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The concept of the space station goes back at
least to 1869 when Edward Everett Hale
mentioned the “Brick Moon,” a 60 meter-
diameter satellite for a crew of 37 to help
navigate ships at sea, in the Atlantic
Monthly. Novelists like H.G. Wells and
Jules Verne forsaw space travel in the late
1800’s. By the turn of the century, scholars
such as Konstantin Tsiolkovsky were laying
the foundations of space travel to orbital
stations,

The modern space station concept dates back
to 1923, when the Romanian-born Hermann
Oberth published his serious theoretical
treatise on the possibilities of large, liquid-
fueled rockets. Die Rakete zu den Planet-
enraumen (The Rocket to Interplanctary
Space) was the opening shot in a debate
about the meaning of the space station that
was to last for more than six decades. Oberth
envisioned a voyage to Mars, and perceived

that a refueling depot in outer space (or
“weltraumstation”) would serve as a staging
point for the journey. He quickly realized
that a station in space could do many other
things which would further justify its con-
struction.

In the twenties, other visionaries, mostly
Germans, joined Oberth in his advocacy of
this unheard-of-technology. A space station
was, at this time, symbolic of a wide range of
Earth-orbital activity, such as astronomy,
meteorology, cartography, and military re-
connaissance. The word “weltraumstation”
was a shorthand description for the entire ga-
mut of orbital spaceflight technology.

Wernher von Braun was one such young en-
thusiast. A protege of Oberth, he rose in the
thirties to become the premier rocket design-
er-engineer of his time. Unfortunately, the
cost of building a rocket--the first logical step
into space--was so high that the only patron
available was the state of Nazi Germany.
Von Braun saw the V2 as an intermediate
step towards the much grander vision of a
manned mission to Mars. He and other
visionaries such as Krafft Ehricke left Ger-
many at war’s end to work for the United
States. Thus, serious space station thinking
came to the United States in 1945.

In the fifties, many groups began to think of
the immediate and practical uses of space--
both civilian and military. Von Braun was in
the forefront of the space race, but he dream-
ed of a space station in permanent Earth-orbit
that would satisfy a wide range of scientific,

economic, and political objectives--and serve
as a base for future missions to the Moon and
to Mars. He postulated that to get to that
step, the United States should first build a
small test bed orbital laboratory. Others
agreed in principle, and the debate continued:
How long should such an orbital laboratory
last? What was its primary function--to test
man, or technology, or both? How many
crew? Would it be resupplied? What altitude
and inclination? Should it be built in space,
or on the ground and deployed in space?

NASA, created in 1958, became the forum for
the space station debate. In 1960, space sta-
tion advocates from every part of the fledgling
space industry gathered in Los Angeles for a
Manned Space Station Symposium where
they agreed that the space station was a logi-
cal goal but disagreed on what it was, where
it should be put, and how to build it.

In 1961, President Kennedy decided that the
Moon was a target worthy of the American
spirit and heritage. A lunar landing has an
advantage over a space station: everyone
could agree on the definition of landing on the
Moon, but few could agree on the definition of
a space station. This disagreement was
healthy. It forced station designers and
advocates to think about what they could do,
the cost of design, and what was necessary.
What were the requirements for a space
station? How could they best be met? The
requirements review process started
informally in 1963 and continued for 23
years. NASA officials asked the scientific,
engineering, and business communities over
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Historical Perspective

and over again--What would you want? What
do you need? The answers flowed in, and
NASA scientist and engineers puzzled over
how to organize these wants and needs into an
orderly, logical sequence of activity. Was the
station a laboratory, observatory, industrial
plant, launching platform, or drydock? If it
were all of these things, how much crew time
should be devoted to each?

In the sixties, working quietly in the shadow of
the gigantic Apollo/Saturn program, space
station designers and planners began to come
to grips with the tough questions of safety,
hardware, money, and manpower. Working
from 1964 through 1966, they settled on the
modular approach: a pay-as-you-go program
that offered something to everyone. With
incremental funding, NASA managers could
provide an incremental space station. Yet cost
remained a problem. Design costs were al-
ways eclipsed by operations costs. The longer
a station stayed up in space, the more it would
cost to operate and resupply.

In 1967 and 1968, NASA planners started
looking at an advanced logistics vehicle
concept for the space station. They already
had a dependable transportation system
(Saturn) to launch station modules. What
they needed was a relatively inexpensive way
to resupply the station. This reuseable space-
craft would shuttle between Earth and the
space station. Hence, the word “shuttle” was
selected in the summer of 1968,

NASA officials felt that the station/shuttle
combination served everybody’s needs well.

The station had always been a logical step into
space. The problem was that not everyone in
the country agreed that developing space tech-
nology was a logical thing to do. The station
program was caught in the shifting tides of
politics and culture. Furthermore, the station
and the shuttle began to be perceived as two
separate entities, which had not been anyone’s
original intention. In 1970, plans to launch
modules via Saturn technology were canceled,
and station designers were told to scale down
their modules to fit inside the shuttle, which
would now do double duty as launch and re-
supply vehicle.

Thus, in 1972, in the approval of a reusable
space transportation system, the space station
concept itself was approved. The transporta-
tion segment, called the Space Shuttle, would
be developed first. The space station itself
would await the future. But before the Shuttle
could be developed and made operational for a
space station, the Saturn would be used as
both a launch vehicle and the spacecraft for
America’s first space station: Skylab.

The Skylab was launched in 1973 and per-

- formed the first American experiments in long

duration, manned spaceflight. Even though
Skylab had a short life and was not equipped
for resupply of key expendable items, it did
foreshadow the promise of a permanently-
manned laboratory in space. The Skylab
effort proved that humans could live and work
in space for extended durations, and more than
100 different experiments in life and materials
science, earth and solar observation were con-
ducted successfully.

0 Y

When the first Space Shuttle flew, in April of
1981, once again the space station was con-
sidered the next logical step in manned space-
flight. In May of 1982, a Space Station Task
Force was formed, and a year later they had an
initial space station concept. Cabinet-level de-
partments and agencies studied the concept,
and in January of 1984, President Reagan
committed the nation to.the goal of develop-
ing a permanently manned space station with-
in a decade.

The Space Station Program Office was estab-
lished in April of that year, and in April of
1985, eight contractors were selected to do a
detailed definition of the space station. In
March of 1986, the Systems Requirements
Review settled on a dual keel configuration for
the space station, affording a better micro-
gravity environment, more capacity for at-
tached payloads, and better location for the
servicing bay than a single transverse boom
The U.S. reduced the number of their labora-
tory modules to one when the Europeans and
Japanese decided to provide one each.

Although the definition and preliminary
design phase ended in January 1987, the
remainder of the year was spent conducting
cost analysis, review of technical design
issues, developing procurement packages, re-
viewing science requirements, developing op-
erations concepts, and reporting to Congress
and Commissions. The Development Contracts
were announced in December 1987. These
efforts resulted in the Baseline Configuration
that is discussed in this document.
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INTRODUCTION

A Utilization Perspective
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The United States has begun the develop-
ment of Space Station Freedom in coopera-
tion with Japan, Canada, and the European
Space Agency. The planned early uses of the
station encompass a broad spectrum of re-
search disciplines including life sciences,
material sciences, astrophysics, earth
sciences, planetary sciences, and commercial
applications. A “user”is any individual,
group or agency responsible for the develop-
ment or operation of a payload, experiment,
instrument, or mission utilizing a component
of the program.

Based upon the needs expressed by many po-
tential users over the past six years, plus re-
views by scientific panels, independent
boards and commissions, the initial require-
ments have been established. The program
objectives have been finalized, and formal
plans and documents are in the work to allo-
cate and accommodate a broad mix of experi-
ments and investigations in all disciplines.
It is NASA's intention to utilize the station’s
unique environment and capabilities to the

fullest extent possible for the conduct of science,

the development of new technologies, and the
support of the user communities, and to enable
human exploration of the solar system.

The official NASA program objectives pro-
gram are to:

® Establish mankind’s ability to live and work
in space

® BEstablish a permanently manned space
station in Earth orbit by 1996

¢ Stimulate technologies of national im-
portance (especially automation and
robotics) by using them to provide
space station capabilities

® Promote substantial international coopera-
tion participation in space

¢ Create and expand opportunities for private-
sector activity in space

® Provide for the evolution of the space station
to meet future needs and challenges

NASA and cight other federal agencies have
drafted an important document regarding the
rescarch management of the station. The
"Space Station Science and Applications Util-
ization Plan for U.S. Users” recognizes that
the station will support three broad areas of
activities: scientific research, technological
development and commercial enterprise.

Since the beginning of the space era, the
United States alone has invested more than
$200 billion in space cfforts, and the spin-offs
for scientists and consumers have already pro-
ven well worth the investment. It has been
estimated that this investment has been re-

turned Lo the U.S. economy seven-fold. Part-
nerships among government agencies, pri-
vate corporations and academic research
centers have proven invaluable for the U.S.
experience, and may be of value and interest
to the international science community.

When Space Station Freedom is completely
assembled, a broad spectrum of research in
all the disciplines of life sciences, materials
sciences, astrophysics, carth sciences and
planetary sciences will be conducted. This
will be accomplished with both manned and
unmanned elements. The manned facility in
a low Earth orbit will consist of four pressur-
ized modules. Three of these modules--one
each from the U.S,, Europe and Japan--will
serve as laboratories. The U.S. laboratory is
designed to handle projects that need a stable
microgravity environment [or materials re-
scarch as well as R&D in basic physics, chem-
istry and biology. The European and Japan-
ese modules are designed primarily for re-
search in fluid physics, life sciences and mat-
erials processing. The fourth module provides
a habitation arca for rest, reercation and
health for the entire crew.

The unmanned elements of the program
include free-flying platforms in polar or
high-inclination orbit as well as attached
payloads on the space station truss. The
platforms will initially be used for carth
observations in a variety of climatology

and occanographic studies. In summary,
there will be a variety of manned, man-
tended and unmanned user opportunities for
science in, on, and around the space station.




'sadeyoed NJIOp) AUI[DSEQ
ay) y1im saoepaajul pue Jutuue(d ‘UonIN|0Ad
UOI}B)S JO UOTIBUIPIOO0I PUB UCIIBIIUNWIW 0D

KouaBraajur sapiaoad yorym (D i) dnoan
Su{I0 M UOHINJOAT] APIM-YSY N dY) SATEYD
321JJ() UOTITULI(] UOTIN[OAY A318ueT] ay],
'SIeIS PUB $}00Y 8y} 10j uotsiaoad uipnjout
weadoud sy sedeurw BIUISITA ‘UOISAY Ul ]
[PADT] ,UB[J TUdWwAdeUR)y pUe [BIIUYII ], Uol)
-njoAr] uonyeig sordg, ay3 surejurew (144
ay], ‘1[3A97] e weadourd uontuijaq uons
-ueJ ], 9y} safeuew pue syusweainbai ssutw
-1319p uonelg 2edg jo YO 341 Jo (AddS)
uoISIAI(] Weid04 pue sue|d dtdaeng ay],
sagqisuodsay weadoad

‘08ed 1xau ay) ur umoys

a1e 59daou0d YIMoI3 SNOLIBA "}1QJ0 Yaed-mo|
ut £y1{1oe] asodand-1ynw ‘aeak-Qg e 10J 595N
Jo-pieayun 194 pu® 3591} 199U 0 UOTIN[OAI
10} paudisap A[juasaad st wopaalf uonelg
aoedg ‘uoryerojdxs aoeds 13no a0y s103(

-oad mau puyy surwny pue ‘a8ueyd SpurwWaIp
Jasn ‘sad.1awa JUaU [BUOISSAIZUO)) ‘SIFTYS
Ko1jod aoeds se ‘A[juanbasuo)) "yjaey 0} pa
-uIn}aJ are sejdures UellIBA pUB JBUN| 310JOq
£31198) sunjuedenb e se pue uonyejuswiadxa
0] J|9S)1 SpUd| Jay3lanj [99Y [enp 9y, ‘Judul
-UoITIAUD 3[1150Y pue ssapydrom e ur sydiy
-9oeds pauuew uorjeanp Juo[ 10J 3UBINPUD
uBWINY JO SITWLL Y3} SUTJIP P[NOI UOTILYS Y],
-9ouadi[[aqul [eIOYTae pue SWasAs Jaoddns
9J1[ 2ATIRIBUFAI0IQ UT YIIBISII Papaau-yonuw
19NPU0D P[NOI WOP3aL,] uoljelg 3oedg 'uan)ad
s31 uodn uoijeis ayj 1e pattedal pue pa[anjal
‘payiaaq aq p[nod Jyetdadeds e yons ‘A[juanbas
-qng ‘SJeJA 0 UOOY 3Y3 0} SUOISSTW pauuew
10J IN0 PIYIIYD PUB PI[AN] ‘PI[UIISSE 3G UBD

1yea0aoeds aaaym spou uorjelrodsue) e Jo uor)
-dunyj ay3 03 A[[BINJRU J[3SIH SPUI] UoIIRINSJU0Dd
[29 [enp 9y ], ‘suoneao[dxa 1ayjo jioddns ued
wopaal, uoneig adedg Moy uo sorlreuads Jul
-do[2Adp ade SUBIOTUYII] PUR S)STJUIIIS YSYN
jao0ddng UOISSIJA SIBJA pue agun|

‘speofAed 1a1aBaY 2[pueY 0] PIIUBYHUD

aq [[I# (DSIN) 193Ul BUIDIAIAG JIGO]N AY ],

‘MY 05 [BUOIITPPE UB 31 WIISAS Jamod
91I103]3 OTWRUAD JB[0S B ST PAPN[2UT OS]y ‘SIUSdW
~NIJSUT JTJTJUITIS 10] MATA JO P[] IPIM B I3]JO
[[1# pue speo[Aed payoelle [RUOTIIPpE AuRW 10]
aplaouad ‘eseq pauuew ayj 03 £31]1qeIs 1978913
ppE [[1m uorjeandijuod  [39Y [eNnp,, STYJ, 'u0310q
pue doj 18 59S5NI) [BIUOZLIOY 1219UL-CF OM)

pue ‘3uo[ SI919W GO INOQE S[93Y [BI11IIA OMm]
£q padueyuad aq [[I4 Wooq IsJaasuer) uof ay,],
‘8661 A[1e9 10§ pauueld ‘Y1 LJqUIass® Y107
9y} 197Je SWI}2UI0S JUSUWIIIUBHUS 10 PIIIPLS
-u09 U3 ST WOoPIal,] uorjelg adedg ‘adueape
ur Iej Sy} 9pBW Usaq SBY U0IS1I3p ou ydnoyly
uoneangyuo) axnin,j

"SUIT) 94NINJ SWIOS B 3Iempaey 9jepdn 10 ppe

0} suanjeaj udisap e Joj uodaelst, Jeos e ‘AlIe|
TG "9WIT) 2aNJNJ WIS 1B aIem)jos 193ndurod
Jo 1epdn 10 uon}Ippe AY) J10J 3.In3eJ uIISIP © 40)
uoduel aoedsoase sy jooy,,  ,, SJBIS puB S}jo0Y,,
£q pajyepourwodde aq [[Im sadueyds L1euor)
-n{0Ad 9s3yj ‘yurodpue)s Ful1daUL3Us UL WO ]
SIedq pue Yooy

«'S’1 ?y) Jo speosd waa)-3uo Y pue s1asn
uoIyE}S JO Spadu ay) Yim urdasy ur uornjoa’
MOT[® [[IM ,, W10p3a1 ] UoTjR)g Q0edg 1eY) s978)8

A11ea[d ‘gge1 ‘11 Adenaqga,] uo pansst ‘Ao1og
aoedg [BuOTIEN U0 JA[II31(] [BTIUIPISAL]

V .’Syjed £IeUOTIN[0Ad BATIRBUIII[ R, APNIS

0} aNUIIU0 03 YSV N padan pue uotieindiy
-U0J SUI[3SE(] 3Y) PAsIopua uoryelg soedg uo
99731 WOY) [TOUNO)) YIIBASIY [BUOTIBN 3Y)
1861 Ag ‘suotsstw uoryerojdxa Surjepowruiod
-or Jo s1ordunt 3y} 1@ y00] 0} uoTjeIg 9vedg

Jo 901330 ay3 parsenbaa uoryero[dxy Jo 331350
S,VSVYN 'SONIANIE YIM013 A1BUOTIN[0AS 3]
ageuew pinoys uorjeig soedg jo 31Jj() S13
-}Jrenbpest] VSV N 1Y) papIoap sem 11 ‘6861
Ag quswdo[aaap uonjels 910{dxa 07 BTULBITA
‘BInqSWeT[{I A\ Ut P13y a1am sdoysyrop
uornjoar uonjelg asedg om] ‘wesdoad ay)

ut A]1e "UOT}B]S 9Y) JO UOTIT[0AS J0] SUIW
-31mbaI WI)sAs papn{oul SAIPNIS 10)08.1)
-u0d g asey pue ‘udisap LAreutwifa.ad ayy jo
ymoa3 pamoys jey) 1dasuod  000Z 1894, B P2
-PRIUI 2010, {SB,], UOTILIG doedg ay ], ‘siuswt
-3oueyus pue sjudwdo[arap ‘suo-ppe 3urysad
-3ns ‘pred ayy Aq Anq ued 9m uoTIvIS,, B JO
uS1Sap 3y J0J P3[[Bd J0JRNSIUTWPY S, YVSYN
“1ae)8 £19A Y} 1Y 'V 9sey 2outs weadoad
ayy Jo 1aed ussq sey wopaalJ uoneig soedg
Jo asn wiay-Juof ay3 10y Sutuued uoninjoay
punoadyorvg

aanvadsaad onsuning vy




2

e

8

]

g

“ r-
L ‘?4‘\';;‘
LA 2
'_“:-:4“;“- '!' .

