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FOREWORD 

Phase I1  documentation prepared f o r  the Requirements and Concepts 
f o r  Space Processing Payl oad Equipment Study under Contract NAS 9-28938 
resulted i n  a three-volume report. These volumes are as follows: 

Volume I. Executive Summary 
Volume 11. Technical 

I IA.  Experiment Requirements 
I I B .  Payload Inter face Analysis 
I I C .  Data Acquisit ion and Process Control 
I I D .  SPA K i t  
I IE. Commercial Equipment U t i  1 i t y  

Volume 111. Programnati cs and Pay1 oad Accommodation 

Vol ume I I, Technical , i s  pub1 ished as f i v e  sub-vol umes i n  order 

3 
t o  f a c i l i t a t e  presentation o f  topical groupings o f  data. 

J1 Phase I documentation was previously documented i n  1973 as three 
vol umes under the ti tl e , Reaui rements and Concepts f o r  Materi a1 s Science 
and Manufacturing i n  Space. 

One feature o f  t h i s  study has been the close association between 
the NASA Shutt le Sort ie Working Group on Materials Science and Manufactur- 
ing i n  Space and the study contractor, TRW Systems Group. The NASA-MSFC 
study COR, Mr. Kenneth R. Taylor, has provided TRW Systems Group w i th  
working group documentation and, i n  turn, has coordinated study task 
resul ts i n t o  the a c t i v i t i e s  o f  the working group. 

Vol ume I i s  based upon a paper presented a t  the Third Space Process- 
ing  Symposium 1974 a t  NASA-MSFC. The authors contr ibut ing t o  Volume I are 
l i s t e d  below: 

K. R, Taylor - NASA/MSFC 
R. L. Hamme1 - TRW 
A. G ,  Smith - TRW 
P. Re Mock - TRW 
R. 3. Stevmson - TRW 
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This Executive Summary presents resul  t s  and concepts derived during 
the conduct o f  a 24-month stuay performed f o r  NASA's George C. Marshall 
Space F l i g h t  Center under contract NAS 8-28938 by TRW Systems Group. The 
prime ob jec t ive  was t o  derive and c o l l e c t  payload in format ion so t h a t  an- 
t i c i pa ted  Space Processing Pay1 oad requi rements were noted i n  the Space1 ab 
and Orbi t o r  planning a c t i v i t i e s .  

INTRODUCTION 

and 
I. 

NASA1 s Space Processing Program [I 1 has generated s i x  object ives 
t h e i r  re la ted  phases f o r  the 1980-1990 time period, as shown i n  Table 
I n  to ta l ,  the object ives encompass the required course of product 

research and development from the i n i t i a t i o n  o f  SPA Shuttle/Spacel ab oper- 
at ions t o  the end-i tem goal of engaging i n  comnercial manufacturing oper- 
at ions i n  ear th o r b i t .  

This study has addressed concepts and requirements for  Space Pro- 
cess i ng pay1 oads t o  accomnoda t e  the performance of the Shut t l  e-supported 
research phase. Since the purpose of the ear ly  a c t i v i t y  i s  t o  i d e n t i f y  
those processes and mater ia l  s having technical mer i ts  warranting explo i  ta-  
t ion, ample opportuni t ies t o  examine many candiates w i i l  be needed. The 
product(s) and associated payloads(s) f o r  prototype o r  manufacturing a c t i -  
v i  t i e s  w i l l  be i den t i f i ab le  only  a f t e r  successful accompl ishment o f  the 
i n i  t i a l  R&D e f f o r t s .  

Consistent w i t h  the performance of a research program, frequent 
short-term, sort ie-mission modes are especia l ly  su i ted  [2] t o  v e r i f y i n g  
space processing hardware performance and re f i n ing  experiment protocols. 
Furthermore, re tu rn  of space processed samples t o  ear th represents a 
fundamental di f ference between t h i s  d i s c i p l i n e  and remote, sensor-type 
missions such as ear*'. observations o r  astronotqy. 



While perhaps no t  so obvious, an equal ly  important feature w i l l  be the 
rou t ine  r e t r i e v a l  o f  the payload equipment v i a  Shutt le.  This w i l l  open 
a new era o f  t es t i ng  i n  which reuse, reconf igurat ion and modi f icat ions 
o f  the payloads can systematical ly occur. This l a t t e r  feature d ic ta tes  
the use o f  a reusable, reconfigurable, payload design and portends a 
modular approach t o  payload design and in tegrat ion.  

Table I. SPA Objectives and Their  Re1 ated Time Phasing 

Objectives Program Phases 

1. Make space easily accessible to the international 
rcientific and industrial community for research 
and develofment work in materiale science and i Initiation Phaee 
technolonv. -. 

(Manned Missions --Apollo, Skylab, 
2. Develop techniques that take full advantage of the i ASTP-in the 197J's  and s tar t  of 

characterist ics of space flight to achieve experi- Spacelab flights in ear ly  198iits) 
mental and process conditions that a r e  not 
obtainable a t  competitive coete on earth.  

3 .  Employ the novel mater ia ls  research and develop- 
ment techniques that a r e  possible in space to 
acquire new knowledge in technologically impor- 
tant a reas  of materials  science and technology. Research and Development Phase 

4. Apply R&D results  obtained in space to advance (Early to mid-1980's) 
materiale technology generally and, in particular, 
to invent processes to manufacture products in 
epace for u re  on earth. 

5. When appropriate, reduce selected epace manu- 
facturing processes to practice and conduct 
pilot production operations to demonstrate their 
practicality. 

Reduction to Practice Phase 

(Mid to late 1980's) 

I 6. When capabilities to manufacture economically Commercial Production Phase 
viable producte a r e  achieved, initiate commercial 
production operations in space. (1990 and beyond) 

It i s  bel ieved t h a t  the  prac t ice  o f  learn ing how t o  conduct space 
processing a c t i v i t i e s  using mu1 ti -purpose, reusable and reconf igurable 
payloads aboard Shut t le  w i l l  be an ac t i ve  process. Thfs learn ing  process 
must be aided by es tab l ish ing  simp1 i f i e d  hardwarelhost vehic le and 
operational in ter faces.  Design approaches must be fostered t h a t  w i l l  
a l low the sc ien t i s t s  t o  have rapid, convenient and repeated access t o  
Space Shut t le  f a c i l i t i e s  i n  a cost e f f e c t i v e  manner. 

