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Preface 

At the request of the Nationa l Aeronautics and Space Administration 
(NASA) , the Nationa l  Research Counci l ' s  Aeronautics and Space 
Engineering Board (ASEB)  undertook a study of NASA ' s  evo lving space 
station program . The study , "Space Station Engineering and Techno logy 
Development , " was carried out by an ad hoc committee of the ASEB . It 
was directed at a review of program planning with focus on engineering 
and technical deve lopment related to the initia l operational configura
tion and the near-term evo lution of the space station . The ad hoc 
committee also gave attention to technica l management matters. 

The committee members , who have industry, university , and government 
experience , were briefed by NASA staff members involved in the space 
station program . The de liberations and findings of the committee are 
discussed in this re port . 

The document contains an executive summary, a section on historical 
information, and a brief review of the current program plan.  This 
material is included to provide background information for persons not 
familiar with the space station program . The wo rk of the ad hoc 
committee is reflected in the last two sections of the report . These 
sections deal with system and engineering development status and 
program issues .  
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Executive Summary 

ASSIGNMENT 

The Na t iona l Aeronautic s  and Spac e Admini stration (NASA ) reque s t ed 
the Aeronaut ic s  and Spac e Engineering Boa rd (ASEB )  o f  the Nat iona l 
Re search Counc i l  t o  assemb le  a group experienc ed in eng ineering and 
techno logy management to review NASA ' s  space space stat ion program. 
Members o f  the group were not t o  be dire c t ly invo lved in the program. 
In re spons e the ASEB formed the Commi t tee on Space Stat ion Engineering 
and Te chnology Deve lopment . The c ommit t ee wa s asked t o  review NASA ' s  
program o f  engineering and techno logy deve lopment for the initia l spac e 
s t at ion, inc luding s uch fac tors as  on-orbi t  maintenanc e, operat ional 
autonomy , and the nature o f  the re search and techno logy to be conduc ted  
in spac e .  NASA a sked the commit tee to  pay part icular attention to  
pl anning for the evolut ion of  the  spac e s t a t ion int o a more versat i l e  
sys t em. 

When the s t udy was under way, however ,  i t  bec ame evident that the 
re search and techno logy deve lopment to be conduc ted in spac e  would no t 
re c e ive prior i ty cons idera t ion by NASA or the committee because de
t a i led considerat ion wa s premature . Thu s ,  with NASA ' s concurrenc e the 
c ommit tee d id not addre s s  these s ubj ec t s .  

Aft er de l iberation, the committee focused on asse s s ing NASA ' s 
pl anned t echnical program and i t s  approach t o  deve lop ing the t echnical 
foundat ion for the evolving spac e s t a t ion . The obj ective s  of the 
space s t at ion program are t o  provide for a permanent manned pre senc e  
in orb i t , the c apab i l it y  for sc ient i s t s  t o  conduc t stud ies o f  the 
e arth ' s  envi ronment and o ther subj ec t s  from orb i t , the use of space 
for research and techno logy and produc t deve lopment and produc t ion, 
ac t iv i t ie s  t o  advanc e spac e  exploration, and s tat ion growth . The 
miss ion, operat iona l requ irement s ,  deve lopment schedule , and cost  
as sumpt ions were to  have been outs ide the  sc ope o f  the s tudy, but 
because  they a f fec t the eng ineering and technical  aspec t s  o f  the 
program, the c ommi t tee did g ive the se mat t ers some a t tention. The 
commit tee  and NASA recognized that the space stat ion program i s  just  
beginning and that many key eng ineering and management dec i s ions have 
not been made . NASA intended the committee t o  as s is t  in ident i fying 
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c rit ic a l  i s sue s ,  many o f  which c ould  be re solved by NASA early in the 
c ourse  o f  program deve lopment . 

Thi s report i s  based on the data pre sented to  the commi t tee , 
d i scus s ions wi th expert s pre sent ing the d at a ,  and the commi t tee ' s  
asses sment o f  th i s  informat ion.  

ACTIVITY 

The comm i t t ee he ld i t s  f irs t meet ing in March 1984 in Washing ton ,  
D . C .  NASA b rie fed i t  on the operat iona l and eng ineering phi losophy 
beh ind the e f fort d irec ted at defining space s t at ion requiremen t s , 
configurat ion analyse s ,  techno logy program content and i s sue s , and 
program evo lut ion and management . The commi t t ee then formed one pane l 
t o  add re s s  work as s igned t o  NASA ' s  Marshal l  Space Fl igh t  Cent er (MSFC ) 
and i ts assoc iated c enters and another to cons ider work a s s i gned t o  
NASA ' s  Johnson Spac e Center ( JSC ) and assoc iated center s . The 
c ommit t ee and i ts pane l s  a l so ident i f ied t echnic a l  pol icy and 
management i s sue s to he l p  guide the s tudy .  

In Apri l the MSFC pane l was briefed on space opera t ions , s t ruc ture s 
and mat e rial s ,  propu l s ion and fluid s ,  eng ineering , and s t a t ion s t ab i l i
zat ion and c ont ro l .  In May , the JSC pane l was brie fed on environment a l  
con t ro l ,  human fac tors , l i fe support , therma l contro l , d a t a  management , 
c ommunicat ions , e lec tric power , and systems operat ions , and the fu l l  
commi t tee  wa s b rie fed o n  o ther se lec ted aspec t s  o f  the program : sys
t ems engineer ing ac t ivi ty , re ferenc e configurat ions , evolut ionary 
des ign s , user requ irement s ,  mis s ion defin i t ion , and program management . 

In August , a spec ial pane l o f  the commit tee met with NASA repre sen
tat ive s in Washington , D . C . , to review plans for deve loping solar 
thermodynamic e lec tric power genera t ion t echnology . In a workshop a t  
the Nat iona l Academy o f  Sc ience s Study Center a t  Wood s Hole , Mas s achu
s e t t s , NASA b rought the commit t ee up to date on the ac t ivi t ies  of the 
s pac e s t a t ion program. Pane l s  me t to addre s s  i s sue s  of technical  and 
management pol icy , and a dra f t  of th i s  report was deve loped . 

SUMMARY CONCLUSIONS AND RECOMMENDATIONS 

The commi t tee c onc luded that there i s  an adequate nat ional t ech
nic a l  bas e t o  support deve lopment o f  the spac e s t a t ion . However ,  high 
near-t erm per formanc e bene f i t s  and l ong-term cost  savings  c an be 
real ized i f  c ertain selec ted advanced technolog ie s ,  those re lat ing t o  
s olar thermodynamic e lec tric power generat ion , c losure s o f  l i fe 
support sys tems , and automat ion , are pursued . Add it iona l bene f i t s  
c ould accrue from us ing independent re search and deve lopment work by 
cont rac t ors  funded  by the Department o f  De fense and from c reat ing a 
pl an for an int egrated t echno logy deve lopment program that re lates 
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technology deve lopment s for the ini t ia l  s tat ion t o  thos e  for the 
evo lving , more versat i l e  s tat ion.  

The commit tee  cons iders onboa rd mis s ion contro l  pos s ib l e  and 
des irable  and onboard maint enanc e c apab i l i ty required. NASA has  
proposed t o  use  deve lopment hardware a s  operat iona l equipment on  the 
s t at ion to reduce cos t s .  The committee  bel ieve s th is i s  pos s ible  but 
tha t the proposa l requ ire s care fu l  ana lys i s .  The commit tee has some 
c onc ern about c ost  de fini t ion , assessment and c ont ro l , and management 
sys tem complexity . 

The issues and the commi t t ee ' s  recommendat ions are summarized 
here . The more s ign i ficant are des ignated by sol id c i rc l e s  (e). 
However ,  a l l  o f  the fo l lowing issue s and o thers discus s ed in the 
report warran t spec ia l cons iderat ion by NASA program management .  

Techn ica l issue s : the commit tee recommends that NASA 

• acce l era t e  the deve lopment o f  a solar thermodynamic e lect ric power 
sys t em to asse s s  whe ther th is techno logy c ould support the init ial 
space s tat ion . Concurrent ly , NASA should deve lop an integrated 
pl an for convert ing the s tat ion from pho tovo l taic  to solar thermo
dynami c power . This  act ion would minimize the complexity and cost  
of i nc reas ing the generat ing c apacity a s  the s tat ion ' s  mis s ions 
mul t iply . The e f fec t s  of rotat ing machine s on the s t ringent 
po int ing requ irement s of the space s tat ion, however ,  must  be 
care ful l y examined . 

• c ont inue to  deve lop a c ontro l system that i s  s tab le under a wide 
range o f  condit ions and provide s ac t ive or pas s ive ways to damp the 
vibra t ion of appendage s  on the structura l s t ack o f  the evo lving 
stat ion . Ground-based analys e s  and s imulat ions cannot adequate ly 
predic t the dynamic re sponse of large flexib le s t ruc ture s in space . 
Contro l  logic wi l l  probably  have to be adjusted in actua l operat ion , 
which wi l l  requ ire measuring re sponses  in spac e  and an adap tab le  
cont ro l  and stab i l izat ion system . 

• achieve a s igni ficant measure o f  life support syst em closure for 
in i t i a l  operat ions , us ing the s tate o f  the art . A reasonab l e  degree 
of water and oxygen recycl ing wi l l  reduce re supply requ irement s and 
as soc iated cos t s  o f  operat iona l support and crew t ime . 

o support the deve lopment o f  t echnology to al low early incorpora t ion 
o f  hydrogen-oxygen thrus ters for contro l , stab i l izat ion, and orbit 
adjus tment . Al though hydrogen and oxygen requ ire long-term cryo
genic s t orage , they are les s  po l lu t ing than organ ic fue l .  Hydrogen 
and oxygen are nont ox ic , noncorros ive chemica l s  a l ready in use on 
the space s t a t ion . 

o re examine act ivi ty in advanced deve lopment o f  communicat ions . 
Exi s t ing techno logy i s  capabl e  o f  handl ing almost  al l projected 
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requ irement s for the ini t ia l  stat ion . Fund s used for advanced 
deve lopment of c ommunicat ions may be bet ter inve s ted in areas where 
technology is not as deve loped . 

o de fine procedure s and s afe ty requ irements for extra-vehi cular 
act ivi t y  mis s ions ,  des ignate performance bound s and de s ign 
const ra int s , and provide sui t s  that requi re no precond i t ioning 
( preb rea th ing ) be fore they are put on . These  act ions wi l l  al low 
s afer , more re spons ive extra-veh icular ac t ivi ty .  

o pursue re search on micro f i l trat ion , the contro l  o f  bacteriologica l  
mat ter and the ident i ficat ion o f  microbial  bui ldup i n  c losed , in
hab ite d spac e s tat ion unit s .  Th i s  knowledge i s  crit ica l to  long 
m issions or emergenc y operat ions with an enlarged c rew. Cont rol o f  
contaminat ion i s  a l s o  important for the des ign o f  modul e s  for plant 
and anima l experiment s onboard the space s tat ion .  

o use exi s t ing techno logy where pos s ible , for example i n  contro l 
moment gyro s and wind-unwind joints  where fluid o r  e lec t ric power 
are t o  be t rans fered . Unles s new deve lopment s are requ i red to 
accompl i sh a t ask , the use of proven t echnology wi l l  reduce t ime 
and resourc e  requ irement s a s  we l l  a s  technica l risk . 

• cre ate plans that re late technol ogy deve lopment programs for the 
ini t ia l  stat ion to  evolving requ irement s .  Periodically  updated , 
the se plans wi l l  he lp focus support ing deve lopment s  and avo id 
desi gn commi tment s tha t could  make mod i fications to the stat ion 
impossib le or very expensive . The plans wi l l  also he l p  ident i fy 
the technology deve lopment s wi th high potent ial  value for s t at ion 
growth . 

• become famil iar with and use re search and deve lopment programs sup
ported by the De fens e Department tha t are pert inent to the space 
stat ion de f in i t ion and deve lopment program. Th i s  ac t ion wi l l  he lp  
ensure the early  appl icat ion o f  important techno logy deve lopments 
at  m inimum cost . 

Po l icy i ssue s :  the commit tee recommend s that NASA 

• centra l iz e  mission contro l  func t ions on the space s t a t ion to min i 
mize the need for support from ground-based command and c ontro l . 
Onboard response s t o  emergenc ies should be quicke r ,  and the need 
for ground-based operat ional support for rout ine operat ions should 
be less , reduc ing cos t s .  

• design for onboard maintenanc e , includ ing the detect ion o f  sys t em 
ma l func t ion s  and assessment s o f  correc t ive ac t ion . NASA should 
a l so de f ine maintenance and log ist ics  requ irements . Th i s infor
mat ion is needed early so tha t i t  can be cons idered when sys tems , 
subsys tems , and components are designed and when operat ions are 
planned . 
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o det ermine be forehand the requ irement s  for maintaining maj or sub
sys tems on the ground for trouble shoot ing problems ari s ing in 
orb i t  and for sys tems deve lopment to as s i s t  stat ion growth . The 
pl an to fly subsystem hardware previously  used in ground test ing 
( proto fl ight s )  i s  sound as long as resources on the ground are 
suf fic ient t o  support miss ion mal func t ion analyses and evo lut ionary 
deve lopment . 

o cons ider care ful ly the degree and type o f  hardware c ommonal ity t o  
pursu e .  For component s  and pos s ib l y  subsys tems , the u s e  o f  common 
hardware i s  l ike ly to  be bene fic ial . For major e lements ,  where 
performanc e , operat ions , or other design factors are more important , 
a requirement for c ommonal ity wi l l  be counterproduc t ive . 

• pre pare tes t protoco l and ins trumentat ion plans for sys tem tests  in 
orb i t . Many sys tems wil l  be mated for the firs t t ime in orb i t , and 
the proces s should be a natura l outgrowth o f.pre l aunch protoco l .  
Cons idera t ion should a l so be g ive n t o  jud ic ious use o f  the inst ru
mented space s t a t ion and i t s  component s for val idat ing des ign and 
per formanc e and for asses s ing prob l ems during assemb ly and 
operat ion . 

o cons ider the congre s s ional mandate on automat ion and as sume l eader
shi p in addre s s ing areas of automat ion appl icable to the space 
s t ation . Howeve r ,  NASA should not deve lop automat ion beyond space 
s tat ion requ irement s .  The work should be focused on func t ions tha t 
are repe t i t ive and we l l  understood , e spec ial ly miss ion control and 
s tatu s func t ion s to  un load the c rew and inc rease t ime for t asks 
requ iring human judgment . 

Management i s sue s : the committee recommends that NASA 

• e s tab l is h  a clear , firm phi losophy o f  des ign , deve lopment , and 
operat ion in which the s tat ion i s  a s tandard faci l ity provid ing a 
bas ic support l ike a ut i l ity . The space stat ion should  no t be 
des igned to accommodate every requ irement o f  a u ser or mis s ion .  
Us ers shoul d provide any unique equipment they need to accommodate 
to  the bas ic services . 

• decide now on a ph i l osophy and key measure s re lated to s ign i ficant 
cos t , schedul e ,  and performance fac tors for the program. Firm 
spec i f icat ions wi l l  provide a cons istent set of guide l ines for the 
many program part ic ipant s  and reduc e the complexity of the e f fort 
to  engineer and integrate the sys tem. 

• reaff irm the commi tment t o  the concept o f  designing to  cos t  and be 
more expl ici t in defining the terms o f  re ferenc e  for i t s  implement a
t ion . I f  des i gn-t o-cos t i s  t o  be a program constraint , co s t  targe t s  
need to  b e  ident i fied for major sys t ems and e lement s and a common 
bas i s  for cost ing ident i fied . 
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• review the statement s on and commitment s  to  l i fe-cyc le-c o s t  goa l s  
and cont ro l s  to  a sse ss  the ir appropriatene s s  and usefu lness . I f  
the concept  o f  l i fe-cyc l e  cos t i s  t o  b e  retained , a term such a s  
"annual operat ing cost " that repre sents this  coa t should b e  de f ined 
so tha t the cos t can be unders tood and calculated . A s tatement 
that NASA wil l  use l ife-cyc le  costa for program j udgments is not 
suffic ient . Spec i fic ident i f icat ion o f  guidel ines for s tat ion l i fe 
and c os t ing are required for meaning ful comparat ive performance 
analyse s . 

• e stab l i sh a s ingle  o f fice for contro l l ing and d ire c t ing the program 
wi th  ready acce s s  to the NASA admini s t rator when requ ired . Such 
focus ing o f  program and contrac t management and of technical au
thori ty  wi l l  provide t imely report ing and d irec t ion and provide a 
c leaner l ine o f  re spons ibi l i ty and authori ty .  Thi s ac t ion wi l l  he lp  
make program management , cont ro l , and report ing to  higher-leve l 
authori ty more e ffec t ive . 

• review the proposed procedure t o  cont rol changes wi th a view to 
l imi t ing dec i s ion node s ,  flow pa th s , and complexity . NASA should 
deve lop a procedure that i s  clear , c ons istent , and intolerant of 
unneeded change . Long proc e s se s  of review and approva l add 
confus ion , t ime , and cost to the program. 

• cont inue to seek fore ign part ic ipat ion and he l p  resolve the securi ty 
problems that prevent De fense Department part ic ipat ion in the space 
s tat ion program. Program part ic ipat ion by both fore ign groups and 
the De fense Department i s  cons idered important to the intere s t s  o f  
the nat ion . Appropriate use o f  the s pace stat ion by both wi l l  
max imize bene f i ts from an important nat ional asse t . 

• advi s e  the De fense Department o f  ac t ions re l ated t o  the accommoda
t ion of c l as s i f ied defense experiment s and prepare to ini t iate 
ac t ion t o  involve the department in the space s t at ion de fin i t ion 
e f for t , inc lud ing permanent repre sent at ion in NASA whi l e  the nat ion
al pol icy on DOD invo lvement in the program is being resolved . 
Ac t ive DOD part ic ipat ion wi l l  depend on the abi l ity to accommodate 
and s afeguard de fense projec t s .  Direc t part icipat ion in program 
definit ion by respons ible DOD repre sent at ive s should help ensure 
e ffec t ive u t i l izat ion o f  resources . 
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Introduction 

HISTORICAL BACKGROUND 

The Na t ional  Aeronaut ics  and Spac e Administrat ion ( NASA) has been 
conc erned wi th manned space s tat ions since the early 1960s . Many 
s t ud ies of s tat ion use , design ,  operat ion , and crew requirements have 
been funded by the agency and o thers .* Indeed , a manned spac e stat ion 
was c ons idered the log ical  program to fol l ow Projec t Mercury , the 
f irs t u.s. manned space fl ight e ffort in the 1 960s . Projec t Mercury 
c arried a s ing le  astronaut ; it was fol lowed by projec ts  Gemin i ( c rew 
o f  two , two weeks in orb i t , and rendezvous mission s ) and Apo l l o  (crew 
of thre e ,  two c rew members to the lunar sur face ) . 

Wh i l e  maj or at tent ion and e f fort was d irec ted a t  the manned lunar 
miss ion through the 1 9 60s , the topic  o f  space stat ion design and use 
cont inued t o  rece ive at tent ion . Th i s  led t o  a series o f  NASA space 
stat ion s tud ies in 1969 . 

In the e arly 1 9 70s ,  NASA deve loped a l imited space s tat ion ,  Skylab 
( c rew of th ree ) .  Using Apo l l o  spacecraft  and launch veh i c l e  
c omponents and the Apo l lo spacecraft  to ferry the crew to and from the 
stat ion , Skylab wa s launched in May 19 7 3 .  It performed three separate 
manned miss ions o f  28 , 59 , and 84 days . Manned opera t ions terminated 
in early 1914 , and Sky lab eventua l ly reentered the Earth ' s  atmosphere 
and was destroyed . 

A dec ision to  deve lop a space shut t le was made in 19 73 . I t  was 
recognized tha t a spac e transportat ion sys tem was requ ired for a space 
stat ion , should one be deve loped . The Shu t t le flew i ts f irs t orb i tal  
mi s s ion w i th a c rew of two in 1981 ; i t  is now capable  o f  hand l ing a 
crew o f  s even . 