2

A"..T‘-“:\/l

—

uondQ Yimouax) Aieuonnjoay

e



"$378301p uotlenyts werdoad
ay) sk pue A1essaosu se pajutodde aae s39)
-pwwod pue ‘sdnoas ‘spaeoq A10s1Ape 13410

‘K1oyeaoqer] uots|ndoid 19 9y} pue ‘1ajus))
youaeasay Aajduer ‘19jua)) soedg Apsuusyy
‘133Ua)) Y21easay SImo “191ua)) 1ydiJ dvedg
pIeppor) ‘193ua)) soedg uosuyof 19 ua))
1431]J 90edg [[BYSIBI 'SINUY YSYN
Juimolo] 3y3 Jo S1072a11(] 193Ua)) Ay} pue
‘fnda(] ay3 pue weadolJ wopasd,] uoneig
aordg ay3 Jo 10323a1(] Y3 ‘Aynda(] ay) pue
uonje}g 29edg J10J J0TBIISTUTWPY IFJRIV0SSY
ay3 Jo pasoduod ST [1oUN0d Juswadeuru STy,
"$19711BW [BUOTINIISUI pue dTjewweldoad
‘yuswadeuew uo sasiape pue wesdoxd ayy
SUr93SI9A0 UT J0JRIISTUTWIPY 9IRII0SSY dY)
S)SISSE [10UN0)) JUsWadeuRy UOTIB)G 3dedg v

‘suorydrLIdsap 131ud)) YSYN aY) Jo yoea
19pun JOOqPUEH S1Y3 Ul 19)B[ PISSNISIP ST
$I193Ua)) 9S9YY JO 2INIONIS JudwWAFeusw Yy J,

‘weadord uorjelg aoedg ayj Jo 1030911(]

ayj 03 110daa s901Jj0 9say) Jjo sIadeuew

199foad oy, ‘saajus)) sdeydrd YI0M 9saY)

Jo yaea e pajeso] s1 ad13j() 109f0.a4 uoryerg
aoedg v "110ddns Suridsurdua pue ‘uotinoaa
‘JUIUII[3 PUR ‘SUII)SAS SIBM]JOS PUB IBMpPIBY
Jo uorjesado (PR () UCIjBN[RAY pue
Bunsa ], “yuswdo(aaa(] ‘uldrsa(] 10§ a[qisuodsa.
AIB YOIYMm SJ030BIIU0D I13Y) PUE SI31UI))
adeyord HIOA INOJ 3Y7 JO SISISUOD J[] 1BAIT]

"921}j0 Juswandoad pue 3a150 Sut
-JuUNod9e JY) :suonjeziuedlo Yy N 13410 woy
saoyyjo Junaoddns om) aae aaay) ‘uUoIIppe UJ

‘suwea8oi [BUOTJBUIN U] pue ‘uoTjeIdau]

pue JutreautBuy swalsAg weadold ‘suoryerad(
pue uonyezi1y] werdord ‘SadlAlIag SWIISAG
uorjeuLioju] weadoad ‘[orjuo)) werdold apnpout
sdnoad oy [, "Judwssassy pue syuswadinbay
weidoiq pue ‘vonyerfoju weadoad ‘yaoddng
weidos ‘@ourinssy pnpord/£95eg |

[9A9T ut sdnoad 8A1l) pue $931JJ0 INOJ AIE BIY],

"9oyjQ weidord VSVYN

STY7} 07 Payde)e ‘uoljouny JuUlWssasse

pue sjuawaambaa wesdoad Juapuadapul ue
sapiaoad (14 ) A103eI0qR ] UOIS{NdOI] 19 9Y ],
‘juswadeurw Aep-0]-ABpP aY) Joj d[qIsuodsau
st oym ‘weadoad uoryeig aoedg ay) JO 1030841(]
3y} £q papeay st ao1jj0 s1y ], ‘walsAs urjesado
ue ojul speo[Aed pue SJUBWIITI JO UOTIRIZIIUL
pue ‘uawradeuew uoryeIndiyuod ‘seseyd
suorjerado pue jusawdo(aAap y10q 10j [013U0D
9oanosas pue Juruue(d weadoud ‘sisd[eue pue
Surieaurdus swalsAs apnjout sanijiqisuodsag
[edrourig 'S90BJIIIUT [BUIIIXA PUR [BUIIUL

JO [017U00 Y3} pPUE ‘SWdIsAs punoud pue jy3iyJ
Jo Kiqedes euonyeaado ay) ‘uoryess aveds
ays jo yuawidojaaap 10j a1qisuodsad st ‘1] [9A87]
(0dSS) #o1j0 weadoid uoneg adedsg ayy,

"§92.IN0SAI PUB SPUOISI[TUL ‘I[NPIYIS
‘syuawaarnbas wexdoad ayy Surfjoajuod pue Jut
-urjap 10y a1qisuodsal st | [9A87] ‘sweldold pue

sue[ o1393e19g pue ‘uotjezIjn(] ‘suoresadp
‘£21[0d ‘UOTIRIISTUTWPY PUB S3IIN0SIY ‘SWAISAG
UOTJBULIOJU] ] [9AST UI SUOISTATP XIS 1B 913Y,],

“I01BIISTUTWIPY 2JBID0SSY 9Y3J JO 3IJ() | [9A97]
ay3 jo uonjorpstan{ ay) Jepun siyej ospe ‘werdoad
ayj jaoddns jeys sasjaenbpeayy SV N Jo sjun
[BUIDIUT SB [[aMm Se ‘siaulded [euorjeUIajUT pue

‘S3TIUNUIULO0D I3SN ‘SaYdUR.IQ IATINIBXI pue
aAne[S138] Y10q YIIMm SITRJJE [BUIIXI JO UOT)
-BUIPJO0)) 'SISBOAIO0J pUB Suoryedo[[e1a3png
pue ‘sauojsajiw ‘sjuswaainbar juswadeuew
pUE [B2TUYII) | [9A] S[OIIUOD PUB SAYSI]
-(B1$3 J0)BIJSTUIWIPY 9JBIN0SSY Y[, "uoIn
-[0AB WOPAa,] uotielg ddedg pue ‘sitejje [eu
-193X9 ‘uoTje|nuLIo] 393pnq ‘uorjdaaip Aotjod
apnjoul sani[iqisuodsar juowasdeuew [ed
-urlg wesdoad ays jo Suruuerd st3ajeays pue
judwafeurul [[BI9A0 33 10} A[qISuodsad st ‘]
[9A9] ‘siajrenbpeal] VSV N 1€ uonelg aoedg
JO 901JJ0 9Y3 10J J0IRIISTUTWIPY 91BI0SSY Y],

‘98ed 1xau ay) uo umoys

ST 8aN1INI}S STY,J, "$321Jj0 19aload 1ajua)
PI2Y VSV N IN0j 3Y3 ‘T[] [2A97] PU® "BTUISITA
‘u0)say Aqaeau ur 301jj() wesdord uonels
aoedg Ay ‘I [9A49T "D"( ‘U0IBUIYSE M UL 813
-1enbpeaj] VSV N 1€ (SSO) uotjelg aoedg jo
901} Y1 10] JOIRIISTUTWIPY IIBIIOSSY Y3 JO
9O1JJO YY) ‘] [9AD] :SMO[[0] SB 218 S[9AB] 994Y}
3y, '8INJoN.I)s JUIUIZBUBU Patal}-9a.4y]

e sosn weadoid wiopaadj uorjelg soedg ay

Juswadeurey




Management

LEVEL | ——

LEVEL | SUPPORT CONTRACTOR
(TADCORPS)

Office of Space Station, Washington, D.C.

‘Washington, D.C.

POLICY AND OVERALL PROGRAM DIRECTION

LEVEL Il

Space wﬁmmo: Program Office, Reston, VA

PROGRAM MANAGEMENT AND
TECHNICAL CONTENT

LEVEL Il
, Various NASA Centers
PROJECT MANAGEMENT: ELEMENT DEFINITION
AND DEVELOPMENT
WORK PACKAGE1 |* LabModule ® Environmental Control & Life
MARSHALL u nwwh\_mwmhhm:qm . m“”ﬂ.ﬂ» ,wwmﬂ.m_ﬂmuczﬁm:n &
® Logistics Carriers Distributed Systems

Thermal Control
Communication & Tracking

Truss Structure and

WORK PACKAGE 2 Utility Runs

® Propulsion System Attitude Control
JOHNSON e Data Management Extra Vehicular System
® Polar Platform
WORK PACKAGE 3 ® Payload Attach Points & Pointing Systems
GODDARD ® Flight Telerobotic Servicer

e Po G ti
soxxrmvn_mzi o Power Management and Distribution

] Boeing

Alll.v General Electric

MANAGEMENT, ADMINISTRATIVE, OFFICE
AUTOMATION, DOCUMENTATION, GRAPHICS

4——1 PROGRAM SUPPORT CONTRACTOR

Reston, Virginia

GRUMMAN

CONTRACTORS

Multiple Locations

DETAILED DESIGN, MANUFACTURING,
INTEGRATION AND TEST, PLUS
ENGINEERING AND TECHNICAL SERVICES

McDonnell Douglas

Rocketdyne
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Management Support and Information Systems Contracts

INVESTIGATOR

p-48-
/sTition s,
[ SSIS |

Space Station Information System (SSIS)
The SSIS will be an extensive collection of
heterogeneous hardware (computers, net-
works, facilities) and software, whose prim-
ary purpose is to carry data to and from a
space-based source and a ground-based user.
The data source could be a scientific instru-
ment on the manned base or on a platform; it
could be a piece of on-board equipment (such
as a space station subsystem), or even an on-
board crew member. The ground-based user
could be an experimenter operating from his
home institution; or an operator based in a
spacecraft control facility. The data itself
might be: scientific data; housekeeping data
used to monitor equipment health and
safety, a database query; or even audio and
video data forming part of a space-ground or
ground-ground teleconference. Most of these
dataflows will also occur, simultaneously,
from ground to space.

The collection of hardware and facility ele-
ments involved in this process is large and
varied. Some of these elements are new and

NASA unique or extended versions of existing
capabilities. Some elements are outside of the
Space Station Freedom Program (and even
NASA) control, such as user facilities. How-
ever, being connected to SSIS and using its
services, they can be considered to be SSIS
constituent elements.

There is no single SSIS contractor. Most of the
current work for the manned base is under the
Work Package II contractor McDonnell
Douglas and their subcontractor for the on-
board Data Management System (DMS), IBM.

The way in which users are connected to, and
interact with, the system is fundamentally
different from previous missions. These differ-
ences are captured in three new terms: tele-
operations, teleanalysis, and telescience.

Teleoperations

The teleoperations concept is often described
as the ability for a user to interact with their
payload as if that payload were in a laboratory
“next door”. The realization of this concept
imposes some stringent requirements on the
intervening data systems:

®  They must provide constant, standard
interfaces so that the payload/user
interface looks the same regardless of
whether the payload is on a testbench in
the manufacturer’s facility, in an
integration facility at the launch site, or
in orbit attached to the stationor a
platform.

®  They must provide data transparency
with minimum interference or required

knowledge of the data networks regardless
of the data content.

¢  They must transport data with minimum
delay so that the investigator can inter-
actively change the course of an observ-
ation based on current information.

®  They must provide all of the above
regardless of the customer’s physical
location: at his home institution, at a
NASA facility, or at an international
location,

Teleanalysis

Teleanalysis extends the concept to the ground
processing of payload (and other) data. It in-
cludes the ability to locate useful data in distri-
buted databases and archives, to extract and
receive subsets regardless of their physical loca-
tion and finally, to combine and »eprocess
datasets (possibly from different investigations)
to produce new datasets of increased utility.

Telescience

The combination of teleoperations and tele-
analysis yields telescience - a mode of investi-
gation in which telecommunications resources
are used for the most effective division of fune-
tions among ground facilities, and between
ground and space. Realization of all aspects of
the telescience concept will require the coopera-
tion and integration of a multitude of resources,
including other information systems such as the
Science and Applications Information System
(SAIS) and the Earth Observing System Data
and Information System (EosDIS). However,
the foundation for these broader concepts, and
the vital connection between investigator and
payload, are provided by SSIS.
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Program Phases

PHASE - A Concept Phase (Requirements & Architecture)
From Authorization of the SSTF (5/82) to Award of the
Phase B Contracts (4/85)

H

PHASE - B Definition and Preliminary Design Phase
From Award of Phase B Contracts (4/85) to Award of
Phase C/D Contracts (12/87)

Concepts for a space station go back to the last century., Within NASA,
conceptual studies and workshops go back to the early 1960’s. Since the
1972 decision to develop the Shuttle first and launch Skylab in 1973, the
Space Station program as described in this booklet was to be delayed until
May 0f 1982, when NASA Administrator James Beggs authorized the
Space Station Task Force (SSTF). In addition to organizing a new project
and office, the SSTF conducted three major activities: 1) A major effort to
define realistic missions that were enabled by or materially benefitted
from the permanent presence of man in space. Studies were conducted by
NASA advisory boards, in-house panels, and by industry under contract
to NASA. Additional studies were undertaken by the international
community. 2) Definition studies to define system requirements and
interfaces, supporting systems and trade studies, a preliminary system
design, and detailed plans for the development phase. And 3) advanced
development activities. From August 1982 to April 1983, NASA funded
the studies called “Space Station Needs, Attributes, and Architectural
Options.” In addition, a Mission Requirements Working Group was
established to direct the industry studies and to integrate in-house
activities and special studies such as the Space Science Board and Space
Applications Board studies. This group was supported by three Mission
Area Panels: 1) Science and Applications; 2) Commercial; and 3)
Technology Development. The Working Group also maintained liaison
with the international community who performed similar studies. Using
the results of these studies and input from the various groups, NASA
briefed the President and Cabinet in December 1983. InJanuary 1984
the President directed NASA to build the space station within a decade.

1984 was the year for formulating the overall NASA management struc-
ture, reviewing requirements, conducting independent user and science
community assessments, and developing a reference configuration that
the Phase B contractors could bid against. President Reagan re-affirmed
the space station program in the January 1985 State of the Union
address. The first half of 1985 involved obtaining international partici-
pation and commitment for the program.

In April of 1985, Phase B commenced with the four NASA Work Package
Centers each awarding parallel definition contracts for their respective
responsibilities, The eight definition contractors defined the system re-
quirements, developed supporting technologies and technology-develop-
ment plans, performed supporting systems and trade studies, developed
preliminary designs and defined system interfaces and developed plans,
cost estimates and schedules for the Phase C/D activities.

The Phase B definition studies were initiated in April 1985 and ended in
January 1987. The contracts were awarded to the following:

® MSFC (Work Package 1) Boeing Aerospace
Martin Marietta

e JSC (Work Package 2) McDonnell Douglas
Rockwell International

¢ GSFC (Work Package 3) General Electric

® LeRC (Work Package 4) Rocketdyne
TRW

The results of the definition studies were synthesized and integrated in to
the Phase C/D Requests for Proposals (RFPs) released by each Work
Package Center in April, 1987.

Also in the spring of 1985, NASA signed bilateral Memoranda of Under-
standing (MOUs) with Canada, ESA and Japan that provided a frame-
work for cooperation on the space station during Phase B.

The user requirements were being reviewed and refined by various
groups, committees and workshops. The results updated the Mission
Requirements Data Base, and in June, 1985, the "Functional Require-
ments Envelope” was established to augment the Phase B RFPs.

By March 1986, the program reached a major milestone called the Sys-
tems Requirements Review (SRR) a traditional programmatic point that
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Program Phases

PHASE - C Detailed Design
From the Award of Phase C/D Contracts (12/87) to
the Critical Design Review (1992)

ﬁ

PHASE - C Continued

Although many people use the term “Phase C/D”, meaning both the de-
sign (C) and development (D) phases together, they are really two separ-
ate and distinct activities. The term C/D is used primarily because the
same contractor generally does both the design and development includ-
ing the manufacturing. Therefore, the contracts for these two major
groups of activities are typically awarded together. However, in classical
systems engineering, the detailed design takes the results of Phase B to
the point of preparing detailed engineering drawings and specifications
for hardware and software, which are design activities. However, nothing
is actually built in Phase C except perhaps some test or prototype articles.
Once the design passes a Critical Design Review, the design is “frozen”
and handed off to the Development Phase D where actual manufacturing
begins,

Phase C began with the announcements of the phase C/D contract awards
in December of 1987, and due to adjustments in funding levels, analysis of
program costs and adjustments in contractor work, schedules and respon-
sibilities, the design phase got off to a busy start. The major engineering
activity for 1988 was the Program Requirements Review (PRR) which
proceeded on schedule. The PRR provides a critical review and assess-
ment of the Level I requirements stated in the Program Requirements
Document (PRD), and necessary Level Il requirements to assure com-
plete and consistent specification of program requirements, including:
those whose satisfaction necessitates resources or capabilities outside
direct control of the Space Station Freedom program; traceable satis-
faction of high level requirements and constraints on the program; and
elimination of requirements for which there is no need.

The Level I Office of Space Station review was completed in May 1988;
the Level II Space Station Program Office review was completed in June
1988; and the Level IIl Work Package Centers review was completed in
November 1988. Also, 1988 was the year for finalizing the details of the
Work Package prime contractors once the program funding levels were
determined and money appropriated. This allowed prime contractors to
determine when they could get their subcontractors on-board and begin

staffing up to their work assignments.

During the last half of 1988, the negotiations of international agreements
regarding Phase C/D/E were completed and signed on September 29,
1988, the same day as the Discovery launch. This event culminated the
efforts of the international partners and the U.S. to determine how they
would work together to develop and operate Space Station Freedom.

Various committees and workshops occurred during 1988 to continue the
review of requirements from all disciplines including the sciences, ad-
vanced technology and commercialization opportunities.

Another 1988 activity involved a major effort to determine the optimum
launch and assembly sequence to provide an earlier man-tended capa-
bility. As a result of these studies it is planned for the U.S. Laboratory to
be launched as early as the fourth launch in 1995 and that permanent
manned capability can be achieved by late 1996. Completion of all the
international elements would occur in early 1998. All of 1988 was filled
with preparation of reports required by Congress on various topics. Major
reports were delivered at the average rate of one per month,

Phase C activities planned for the fall and winter of 1988 included fulfill-
ment of the required staffing, facility construction planning, development
of an associate contractor relationship that will simplify the program in-
tegration process, and releasing two more Requests for Proposals (RFPs);
one on the Test Control and Monitor System (TCMS) in September and
one for the Flight Telerobotic Servicer in November.