SALIENT REQUIREMENTS ANTICIPATED 

Keeping i n  mind t h a t  the u l t imate  ob jec t ive  o f  Space Processing 
i s  the achievement o f  product commercialization, the fo l low ing an t i c1  - 
pated requi rements[3] describe the nature o f  the payload equipment 
capabil i t i e s  t h a t  are necessary t o  engage i n  a Shuttle-imp1 emented, 
R&D phase. 

o Wids Ranging - Bmad Experimerrtal Activities 

The benef i ts  o f  performing mater ia ls  processing 
experiments under a n e a ~ w e i  gh t l  ess condi t ion i n  



space i s  pro jected t o  have a p p l i c a b i l i t y  t o  numerous 
and various types o f  mater ials.  These range from 
e lec t ron ic  materi a1 s , crys ta ls  and glasses, metals, 
a1 1 oys and compounds t o  b io log i ca l  specimens. While 
specif  i c product-oriented a c t l v i  t i e s  are y e t  t o  be 
established, i n i t i a l  invest igat ions have uncovered 
potent ia l  space processing i n  the fo l low ing areas: 
c rys ta l  growth, pur i  f i  c a t i  on/separation, mixing, 
sol i d i f  i c a t i  on, and chemical and physical processes 
i n  f l u i d s .  

o Evo Z u t i o n m ,  Ongoing R&D E f f o r t s  

An in1  ti a1 per iod spanning many years w i  11 be necessary 
t o  establ ish and conduct an ongoing research and develop- 
ment program which w i  11 lead t o  the  u l t imate  d i s c l p l  i n e  
goals of i d e n t i f y i n g  and imp1 ementing the production o f  
economically v iable space products. The i n-space R&D 
e f f o r t s  w i l l  be h ighly  evol u t i  onary , bu i l d ing  heavi ly  
upon an expe;- imental 1 earning process as the  technical 
community determines methods and evaluates resu l t s  
through the aggressive performance o f  an in-space R&D 
program. 

o Process Developme~t Emphasis 

Due t o  a lack  of p r i o r  a r t ,  much o f  the experimental 
a c t i v i t i e s  w i  11 necessari ly invo lve  emphasis on 
i d e n t i f y i n g  and character iz ing those process methods 
and contro ls  which are necessary i n  the  use o f  the 
payl oad equipment . 

o S d e n t i f i c a t i m  of S u f f i c i e n t  Equipment C q c z b i l i t y  To 
E-q-age the In t e res t  of the Technical Connnunitg 

To best serve the :pace processing community , provisions 
must be made f o r  prov id ina an inventory o f  equipment 
which i s  responsive to  i t s  R&D needs and which can 
read i l y  be configured i n t o  research payl oads. Fortunately, 
many experimental areas i n  mater ia ls  science and technology 
have common equipment requi rements , therefore, the 1 abor- 
atory approach which provides a complement o f  apparatus 
and instruments appears feas ib l  e. This approach would 
serve a large number o f  po ten t ia l  invest igators,  y e t  would 
maintain economical equipment and apparatus develop- 
ment costs. A ra t i ona l  , i n i t i a l  inventory o f  equipment 
must be establ ished and must be updated as the program 
develops i n  order t o  meet the wide spectrum of po ten t i  a1 
research needs. 

o I d m t i f i c a t i o n  of Equipment Required for Projected Space 
Processing R&D Endeavors and Matchina 2-cle C ~ ~ & i Z i t z j  

As s tated i n  the in t roduct ion,  perhaps the greatest  chal 1 enges 



fac ing both the Space Shut t le  and Spacelab development 
are those concerned w i t h  system usage, not  w i t h  the 
vehicles themselves. A new era i s  beginning, the era 
o f  space explorat ion which requires p a r t i c i p a t i o n  by 
a very broad cross sect ion o f  the s c i e n t i f i c  community. 
The emphasis i s  no longer upon simply overcoming phenomena 
due t o  a weightless environment but  upon exp lo i t i ng  and 
using these phenomena t o  achieve economic benef i ts .  I n  
the exp lo i t a t i on  phase, the problem i s  t o  take advantage 
o f  the physical and chemical chanqes caused bey the i n -  
space environment. To achieve such resul ts,  the payload 
design engineer and the research s c i e n t i s t  w i l l  have to  
work c lose ly  together so the t requi rements are cont inua l ly  
matched w j  t h  capabi 1 i ti es and v ice  versa. 

Workable SPA system leve l  concepts must be based on: 

o rea l  requirements 
o simp1 i f i  ed operational procedures 

o minimum inter faces w i t h  the f l i g h t  vehic le 

The p a r t i c i p a t i o n  o f  the in te rnat iona l  s c i e n t i f i c  
community i s  v i t a l  t o  the establishment o f  t h i s  system. 
Only i n  t h i s  way can the design of space processing payloads 
provide rapid, convenient and repeated access t o  space 
i n  a cost-effective manner. 

A review o f  s i x  R&D categories (as l i s t e d  below) was 
conducted us i  ng exemplary experimental a c t i v i t i e s  i n  
each R&D area t o  es tab l ish  the fol lowing: 

- Experi ment f unc t i  onal requi rements 

- Required types o f  apparatus and instruments 

The Space Processing R&D categories considered i n c l  ude: 

- B io log ica l  Processes 

- Chemical Process i n  F lu ids 

- Crystal  Growth 

- Glass Preparation 

- Metal 1 u rg i  cal Processe~ 

- Physical Processes i n  F lu ids 

I n  t h i s  process, over 40 separate experiment classes 
were reviewed. Each ind iv idua l  experiment class 
considered represents a po tent ia l  area o f  study 



conceivably o f  i n t e r e s t  t o  many p r i n c i p a l  inves t1  - 
gators.  I h e  r e s u l t i n g  equipment and inst rumentat ion 
i d e n t i  fi ed t o  support the experimental e f f o r t s  exceeded 
90 items. Both the number o f  exemplary experiment 
classes and requi red assocfated payload equipment 
r e f l e c t  the  wide ranging d l  ve rs i  t y  o f  an t i c i pa ted  
space processing a c t i v i t i e s .  

0 Establishment of Cqab i  l i  Q, o f  Accommodating Frequent, 
Repet i t ive  Flight Opportunities 

The nature o f  contemplated space processing R&D stud ies 
w i l l  requ i re  f requent and r e p e t i t i v e  f l i g h t  oppor tun i t ies  
by most i nves t i ga to r s  t o  s a t i s f y  t h e i r  experimental 
ob ject ives.  For t h i s  reason planned research s tud ies 
ra the r  than s ing le -po in t  o r  random oppor tun i t ies  are 
needed. 

A very a c t i v e  learn in5  process wi 11 occur, p a r t i c u l a r l y  dur ing  
the i n i t i a l  years. Thus, progress i n  Space Processing as a d i s c i p l i n e  
w i l l  be c l ose l y  paced by how r e p e t i t i v e l y  the mu l t i t ude  o f  i nves t i ga to r s  
can ob ta in  a s u f f i c i e n t  nu i~~ber  o f  shor t -durat ion,  fas t - reac t ion  f l i g h t  
oppor tun i t ies .  Shutt le-supported, 7- t o  30-day-long , ea r t h  o r b i t a l  , 
s o r t i e  missions a f f o r d  an excel l e n t  means provided t h a t  the payload 
equipment con f igura t ions  can match ava i l ab le  resources. Th is  i s  
p a r t i c u l a r l y  necessary when cons ider ing shared pay1 oad oppor tun i t ies .  
Furthermore, quick reac t i on  a l t e r n a t i v e s  must be possible,  t o  a1 low a 
constant rematch o f  cont inuously evo lv ing  s c i e n t i f i c  requirements w i t h  
ongoing f l  i g h t  oppor tun i t ies .  