*Space Stat ions : A His torical Perspe c t ive . J. H .  Logsdon, Na t ional 
Air and S pac e  Museum , Washington , D . C . ; Space Stat ion Pol icy , Planning 
and Ut i l izat ion .  AIAA/NASA Symposium ,  1 9 83 ; and selec ted papers 
( Appendix A) . 
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To suppor t renewed intere s t  in a space s tat ion ,  NASA e s tab l ished the 
S pac e Stat ion Task Force in 1983 and d irec ted it to ident i fy program 
c onc epts  through analyses o f  miss ion requirement s ,  con f igurat ions and 
systems , techno logy deve lopmen t s  and need s , and management and acquis i
t ion approache s .  The concept o f  the space s tat ion evolved from this 
work ( se e  Figure 1-1 ) . Figure 1-2 i l lustrates the s tat ion ' s  infra
s t ruc ture . The func t ional e lement s o f  the spac e  s t at ion inc lude 

-- Laboratory (s)  ( for sc ience , appl icat ion s , and technology ) 
Permanent observatory (s)  ( space and e arth) 
Transporta t ion ( c rew, s tat ion e lement s ,  and logis t ic s )  
Servic ing fac i l ity ( for free flyers and plat forms) 
Communicat ions  and dat a proce s s ing 

-- Manufac tur ing fac i l i ty( s) (deve lopment and produc t ion) 
-- Assemb l y  fac i l i t y ( s )  
-- Storage depot ( s )  

The maj or e lement s o f  the s pace s tat ion would be permanent , 
habitable , and automated modules  in low earth orb i t . There would be 
one or more automated free-flying p l at forms ( for commerc ia l , appl ica
t ion , and sc ient i fic  work) operat ing near the station . The s tat ion 
would s erve as habi tat , ut i l i ty core , l aboratory , and service s tat ion .  
The Shutt l e  would  carry the component s into orb i t , he lp assemble  the 
s t at ion ,  and s ervice  it on a nominal 90-day cyc l e  with fresh c rews , 
suppl ie s ,  and equipment . Transportat ion be tween the stat ion and the 
free-flying plat forms would be provided by an automated 
s pac e  tug , the orb i t a l  maneuvering vehic le . 

The ini t ia l  s tat ion i s  envis ioned to  have a crew o f  s ix to  e ight 
and a power l eve l o f  about 7 5  kW . Eventua l ly ,  i t  would become the 
operat ions base for an orb i tal  trans fer veh i c le capable o f  
t ran sport ing payload s t o  high earth orb it s .  For plat forms operat ing 
in polar orb i t s , the orbital  maneuver ing veh icle  would  operate from 
the Shut t l e  flying in po lar orb i t . 

The program conc ept  was approved for deta i l ed study and pre l iminary 
spec i f ic a t ion by Presiden t Reagan in early 1984 . An art i s t ' s drawing 
of an ini t ia l  stat ion ,  to be operat ional in 1991  or 1 9 92 , is shown in 
Figure 1 -3 .  

The ini t ia l  spac e stat ion i s  expec ted t o  operate in an inc l ined 
orbi t of about 280 wi th unmanned coorbi t ing plat forms . The 
stat ion ' s  c apab i l i t ies are expec ted to grow th rough mod i f icat ions and 
add i t ions to acc ommodate a crew o f  12  t o  18 and to  generate about 300 
kW of e l ec t ric  power by the year 2000 . Figure 1-4 shows a possible  
future s tat ion . Jus t  what the system w i l l  l ook l ike in i t s  init ial 
and expanded configurat ions is no t ye t ce rtain . The configurat ion 
s elec ted for detai led des ign wi l l  evo lve from further in-house and 
contrac ted s tud ie s .  
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ASEB INVOLVEMENT 

In November 1982, NASA's Office of Aeronautics and Space Technology 
(OAST) initiated discussions with the Aeronautics and Space Engineering 
Board (ASEB) on space station technology program planning. At a 
meeting of the board in March 1983, various design and development 
questions were raised by OAST to which the ASEB responded. Following 
a general dialogue on the subject at a June 1983 ASEB meeting, NASA 
concluded that the overview process was of value and should continue. 
Of interest were the direction of the space station program and the 
technologies that needed to be developed. However, no action was 
taken on the matter at that time. 

Committee Charge and Activity 

Late in 1983, with the strong possibility that the space station 
would move from general study to design and hardware development, NASA, 
through OAST and its new Space Station Task Force, requested the ASEB 
to conduct a more thorough review of the program, concentrating on 
plans for engineering and technology development. In response the 
ASEB formed the Committee on Space Station Engineering and Technology 
Development, which was approved by the National Research Council on 
March 15, 1984. 

The committee's major function was identified as the review of on
going and planned NASA programs for research and technology development 
and of engineering approaches to the evolving program. The review was 
to consider 

technology for support of an initial station; 
an enhanced technology program that would support a more advanced 
space station; 
on-orbit maintenance; 
technology pertinent to the long-term evolution of the station; and 
the nature of research and technology development to be conducted 
in space and of related R&T facilities.* 

Initially, the committee organized two panels, one concentrated on 
technical areas assigned to the Marshall Space Flight Center (MSFC) 
and associated NASA centers and the other assigned to the work of the 
Johnson Space Center (JSC) and associated NASA centers. Later, three 
other panels were formed to address the technology of solar thermo
dynamic electric power generation and program and management issues. 
The members of these panels are listed in Appendix B. 

*Soon after the study was under way it became evident that it was 
premature to consider this subject in detail, thus the committee did 
not address the subject of in-space R&T. 
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The commit tee  hel d  three mee t ings and the pane l s  held one mee t i ng 
e ach . The fir s t  mee t ing of the commit tee was devoted to organizat ion , 
the development o f  informa t ion , and a pre l iminary ident ificat ion o f  
i ssues. Th e  second meet ing was a review of pane l find ings and a pre
l iminary ident ificat ion of the commi t tee ' s  program find ing s . The fina l 
mee t ing was a workshop in whi ch NASA provided the commit tee updated 
informat ion on the status o f  se lec ted deve lopments in techno logy and 
the s tatus and sub s t anc e of NASA ' s  space  s tat ion definit ion and reques t  
for propo s a l s  o n  concept definit ion and pre l iminary de s ign ( Phase B ) . 
In add i t ion ,  the c ommit tee d iscus sed c r itical technical pol icy and 
management i s sues re lated to  the program and deve loped the fina l 
working draf t  of thi s  report . 

Ap pend ix C l i s t s  the sub j e c t s  and NASA presenters for each of the 
mee t ings of the commi t tee and i t s  pane ls . 

THIS REPORT 

The find ings of the commit tee , based on materials pre sented , and 
d isc uss ions he l d ,  are the subj ec t of th i s  report . The report i s  
expected to b e  one o f  a s eries o f  s tud ies reque sted by NASA for con
t inued ASEB review of i ts spac e stat ion eng ineeri ng and techno logy 
d evelopment ef fort . 

The c ommit tee c onduc ted i t s  study during a dynamic period . Many 
program mat ter s  were be ing reso lved--organizat ion and management , 
miss ion models , sys t em descriptions and spec ifications , s e le c t ion of 
preferred configurat ions , re lat ions between NASA and industry , and 
prepara t ion of the request for industry proposals for c onc ept analysis  
and pre l iminary design.  Bo th NASA and the ASEB unders tood this situa
t ion before the study was begun ; the fluid ity was cons idered an asse t 
because i t  would a l low t ime for the find ings to affec t  program 
formulation .  

Many key engineering and technology dec i s ions are yet t o  b e  made . 
The commi t tee be l i eves tha t some of the issues reported here wi l l  be 
resolve d in the norma l  course of program deve lopment ; o thers may we l l  
requ ire spec ial ac t ion by NASA. 
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Current Program Plan 

PLANS AND COSTS 

The space s t ation program , approved by the Pre s ident and Congre s s  
f o r  ini t i a l  study , i s  e s t imated to  cos t some $ 8  bi l l ion for des ign ,  
deve lopment , and f l ight o f  a n  init ial  s t at ion i n  the 1991-1992  t ime 
period . Wi th growth and re lated infrastruc ture deve lopment ,  the 
program is projected to cost  some $20 b i l l ion to the year 2000 . 
Launch , support , and operat iona l costs are not inc luded in these  
e s t imates . In add i t ion , the c ost s o f  pay loads and the ir  support 
requ irement s and the contribut ion o f  o ther countries being encouraged 
t o  t ake ac t ive ro les  in the program are not inc luded . 

The spac e s tat ion program i s  to  pursue these object ives : a per
manent manned presenc e on orb i t , a manned c apabi l i ty for conduc t ing 
sc ienc e  and s tudies o f  the earth ' s  environment from orb i t , u t i l izat ion 
and commerc ial izat ion of the space environment for re search and 
technology and produc t development and produc t ion , enhanc ing space 
expl ora t ion c apab i l i ty ,  and provid ing growth c apab i l ity for the 
s tat ion i t se lf .  

In pursuit  o f  the se obj ec t ive s , the Na t ional Aeronautics  and Space 
Administ rat ion ( NASA) has ident i f ied  and implemented generic and 
focused techno logy development programs in FY 1984. Ex tended plans 
are in deve lopment  for FY 1985 and beyond . Studies o f  maj or stat ion 
e l ement s and c omponent s are under way . In add i t ion , e f fort d irec ted 
at Phas e B (concept de f ini t ion and pre l iminary des ign) was ini t iated 
with the re l ease o f  the Phase B reques t  for proposals  ( RFP) to 
indus t ry in Sept.ember 1984 . 

The RFP c al ls for a 9-month de f ini t ion e ffort , s t art ing in early 
198 5 ,  fo l lowed by a 9-month preliminary de s ign ac t ivity . The Phase C/D 
( f inal des ign ,  development , and produc t ion) e f fort i s  schedul ed to 
s t art in 198 7 .  Present plans c a l l for a pre l iminary des ign review in 
1 9 88 ,  a crit ical des ign review in 19 89 ,  and f irs t f l ight of s tat ion 
element s  in 199 1 . The ini t ia l  operat ing configura t ion ( IOC ) would be 
assembled and in opera t ion hy 1992 . 

1 5  
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Fund i ng for the s tudy phase o f  the program i s  $ 1 50 mi l l ion i n  FY 
1 9 85 and pro j ec ted t o  be $280 mi l l ion in FY 1 9 86 and $250 mi l l ion in 
FY 1 98 7 .  

ORGANIZATIONAL ASSIGNMENTS 

The NASA organizat ion re spons ible for defini t ion and implement ation 
o f  the program c ons i s t s  o f  a Space Stat ion O f fice at  NASA Headquarters 
(Leve l A) , a S pac e Stat ion Program Of fic e (Leve l B )  a t  the NASA Johnson 
Spac e Center , and program support groups (Leve l C) at  vari ous NASA 
field cent ers . Leve l A i s  re spons ibl e  for top-leve l po l icy , fund ing , 
and author izat ion ac t ivi t ie s , and Leve l B ,  for overa l l  technical  
managemen t  of  the program inc lud ing sys tems eng ineering and int egrat ion 
( SE&I ) . There wi l l  be no indust ry prime contrac tor . Leve l B ,  the 
technica l management o ffice , wi l l  ac t as  the prime contrac tor for the 
e f for t .  Thi s o ffice wil l b e  described in more deta i l  in the fol lowing 
sec t ion o f  the report . Leve l C ac t ivi ty , c a l led work package s ,  i s  
d ivided among the fie ld c enters , Fi gure 2-1 , and i s  out l ined in the 
fo llowi ng sec t ion , Program Deve lopmen t . The centers wi ll be re spons i
b le for c ont rac t ing for work in the ir ass igned areas of re spons ib i l i ty 
and int er fac e wi th and support the Level B and other Leve l C ac t ivi ty 
in  the ir areas of technical  spec ial t y . 

PROGRAM DEVELOPMENT 

The conc eptual d e s i gn o f  the spac e  s t at ion , a t  the t ime o f  this  
review, wa s being de f ined in-house , and NASA field centers program 
a s s i gnments had been made ( Figure 2-1 )  and inc luded : 

Johnson Spac e Cent er (JSC ) : JSC ' s  re s pons ibili t ie s  inc lude definit ion 
and design of the s truc ture to which the element s o f  the space s tat ion 
will be a t tached and ins t a l l a t ion and integrat ion o f  systems on the 
s t ructure . JSC is a l so re spons ible for inter faces between the space 
s t a t ion and the Shu t t l e  and for s tat ion assemb ly ,  a t t i tude contro l ,  
thermal c ont ro l ,  c ommunicat ions , data management , l i fe support systems , 
and equipping o f  the habi t ab ility modul e  for c rew ward room and gal ley .  

Marshal l  Spac e  Fligh t  Center (MSFC ) : De f init ion and des ign o f  common 
pressurized , inhab itab l e  modules for laboratorie s ,  hab i tat ion , opera
tions , and logis t ic s  i s  the re spons ibi l i ty of MSFC . The c ommon modules  
wi l l  have provi s ions for dat a  d i s t r ibut ion , powe r ,  therma l  contro l ,  and 
c ommunic ations . Other respons ibi l i t ie s  include onboard environmental  
cont ro l , the propul s ive sys tems for the orbital maneuvering vehic le , 
and equipping o f  l aboratory and l og i s t ic modules . 

Lewi s Re search Cent e r  ( LeRC ) : De f in i t ion and d e s ign o f  the e lec t rical  
power generat ion ,  c ond i t ioning , and s torage systems i s  LeRC ' s  
re spons ibi l i ty . 
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W'P-()1-MSFC 
e SE&I Support 

- ECLSS analysis 
- Logistics analysis 
- OMV/OTV. interface analysis 
- COIIIDOn module 

Commonality analysis 
- Propulsion analysis 
- Reboost analysis 
- Laboratory analysis 

Hardware/Software 
• COIIIDOn module 

- Structure 
- Distribution for: 

DMS 
Power 
ECLSS 
Thennal 
Co-..nicationa 

• ECLS system 
• Propulsion system 
• Laboratory module outfitting (1) 
• Logistics module outfitting 

(2 or 3) 
• OMV/OTV accommodations 
• Applications software 

W'P-() 2-.JSC 
e SE&I Support 

- Growth analysis 
- Data management system analysis 
- Communications/tracking analysis 
- Loads analysis 
- Thermal analysis 
- Control analysis 
- Assembly sequence definition 
- STS proximity 

Operational berthing analysis 
- Crew interface analysis 
- Resource integration analysis 

Hardware/Software 
• Assembly structure 

- Truss 
- Horlule interconnect 
- Airlock 
- STS berthing 
-Power, Therm., Gimhala 

• Manipulators 
• Resources integration 
• Thermal control system 
• EVA system and airlock outfitting 
• Guidance, navigation and 

control system 
• Communications/tracking system 
• Data management system 
• Habitat module outfitting 
• STS interface 
• Applications software 

W'P-()3-GSFC 
• SE&I Support 

- Platform configuration and 
commonality analysis 

-Platforms/satellites 
servicing analysis 

- Attached payloads analysis 
- Laboratory analysis 
- Station/platform interface 

analysis 

Hardware/Software 
• Platforms 
• Attached payload accommodations 
• Platform and free-flyer 

servicing accommodations 
• Laboratory module outfitting (1) 
• Applications software 

WP-04-LeRC 
• SE&I Support 

- Power system analysis 

Hardware/Software 
• Power system 

- Generation 
- ConditioninR 
- Storage 

• Applications software 

NOTE: The upper portion depicts the supporting analysis work and the lover portion identifies actual end-item deliverable• in Phase C/D, 
Both portions constitute a set of WP (work package) responsibilities for the Definition and Preliminary Design Phase. 

FIGURE 2-1 Work package summary definition. 

.
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Godda rd Space Fl ight Cent er ( GSFC ) : GSFC is  re sponsib l e  for the 
d e f ini t ion and des ign o f  the automa ted free- fly ing pl atform s and the 
s ervice , maintenanc e , and repair o f  the s e  and o ther free-fly ing 
spacecraf t . In add i t ion, the defin it ion and deve lopment of pay l oads 
to be a t tached interna l ly and externa l ly to  the spac e stat ion and the 
outf i t t ing of pres suri zed modu les  for scienc e and appl ications is to 
be hand led by thi s  center . 

Kennedy Space Center ( KSC) : De fin it ion and de s ign in support o f  
pre fl ight and l aunch operat ions and log i s t ic-support act ivi t ie s  are 
KSC re spons ib i l i t ie s .  

JSC , MSFC ,  and LeRC re spons ib i l i t ies  inc lude the development of 
tes t bed s t o  as s is t  in the acce lera t ion o f  major component and 
subsystem t echnology deve lopment and eventual ly for fligh t h ardware 
des ign and deve lopment support and f l igh t read iness  tes t ing . The 
ac tual fl ight sys tem design , deve lopment , and test  work wi l l  be  
c arried ou t by contrac tor s . Figure 2-2 ident i fie s these t e s t  bed  
program a s s ignment s .  

The Lang l ey Re search Center (LaRC ) has been g iven the t ask o f  
worki ng wi th the JSC Spac e Stat ion Program Office t o  he lp  define the 
growth stat ion and i t s  advanced techno l ogy deve lopment requ irement s .  
Ano th er LaRC a s s i gnment i s  t o  addre s s  and ident i fy des ign feature s t o  
be inc orporated i n  the ini t ial stat ion to  faci l i tate s tat ion growth .  

REFERENCE CONFIGURATION 

NASA has identi f ied a re ferenc e  space stat ion configura t ion in i t s  
Phas e B RFP . Th e  re ference configurat ion was arrived a t  through 
evaluat ions of such fac tors a s : cont ro l ,  s tabilizat ion , operat ional 
flexib i l ity , and ease o f  s tat ion erec t ion . The cand idate configura
t ions ,  i l lus trated in Figure 2-3 , were sel ected for detai led examina
t ion conside ring : IOC cost , mainta inab i l i ty , operat ions flexib i l ity , 
user accommodat ion , growth , number of Shuttle launche s ,  l ife-cycl e 
cost s ,  and complexi ty . As a resul t o f  ana lys i s , the power tower ,  
de scribed i n  more detail  in Append ix D ,  was s e lec ted a s  the Phase B 
IOC re ferenc e  c onfigurat ion wi th the fo l l owing projected c apab i l i t ie s : 

Power to  bu s 
Heat rejec t ion 
Bal anc e /contro l lability ( normal 

and degraded modes ) 
Simultaneou s viewing o f  earth , space 

solar ,  and s te l l ar payload s 
Scient i f ic a irlock and windows wi th 

earth , solar , and s te l lar viewing 

IOC 

7 5  kW 
7 5  kW+ 

X 

X 

X 

Growth 

300 kW 
300 kW+ 

X 

X 

X 
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-- Large structures construction and 
payloads/platforms servicing 

-- Tethering of spacecraft 
-- Orbital transfer vehicle basing 
-- Growth elements 
-- Polar platform (commonality with SS) 

Co-orbiting platform (commonality 
with SS) 

Test Bed System 

Data managemen t 

Regenerative life support 

Power 

Therma 1 managemen t 

Attitude control and 
stabilization 

Auxiliary propulsion 

Space operations, mechanisms 

JPL - Jet Propulsion Laboratory 
ARC - Ames Research Center 

Lead 
Center 

JSC 

MSFC 

LeRC 

JSC 

JSC 

MSFC 

JSC 

IOC Growth 

X X 
X X 

X 
X 

Abt. 10 kW Abt. 20-25 kW 

Abt. 10 kW Abt. 20-25 kW 

Core Team Support 

ARC, GSFC, JPL 
KSC, LaRC, 
MSFC, NSTL 

ARC, JSC 

JSC, MSFC JPL 

GSFC, LeRC, MSFC 

MSFC, JPL 

JSC, LeRC, JPL LaRC 

MSFC, LeRC, JPL LaRC 

NSTL - National Space Technology Laboratories 

FIGURE 2-2 Test bed program assignments. 
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Candidate Conc epts 

PLANAR 
.. 