Activities planned for 1989, 1990 and 1991 focus on preparing for the
Initial System Preliminary Design, the Preliminary Design Reviews for
the Man-Tended Capability and Permanently Manned Capability and,
finally, a series of Critical Design Reviews.
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Program Phases

PHASE - E Operations (Overlaps Phase D)
From First Element Launch 1995
To End of Life (2025?)

H

PHASE - E Continued

Operation of a permanently manned station must satisfy a wide variety of
payload users, ground operators in many types of facilities, and a crew
living and working for long periods of time in near weightlessness. On-
board the station, an eight member crew will be divided into four-member
teams and will follow predetermined plans for experiments and station
operations. The crew will work a nominal six-day week with the seventh
a common day off for all shift members. Each team will have some com-
bination of three functional specialists: station operators, station scient-
ists, and payload scientists. This specialization provides a core group of
career astronaut scientists with research scientists to operate specific
payloads.

Planning for the space station operations and utilization is designed to
maximize the use of on-board resources. Operations planning for the
long, medium, and short range is centrally managed to account for system
and user demands, ensuring an integrated schedule is available at each
stage of payload development, checkout, and flight. Below this level, de-
tailed planning is distributed to the actual users, and to operators of the
space station. This arrangement provides these groups with the flexibil-
ity to meet rapidly changing conditions and to accommodate unexpected
payload research opportunities during flight.

The Space Station Control Center (SSCC) at the Johnson Space Center
will perform station systems management and interact with a Payload
Operations Integration Center (POIC) at the Marshall Space Flight
Center which will work with users either individually or through user-
provided operations centers. Predefined allocations will govern
distribution of available resources among both U.S. and overseas users of
the manned base. An execution plan for payload operations will provide
for experiments the crew will conduct, autonomous experiments, and
those operated remotely via the station’s information system by
investigators in laboratories on Earth. Experiment scheduling will be
according to requirements for resources such as crew time and power.

Payload integration will also use a distributed operations concept. Users
will be able to integrate their experiments into racks and onto pallets at
multiple user-operated sites certified by NASA. These sites will allow
users to check payload hardware and software interfaces for proper opera-
tion before the payloads are transported to the launch site.

Logistics operations for the manned base will be concentrated at KSC.
With the space station in orbit for 30 years, maintenance and servicing
will be performed routinely. Station design provides for Orbit Replace-
able Units (ORUs), which a crew member can remove and replace inside
the pressurized volume or during an EVA. Critical replacement units
will be stored on board, and others will be on the ground ready for trans-
port in logistics elements as needed.

Five or six Shuttle flights a year are required to keep the station alive and
well, and to satisfy all logistics requirements.

The United States polar platform system and payload operations will be
conducted from a Platform Support Center (PSC) at the Goddard Space
Flight Center. Users will be able to interact with payloads either directly
from the Platform Support Center or from remote user centers. Logistics
operations will be concentrated at the Vandenberg Air Force Base.

Phase E includes the enhancement of the revised baseline configuration
in the Dual Keel. To provide the extra power needed for an enhanced,
evolving station, solar dynamic system will be added to the photovoltaic
electrical system. Various hooks and scars -- built in during the initial
phases -- will carry state of the art hardware and software components as
they are discovered, tested and proven, to carry Space Station Freedom
well into the 21st Century.
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Assembly

Space Station Freedom weighs about half a
million pounds and is a too large and heavy
to be placed into orbit by one launch vehicle.
Based upon the Shuttle’s performance and
payload bay physical limitations, the current
planning calls for approximately 20 Shuttle
flights to get all of the elements, systems,
and support equipment to low earth orbit.
This assembly process will take about four
years. The sequence in which these flights
occur and packaging of selected parts is de-
pendent on many factors. Early planning of
the assembly sequence was based on various
criteria such as utilization, manning, safety,
power, and microgravity levels.

The following is a brief description of the
Space Station Freedom’s major assembly
milestones. The Manned Base assembly se-
quence of twenty Space Shuttle flights has
four major milestones as described below.
These events are planned to be accomplished
close to the completion of the 1st, 4th, 13th
and 20th shuttle flights. The launch and
deployment of the United States and ESA
Polar Orbiting Platforms by ELVs are major

assembly milestones independent of the Man-
ned Base assembly sequence.

First Element Launch (FEL)

The first cargo will consist of a set of integrated
Space Station Freedom components to provide a
fully functional spacecraft as the “cornerstone”
for the fully assembled Manned Base. This
“cornerstone” will be the starboard end of the
Manned Base and includes a power module
with solar panels and radiators, S-Band com-
munications pallet with antenna, a reaction
control system and tank farm, the mobile trans-
porter, an assembly work platform, and associ-
ated truss and alpha joint structures. This inte-
grated assembly will provide its own power and
heat rejection, adequate orbital life, communi-
cations with the ground, and the capability to
rendezvous and dock with the Space Shuttle for
the subsequent assembly flights.

Man-Tended Capability (MTC)

Upon completion of the 4th assembly flight,
added structure will extend to the approximate
center of the Manned Base and include the star-
board thermal control system, the Flight Tele-
robotic Servicer and shelter, a control moment
gyro pallet, propulsion thrusters, power and
fluid management distribution pallets, a TDRS
antenna, the aft starboard node, the first phase
Mobile Servicing Center, a pressurized docking
module, module support structure, and the U.S.
Laboratory Module outfitted to accommodate
experiments. These added components and
elements will provide the Manned Base with an
early man-tended capability until PMC. The
conduct of science and technology development
in the U.S. Lab Module will be tended by astro-
nauts on succeeding Shuttle assembly flights.

Permanently Manned Capability (PMC)
Upon completion of perhaps the 11th assem-
bly flight, the complementing port side struct-
ure and components will have been added in-
cluding the inboard power module with solar
panels and radiator, tank farm, reaction con-
trol module, and logistics modules, attached
payloads and equipment from the extended
duration orbiter flights, aft and forward nodes
with cupolas, airlocks and the Habitation
Module.

Initial crew size will be at least four persons
and will grow to eight when the international
modules are attached. The crew will have the
capability to live and work comfortably and
safely in pressurized volumes indefinitely,
and be able to perform full space station-
based EVAs. PMC will mark the beginning of
full scale Manned Base operations on a day-
to-day basis.

Assembly Complete

Upon complete assembly of the Manned Base,
the Space Station Freedom Program will be a
fully international space operation. The
Japanese Experiment Module and the ESA
Laboratory Module will be attached, and the
Canadian Mobile Servicing Center will be in
full operation. The crew will be fully inte-
grated and composed of members from the
four partners. Day-to-day operations will be
centrally planned and coordinated through
the Space Station Control Center and Payload
Operations Integration Center, but execution
of such activities will be initiated and control-
led from remote partner payload operation
centers as well as from on-board the Manned
Base.
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Traditional Center Roles and Responsibilities
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he Marshall Space Flight Center in Hunts-
ville, Alabama, was established on July 1,
1960 through the transfer to NASA of part of
the U.S. Army Ballistic Missile Agency. The
Center was named in honor of General
George C. Marshall, the Army Chief of Staff
during World War I, Secretary of State, and
Nobel Prize Winner for his world-renowned
“Marshall Plan.” Rocket pioneer Dr. Wernher
von Braun was the Center’s first director.

Marshall is well-prepared for its Freedom
Station responsibilities, having managed
America's first space station, Skylab, which
was launched in 1973. In addition to having
overall program management of Skylab, Mar-
shall was responsible for much of Skylab's
hardware and science experiment develop-
ment and for the integration of the hardware
and experiments into Skylab.

Marshall is also NASA'’s lead center for
Spacelab, a Space Shuttle-based, short-stay
space station that is serving as a stepping

stone to the permanently-manned Freedom
Station. Marshall developed selected Spacelab
hardware and provided technical and pro-
grammatic monitoring of the international
Spacelab development effort. The Center is
also responsible for managing many Spacelab
missions that include developing mission
plans, integrating payloads, training payload
crews, and controlling payload operations.
Marshall is the home of NASA’s Payload
Operations Control Center (POCC) from which
Spacelab and other major science missions are
controlled.

The Marshall Center has managed many suc-
cessful space projects since its creation nearly
three decades ago. It provided the Redstone
rocket that put Alan Shepard into space in
1961. It developed the Saturn family of rock-
ets that boosted man to the Moon in 1969,
Saturns were also used in 1973 and 1974 to
launch Skylab as well as Skylab crews, and in
1975 to carry the Apollo spacecraft into Earth
orbit for the historic link-up with the Russian
Soyuz spacecraft.

Marshall payloads have included the three
Pegasus (1965), micrometeoroid detection sat-
ellites; the Lunar Roving Vehicle (1971) for
use on the lunar surface; and the High Energy
Astronomy Observatories launched in 1977,
1978 and 1979 to study stars and star-like
objects.

In helping to reach the nation’s present and
future goals in space, the Center is working on
more projects today than at any time in its

history. In addition to its Space Station Free-
dom and Spacelab roles, Marshall provides the
Space Shuttle main engines, the external
tank, and solid rocket boosters for each Shuttle
mission. Marshall is NASA's lead center for
the Hubble Space Telescope, scheduled for
launch in December 1989.

Other current Marshall projects include the
Advanced Solid Rocket Motor (ASRM); the Ad-
vanced X-Ray Astrophysics Facility (AXAF);
the Orbital Maneuvering Vehicle (OMV); the
Inertial Upper State (IUS); the Transfer Orbit
Stage (TOS); and the Tethered Satellite
System.

The Marshall Center is working to develop an
unmanned cargo-carrying version of the Space
Shuttle. This Shuttle-C (for cargo) could triple
the lift capability of the current Shuttle sys-
tem. Other future-oriented programs include
studies focusing on missions to Mars, a return
to the Moon and establishment of bases on
both bodies, and a series of Earth-observing
experiments and space-based facilities to help
us protect our environment and more fully
understand the planet on which we live.
Marshall facilities in Huntsville include strue-
tural and test firing facilities for large space
systems, unique and specialized laboratories
for a wide variety of studies, and facilities for
assembling and testing large space hardware.
It also operates the Michoud Assembly Facil-
ity in New Orleans, Slidell Computer Complex
in Louisianna, and tests Space Shuttle main
engines at the Stennis Space Center in
Mississippi.

24



%0

a[NpPOIy UORENqEH

‘sojdures

poo[q pue ‘sfea-x ‘sudis [e11A YSnoayj Yj[eay 11ay3 1031uowt 0y

I[qe aq [[I1m A3y} pue ‘dNPOJ UO1IBIIQRY 3YJ Ul ISIIAIXI 03 I[qE 3q
[[1# SINBUOI}SE 9s9Y [, ‘syneuoajse 3y31a 03 dn 93epowuIodde 03 Ijqe
ST 8[NPOJN UonelIqeH 9y3 ‘A10jRI0qe] "G ) 9Y) SB IZIS Jwes Y],
‘aoeds pazrinssaad Surambaa suorjouny uoTiBIIqEY J9YJ0 PUE IIURUIY
-UTBW Y3}{B9Y ‘UOIJBIIDAI ‘Juswafeuewr 915em ‘ouatdfy [euosiad ‘Sut
-daa(s ‘Burjea 10] SNpPOJN uoTIBIIGRY 9Y) 10] a[qIsuodsaa st [[eysIe|]

"$92USTIS II[ UT SJudwiLIadxa A11ALIS I[qBLIBA 10]

a8nj11yuad € pue ‘sjusurizadxa A1ae8-mo[ 103 judwdinba jioddns
‘speorynadewteyd Suneredss 10J S301A0p J1}BUTHOIIII[D ‘S[BISALD
1039NpuodTWwas JUIMO0JS J0] SIOBRUINS SIPN[IUT J[NPOU 3YJ UT jUdW
-dinba papraoad-1as) ‘eare pazlinssaad e Ul SUOIIEIIISAAUT ADUSIIS
aoeds 19Y}0 pur ‘Yd1easal seoualds 9J1] ‘Jurssadord pue Juswdo[dAdp
‘yoxeasaa syersajew Surpnpout ‘speoyAed suridiosip-1j[nuw Surjroddns
Jo a[qeded ‘a[npojy A101eI0qRT 'S ] 3Y3} 10) A[qISUCASAI ST [[RYSIE]

3INPOIA Ad0jeI0qReT S}

ORIGINAL PAGE
LACK AND WHITE PHOIOGRAPH

B

saNIAT)OY anbrun wopsax uorels soedg




Space Station Freedom Unique Activities
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Logistics Elements

Marshall is responsible for the
logistics elements required for
the transport of cargo to and from
the station for resupply of items
required for crew, station and
payloads; and for the on-orbit
storage of these cargos. A key
element will be the Pressurized
Logistics Carrier to carry items
used inside the station modules.
Other elements include Unpres-
surized Logistics Carriers for the
transport of spares for the
exterior of the station, fluids,
propellants, and dry cargo.

Environmental Control & Life Support, Internal
Thermal Control and Audio/Video Systems

Marshall is responsible for the Environmental Control and Life Support
System (ECLSS). The ECLSS provides a shirt-sleeve environment for
the astronauts in all the pressurized modules of Space Station Freedom.
A key feature of the ECLSS is the regenerative design in the air revital-
ization and water reclamation systems. Freedom Station’s internal
thermal control and audio/video systems are also provided by Marshall.

Resource Node Structure

Marshall is responsible for the
structure of the Resource Nodes
required to interconnect the
primary pressurized elements of
the manned portion of Space
Station Freedom. Resource Nodes
also house key control functions.
Marshall provides the Resource
Node structures, berthing
mechanisms, racks, the ECLSS
system, internal thermal control,
and internal audio and video
communication systems.

H
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The Habitation Module

The United States provides the living quar-
ters for use by all the astronauts. The Hab-
itation Module is an environmentally pro-
tected enclosure intended for long duration
crew activity and habitation functions like
eating, sleeping, exercise, relaxation, medi-
cal operations and some work activities. Itis
the same size as the U.S. Laboratory Module
and provides the same shirt-sleeve environ-
ment. The Habitation Module is located par-
allel and next to the U.S. Laboratory Mod-
ule in the cluster of pressurized modules that
make up the manned base.

Isolated somewhat from the other modules,
the Habitation Module is part of the safe
haven and emergency provisions for the
crew. It has internal audio and video, data
and information handling, and utility distri-
bution and control. The floor and ceiling are
used for stowage, equipment and provisions
for crew and daily operations.

The interior of the Habitation Module is outfit-
ted for cooking, sleeping, personal hygiene and
other human needs. Atone end are vertical
sleep restraints and emergency provisions. At
the other end, where module-to-module berth-
ing is located, are the galley and wardroom.
The galley is equipped with an oven, refrigera-
tor/freezer, trash compactor, hand and dish
washer, and water supply. The wardroom,
equipped with windows for looking out into
space, is an area for entertainment, eating and
monitoring of energy and life support systems.
The middle of the Habitation Module is devot-
ed to health and hygiene. Exercise and medi-
cal equipment is located on one side, and
laundry, bathroom and shower are located on
the other side.

Special attention is devoted to the Habitation
Module in order to assure a “crew friendly” en-
vironment. Materials and techniques learned
from airplane cabin technology will keep noise
levels at about 50 decibels--as quiet as a whis-
per. Each crew member will have a private,
dedicated compartment for sleep, rest, quiet
reading or just privacy. This dedicated area of
at least 50 cubic feet for each of the eight astro-
nauts will be sufficient for a change of clothes
and limited stowage of personal effects for 90
to 100-day missions.

Yet, the Habitation Module is also a work
area. Work stations in this module include
those dedicated to station operations, payload
and experiment operations, proximity and
maintenance operations, and crew health care.

The Health Maintenance Facility includes test
and diagnostic instruments, a patient re-
straint, medical provisions to care for or stabil-
ize an injury or illness, exercise equipment
and an environmental health subsystem. The
last mentioned includes instruments for
micro-biological, toxicological, radiation,and
accoustics measurements. A computerized
health care system keeps track of medical sup-
plies, crew condition and check-up schedules.

The Habitation Module is designed for eight
crew members. The tabletop panels adjust to
provide various seating arrangements for the
entire crew for meals, meetings, games, relax-
ation, or teleconferencing. Of course, since
work schedules are expected to be scattered,
four members of the crew may be eating
supper while four others are eating breakfast.

The exterior and shells for meteoroid and radi-
ation protection are similar to those of the U.S.
Laboratory Module. Thus, the “Hab and Lab”
Modules are made from the same materials
and same basic designs, resulting in common-
ality and an estimated 20% cost savings.

While there is no "up” or "down” in weightless
space, the Habitation Module does resemble a
ultramodern, earth-bound kitchen, den, laun-
dry and entertainment center. The notable
exception is the vertical sleep restraint system
in place of bunkbeds. See the JSC section for
more on outfitting the Habitation Module.
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Environmental Control and Life Support
System (ECLSS)

Marshall is responsible for the Environment-
al Control and Life Support System (ECLSS)
which is divided into seven distinct
subsystems:

. temperature and humidity control,

. atmosphere control and supply,
atmosphere revitalization,

water recovery and management,
fire detection and suppression,

waste management, and

support for extravehicular activity.
HUEBmE_? the ECLSS provides a habitable
environment for crew and biological experi-
ment specimens,

R

The ECLSS represents a breakthrough in
closed-loop life support, necessary for long
duration missions to Mars and beyond.
Water is recycled through the collection of
H»0 in both air and liquids, such as urine
and sweat. The ECLSS produces potable
water, even from urine, although such water
is labeled “hygiene quality” for washing and

cleansing. Carbon dioxide is collected in one of
two ways, both of them producing more pot-
able water. The CO; collected can yield either
water and carbon (the Bosch method) or water
and methane (the Sabatier method.) Waste
products are containerized and returned to
Earth. There shall be no overboard dumping
of solids or liquids.

The only vital chemical for life, missing, is ni-
trogen which must be shipped and stored.
Nevertheless, the hardware for the ECLSS is
distributed throughout the pressurized mod-
ules to assure sea-level pressure, temper-
ature, humidity, and air composition; as well
as potable and hygiene water, and fire de-
tection/ suppression equipment. For redund-
ancy, repressurization and fire fighting
equipment are located in both the Habitation
and U.S. Laboratory Modules. Design chal-
lenges for the remainder of this decade in-
cluded the ability of the ECLSS to maintain
microbial and chemieal system cleanliness
during extended duration and multiple reuses
of potable and hygiene water supplies.