CONCEPTS FOR MEETING ANTICIPATED REQUIREMENTS 

The nature ~f the equipment concepts t o  meet the experimental needs 
and usage requirements f o r  both the user and operator  were considered. 
The establishment o f  an i n i t i a l  equipment inventory  which would be made 
ava i lab le  t o  support m u l t i p l e  experimenters i s  a paramount issue t o  Space 
Processing. I n  add i t i on  t o  the samples, o t h e r  m i  nor experiment-unique 
hardware may occas ional ly  be requ i red  by an i nd i v i dua l  i nves t i ga to r ;  but,  
p r i m a r i l y  the payloads would be formed from a NASA inven to ry  o f  equipment. 
Evolut ionary changes i n  both the apparatus designs and equipment inven- 
t o r i e s  woul d na tu ra l  l y  occur as in-space exper imentat ion progresses. The 
fo l low ing  paragraphs describe[3] a c t i v i t i e s  o r  approaches d i r ec ted  toward 
planning ahead f o r  the occurrence o f  t he  discussed concepts. 

Ident i f ica t ion  o f  Experimental Apparatus U s i w  a Laboratory Approach 
to  Provide a Basic I n v e n t o ~ y  o f  Equipment Capable o f  Serving Multiple 
Experirenters 

An i n i t i a l  inventory  o f  equipment and instruments has been 
i d e n t i f i e d ,  based upon the examination o f  a cross sect1 on o f  experiment 
func t iona l  requirements. A l i s t i n g  o f  t h i s  inventory  i s  included i n  the  
attachment, Equipment func t iona l  s p e c i f i  , ~ t i o n s  were then prepared which 
describe the an t i c i pa ted  areas o f  usage, func t iona l  requi  rements/rat iona l e  
and spec i f i ca t i ons  o r  c r i t e r i a .  T h i r t y - s i x  spec i f i ca t i ons  were prepared 
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which cover 55 i tems. These docu~uents quan t i f y  t he  equipment and 
ins t rumentat ion and prov ide a reference base1 i n e  desc r i p t i on  f o r  record 
i cep ing .  T h i s  inventory  o f  ;ppa l~ tub  cdn then be for iwd intc i  i .- l l load 
groupings to  serve a host  o f  experiments. l a rge ,  custom-rnti ; . A  + t i e s  
~ u s t  be avoided i n  order t o  re~sa i l i  f l e x i b l e  and v e r s a t i l e  ,., t he  g ,  -,, 'ping 
concept. 

Examination o f  commercial equipiuent technologies revealed t h a t  
the func t iona l  performance requirements o f  space processing equipment 
could genera l l y  be met by s t a te -o f - t he -a r t  design p rac t i ces .  Thus, 
an apparatus cou ld  be evolved from a standard i t em  o r  der i ved  by custom 
design using present technologies.  About 15 percent o f  the  equipment 
needed has no analogous commercial base o f  d e r i v a t i o n  and requi res spec ia l  
development. This equipment i s  invo lved  p r i m a r i l y  w i t h  contact less heat ing 
and p o s i t i o n  con t ro l .  

The de r i  vat i on  o f  p a y l o ~ d s  US :l ncj cu~~~ l i l e r c i a l  equi pnient sources 
provides a broad and p o t e n t i a l l y  c o s t - e f f e c t i v e  base upon which t o  
drdw. Since the de r i va t i on  o f  pdyload equipment from commercial 
technologies poses o ther  issues beyond t h a t  o f  the i d e n t i f i a b l e  
tunct iona l  performance, addi t iona:  coinment i s  provided i n  a l a t e r  
ssc t ion ;  bu t  p r e l  iminary r e s u l t s  on se lected equipment t e s t i n g  o f  out -  
gassing cha rac te r i s t i c s  performed by Beckman Instruments under Cont ract  
!iAS 8-29776 appear q u i t e  favorable.  

Concepts for  s t r u c t u r a l l y  grocpi  ng i nte r - re1  ated a p p a r a t ~ s  and 
i 11s l t m e n t s  have )een based upon modi~l a r  dpproaches. On t h i s  bas is ,  
the f o l  lowing bene f i t s  occur: 

- payload equipment groupings can r e a d i l y  be assembled f o r  a v a r i e t y  
o f  po:sible miss ion oppo r t un i t i e s  ranging f roili austere t o  dedicated. 

P e c o ~ ~ t  I yu ra t i  on and refurbishment L d n  be a p r a c t i c d l  , r o u t i n e  
occurrence. 

- I t  i s  poss ib le  t o  adapt t o  many poss ib le  host -veh ic le ,  i n t e r f a c e  
schemes. 

- Equipment and apparatus i n t e r f a c e  rrdnagement i s  e f f e c t e d  p r i o r  t o  
host  veh ic le  i n t eg ra t i on .  

- Ltarldard in te r faces  car1 be def ined and maintained between t h e  payload 
equipment and the hos t  veh ic le .  

Major payload equi prnent groupings have been organized around the  
f o l l ow ing  f i v e  payload subelements: 

Furndce. - - - . - . . - - A grouping o f  furnaces and assoc ia t i ve  apparatus f o r  



performing a c t i v i  t i e s  f n which phys ica l  c o ~ .  .act w i  t h  the specimen i s  
permissible.  

Lev i t a t i on :  Apparatus p rov id ing  contact less posi  i i o n i  ng and 
heat ing of specimens w i t h  associated process con t ro l  and charac te r i za t ion .  

B io l o  i c a l  Equipment which produces separat ion o f  b i o l o g i c a l  + samples w t associated preservat ion and storage capaci t y  . 
General Purpose: Provides serv ices w i t h  assocl ated cha rac te r i za t i on  

equipment support ing the accommodation o f  a va r i e t y  o f  modest temperature 
research - physical  o r  chemical f l u i d  s tud ies.  

Core: Consists o f  cen t ra l  i zed data acqu i s i t i on ,  processing and - 
equipment con t ro l  funct ions.  

By example, the  Furnace subel ement equipment 1 i s t i  ng and i n te r f aces  
are shown i n  Figures 1 and 2. 

I n  a l l  cases each o f  the f i r s t  f ou r  i ~ d i v i d u a l  experiment sub- 
e i  ements, o r  por t ions  thereof ,  would be capable o f  being used independently 
o f  o ther  payload equipment when combined w i t h  the  core subelement. Such 
autonomous groupings a re  p a r t i c u l a r l y  a t t r a c t i v e  f o r  p a r t i c i p a t i o n  i n  
shared payload upportuni  t i es and t o  accommodate sh i  f t s  i n  func t iona l  
emphas i s . 

The subel ement concept f u r t h e r  1 ends i t s e l  f t o  i d e n t i  f s t 4  ng and 
es tab l i sh ing  Spacelab accomnodation modes and operat ional  * rements . 
Engineeri ng descr ip t ions  o f  these payload groupings have . ~ repa red  
and are ava i l  able i n  Reference 3. Study e f fo r ts  ? so ac -2 d 
se l f -conta ined automated payload concepts which would bt . I e i t h e r  
w i t h  o r  wi thout  a Spacelab as p a r t  o f  a Shu t t l e  payload , ,plement. 

Several i n t e r n a l  payload accommodation modes were examined. 
Figure 3 shows accommodation a1 te rna t i ves  using cur ren t  Spacel ab dimen- 
sions and e i t h e r  a SPA dual a i s l e  o r  arch payload con f igura t ion .  An 
a r t i s t ' s  i l l u s t r a t i o n  o f  a dua l -a i s l e  payload i s  shown i n  Figure 4. 