. 
. 

__ , 

. 

. :..,._� 
�--· • ! . ' . 

�.· .f" .. _- �:.., 

Prine ipa l  Character i s t ics 

Planar 

Orientation 
• Earth- fixed 
• Quasi-inertial 
• Both X 

So lar Arra;y: Concept 
• Fixed 
• Fixed , til  table 
• Gimbaled X 

Structu re 
• Modu le-to-module X 
• Truss spine 
• Large are a truss 
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POWER 
TOWER 

DELTA 

STREAMLINE "T" 

Power 
Tower De lta --

X 
X 

X 

X 

X 
X 

Stream l ine T 

X 

X 
X 

X 

FIGURE 2-3 Candidate concept s and the ir princ ipal charac teristics. 
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Program Status 

To plac e the study f ind ings in perspec tive , a brie f  overv iew o f  
s e lected information provided to the ad hoc c omm i ttee by Nationa l 
Aeronau t i c s  and Space Admin istrat ion ( NASA) program managers i s  
pre sented here with c ommi ttee commentary based o n  the presentation 
materia l ( Append ix  C )  and committee deliberat ions . Add re s sed are 
technology d eve lopment , user requ irements , miss ion evolut ion ,  systems 
analyse s ,  systems eng ineering and integra t ion , contrac t ing ,  and costs . 

TECHNOLOGY DEVELOPMENT 

The ana lyt ical work to date on such matters as  s t ruc tural con figura
tions and dynamics , thermal c ont ro l , and l i fe support ind icates that 
gros s analytical tool s are in hand , but re f inement in some areas is 
required for h igher c onfidence in the analyse s .  

Spac e s t a t ion elec t ri c  power gene ra t ion stud ies  have add re ssed solar 
photovo l ta ic, energy storage , solar thermodynamic , and nuc lear elec tric 
power generation systems and sys tem trade s. In i t ia l  s tud ies show solar 
thermodynamic ( Rankine , Brayton , o r  St irling ) fol lowed by solar modul ar 
(GaAs concentrat ing ) systems to be more promis ing than convent ional 
photovo lta ic systems for the initial operating conf iguration ( IOC ) , but 
part icul arly for the growth stat ion . The solar thermodynamic system 
i s  o f  spec ial intere s t  because o f  s ign i f icant reductions in projec ted 
area and ob scura t ion , d irect generat ion of a l ternat ing current , and 
more e ffic ient operation. However ,  unt i l  recently NASA ' s  program 
manager s d id no t suppo rt aggres s ive technology development due to the 
a s ses sed t echn ical development schedule ri sks for roc. Nuc lear ( stat ic 
thermioni c )  systems could be o f  intere s t  in the long term,  but environ
ment al  and po l i t ic a l  i s sues cons t ra in seriou s  cons iderat ion for the 
stat ion . However ,  the Department of De fense and NASA are pursuing 
techn ical  deve lopment o f  nuc l ear sys tems for spac e  power generat ion , 
albe i t  of too l arge a s i ze. 

It i s  re asonably c ertain that hard docking w i l l  be avo ided. 
Berthing ( s o ft docking ) concepts have not been examined in detail bu t 
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wi l l  b e  used . Mode l tes t s  wi l l  deve lop a n  apprec iat ion for des ign and 
operat iona l prob lems and he lp ident i fy docking hardware c ommona l i ty 
between operat ing element s o f  the s tat ion . 

Automa t ion and autonomy wi l l  be used to  augment crew c apab i l ity 
th rough an appropriat e balanc e be tween the crew ' s h igher order ski l l s  
and automation . Th e  leve l o f  autonomy for roc i s  not expec ted t o  be 
g reat bu t wi l l  bui l d  up wi th t ime . 

The pre sent mis s ion mode l cal l s  for a l arge amount o f  fluid 
tran s fer and handling from the ground t o  the s t a t ion and the s t a t ion 
to free-flying orb i tal  trans fer vehicles . Flu id trans fer mechaniza
t ion , measurement , contaminat ion avo idance , and safety are important 
technical deve lopment s .  A space fl ight experiment on the Shut t l e  to 
s tudy the s e  prob lems i s  planned for the 1988-1989 t ime period . The 
data c ome l ate for ini t iation of the hardware deve lopment program, but 
are phased to support the orb it a l  t ran s fer veh icle s .  Fund ing has 
cons t ra ined the schedu l e ,  which is now d i f f icult to acce lerate . 

Thenna l contro l techno logy deve lopment for two phas e hea t p ipe s ha s 
progre s sed far enough t o  allow th i s  type o f  heat rejection sys t em to 
be d evelope d for the roc. Shu t t l e  f l ight experiments will be run to 
val idate the conc ept in the 1 9 85 to 1988 t ime period . 

Firs t and second generation l i fe support system deve l opments can be 
sc aled to the s ize requ ired for the space s tat ion. A test  bed program, 
operated concurrently wi th Phase B work , wi l l  provide des ign data for 
the Phase C /D ( f inal des ign/const ruction and operat ions ) e f fort . The 
l i fe support are a  doe s no t pre sen t d i fficult is sue s. Howeve r ,  s igni f i
cant reductions in flu id supply and crew support for f i l tration sys tem 
maintenanc e can b e  real ized through partial  c los ing o f flu id and gas 
loops and automating subsys tem management. 

Space sui t prob lems are : eas e o f  ini t iat ion and t erminat ion o f  
extra veh icular ac t ivi ty; c los ing t h e  l i fe support system to  reduce 
ext ernal contaminat ion; improvement of hand manipulat ion; and ope ra
t iona l  flexibi l ity including onboard ma intenance , repai r, and resupply. 
Thi s  lat er requ irement is new and important from log i s t ics and resupply 
cons iderat ions. 

Human productivi ty contr ibutes  to  the e ffectivenes s  of the k ind s o f  
mi s s ion s  and leng th s  o f  s tay t ime ( 90 days ) planned for the space 
s t a t ion . St ud ies  cons ider ing the c omplete spec trum o f  ant ic ipa ted c rew 
activit y--int erna l and externa l veh icular ac t ivity ,  machine int erfac e , 
food, habitation ,  and support--are inc luded in the technology program. 
Spec ia l at tent ion mus t  be g iven t o  med ical and psycho logic a l  fac tors . 

Gu ide l ine s ,  s t andard s , and requ irement s for c rew-mach ine integra
t ion exis t .  However , they need to be upgraded for the space stat ion. 
Plans call for th i s  to be accomplished in FY 1 9 85 ,  in time to support 
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Phas e  B de f in i t ion and de s ign e f fort . A re l ated test  bed ac t ivi ty 
wil l s uppor t  guid e l ine and hardware deve lopment and crew t raining. 

There are no s ign i fican t  techno logical  con s t ra int s in the a reas o f  
l i fe s uppor t , hab i tat ion , and human re lat ions that c annot b e  sat i s f ied 
wi th technology development . 

Da ta  management syst em stud ies are under way within NASA and a t  
contrac t or s . Th e  major technology i s sue s relate to integra t ion , 
ve ri f icat ion ,  and faul t toleranc e  capabil i ty ,  as we ll a s  s tation 
maintainab i l i ty and servicab i l ity . I t  i s  e s t imated that there wi ll be 
about a 26 megabi t  capaci ty in the data sys tem. Hal f  of the c apac ity 
will be  used for management func t ions and the other hal f  for appl ica
t ion functions. There are no technical show s t oppers in th i s  are a .  
However ,  techno logy advances  can provide improvements in data system 
per formanc e ,  speed , and operat ional flexib ility . A set o f  sys t em 
des i gn guide l ine s would  as s is t  in the focus ing o f  new development s .  

A d is t ri buted d ata sys tem with c ommon/standard interface units i s  
planned t o  handle the complex data f low on the space stat ion for 
management of operational as  wel l  as  user data. The se uni t s  w i l l  
al low t h e  d i stribu ted , specia l funct ion unit s  to communicate and 
independent ly d isplay data.  Spec ial function uni t s  w i l l  be u sed t o  
handl e  commands and pa s s  through data to control stat ions . 

The conc ept i s  to provide common serv ice s  to a ll e lement s  o f  the 
s pace sta t ion. Each dat a generator wi l l  have i t s  own ( d i stributed ) 
sys t em and software that t ies  into the data d i s tribution sys t em.  

NASA plans to procure major system software e l ement s  from vendors 
and per form the systems sof tware integrat ion task in-house. 

A test bed is cons idered  crit ical to the deve lopment , operational 
suppor t , and t rain ing a ssociated with the data management system and 
i s  be ing devel oped by NASA. 

Most  o f  the communicat ion sys t em requ irements ident i f ied are 
e ssent ial l y  w i thin the s tat e-o f-the-art. Proposed technology 
deve lopment work re flects far-out needs . The commit tee does not 
cons ider the work to be of immediate value to the station. 

USER REQUIREMENTS 

Spac e stat ion. miss ions have been under s tudy for s everal years . 
Some miss ions repre sent ac t ive ( funded) programs , others jus t concepts. 
Thes e  mi s s ion studie s have been used to scope space s t at ion operat ion 
and s upport requ irement s. 

The miss ion requ irements thus obtained are known to be overstated , 
but are used by NASA to allow for accommodation o f  future internat iona l 
and c ommerc ial payloads . 
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By late summer of 1984 , some 1 1 1  mis s ions and 158 un ique support 
parame ters  had been ident i fied, i . e . ,  power ( l eve l s  and durat ion ) ,  
we ight , volume, and support service s .  These dat a al lowed deve l opment 
of  operat iona l and funct ional scenarios and re lated s t at ion and crew 
support requ irement s .  Howeve r, the mis s ions ident i fied are not 
approved by NASA or the user communi ty .  

Becaus e the mis s ion s  ( pay load s )  contain unknowns, the phi losophy 
fo l lowed i s  to des ign for genera l  accommodat ion, not speci f ic payload 
requ i rement s .  Ins ight into pay load requ irement s i s  provided through 
exten s ive cont ract act ivity and cont act s between NASA and user group s .  
Th e  Langle y  Re sea rch Center has the task o f  developing and ma inta ining 
the mis s ion mode l and integrat ing and def ining payload accommodat ion 
and support requ irement s .  The NASA Office o f  Space Science s and 
Appl icat ions has a l so mounted a special  advi sory e ffort to expl ici t ly 
ident i fy mi s s ion s and support requ irement s in the science s and 
appl icat ions areas . 

MIS SION EVOLUTION 

The Langle y Re sea rch Cent er update s the mis s ion mode l every few 
months . The mode l cons i s t s  o f  ind ivi dua l payload s grouped into m i ssion 
se t s  by common suppo rt and service requi rement s ,  i . e. ,  space, we ight, 
t ime , extra veh icular act ivi ty (EVA) , power , and other support re
qu i rement s and integrate s  them to  repre sent reasonab le , achievab le  
operat iona l capabi l it y .  Th e  mode l had not been expanded to include 
int ernat iona l and comme rcia l miss ions at the t ime of thi s  review. 

Stud ies to deve lop the d e f init ion of laboratory modu les for l i fe 
science , mat erial s, and research and techno logy deve lopment ( R&T) 
act iv i ty in space are pl anned . Al though most  of the projected space 
R&T work ha s been generated wi thin NASA and re flect s univers i ty and 
industry intere s t s, there are e f forts  ongo ing to improve the R&T mode l . 

The space s t a t ion program ope rat ing/growth scenario i s  projected to 
be : IOC , the add i t ion o f  internat ional pay load s , the add i t ion of  
commercia l payl oad s, then growth in capabi l i ty and service s .  The 
ini t ial fore ign invo l vement in the space stat ion i s  asses sed to be in 
the pe riod between the IOC in 199 2 and the year 2000 . 

SYSTEMS ANALYSES AND DESIGN 

The genera l rul e  i s  tha t techno logy fo r the IOC be ready for 
fu l l-scale d eve lopment by 1987 to ensure that the technology selected 
for Phas e  C/D wi l l  be qual i f ied for an ope rat iona l 1991-199 2 s t a t ion . 
The cri t ical technolog ies have been ident i f ied through NASA-supported 
miss ion , system, and subsystem stud ie s .  Howeve r ,  a firm se t of system 
speci f icat ions i s  s t i l l  to  be def ined and technology deve lopment 
act ivity coale sced and focused . 
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Becaus e  o f  the early s tate o f  definit ion o f  miss ions, current space 
stat ion program and t echnology deve lopment plans repre sent best 
e s t imate s, no t plans  based on firm sys tem s peci f icat ion s . The Space 
St at ion Program Office ( SSPO ) ,  with the Phase C part icipant s, has the 
re spons ibi l i t y  for deve loping these  mis s ion p lans and system 
speci f icat ions . 

The prime s t ructure for the space s tat ion i s  projected to  be 
aluminum . NASA s tated tha t l i t t l e  compos i t e  materia l wil l  be needed 
because the Shut t l e ,  with re spect to space s tat ion payload s, is vo lume 
no t we i gh t  l imited . In add i t ion, aluminum i s  better unders tood and 
l e s s  e xpens ive than compos ites, a l though compos ites are s t i f fer, 
l ighter we i ght , and have lower coe f f icient s of expans ion . Compos ite s  
may h ave the ir major u se i n  secondary and erectable/extendab le 
s t ructure s and can be  expected to  be used for s t ructura l members o f  
the l arge modu les . 

A ma jor des ign cons iderat ion i s  on-orbi t  maintenance, both scheduled 
and unscheduled . It  i s  proposed to des ign for minimum d i s rupt ion o f  
noncri t ica l funct ions and no d i srupt ion o f  cri t ical funct ions . 

Cont racte d  s tud ie s addre s s  no t only stat ion de s ign bu t such mat t ers 
a s the servicing o f  sate l l i tes, construct ion o f  large s t ructure s, and 
the des i gn o f  orb ital  maneuvering veh icl e s  and orb i t a l  t rans fe r  
veh icl e s . Techno logy i s sues and deve lopment need s wi l l  be ident i f ied 
in these  contracted s tud ie s a s  wel l  as  in the Phas e  B cont ract s .  

An S SPO object ive i s  to de f ine ,  spec i fy,  and int egrate a l l  sys tem 
requ i rement s a s  comple tely a s  pos s ible .  In th i s  regard ,  NASA i s  
taking on more re spons ibi l i ty than i t  has i n  past programs . NASA 
i t se l f  wi l l  be the sys tems integrator and manage r .  The job i s  a large 
one requ ir ing l eve l s  of act ivi ty, ski l l s, and peop l e  that NASA may 
find d i ff icul t  to assembl e  in-house  wi thout s igni f icant indus t rial  
a s s i st ance. 

SYSTEMS ENGINEERING AND INTEGRATION 

As noted earl ier , the Space Stat ion Task Force that managed the 
de finit ion and reques t  for proposal  e ffort has been replaced with a 
permanent Space Stat ion Office ( SSO ) at  NASA Headquarters, d i rected by 
an As sociate Admini s trator .  SSO re port s to the Admin i s t rator of NASA 
and has  Leve l A program re spons ib i l ity  ( e . g. , po l icy ,  plans, budge t s , 
and admini s t rat ion and congre ss iona l interface s ) . Leve l B program 
re spons ibi l i ty res t s  wi th the newly formed Space Stat ion Program 
Of fice ( SSPO ) l ocated at  the Johnson Spac e Center .  Th i s  o f fice ,  
supporte d by a number o f  spec ia l o f f ice s, includes a Sys tems 
Eng ineer ing and Int egrat ion ( SE&I )  o f fice. The SSPO and SE&I 
organizat ion s  are shown in Figure s 3-1 and 3-2 . 
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FIGURE 3-1 Space Station Program Office, JSC--Level B. 
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A NASA program d irectors group, the Management Counci l, has been 
e st abl i shed to advi se S SO . The Management Council  cons i s t s  of Level A 
and B program d irector s  and the d irectors o f  the NASA field  centers 
invo lved in the space stat ion program. The Leve l C program d irectors, 
at the f i e l d  centers, report to S SPO bu t are a l s o  re spons ible to the ir  
f ield  cent er d irectors . 

S SPO wi l l  integrate and cont ro l a l l  program technical  act ivi ty . 
Sys tems eng ineering wi l l  be the re spons ibi l ity o f  Leve l B supported by 
Leve l C cent ers  and the ir contrac tors . 

Configurat ion contro l  board s wi l l  cont ro l Level s B and C change 
act iv i ty at appropriate A, B ,  and C program leve l s . 

The program i s  deve loping a broad base  o f  new technol ogy and 
matur ing s e l ected t echnolog ies through an advanced deve lopment 
program. Fina l substant iat ion o f  the newly deve loped techno logie s 
w i l l  be made e arly in the Phase C de s i gn e f fort . 

Program plans  down through Leve l C hardware are be ing deve loped to 
provide an early assessment o f  schedule and cos t s . Early cost 
project ion s are high. Cos t reduct ion targe t s  wil l  be ident i fied 
th rough in-house s tud ie s  o f  cost s  for hardware d e s ign , deve lopment, 
and tes t i ng and through support cont ractor work that wi l l  project 
program plans and cost e s t imates . 

CONTRACTING 

The 18-month Phase B contract s, to  be let  by the Leve l C centers, 
have two part s .  Wi thin the f irs t 9 month s, decis ions on base l ine 
systems and subsystems wil l be made . The fina l 9-month e f fort wil l 
focus on pre l iminary des ign and techno logy deve lopment in preparat ion 
for the de f init ion of the in-house and cont racted Phase C/D f ina l 
des ign, d eve lopment, construct ion, test,  and ope rat iona l act ivity .  

The Phase B cont ractors wi l l  work with NASA o n  the deve lopment and 
appl icat ion o f  the technology deve lopment ( software and hardware ) te st  
bed s .  Add it iona l NASA-sponsored stud ie s , notably data management and 
l i fe support s tud ie s, support the tes t  bed program.  

The method s for exchange o f  informat ion be tween contractors has  not 
been ident i f ied . The genera l view is to  keep the data wi thin NASA, 
with NASA "mixing and match ing "  Ph ase B and other cont ract re su l t s  and 
d i s t ribu t i ng the data as cons idered appropriate. 

NASA, though genera l ly aware of pert inent Department of De fense 
technology, ha s no t act ively integrated these  data into NASA ' s  program. 
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COSTS 

There i s  not yet  a good cost  ana lys i s  t ied to  spec i f ic con f igura
t ions and capab i l i t ie s .  Gross  cost s  e s t imates  for space stat ion 
sys t em hardware repre sent one-fourth of the cost of the roc. Other 
major e s t imated cos t s  re late to system integrat ion and support . 

Cos t  sens it ivity  analyse s show that i t  i s  d i f f icul t  to reduce s pace 
s t a t ion cos t s  wi thou t major change s in program capab i l ity or  chang ing 
NASA ' s  approach to deve lopment and f l igh t  qual i f icat ion. Re ducing 
capabi l it y  may no t re sul t in large cos t  saving s . The ful l  cos t  o f  the 
space s tat ion program through the year 2000 has not been ident i f ied . 
The e s t imate s o f  $8 b i l l ion for roc and $20 b i l l ion through the year 
2000 are for des ign and development of the sys t em and do  not cover 
launch cos t s, operat ion s, program support, or payload cos t s . 

NASA has  concluded that protofl igh t ing ( flying deve lopment test  
hardware ) wi l l  reduce program cos t s  in the order o f  $ 1 . 8  b i l l ion for 
fl ight hardware procurement and test ing. Care wil l be needed to 
assure tha t the hardware used for f l ight is appropriately qua l i fied 
and doe s not re qu ire replacement in test beds for the solv ing o f 
fl ight prob lems or for further sys tem deve lopment work . 

Fre e-f lying plat form sys tem requ iremen t s  have not been re so lved . 
Plat form cos t  ana lyses  have progre s sed bu t are not ful ly deve l oped . 
I t  i s  as sumed tha t pl at form cos t s  can be  reduced th rough the use o f  
common s t a t ion sys tems and subsystems . Howeve r, thi s  may not be 
pos s ible  due to requ irement d i f ference s. 