The ECLSS will collect, process, and dispense
water as required, to meet the needs of the
crew and any other users. It will pretreat
waste water in order to prevent chemical
breakdown and the growth of microbes. Post-
treatment systems and a water quality mon-
itoring system will ensure that the water pro-
vided to users is of sufficient quality.

Waste management is another important
function of the ECLSS. Waste products (e.g.,
metabolic waste, food/packaging, regenerative

process effluents, hard copy waste, etc.) will be
collected and processed for conversions to use-
ful products or returned to Earth. Venting of
gases shall be strictly controlled so as to avoid
contamination or degradation of the exterior
shells of modules, not to mention exposed pay-
loads out on the truss.

The ECLSS will provide support for servicing
the Extravehicular Mobility Unit (EMU), the
Extravehicular Excursion Unit, and the EVA
systems. It will provide the depressurization
and repressurization of the two airlocks and
the hyperbaric chamber. An interface will
exist between the ECLSS and the Thermal
Control System (TCS) for the removal of heat
from the atmosphere of the pressurized ele-
ments.

Commonality is stressed as the ECLSS is built
into each of the U.S. Laboratory and Habita-
tion Modules, nodes and the pressurized log-
istics carrier. It is estimated that four-fifths of
all the hardware that is installed for the
ECLSS in Space Station Freedom is identical,
This commonality reduces manufacturing
costs, lightens the load for spare parts, and
makes repairs simpler and quicker. In the
event of an accident or malfunction, the
ECLSS is built with redundant life-critical
hardware in both U.S. modules to satisfy safe-
haven requirements.

The ECLSS represents design challenges not
seen on previous space programs. The require-
ments for closed loop air and water systems
extend human duration in space and reduce
resupply flights significantly.
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Facilities

Payload Operations
Integration Center

The Payload Operations Integra-
tion Center (POIC) will be used to
“manage” or “control” real-time
research operations, interfacing
with the Space Station Control
Center in Houston, Texas and
various user facilities in other
communities. As a control
central point for payload
operations, the POIC will
integrate science operation cen-
ters and will house computer sys-
tems for mission planning system
and analytical tools.

Engineering Support Center

The Engineering Support Center (ESC), an adjunct to the Hunts-
ville Operations Support Center (HOSC), will provide Work Pack-
age 1 engineering support for real-time operations. The ESC serves
as a control point for requests from the SSCS and the POIC for en-
gineering support to operations. It also supports the engineering
flight evaluation and anomaly resolution for Space Station Freedom.

Payload Training Facility

The Payload Training Facility
(PTF) will provide for the
development, maintenance and
verification of payload operations
training, including the hardware
and software to support the
training of payload crew, Payload
Operations Integration Center
personnel, experimenters and
users. The PTF will provide both
space station data as well as
training.
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The history of the Johnson Space Center be-
ganin 1961 when it was announced that the
new Manned Spacecraft Center would be
established on a 1020-acre tract near Hous-
ton, Texas. The land, originally Humble Oil
and Refining Company property that had
been donated to Rice University, was trans-
ferred to the government by the university.
Construction of facilities was begun in 1962
and the majority of buildings were completed
by 1965. The name of the Center was
changed to the Lyndon B. Johnson Space
Center in 1974.

The Johnson Space Center is located in
Harris County, Texas, on a 1620-acre tract
near Clear Lake. The site is approximately
halfway between Houston and Galveston.

J8C participated with other NASA installa-
tions in the Mercury, Gemini, and Apollo
space programs which culminated in the first
manned lunar landing in July 1969. The
Skylab space station, controlled from JSC,
provided the base for numerous scientific pro-

Jjects including the evaluation of manufactur-
ing methods in space, the study of energy
radiation from the Sun, and the study of the
capability for space monitoring of the environ-
ment and resources on Earth. JSC partici-
pated in the joint U.S.-U.S.S.R. (Apollo-Soyuz)
space mission in 1975, which has highlighted
international cooperation in space to date.
With the adoption of a national goal for de-
velopment of a space transportation system,
JSC has played a major role in this area. JSC
serves as both the development center for the
Space Shuttle and the Operations center for
the evolving transportation system. Activities
in the development of the Shuttle have includ-
ed the successful completion of a number of
research goals. The development of the power
extension package will utilize deployable solar
arrays, which are expected to triple the on-
orbit stay time and double the available power
compared to initial concepts. JSC has also
demonstrated the feasibility of a three-man
vehicle launched by the Shuttle which can
potentially perform a wide variety of construc-
tion and service operations that would exploit
the capabilities of man in space. Also, an an-
alysis has been made by JSC of deployment,
erection, fabrication, and assembly of very
large structures in space.

Research and development activities at JSC
related to manned space flight include the
following.

1. Thedesign, manufacture, testing, quali-
fication, and delivery of systems such as
space suits, extravehicular activity sys-

tems, crew provisions, and crew support
equipment,

2. The development of instrumentation, data

management systems, and ground
checkout systems used on manned
spacecraft.

3. The analysis, development, and evaluation
of spacecraft structures, materials, and
thermal protection systems.

In addition to its role in the development of the
Space Shuttle, JSC is involved in a wide range
of research and technology activities in other
areas. In lunar and planetary science, JSC
scientists have led in the investigation of the
ancient lunar crust. The tie of lunar and
planetary studies to Earth has been strength-
ened. A new model has been developed for the
origin of the Earth’s continents. The environ-
mental effects of space transportation are also
being studied, from the standpoint both of the
effects of launch and landing on the Earth en-
vironment and of the effects of the space en-
vironment on vehicles or structures in space.
In the area of life sciences, research is being
conducted to understand the effects of weight-
less spaceflight on the human body and to
apply spaceflight-developed procedures and
equipment to the solution of problems on
Earth. JSC also functions as the lead organ-
ization for agricultural remote sensing. Other
Earth observation responsibilities of JSC in-
clude soil moisture mapping, multicrop re-
search, water mapping, forestry applications,
and resources inventory with the State of
Texas.
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Airlocks
There are two types of airlocks planned for
Space Station Freedom. There will be two
standard airlocks and one hyperbaric airlock.
The airlocks attached to a node, enable the
transfer of crew and equipment between pres-
surized and unpressurized zones. The hyper-
baric airlock has the capability for the treat-
ment of decompression sickness.

Distributed Systems
There are a variety of systems which are fun-
damental to the operation of the space station
in a safe and effective manner. They are the
propulsion, data management, communi-
cations and tracking, guidance, navigation
and control, thermal control, fluid manage-
ment, mechanical, and electrical power
systems.
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Man Systems

Man Systems provide the crew with a safe en-
vironment and the necessities of life. Man
Systems includes the health care system, hy-
giene system, crew quarters, galley, ward-
room, food management, lighting, work-
stations, EVA system, flight crew integration
and training, restraints and mobility aids,
housekeeping/trash management, portable
emergency provisions, operational and per-
sonal equipment, and stowage.
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Resource Node Design and Outfitting
The JSC is responsible for the design and out-
fitting of the resource nodes. The four resour-
ce nodes, located at each end of the Habitation
and U.S. Laboratory modules, are designed to
reduce the amount of EVA time required to
assemble the station. The nodes are small,
pressurized cylinders,approximately 14 feet
indiameter and 17 feet long, that serve as
command and control centers, and as pres-
surized passageways to and from the various
modules. They, like the modules, have a pri-
mary and a secondary structure and contain
accommodations for distributed systems.
Certain nodes also contain berthing mechan-
isms for the temporary attachment of either
the space shuttle or the logistics modules.

Node 1 serves as a control center for the Com-
munication and Tracking System, Data Man-
agement System, Guidance, Navigation and
Control System, Propulsion System, Electri-
cal Power System, Thermal Radiator Rota-
tion, and the hyperbaric airlock. It is located
between the Columbus (ESA) and U.S. Lab-
oratory modules and attaches to the hyper-
baric airlock and Node 2.

Node 2 provides redundant control for the Pro-
pulsion System, Electrical Power System,
Thermal Radiator Rotation, and the Commun-
ication and Tracking System. It also serves as
the airlock control station. It is located bet-
ween the JEM and the Habitation module.

Node 3 is the primary command and control
station for the pressurized areas of the station.
It is located at the forward end of the U.S. Lab-
oratory Module. It provides: the accommoda-
tion for a cupola interface and for a secondary
docking port interface; a backup command and
control station for the Mobile Servicing Centre
and the Flight Telerobotic Servicer; backup
guidance and navigation control; a secondary
proximity operation for pressurized attached
payload equipment,.

Node 4 is attached to the forward end of the
Habitation module and is connected to Node 3.
It serves as the primary docking port for the
space shuttle, the primary control center for
proximity operations, and the primary com-
mand and control center for the Mobile Servic-
ing Center and the Flight Telerobotic Servicer.
It also provides accommodations for interfac-
ing with the cupola.

Nodes 3 and Node 4 will be scarred for future
growth. That is, both will contain the neces-
sary hardware provisions to enhance the nodes
as the station evolves.

Cupolas
There are two cupolas. One will be attached to
resource Node 3 and the other to Node 4. One

will face towards the earth while the other will
face towards space. They facilitate the control
of proximity operations and can be used simul-
taneously by two crewmembers with a work
station available for each. From the cupola,
they have a 360° field of view in azimuth and a
complete hemispheric field of view in eleva-
tion. A restraint system enables the crew-
members to easily rotate for viewing through
any of the 8 windows. The workstations can
also be rotated to move to an optimum position
for use by a crewmember. The workstations
have a keyboard, two hand controllers, and a
trackball. The following systems can be con-
trolled by a crewmember in the cupola: the
station manipulators (except the JEM man-
ipulator), the mobile transporter, the tele-
robotic servicer, OMYV piloting, external video
cameras and lights and internal video moni-
tors, international and external voice com-
munications, and systems control functions
via access to the DMS. When not in use the
cupolas will be within a retractable, protective
cover.

Airlocks

There are two types of airlocks: the hyperbaric
airlock, and the airlock. The hyperbaric air-
lock provides an effective and safe means for
the transfer of crew and equipment between
pressurized and unpressurized zones and pro-
vides a capability for the treatment of decom-
pression sickness. The airlock is a separate
element attached to a node by berthing/
docking mechanisms. The airlock serves the
same function with the exception of the
capability to treat decompression sickness.




L1

‘peoded ay) 03 A{[BUIXI paYde)jE
sIa8ueyox9 Jeay 20BIIUI SNQ [BULIIY)
[B43u32 y3noays st uoryIsinboe [eWIdY) ‘sapoU
0} A[309a1p payoe}je sprojAed pazrnssaad 10,
‘wd)sks vruowrwe aseyd-om) e uodn paseq st
udrsop doo iy dV 2Y,], 'S198ueyoxa 1eay snq
[BULIOY) [BI3U3D BY3] 0] 189Y d15EM J10dsuea)
sdoo| [ewIsY) (FYJ V) yuswdinbyy uoryepowt
-U1020¥Y peojABd PoyoelIy 9eiedeg -eoeliajul
juauryoejje peojAed syl 1e pepraocad st uonyIs
-inboe [ewiaay) ‘speojAed payoejje ssnuaj 104

"9pouU pu® Sa[NPOW 9y} 9PISIN0 Pajeso|
arempJey uorje)s adeds 13yj0 pue $O1U0IID]d
Jo saanjeaadway [019u0d 0} uorId3faI Jeay pue

Sur1002 sopraoad wiaysAs [PULISY) [BUIIIXS Y ],

"ung ayj Jo 183y JUBIPEL Y} WOoJj Aeme pauany
aq 0} 10yeTpRl 9] sjturiad yotym jurof A1ey

-0 B U0 PIJUNOW 3 [[IM YoTyM axenbs (1 0F)
wg e B 9 [[IM I0JBIPRI 8Y], 'U100(Q ISIIASUBI)
aY) uo pajeso] J0jeIpeRl B 03 S(JYH 9y} U104y
dooj I3jem/ETUOWIWE UE JO SUBOW Aq pajaod
-sueJ) 9q [[M jeaY 3y, juswrdinbe uonyepowr
-woooe peojded pus ‘Sapou 201N0S3J ‘sa[npowt
AI0yeJO0qQE’] PUR UOTIB)IqRY WOIJ 183 3158eM
7991[09 0 AJ[BT)TUL PISN Bq [[IM (SO VH) S301A0D
uorjisinboe jeay aayj-Ajuam], ‘sadues aanjesad
-way parinbax uryyim speojfed pue “‘quswdinba
‘swIasAsqns ‘SWwIISAS ‘$2INNIYS UreJUTRW
[[TM YoTYm WwalsAs pajeadajur ue st SO, 94,
(SOL) wags4§ [013U0)) [BULIBY ],

‘waysAsqns adea0ls ayj 03 wayl

SI9JSUBI) PUE SJ9SN 9] Aq PapIeISIp pPINjj $9
-A13291 UI9)SASGNS UOTINQLIISIP/UOTIIV[0D Y],
"I9JBM PUE SAINXTW SB3 31epownoddr 0 Jut
-107TUOW puB ‘[01)uod ‘[esodsTp ‘utuolyrpuod

‘a8eu09s ‘Jaysued) pmyj apraoad 03 pasinbaa
3JBM)JOS PUB IBMPIRY [[B UTBIUOD [[IM SW)
-sAsqns 959y ], ‘waIsAsqns ade10}s e pue ‘wa)
-sASqNS UOTINQLIISIP/UOTII][0? © JO SISISUOD
(SAMI) wajshs pinjj 107em payesdajur dy,

"SSTOH 23 woay pue ‘waysAs 3urduaaeds
J918M TSN 93 woJj ‘Aeq 081ed §,1331q10
aINyg 9oedg ay) woay 1arem s)dadoe ‘sapou
ayj} U1 paledo| ‘wdysks afe10ls ay ], "waIsAs
uafoujtu pajesdajut ay) 03 Jejrwis A[{enjdad
-u09 ST (M ]) WoIsAs J978m pajeadajur ay],

‘SAL10}BI0q .|
9Yj pue (M [) WaISAs Jajem pajersdajur
ayj o} uadoajtu saojsuey yaed JOYIO YL, e
pue
‘Z PUE T S9PON UT Po1Ba0] SWdjsAs uorng
-LIISTp [BUIAIUL 9Y) Y3IM S30BJIJUL pUB
‘wig)sAs pnyj ajsem pajerdajul ayj pue
SSTOH 2Yy 09 uadoxtu saaysuery jred sU) e
:spaed omj JO SISISUOD W}
-s£sqNS UOTINQLIISIP UAIZ0dITU Y ], "SSNLIY 33
U0 pPa)eoo] OS[E ST ‘9JBJIAIUT JISN aY) 0] SYuE)
a8e107s ay) WoJJ puB syUe] 33BI0)8 Y3 0} W)
-sAsqns £]ddnsea ay) uroaj uagdoriu sagysuedy
YOTYM WasAsqns uornqrIysIp uadoajiu ay ],

‘uadoa)tu ay) a103s 0} yuswdmba

pPa7BI00SSE pue adeyur) ay) se [[9M Se ‘SsT)
aY) uo pajedso] ST} "UOTIB)S Ayl 0} pIN(J Y)Y
IDAT[IP 03 AIBSSAAU dIeMPIBY [041U0I pUB Ful
-10}TUOU *J9JSURI] ‘[0IJU0D [BULIY] ‘UOTIIPUOD
‘arempdaey 3urjunow ‘ageyue) ayj sopnpul
waysAsqns Lddnsat so13stdof usBoajru ay,J,

‘uoryess ayy 10§ uadoriu
J0)TUOUI PUR [OJJUOD ‘9INGLIISTP ‘UOTIIPUOD

‘aams ‘Jaysuen ‘A ddnsos 0y pasmbaa srem
-1JOSs pue arempaey ayj Jo [[e sapnul (SNI)
waysAs uagoxiru pajesdajul sy, ‘uorjels

ay) 3n0y3noay) spIn(j asem pue ‘I3jem
‘uafoJ)Tu Jo uUoTINQLISIP IY) SA[PUBY S Y.L
(SIJ) wasAs juowadeusy pIngg

1oedwi s11Gap

-proaajaul pue ‘uaBLx0 d1u107e ‘UoTIBIpEd
19[0TABI} N WOI] U01309301d ap1A0ad SI9A0D
wnumwnjy ‘sjutod uoljnquIisip je suory
-D9UU0J IYBW PUE SINIIS U BQ 9YI 03 193]
$'91 L1949 papuoqgaad s3unjy 1aoddns ojur
s£v1) ayj deus sIaquIaw MaId YA H ‘A|quiasse
Sunnq seury jrodsuea; pue uorpalsa jeay
paddeam voryensur-nnuw pue s8jqed Jemod
‘ayBramiy3r| 394 ‘Y138 Jo suna uoj jo uony
-gadojuraad £va) mo[[® [{1M SIYJ, 'SRIPEBI puaq
a8ae[ e ap1aoad [[14 [oods aureay wnutwnge
(132WerIp IPISINO 100J-¢ 1) J9)dWeIp Ipisut
100j-01 v "pasodoad usaq sey Lexy £31yn
nojjoa e jo 3daouod anbrun e ‘[erjuajoed age
-}{ea] J0399Uu03 PIn{j pue ‘sjutof Jo Jaqunu 3y
‘QUIT) UOT)B[[BISUIL Y A i SZIWIUTW 0} J9PJ0 U
wa)sAg uonnqLysiqg ANm

SUI9)SAG puUe SJuUdwWafy




Elements and Systems

Propulsion Assembly

The function of the propulsion assembly is to
maintain the proper altitude, avoid collisions,
and to provide backup attitude control. The
propulsion assembly will provide thrust for
orbital maintenance and 3-axis thrust for at-
titude stabilization and reorientation. Three-
axis thrust will be used to desaturate the
Control Momentum Gyroscopes, which are
the primary attitude actuators of the Stabil-
ization and Control System. The propulsion
system consists of four propulsion modules, a
tank farm, and a fuel distribution system.
Each module contains fuel tanks, plumbing
and valving, a fuel pump, and two types of jet
actuators (hot gas and resistojets). The re-
sistojets, used for vernier control, are fueled
by waste fluids and produce a pound of thrust.
The hot gas actuators are fueled by a hydro-
gen-oxygen mixture and produce 25 to 40
pounds of thrust.