SPA power and heat r e j e c t i o n  k i t  (PHRK) concepts which have 
been i d e n t i f i e d  ere shown i n  F igure 5. The SPA k i t  i s  v i sua l i zed  as 
an augmenting power and heat r e j e c t i o n  c a p a b i l i t y  when used i n  conjunct ion 
w i t h  Spacel ab. By being capable o f  conta in ing automated furnace and 
l e v i t a t i o n  equipment the k i t  a lso provides the payload bas is  f o r  
experimentation i n  an automated mission mode. 

M I S S I O N  PLANNING 

I n  t he  foregoing sect ion,  the  requirements imposed on the payload 
design by both the  space processing goals and the  space s h u t t l e  f l i g h t  
syst -~n were discussed. Th is  sec t i on  wi 11 discuss the cu r ren t  Space 
Shu t t l e  mission model and i t s  {mpl i c a t i m s  on payload design. 
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Examination of the Space Shuttle System's mission t ra f f ic  model 
provides a basis of identifying the degree t o  which frequent and repetitivd 
access to space might occur for the purpose of conducting Space Processlng 
activit ies.  Furthermore, this enables the structuring of the complement 
of payload types t h a t  are required in order to effect the projected 
incorporations into the various Shuttle mission modes. Ultimately , the 
number of sets of payload equipment of each of the defined types can be 
derived i n  conjunction with other planning and scheduling constraints. 

NASA Mission Mode I 

The most recent mission model contains 727 fl ights over the period 
from 1980 to 1991 . Currently, payloads are assigned t o  488 of these 
flights and 239 remain unassigned. Figure 6 presents a division of 
fl ights by type: Dedicated, Assigned and other opportunities. 

Space Processing PagZocrd Flight Requirements 

Space process1 n g ,  bo th  for reasons of operating economy and 
achieving program goals, must take advantage of every f l ight  opportunity. 
In fact,  an effective space processing experiment program will require a 
logical i terative sequence o f  f l igh t  experimmts. A true evaluation of 
some processes may require a series of f l ight  experiments in which one 
parameter a t  a time i s  varied. Considering this and the very large number 
of materials that must be evaluated, i t  appears that a space processing 
payload could be effectively utilized on nearly every fl ight.  

In l ight of the mission model and the desire to maximize the number 
of SPA flight opportunities, six Shuttle System accommodation mission mode 
types are summarized in Figure 7. Of the six modes l is ted,  Spacelab- 
dedicated, Spacelab-sharea and automated modes appear to  represent the 
concepts that wi 11 require major anticipatory payload planning and wi 11 
afford maximum SPA f l  ight opportunities within the mission model. 

To undertake this  many fl ight opportunities and to ut i l ize  fully 
the Space 3hllttle8s payload capability will require an inventory of 
payloads designed to match the capacities dnd restrictions imposed by 
each type of mission. In order to  accomplish the above objectives, an 
inventory of payload equipment has been defined which can be combined 
to  form complements of payloads. Specific details are outlined i n  the 
following sections. 

Equipment Inventoq 

An ini t ia l  l is t ing of equipment items was derived as a result of an 
analysi s of generic classes of representative Space Processi ng experiments . 
Subsequently,review and updating of the equipment inventory has and is 
expected t o  be a continuing effort  due to the development of  tke experimental 
areas within the international technical community. I t  is to be emphasized 
that a continuing active participation of the technical community with 
regard to the equipment functions will control the prolificacy of the 
experimental program to a great degree. Use of this preplanned complement 
of apparatus will occasionally be supplemented by individual , experiment- 



FIGURE 6. SUMMARY OF PLANNED AND POTENTIAL SPA SPACE MISSIONS 
FROM 1980 THROUGH 1991 
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unique f i x t u r e s  suppl ied by the  i n v e s t i g a t o r  t o  f u r t h e r  enhance the  equip- 
ment u t i  1 i t y .  

A summary o f  an inven to ry  o f  equipment i s  presented i n  the a t tach-  
ment. Expanding upon t h e  summary data of t he  attachment has been t h e  prep- 
a ra t i on  o f  Equipment Fur~c t iona l  Spec i f i ca t ions .  The equipment f unc t i ona l  
spec i f i ca t i ons  which have been d r a f t e d  serve as a s t a r t i n g  p o i n t  i n  t he  quant- 
i f i c a t i o n  o f  t he  equipment and ins t rumentat ion.  They prov ide both a re ference 
base1 i n e  desc r i p t i on  and the  bas is  f o r  record keeping. The i n i t i a l  speci  f i c a t i o n  
performance requirements, design approach and descr ip t ions  must be t r ea ted  
as t e n t a t i v e  a t  t h i s  t ime and w i l l  r equ i r e  updat ing as f u r t h e r  d e f i n i t i o n  
progresses. I t  i s  essen t i a l  t o  document t h i s  continuous l ea rn i ng  process. 

Three major sect ions o f  each Equipment Funct ional  Speci f i  ca t  i o n  were 
prepared: 

An t i c ipa ted  Usage. Th is  i s  a n a r r a t i  ve func t iona l  desc r i p t i on  
o f  app l i ca t i on ( s )  i n  which the  apparatus i s  t o  be used. Th is  
desc r i p t i on  may be appl i c a b l e  t o  several  e r i ~e r imen ta l  a c t i v i t i e s  
and re l a tes  t o  t h e  f unc t i ona l  requirements der i ved  from an 
examination o f  t he  gener ic  SPA experiment c lasses i n  var ious 
R&D categor ies .  

Funct ional  Requi r e m e n t s / R a t i o n a h  This  i s  an expl i c i t  func t iona l  
desc r i p t i on  o f  the apparatus under considerat ion.  P a r t i c b l  a r  
desc r i p t i ve  content  may inc lude  con t ro l  funct ions,  data output ,  
power inpu t ,  i n t e r f a c e  requirements and sa fe ty  cons iderat ions.  

S ~ e c i  f i c a t i o n s / C r i  t e r i a .  Where appl i c a b l e  and ava i lab le ,  - 
q u a n t i t a t i v e  and qua1 i t a t i v e  in fo rmat ion  i s  inc luded such as 
temperature ranges o f  i n t e r e s t  , requi  red  accuracy o f  performance1 
con t ro l  /measurement. 

The co l  l e c t i o n  o f  these func t iona l  spec i f i ca t i ons  a re  planned t o  
u l t i m a t e l y  r e s u l t  i n  the  issuance o f  an "Experimenter's Handbook" which i n  
conjunct ion w i t h  o the r  a c t i v i t i e s  would a s s i s t  t h e  P r i nc i pa l  I nves t i ga to r s  
i n  the planning and execut ion o f  t h e i r  experimental programs. 

The next issues a t  hand r e q u i r e  t h a t  t he  equipment inven to ry  be 
capable o f  being formed i n t o  payload con f igu ra t ions  , which must be cons is ten t  
w i t h  both the experimental ob jec t i ves  and t he  hos t -veh ic le ' s  accommodation 
modes. Add i t i ona l  issues have been examined and concepts have been developed 
f o r  t h i s  t o  occur. 