If the European s, Japanese , or others join the program , the ir 
inve stment is  independent o f  the U. S .  inve s tment. The U. S. program 
plan i s  such tha t  there wi l l  be an ope rat iona l space stat ion even i f  
there i s  no fore ign invo lvement. 

One compl e te analys i s  of cost s  had been made at the t ime of thi s  
s tudy and wa s be ing examined to ident i fy major cos t  factors and ways 
t o  reduce cost s. Cos t  reduct ion act ions  have been ident i f ied and 
e s t imate s made o f  as sociated cos t  savings that  need care fu l  at tent ion 
i f  the $8 b i l l ion l imi t for roc is to be real ized. 
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Program Issues 

The commit tee, in i t s  review o f  the eng ineering and techno logy 
d eve lopment program for the space s tat ion, ident i f ied broad technica l  
and po l icy factor s  tha t  warrant Nat iona l Aeronaut ics and Space 
Admin i s t rat ion ( NASA) program management cons iderat ion. The se i s sue s, 
re lated t o  technica l, pol icy, and management factors, a re descr ibed in 
th i s  s ect ion of the report. Recommendat ions for NASA cons iderat ion 
are included. 

TECHNICAL FACTORS 

The commi t tee examined techno logy i s sue s con s idered cri t ical to the 
d eve lopment o f  the init ial operat ing c onf igurat ion ( IOC ) and the growth 
s tat ion. Di scussed here are technica l mat ters rel ated t o : electric 
power , cont ro l and s t ab i l izat ion, environmental cont ro l and l i fe sup
port , onboard propu l s ion and fluid s, communicat ions and t racking, ex t ra 
veh icular act ivi ty, human product ivi ty, miss ion operat ions and s tat ion 
autonomy, space operat ion s, maintenance, automat ion and on-orb i t  
operat ions, onboard t es t  inst rument at ion ,  biolog ical cont aminat ion, 
s t ructure s, mat erial s ,  mechanisms, and therma l  control.  

Elec tric Power 

A key e lement of the space s t a t ion is i t s  e lectric power generat i ng 
system. Early des igns  speci f ied photovo l ta ic arrays and a s torage 
sys tem o f  bat t e rie s or fue l ce l l s. Howeve r, the ini t ia l  requ irement 
for 75 kW wi l l  g.row a s  the s tat ion evolve s. The leve l of  e lectric 
power for s t a t ion growth may approach 300 to  400 kW. 

NASA space s tat ion s tud ies have addre ssed e lectric energy s t orage 
and e lect ric power generat ion through solar phot ovo l taic ,  solar 
thermodynamic , and nucl ear sys tems. The se s t ud ies  show that  solar 
modul ar-phot ovo l ta i c  (GaAs concent rat ing ) sys tems are be tter  than 
s olar photovo l taic but that solar thermodynamic ( Brayton , Rankine, 
and St irl ing ) sys tems are more promi s ing for stat ion app l icat ion , 
e specia l l y  for the l ong term. 
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Th e  solar thermodynamic sys tems are mos t promis ing due to h i gh 
sys t em e f f icienc ie s ; re duced projected area ; reduced obscurat ion o f  
l ine s o f  s ight ; and s impl i f ied power d i stribut ion, contro l, and s t orage 
compared wi th the photovo l t a ic sys t ems . However, the need for re search 
and technology deve lopment and the l ack o f  fl ight experience create 
schedule  and program cost  ri sks for IOC appl icat ion . The re fore, i t  
would no t be  prudent to  base the IOC des ign tot a l ly o n  the ir use . 
Fortunate ly, th i s  deci s ion doe s  not h ave to  be made unt i l  1987 , the 
date for Phas e  C d e s i gn deci s ions . 

To max imize the probab i l i ty o f  meet ing current IOC cost and schedu le 
commitment s ,  NASA proposed to be conservat ive and to  use the solar 
photovo l taic sys t em for roc. 

The ad hoc commi t tee ' s  pane l that reviewed NASA ' s  solar thermo
dynamic program in Augus t 1 984 found tha t for solar thermodynamic 
sys tems requ ired t echnical deve lopment s  are not . high r i sk if advanced 
d eve lopment i s  funded now. The mos t d i ff icul t  prob lem re lates to the 
solar energy rece ivers . There i s  a reasonab le probab i l ity that the 
technology coul d  be deve loped and appl ied wi th l i t t l e  impact on the 
IOC date . Be cause of th i s potent ial , NASA has ident i f ied $ 1 8  m i l l ion 
to  support techno logy deve lopment for solar thermodynamic sys tems . 

To he lp re solve the i s sue o f  power system se lect ion, NASA should 
quant i fy the risks  for the compe t i t ive sys tems ( photovo l taic versus 
solar thermodynamic) . Th i s  se lect ion process, in part , wil l requ ire 
mi s s ion s tud ies  to  add re s s  how the systems are assembled, used , and 
ma int a ined ; how they fa i l ; how fai lure s are ident i f ied ; and how the 
sys tems are repa ired . One factor of pos s ible concern, not expl ored by 
NASA , i s  the l eve l and e ffect s the gyro scop ic forces and v ibra t ion, 
generated by such sys tems, on space stat ion contro l  and point ing preci
s ion . This i s sue may require space fl ight experiment s  to provide 
operat iona l des ign data if s t ructura l re s ponse characteri s t ics cannot 
be determined accurately enough be fore f l ight .  

Mi s s ion planning ind icat e s  tha t the space s tat ion wi l l  need 
add i t ional power with in a few years after  ini t ial operat ion . The 
deve lopment o f  a road map for. upgrad ing the power sys tem from 7 5  kW, 
a long with the re lated work on thermal cont ro l, i s  an e ssent ial  part 
o f  a succe s s fu l  overal l program. In add i t ion to development o f  a solar 
thermodynamic sys tem for the IOC , the road map should addre ss trans i
t ion from solar photovo l taic to solar thermodynamic systems . Wi thout 
early analyse s  and appropriate t echno logy deve lopment commi tment , i t  
i s  no t bel ieved tha t t rans i t ion wi l l  occur wi th proper t ime pha s ing 
and minimum cost impact . 

The commi t te e  recommend s tha t : 

• NASA cont inue vigorous solar thermodynamic system technology 
deve lopmen t and lay ou t a road map for changeover and/or 
init ial  appl icat ion o f  such a system as  part o f  the IOC 
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des i gn and deve l opment e f fort . The agency should proceed to 
narrow i ts e lectric power generating sys tem opt ions through 
technology deve lopment, design, hardware te st,  and t rade-o f f  
analys e s, and, as  quickly as  pos s ible, focus f inal 
des i gn/deve lopment to  reduce risks and cos t s . 

I f the solar the rmodynamic system i s  not ready for IOC, s ome com
ponent s  such a s  the power system support trus s and the cent ra l power 
t ower should be des igned to accommodate trans it ion , includ ing the 
addit ion of an a l t ernating current power d i s t r ibution and contro l  
system and o ther required changes. 

Al though nuclear power was not d iscussed by the commi t t ee, concern 
was expre s sed over the fact that  the subjec t wa s not under act ive 
review.  Sa fety i s  a s erious considerat ion, but the potent ial  bene f its  
appear great enough ( i . e . , space requ irement s ,  logi s t ics , re l iabi l ity, 
power l eve l s )  to warrant a comprehens ive a s se s sment, e special ly for 
the growth stat ion . A decis ion on the long-term course o f  action 
could fo l low. 

Control and Stabi l izat ion 

The techno logy appl ied  to cont rol  and stabi l izat ion and orb i t  
maint enance o f  the space s tation re s t s  o n  severa l  decades  of  technology 
development and continued NASA e f fort on theoret ica l deve l opment . 
De sign work shows that the s ize and f l ex ib i l ity o f  the current space 
stat ion concept d ict ate s the need for further technica l advance s to 
s ati s fy sys tem performance and re l i ab i l ity. O f  particu lar intere st 
are automated cont ro l  and stab i l ization technique s for appl icat ion t o  
practical  stat ion arrangements includ ing s ensors to b e  used i n  angu lar 
orientat ion and s t ructura l de forma t ion and motion contro l  sys tems . 

Obvi ous ly , the control system for the IOC shou ld be des igned to 
account for the changing configura t ion of the space s tat ion , a large 
flex ible structure whose mas s , mas s d is t r ibut ion ,  and moment charac
teri stics wi l l  vary wi th t ime . Contro l  concept s and ana lyt ica l  tool s ,  
sensors and actuators, and computer hardware and software are needed 
for des igning and deve loping contro l  systems . It i s  reasonably clear 
that the cont ro l and damping ( active and pass ive ) systems should be 
based on adapt ive concept s ,  both d i sc rete  and d i stributed depend ing on 
the dynamic mode s  to be control l ed .  

In pre l iminary contro l and stab i l ization analys i s, the spac e stat ion 
s t ructure wa s assumed to be re latively sti f f .  There i s  l it t l e  que s t ion 
tha t th i s  class  of analys i s  wi l l  not be adequate for sys tem des ign, and 
there i s  no way to tes t  the ful l sys tem prior to as semb ly on orbit . 
It would  be prudent to have the contro l and stab i l ization technology 
deve l oped sufficient ly to a l low a des ign tha t has a range of dynamic 
re sponses  that can accommodate the probable range of station 
struct ura l flexib il i ty .  
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Severa l l eve l s  o f  s t ructura l representat ion are des irab le. A 
f irs t -order analys i s  i s  needed t o  provide phys ical ins igh t  into vibra
t ion mode s  wi thout get t ing invo lved in large computer programs. For 
exampl e , the DI SCO S ( a  mode l ing tool o f  large capacity)  deve loped by 
NASA ' s  Goddard S pace Fl ight  Center i s  current ly no t pract ica l for de
s ign purposes  because o f  the exce s s ive comput ing t ime requ ired and the 
que s t ionab l e  value of analyt ica l resul t s  due to input unce rt a int ies. 

Deve lopment o f  on-orb i t  s ens ing o f  s t ructura l s tat ic d e f l ect ions 
and dynamic mot ions and the pos s ibi l ity of rewri t ing contro l  laws based 
on ident i f icat ion o f  modes  in orbi t was d iscussed . The chang ing o f  
codes  i n  orbi t can b e  a high-risk act ion for a manned sys tem. The 
approach that  should be t aken i s  to des ign the software and cont ro l  
system wi th sufficient contro l-algorithm flexibi l ity to cover the 
range of expected parame ters. Th i s  f lexibi l ity should be such that 
requ i re d  con tro l  system change s res ide in  the onboard data base . 

Cont ro l and s tab i l iza t ion during the ini t ial  cons t ruct ion phase o f  
the stat ion presents un ique cha l lenge s .  The ful l  sensor and actuat or 
compl ement s w i l l  not be in place. The init ial  con figurat ion may not 
have the bene f i t  of gravity  grad ient s t abi l izat ion . These cond i t ions 
need t o  be factored into the des ign .  

Recent techno logy program reviews ind icated that support for control  
and s t ab i l izat ion work was to be reduc ed . I t  appears to  the commit tee 
tha t thi s may increase roc risk. 

The commit tee recommend s that : 

• NASA mature the technology requ ired for the cont rol  and 
stabi l iza t ion o f  l arge flex ible space stat ion sys tems with 
changing ine rt ia  and moment propert ies .  

and tha t : 

• NASA re s t ore fund s t o  the techno logy deve lopment program for 
work on ac t ive contro l  and s tabi l izat ion of large , flexible  
sys t ems with d i stributed sensors and cont ro l s . 

Env ironment a l  Contro l  and L i fe Support 

The re is cons iderab le technology background in the l i fe support 
area at the NASA Johnson Space and Ame s Research Centers and in 
industry .  L i fe s upport sys tems incorpora t ing recovery o f  water  and 
oxygen have been t e s ted in bread-board configurat ion s. Some 
subsy s t ems are in the ir  th ird or fourth generat ion o f  technology 
d eve lopment . 

De s ign factors  re lat ing to  l ife support sys tem consumab le&  are we l l  
known. One person can consume abou t 1 5 , 00 0 pound s o f  water per year 
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for drink ing, cook ing , wash ing , and hyg iene. About 85 percent o f  the 
water is used for wash ing and hyg iene. To reduce re supply , some 
closure o f  the water system and some reclamat ion o f  oxygen from water  
or  carbon d ioxide i s  very des irab le. 

Wat er recovery for drink ing purposes i s  straight forward i f  the 
water is recovered from vapor in the atmosphere. Reclamat ion of wash 
wa t er for genera l reuse i s  re lat ive ly s imple, but producing pot ab le 
water ( for dr inking and cooking ) from recl aimed wash water or urine 
requ i re s  further deve lopment . 

Bo th d is t i l lation and f i l t ra t ion o f  wash wa ter appear feas ible and 
should be pursued a s  a f irs t-order prior i ty to sat i s fy s t ringent need s 
( 8 pound s/day o f  water for dr inking and food prepara t ion ;  41  pound s/day 
for hyg iene and c lo the s washing) . 

The rec overy o f  dr inking water from the cab in air or as a by-product 
o f  metabo l ic oxygen recovery is also  important. Impl ementat ion can be 
d elayed somewhat beyond IOC . The water recovery sys t em mus t  be 
des i gned i n  a manner t o  al low the acceptance o f  water from mu l t iple 
s ources .  The technology i s  evo lving . The current technology for 
obtaining wat er as noted above and from fue l ce l l  by-product s i s  
moving to  f i l tra tion and d i s t i l lat ion and eventual ly wi l l  g o  to 
integrat ion wi th closed sys tems for reduct ion of carbon diox ide to 
produce oxygen. 

Sys t ems that col lec t, concent rate, and reduce carbon d iox ide have 
been develope d and tes ted. Co l lected and concentrated carbon dioxide 
can be used as prope l lant for a t t i tude cont ro l sys tems . One key 
advantage o f  such sys tems would be a reduct ion o f  the c rew-intens ive 
t ask o f  changing l ith ium hydroxide carbon d iox ide sc rubbers and the ir 
a t tendant resupply. 

The f irs t-priori ty environment al  control  and l i fe support syst em 
e l ement s  tha t require further s tudy prior to cho ice s  for the s t a t ion 
are : the Saba tier and Bo sch reduc t ion processes  for water puri fica
t ion ; sol id polymer and stat ic feed e lectro lys i s  techn ique s for oxygen 
genera t ion ; and the mo lecular s ieve , sol id amine water desorpt ion and 
the e lec t rochemic a l  depo larized ce l l  as a l ternat ives  to l i th ium 
hydroxide desorp t ion canis ters for conc entrat ing c abin atmosphere 
carbon d ioxide. 

The s tra tegy shou ld be to move from an ini t ia l  open sys t em to a 
part ly closed sys tem wi th carbon d ioxide remova l and mu l t i f i l trat ion 
o f  wash water and condensate. The fol low-on closed sys t em would 
include oxygen genera t ion and would recyc le  urine and flush water  with 
the remova l o f  ammon ia. * 

*J . B .  Ha l l ,  s .  J .  Picke t t , and K .  H .  Sage , ' 'Manned Space Station 
Environment a l  Cont ro l  and L i fe Support Sys tem Computer-Aided Technology 
As ses sment Program, " SAE t echnical  paper 1840957 , 1984 . 
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Mic robi a l  contaminat ion i s  a n  area o f  inc reas ing concern a s  l i fe 
support sys t em c losure inc reases. Work i s  needed on the measurement 
and contro l o f  trace and microbial  contaminat ion in c losed sys tems. 
Biolog ical c ontaminat ion is discus sed l ater. 

Tes t  bed fac i l i t ie s  for environment a l  contro l and l i fe support 
sys t ems are planned and we l l  integrated be tween the Johnson and Ames 
center s. Te s t  bed s wi l l  support Phase B ac t ivi ty and t e s t  data should 
be ava i lable  to suppor t f inal space s t at ion des ign and deve lopment 
work. Thes e  te s t  bed s wi l l  he lp res olve the environmental  cont ro l  and 
l i fe support sys t em problems addre s sed here. 

For the IOC , the primary need i n  the environment a l  contro l  and l i fe 
support sys t ems area appears to be early decis ions on the degree o f  
closure for the wa ter and oxygen sys tems . More at tent ion mus t  be g iven 
to emergenc y  cond i t ions and opera t ions ; for exampl e ,  i f  a probl em oc
curs during a crew change with doub l e  staf fing aboard , the l i fe support 
sys tem must be ab le  to accommodate the increased load unt i l  re l ie f  i s  
provided. 

Funding for the envi ronmenta l  contro l  and l i fe support sys t em 
program appears t o  be  adequate , bu t the program need s to be examined 
to as sure adequate coverage o f  the mat ters addre s sed . 

Onboard Propul s ion and Fluids 

Ba sed on ac t ions taken to l imit fund ing for technology deve lopment 
re lated to propu l s ion and fluid s , NASA has made the decis ion to ut i l ize 
s t ate-of-the-art t echnology for the IOC , i. e . , storable prope l l ant 
(hydrazine ) react ion control s or re s i s toje t s  for space s t a t ion contro l. 
The se sys tems w i l l  provide adequate per formance . Bu t ,  some t asks may 
requ i re more contro l  prope l lant than reasonabl e hydrazine sys tems can 
provide. I t  would  be prudent to cons ider b iprope l lant s .  Hydrogen 
and oxygen cou l d  be generated in gaseou s form from water for the s e  
smal l thru s t ers . Th i s  would provide commonal ity and improved 
performance at the expense o f  power . 

Advanc ed deve lopment e f fort s  wi l l  focus on propu l s ion sys t em 
componen t  l i fe ,  whe re a des ign goa l o f  10 , 000 hours ( burn-t ime ) has 
been set. To date , d emonstrat ions of  component l i fe fal l  far short 
( one or two orders of magni tud e )  of thi s goal. 

Because l i fe is more important than per formance , t rade s tud ies 
should  determine . the sens i t ivity of propul s ion uni t  l i fe to  reduct ion s  
i n  spec i f ic impu lse and chamber temperature and pres sure . Advanced 
deve lopment work on res i s toje t s  should  focus on prope l lant se lect ion 
and sys tem durab i l ity.  

Severa l propu l s ion-re lated is sue s deserve at tent ion in the deve lop
ment program : contaminat ion , ma intenance , s afety , and resupply o f  
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consumab le s .  E f fluent s from the Shu t t l e  control  sys tem degrade viewing 
for ins trument s .  a l though i t  is not clear how s erious or pervas ive 
thi s  prob lem i s. E f fort to a s s e s s  contaminat ion potent i a l s  should  be 
undert aken so tha t 1 i f  required . program ad justment s can he made . 

Even i f  the 10 1 000-hour burn-t ime component l i fe goal i s  achieved . 
i t  wi l l  be nece s sary to al low for inspect ion. maintenance . and repl ace
ment o f  propu l s ion sys tem component s. At tent ion should be g iven to 
accommodat ing the se need s in the d e s i gn o f  the a t t i tude contro l and 
s t ab i l izat ion sys tems . 

Component l i fe and operat iona l t e s t s  shou ld provide informat ion for 
s a fe t y-re lated procedure s . inspec t ion . and ma intenance . Examinat ion 
of broader sys t em safe ty i s sues is imperat ive. 

The commi ttee  was informed tha t  advanced deve lopment deal ing wi th 
f l u id management o f  cryogenic fluids  has been de ferred . Th i s  ra ises  
two que s t ion s. Firs t : I s  the gener ic techno logy program su f f ic ient 
to  provide t echnology opt ions for h igh spec i f ic impu lse  propu l s ion and 
cryogen ic  fluid management for space s tat ion growth? Second : What im
pact doe s  curt a i lment o f  th i s  technology deve lopment have on the design 
deve l opment and opera t ion o f  orb i t ing maneuvering vehicle s  (OMV) and 
orb i t ing t ransfer vehicle s ( OTV) ? Ini t ial ly . the OMV 1 part o f  the IOC 
sys t em .  wi l l  use  hydrazine a s  a prope l l ant . An OMV burning hydrazine 
he ight ens concern over cont aminat ion . The OTV 1 a separate  and l ater 
d eve lopment . may very we l l  require cryogenic hydrogen and oxygen. 