Communication and Tracking (C&T)
This system provides for the transmission, re-
ception, multiplexing, distribution and signal
processing of telemetry, commands, user

data, science data, computer data, and track-

ingdata. C&T also provides for the raising,

lowering and pointing of antennae on the
station. C&T is comprised of six subsystems:

1) space to space,

2) space to ground,

3) audio,

4) video,

5) tracking, and

6) control and monitoring.
The space-to-space subsystem provides com-
munications with: astronauts performing
EVA, the Space Shuttle, the Orbiting Maneu-
vering Vehicle, the Mobile Servicing Center,
the Flight Telerobotic Servicer, and any com-
patible free-flying platforms in the vicinity of
the manned base. Simultaneous communica-

tion can be carried out with up to four vehicles.

The space-to-ground subsystem provides near
continuous communications between the sta-
tion and ground data networks through the
TDRSS.

The audio subsystem provides all of the voice
communications on the space station. Itis
similar to a standard telephone system and
permits voice communication between the
crew inside the pressurized modules, the EVA
crew, the crew of other manned vehicles, and
compatible ground systems.

The video subsystem provides all of the in-
ternal and external video capabilities on the
space station by means of remotely controlled
cameras. It includes closed circuit TV, stor-
age, retrieval, compression, graphics, and
special effects capabilities.

The tracking subsystem consists of a Global
Positioning System (GPS) receiver/ processor
with provisions to accommodate future laser
docking and radar requirements.

The control and monitoring subsystem man-
ages all C&T resources and distributes the
C&T data.

Guidance, Navigation & Control (GN&C)
The GN&C performs two main functions: to
control the manned base orbit and to control
traffic around the space station.

Periodically, the manned base portion of Space
Station Freedom will decay in orbit. The GN
&C, operated by sensors, star trackers and gy-
roscopes, will signal the propulsion assembly
for a reboost for proper altitude and attitude.
This system also supports the pivoting of the
solar arrays and thermal radiator on the
transverse boomn to maximize the capture of
the solar rays.

Traffic management around the station is also
critical. The GN&C controls all incoming, out-
going and station keeping traffic; it also con-
trols berthing and docking operations for the
Space Shuttle. Finally, the GN&C monitors
the trajectories of vehicles and objects that
may intersect the orbit of the manned base and
platforms. Such ohjects include meteoroids,
some the size of a car, which are extremely
rare in space. The more common micrometeor-
oids, ranging in size from a grain of sand to a
marble and traveling at thousands of miles per
hour, are too small to be tracked on radar.
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Man Systems
Johnson Space Center is responsible for man-
aging the design, development, test and
engineering of manned systems for the
Habitation, U.S. Laboratory and Logistics
modules. The manned systems include crew
quarters restraints and mobility aids, health
care, operational and personal equipment,
portable emergency provisions, workstations,
galley food management, personal hygiene,
lighting, wardroom, stowage, and house-
keeping/trash management. The Man Sys-
tems utilize a group of modular elements or
“Functional Units” which enable partial or
entire systems to be removed, replaced, and
relocated as desired and at the time desired.

The Habitation Module provides the living
environment for eight crewmembers. Speci-
fically it contains the crew quarters, galley,
wardroom, general workstation, personal hy-
giene facility, crew emergency healthcare
system, exercisers, and stowage.

The crew quarters, perceived as a low activ-
ity area, are grouped at one end to minimize

traffic and equipment operation disturbances
while the crewmembers are resting. In addi-
tion, stowage racks are located between crew
quarters and adjacent facilities to act as activ-
ity buffers and aid in sound absorption. The
galley/wardroom is located at the opposite end
of the module because of the high level of
activity associated with meal preparations,
consumption, and clean up. The personal hy-
giene facilities are located centrally to mini-
mize the overlap of crew activities between the
galley/ wardroom and crew quarter area.

The layout of the module is designed to pro-
vide the most habitable and productive envir-
onment possible given the restricted available
volume.

The space station will provide private quarters
for each of the eight crewmembers. Each crew
quarter will serve as a bedroom, den, and liv-
ing room, albeit on a smaller scale. At least 50
cubic feet will be provided within each com-
partment for sleeping. The crew quarter will
provide stowage space for clothing and person-
al effects, a sleep restraint, a portable work-
station linked to the space station data man-
agement system, audio/visual recording and
playback equipment, and a communications
panel.

The interior decor of each crew quarter is
made up of acoustical fabric panels, which are
modular and easily removed. This allows crew
members to personalize their quarters with
colors and textures of their choice.

Food preparation and stowage on the space
station will be handled in the galley, or kit-
chen, located across from the wardroom area.
Here the crew will be able to cook and dispense
their daily meals using the galley’s microwave
and convection ovens, liquid/beverage dispen-
sers and deployable preparation counters. Af-
ter the crew is finished eating, the galley will
also handle the clean-up with its trash collect-
ion/compaction unit, dishwasher, and
handwasher.

The galley provides bulk stowage for a 14-day
supply of ambient, cold and frozen food stock.
To make more efficient use of crew time, an
integrated menu selection and inventory
management system keeps track of the food
used from the stock and tells the crew when
it’s time to resupply.

The space station crew will need a place to eat
their meals, have meetings and just relax. For
these reasons a wardroom area has been set
across from the galley. The wardroom will
provide seating for up to eight crew members
and support everything from meals to tele-
conferencing.

The current concept features an integrated
wardroom table and entertainment unit. The
center bay is occupied by a single rack from
which six of the eight worksurfaces are cantil-
levered. The remaining two worksurfaces are
separate independent units that can be posit-
ioned anywhere in the Habitation Module via
their compression posts. The rack also holds
the monitor, playback equipment and 25 cubic
feet of stowage. The entire wardroomi can col-
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Elements and Systems

lapse into one rack space and then deploy to
fit two to eight crewmembers. With extra
independent worksurfaces, the wardroom
area can accommodate up to 12 people.

The integrated workstation system incor-
porates all on-board computer-based work-
stations. It has operating displays and con-
trols, and will interface with the Data Man-
agement System. The detailed workstation
system design is presently under study.

The crew hygiene system being proposed for
the Space Station Freedom is composed of the
entire body shower subsystem, the waste
management subsystem and a partial body
hygiene/grooming compartment. The me-
chanical, electrical, and human engineering
aspects of the design of these subsystems
must incorporate state-of-the-art technology.
A research laboratory has been established at
JSC to support all the development efforts
and tests necessary for providing a personal
hygiene system.

The Space Station Crew Health Care System
is an in-flight medical subsystem designed to
maintain the health of the crew and provide
treatment for illnesses and traumas that may
be encountered during a mission. The subsys-
tem is also responsible for monitoring the sta-
tion's environment and assessing its impact
on the crew’s health. The Crew Health Care
System is located in the Habitation Module
and includes exercise equipment for crew
conditioning, an analytical and microbiology
lab, a restraint system for patient examin-

ation and treatment, a hyperbaric chamber,
and a medical database.

The purpose of the Health Care System is to
ensure the safety of the crew and the mission
by dealing with minor accidents or illnesses
immediately, and thereby eliminating the
necessity of early mission termination or
emergency rescue. If a major emergency does
arise, the Health Care System can provide a
margin of safety by stabilizing injured or sick
crew before transfer to Earth. The system also
plays a major role in the prevention of acei-
dents and illnesses by maintaining and moni-
toring the health of the crew and their en-
vironment. A computerized system will be
used to keep track of crew condition, schedule
check-ups, and track medical supplies. The
system will also be linked to centers on the
ground to increase the power and flexibility of
the medical team. Photography and imagery
systems will again be an integral part of the
space station program. Photographic systems
provide film imagery from modified, off-the-
shelf hardware. They will consist of still
photography cameras in the 35mm, 70mm,
and 5-inch film format sizes and motion pict-
ure photography in the 16mm format size. The
35mm still and 16mm motion picture cameras
will be used primarily for interior photogra-
phy. All the systems will have typical charac-
teristics and features of commercially avail-
able hardware.

In addition to the film imagery, an electronic
still camera system will be provided to support
the necessity to return near photographic,
high resolution quality data to the ground in

ﬁ

a timely manner. The system will take the
form of a hand-held camera in which the
images are recorded electronically on memory
media and then down-linked through a
playback/ interface unit to the ground.

Attachment Systems

Devices are needed for Space Shuttle docking
at the manned base. Johnson Space Center is
responsible for these attachment systems, plus
those needed for logisties supply modules. De-
vices to attach experiment packages and ex-
ternal hardware to the truss structure are also
handled by JSC.

EVA System

The EVA system enables crewmembers to
assemble, maintain, repair, inspect, and
service the station and user systems. Until the
Mobile Transporter is in place, assembly of the
transverse boom is accomplished by extra-
vehicular activity (EVA). The Johnson Space
Center is responsible for EVA systems, in-
cluding the extravehicular mobility unit
(EMU), better known as the spacesuit, associ-
ated life support equipment, and support
equipment. Inherent in the spacesuit are
communication systems, a physiological
monitoring system, and an autonomous life
support system. The EVA system also
includes mobility aides such as handrails,
slide mechanisms, tethers, lighting, tools, and
other support equipment.

Flight Crew Integration

JSC is responsible for providing the flight crew
requirements across all space station systems
and elements, as well as the standardization
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Elements and Systems

definition of crew interfaces for all systems
and elements.

The flight crew’s training includes: space sta-
tion distributed systems, such as power and
life support, on-orbit operations, man sys-
tems; mobile servicing systems, on-orbit
maintenance, ESA/JEM module systems,

and EVA operations. Initially a classroom
environment serves as the training forum,
including workbooks, personal computers,
and a computer assisted instructional trainer.
Visits to factories, other NASA centers, and
countries of participating partners for ad-
ditional training, follow.

The final aspect of the training program in-
cludes interfacing with both the Payload
Operations Integration Center (POIC) and
the Engineering Support Center (ESC).

As an illustration of how these various train-
ing programs and facilities will interact to
support station operations, consider the fol-
lowing hypothetical scenario:

Career U.S. astronauts (station operators and
scientists) who have been assigned to the
manned base will commence with a series of
training classes aimed at providing them
with the proficiency necessary to operate the
distributed systems on the station. This pro-
cess will take about six months, conducted on
a part-time basis, and will commence 24
months prior to launch. This training will
occur at the SSTF or at other facilities at
Johnson Space Center.

Once a crew is assigned to a flight increment,
they will begin a training regimen which will
last approximately 18 months (i.e., will begin
18 months prior to launch). Payload Scientists
will be added at this point to make up the com-
plete increment crew complement,

The first six months of increment-specific
training will be accomplished as a team at the
various user facilities associated with the
team'’s projected flight increments. (Each
team will be on-orbit for the duration of two in-
crements.) Each individual payload investiga-
tor will be responsible for the training which
the crew will receive while at a specific loca-
tion. Scheduling coordination for the crew
while taking part in this training will be the
responsibility of the SSTCB located at JSC. -

The following six months of training will
generally be based at the POIC or thePayload
Training Facility (PTF) where the crew can
work with the investigator's personnel and
with PTF training people versed in the pay-
load problems which have occurred on pre-
vious flight increments. At this point the crew
will spend increasing time on individual ex-
periments (including brief return trips to the
laboratories). More and more time will be
spent operating groups of experiments, which
could be discipline groupings, or other sets of
payloads which have some functional affinity.
Increasingly, the crew will operate in concert
with the personnel who will be in the POIC
and the relevant DOC/ROCs during their
flight increments. About six months before
their flight, the crew begins to train in earnest
in the PTF with a selected complement of

R ——

experiments. These sessions are conducted on
an integrated basis with the POIC and the
applicable ROC/DOCs whenever possible.
During this time the station operators and
station scientists work on the skills they will
require for EVAs planned during their incre-
ments, and will maintain their proficiency
with MSCS and other manned base systems
tasks they will have onboard.

Three months before flight, the crew moves to
JSC where their training continues in the
SSTF and other JSC facilities. The concen-
tration now is on ensuring that the crew comes
together as a team, and that an affinity is also
developing between the crew and the support
personnel who will be on the ground during
the first few weeks of their flight increment. It
is at this point that the non-NASA crew-
members will receive the habit-ability train-
ing they require. During this period, all of the
crew will work to maintain the systems skills
they will need.

Beginning approximately ten weeks before
launch, a small number of integrated simu-
lations will be scheduled with a portion of
SSSC personnel, along with personnel from
the POIC and the users’ ROC /DOCs. These
simulations will be designed to ensure that the
team building process has occurred properly
and that the training for the increment about
to launch is properly completed. Finally, after
launch, “on-the-job” training and proficiency
maintenance will occur throughout the
duration of both increments.
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FY 1989
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New Laboratory
Support Area

Space Station Control Center (SSCC)

The SSCC will provide for continuous real-time Space Station
Freedom control and support, Manned Base Systems
Integration/Support, Flight Activities Integration/Support, Flight
Crew and Ground Support Personnel Integrated Training,
Operations Planning and Preparation Support, Ground
Applications Software Development and Operations Concept and
Procedures Verification.

A five-story addition will be constructed at the southwest corner of
the existing Mission Control Center (MCC). The addition will
consist of approximately 106,000 square feet of floor for space
station operations support and data processing/storage. The SSCC
and MCC will share common skills, personnel, equipment,
communications, and data. The facility will be fully operational

approximately one year prior to launch of the first element, in order
to conduct simulations.

Space Systems Automated Integration and
Assembly Facility (SSAIAF)

The SSAIAF will provide an area for high-fidelity dynamics
simulation testing of manual and automated construction
techniques and hardware, component attachment methods, and
verification/inspection techniques for on-orbit space station
structural assembly tasks and similar applications. It will provide
required space for a large stationary simulator. A three-story
laboratory is required for a technician work and staging area.

A 47,000 square-foot addition will be constructed at the east end of
the Systems Integration and Mockup Laboratory of Building 9. The
addition consists of a 21,000 square-foot high-bay area and a 26,000
square-foot, three story, laboratory support area.
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Space Station Freedom Projects Office

The Johnson Space Center is responsible for
the design, development, verification, assem-
bly and delivery of the Work Package 2 flight
elements and systems. This includes the inte-
grated truss assembly, propulsion assembly,
mobile transporter, resource node design and
outfitting, external thermal control, data
management, operations management, com-
munications and tracking, extravehicular
systems, guidance, navigation and control
systems, and the airlocks. JSC is also respon-
sible for the attachment systems, the STS for
its periodic visits, the flight crews, crew train-
ing and crew emergency return definition, and
for operational capability development asso-
ciated with operations planning. JSC will
provide technical direction to the the Work
Package 1 contractor for the design and de-
velopment of all manned space subsystems.

Johnson Space Center has established the
Level III Space Station Freedom Projects office
to manage and direct the various design, de-
velopment, assembly, and training activities.
This organization reports to the Space Station
Freedom Program Office in Reston, Virginia.

The Space Station Freedom Projects Office will
develop a capability to conduct all career flight
crew training. Experience has shown that in-
tegrated training, involving the flight crew
and ground controllers using combined system
and experiment trainers, is essential to mis-
sion success. The integrated training architec-
ture will include the Space Station Control
Center, and ultimately the Payload Opera-
tions and Integration Center when the station
becomes permanently manned.

,ﬁ

SPACE STATION
PROJECTS OFFICE
J. Aaron
DEPUTY MANAGER
C. Shelley
MANAGER FOR DEVELOPMENT
R. Bobola
MANAGER FOR INTEGRATION
J. Goree
SPECIAL ASSISTANT
V. Brand
EXTERNAL MANAGEMENT
INTEGRATION INTEGRATION
OFFICE OFFICE
P. Gerke T. Mancuso
JSCRESIDENT OFFICE
(McDonnell Douglas)
J. Vincze
, SYSTEMS OPERATIONS
FLIGHT , MANUFACTURING INFORMATION PROJECT
ENGINEERING & INTEGRATION
ELEMENTS OFFICE INTEGRATION AND TEST OFFICE OFFICE SYSTEMS OFFICE [l | CONTROL OFFICE
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W. Creasy T. Redding E. Armstrong D. Hoit C. Dawson H. Mandell
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Space Station Freedom Unique Activities

Flight
Telerobotic Servicer (FTS)

Attached Payload
Accommodations

Unmanned Free Flying
Platforms

Assembly, Maintenance
and Servicing

Goddard is responsible for devel-
opment and implementation of the
FTS, including the selection of
appropriate technology, conduct-
ing Shuttle demonstration flights,
delivering the flight element and
providing a ground based training
and evaluation capability. God-
dard works with other NASA
Centers conducting research in
automation and robotics and
evolutionary growth.

Goddard is responsible for accom-
modating various scientific, com-
mercial and technology develop-
ment instruments and experi-
ments, providing utilities such as
power, thermal control, data sys-
tem interfaces, pointing and stabil-
ity; providing attachment fixtures
and other equipment necessary to
properly place and operate the
payloads and provide attitude
determination,

Goddard is responsible for manag-
ing the detailed design, develop-
ment, test, and evaluation of the
U.S.platforms that are not attach-
ed to the station but fly freely in
their own orbits. The initial U.S,
polar platform will support the
Earth Observing System (Eos)
mission. Another U.S. platform,
co-orbiting with the space station
in the late 1990’s, will serve
additional scientific users from
various disciplines.

Goddard is responsible for develop-
ing the servicing system architec-
ture for all flight vehicles and at-
tached payloads to optimize station
performance for user operations.
Goddard works with the user com-
munity to determine requirements
that impact design and evaluates
capabilities such as replacement,
replenishment, retrieval, storage,
assembly, test and verification of
intended operation.
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Space Station Freedom Unique Activities

H

The FTS program will be implemented by
establishing and coordinating four major
elements:

NASA NASA
. HEADQUARTERS HEADQUARTERS
® A Technology element to select, modify, Q omw_nm oF |
and transfer evolving technology and to OFFICE OF AERONAUTICS
identify requirements for new technology. SPACE STATION | AND SPACE
__FREEDOM | TECHNOLOGY

¢ A Flight Demonstration element to conduct
demonstration flight(s) on the NSTS prior
to station assembly for verification of
design and operations concepts.