11 1 u s t r a t i n g  another impor tant  aspect o f  the  payload accommodation 
requirement i s  the  necess i ty  o f  i d e n t i f y i n g  and planning t he  range o f  values 
o f  i n t e r f a c e  requirements between the host-vehi  c l  e and payload equipment. 
Since the SPA d i s c i p l i n e ' s  ob jec t i ves  r e q u i r e  a need t o  respond t o  ever- 
changing equipment complements as bo th  experimental ob j ec t i ves  and miss ion  
oppor tun i t i es  evol  ve, a system i s  needed t o  convenient ly  a1 l 3 w  numerous 
pe r~~ iu ta t i ons  o f  the experiments and apparatus groupings t o  be character izea.  



For each mission mode selected, ove ra l l  layouts must be prepared 
which i l l u s t r a t e  the payload equipment/host vehicle accommodation. Due 
t o  the enormous number of d i s t i n c t  combinations o f  experiments t h a t  may 
be performed i n  the various ant ic ipated mission modes, a de ta i led  analysis 
of the data reqairements involved i n  each case w i l l  :be mandatory. By using 
the resul t s  o f  such a r l  anni ng program i n  the study o f  the experiment time- 
l i nes ,  b e t t e r  usage of the avai lab le f a c i l i t i e s  hay be made. 

Confronted w i th  a plethora o f  data, a means must be found by 
which all e f f e c t i v e  d isp lay may be prepared. One successful method o f  doing 
t h i s  has been found and i nvol ves the computer generation o f  three-dimensional 
bar  graphs. 

A TRW Systems computer program named 8630 makes a graphical d isp lay 
o f  a set o f  pos i t i ve  numerical values t h a t  are assigned t o  the separate 
g r i d  squares o f  a rectangular g r id .  This procedure provides a h igh l y  
e f f e c t i v e  method of v i sua l i z i ng  a vast set  o f  data - much b e t t e r  than by 
reading a matr i  K. By vsing the BG3D program and a1 so by making use o f  
some two-dimensional displays, a coniprehensi ve study may be made o f  the 
msny data requirements. Those s ingled out and analyzed i n i t i a l l y  are 
power, energy, weight and volume. Others may be added l a t e r ,  such 
as heat re jec t ion ,  source power requirements, elec. *omagetic compat ib i l i t y  
and data ma i a g e s ~ e ~ ~ t .  

Several t i l e s  must be establ ished from which data may be drawn i n  
order t o  i n i t i a t e  the p lo t s .  These are: 

o Equipment F i l es  

For each piece o f  equipment i n  the SPA inventory a separate data 
record i s  establ ished whi ch includes weight, volume and power p r o f i l e .  
I f  the  equipment has both a sustained and peak power l eve l ,  both are 
speci f ied.  

o Experiment F i l e 2  

For each experiment t o  be performed a separate data record i s  
establ ished which includes a 1 i s t  o f  each piece o f  equipment used and 
i t s  s tar t -up and shut-down times. 

o Mission F i les  

For each mission considered, a separate data record i s  establ ished 
which includes the experiments being performed and t h e i r  s t a r t  times. 

I l l u s t r a t i n g  an energy p r o f i l e  d isp lay f o r  twelve (12) SPA 
experiments i s  the BG3D presentat ion shown i n  Figure 8. 

INTEGRATION & INTERFACES 

There are other  aspects which are required i n  an t i c i pa t i ng  the 
payload designs and which compliment the concepts described i n  the  p r i o r  
paragraphs. The issues o f  not "what", bu t  "how" must be addressed through 
ea r l y  systems engineering and subsystems design analysis i n  order t o  
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ascertain the technical v i  a b i l  i t y  of the concepts. The major in ter faces 
t o  the payload equipment t ha t  must be considered i n  these analyses cre 
shown i n  Figure 9. Some o f  the na in  issues are summarized below. 

Perfonance of P r e  Ziminary Engineering AnaZys;s of Modular Pay Zoad 
Subelement/Host VehicZs Interface8 

Subsys tern i nterfac malys i  s was performed t o  es tab1 i s  h the i n t e g r i t y  
o f  the modular approach t o  the equipment design and in tegra t ion .  Sa l ien t  
areas tha t  were selected fo r  analysis were power and power condit ioning, 
heat re jec t i on  and electromagnetic capabil i t y  (EMC) . 
Power and Power Condit ioning 

E a r l i e r  studies indicated t h a t  v i r t u a l l y  a11 equipment requires 
special condi t ion ing o f  the i npu t  power (h igh  v o l t ,  low v o l t ,  regulat ion,  
etc).  An examination o f  the  input  power ava i lab le  from the  Spacelab 
indicated a possib le mismatch i n  special  equipment requirements f o r  a 
major i ty  o f  cases ( inc lud ing  commercial equipment). Maximum f l e x i b i l  i t y  
i n  in tegra t ing  subelements i n t o  the Spacelab may be achieved if the powcr 
condit ioners are p a r t  of  the payload equipment. 

Based upon these conclusions, and i n  close co r re la t i on  w i t h  the  
thermal and other  aspects o f  payload design, e f f o r t s  were d i rected a t  
examining the power requirements t h a t  fo l low:  

Power-Load Requi rements 

The number o f  possible SPA experiments are diverse, For the  purpose 
o f  narrowing the scope o f  t h i s  study, the equipment and load p r o f i l e s  f o r  
twelve representat ive experiments were i d e n t i  f ied .  These twel ve SPA experi - 
ments are 1 i s t e d  i n  Table 11. Throughout t ese twelve ex eriments w i l l  r be i d e n t i f i e d  by the numbers one through {we ve. Two o f  t i e  twelve 
experiments were chosen as beinq r e ~ r e s e n t a t i v e  o f  the group and are 
11 l us t ra ted  i n  greater de'iail t o  describe the evaluations u icd  i n  the 
analysis. They are Experiment #1 , Metal 1 u rg i  cal  -Furnace, Encapsulated 
Imnisc ib le Combi nat ion, and Experiment #8, Biology Appl ications-Continuous 
Flow Electrophoret ic  Separation of Proteins. The p r o f i l e s  o f  the power- 
source loads f o r  these two representat ive experiments are presented i n  
Figure 10. 

Power Avai 1 a b i l  i ty 

The Shut t le  Orb i te r  w i l l  provide e l e c t r i c a l  power from i t s  three 
fuel  c e l l s  i n  support o f  the Orb i te r  and the Spacel ab operations. One 
o f  the three Shut t le  Orb i te r  fuel c e l l s  i s  dedicated t o  the Spacelab 
e l e c t r i c a l  power requi r a n t s  during normal Shut t le  operation. This 
power suppl ies the Spacel ab subsystems and the excess i s  dva i l  able t o  
the payload. The current  Spacelab subsystem requirements r e s u l t  i n  a 
payload a l l oca t i on  o f  4.0 to 4.8 KW average (24 hourlday) and 9.0 KW 
peak f o r  15 minutes. 
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FIGURE 10. SPA EXPERIMENT POWER SOURCE LON: PROF1 LES 
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Addit ional power sources must be provided t o  f u l  f i  11 e l  e c t r i c a l  
power requi rements t h a t  exceed the a1 1 ocat ion of e l e c t r i c a l  power from 
the Orbi ter .  The power sources considered were supplemental and/or 
peaking bat te ry  k i t s  and the use o f  a Power-Heat Reject ion K i t .  The  it 
may contain up t o  two Shutt le-type fuel  c e l l s  and the  necessary plumbing, 
controls, reactants and tankage t o  s a t i s f y  the SPA experiment requirements. 
The Power-Heat Rejection K i t  would provide up t o  14 KW o f  continuous power 
and peaks of up t o  24 KW f o r  15 minutes. 