For the re ference space s tat ion . the OMV i s  serviced in the vicini ty 
o f  the rad iator ar ray. The matter o f  rad iator contaminat ion should be 
examined . s ince rad iator coat ing materi als  can he adverse ly a f fected 
by contaminat io n. Furthermore . the se lect ion of hydrazine to fue l the 
OHV ra i ses que s t ions of hand l ing and trans fer o f  a toxic sub s t ance. 
These  que s t ions were no t be ing addre s sed in the techno logy deve l opment 
program. 

Us e of  cryogenic hydrogen and oxygen for propu l s ion in the IOC 
confi gura t ion ( includ ing the OMV) could have several s ign i f icant 
advant age s .  but requ ire s t echnology deve lopment re lated to  long-term 
cryogenic s torage and ma intenance o f  prope l lant s  free from contami
nant s .  Hydrogen/oxygen sys tems can e l iminate the need to s tore and 
hand l e  toxic  and h i gh ly corros ive material s .  can e l imina t e  a potent ia l 
cont aminant s ource . and can great ly s impl i fy the consumab le re supply 
prob lem (wi th s ign i f icant long-term cos t  advantages ) .  But . long-t erm 
s t orage of cryogenics . as no ted . is a serious problem. Since it is 
a lmos t certain that the OTV wi l l  use cryogenic hydrogen and oxygen for 
i t s  prope l l ant . management and s torage of large quant i t ies  of cryogenic 
flu id wi l l  be requ ired on the s t a t ion in the event the OTV operates  
from the  s ta t ion.  Thu s .  i t  may be prudent to cons ider the  appropriate 
technology deve lopment and use of  cryogen ic hydrogen and oxygen for 
propu l s ion on the IOC and OMV 1 perhaps even at the expense of de ferral 
of the IOC date. 
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The a d  hoc committee recommend s tha t : 

• NASA revi ew i t s  pos i t ion and techno logy programs re lated t o  
cryogeni c  fluid management and u t i l iza t ion in the space 
stat ion with a view to i ts early appl icat ion. 

Communicat ions and Tracking 

The review o f  the projec ted communicat ion and t racking t echno logy 
programs for the s pace s t a t ion in May 1984 conc luded tha t the programs 
were embarking on advanced deve lopment s that were not required for the 
spac e stat ion . A near-term system de finit ion s tudy i s  needed to 
determine what , if any , t echno l ogy deve lopment needs exis t. 

The commi ttee  be l ieve s that essent ially  a l l  the e l ements  o f  the 
sys t em have been deve loped e l sewhere. At mos t , . some selec t ive compo
nent repackaging may be  requi red , and there may be areas in need o f  
selec t ive t echnology deve lopment. 

Some o f  the proposed tasks i l lus trate the commit tee ' s  c onc ern abou t  
technology deve lopmen t  program overki l l : 

-- A near- f ie l d  t e s t  fac i l ity was proposed for the Johnson Space 
Cent er . A good far-field range 2 500 fee t long i s  ava i l able a t 
Johnson ,  and the Lewis Re search Center has a near-f ield fac i l ity. 
Thes e  would  be suffic ient to tes t a 10-foot-d iame t er antenna a t  1 2  
GHz , providing a 0. 6° beam and 49-dB gain , about a s  narrow a beam 
as  one would use on a s pace s t at ion . As an a l t ernat ive , a t  60 GHz , 
a 0 . 6° beam would requ ire an ant enna 2 fee t in diame ter , and a 
range leng th o f  onl y  480 fee t for test ing. 

-- Work was proposed on improved s o l id s tate and l aser device s , but no 
evidenc e was pre sented tha t  such improvement s are needed for IOC or 
the growth s tat ion in the near t erm. 

-- Work wa s proposed on a system to  automa t ical ly ident i fy nearby 
sate l l i te s  by compar ing video images with a l ibrary o f pos s ible  
shape s. It  would  seem far s impler to  use an  audible alarm ,  
triggered b y  any veh i c le coming with in a prese lec t ed radar range 
and depend on the c rew to visua l ly iden t i fy the vehic le. 

The commit tee bel ieve s that in are as such a s  communicat ions , for 
which adequate  solut ions  are avai lab l e  using exi s t ing techno logy , 
s t ate-of-the-art . approache s shou ld be used t o  the greates t  extent 
pos s ib l e. I t  is e s sent ial  that  the space stat ion sys tem be  de fined a t  
a n  early date to  a s s i s t  in th i s  se lec t ion proc e s s  so that  any requ ired 
deve lopment s  in communicat ions and tracking can be ident i fied and 
proceed. 
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Extra Vehicul ar Ac t ivity 

Space suit  probl ems revo lve around e l iminat ing or reducing the need 
for prebreath ing prior to extra vehicul ar act ivi ty (EVA) , ease of  
donning and removing the suit , reduc ing maintenanc e and re furb ishment , 
c los ing the l i fe support sys tem to  reduce contamina t ion from leakage 
and vapor exhaust , improved hand manipu l at ion , and operationa l 
flexib i l i ty . 

Bends can occur i f  air pressure i s  reduced by 50  percent (or les s 
on occa s ion ) wi thou t prebreath ing o f  an oxygen-enriched atmosphere . 
Thus ,  a suit  a t  an operat ing pres sure o f  8 pounds per square inch ( p s i )  
i s  requ ired  t o  e l iminate  prebrea th ing for a wearer coming from a s t an
dard a tmosphere of 14. 7 ps i .  

A program i s  in place t o  deve lop an 8-ps i s u i t . Th i s program, 
ini t iated to develop a new sui t  for the Shu t t l e , i s  now cons idered 
par t  of the spac e s tat ion e f for t .  The techno logy s tatus for deve lop
men t  of sui t  component s and al t ernates  is good . 

As tronaut work required to bend sui t j oint s  can be reduced by the 
appl icat ion of cons tan t  vo lume j o in t s .  The mos t troublesome e l ement 
of  the sui t  i s  the glove . Glove improvement , end e ffec tor , and power 
too l s tudie s are warranted . 

In the sui t  program , extended range and dura t ion , universal f it , 
and lower cos t are o f  spec ia l value . In the longer t erm ,  i t  i s  
des irabl e  t o  have plug-in support sub sys tems for ease o f  onboard 
s ervic ing , ma intenance , and component replacement . 

A f l exible , rout ine EVA c apabi l ity wi l l  be important for IOC 
assembly  and operat ion .  Thus , a no-prebrea thing , 8-ps i sui t wi th 
improved glove s and /or end e ffector s are important deve lopmen t s  for 
the program. NASA needs to as sure aggre s s ive deve lopment of th i s  
techno logy . 

Human Produc t ivi ty 

Human produc t ivity in s pace i s  a f fec ted by such fac tors a s :  food , 
cloth ing , hab i tab i l i ty ,  hyg iene , medica l suppor t , and man-mach ine 
operat iona l inter face s .  Background i s  ava i l able from s tud ie s and 
opera t ional exper iences  in pol ar expl orat ion , submarine s , and ,  to a 
degree , long-durat ion a ircra f t  f l i gh t s .  However ,  i t  i s  di fficu l t  for 
space stat ion des igners and arch i tects  to accept current h ab i tab i l i ty 
speci ficat ion s  for des ign . 

The Ames Re search Center has organi zed an ac t iv i ty t o  focus on space 
s t a t ion human fac t or s . It wil l  draw on aviat ion techno logy wi th a tten
t ion to crew-mach ine inter fac e ,  operat ions , and tra ining .  The Johnson 
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S pace Cent er i s  pursuing i s sues o f  food , rec reat ion , and privacy , 
import ant for long-dura t ion ,  i sol ated mis s ions. 

A human product ivity tes t  bed i s  under development tha t wi l l  be 
u sed for hardware des ign and deve lopment , and crew training . 
Examinat ion o f  such mat ters a s  food , persona l hyg iene , and hab ita t 
d es ign , a s  wel l  a s  long-d ura t ion closed environment , wi l l  be  
pos s ib l e. Thi s  work is  important. 

The exi s t ing guide l ines , s tandard s ,  and requ irement s for 
crew-machine integrat ion shou l d  be upgraded  and made appl icab le to the 
space s t a t ion . Plans cal l for thi s  to be accompl i shed in FY 1 9 85 , 
in t ime to support Phase B des ign ac t ivi ty. 

For long-t erm manned fl igh t s , cont inuing med ica l  prob lems include 
card iovascu l ar decond i t ioning , cal c ium los s , and closed env ironment 
microb ial cont aminat ion. 

Fund ing for FY 1 9 85 has been reduced , but the generic programs are 
be l ieved to  be adequa t e  unt i l  deve lopmen t  requirement s become more 
focused . It i s  expected tha t  techno logy deve lopment e f fort wil l need 
to increase to support the des ign o f  future sys tems . 

Mi s s ion Opera tions and S t at ion Au tonomy 

The commi t te e  be l ieve s tha t the s pace s tat ion arch i tecture shou l d  
be conf igured to  a l l ow early  trans fer o f  ground-based miss ion command 
and cont ro l  center funct ions to the space stat ion.  Th i s  should , as i s  
pl anned , be part o f  the sys tem des ign .  Th e  commi t tee bel ieve s that 
e arly evolut ion to an a lmo s t  au tonomou s s t a t ion ( i f  re lated s tud ies 
suppor t th i s  po s i t ion )  will  reduce the need for , and h igh cos t o f, 
ground-based mis s ion command and con t ro l  center operat ion. Th is 
capabi l i ty shou ld be deve loped cons i s t ent with the overal l  ph i losophy 
o f  automated d iagno s tics in support o f  s ta t ion and experiment opera 
t ion, s ervice , and ma intenance . The deve lopment o f  th is  onboard 
capab i l i t y  wi l l ,  in the opinion o f  the commi t tee , in the long t erm 
a l l ow qu icker deci s ions and act ion and reduce operationa l cos t s . 

S i tuat ion s cou l d  deve lop where ground support i s  needed . Thu s, 
s ome minimal capab i l ity to  support emergency s i tua t ions may be a 
requ irement .  Examinat ion o f  thi s  matter  shou l d  be part o f  the Phase B 
s tudy program. 

The requirement for ach ieving s pace stat ion autonomy wi l l  be bound 
up in the na ture o f  the de s i gn  o f  the mis s ion contro l  center onboard 
the space s t a t ion. Th i s  center wi l l  e s sent ial ly repl ace the 
ground-based mis s ion contro l  center . Speci fica t ion o f  the operat iona l 
ph i losophy and arch i tecture o f  the spaceborne mi s s ion contro l  center 
is a pacing i t em for the roc. An extens ive e f fort wi l l  be requ ired to 
int roduce the e l ement s o f  sys t em compact ion and automa t ion to ach ieve 
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thi s  objec t ive. As has  been s tated . it  is  be l ieved tha t program costs  
c an be reduced by  a reduct ion o f  ground-support ac t iv i ty and an  
inc rease in in- s pac e  autonomy. Thus 1 thi s  des i gn feature i s  of  grea t 
import anc e. 

The commit tee recommends that : 

• NASA ac t to a s s e s s  and have the mis s ion contro l  func t ion s . 
to  the degree prac t ic a l . c arried out onboard the spac e 
s ta t ion for IOC inc lud ing having repe t i t ive . we l l-unders tood 
miss ion control func t ions automated. 

Part o f  th i s  autonomy i s sue invo lve s EVA. For EVA.  the devel opment of  
a h i gh-pre ssure ( 8-p s i ) s pace suit  with ease of  hand manipu l a t ion is  
es sent i a l  t o  exerc i s ing the  manned ac t ivi t ie s  contemplated. 

To support on-orb i t  operat ions . a series o f  s pec i f ic instrument s 
and mechani sms mus t b e  deve loped. These inc lude a t t i tude sensors . 
sen sors for prec i se re lat ive pos i t ioning (both center o f  mas s  and 
orientat ion ) t o  support rendezvou s . ac t ivators for att i tude contro l . 
docking and berth ing . and near-space-st at ion traf fic cont ro l. 

In genera l . these  prob lems are unders tood by NASA and e f fort i s  
under way to  provide technology opt ion s .  However .  a t  present options 
have no t been priorit ized due to the need to resolve conceptual des i gn  
quest ion s. 

Spac e Operat ions 

A major dec i s ion re lates  to  whe ther the s pac e s truc ture s wi l l  be 
erec tab le ( a ssembled)  or depl oyab le (extendab l e ). The construc t ion 
phi losophy wi l l  influenc e technology d eve lopment in support o f  
struc tura l subsys tems . EVA requiremen t s . and maint enanc e and repa ir o f  
components. 

Cons iderat ion shou ld be  g iven to the impac t that crew safety  wi l l  
have o n  the overal l stat ion des i gn .  EVA trade-o f f  analys e s  need to 
evaluate the use o f  automat ion to reduce extended periods of EVA. 

The s pac e s ta t ion cons truc t ion phase wil l pre sen t a h ighe r-risk 
e nvironment than the operat iona l phase . Ac ceptab l e  l eve l s  o f  r i sk 
should b e  de f ined. The Phase B contrac tors  wi l l  addres s the b road 
i ssue of  crew s afe ty . inc lud ing onboard resupply . EVA s ervice . and 
c rew operat ions. · Thes e  need to b e  compared wi th guide l ine s that NASA 
d e f ines. 

The area o f  on-orbi t  operat ions inc l udes sate l l i te servicing . 
ma intenance . rendezvou s .  and berth ing. The orig ina l on-orb i t  assembly 
of the s pac e stat ion and o ther large spac e s t ruc tures wi l l  requ ire 
such capab i l i t ie s . whi ch in turn demand advances  in eng ineering des ign 
and in sup port ing technology. 
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An on-orbi t  opera t ions phi losophy mus t cons ider such que s t ions as  
the kind s  o f  sate l l ite  s ervic ing and repa ir to be provided , i. e. , w i l l  
i t  be  a "sh irt  s l eeve " or a vacuum env ironment ? Th e  s pec i fica t ion o f  
the operating environment impac ts other deve lopments : space suit s , 
s ervice she l t er modu le s , and support ing equipment s. The l eve l at  
which sate l l ites  wil l be repa ired--modu le , card , or c omponent--wi l l  
a l s o  have an impac t on the design o f  the sate l l i t e s  themse lves. 

The commi t tee recommends tha t :  

• NASA spe c i fy early the opera t iona l mode ( s )  o f  on-orb i t  
servic ing and maintenance to ass ist  i n  definit ion and d es ign 
cho ice s for on-orb i t  services. 

Program documentat ion does not ind icate that  EVA s a fe ty has been 
g iven adequate  cons iderat ion. Que s t ion s re late to the rescue o f  
a st ronauts  i n  the event o f  the mal func t ion of  a� operat ional suppor t  
uni t  and equipment contaminat ion assoc iated wi th the spi l l age of  
hydraz ine fue l or  s tat ion e f fluent s. 

The commi t tee recommends tha t :  

• NASA d e f ine at  an ear ly date EVA operat ional procedure s and 
s a fe t y  requirement s  spec i fying per formance bound s and des i gn 
constra int s. 

Ma in tenance 

The maintenanc e phi losophy and the des ign o f  s truc tures , cri t ic a l  
sys t ems , and subsys tems should  b e  based o n  the as sumpt ions that : the 
spac e stat ion wi l l  be a permanent evolut ionary sys tem ,  crew t ime wi l l  
be cr i t ical , and sys tems wi l l  be fa i l  s afe ( l ong l ife sys tems where 
fai lure s  re sul t in switch ing to opera t iona l component s ) ra ther than 
have a s afe l ife (very low probab il ity o f  failure and scheduled change 
ou t of sys tems wi thin  a des ignated t ime period ) .  

Ba sed o n  the se assumpt ions , the commi t tee recommends that NASA 
integrate  and s tate the fol lowing logic in th e s pace stat ion 
des ign/opera t ions maintenance ph i losophy : 

-- Es tab l i sh ease o f  ma intenance a s  a des ign review cri terion. 
-- Ad opt  c ond i t ion maintenance rather than per iodic repl acement o f  

components. 
-- Es tab l ish maximum l eve l s  o f  acc eptable  sys tem degradat ion to be 

tol erated wi thou t c orrec t ive maintenance . 
-- Maximize the number of maintenance tasks that can be accompl ished 

in a sh irt-s leeve environment as opposed to EVA. 
-- Ma tch the de f init ion o f  repl aceab le uni ts  to diagnost ic c apab i l ity. 

Cons i d er sma l l er replaceab l e  uni t s  as  onboard d iagno s t i c  capab i l ity 
deve lops wi th t ime. 
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Trade the use o f  redundancy aga ins t des ign complexity  and log i s t ic 
costs  to minimize cos t s  cons idering such mat t ers as  down t ime ,  
aborts ,  and Shu t t l e  fl ight s .  Cons ider redundancy management 
techniques tha t  provide mu l t ipl e redundancy at  the card l eve l in 
avionic sys tems . 
De s ign the space s tat ion to accommoda te gradual introduct ion o f  
art i fici a l  inte l l igence for u s e  i n  d i agnos ing system ma l func t ions .  
Deve lop clear guide l ines for repl aceable  e lement s ,  i . e . , functions , 
sealed ( perhaps ) ,  and minimum number o f  connec tors/connect ions . 

Au tomat ion 

Congres s has sugges ted that NASA take a lead role in the deve lopment 
o f  a nat iona l automat ion techno logy deve lopment e f fort . The commit tee 
be l ieve s tha t  NASA shou l d  take such a lead role in the areas of automa
t ion tha t  are part icu l arly important to space s tat ion deve lopment . 
Wh i l e  the s pace-s tat ion-oriented work wi l l  no t sat i s fy al l nat ional 
i ntere sts  in the area of  automat ion , the commi t tee bel ieves that NASA, 
whi l e  concentra t ing on i t s  s pace s t a t ion task , wi l l be support ing the 
deve lopment of new techno logy per t inent to the broad subject of auto
mat ion. Thus , NASA wil l make a maj or contribut ion to the nat ional 
interest  in the execut ion o f  the ir program. 

For the s pace s t a t ion , a long-t erm , progress ive appl icat ion o f  
a utomat ion shou ld b e  planned and impl emented . The d iv i s ion o f  tasks 
be tween crew and computer is no t ye t we l l  de f ined bu t would  be a part  
o f  th i s  e f for t . 

The crew shou ld be used for phys ical and ment al dut ies  not prac t ica l 
to  au tomate and used for moni t oring and management for those funct ions 
tha t  can be automated . Th i s  wi l l  leave the crew a s  much t ime as  
pos s ible for  product ive work . 

Au tomat ion wil l  grow and could  be implemented on a t ime-ph ased 
bas i s  along the fol l owing l ine s : 

s ituat ion and sys tem cond it ion d ispl ays ( e . g . , fl igh t  a t t i tude and 
system parame t ers ) ; 
s i tuat ion and sys tem cond i t ion ana lys is ( e . g . , orb i ta l  error or 
sys tem mal funct ion ) ;  
opera t ional and sys t em expert advice ; and 
operat iona l and maintenance funct ions per forme d  au toma tical l y .  

The commi t tee recommend s that : 

• NASA recognize and incorporate in the space s t a t ion program 
Congre s s ' intere s t  in automation techno logy and take a 
leadersh i p  role in the areas  o f  automat ion appl icab le to the 
space s tat ion . 
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On-orbi t  Operat ion s 

On-orbi t  operat ions inc l ud e  sate l l ite  servic ing ; maintenance ,  
repair , and the assemb l y/construct ion o f  the s pace s ta t ion and o ther 
l arge space s t ruc ture s ;  orb i ta l  l aunch and trans fer operat ions ; and 
EVA ac t ivity. Operat ional techn iques in support inc lud e : te thering , 
rend ezvous , s tat ionkeeping , and berth i ng. Berth ing could  b e  automat ic 
or c rew-aided. 

