average e f f o r t  l e v e l  es t imated f o r  the appropr ia te  func t ion  t i m e  ind ica ted .  
For cont inuing support  func t ions ,  such a s  program management, r e l i a b i l i t y ,  
manufacturing support, e tc . ,previously experienced f a c t o r s  were used wi th  
appropr ia te  adjustment corresponding t o  the  na ture  of the ABL program. 

The summary PERT schedule w a s  

The PERT c h a r t  prepared f o r  t h i s  program plan  i s  of a summary na ture .  
a r e s u l t ,  the  c o s t  estimate summary tended t o  show relat ive d i s c o n t i n u i t i e s  
as major events  occurred. I n  the  da t a  presented i n  t h i s  s ec t ion ,  t he  da ta  
were smoothed t o  present  a more real is t ic  eva lua t ion ,  while  r e t a i n i n g  the  
same t o t a l  l e v e l  and s u b s t a n t i a l l y  the same r a t e .  

As 

The c o s t  es t imates  a r e  based on the development and f l i g h t  program f o r  the 
ABL i t s e l f  as def ined i n  Sect ion 3 of t h i s  volume. That i s ,  i t  considers  
the  s c i e n t i f i c  instruments ,  chemical processing system, sampling system, 
sequence and con t ro l  system, da ta  processing, ana lys i s ,  and s torage  system, 
and the  i n t e g r a t i o n  of these i n t o  a working ABL system. It does not in -  
c lude t h e  a s soc ia t ed  lander systems, such as communications, power supply, 
lander  s t r u c t u r e ,  e t c .  It i s  presumed t h a t  the  programs f o r  these  
lander  subsysteiiis ~ o r ; ? d  be cege ra t e ly  funded. 

The sc ience  d e f i n i t i o n  program i s  described i n  the  program plan.  On the 
PERT c h a r t ,  a number of the associated events  a r e  shown i n  a shaded a rea .  
These t a sks  include development of the science philosophy, prepara t ion  
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and release of the AFO, selection of principal investigators, and other 
functions assumed to be handled by NASA and/or JPL. 
definition of experiments and procedure requirements are presumed to be 
done by the principal investigators under separate funding. Cost estimates 
for these designated functions are not included here. It is noted that 
a number of events and functions are required by the ABL integrator to 
support this effort; estimates for this scientific, engineering, and 
administrative support have been included in the ABL cost. 

Others, including 

I Engineering Prototype 1 

T- _ L  

111 u m u u C ; L  or' tile idi program, a number of breadboard and deveiopment pro- 
totype subsystems will be built and tested. In the program plan, a number 
of the hardware aystems are separately designated for major tests. This 
cost estimate is based on the following quantities of major system hardware: 

I Flight Prototype 3 

ITEM - 

I Additional Set of Scientific Instruments 1 

QUANTITY 

Qualification Units 

Flight Units 

2 

3 

It is anticipated that the prototype units would be used up in development 
tests. 

Operational Support Equipment (0%) is included in the costs. It was con- 
sidered in complete sets with distribution as follows: 

ABL Contractor 1 set 

JPL 1 set 

Sterile Assembly Facility 1 set 

Launch Facility 1 set 

It is clear that identical equipment is not required at all these locations, 
but the assumption does not significantly affect the total program costs. 

6.2 TOTAL PROGRAM COSTS 

The kotal program estimated costs are shown in Figure 5. This is a cumu- 
lative curve totaling $106.8 million for the total ABL program. 
the 1975 Mars opportunity is assumed, with significant mission operations 

Launch at 
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support  being furnished through the 2 year opera t iona l  l i f e  on Mars, and 
f o r  a mission eva lua t ion  per iod the rea f t e r .  

The following est imated c o s t  is  tabulated by f i s c a l  year:  

FY - 
ABL COST BY FISCAL YEAR - MILLIONS 

FY - 
1966 0.6 19?3 12.9 

1967 2.5 1974 9.5 

1968 7.6 1975 5.6 

1969 10.3 1976 3.9 

I970 13.6 1977 3.8 

197 1 14.4 1978 3.7 

1972 14.3 1979 4.1 

The major con t r ibu te r  t o  the  c o s t  i s  manpower. The manpower d i s t r i b u t i o n  
f o r  t he  l i f e  of the program is  shown i n  Figure 6.  
a r e l a t i v e l y  l o w  level prel iminary design and system d e f i n i t i o n  phase f o r  
t he  f i r s t  17 months. A t  t h a t  po in t ,  t he  hardware development and t e s t  
begins ,  showing a sharp increase  i n  engineering and t echn ica l  support .  
Fab r i ca t ion  of major prototype hardware begins a t  about t he  40th month. 
The increase  i n  manpower loading r a t e  at t h a t  po in t  i s  l a r g e l y  manufacturing 
and support  personnel.  
a t  about 80 months, wi th  the  accompanying decrease i n  development engineer- 
i ng  manpower l eve l .  During f l i g h t  hardware and launch opera t ions ,  t he  
manpower decreases  t o  t h e  support  l e v e l  f o r  t he  mission operat ions and 
cont inues through the  complete mission. 