The use o f  the  experiment payload a l l oca t i on  from the Orb i te r  and 
the Power-Heat Reject ion K i t  can provide e l e c t r i c a l  power t o  the SPA 
experiments o f  from 4.0 t o  18.8 KW continuously and peaks o f  up t o  33 KW 
f o r  15 minutes. 

For the purpose o f  assessing the capab i l i t y  o f  the  e l e c t r i c a l  
power a l locat ions t o  s a t i s f y  the SPA experiment requirements, Figures 
11 and 12 summarize the sustaining and peak experiment e l e c t r i c a l  power 
requirements a t  the source f o r  eacn o t  the 12 i l l u s t r a t e d  experiments. 
These were used t o  provide a comparison w i th  the power a1 locat ions from 
the Space1 ab and a Power-Heat Reject ion K i t  as shown i n  Figure 13. 
These f igures also compare the average and peak e l e c t r i c a l  power capabi- 
1 i t i e s  o f  one and two fuel  c e l l  systems. 

Power Condi t ion ing-D is t r ibu t ion  

The e l e c t r i c a l  power condi t ion ing and d i s t r i b u t i o n  subsystem must 
d i s t r i b u t e  power t o  the experimental equi2ment from the power source, i n  
a safe, e f f i c i e n t  manner. A number o f  concepts were considered and 
compared re1 a t i v e  to:  

1 ) Impact on subelement payloads 

2) Impact on host vehicle (Spacelab) 
3) M o d u l a r i t y / f l e x i b i l i t y  

4) E f f i c iency ,  weight and s ize  
5) Safety 

6) Electromagnetic Compat ib i l i ty  (EK)  

This comparison resul ted i n  the fo l lowing recommendations: A 
115 VAC-400 Hz, single-phase system for the low power experiment bus, 
and a 115 "AC-1600/1800 Hz, 3-pnase, 4-wire system f o r  the  high power 
experiment bus. A block diagram showing the  power d i s t r i b u t i o n  system 
i s  shown i n  Figure 14. Power conversion from 28 VDC t o  400 Hz and 1800 
Hz AC i s  acco~,~pl ished by s t a t i c  DC t o  AC inver ters,  which are frequency 
and phase synchronized t o  prevent dynamic in te rac t ions  and sys tem 
i n s t a b i l  i t y  . The inver te rs  are sel f -p ro tec t ing  f o r  overvol tage on 
input  and overload and shor t  c i  r c u i  t on output. Further considerat ion 
w i l l  be given t o  the modular i ta t ion o f  both the input  and output junct ion 
boxes i n t o  several separate modules so t h a t  i n  case o f  a major f a u l t  some 
bus protect ion w i l l  be provided by the physical separation o f  the switching 
e l  ements . 



FIGURE II. SUSTAl NlNG EXPERIMENT POWER (AT POWER SOURCE) 
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FIGURE 12. PEAK EXPERIMENT POWER (AT POWER SOURCE) 
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O f  course, throughout t h i s  a c t i v i t y  a continuous trade study o f  
power condi t ion ing and d i s t r i b u t i o n  equipment e f f i c i enc ies  on the thermal 
contro l  requi rements was made. Several thermal in ter faces between the 
e l e c t r i c a l  power and thermal contro l  subsystems were evaluated. The 
primary in te r face  i s  the d iss ipa t ion  o f  a1 1 e l e c t r i c a l  energy consumed 
by the experiments, i.e., the energy under the experiment power source 
p r o f i l e s  must be d iss ipated by the thermal contro l  subsystem. The 
d iss ipa t ion  o f  t h i  s energy requi res add i t iona l  e l  e c t r i c a l  energy f o r  
operat ion o f  the thermal cont ro l  equipment r e s u l t i n g  i n  an increase i n  
e l e c t r i c a l  energy t h a t  must be dissipated. Other thermal in te r faces  
considered were the d i ss ipa t i on  o f  heat from the fue l  c e l l s  and the  
resu l tan t  by-product (water) produced by the fue l  c e l l s  f o r  po ten t ia l  
use by the thermal contro l  subsystem. 

Thermal Performance Requirements 

The thermal i n te r face  analysis was addressed i n  the fo l low ing way: 

I den t i  f i c a t i o n  o f  Waste Heat Requirements: 

The thermal contro l  subsys tem p r ~ v i  des the required thermal p ro tec t ion  
t o  maintain a l l  subsystems w i t h i n  thermal l i m i t s  f o r  a1 1 mission phases f o r  
the experimental equipment . Waste heat d iss ipa t ion  t imel  i nes were developed 
f o r  the equipment selected i n  the subelements. The t imel ines were necessary 
t o  establ ish magnitude and durat ion o f  peak loads. Items o f  equipment t h a t  
have waste heat requirements were separated i n t o  two groups: (1 ) those 
tha t  can be met by the Spacelab capabi;ity, and (2) those items t h a t  
requi re supplemental capabi 1 i ty.  

I den t i  f i c a t i o n  o f  Special I n te r face  Problems : 

I n  add i t ion  t o  the amount o f  heat, some items o f  equipment 
were i d e n t i f i e d  tha t  must meet spec i f i c  temperature requirements such 
as component touch o r  condensation temperature 1 i m i  t s  . 

Thermal - C ~ n t r o l  Cooling Concepts : 

For the purpose o f  assessing the magnitude o f  the thermal cont ro l  
problem, three d i f f e r e n t  thermal contro l  system concepts were invest igated 
t o  determine the i  r capabi 1 i t y  t o  provide the necessary thermal contro l  . 
Although the assessment was o f  a pre l iminary nature, the concept analyses 
d i d  ind ica te  a number o f  areas whe~e modi f i c a t i  ons t o  SPA t imel i nes and/or 
equi pment would be necessary. 

The a i r  cool ing system concept depends upon the Spacelab 
supplied a i r  f low f o r  cool ing o f  rack mounted e lec t ron ic  equipment. 
I n  the analysis o f  t h i s  concept, a s imp l i f i ed  thermal model o f  a t yp i ca l  
cabin thermal contro l  system and the SPA a i r  cool ing loop were generated, 
based upon the studies conducted a t  MSFC on the Sor t i e  Lab. Based on the 
analyses t o  date, i t  appears tha t  a i r  cool ing i s  feas ib le  prov id ing the 



necessary P/UA* can be provided on the commercial equipment. 

The liquid cooling system i s  similar to  the a i r  cooling concept 
except that the equipment mounting ra i l s  in the rack are cooled by 
coolant lines. A parametric analysis was conducted t o  assess the 
feasibility of using a water cooling loop with cold plate mounted 
electronics. The 1 iquid cool i ng concept's feasi bi 1 i t y  depends, to 
a large extent, on the design of the 1 iquid distribution system. 
A properly designed system must be capable of providing the required 
flow rate a t  a low enough pressure drop to result in a reasonable 
pump power requirement. A complete assessment of the coolant loop 
characteristics would require a detailed thermal analysis for a 
speci f ic  configuration, however, i t  appears that a 1 iquid cooling 
loop would be feasible. 