® A Freedom Flight System element to
deliver, operate, and evolve an FTS for
use by the Space Station Freedom program.

® A Ground System element to provide con-
tinuing capability to evaluate and imple-
ment advanced robotic technology and to
assist training operations and FTS on-orbit
performance evaluation.

FTS MANAGEMENT STRUCTURE AND RELATIONSHIPS

SPACE STATION
FREEDOM
PROGRAM

OFFICE

SPACE STATION
FREEDOM
PROJECTS -

GODDARD

QFFICE OF
AERONAUTICS
AND SPACE
TECHNOLOGY

GODDARD
DIRECTORATES

. FTS
As can be seen from the figure at the right, PROJECT
many other NASA, government and industry NATIONAL OFFICE HEADGUAKTERS
BUREAU OF

organizations are participating in the FTS
program, each contributing in their areas of
Center or organizational expertise.

The FTS program will provide an early demon-
stration of the FTS capabilities onboard the
Shuttle sometime in 1991. The results of that
demonstration and research being conducted on
the ground at the NASA Centers and contrac-
tors will be transferred into the actual flight
article that will be used to assemble Space
Station Freedom beginning in 1995. The role
of the FTS will evolve with Space Station
Freedom over time, taking on different tasks
and roles consistent with the assembly, servic-
ing, maintenance and operations activities.

STANDRDS

OFFICE OF
_ COMMERCIAL
PROGRAMS

JOHNSON

LANGLEY

SPACE
CENTER

MARSHALL

RESEARCH
CENTER

WORK
PACKAGE-3

SPACE FLIGHT
CENTER

|

JET FTS
PROPULSION CONTRACTOR
TBD

LABORATORY

LEWIS
RESEARCH

CENTER
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Elements and Systems

Free-Flying Platforms

Platforms are unmanned modular spacecraft
designed to carry and support science,
technology and commercial payloads that
require exposure to space or that cannot be
attached to Space Station Freedom’s manned
base for one reason or another. They provide
facilities for a broad range of users to conduct
long term independent missions and
investigations. There are two such
platforms associated with the Space Station
Freedom’s initial capabilities. One platform
is in polar orbit and is the responsibility of
the United States. The other is a polar
orbiting platform that is the responsibility
of ESA.

Goddard will manage the detailed design de-
velopment, test and evaluation of the U.S,
polar platform now planned to be used by the
Earth Observing System Program which is
also managed by Goddard. The Eos program is
also part of the Mission-to-Earth Program
which also includes many of the 1992
International Space Year scientific activities.

The first U.S. polar orbiting platform is in-
tended for continued viewing of the Earth and
1s placed in a north-south orbit, thereby
allowing the sensors to view the entire Earth
rotating under the platform. By syncronizing
the altitude (and therefore the orbital period)
with the Earth’s rotation and inclination of the
sun, the scientists can be sure their sensors
look at the desired locations on the Earth in
morning and afternoon sunlight rather than
darkness. This orbit is called sun-syncronous
and is 705 kilometers (438 statute miles) and
inclined 98.7 degrees to the equator. To
achieve this, the polar platform must be
launched from Vandenberg Air Force Base in
California. Present planning leans toward the
use of a Titan IV expendable launch vehicle.

The principal goal of the Earth science and
applications discipline, which will be the pri-
mary user of this polar platform, is to obtaina
scientific understanding of the entire Earth
system on a global scale by determining how
its component parts and their interactions
have evolved, how they function, and how they
may be expected to continue to evolve on all

may be expected to continue to evolve on all
time scales. To attain these objectives, the Eos
program will be carried out in conjunction
with the National Oceanic and Atmospheric
Administration’s (NOAA) weather monitoring
program,

The Eos system includes a complement of
instruments on the platform which will great-
ly enhance the scientific communities’ ability
to gather remotely sensed data on the Earth’s
land masses, its oceans, atmosphere and ice
sheets. This data can be recorded on-board
and played back to the ground via the TDRS
network or direct broadcast to a ground
station.

The basic design of the U.S. platforms pro-
vides for a significant degree of commonality
between both polar and co-orbiting platforms
and the manned base. These design studies
also look at potential instrument common-
alities between NASA, ESA and Japanese
platforms. Commonality implies common
interfaces for all users. This should make
logistics simpler, repairs more efficient and
costs lower.

The platforms are designed to be serviced in
different ways: by the Shuttle, by rendezvous
with a servicing carrier and by robotson a
servicing carrier.

An artist’s view of the polar orbiting platform
with an Eos payload is shown under the
Elements and Systems section.
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Elements and Systems

Flight Telerobotic Servicer (FTS)

The Need

The crew will need assistance in assembling,
servicing, inspecting and maintaining Space
Station Freedom and all of its payloads and
systems. While some extra vehicular activ-
ity (EVA) will still be required, it is more
risky and expensive (in both time and
dollars) than if an intelligent robot could per-
form some of those functions. One way to get
the various jobs done is to put the astronaut’s
intelligence inside the station and put his or
her hands and arms outside. In effect, this is
what a “telerobot” accomplishes. The term
“telerobot” refers to a hybrid capability for
the robot to operate either under direct con-
trol of a human operator (tele-operation) or
to carry out tasks by itself according to some
computer rules, knowledge and sensory in-
formation but providing the ability for the
human to intervene. Another way to get the
Job done is to provide the robot with some in-

telligence of its own for certain types of jobs.
In effect, this is a “smart robot.” The concept
of the Flight Telerobotic Servicer provides a
useful, reliable and safe tool to assist the crew
in performing a broad range of routine tasks
on both the station and the Orbiter.

Design Concept

The FTS project will soon be evaluating com-
peting approaches offered by industry. In pre-
paring for this evaluation, GSFC engineers de-
veloped their own design concept to the same
requirements being studied by the competing
Phase B contractors. What follows is a de-
scription of this “in-house” design concept.
The actual FTS, to be built by the successful
contractor, is likely to differ substantially
from this description. The FTS is an unique
element of Space Station Freedom, unique to
spaceflight and unique to the robotics world.
The FTS is a robot which is also a spacecraft,
and it must be designed and built accordingly,
The FTS must work in a much less structured
world than an industrial robot. The FTS will
be required to perform many varied tasks with
varying degrees of precision throughout its
expected lifetime. These tasks will increase in
complexity; therefore, the system must be
capable of substantial growth and evolution.

The telerobot is composed of three major sub-
assemblies: the main body, the arm position-
ing system and the manipulator arm assem-
bly.

The Main Body
The main body contains all the major electron-
ic components of the telerobot, as well as the

grapple fixture by which the telerobot is pick-
ed up by one of the large manipulator arms,
€.g., the Remote Manipulator System (RMS).
The main body also contains the attachment
grapple (or foot) by which the telerobot is se-
curely fixed at the worksite.

One of the features of the main body of the
telerobot is that it is free to rotate about its
central core and the attachment foot. This
freedom to rotate allows the thermal radiators
that cover three sides of the main body to be
oriented for optimum heat rejection at the
worksite. Main body rotation with respect to
the attachment foot allows the operator of the
large manipulator arm another degree of
freedom to help orient the FTS foot for proper
mating to the worksite attachment point.

The Arm Positioning System

The next major component of the telerobot is
the arm positioning system that consists of
two, linearly driven, tubular sections connect-
ed through an offset rotational joint. The low-
er section is free to rotate simultaneously with
respect to both the main body and the attach-
ment foot. The manipulator arms are free to
rotate * 180 degrees with respect to the upper
section. Five degrees of freedom are obtained
to position the arms relative to the telerobot
main body and attachment location. There are
a number of advantages to the arm positioning
system: it extends the reach of the telerobot
without extending the length of the manipu-
lator arms; it allows the arms to be positioned
squarely to a task so that the teleoperator in-
terfaces with the task in a natural manner;
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Elements and Systems

FTS assembling the truss in the orbiter FTS installing a radiator

FTS working on the truss FTS servicing another spacecraft
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Space Station Freedom Organization

ﬁ

NASA'’s Goddard Space Flight Center, Green-
belt, Md,, is responsible for development of
several of Space Station Freedom's elements
and systems including the free-flying plat-
forms, attached payload accommodations,
and for planning NASA’s role in servicing ac-
commodations in support of the user payloads
and satellites. Goddard is also responsible for
developing the Flight Telerobotic Servicer.

As the Work Package 3 Center, Goddard has
established the Level 111 Space Station Free-
dom Projects organization to manage and
direct its various development, scientific, en-
gineering, and support activities. This organ-
ization reports to the Space Station Freedom
Program office in Reston.

A unique aspect of this organization is its re-
sponsibility to the various scientific, engineer-
ing and commercial communities that intend
to utilize the station’s resources. This organi-
zation represents the needs of the users by en-
suring sufficient power to their experiments or
payloads and a place for them on the station’s
truss, a physical environment that supports
their experiments, robotics and crew services
for their experiments, communications with

Project Office

Ronald Browning

Vacant

SYSTEMS RELIABILITY
AND

DEPUTY DIRECTOR OF
FLIGHT PROJECTS FOR
SPACE STATION FREEDOM

ASSOCIATE DEPUTY

ASSOCIATE DIRECTOR
OF SPACE & EARTH
SCIENCE FOR SPACE
STATION FREEDOM

Kenneth Frost

QUALITY ASSURANCE
Robert Wilkinson

SYSTEMS ENGINEERING
AND

MANAGEMENT
AND
RESOURCES CONTROL

James Zerega

INTEGRATION
Floyd Ford

GROUND SYSTEMS
OPERATIONS INFORMATION
UTILIZATION

Vacant

their experiments, and most importantly, WORK PACKAGE 3 FTS/DTF
their experiment data. PROJECT PROJECT

John Hrastar Charles Fuechsel

This organization currently includes approx-
imately 100 civil servants. There are an ad-
ditional 70 people working on related activ-
ities in other Goddard organizations on such
areas as advanced development, robotics,
and testing of prototype flight hardware.
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Space Station Freedom Unique Activities (Summary)
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Solar Arrays

A series of eight solar array wings will be
utilized to provide electric power aboard the
space station during its early years. Each 34-
by 108-foot wing consists of two blanket as-

The modules are located on the transverse
boom, outboard of the truss element alpha
gimbals. Each one consists of an integrated
equipment assembly (radiator panels, energy
storage, DC electronics thermal control as-
semblies and AC power) and truss members.

semblies, each covered with 14,592 solar cells.

Batteries

The energy obtained from the sunlight will be
stored in Nickel-Hydrogen batteries for later
use when the station is in the Earth’s shadow.
A battery pack is made up of 30 Ni-H2 cells,
wiring harness, and mechanical/thermal sup-
port components. On discharge, this operates
near 28 volts which allows the flexibility to
connect several packs in series to obtain a high
voltage system for the space station and plat-
forms, and lower voltage for the platforms or
other station applications.

GLOBAL BUS

POWER
MANAGEMENT
CONTROLLERS

ELECTRIC POWER SYSTEMS CONTROL BUS

PV MAIN BUS POWER
CONTROLLERS  SWITCH UNITS DISTRIBUTION
CONTROL UNIT

CONTROLLERS

Power Management And
Distribution (PMAD)

The 20 kHz Primary PMAD system is de-
signed specific-ally to meet aerospace system
requirements. The system is based upon rapid
semiconductor switching, low stored reactive
energy, and cycle by cycle control of energy
flow which allows the tailoring of voltage
levels. The PMAD system will deliver control-
led power to many scattered and different user
loads. The high frequency AC power system
was selected to provide higher efficiency, lower
cost, and improved safety.
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Elements and Systems

solar dynamic systems to reject the waste cy-
cle heat to space. Solar dynamic systems are
characterized by higher development costs
(because they have never flown in space be-
fore) but lower recurring costs; slower perfor-
mance degradation due to aging; much higher
efficiency than PV systems, and much lower
drag. Extensive trade studies were conducted
comparing PV, SD, and hybrid EPS options
during the Phase B effort. Although the hy-
brid option was judged to be superior to either
all-PV or all-SD options, the all-PV system
was selected for development initially be-
cause of low initial cost.

As the space station grows and the demand
for electric power increases, a solar dynamic
system may be installed as a complementary
system to the photovoltaic power module.
This technology, far different from the photo-
voltaic system, converts the Sun’s rays into
heat for the production of power. Heat is col-
lected in a receiver which is located near the
focal point of a large parabolic mirror. Power
is then generated exactly the same way as on
an earthbound power station: by heating a
fluid, which in turn rotates a turbine. Since a
heat/gas-driven turbine is a much more effici-
ent power converter than a sunlight-driven
solar cell, the mirror (the assembly with the
largest area in the solar dynamic system)
would have to be only one-third the area of a
solar array to generate the same amount of
power to from the Sun’s light.

There are several different engines that can
be used for the generation of power within the

solar dynamic system. They are similar in
that they are “closed cycle,” i.e., they recycle
the working fluid. These engines are usually
known by the names of their inventor. For use
on Space Station, the Brayton Cycle engine
has been selected.

The energy storage device used for a solar dy-
namic power system is superior to a photo-
voltaic system because heat is stored rather
than electricity. Heat is cheaper and far more
simple to store for subsequent use. Storage
can be accomplished by taking advantage of
the heat, of fusion of inorganic salts. On the
sunny side of the Earth, heat is absorbed by
the salt and it melts. On the dark (cold) side
the salt freezes and gives up its heat to the
working fluid of the engine, ensuring contin-
uous operation.

Primary Power Distribution

The 20 kHz Power Management and Distri-
bution (PMAD) system is designed specific-
ally to meet aerospace system requirements.
The system is based upon rapid semiconductor
switching, low stored reactive energy, and
cycle by cycle control of energy flow which al-
lows the tailoring of voltage levels. The high
frequency AC power system was selected to
provide higher efficiency, lower cost, and im-
proved safety.

The overall distribution equipment will in-
clude cables, load converters, transformers,
regula tors, switches and other standard
electrical equipment. The overall distribution

ﬁ

subsystem will be composed of equipment
necessary to process, control, and distribute
power to other station subsystems, elements,
and attached payloads.

The most significant PMAD design decision
was the selection of the primary distribution
system frequency. Both DC and AC options
were considered, and both high frequency
(typically 20 kHz) and low frequency (typically
400 Hz) AC options were considered. DC Pri-
mary distribution was not selected because it
had much higher weight and cost than either
of the AC options.

The performance of the candidate AC systems
was relatively similar and the choice was
difficult. All reactive components (i.e. induct-
ors, capacitors, transformers) are much lighter
for the 20 kHz system than for the 400 Hz
system.

The major discriminator between 20 kHz and
400 Hz was electromagnetic interference
(EMI). Space station experiments are sensi-
tive to conducted and radiated EMI from a 400
Hz system, including all of the harmonics up to
about 10 kHz. The weight of shielding and fil-
tering required to reduce the EMI from all of
these frequencies to acceptable levels in a 400
HZ system is prohibitive. The EMI in a 20 kHz
system is expected to be a more tractable pro-
blem. In addition to EMI considerations,
audible noise from a 400 Hz system may be
objectionable to the erew. As a result of these
considerations, 20 kHz was selected as the
primary distribution frequency.
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Space Station Freedom Systems Directorate

ﬁ

NABSA'’s Lewis Research Center in Cleveland,
Ohio is responsible for the Work Package 4

portion of the Space Station Freedom Pro-

gram. The Space Station Systems Directorate DIRECTOR

is responsible for the design and development Ronald L. Thomas

of the Electric Power System. In effect, this DEPUTY DIRECTOR

Directorate is the Space Station Freedom Thomas H. Cochran

Electrical Power System Projects Office. DEPUTY FOR INTEGRATION
Gerald J. Barna

The Project Control Office’s responsibilities

include resources control, contracts, admini-
strative services, configuration management
and technical documentation. The Systems

Engineering and Integration Division per- SOLAR DYNAMIC POWER PROJECT CONTROL
forms system engineering and analysis for the AND PROPULSION OFFICE OFFICE
overall Electrical Power System. The Photo-

. A . CHIEF CHIEF
voltaic Power Module Division is responsible Thomas L. Labus Larry R. Scudder
for all activities associated with the design, de- ,

: ; DEPUTY CHIEF DEPUTY CHIEF
velopment, test and implementation of the Anthony Long
A . Stephen M. Cohen
photovoltaic systems. The Solar Dynamic

Power and Propulsion Division is responsible |
for hooks and scars activities in solar dynam-
ics and in supporting Work Package 2 in re-
sistojet propulsion technology. The Electrical
Systems Division has responsibility for the

power management and distribution system
. N SYSTEMS ENGINEERING

development. The Operations Division man- PHOTOVOLTAIC POWER ELECTRICAL SYSTEMS AND INTEGRATION OPERATIONS
ages all Directorate activities associated with MODULE DIVISION DIVISION DIVISION DIVISION
Lewis space station power system facilities CHIEF CHIEF CHIEF CHIEF
and in planning electric power system mission Donald L. Nored Fred Teren Gerald J. Barna William E. Goette
operations. DEPUTY CHIEF DEPUTY CHIEF DEPUTY CHIEF DEPUTY CHIEF

. L . . Dean W. Sheibley James F. DePauw John W. Dunning Larry H. Gordon
This organization currently includes approxi- | e e———

mately 200 civil servants. There are an ad-
ditional 150 people in other Lewis organiza-
tions working on such areas as test and evalu-
ation, construction and outfitting of the Power
Systems Facility and power related research.
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Space Station Processing Facility (SSPF)

By March of 1994, Kennedy Space Center
plans operational readiness for a $68.74
million Space Station Processing Facility
(SSPF). Construction begins in January of
1990.

The SSPF will be a 264,000 square foot build-
ing designed especially for the processing of
Space Station Freedom payloads to be
launched by multiple Space Shuttles in the
cargo bay.

Flight elements arrive at KSC by various
means, including a C-5B, currently being
modified by the U.S. Air Force to carry Shut-
tle payloads. A mobile transporter moves the
hardware to the SSPF where it is removed
from shipping containers, inspected and ser-
viced in preparation for power-up testing, if
necessary. Some flight elements, such as the
basic truss structure, are “ship and shoot”
items, requiring little KSC testing or process-
ing. Other elements, such as pressurized
modules, will require full functional testing
at the SSPF. Specific processing steps are
being selected from capabilities appropriate
for each flight element.