The bread th of  work i s  re f l ec ted in th i s  part ial l is t  o f  crew 
ac t ivi t ie s : the maneuvering o f  orb i t a l  vehic le s ,  servic ing o f  the 
space s ta t ion and i ts modu les , mob i le manipu lator operat ion , fue l 
s torage and re fue l ing ac t ivity , log i s t i c s  support , EVA support , and 
s ate l l ite/pl at form t e ther ing and s ervic ing . 

Thes e  mat t er s  were no t reviewed in depth by the commi t tee , so no 
j udgment i s  made a s  to the adequacy o f  attent ion d ire cted to these  and 
re lated ac t ivit ie s. However , NASA needs to assure tha t they rece ive 
detai led a t tent ion . 

Onboard Te s t  Instrumentat ion 

Cons iderab l e  agency at tent ion has been d irec ted toward the d eve l op
ment of ground -based test  beds for subsys tem des ign and ver i ficat ion. 
Where there i s  a need for comple t e  s pace stat ion sys tem te s t s , the 
tests  wi l l  have to be made in orb i t .  I t  i s  a l so po s s ible  that  i f  
prob lems arise , such ins trumenta t ion cou l d  b e  used for d iagno s t i c  
purpose s . Con sequent l y ,  i n  the des ign proce s s  care fu l atten t i on need s 
to be g iven to the tes t protocol and instrumentat ion requirements for 
th i s  purpo se. The requ i s i te instrument at ion should be placed onboard 
during the cons truc t ion phase o f  the s tat ion , where appropriate , for 
in-fl ight operat ional tes t s  and d iagnos t ics  in the event prob lems 
deve lop. 

The commi t tee recommends tha t : 

• NASA make preparat ions during the des ign phase for on-orb i t  
sys tem tes t s  t o  obt a in requ ired i n  s itu per formance and 
opera t iona l data. The planning should inc lude tes t pro toco l 
and ins trument requ irements for des ign and per formance 
measurement s  for such mat ters a s  s truc tura l response , therma l 
ch arac ter i s t ics , and the tailor ing o f  s t abi l izat ion and 
contro l re spons e charac t eri s t ics . 

Biological  Contamina t ion 

An importan t  cons idera t ion for the env ironmental  contro l  and 
l i fe suppor t  sys tem is the monitoring and c ontro l of biological  
contaminat ion--among the crew , and be tween the crew and anima l s , 
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plants , or o ther b iologica l matter.  Th i s  is ant i c i pa ted to  become 
inc reas ingly impor t ant a s  the degree o f  l i fe support sys t em c losure 
increase s .  S pace l ab technique s for a ir f i l tra t ion into and ou t o f  
animal c ages and l aminar flow work stat ions may b e  adequate for 
one-week fl ight s ,  but may need augmentat ion for long-l i fe s ta t ion us e 
with par t ia l  or fu l ly c losed l i fe support sys tems . Conservat ive 
approache s cal l for a b iological  barrier between b iological  work 
s t at ions and ma ter ial  and areas normal ly u sed by humans . However ,  
b arriers should  be des igned into the stat ion only  i f  just i f ied . To 
date , there i s  insuf fic ient informat ion on microbial bui ldup and 
t rans fer in c losed sys tems for extended periods of opera t ion to 
e stab l ish the need for b iolog ical  barriers . 

The commi t tee recommends that : 

• NASA pursue research on means for contro l l ing 
bac t eriolog ical  mat ter , on micro fi l trat ion , and on the 
ident i f icat ion of tolerable  l eve l s  o f  microbial bui ldup in 
c losed s ystems wi th human operators . 

Environmenta l  contro l experience with nuc lear submar ine s  as  wel l  a s  
Skylab and the Shu t t l e  obviously  shou l d  b e  brough t t o  bear o n  these 
prob lems . 

Struc ture s 

A key s pac e  s tat ion i s sue for bo th s t ruc t ura l and contro l system 
des ign i s  the adequacy o f  analys is  techniques , that i s , the degree  o f  
s t ruc t ura l re presentat ion requ ired t o  analyze s t ruc ture/contro l  system 
c oup l ing . The compl ete  s truc ture c annot be tes ted on the ground in 
the ful l  spac e environment inc luding z ero gravity . 

NASA i s  fu l ly aware o f  th i s  problem.  However ,  there are des ign 
approache s tha t  can minimize the risks as soc iated wi th the l imitat ions 
o f  analyt ical  and model ing techn iques .  Du e  t o  the nonl inear s t i f fne s s , 
damp ing , and d i s t ort ion charac teri s t ic s  o f  mos t s pace stat ion configu
ra t ions , a s  has been noted , the bas ic s truc tura l s tack shou ld h ave a 
contro l  sys tem wi th l arge s tab i l ity margins and ac t ive and/or pas s ive 
means for damping appendage vibrat ion mode s .  Ac t ive as opposed to 
pas s ive damping technique s may be requ ired s ince the ab i l ity to 
ana lyt ical ly charac terize or determ ine the inherent damping o f  
representat ive s pace s ta t ion s t ruc ture s th rough tes t ing on the ground 
are l imi ted . 

NASA repre sentat ive s s tated tha t  space s tat ion e l ement we igh t  would 
no t b e  cri t ica l because the Shut t l e  tha t transpor t s  s tat ion e lements  
into  orb i t  wou ld be  volume rather than we igh t  l imi ted . There fore , 
increased we ight  can be traded for reduced cos t or complexity o f  
s t a t ion e l ement s .  Th i s  ph ilosophy i s  que s t ionabl e  cons idering the 
a s pec ts  of the s pace s ta t ion that are influenced by we igh t  and inert i a  
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loads . Sens i t ive sys tems inc lude stat ion contro l and s t ab i l izatio n ,  
s tat ionkeeping , and reboos t .  Increased weigh t  wil l  requ ire increased 
energy for thes e  func t ions wi th log i s t ic impl ications . 

Ground ru les  for erec tab l e  versus depl oyab le struc tures migh t 
reduce the technology programs needed to support stat ion des i gn and 
deve lopment . It i s  bel ieved tha t  erectab l e  s truc tures may b e  less  
complex , more eas i l y  maintained and repa ired , and wi l l  have higher 
s t i f fness in par t ial ly erec ted s tages . It woul d  appear that erec tab le 
s truc ture s shou l d  be favored and deployab l e  s truc ture s used where EVA 
i s  con s idered imprac t ical . 

Material s 

NASA s tated that  the s tat ion modu les  would be fabrica ted from 
aluminum. Th i s  may be proper for modu les , but it is be l ieved that 
l arge beam or truss  s t ruc tures could  be  made o f  compo s i te material s 
for the ir s t i f fnes s ,  mas s , and low therma l  expans ion . Becaus e o f  
the se charac ter i s t ics , i t  i s  probab le  that  the modules  wi l l  use some 
compos ites  for s truc tura l components . 

Coat ing mater ial  mas s loss a s soc iated with oxidat ion due t o  
atomic-oxygen in l o w  orbi t s  wa s a concern no ted b y  NASA. Shu t t l e  
exper iments ind icate that mas s  los s rates are h igh for some mater i al s :  
pure c arbon , myl ar , kapton , po lyure thane pa int , kevlar , and the me t a l  
o smium. However ,  there are coat ing mater i al s tha t show l it t l e , i f  
any , mas s  los s :  te flon , quartz , fused s i l ica , t in oxide , ind ium t in 
oxide , and go l d .  I n  general , mass  los s rates for carbon-rich and 
unoxid ized mat eria l s  i s  much h i gher than for ful ly oxid ized mat eria l s . 
Due to the range of  ma ter ial s ava i lab le th i s  does not appear to be a 
cri t ical  prob lem .  

The que s t ion o f  spac e charging was not d iscus sed with the commi t tee . 
Th i s  need s to  be cons idered in the s e lec t ion o f  coat ing material s .  

Mechani sms 

The technology exi s t s  to provide long l i fe contro l moment gyros o f  
the s ize needed for the space s tat ion. Some uni ts  have been operated 
for over 10 years , having accumulated  over 300 component years of  
opera t ion withou t mech anical fa i lure . Thi s exper ienc e inc ludes 
constant  speed ro t ors , variab l e  s peed ro t ors , and moving g imbal s .  

Me chani sms of  the type needed for solar array pos it ion ing and 
operat ion have demons trated long l i fe capab i l i ty.  Dua l spin sate l
l ites and th ree-axi s  control led veh i c l e s  with movable solar arrays and 
antenna s have demons trated long l i fe .  The s pac e stat ion should con
s ider the proven wind-unwind type of  bear ing design a s  wel l  as the 
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cont inuou s rot a t ion be arings being proposed. Limited rotat ion sys tems 
w i l l  s impl i fy fluid and e lec tric power trans fer acros s j oints. 

Some concern over lubrican t s  was expre s sed. There are three type s 
o f  commerc ial ly ava i lable  lubricant s--o i l , grease , and dry f i lm--for 
s pace us e. They have exh ib i ted long-term s tab i l i t y  and sus ta ined 
per formanc e. The conc ern with lubricants is  h igh mass  loss  and 
contaminat ion. Experienc e has shown tha t proper de s i gn o f  labyrinth 
seal s ,  vent pa th s , and lubricant reservo irs can so lve the se prob lems. 

It wa s the view o f  the commi t tee that s ign i f icant techno logy 
exis ts , in  the Department o f  De fense ( DOD )  and industry , to  hand le 
me chanism des i gn problems. NASA needs to  t ie more c losely to  thi s  
t echnology base. 

Thermal Contro l 

On the s pac e s ta t ion , hea t from ins t rumen t s , equipment , and o ther 
s ourc e s  wil l be removed through the use of thermal buses (heat pipe s )  
tha t col lec t and transpor t unwanted hea t  to  externa l rad iators. 

Cold pl ate s to cool instruments and equipment are being deve loped 
at the Johnson Space and Goddard Space Fl ight Centers. Two-phase 
fl u id thermal buse s to col lect  and transport the heat are under 
s tudy. Compared wi th s ingle-phase sys tems , two-phase sys tems have 
l ower pumping , and thus power requirements , by as much as 5 kW for a 
representat ive IOC. I f  a two-phas e system i s  chosen , on-orb i t  te a t s  
wil l b e  requ ired to  examine per formance in zero gravi ty .  Such t ea t s  
are pl anned in the Shu t t le , bu t resul t s  may come late for de s i gn 
purpo ses. 

Te chnology programs cover ing the major e lements o f  the thermal 
control sys tem are comprehens ive and appear to  be  adequa te ly  funded 
for FY 1 9 85. However ,  f l igh t  exper iment pl ana related to fluid 
boi l ing and condensat ion and work on re furb ishment / repl acement o f  
radiator coat ings have been dele ted from the program, and a s  noted 
fl i gh t  experiment s  come too late to be compa t ib l e  with the s pace 
s t at ion des ign schedul e .  In the current program, the techno logy 
deve lopmen t  fl igh t  tes t s  o f  two-phase cold pla te s , buses  and 
radiator s , and c onstruc t ion/erec t ion techniques are pl anned for 
198 7- 198 8. 

Cons ider ing the large e ffec t that  the thermal control sys tem has on 
s ta t ion des i gn ,  i t  appears prudent to accel erate  the fl igh t  tes t work 
to provide more t imely data. 

The commi t tee a l so suggested that  NASA s tudy d i s t r ibuted therma l  
contro l  sys tems ( a  d i s t ributed sys tem may b e  more prac t ical  for stat ion 
growth ) compared wi th the central ized sys tem current ly pl anned . The 
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d i s s i pat ion o f  the large hea t  load s assoc iated wi th s ta t ion growth , 
and thermal cont ro l s  for orb i ting p l at forms also  need to be  addressed. 

The extent to whi ch the space s tat ion therma l  sys tems can be 
appl ied to pl a t forms (c ommonal i ty)  is que s t ionable. Di f ferences  in 
orb i ta l  charac teri s t ic s  and in des ign requ irement s may make sys tems 
tailored to the s ta t ion unsui tab le for pl at forms. 

POLICY FACTORS 

Al though the ad hoc commi t tee ' s  major intere s t s  were d irec ted a t  
the engineering and technology deve lopmen t s , po l icy ma t ters , bo th 
technical  and manager ial , h ave a d ire ct  bearing on these  s ubj ec ts and 
require program management a t tent ion. These  mat ters are addre s sed 
here under the head ings "Techno logy Pol icy" and "Management Pol icy. " 

Technology Pol icy 

The commi t tee ' s  technology pol icy del ibera t ion iden t i f ied s everal 
issue s  re la ted t o  techno logy evolut ion , data management , and 
pro tofl igh t  ing . 

Technology Evolut ion 

S i nc e  s pace s t a t ion deve lopment wi l l  cont inue beyond IOC ,  t echno logy 
d eve lopmen t  pl ans ( road maps ) tha t  couple deve lopment for key IOC tech
nologies and techno logies  for s ta t ion evo lut ion should  be deve loped 
and mainta ined. The road maps wi l l  serve to de fine the t iming and 
interac t ion be tween the se deve lopment s  and a s s i s t  in program pl anning 
for maximiz ing per formance and minimiz ing cos t s. 

DOD re search and deve lopment programs inc lud ing those o f  the 
Strategic De fense Ini t iat ive Program have many e l ement s  common to the 
space s tat ion. NASA c ould pro f i t  from c loser a t tent ion to th i s  work. 
Some example s are very-l arge-s cale  integrated c ircui t s , command and 
cont ro l procedure s ,  and l arge-scale data proces s ing and c ompu t ing. It 
is cons idered e s sen t i a l  tha t NASA take thi s  work into account in the 
d eve lopment of the space s tat ion. 

The commi ttee  recommend s tha t : 

• NASA t ake ·s teps to  become and s tay fami l iar and knowledgeab l e  
wi th the re search and deve lopment i n  DO D  programs pert inent 
to the space s tat ion and fac tor th i s  techno logy into i t s  
techno logy deve lopmen t and s pace s t a t ion de f init ion and 
deve lopment plans . 

Space Station Engineering and Technology Development: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18837


48 

Da t a  Management 

In the are a o f  data management ,  NASA i s purs u ing a software 
arch i tecture s trategy tha t recognize s needs for : sys tem autonomy , 
unique operat ional requ irements , man-mach ine inter face languages ,  
appl icat ion sof tware for sys tem and user , and d is tributed sys tems both 
in space and on the ground . 

The d is t r ibuted sys tem concept  i s  bel ieved to be the proper approach 
to  data hand l i ng and i s  no t cons idered a technology i s sue . Indus try 
can provide the electronic hardware. The s tatus of circu i t  techno logy 
wi l l  contro l  package s ize  to be used but wil l no t l imi t the speed or 
capacity below ant icipa ted requ irement s. However ,  response to fai lure s 
mu s t  be  de f ined e arly to  he lp  de fine redundancy concept s and hardware 
requirement s. 

The space s t a t ion data management arch i tec tu�e is be ing s tud ied by 
two contrac t ors  ( TRW and McDonne l l-Dougl as Aircra ft Corporat ion ) .  
The ir work over the next two year s  wi l l  a s s i s t  i n  the definit ion o f  
the data management sys tem. It  i s  be l ieved tha t th i s  dua l e f fort wil l  
further compl icate the data management sys tem select ion and integra
t ion proces s. The resul t s  o f  thi s  work are to be  trans ferred through 
NASA t o  the ind iv idual Phase B contractors. The Phase B contractor s  
wi l l  be working in paral l e l  wi th the d a t a  management sys tem 
contractor s. 

In th i s proce s s , NASA funct ions as  a "th ird" contractor to prov ide 
da ta-management-sys tem d irect ion to  the Phas e  B contractor s. NASA 
w i l l  be taking on a complex e f fort in assuming sys tems eng ineer ing , 
integra t ion , and managemen t roles.  

Thi s compl ex inter face is  an  operat iona l / de s ign chal lenge even for 
a major contract or who has had extens ive experience in deve loping 
d istributed sys tems in a common sof tware d eve lopment environment. It 
i s  suggested  that NASA s impl i fy inter face s and a l low i t s  contractors a 
more act ive role  in thi s  area. 

Proto fl i ght ing 

Pro tofl igh t ing i s  intended to reduce program cos t by us ing the s ame 
h ardware in two mode s :  ground-based tes t  and fl ight.  Wh i l e  fligh t  
hardware for key opera t ing subsys tems would be  tes ted o n  the ground , 
the a l l-up s pace s ta tion coul d  no t be te s ted prior to assemb ly and 
opera t ion in orbit .  

In earl ier space programs , the ava i lab i l ity  o f  fl igh t  sys tem proto
types for test ing ,  downstream d iagno s t ics , troubleshoo t ing , and system 
d eve lopment has proven to be o f  cons iderab le  value. A pos s ib le conse
quence  of proto fl i ght ing is the loss of thi s  ground-based capab i l ity  
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for d iagnos ing fl ight prob lems and development hardware for stat ion 
growth. 

If NASA ' s  proposed act ion means flying hardware used in ground 
tes t s , the committee agrees with the concept as long as i t  doe s not 
resu l t  in removing hardware from the ground needed for troub le 
shoot i ng and evolut ion. If  thi s  is the c ase , the commit tee is 
conc erned. 

The commi t tee bel ieves , with regard to protofl igh t , that NASA 
should ana l yze the kinds o f  space stat ion sys tem change s tha t could be 
required , a s se s s  the d i f f icu l ty and cost o f  accompl ish ing these in 
orb i t , and as se s s  the need for mainta ining ground-based te s t  
equipment &  t o  support IOC opera t ions and s tat ion evolu t ion. 

The commi t t e e  recommend s tha t : 

• NASA d e termine the ground-based sys tem/ subsys tem 
requ irement s in support o f  maj or sub sys tem analyse s ,  in the 
event of fl igh t  fai l ure s ,  and for future deve lopment . 

In some case s ground-based prototype mockup& wi l l  be adequa t e. Bu t 
i n  some areas ,  f l i gh t  sys tem dupl ica t ion wil l  be important , i . e . , 
avioni c-re l a ted  hardware , where deve lopment a l  work i s  cri t ical ly 
dependent on hardware f ide l i ty. 

Management Pol ic y  

The are as o f  management po l icy tha t the commi t tee bel ieve s warrant 
NASA program a t tent ion re late t o :  miss ion and sys tem spec i ficat ion , 
program c onstra int s , management control s ,  sys t em integra t ion , and 
fore i gn and Department o f  De fense  involvement . 

Mi s s ion and Sys t ems Spec i ficat ion 

Clear l imi t s  on sys tem des i gn had no t been e s tab l ished for the 
space s ta t ion. Wi thout a c lear not ion of such parameters as shape , 
s ize , and capab i l ity  o f  the s pace s ta t ion , con trac tor par t i c i pants 
wil l  selec t  the ir own base l ine spec i f icat ion for analyt ical purposes.  
Thes e  s pec i f icat ions may or may no t coinc ide wi th NASA ' s. Wi th each 
s tudy par t ic ipant s e t t ing c ond i t ions , there i s  a h igh probab i l ity that 
the element s  of the s ta t ion wi l l  not mat ch. The NASA job o f sys tem 
integra tion and management wi l l  be made unnece ssar i ly d if ficul t .  

The lack o f  a spec i fi c  design base/ framework has made i t  d i fficult  
t o  focus the techno logy deve lopment suppor t ing the program. For 
example ,  the commi t te e  wa s brie fed on a budge t exerc ise t o  reduce te ch
nology deve lopment cos t s . In the absence o f  a des ign base , such pro-
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program ad jus tment s are d i f f icul t to a s ses s and can increase technical  
ri sk . 

NASA can improve program focus , even before precise  spec i f icat ions 
are deve loped in Phase B ,  by set t ing a gro s s  de s ign enve l ope , which 
addre sses  such th ings as power , volume , we igh t , and s tab i l i ty. Con
t rac t ors  need thi s  informa t ion for pre l iminary des ign. Users need the 
informat ion for experiment des ign. NASA need s the informat ion to 
reduce the d i ff icul ty of control l ing and asses s ing space s tat ion sys tem 
des ign and int egra t ion. 