A heat pipe system employed as a cooling concept for Space- 
lab was also investigated. Such a system would provide the 
capability of a thermal energy transport without an attendant 
expendi ture of power for an el ectromoti ve devi ce (fans , pumps, etc . ) . 
I t  was determined that the heat transport requirements on the heat 
pipe system that results from a typical rack power dissipation d is t r i -  
bution are too severe. The number of pipes required were considered 
impractical in relation to  a i r  or pumped 1 !quid cooling. Heat pipes 
can be used, however, for  dumping heat from the various components 
into the a i r  ducts. 

Thermal Control Subsystem of Power/Heat Rejection Kit: 

The Power/Heat Rejection Kit ( P H R K )  thermal control subsystem 
(TCS) consists of a pumped 1 iquid loop which rejects thermal energy 
to space via a thermal radiator located on the exterior of the PHRK 
structure. One system studied uses dual radiators to reJect 
the thermal energy absorbed from the fuel ce l l s ,  electronic equipment 
and furnaces. The primary radiator i s  a high temperature radiator 
for high heat rejection and the secondary radiator i s  to provide 
tem?erature drop in approximately ten percent of the flow for cooling 
room-temperature operating, electronic equipment. A thermal capacitor 
i s  included i n  the system downstream of the primary radiator to  store 
the themal energy that exceeds radiator capacity until such a time 
as the themal load f a l l s  within radiator capability. Such a system 
operates wi thin duty-cycl e 1 imitations. 

*P = Component Power 
UA = Effective Thermal Conductance From Component to Coolant 



Figure 15 shows the  PHRK heat d i s s i p a t i o n  model f o r  those missions 
where the  k i t  i s  i n  support o f  SPA payloads w i t h i n  the Spacelab. The heat 
r e j e c t i o n  subsystem was basel ined on a 7 ft. body mounted r a d i a t o r  length.  
The useable experiment duty cyc le  was then def ined f o r  t h i s  system versus 
the average experiment power involved. Subsequently, study o f  the heat 
r e j e c t i o n  system designs requ i red  t o  operate a t  7 kW and 14 kW e l e c t r i c a l  
steady-state were analyzed. A t  the f u e l  c e l l  sources, the previous 
e l e c t r i c a l  values r e f l e c t  a steady-state heat r e j e c t i o n  problem of 11.3 kW 
and 22.3 kW respect ive ly .  The s teady-s tate approach t o  de f i n i ng  the  use 
o f  a supplemental power and r e j e c t i o n  k i t  represents an extreme usage 
l i m i t .  On the  o the r  hand, examination o f  poss ib le  duty  cyc le  usages 
based upon average experiment power il 1 us t ra tes  usage opt ions w i t h  t h i s  
approach. Whi 1 e the SPA experiment a c t i  v i  t i e s  rev01 ve around both power 
and energy a v a i l a b i l i t i e s ,  i t can be conc lus ive ly  shown t h a t  heat r e j e c t i o n  
w i l l  always pose t h e  pr imary 1 i m i t a t i o n  i n  achieving the associated sub- 
syst,., support. This i s  p a r t i c u l a r l y  t r u e  i n  l i g h t  o f  the  l i m i t a t i o n s  
a f f e c t i n g  the  thermal subsystem design o f  r a d i a t o r  s i ze ,  f u e l  c e l l  
temperatures and use o f  capaci t o r s .  

Electromagnetic Compat ib i l i t y  

A ~ r e l  iminarv a c t i v i  t.y was performed on the ana lys is  of  the e l  ec t ro -  
magnetic kompa t i b i l i t y  (EMC)- in te r face .  H i s t o r i c a l l y ,  EMC has been 
approached by  tec. i i  ng engineer ing models per  a m i  1 i t a r y  spec i f i ca t i on .  
I n  cont rast ,  modeled payload analys is  could be used t o  p red i c t ,  charac te r i ze  
and prov ide t rade so lu t ions  i n  the  des ig !~  a c t i v i t y .  Most o f  the  data 
requi red f o r  de ta i l ed  EMC study was n o t  r e a d i l y  ava i lab le .  A beginning 
was necessary f o r  two important reasons: one i s  t h a t  the problem area 
had t o  be opened up t o  es tab l i sh  the approach t o  EMC con t ro l ,  t he  o the r  
was t h a t  i n  order  t o  e x p l o i t  every mission oppor tun i ty ,  SPA payloads 
must be capable o f  operat ing i n  c lose p rox im i ty  t o  almost any o ther  
experiment. An EMC eva lua t ion  o f  commercial equipment was one o f  t h e  
most important th ings t o  emerge from t h i s  e f f o r t ,  s ince commercial 
equipment o f  the  k i nd  envis ioned by SPA has n o t  considered EMC i n  the 
broad sense as necessary w i t h  space systems. This showed up i n  component 
design, component assembly techniques, and 1 ack o f  measured o r  a n a l y t i c a l  
EMC data. The EMC problem i s  fu r ther  aggravated by the  h i gh  currents  
and voltages requi red by SPA. The i n i t i a l  e f f o r t s  have been aimed a t  
various l e v e l s  o f  ca tegor iza t ion  o f  the  payloads and i n t e r f a c i n g  equipment 
and a t  t he  establishment o f  i n i t i a l  estimates f o r  t he  EMC environment f o r  
the representat ive payload conf igurat ions.  An ill u s t r a t i v e  t e s t  se r ies  
was s ta r t ed  to  measure some o f  the p e r t i n e n t  EMC cha rac te r i s t i c s  of R&D 
prototypes o f  equip~iient s i n i i l a r  t o  t h a t  under cons iderat ion as p o t e n t i a l  
SPA pay1 oads . 

One o f  the most prominent sources of  steady-state rad ia ted  i n t e r -  
ference among the SPA candidate payloads i s  the i nduc t i on  heater. The 
i nduc t i on  heater 's  rad ia ted  in te r fe rence  can be expected t o  be a major 
cons iderat ion f o r  the  design o f  the Spacelab data handl ing and communication 
equi pmen t . 
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Figure 16 i l l u s t r a t e s  the leve ls  o f  magnetic f J e l d  rad ia t i on  
measured a t  a 1 meter distance from one o f  the two induct ion heaters 
tested. 

Performanoe of an AnaZ~s;'e Regmdiw the Subject of CmeroiaZ 
Equipment U t i  Zi @ 

An l n i t i  a1 review o f  numerous payload equipment i tems showed 
t h a t  the functional requirements required o f  most o f  the apparatus are 
ava i l  able from commercial sources. While the  funct ional  aspects are 
sa t i s f i ed ,  other  required usage factors t h a t  needed t o  be considered 
included outgassing o r  f lammabi l i ty  o f  the materials,  packaging and 
material  subs t i t u t i on  options, power condi t l on ing  , EMC and heat t ransfer .  
The u l t imate host vehic le c r i t e r i a  imposed w i l l  profoundly in f luence the  
amount o f  modi f icat ion necessary i tem by item, however, the  commercial 
equl pment design technology base remains the primary source o f  apparatus 
development. Even though, a t  the outset, the  use o f  conmercial e uipment 3 appeared p o t e n t i a l l y  promising, a number o f  usage factors remalne t o  be 
resolved. Speci f i c  factors t h a t  were examined included the fo l lowing:  

- Safety 

- Packaging 

- Structura l  
- Power Condi ti o n i n j  

- Thermal Control 

- Materials o f  Construction 

The l i s t  o f  commercial u t i l i t y  aspects were broken i n t o  three 
categories. The f i r s t  category included the areas o f  packaging , structure,  
power condi t ion ing and thermal . This group was concerned w i t h  questions 
re la ted  t o  the operat ional charac ter is t i cs  o f  the i nd i v idua l  equipment 
i tem. I n  t h i s  sense judgements and assessments concern1 ng the u t i l i t y  
o f  a commercial piece o f  gear could be made, t o  a reasonable extent,  by 
considering several t yp i ca l  equipment i tems. By example, the operat ional 
charac ter is t i cs  o f  a tube furnace produced by any one o f  several manufacturers 
could be used t o  assess such factors as the thermal, power and s t ruc tu ra l  
impacts upon the SPA payload. Certa in aspects o f  the mater ia ls  o f  construc- 
t i o n  such as the susceptibi 1 i t y  t o  contamination deposits o r  shat terabi  11 ty 
also f a l l  i n t o  t h i s  category. 