Generally, each flight element follows a four-
part handling in the SSPF. First, post ship-
ment verification is conducted by inspecting
the quantity and condition of each package.
Accompanying data packages are reviewed,
and problems or discrepancies are document-
ed. The flight elements are serviced by fil-
ling, purging, sampling and leak-testing all
fluid and gas containers. Ground support
equipment is connected and the system is
powered up to detect shipping damage or de-
fects. Finally, the Interface Test, the most
critical of all, is conducted.

Current planning indicates that each element
will be tested for exact interface with all other
pertinent elements by the use of simulation.
The interface test includes functional verifi-
cation of one work package to the others, then
functional verification of the on-orbit config-
uration. Verification of critical interfaces, and
verification of the on-orbit installation se-
quence are performed. Possible other tasks in-
clude verification of interfaces between the on-
orbit station and the Orbiter flight decks, and
verification of on-orbit assembly procedures
involving the astronauts.

Subtasks of the Interface Test involve inter-
national partners, communications and soft-
ware systems. Functional verification of the
space station core systems and the Canadian,
Japanese and European elements are required
to assure compatibility and critical interfaces.
Major concerns are fire detection and suppres-
sion, environmental control and life support
systems, and auxiliary power.

ﬁ

Two separate tests will verify the Space
Station Information System (SSIS). One test
will verify the compatibility of SSIS hardware
and software, confirm SSIS operational proce-
dures and validate the software for the Space
Station Control Center which will command
and monitor the core systems of the space
station. Another test verifies the end-to-end
interfaces between experiments and their
Payload Operations Control Centers scattered
throughout the nation and across the oceans at
the international partner centers.

Finally, flight software load and verification
are handled in the SSPF. Tests are performed
to verify that flight software and hardware are
compatible and correctly installed.

After all this testing, fluids and gases are pre-
pared for flight, switches are reset, non-flight
items are removed, and the flight elements are
packaged for launch. Crew members may
participate so they can determine the best
methods of unpacking once they are aboard
Space Station Freedom.

Upon return of the Shuttle from orbit, user
payloads are removed at the SSPF and routed
to international, governmental and private
users. Logistics modules are refurbished and
refilled for the next flight to the station. An
estimated 20,000 orbital replacement line
items will be handled at KSC for logistical
purposes aboard the space station. Non-
hazardous station elements will be processed
at the SSPF. Such items as gaseous oxygen
and hydrogen will be loaded on modules at the
hazardous processing facility.
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Space Station Freedom Projects Office

Until the Space Station Processing Facility
(SSPF) is built at Kennedy Space Center, the
KSC Space Station Projects Office is devoted

to systems engineering and integration, ground
support equipment management, operations SPACE STATION
and customer support, project control and PROJECTS OFFICE
logistics systems. The SSPO Manager reports to ﬁz_bz%mmx
the Space Station Program Office in Reston, M- Gresier

© Opa DEPUTY
Virginia. J.W. Johnson

Because NASA has overall responsibility for the
integration of both international and U.S. ele-
ments and systems with the National Space

Transportation System, Kennedy will be the fo-

cal point for pre-launch and launch activities. Sy ENGINEERING GSEMANAGEMENT
Technicians from Japan, Canada and ESA will OFFICE

provide technical and hands-on support for the Bill H. W )
integration of international elements at the KSC i Haynes es Branning

Space Station Projects Office.

The KSC Space Station Freedom test teams will OPERATIONS AND PROJECT CONTROL
provide launch site final acceptance testing and ncﬂo,_w_m_unmwvvoﬂ OFFICE

certification of facilities at science and tech-
nology centers, if requested. Launch site testing
is designed to verify major interfaces, provide
confidence tests of critical systems, and verify
end-to-end operations between the flight ele-

Frank Bryan Dave Flowers

ments and ground control centers. LOGISTICS SYSTEMS
OFFICE
The KSC processing team is also responsible for Greg Opresko

the resupply of the fluids, supplies and hardware
that require early access to the Orbiter cargo bay
upon return. Less critical items, such as experi-
ment racks and specimens are off-loaded at the
SSPF and routed to users.
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Space Station Freedom Unique Activities

Space Station Evolution

D #
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L&

Mature R & D Station

Langley is responsible for space station evolution to meet future needs
such as increased research and development activities, support of a re-
turn to the Moon, or a manned expedition to Mars. This responsibility
includes conducting mission, systems, and operations analyses; sys-
tems level planning of options/configurations; coordinating and inte-
grating study results by others (including international partners and
U.S. industry); chairing the evolution working group; and supporting
advanced development program planning.

Technology User Representation

® Space structures

® Space environmental effects

® Power systems and thermal management
® Fluid management and propulsion systems
® Automation and robotics

® Sensor and information systems

® In-space systems

® Humans-in-space

Langley is responsible for representing the research and engineering
community interested in using the space station for in-space technology
development experimentation. This responsibility includes: conduct-
ing technology user accommodation analyses; representing NASA’s
Office of Aeronautics and Space Technology (OAST) on various space
station users panels and working groups; serving as the focal point for
OAST’s In-Space Technology Experiments Program; identification and
analysis of technology needs of the evolutionary space station for OAST;
and managing the space station structural characterization
experiment.
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Technology User Representation

e

The spuce station structural characterization experiment begins with the first assembly flight.

To insure that the space station will accommo-
date various user activities, Langley is respon-
sible for representing the research and engin-
eering community (industry, universities, and
government) interested in in-space technology
development experimentation. This experi-
mentation includes: basic or applied research
to improve understanding of phenomena and
buildup of engineering data bases; technology
development involving test/evaluation of
prototype components and subsystems; and
demonstrations involving proof of maturity
and performance verification in integrated
system context. Langley is responsible for con-
ducting various use accommodation analyses
such as determining support equipment out-

fitting needs. Langley represents OAST on
various space station user panels and working
groups including: user accommodation panel,
attached payload/ platform accommodation
working group; pressurized element payloads
working group; payload manifest working
group; design reference mission working
group; user information systems working
groups; utilization and operations review
board; and utilization and operations
information planning group.

Langley serves as the focal points for OAST’s
In-Space Technology Experiments Program
for the definition and development of industry,
university, and NASA in-space experiments.

The program includes experiments in space
structures, space environmental effects, fluid
management and propulsion systems, power
systems and thermal management, automation
and robotics, sensor and information systems,
humans-in-space, and in-space systems. These
experiments will initially fly on the STS or
ELVs but will transition to the space station as
it becomes available. One of these experi-
ments, the Space Station Structural Character-
ization Experiment, is being managed by
Langley. This experiment will instrument the
space station and provide valuable engineering
data to validate computer modeling codes and
lay the basis for future large space systems
including space station evolution.
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Langley expertise and involvement in
systems analysis over the years has resulted
in the development of a number of spacecraft
computer-aided engineering (CAE) analytical
tools to support advanced space system de-
sign, conceptualization engineering analysis,
and performance prediction. Analytical tool
products generated from this area of research
have been applied to the Space Station
Freedom System Engineering and Inte-
gration (SE&I) program to address the overall
assessment and understanding of the inter-
active performance of various engineering
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and technology disciplines which make up
such a complex spacecraft system config-
uration definition. The Interactive Design and
Evaluation of Advanced Spacecraft (IDEAS?)
CAE system was developed to assess the de-
sign considerations to meet the mission goals
and requirements by performing analytical
simulations of spacecraft performance in the
dynamic orbital environment of space. The
IDEAS? computer software modules include
structural synthesizers; orbital mechanics
simulators; aerodynamic, gravity gradient
and solar-pressure orbital environmental

* GENERA. ANALYSIE

synthesizers; solid geometry and finite element
modelers; on-orbit static, dynamic and struct-
ural analyzers; thermal analyzers; structural
element design; sub-system design and data-
base; performance, cost and reliability analysis
algorithms. These multidisciplinary analytical
tools are interfaced such that data from one
module can be accessed by another module in
an interactive process which provides the cap-
ability to evaluate spacecraft systems design
concepts whose performance predictions in-
clude disciplinary interaction.
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Traditional Center Roles and Responsibilities

o) i)

39vd IYNIDIYO

HdVY90TOH T1THM any

Ames was founded in 1939 as an aircraft re-
search laboratory by the National Advisory
Committee for Aeronautics (NACA) and
named for Dr. Joseph S. Ames, Chairman of
NACA from 1927 to 1939 and former Presi-
dent of Johns Hopkins University. In 1958
‘Ames became part of NASA, along with other
NACA installations and certain Department
of Defense facilities. In 1981, NASA merged
the Dryden Flight Research Center with
Ames. The two installations are now referred
to as Ames-Moffett and Ames-Dryden.

Ames-Moffett is located in the heart of
“Silicon Valley” at the southern end of San
Francisco Bay on about 422 acres of land ad-
jacent to the U. S. Naval Air Station, Moffett
Field, California.

Ames-Dryden, which is located in the high
desert about 70 miles northeast of Los Ange-
les, occupies about 520 acres adjacent to
Edwards Air Force Base. This facility was

established in 1947 as a NACA flight research
station at the U. S. Army Air Corps Test Fa-
cility, Muroc, California (now Edwards AFB).
In 1959, the station became the NASA Flight
Research Center, and in 1976 it was renamed
the Dryden Flight Research Center in honor of
D. Hugh Dryden, Chairman of the NACA from
1947 to 1958 and Deputy Administrator of
NASA from 1958 to 1965.

Ames specializes in scientific research, ex-
ploration, and applications aimed toward
creating new technology for the nation.

The Center’s major program responsibilities
are concentrated in:

®  Computer Science and Applications

¢  Computational and Experimental
Aerodynamies

Flight Simulation

Flight Research

Rotorcraft and Powered Lift Technology
Aeronautical and Space Human Factors
Life Seiences

Space Sciences

Interplanetary Missions

Airborne Science and Applications
Infrared Astronomy

About 2,000 civil service employees and al-
most 2,000 contractor employees are employed
at Ames.

Along with other NASA Centers, Ames signif-
icantly contributed to the Mercury, Gemini,
and Apollo programs. The Center’s achieve-
ments in atmospheric entry systems and heat-
ing, aerothermodynamics, and derivation of

flight profiles contributed to the design of the
Shuttle Orbiter and the materials of its ther-
mal protection system. Ames-Dryden contin-
ues to handle the Shuttle landing operations
as well as to manage flight research on virt-
ually every new military fighter and experi-
mental aircraft built in the United States.

The Pioneer series of spacecraft, an Ames tri-
umph, made the first trips through the Aster-
oid Belt and on to Jupiter and Saturn. The
array of scientific experimental equipment
carried in these spacecraft resulted in signifi-
cant discoveries, culminating in June 1983
when Pioneer 10 completed history’s first
flight beyond the known solar system, still
transmitting data, as it does today.

Ames has some of the most unique facilities
including:
¢ Full scale wind tunnels, one of which is
the largest in the world

® National Full-Scale Aerodynamics
Complex (NAS supercomputer system)

® Ames’ fleet of airborne laboratories that
support the Airborne Sciences and
Applications Program

® Vestibular Research Facility

® Piloted Flight Simulator Complex
New programs for the 1990’s and beyond
include the Space Infared Telescope Facility

(SIRTF), and support of the Space Station
Freedom.
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Supporting Activities

The Ames Research Center provides a source
of research and technology in support of the
space station. The Center will also be a user
of the space station, particularly in life scien-
ces. It will support payload development, and

' space station operations. Ames is involved in
several areas, including: human factors,
autonomous systems, telescience, materials
microgravity research, life sciences, centri-
fuge, spacesuit, controlled ecological life sup-
port system, polar orbiting platform, astro-
metric telescope facility, infrared astronomy,
and the gas grain facility. As with any re-
search endeavor, some of these projects will
result in the development of hardware and
software for use in the space station program
while others will not.

Studies are being conducted on how the crew
can most effectively interface with control
and maneuvering'systems. Autonomous sys-
tems being developed at ARC are computer
based “expert” systems which emulate some
forms of human intelligence. These advanced
systems will handle routine operations on the
space station to free the crew to concentrate

on the operations and research that benefit
from human adaptability, intuition, and
creativity. A demonstration project is under-
way to show how expert technology can be
applied to operate the space station’s thermal
control system. This is an evolutionary system
on the premise that once expert systems have
been used for thermal control they can be de-
veloped further to control the power system
and the life support system. The goal is for a
single integrated system to control all these
systems. In addition, ARC is working on
automated free-flying space robots that will
have the intelligence to perform routine extra-
vehicular activities unattended in space.

How materials behave under conditions of
microgravity is an important area of research
essential to the building and operation of the
space station. Materials processing in space
includes smolder-to-flame research to explore
how fires develop under conditions of micro-
gravity where convection, which brings oxy-
gen to a fire, is inhibited. This research is aim-
ed at developing fire safety procedures and
control methods for use in the space station.
The formation of droplets is being researched
by another project which examines interact-
ions between gas and fluids under conditions
of microgravity. This is important to the space
station in developing methods to handle and
pump fluids in space.

How human beings might adapt to long terms
of duty in space and subsequent return to
Earth has been studied extensively at Ames
for many years. These studies are continuing
and are vitally importtant to the space station.

Ames has a number of unique Life Sciences re-
search facilities which directly support the
space station program. A Vestibular Research
Facility allows scientists and medical re-
searchers to investigate the important role of
the vestibular organs in governing the effec-
tiveness of humans in a microgravity environ-
ment. A Human Research Facility has been
operating for a number of years. It was de-
signed specifically for studies of physiological
and psychological responses of humans under
simulated conditions of weightlessness and
confinement. The biological responses of
animals and plants to microgravity conditions
for extended periods in the space station will
be investigated. A 1.8 meter centrifuge pro-
vides the variable gravitational conditions for
the experiments to isolate the effects of space-
flight on test subjects such as biological cells,
tissues, small plants and animals.

>=mm<m:ommmvmnmm:?nrm>x-mmmamcmr ﬁ
which is a candidate for use on the space sta- :
tion, has been developed at Ames. The suit is

made of aluminum and contains no fabric or

soft parts that would be subjected to damage

by atomic oxygen in the wake of spacecraft or

by rocket propellants spilled into space. The

suit has high reliability, has low maintenance

needs, and enhances mobility and comfort for

its wearer. It shields the wearer against radi-

ation and impact from small meteorites and

space debris. The suit maintains a constant

internal pressure and volume, no matter how

it is flexed. Its modular design allows easy re-
placement of parts and extension to fit astro-

nauts of various sizes.
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Advanced Space Technology Office

The Advanced Space Technology Office has two
major responsibilities. First it is responsible
for coordinating the Center’s overall activities

CENTER
DIRECTOR

ADVANCED SPACE
TECHNOLOGY OFFICE

W. Berry

with respect to the NASA Space Station
Freedom program. This office is the focal point
for the Center’s participation in all aspects of
the program. The office serves as the focus to

space station for Ames Research Center’s in- ADVANCED LIFE
terests, and to provide to ARC directorates in- SUPPORT
formation regarding the opportunities in re-
search technology development and utilization
in the space station era. The office is also re-
sponsible for coordinating and directing new
interdisciplinary multiorganization space re-
search and technology programs and projects.
These currently include programs in explora-
tion, telescience, and Project Pathfinder.
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The Jet Propulsion Laboratory (JPL) supports
the space station program in three areas: pro-
gram requirements and assessment, auto-
mation and robotics, and attached payloads.

JPL took on a major role for NASA’s space
station project by establishing the project fa-
cilities in Reston, Va. and by leading the Pro-
gram Requirements and assessment (PR&A)
effort as a member of space station Level I1
management. The PR&A participates in pro-
gram management, including leadership of
the Program Plan effort, responsibility for the
Program Requirements Document, and sup-
port for generating and revising the Program
Approval Document. Other tasks include de-
veloping a cost-management process and con-
ducting analyses and assessments.

NASA's interest in automation and robotics
for the space station is represented by three
main components: the Flight Telerobotic Ser-
vicer (FTS) for the baseline station, the evolu-
tion of the FTS, and the Office of Aeronautics
and Space Technology (OAST) R&D program.

JPL supports the the R&D effort.

The OAST Telerobotics R&D program has two

major thrusts: acore technology research ele-

ment, and a telerobotic technology testbed re-

search and development effort. The core pro-

gram is focused in five areas. They are:

®  Sensing and Perception: Including mach-
ine vision hardware and software; “feel”
sensing by force, torque, grasp and tactile
sensing.

¢  Task Planning and Reasoning: The ap-
plication of artificial intelligence to ro-
botic tasks.

®  Operator Interface: Design and analysis
of controls and displays command,

®  Control Execution: Research and devel-
opment of hardware and control software
to execute manipulation with robotic
arms and end-effectors.

®  System Architecture and Integration:
Hardware and software technologies for
integrating telerobotic systems.

The telerobotic testbed integrates and demon-
strates the ability of these “core” telerobotic
technologies to perform space assembly and
servicing tasks when integrated into a telero-
botic system. A series of demonstrations is
scheduled to be implemented on this testbed
through the year 2000. Several “core” techno-
logies will be integrated to perform autono-
mous satellite servicing tasks, directed by ma-
chine vision and force sensing, and using 6-
degree-of-freedom, dual arm manipulation.
Teleoperator control technology will be then
integrated with this autonomous system to

create a telerobotic system, capable of trading
control between teleoperated and autonomous
modes, for demonstrating a variety of space as-
sembly and servicing tasks.

As a next step the testbed plans to add two 7-
degree-of-freedom, flight qualifiable, manipu-
lator arms being developed by the NASA Lan-
gley Research Center and the Oak Ridge Na-
tional Laboratories. End-effectors, developed
by JPL, capable of sensing grasp force, will
also be added to the demonstration, as will the
software and control hardware adaptations to
control them.

Future OAST demonstrations will consider

the incorporation of mobility, laser sensing,
and artificial intelligence-based planning. La-
ter demonstrations are planned to include the
ability to recognize and acquire unlabeled ob-
jects from a cluttered background, autonomous
navigation, and the use of multiple coopera-
ting robots. The testbed will be a national test
facility and will support NASA Centers, priv-
ate industry and universities.