This  program presumes 

The q u a l i f i c a t i o n  and f l i g h t  hardware phase starts 

The manpower es t imates  a r e  made on the bas i s  of the complete job ;  no 
d i s t i n c t i o n  i s  made between prime- and sub-contractor personnel .  It i s  
c l e a r  t h a t  s i g n i f i c a n t  subcontract ing would occur,  e . g . ,  f o r  some of the 
s c i e n t i f i c  instruments ,  where spec ia l ized  experience ind ica t e s .  

6 . 3  FEASIBILITY PROTOTYPE COSTS 

It i s  of i n t e r e s t  t o  examine the  cos t  of a p a r t i a l  program t h a t  c a r r i e s  
the  development t o  the f i r s t  complete engineering prototype ABL. It i s  
presumed t h a t  such a prototype would be used t o  determine the f e a s i b i l i t y  
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of the ABL concept, with the  p lan  t o  continue on the same general  develop- 
mental configurat ion,  i f  successfu l .  The program cos t  es t imates  have been 
evaluated t o  arrive a t  a reasonable estimate f o r  t h i s .  

I f  an engineer ing prototype only i s  considered, i t  i s  l i k e l y  t h a t  a 
s p e c i f i c  "science d e f i n i t i o n  program," as def ined i n  the program plan  here-  
i n ,  would not  be conducted. 
i nves t iga to r s  are not  included i n  t h i s  es t imate  .) 

(As noted, funds f o r  support  of the p r i n c i p a l  

To 111.1-1.e the configuration of the  f e a s i b i l i t y  prototype meaningful, a 
reasonable science eva lua t ion  would be required; i t  i s  assumed t h a t  t he  
science program coordinat ion cos t  es t imates  included he re in  would be used 
f o r  t h i s .  

It i s  reasonable t h a t  the  preliminary design program would proceed as f o r  
t he  t o t a l  plan.  Hardware development would s t a r t  a t  the same t i m e  and a t  
the  same l e v e l .  However, a t  t h i s  po in t ,  s p e c i f i c  i n t e r f a c e  coordinat ion 
with a capsule  i n t e g r a t o r  would not  occur as  i t  otherwise would. It i s  
assumed t h a t  t he  s t e r i l i z a t i o n  program would proceed, although a t  a s l i g h t -  
l y  reduced l eve l ;  s t e r i l i z a t i o n  is a too  fundamental parameter t o  be s l i g h t -  
ed i n  a f e a s i b i l i t y  determination. 
development of an  improved prototype design would be el iminated,  as would 
such items as mission support planning and equipment, OSE, major checkout 
procedures and equipment, o r  o ther  e a r l y  work aimed a t  l a t e r  phases. 

Any e f f o r t  on following design and 

The r e s u l t  of t h i s  eva lua t ion  i s  shown i n  Figure 7 .  The engineer ing 
prototype i s  scheduled f o r  completion a t  63 months, and t h i s  i s  r e t a ined .  
The t o t a l  program c o s t s  a t  t h a t  po in t  a r e  $41.7 mi l l ion .  A s  discussed,  a 
small e a r l y  reduct ion i n  e f f o r t  occurs because the re  i s  no a s soc ia t ed  
capsule  program, but  t he re  i s  no s i g n i f i c a n t  divergence of c o s t  u n t i l  about 
t he  50th month. A t  t h i s  po in t ,  f a i r l y  heavy work starts on engineer ing and 
design of prototype number 2 ;  a t  about the same t i m e  development of OSE and 
o the r  mission o r i en ted  work begins.  

A t  the  completioli of the prototype,  t he  t o t a l  d i f f e rence  i n  the  two pro- 
grams i s  about $ 7 . 3  mil l ion ,  o r  a reduct ion of s l i g h t l y  over 17  percent .  
I f  a r e a l i s t i c  prototype i s  developed, a s  descr ibed,  i t  i s  c l e a r  t h a t  
t he re  i s  a d i s t i n c t  dec is ion  point  a t  about 50 months from s t a r t  f o r  the 
ABL i t s e l f .  The e f f e c t  on the mission may be more severe i n  r e l a t e d  pro- 
grams of capsule  development, power supply, e t c . ; f rom a t o t a l  system 
s t andpo in t ,  such a major dec is ion  f o r  the 1975 mission may not be f e a s i b l e .  
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