Program Cons t ra int s 

As current ly def ined , the program has no ident i f iab le ,  dominant 
cons tra in t s  such as cos t , schedule , or per formance. * For the success  
o f  the program i t  i s  essent ial  tha t  these parameters have f ixed values  
or a t  leas t a l imi ted range o f  va lue s .  The va lue s and re lat ive impor
t ance of the se parame ters should be ident i f ied for each phase of the 
program. 

Wi thou t program cons traint s ,  program part icipant s--part icu l arly 
contractors--wi l l  be  confused as  t o  the gu ide l ines to us e .  Que s t ion s 
could be : Is the $8 b i l l ion f igure a cons tra int ? I s  thi s  a d e s ign-to
cos t program? Is the IOC date , 199 2 ,  a con s tra in t ? Is there a s ingle 
or a combinat ion o f  performance parame ter constra int ? 

I f  no t provided , the part icipat ing contrac tors wi l l  se t cons tra in t s  
themse lve s  to guide the ir analyses. In a l l  probab i l ity  the values 
selec ted by ind ividua l contrac tors wi l l  not be compat ib l e. Such 
ac t ion , in comb inat ion with ind ividual select ion of mis s ion and sys t em 
speci f icat ion s ,  wi l l  magn i fy the d i ff icul ty o f  the NASA program 
management and integrat ion task .  

The commit tee be l ieve s that  any program, with the po s s ib le except ion 
o f  bas ic research , should have anchors re lated to cost , schedul e ,  
and/or per formanc e. In mos t  programs , cons tra int s t end t o  be a com
b inat ion o f  two or more o f  these factors . Apo l lo was c onstra ined by : 
performance--"Man on the Moon • • • " and schedu le--" • • • by the end 
o f  the decade . "  

An add i t ional cost  i s sue re lates  to pro jection o f  total  program 
cos t .  The s impl e fac t i s  tha t the Admin i s tra t ion and Congre s s ,  as the 
program evo lve s ,  wi l l  want to know the co st of the program. At 
present the f igure s o f  $8 b i l l ion and $20  b i l l ion are used to cover 
IOC and deve lopment ( for the space s tat ion a l one ) through 2000 . NASA 
wil l need to  begin to deve lop cos t e s t imates  for re lated e f fort , i. e . , 
l aunch , operat ions , suppor t , and pay load s .  

*Since the wri t ing o f  th i s  report , co s t  has been ident i f ied ( in the 
RFP ) as a program cons tra int . 
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For the space s tat ion , a performance constra int has been t ac i t ly 
estab l ished : provide a permanent , evo lvabl e , inhab i ted fac i l i ty for 
research , technol ogy deve l opment , appl icat ion , and commerc ial  use in 
low earth orb i t . To be  e ffec t ive , th is  constra int needs to be amp l i 
fied in t e�s re lated to  capac it ie s , support , and service s .  The 
c ommit tee bel ieves that  at least  one o ther constra int i s  needed , i . e . , 
on orb i t  by 1992 , but no t later than 1995 ; or a cost  for certain 
c apab i l i ty not to  exceed a spec i f ic dol lar leve l .  

Ano ther commi t tee concern i s  lack o f  guidance for design-to-co s t .  
I t should b e  remembered that design-t o-cost norma l ly re fers t o  a 
produc t produc t ion cos t .  For the space s tat ion , a design-to-cos t wil l  
inc lude des ign , d eve lopment and produc t ion cost s . There fore , spec ial 
cons iderat ion mus t be g iven to de f in i t ion of the te� des ign-to-cos t .  
The draft request  for proposal  ( RFP ) for Phase B does  not ident i fy or 
al locate cos t by program e lement . If des ign-to-cost i s  to be a 
corner s tone o f  the space s tat ion , NASA wi l l  have to  provide a more 
detai led de fin i t ion o f  the term and require cont rac tors to estab l ish 
and enforc e re lated des i gn-to-cost goa l s  and methods .  

A re lated mat ter i s  l i fe-cyc l e  cos t . The Phase B proposal s s tate 
that  l i fe-cyc l e  costs wil l be control led . However ,  for the space 
s t a t ion program , "l i fe cyc l e" i s  an amb iguous term. The s t a t ion , by 
de f ini t ion ,  i s  mod i f ied , added to ,  and extended in terms o f  c apac i ty 
and performanc e .  Indeed , what  i s  the l i fe cyc le  o f  the stat ion? 

In order t o  guide trade-offs be tween init ial  des ign and long-term 
cost s ,  some s impl e , quant i f iab le measure o f  pos tdeployment cos t would 
be usefu l . Po s s ib ly a yearly opera t ional cost under a spec i fic set o f  
cond i t ions would be  a more use ful  re ference than l ife-cyc le cos t .  
Clearly , i t  i s  not suffic ient t o  state , a s  in the dra ft Phase B RFP , 
that "l i fe-cyc l e  cos t wi l l  be contro l led . " 

In view o f  the foregoing , the commit tee recommends that NASA : 

• dec ide now on program constra int s ,  get administrat ion/ 
congre s s ional approval of them, pub l ic ize them, and onc e 
estab l ished , st ick to  them . 

• review i t s  commi tment and approach to  des ign-to-cost and , i f  
appropriate , re fine and s tate  i t s  de s i gn-to-cost  goa l s  and 
approach and t ake the nec e s sary implement ing ac t ions . 

• review i t s  statement s and commi tment s to the appl icat ion of  
l i fe-cyc le .  cost . In the opinion of  the c ommi t tee , l i fe-cycle 
cost , except in the broade s t  sense o f  the term, is  not an 
appropriate parame ter for spac e s tat ion design analyses , 
cons idering hardware des ign , deve lopment , and opera t ion s .  
Hardware and annual operat ing cost s might  be a better choice 
o f  parame ters . 
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Management Cont ro l s  

The ass ignment of  space s tat ion e ffort in four major work packages 
to d i f ferent NASA centers ( supported by one or more teams o f  con
trac t or s )  int roduces  complexity in program management . Exacerbating 
this  i s  the d i s t ribut ion o f  sys tems eng ineering and integrat ion ( SE&I )  
func t ions among the c enters and the l ong-term nature o f  the program. 
Clearly , there is a need for rigorous program management and change 
c ont ro l .  There i s  a potent ial for cost  growth and schedule s l ippage 
i f  a t i ght change contro l  mechanism is no t e s t ab l i shed early . 

The management process  proposed by NASA i s  complex with many 
dec i s ion node s and i terat ive loop s .  A program o f  the s ize and 
c ompl exity o f  the space s tat ion wil l  be d i f ficu l t  to manage under 
these cond i t ions .  At the t ime o f  this  review there were no c lear 
sys t em de s ign l imi t s ; there was no c lear and unequivocal cent ral i zed 
program au thori t y ; there wa s a cumbersome management system ;  there was 
a d i stributed , potent ial ly ine f fec t ive change-c ontro l proc e s s ; and 
there was a d i s t ributed SE&I ac t ivi ty . 

The commit tee be l ieve s that the space s tat ion should be cons idered 
and t reated as a fac i l i ty--a laboratory , a fac tory , a test  fac i l i ty ,  a 
hab i tat . It  should be des i gned to provide a we l l -charac teri zed s t an
dard enviornment :  ut i l i t ie s , interfaces , services , log i s t ical  support , 
and c rew accommodat ions . It  must be eas i ly used by customers , but 
cus tomers should no t d i c tate des ign beyond l imi t s  of affordab i l ity . 
What is  cal led for i s  a f ixed c apab i l ity  with s t andard interface s  and 
procedure s  t o  mee t  mos t ant ic ipated needs . 

I t  i s  the opinion o f  the commi t tee , as has been d i scussed , that 
management control s ,  as wel l  as  techno logy selec t ion and d e s ign,  should  
flow from known des ign , deve lopment ,  and operat ional constra int s .  I f ,  
philosophic a l ly , the space station program i s  thought o f  a s  a stand ard 
fac i l ity , the program defin i t ion and deve lopment task wi l l  be s imp l i
f ied compared wi th t rying to  sat i s fy long-term, unde f inab le  cus tomer 
forec as t s  ( a s  appears to be the c ase ) . Ne ither technol ogy , des ign , 
nor managemen t can be adequately focused unt i l  a fac i l ity des ign 
phi losophy i s  ident i fied and document ed .  

Th e  commi t tee recommend s that NASA : 

• e stab l i sh ,  now,  a c lear design ,  deve lopment , and operat ional 
phi losophy tha t  inc lude s a s tandard fac i l ity  concept . 

• es tab l i sh , . as soon as  pos s ib l e ,  spec i ficat ions for a c ore 
u t i l it ie s  capab i l ity wi th s tandard interfac e s  and operat iona l 
and log i s t ic a l  support l imi t s  and be intolerant o f  change . 

• review i t s  proposed change contro l  procedure s and revise 
them s o  that  they are reasonable , c l ear , cons i s t ent , and 
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rigorous wi th m1n1mum inter face s .  They mus t be des igned to  
out l a s t  ind ividuals  and organizations . 

System Integrat ion 

NASA i s  organiz ing to do the space s tat ion sys tem pr ime program 
management and sys tem manager/integrat ion func t ion in-house .  NASA may 
be undere st imat ing the compl exity o f  the task and the capabi l i ty 
requ ired to perform it . 

NASA has per formed a s  sys tem integra tor previous ly--wi tness  
management of  sc ient i fi c  sate l l i t e  programs . General ly , the sc ience  
s a te l l i te programs were ass igned to a s ingl e  c enter that  had to tal 
contro l .  But , the d ivers i ty and complexity o f  the space s ta t ion 
program i s  much greater . The Apo l l o  program approached the complexi ty 
o f  the projected s pace stat ion program , bu t the . space s t a t ion wi l l  be 
more compl ex due to mis s ion , growth , logi s t ics , and l i fe t ime . The 
Apo l l o  program employed sys tems support contrac tors ( Be l l  Com and 
Boe ing ) . 

The management ph i losophy for the space s tat ion program, a s  the 
commi t tee  perce ive s i t , involves five centers operat ing wi th re lat ive 
autonomy under the overa l l  program l eadership o f  a l ead c enter--the 
Johnson Space Center . It  is no t apparen t tha t there i s  a clear l ine 
of author i ty for the program. Al though the t it l e  Program Office is  
ment ioned , there doe s no t appe ar to be , as  yet , a Program Office  in 
the u sua l definit ion of the term. Ne ither has the commi t tee d iscerned 
a Program Direc tor--that i s , a s ingle ind ividual wi th spec i fic , c lear 
re spons ib i l i ty and author i ty to manage the tota l program inc l ud ing a l l  
maj or con trac t ac t ivity . It  seems , i n  fac t , tha t there are s everal 
program d irec tors with varying respons ib i l i t ie s  and author i t ie s  with in 
NASA ' s  f ie l d  centers as soc iated wi th the maj or subsys tems . In the 
view of  the commi t tee , th i s  compl icates the program management and 
integrat ion task . 

It  appears tha t  each center wi l l  conduc t  i ts own research and 
developmen t program; have i t s  own change and configura t ion contro l 
procedure s ;  and have i t s  own cos t , schedu le , and per formance goal s and 
measuremen t sys tems . Th i s  wil l  inc lude , in a s s i gned areas , a l arge 
amount of autonomy and the ir own contrac t ing authori ty with contrac tors 
reward s and penal t ie s  tha t may d i f fer for the same contrac tors working 
for d i f ferent centers . 

I n  princ ipl e , · with the proper centra l ized management , author i ty ,  
ski l l s ,  and resource s ,  inc lud ing data , phys ical aid s , and people , the 
management / integrat ion task could be done e f fec t ive ly . Bu t o f  concern 
i s  whe th er NASA wil l  be  abl e  to as s i gn the proper cri t ic a l  mas se s  o f  
peop l e  and ski l l s  t o  d o  the j ob .  
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The commi t tee envis ions a management sys tem where re spons ib i l ity  
and authori ty are ass igned to  an  ind ividual in a s ingle o f fice that i s  
equipped wi th fac i l i t ie s  and s t a f f  t o  d o  the demand ing management j ob .  
In view o f  the pre sent con federated management sys tem,  the commi t tee 
ra ises the que s t ion ,  wil l NASA be able  to move , as the program evo lve s , 
to the type o f  management sys tem the commit tee j udges  to be more 
appropriate ? 

The commi t tee bel ieve s that NASA wou ld be  we l l  adv ised to reexamine 
i t s  management plan . Severa l al ternat ive approache s are pos s ibl e :  a 
pr ime contrac tor , a federa l ly contrac ted deve lopment c enter , or an 
integra t ing contrac tor . 

A pr ime contrac tor with tota l sys tem per formance respons ib i l ity 
would  have the pos s ible  d isadvantage s o f  NASA commi t t ing t o  a s ingle  
c ont rac tor for a l ong t ime period and add ing cos t  to the program. In 
add i t ion , the contrac tor would be paid from proaram funds , whereas 
NASA i n-house management is pa id from ins t i tu t ional funds . 

A fed eral l y  contrac ted deve lopment center such as Aeros pace or MITRE 
wou ld h ave the pos s ib le drawback o f  not having the depth or experienc e 
to per form the task , and i t  might prove d i fficul t to assemble  the 
requ ired exper ienced personnel .  The a s s i gnment-of-cost  i ssue arises 
here too . 

An integrat ing c ontrac tor who wou ld accept a hardware-exc l us ion 
c l ause (wi l l  no t und ertake re lated hardware des ign or construc t ion ) i s  
the me thod tha t  the Air Force has used for intercont inental  bal l i st ic 
mis s i les  ( ICBMs ) .  In th is  Air Force work , for example , TRW has been 
the integra t ing contrac tor , under the control of the Ba l l ist ic Mi s s i le 
Of fice (BMO ) , formerly the Bal l i s tic Mis s i le Divis ion.  TRW has �uper
vi sed a s soc iate contrac tors and per formed the integrat ion task as an 
extens ion o f  the BMO . Th i s  arrangement has general ly worked wel l  for 
the Air Forc e ,  is current ly empl oyed on the Peacekeeper  program , and 
wi l l  probab l y  be  used on the s trategic ICBM program. The commi t tee 
b e l ieve s tha t  NASA shou ld , in its  management sys tem review ,  c ons ider 
the BMO modus operand i for the s pace s t a t ion program. If s imil ar 
ac t ion is ind icated , early attent ion would be  des irable b ecause of the 
t ime invo lved in bring ing a contrac tor into the program . 

As would  be  the case for the other management a l ternat ive s noted , 
the cos t o f  an integra t ing contrac tor would  b e  charged t o  the program 
budge t , not the NASA personne l and management budget . None the les s , the 
comm i t tee be l ieve s tha t contrac t ing for sys tem managemen t support would 
b e  prudent . OMB. Circular A-76 ( "Per formanc e o f  Commerc ial Ac t iv i t ie s , " 
Augus t 198 3 ) coul d be invoked to support this  ac t ion . The c ircul ar 
enunc iates a po l icy of contrac t ing where pos s ib l e . It is bel ieved that 
the ou t-o f-hous e  e ffort could  be j us t i f ied operat ional l y  and 
f inanc ial l y .  
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The commi t tee further be l ieve s tha t NASA should cons ider the 
e stab l i shment , as soon as poss ible , of a c entra l spac e stat ion program 
o ffice headed by a d irec tor wi th tota l programmat ic and technical 
author i ty .  It  is  important that the d irec tor have d irec t  acce s s  to 
the admini s t rator o f  NASA , independent o f  where the o f f ic e  is  
e stab l ished . 

It i s  the commi t tee ' s  recommendat ion that NASA : 

• reassess  i t s  approach to program management and integra t ion ,  
d irec t ing a t tent ion t o  estab l ishing a space stat ion program 
manager who wi l l  have ful l ,  complete respons ib i l ity and 
authori ty over the ent ire program--over a l l  NASA and 
contrac tor element s  assoc iated wi th the program--and wi l l  
have d irec t  access  to the Administrator . 

Fore i gn and Department o f  De fense Involvement 

NASA has s t ated as a mat ter of pol icy and has act ive ly pursued 
fore i gn government involvement in the spac e s t a t ion program .  DOD 
invo lvement , i f  any , i s  not re solved . The commi t tee ' s  c onc ern is that 
i f  DOD doe s become invo lved in the program as a matter of nat ional 
po l icy and int ere s t , c lass i f ied work ( national or for that mat ter 
internat iona l )  wi l l  no t be compa t ib l e  unles s certa in ac t ion s  are taken 
during the des ign phase o f  the program. 

Al though no t a mi s s ion requ irement , the committee bel ieve s that the 
space s t at ion program i s  idea l ly sui ted for DOD experiment s .  The 
problem i s  the DOD-program-re l ated experiment s wil l  be c la s s i fied and 
wi l l  need t o  be conduc ted under s t ringent secur i ty .  

Involvemen t o f  our al l ie s  and t rading partners in the space stat ion 
program has been s t ated as  a nat ional obj ec t ive and is high ly des ir
abl e .  Th rough thi s  ac t ion , program content can be enl arged . Foreign 
inve stment serve s  fore ign pol icy int ere s ts , and fore ign part ic ipat ion 
in the program portrays the Un i ted States  a s  a world technical leader 
whose hand i s  extended in friend shi p .  

But , i f  the space stat ion i s  to  accommodate DOD experimental  work ,  
secur i ty requ irement s  have t o  be re so lved . Fore ign invo lvement re
qu i re s an open program. DOD involvement require s  a c losed envi ronment .  
The c ommi ttee bel ieves that th i s  inc ompa t ib i l ity c an be re so lved 
th rough sys tem and dat a flow isolat ion , which wi th care ful des ign wi l l  
requ ire a minimum expend iture o f  fund s .  The commit tee does recognize , 
however ,  that  DOD part ic ipat ion wi l l  ra ise que s t ions and could de ter 
s ome fore ign invo lvement in the program. 
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Th e  commi ttee recommend s tha t : 

• NASA c ont inue to act ive ly pursue fore ign government 
invo lvement in the space s tat ion program. 

• NASA he lp re solve the na t ional po s i t ion regard ing DOD 
involvement in the space stat ion program through the 
Admin i s tra t ion and Congre s s . 

It i s  further recommended tha t  NASA t ake ac t ion to  ensure an abi l ity 
to accommodate DOD experiment s  unt i l  the DOD invo lvement que s t ion is 
re solve d .  Thus : 

• NASA s hou ld c ons ider accommoda t ion requirement s  during 
de fini t ion and design ac t ivity . Accommodat ion would invo lve 
provis ions for i solat ion o f  exper iment compar tments , data 
base s ,  dat a  hand l ing ,  and communicat ion s • .  Other probable 
need s are high power leve ls ,  l arge computat ional c apab i l i ty ,  
and high po int ing accuracy .  

• NASA s hould make DOD ( part icularly the Director o f  the 
Stra tegic De fens e In it iat ive Program ) aware o f  NASA ac t ion s  
and prepare to arrange for adequa te permanent DOD 
re pre senta t ion in the s pace s ta t ion program. 

CLOSING COMMENTS 

The ad hoc commi t tee  has reviewed NASA ' s  ongoing and pl anned 
re search and technology deve lopment programs and eng ineering approaches 
pert inent to the evolving space s ta t ion program . 

The commi t tee carr ied out i ts s tudy in the format ive period o f  the 
s pace s ta t ion program. During the s tudy period , the program o f fices 
a t NASA headquarters and i ts centers were organ ized and in the proce s s  
o f  be ing s t a f fed , and a n  RFP for s pace s ta t ion de finit ion and pre
l iminary des ign s tud ie s , Phase B ,  was deve loped and re leased to 
indus try wi th award s s cheduled for Apri l 1 985 . 

It i s  the hope o f  the commi t tee that  its  del ibera t ions are usefu l  
t o  NASA in the conduc t o f  thi s  important nat ional program. 
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APPENDIX A 

Space Stat ion Re ferences--Se lec ted List ing 

George Low, ''Manned Space Fl ight , "  in NASA , NASA-Industry Program 
Plan s  Conferenc e , July 1960 . 