I n  contrast,  the second major category concerned questions r e l a t i n g  
t o  mater ials o f  construct ion, such as outgassing and f l  ammabil i ty,  which 
are t o  a much greater  degree subject t o  var ia t ions  from one manufacturer 
t o  another. These questions, i n  most cases, had to  be cotsidered on an 
ind iv jdua l  i tem basis w i th  respect t o  each spec i f i c  equipment i tem and 
each speci f i c  manufacturer. 

The t h i r d  category was concerned w i t h  questions o f  safety. When 
an issue w i t h i n  the f i r s t  two categories presented a p o t e n t i a l l y  hazardous 
s i t u a t i o n  which had t o  be read i l y  accepted, the problem was t reated from 
the po in t  o f  view o f  safety. Thus, where h igh  voltage equipment was 
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considered necessary f o r  performance o f  SPA missions r e q ~ i  rements , 
su i tab le  steps were determined t o  be required t o  assure crew and vehic le 
safety. 

Speci f ic  equipment i tems analyzed were selected from the equipment 
inventory l i s t  using the fo l lowing c r i t e r i a :  

0 The equipment was representat ive o f  a type important 
t o  the success o f  fu tu re  SPA d s s i o n s  

o Possible problem areas ex is ted  f o r  Space1 ab u t i  1 i zat ion  

I> Data a v a i l a b i l i t y  

A number o f  speci f i c  items were selected f o r  a de ta i led  assessment. 
These i tems are as fol lows : Gas Chromatograph, Continuous Flow Electro-  
phoresis Column, PH Monitor, FreezerlRefr i  gerator, Data Acqui s i  t i o n  System, 
Chest-General Purpose Encl osure , Hot Wall Furnace, Zone Refi  ner , Dye Laser/ 
Flash Lamp, High Voltage Power Condit ioner , I R  Pyrometer, Temperature 
Cont ro l le r  and Programmer. Because an o f f i c i a l l y  approved NASA spec i f i ca t i on  
f o r  equipment and material  u t i l  i t s t i o n  i n  the Spacelab d i d  no t  ex i s t ,  a set  
of study c r i t e r i a ,  drawn la rge l y  from ex i s t i ng  NASA documents, were 
col lec ted  f o r  use i n  bench-marking the u t i  1 i t y  assessment. 

Any assessment o f  commercial u t i  1 i t y  considerations must be, i n  
many instances, c: osely associated w i t h  a subsystem in te r face  analysis 
act1 v i  t y .  Coordination o f  the commercial u t i l  i t y  assessment and the  
in te r face  trade studies was thus required t o  opt imize the in format ion and 
resu l t s  o f  the two e f f o r t s .  Whenever possible, ongoing equipment consider- 
at ions and i n te r face  studies[3] considered the same equipment items. 

CONCLUSIONS 

The basic approach t o  es tab l ish ing  SPA payloads i s  predicated upon 
the formulat ion o f  pregrouped modular subelements o f  equipment. A pre- 
planned inventory o f  equipment, when coupled w i t h  modular :ntegration 
concepts w i th  an a b i l i t y  t o  read i l y  reconfigure, can then serve the ongoing 
research needs o f  a world-wide group o f  invest igators.  As such, the  
t yp i ca l  f low o f  events expected are i d e n t i f i e d  i n  Figure 17. The fo l lowing 
overr id ing high1 i gh ts  sumnarize the SPA payload equipment requirements : 

A ,nu1 t i  facetlev01 ut ionary program must be ant ic ipated 
i n  space processing, spanning many years and numerous 
missions. 

A comprehensive complement o f  equipment i s  required t o  
support the projected rarges o f  R&D a c t i v i t i e s .  

Grouping o f  equipment t o  form several sel f-contained pay- 
load subel ements a1 lows support o f  speci f i  c experimental 
classes e i t h e r  alone o r  i n  conjunct ion w i th  each other. 

Modular subelement approaches can a l low the R&D tech- 
n ica l  program t o  range from austere t o  c~~i iprehensive i n  
modular increments. 

34 
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5 )  It i s  essent ial  t o  take advantage o f  every Shut t le  f l i g h t  
opportunity and mandatory t o  have a continuous rematch o f  
s c i e n t i f i c  in te res ts ,  instrument capabi ! i t i e s  and mission 
requirements. 

6 )  It I s  necessery and desirable t o  der ive thp space processing 
equipment from w i t h i n  ar, e x i s t i n g  mu1 t i b i l l i o n  d o l l a r  
commercial techno: ogy industry  , wherever pozsi ble. 

Shuttle-supported space endeavors are v isual  i zed as portendlng a 
new era o f  equipment and capab i l i t y  development - an era i n  which the  
means and the methods used i n  p r i o r  times w i l l  be vas t ly  modif ied 
through use o f  t h i s  new capabi l i t y .  Implementatjon ~f Shuttle-supported 
experimentation w i  11 c e r t a i n l y  involve the continued i d e n t i f i c a t i o n  and 
refinement o f  the methods. It i s  expected tha t  the in-space a c t i v i t y  
w i  11 be 1 argely ancerned b l  t h  develapment o f  experi vent technique and 
equipment opt imizat ion, part icu; a r l y  i n  erdea~ovs dh i  ch are supported 
by shared-sortie payload concepts. Hand i n  hand w i t h  Shut t le  system 
v e r s a t i l i t i e s  must be an associated implementation o f  simpler user i n t e r -  
faces. 

The use o f  commercial equipment source der ivat ions f o r  many o f  
the contemplated space a c t i v i t i e s  provides no t  vn ly  f o r  f a m i l i a r  user 
equipment interfaces, but  re i r~ fo rces  the opportunity o f  achie.zing se lec t ive  
cost effect iveness through development of space payload equipment v i a  a 
resource which t o  date has n o t  been possible. 

Many factors w i l l  undoubtedly impact the s u p ~ s r t  ava i lab le  f o r  
es tab1 ish ing  fu tu re  space processing endeavors. Whatever these resources 
may be, i t  i s  expected tha t  the process o f  learn ing how t o  use the Shuttle. 
System and exp lo i t i ng  the evolut ion o f  Space P~vcessing t o  be an ac t ive  
arocess f o r  many years. 
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