The early Lang ley stud ies  are summarized in Langley Re search Center , A 
Report on the Research and Technolog ic a l  Problems o f  Manned Rotat ing -
Spacecraft , NASA Technica l  Note D-1054 , August  1962 . 

Dougl as Mi s s i le and S pac e Sys tems Divi s ion , Doug l as Aircraft Co . , 
"Report on the Deve lopment o f  the Manned Orbital  Research Laboratory 
(MORL) Sys t em Ut i l izat ion Potent ial , " Report SM-48822 , January 1 966 . 

Stud ies during the 1960s a t  LRC , MSC , and MSFC are summarized in 
Lang l ey Re search Center , Compilat ion of Papers Presented at  the Space 
Stat ion Techno logy Sympos ium , February 1 1 -1 3 ,  1969 . 

Wi l l iam Normy le , "NASA Aims at  lOQ-Man Stat ion , " Aviat ion Week and 
Spac e  Technology , February 2 4 ,  1969 . 

NASA , "St atement of  Work : Space S t at ion Program De f init ion 
( Phas e B ) , " Apri l 1 4 ,  1969 . 

Frederick I .  Ordway I I I ,  "The History , Evo lut ion , and Bene f it s  o f  the 
S pace Sta t ion Conc ept , " presented to the XII I  Internat iona l Congre s s  
o f  the Hi story o f  Sc ienc e , Augus t  1 9 71 . 

Jack C .  Heberl ing ,  "The Management Approach t o  the NASA Spac e St at ion 
De f init ion of Stud ies  of the Manned Spacecraft  Cent er , "  NASA Technical 
Memorandum X-58090 ,  June 1972 . 

McDonne l l  Douglas Ast ronaut ic s ,  Manned Orbital  Sys t em Conc ept s Study , 
Book 1--Execut ive Summary , September 3 0 ,  1975 . 

U . S .  Senate , Commi t tee on Aeronaut ical and Spac e Sc ienc e s , NASA 
Authorizat ion for FY 1 9 7 7 ,  Hea rings . 

NASA , Lyndon B .  Johnson Space Center , Spac e  Operat ions Cent er : A 
Concept Ana lys i s ,  November 2 9 ,  1 9 7 9 .  

NASA ' s  attempts t o  gain support for th i s  l arge program are desc ribed 
in John Lodsdon , "The Po l icy Proce s s  and Large Scale Space E f fort s , " 
Space Humanizat ion Serie s , Vo l .  1 , No . 1 ( 19 79 ) . 
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w .  David Compton and Charles D .  Benson , Living and Working in Spac e :  
The History o f  Skylab ( Washington : NASA SP-4 208 , 1 982 ) . 

Off ic e  o f  Technology As ses sment , u . s .  Congre s s , Salyut--Sovie t St eps 
Toward Permanent Human Presence  in Spac e ,  TH ,  December 1983 . 

NASA , "S pac e Stat ion Advanced Devel opment Program , " July 2 ,  1984 . 
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.APPENDIX B 

Ad Hoc Commi ttee Pane l s  

• MSFC Program Pane l 

Artur Mager , Chairman 
Kenneth F .  Ho l tby 
Wal t er B .  Olstad 
James T .  Rose 
Al ton D. Slay 
Byron D .  Tapley 

• JSC Program Pane l 

Subjec t s  

Struc ture s and materi al s  
Propu l s ion and fluids  
Space operat ions 
Eng ineering approach 
Stabi l i zat ion and c ontro l  

John v .  Harring ton , Chairman 
Lawrence R .  Greenwood Environmental control 
Richard w. Hesselbacher Data  management , systems operat ions 
S idney Me t zger Communicat ions 
Richard W .  Hesselbacher E lec t r ic power 
Clarenc e A.  Syvertson Therma l  contro l  
Laurenc e R .  Young Human fac tors , l ife support 

• Program Issue s  Pane l 

Kenneth F .  Ho l tby , Chairman 
Lawrenc e R . Greenwood 
John V. Harrington 
Artur Mager 
Byron D .  Tap ley 
Laurenc e R .  Young 

• So lar Thermodynamic Pane l 

Jo seph F .  Shea , Cha irman 
Richard W .  Hesse lbacher 
Wa l ter B .  Ol stad 

• Management Is sue s Pane l 

Al ton D .  S l ay ,  Cha irman 
Robert A.  Frosch 
Richard W. He sse lbacher 
Sidney Me t zger 
Wa l t er B .  Ol stad 
Clarenc e  A.  Syvert son 
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.APPENDIX C 

Presentat ions to 
Ad Hoc Commi t tee and Pane l s  

Commi ttee Meet ing ;  March 21-2 2 ,  1984 

Program Overview 
Space Stat ion Ut i l i zat ion 
Ground Rule s and Assumpt ions for Des ign 
Conf igurat ions , Major System Trades , 

and Technology Need s 
Spac e  Stat ion Management 
Support i ng Technology Program--Current 

and Pro jected Work 

MSFC Pane l Meet ing ; Apri l  24-2 5 ,  1984 

Eng ineering Approach 
Sate l l ite Servic ing E f fort s 
S pac e  Stat ion Maintenanc e /Repa i r  
S / S  Techno logy/Advanced Deve lopment 
Automat i c  Rendezvou s and Docking Work Summary 
Struc ture s and Mechan isms Advanc ed Deve lopment 
Mat erial s and Struc ture s  S/S Support in OAST 

Base R&T 
Deployabl e  Struc ture s  Technology 
Struc tura l Dynamics 
S/S Propu l s ion and Fluid s Advanced 

Deve lopment Program 
S/S Aux i l iary Propu l s ion 
S/S Fl uid Management Technology St atus 
S/S At t i tude Cont ro l  and Stabi l izat ion 

Advanc ed Deve lopment Program 
S/S Contro l  Techno logy 

J .  
L .  
R .  

L .  
J .  

R .  

J .  
R .  
A.  
F .  
J .  
c .  

M .  
E . 
R .  

R .  
F .  
L .  

H .  
A. 

Hodge 
Ti l ton 
Friet ag 

Powe l l  
Hodge 

Car l i s le 

Cole  
Midd leton 
Quinn 
Vinz 
Michae l 
Corne l ius 

Card 
Engler 
Jewe l l  

Richmond 
Berkopec 
Bas t ings 

Buchanan 
Tol ivar 
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JSC Pane l Meet ing ; May 10-1 1 ,  1984 

S/S  Eng ineering Approach 
Sys t ems/Operat ions 
Systems Ana lys i s  
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Power /Propu l s ion Systems Ana ly s i s  
Proximit y  Operat ion s /Berthing Docking 
Automat ion 
Fluid Transfer 
Thermal Cont ro l 
ECLS S 
EVA 
Human Produc t ivity  
Data  Management 
Communicat ion s and Tracking 
E lectrical Power--Generat ion , Distribut ion , 

and Storag e 

Commit tee Mee t ing ;  May 2 2-2 3 ,  1984 

Program and SEI Status 
SE&I 
Re ferenc e  Configurat ion( & ) 
Evo lut ionary Des i gn s  
User Requirement s 
Techno logy Mi s s ions 
Sc ienc e and Appl icat ion Mis s ions 
Commerical  Mis s ion s 
Program Management 

Solar  Dynamic s  Pane l Meet ing ;  Augus t  3 ,  1984 

Solar Dynamic Power Impac t on Space Stat ion 
Sys t em De s ign 

Power Generat ion State-of-the-Art 
SD Deve lopment His tory and System Concepts  
So lar Co l lec tor Technology 
Rece iver Technology 
Cri t ical Technical Is sues 
Techno logy Program Augmentat ion 
Summary 

Commi ttee Workshop;  Augu s t  20-24 , 1984 

FY 1985 Technology Program 

Re ferenc e Configurat ion and Work Packages 

A. Louviere 
R .  Hook 
L .  DeRyd er . 
P .  Finnegan 
K .  Cox 
R .  Turner 
R .  Taeuber 
w. E l l i s  
F .  Samonski 
R .  Mayo 
D .  Travi s , A. Chambers 
E .  Chevers 
R. Die t z , K. Kri shen 
R. Bechtel , H. Schwartz 

W .  Chandler  

N .  Hutchi son 
B .  Redd 
B .  Redd 
B .  Prit chard 
B .  Pri tchard 
D .  Rus se l l  
B .  Robe rt s 
J .  Moore 
N .  Hut ch i son 

M .  Craig  

H .  Schwartz 
J .  De yo 
R .  Eng l i sh 
J .  De yo 
J .  De yo 
J .  De yo 
H . Schwart z 

J .  Romero 
w .  Tumu l ty 
A.  Louviere 

( D .  Gerke ) 
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APPENDIX D 

REFERENCE CONFIGURATION 

SECTION C 

STATEME�JT OF WORK 

ATTACHMENT C-5 

REFERENCE CONFI GURATION DESCRIPT I ON 

Taken from S pace S t ation D efinition and Pre l iminary D esign Request for 
Proposal , S e pt ember 15, 1984 . 
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1 .0 I NTRODUCTION . 

Reference confi gurati ons for the Space Stati on manned core , the man- tended 
opti on and the unmanned pl atforms were deri ved to ai d i n  th e defi n i ti on of 
system requi rements , to a s sure the fea s i b i l i ty of acceptab l e  cu stomer 
accommoda ti on s ,  and to prov i de a basi s for eval uati on of contrac to r 
proposal s .  An overvi ew of these conf i gurati ons i s  presented i n  th i s  
s ect i o n .  A deta i l ed p resentati on of the r.eference con fi gurati o n  d e s i gn 
characteri sti c s  i s  conta i ned i n  •space Stati on Reference Confi gurati on 
D e scri pti on . •  J SC-19989 , acces s i on no . J 8400076 . 

2 . 0 MANNED CORE REFERENCE Cm!F I GURAT ION . 

The reference concept presented i n  th i s  secti on i s  rep resentati ve of a 
fami l y  of con fi gurati ons wh i ch has been studi ed exten s i vely by both NASA 
and i ndu stry .  Th i s  fam i l y  i s  characteri zed by a common set of el ements 
whi ch a re assemb led i n  vari ou s \'lays to meet a number o f  di fferent des i g n 
pri ori ti e s .  The el ements a re :  

a .  P res suri zed modul es . 

b .  Arti cul ated sol a r- i nerti al power generati on dev i ce s  • 

. c .  As semb l y  h a rdwa re wh i ch connects the modul es and power dev i ce s  
a n d  wh i ch suppo rts external l y  mounte d  sy stems , payl oad s , and fac i l i ti e s .  

The reference confi gurat i o n desc ribed he re i n  as sembl es these el ements i n  
such a way so a s  to max i mi ze customer v i ewi ng op portu n i ti es and to p ro v i de 
versati l i ty i n  stati on g rowth wh i l e meeti ng othe r  customer and operati onal 
requi rements and constra i nts . Howeve r ,  it i s  fel t that s i gni fi cant 
improvements a re pos s i bl e due to the l imi ted shel f l i fe and depth of 
exami nati on to th i s  re ference confi gu rati on . Therefo re , the contractor i s  
encouraged to exam i ne other con f i gu rat i o n s  wi th i n  thi s fam i l y  o r  propose 
modi fi cati on s ,  l arge or sma l l to the refe rence con f i gurati on . A 
con f i gurat i on bel ongi ng to another concep tu al fam i l y  may be presented i n  
an al ternate p roposa l . 

2 . 1  Con f i gurati on Overv i ew .  

Tabl e C-5 - I summari zes the characteri s ti c s  of the manned core i n  both 
i ni ti al and growth p hases of bu i l d- u p .  Layouts and i some tri c  v i ews of the 
reference confi gurati on i n  the se phases are presented i n  fisures C- 5-1 
through C-5-4 . Note that both p hotovol ta i c  and sol ar dynam i c power 
gene rati on sy stems are shown to demon strate des i gn opti ons rathe r than to 
advocate a parti cul a r  i n i ti a l sy stem sel ecti on o r  growth path . 

2 . 2  Fl i ght Mode Descri pti on . 

The reference con fi gurati on i s  fl own wi th a smal l p i tc h  angl e i n  the orb i t  
pl ane such that no momentum , due to aerodynami c and grav i ty gradi ent 

C-5-5 
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TABLE C-5- I . - MANNED CORE DESIGN CHARACTERISTICS 

ALTITUDE 

INCLINATION 

AVG .  BUSS POWER 

CREW SIZE 

NO . PRESS . MODULES 

*" HABITABILITY MODULE #1 

HAB ITAB ILITY MODULE #2 

LABORATORY MODULE #1 

LABORATORY MODULE #2 

LOGISTICS MODULE 

INITIAL 

500 KM 
( 270 N .  MI . )  

2s .s • 

75 KW 

6 

. 5* . 

( REFERENCE CONFIGURATION ONLY ) 

C-5-6 

GROWTH 

500 KM 
( 270 N .  MI . )  

2 s .s •  

300 KW 

18 

10 
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SPACE STAT I ON 
REFERENCE 

CONF I G�AT I ON 
I CC  

Figure C·5·1 INITIAL MANN ED CORE · ISO METRIC 
(REFERENCE CONFIGURATION ONLY) 
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SPACE STAT I ON 
SOLAR DYNAM I C  

POWER 
REFERENCE 

CONF I GuRAT I ON 
GROwTH 

F1gure C-5·3 GROWTH MANNED CORE · ISO METRI C  
(R EFERENCE CONFI GURATI O N  ONLY) 
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7 1  

torques , a re accumul ated over a n  orb i t. Thi s  fl i ght mode i s  k nown a s  an 
a vera ge To rque Equ i l i bri um Atti tude ( TEA ) fl i ght mode. The pi tch 
a tti tu de , whi ch i s . ma i nta i ned wi th CMG ' s ,  i s  adj usted to accou nt for maj o r  
changes i n  sta ti on mass properti e s .  Momentum i s  accumul ated o n  the rol l 
and yaw a xe s  by CMG ' s  whi c h  are dumped peri odi cal ly throu gh the use of 
magneti c to rquers and/or RCS thrusters.  • 

2 .3 Payl oad Accommo dati o n .  

Tabl e C-5- I l  summari zes pay l oad accommoda ti ons provi ded by the reference 
con fi gurati o n .  These acc ommoda t i o n s  i nc l ude p�l oad vi ewi ng , con struc
ti on , s ervi c i n g ,  and OMV/ OTV support. F i gure C-5-5 i denti fi e s  the se 
accommodati o ns on a re ference confi gu rati o n  l ay ou t .  

2 .4 Man-Tended O
_p

ti on . 

I ncl uded i n  the fami l y  of c o n fi gu rati ons assoc i ated wi th the reference 
Space S ta t i o n  concept i s  an al ternati ve ( fi gure C-5-6 )  that del �s the 
i ntroduc ti on of the man ned hab i ta t from 3 to 5 years fol l ow i n g  i n i ti al 
depl oyment of the ba s i c  Spac e  Stati o n .  D ur i ng thi s 3 to 5 year i nter val , 
the Space Stati on wou l d  func ti on i n  a man -tended mode .  Purs uant to 
Congres s i on al di recti ve , NASA i s  requi ri ng of fero rs to i nc l ude i n  thei r 
propo sal s how they wou l d  stu dy th i s al ternati ve confi gu rati o n .  The 
co n fi gura t i o n  shoul d be exami n ed from the standpoi n t  of i ts i nherent 
capabi l i ty to ful fi l l  requ i rements , con si deri ng ba s i c  operati ons i n  an 
automated mod e ,  wi th i n termi tte nt mann ed operati ons  a s  co n stra i n ed by the 
NSTS as cu rrentl y conce i ved . I n  addi ti o n ,  offero rs sel ected for 
negoti ati o ns w i l l  be requi red to exami ne the DDT&E and l i fe-cycl e co sts of 
thi s man -tended confi gu rati o n ,  c ompari ng them to the re ference 
confi gura ti o n .  

3 .0 UNMANNE D PLATFORM REFERENCE Cm!F I GURATiml .  

The SSP re ference confi gu rati on i ncl udes co-orb i ti n g and pol ar�o rb i ti ng 
pl atforms wi th the characteri s t i c s  summa r i zed i n  tabl e C-5- I I I .  The 
p l atform re ference ·co n fi gu rati on 1 s  p resented i n  fi gures C-5-7 and C- 5-8 . 
The pl atfo rm  u t i l i zes Space Station e l e men t s , su bsy s tems ,  and components 
to the extent whi c h  i s  practi cal and cost effecti ve . The capab i l i ty for 
modul ar growth i s  i nco rpora ted i n  the de s i g n .  Wh i l e the pl a tfo rms  
i ncorporate sta ti on el ements , the u l ti mate p l a tfo rm  des i gn i s  not 
constra i ned to have a phy s i cal resembl ance to the Space Stati o n .  A 
s i ngl e , mu l ti purpose pl atform des i gn i s  presente d ,  i ncorpo rati n g  featu res 
that al l ow  e a sy o n --o rb i t i n terc hange of i nstrument or proces s i ng modu l e 
pay l oads at a standardi z ed i nte r face .  Pl atfo rm s ubsystems are al so easi l y  
i nterchanged at stand a rdi zed i n terfac es ,  s o  tha t  the pl a t form can rema i n 
permanentl y i n  o rb i t. 

C-5- 1 1  
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TABLE C-5- I I . - MANNED CORE PAYLOAD ACCOMMODAT IONS 

0 SOLAR/STELLAR V I EWI NG 

0 MOUNTED AT UPPER END OF CENTRAL TRU SS 
0 CAPAB I L I TY  TO V I EW EARTH 1 S  L I MB 

0 EARTH V I EW I NG 

0 MOUNTED AT BOTTOM OF CENTRAL TRU SS 
0 CONTI NUOUS V I EW OF EARTH L IMB TO L IMB 

0 LARGE SPACE STRU CTURE CONSTRU CT ION 

0 LOCATED AT BOTTOM OF CENTRAL TRUSS 
0 NEAR V I C I N I TY FOR EVA ,  MATERIALS TRANSPORT FROM ORB I TER 

0 SATELL ITE SERV I C I NG 

0 MAI NTENM4CE , REPA I R .  AND STOAAGE ACCOMMODAT IONS 
0 LOW CONTAM I NAT ION STORAGE AND SERV I CING 

0 OMV /OTV SUPPORT 

0 SERV I C ING , MA I NTENANCE , REPAI R ,  AND STORAGE ACCOMMODAT IONS 
0 PROPELLANT NEAR C . G .  

( REFERENCE CONF I GURAT I ON ONLY ) 
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TABlE C-5- I I I . - UNMANNED PLATFORM DESIGN CHARACTERI STICS 
. 

ALT ITUDE 

INCL I NATION 

AVG .  BUS POWER 

I N I T IAL PLATFORM 

CO-ORB IT POLAR 

GROWTH PLATFORM 

CO-ORB IT POLAR 

500 KM . 700 KM 500 . KM 700 KM 
( 270 N .  MI . )  ( 380 N .  MI . )  ( 270 N .  MI . )  ( 380 N .  MI . )  

28 . s •  

8 KW * 

98 . 2 •  

8 K W  * 

28 . 5 °  98 . 2 •  

23 K W  * 23 KW * 

* I ncl udes 3 KW housekeep i ng power 

( REFERENCE CONFIGURATION ONLY ) 
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APPENDIX E 

Reports Provided to 
Ad Hoc CoDD"Dittee 

• Practical Applications of a Spac e Station , Space Applications 
Board , NRC 

• Space 

• Space 

• Spac e 

• Space 

Station Advanced 

Station Mission 

Station Policx1 

Development 

Requirements 

Prosram, NASA , July 2 , 1984 

Report , NASA (JSC, February 

Plannins & Utilization , AIAA 

Station Technolosy 1983 ,  NASA Workshop Report 

1984 ) 

• Space Station Technolosx Challenses , R. Carlisle , NASA Headquarters 

• Second Interim Review--Satellite Servicing , Martin Marietta , 
March 22, 1984 at MSFC 

• Mid Term Review--Satellite Servicing , TRW ,  March 22, 1984 at MSFC 
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