The OSS and QAST have developed and are
implementing a plan for the exploitation of the
Telerobotic Program results. The plan in-
cludes the transfer of the technology from JPL
to the design and construction of the FTS un-
der the cognizance of the Goddard Space Flight
Center. Thus, the FTS project, which is inten-
ded to aid in the assembly and maintenance of
the station and to be used in servicing space
station attached payloads and visiting space-
craft, will be in a position to take advantage of
the most advanced technology available.
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Formerly designated the National Space
Technology Laboratories (NSTL), the Center
was renamed the John C. Stennis Space
Center by Executive Order signed by
President Reagan on May 20, 1988.

In October 1961, the federal government an-
nounced its selection of a site in Hancock
County, Mississippi, to locate the nation’s test
facility for static firing of the Saturn V rocket
engires. The selection of this site for the
Mississippi Test Facility, as NSTL was first
named, was a logical and practical one. The
area offered ample land for construction of the
huge test facilities and had water access for
shipping massive rocket stages and barge
loads of propellants.

NSTL’s first assignment was to flight certify
all of the first and second stages of the Saturn
V rocket for the Apollo program. The pro-
gram began with a static test firing on April
23,1966, and continued in the early 1970s. In
all, 27 Saturn stages were tested and all
performed successfully, including those used
for Apollo 11, the first lunar landing mission.

A new chapter in NSTL’s history was opened
with the first test of a Space Shuttle Main En-
gine in June 1975. The main engine test pro-
gram is expected to continue into the 1990s
and beyond, supporting shuttle missions and
the planned space station. NSTL’s missions
also expanded during the transition between
the Apollo and Space Shuttle programs, when
the installation evolved into a multi-agency,
multi-discipline facility comprised of a number
of federal and state agencies which are engag-
ed in space and environmental programs and
the national defense.

The current missions of the Stennis Space
Center are to support the development of the
Space Shuttle Main Engines; to conduct re-
search and development in remote sensing and
other space applications; and to manage the
13,480-acre installation and provide support
services to resident agencies.

The Space Shuttle Main Engine test program
has been underway since 1975. All the main
engines used to power the orbiter during the
first 84 minutes of flight are tested here before
an actual launch. Research and development
engines designed for ground-testing purposes
only are also tested continuously to refine and
improve the performance of flight engines.

Another Stennis Space Center mission is to
provide technical and institutional support to
the 18 resident agencies and university ele-
ments located here. These federal and state
agencies are primarily involved in environ-
mental and oceanographic programs on na-
tional and international levels.

The Sciences and Technology Laboratory
(8TL) is the primary research and develop-
ment organization of the Stennis Space
Center. The laboratory was established in
1970 to develop new technology for observing
the Earth and its resources. STL advances
new remote data collection and analysis
concepts, and provides a logical transition
from basic research through applications
development to commercialization of space
remote sensing technology. Laboratory
personnel develop and test airborne prototypes
of advanced remote sensing instruments as
proofs of concept for orbital instruments.

The STL is currently adapting remote sensor
technology to support rocket engine testing
and Shuttle launch and landing operations.

The STL is comprised of scientifiec and techni-
cal personnel working in such fields as mathe-
matical modeling, forestry, geology, urban
geography and archaeology. STL scientists
have close ties with the academic and indust-
rial remote sensing communities, enabling the
laboratory to be fully attuned to current
trends. Also, its co-location with other scienti-
fic and technical agencies fosters cooperative
R&D activities. One goal of the laboratory is
to develop advanced capabilities to remotely
examine and predict changes in Earth proces-
ses, especially those caused by natural and
human-induced disturbances. The STL also
develops advanced data processing systems,
comprised of state-of-art hardware and spatial
data management and analysis software, to
address complex scientific and administrative
information extraction requirements.

92



£6

‘sjuedionaed
pue saaujted uopasa uorie)s svedg [eroraw
-wod ‘g’ N pue ‘syuedidrjred uropasaf uonjerg

9oedg [BUOTIBUIIIUI ‘S1039BIIU00 Ja0ddns

pue suaujaed uropasi,] uorjelg aoedg jusw
-WI3A03 ‘G ] J9YJ0 ‘SITIIAIIOR WOPIAL,] UOTIRIG
aoedg 90170 wreadoad ySy N 19Yj0 a1e S301A
-138 a0je[nuis peojAed ayj Jo s13sn [e1IUI04

'suorjeoridde swi)-[8a1 10] BPY UT BIBMIJOS

Jo quawdo[aasp ayjy ut aouatiadxa pue uon
-BULIOJUT IIM VSV N 9ptaoad [[1m Joje[nuils
peojded ayj ‘os|y ‘uotjerado pue udisep
peoi£ed 10j (00} Suturer} e apiaoad se [[am sE
suotjeaado pue jusawdojarap peojled wopoad,]
uoryelg adedg ut 3daduod 82uaTISB[33 AYI JO UOT)
-equawajdut oy 310ddns [jim Jo3RINUIIS Y],

"DASD 1B (SNd) WS4

juswadeuey WIOfIB[J 9Y) PUe ‘JSF 1' paqIsa)
(SINQ) walsAg juswadeury eje( ay) uo
UOT1JBIIUNUWIWIOD HIOM)DU Y] Jo 5159) Surpraoad
£q j10[30 WI0Paalj uoTielg 9vedg ay3 j2oddns
03 st 10jenuis peojded ays jo asodand ayj,

‘sjudwraadxa jo uoryerado

[enjoe 9Yy) SurInp anado 0} A[9Y1] ale ey} suony
-1puod 9110ads 1593 pue uorjeuLIojul asnboe 0y

Jo0yednsoaurt [ednurad e S9[qBUI J03B[NWIS Y],

g CiliCle]

aordg stuuelg pue ‘19jua)) Y31 soedg
paIeppor) ‘12jua)) 9oedg UOSUYOP Y} JB SUII)ISAS
J191ndwod uo sapisat L[juassad ‘1ajua)) soedg
STUUd)G 18 paurejureur pue padojaAap ‘10e]
-nuwIs 9y, 'so1IArOe weddoad uorje)s adeds
syroddns yey; 9denue] Surwiwres3oad epy

ay) ut £18a1jU8 Us)jLIM adeyoed aremi)jos e st
loje[nuIlg peojAB wopaat,] uone)g soedg ayJ,

‘weadoad ayy jo 1aoddns ur 19jua)) soedg
SIUUG £q p33anpuod 3utaq Osfe AJe SIIpPNIs
UOTIBZI[IIN 3PON 'WOPadL] uorjelg adedg

U0 SU0TJRISHIOM J0] SjuUdmwWdIInbag 19sn Butuy
-3p Ul pue s1s{[BUB SUOT}BPOWIW02IE FUISUasS
9j0wal dLIauald Yim sdnoad Suryiom uotnyels e
-19A8S BUT)SISSE Uaaq SeY I137ua)) adedg stuualg

'saanpasoad Ajquiasse pue arem

-paey pue ‘sjusdwaanbal 1asn ‘sivjowesed
uotje}s aurjaseq SUrIsIxa 03 WIoyuod 03 L1110
-e} 9y} Jo udisap ayj [1ejap pue azijenjdeouod
0} ANUIIUOD [[1Mm 193UI)) 3Vedg STUUIG 'SITPN)S
1012BI)U0D PUE ‘SITIATIOR Yoeano ‘sdoys

-} I0M I3SN UOTIB)S 308dS [BIOIIUINLIO0D W10
PaA[0Ad seY Aj1[100] STy [, "uorjesrjdde oyroads
J0J PAZIW0)SNd Aj91eWI)N pUe pa)salal ‘paurjad
‘p91s9) ‘paoeid 2q LeW SIOSUIS JIIYM Paq)sa)

' Buiptaoad ut aq [[im uotjess ay) uo Ljrroey

B Yous Jo agejueape ay ], ‘£31[108,] UOT}EpPOW
-WOodIY UOLIBAIIS() YIBH Y ST WOP3a]
uorelg 92edg 10§ pasodoad s3daouod ays jo suQ

"UIOPI3I,] JO UOTIRZI[IIN

pajedioniue a1ayj ut sjuswalinbaa L13snput

'S’ [] MO1[3 0} PUEB SITIIATIOR [RIdI3WWI0D 3Fe
~IN0dUd pue Juyap 0} pazruedio sem doysyiom
pajuatio-A1snpur ayj ‘sweirdord [erorsw
-U10Y) JO 31O 9Y) pue uorje)g adedg jo 3210
S.VSVN 4q paiosuodg 'gg61 19q039() Ut 0pe.t
-0[00) ‘13AUI(] Ul P[aY dOYysSHIOA\ SI3S[) [BroIaW
-Wo)) Wopaal,J uonyejg asedg ayy 105 uoryered
-31d sem Jutuueld uorje)s pue £}1A1I9€ Yoeal
-Jne s J193ud)) 9vedg stuualg Jo uotjod zolewr y

"uI0padI] uoryelg doedg

uo sa1jrunjaoddo Sutsuas 910Wa.I [BIDIIUIUIOD
duipae8aa A135nput "g () 03 SJUIWSSISSE [BIU
-[299 ap1aoad 03 pasn ST 133ud)) Idedg STUUNS
78 pado[2A9p ISBq UOTJBULIOJUT UB ‘LI0}JO

siyy u] ‘sweadord ygy N ur uonpediornsed
[BLIISNPUI 'S (] 9)BIL{1I.] pue I3BINOJUI ‘98|
-NUIT)S “ULIOJUT 09 PAUSISAP SAIIAIIOR YOBAIINO
VSV N Pa1onpuod sey J9jue)) avedg stuua)g

‘uorjezruesdao yuswdo

-19A9p £30[0uyd9] pur YoIeasal s,uorjejesut
ayj ‘A1o3ea0qer] ASojouyda ], pue 2ous1og ay)
Aq 1no pattied Jutaq aLe 19jua)) soedg siuuang
78 sjuswudiIsse wopaadj uoneis avedg ay g,

“10ye[nus

peojAed e jo juswdofaAap pue ‘sdnoad
Suryrom 9230 weadoid uorjelg avedg

JI0J $3TPN1IS UOTIBZI[TIN UOTJB)S PUB STUIW
-annbau Jesn 3urwolaad ‘uorje)s ay) paeoq
uo sanjrunjaoddo utsuas ajowaa ur uoryedion
-red perdsswwos surjowoad sepnjour weadoxd
Wwopaad,f uotelg 898dg 97 Ul JUSWAA[OAUT
(DSS) s.1a1ua)) avedg stuua)g ) uyop ay,],

wopaad,] uonels sdedg 10, s9joy Sunioddng




Canada

At the “Shamrock Summit” in March 1986,
Prime Minister Brian Mulroney and Presi-
dent Reagan agreed to meaningful, visible
Canadian participation in the space station
program. Canada intends to commit $1.2
billion on the program through the year 2000.

Canada will provide the Mobile Servicing
Center (MSC) for Space Station Freedom. To-
gether witha U.S. provided, rail-mounted,
mobile transporter, which will move along
the truss, the MSC and the transporter com-
prise the Mobile Servicing System (MSS).
The MSS will play the main role in Space
Station Freedom'’s assembly and mainten-
ance, moving equipment and supplies around
the station, releasing and capturing satel-
lites, supporting EVA activities, and servic-
ing instruments and other payloads attached
to the station. It will also be used for docking
the Shuttle Orbiter to the station and then
loading and unloading materials from its
cargo bay.

NASA considers the MSC as part of the
station’s critical path; an indespensible com-
ponent in the assembly, performance and
operation of Space Station Freedom.

The Mobile Servicing Center will be the next
generation of Canadarm, currently being used
on the Shuttle Orbiter. The MSC will be about
the same size but will be about three times as
strong.

The arm will be 17.6m (58 feet) long with a
payload capacity of 100,000kg (110 tons). It
will be voice controlled and utilize artificial
intelligence. On-board cameras will provide
the system with the visual data needed to re-
cognize, automatically track, and handle a
variety of objects.

A separate smaller robot, called the Special
Purpose Dexterous Manipulator (SPDM), will
have two arms, each two meters long, for more
delicate jobs such as working on electrical cir-
cuits, fuel lines, and cooling systems. The
SPDM will have exceptional mechanical
dexterity and will be able to work aloneorasa
companion to the MSC. It will contain tactile
sensors for “feeling” surfaces and carry a set of
tools to enable it to perform many functions.

The MSC itself will consist of a remote manip-
ulator system with special purpose dextrous

manipulators, end-effectors, and servicing
tools. This base structure will handle assem-
bly, servicing, payloads, orbital replacement
units, utilities, and thermal control. Crew-
members can operate the MSC from internal
and external control stations.

In space, Canada will supply the Space Station
Remote Manipulator System, the MSS Main-
tenance Depot (MMD), the special Purpose
Dexterous Manipulator (SPDM), MSS work
and control stations, a power management and
distribution system and a data management
system. On the ground, Canada will build a
Manipulator Development and Simulation
Facility (MDSF) and a mission operations
facility and equipment,

Besides the creation and operation of hard-
ware systems for the MSC, involving advanced
technology, Canadian industry--especially the
non-aerospace companies-- plans to make use
of the weightless environment of space for the
development of commercial products. The user
development program will enable Canada to
capture its share of the large anticipated mar-
ket for products developed on Space Station
Freedom.

Project management is handled by the
Canadian Space Agency.




Jojendrue </
snoaaxa(] < 44
asodan [eroedg

NS Pue ua)s4Ag 3uroiAIag a[IqOIN

BpeuB)




European Space Agency (ESA)

=
csa

Columbus is the name of ESA’s program to
develop the three elements representing
Europe’s contribution to the space station.

The Columbus philosophy aims at providing
an in-orbit and ground infrastructure compat-
ible with European and international user
needs from the mid-1990’s onwards. The pro-
gram also provides Europe, through interna-
tional cooperation, with expertise in manned,
man-assisted and fully automatic space oper-
ations, as a basis for future autonomous mis-
sions. The program also aims to ensure the es-
tablishment within Europe of the key tech-
nologies required for these various types of
space flights. In this respect, the develop-
ment of the Columbus space elements and
associated ground infrastructure is closely
linked to that of other ESA programs such as
Ariane 5, Hermes and the European Data
Relay Satellite.

The concept of Columbus was studied in the
early 1980s as a follow-up to the successful

Spacelab. The design, definition, and technol-
ogy preparation phase was completed at the
end of 1987. The development phase is plan-
ned over a duration of ten years (1988-1998)
and will be completed by the initial launch of
the following three elements:

Columbus Attached Laboratory

This laboratory which will be permanently at-
tached to the station’s manned base. Ithasa
diameter of about 4m (13 feet), and will be
used primarily for Materials Sciences, Fluid

Physics and compatible Life Sciences missions.

The internal architecture of the laboratory
provides a “shirt-sleeve” environment for the
crew. The subsystems required to sustain the
laboratory functions and to provide the
necessary payload services and crew life
support are accommodated under the floor and
in standard equipment racks. All subfloor
subsystem equipment and the standard racks
can be exchanged on-orbit. Two viewports for
external viewing and a scientific airlock for
small experiments requiring exposure to the
vacuum of space are provided.

The Columbus Attached Laboratory will be
launched from the Kennedy Space Center
(KSC) on a dedicated Shuttle flight, removed
from the Shuttle Orbiter payload bay and ber-

thed at Space Station Freedom’s manned base.

Columbus Free-Flying Laboratory

This laboratory, also called the Free-Flyer,
will be operated in a microgravity optimized
orbit with 28.5° inclination, centered on the
altitude of Space Station Freedom, It will ac-

commodate automatic and remotely controlled
payloads, primarily from the materials scien-
ces and technology disciplines, together with
its initial payload, and will be launched by an
Ariane 5 from the Centre Spatial Guyanais
(CSQ) in Kourou, French Guiana.

It consists of a 2-segment pressurized module
for the accommeodation of payloads, and an un-
pressurized resource module which provides
the main utilities and services required by the
Free Flyer and its payloads. It is about 12m
(40 ft) long and 4.4 m (14 ft) in diameter and
weighs about 20,000 kg (44,000 lbs.)

It will be routinely serviced in-orbit by Her-
mes at approximately 6-month intervals. Ini-
tially this servicing will be performed at Space
Station Freedom, which the Free Flyer will
also visit every 3-4 years for major external
maintenance events.

Columbus Polar Platform

The unmanned Polar Platform will be station-
ed in a highly inclined sun-synchronous polar
orbit with a morning descending node and will
be used primarily for Earth observation mis-
sions. The platform is planned to operate in
conjunction with one or more additional plat-
forms provided by NASA and/or other interna-
tional partners, and will accommodate Euro-
pean and internationally provided payloads.

The platform is not serviceable and is designed
to operate over a minimum of a four-year life-
time. The platform will accommodate between
1700 kg (773 1bs) and 2300kg (1045 1bs) of ESA
and internationally provided payloads.
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Japan

Japan initiated its space station program in
1985 in response to the United State’s invita-
tion to join the program. The Space Activities
Commission’s (SAC) Ad Hoc Committee on
the Space Station concluded that Japan
should take part in the phase B study of the
program with its own experimental module.
On the basis of the committee’s conclusion,
the Science and Technology Agency (STA)
concluded the phase B memorandum of
understanding (MOU) with NASA. Under
the supervision of STA, the National Space
Development Agency of Japan (NASDA),
which is a quasi-governmental organization
responsible for developing and implementing
Japanese space activities, began the detailed
definition and the preliminary design of the
Japanese Experiment Module (JEM), which
will be attached to the international space
station. The JEM is a multipurpose labora-
tory and consists of a pressurized module, an
exposed facility and an experiment logistics
module.

Pressurized Module (PM
The PM is an approximately 10 meter long
tubular cylinder with an internal diameter of
approximately 140 cubic meters. It has a pres-
surized volume of approximately 140 cubic
meters. The PM can accommodate 23 equiva-
lent standard racks. Materials processing
experiments and life science experiments will
be performed in the PM. The PM will also ac-
commodate the capabilities of controlling and
monitoring the experiments on the EF,

Exposed Facility (EF
The EF is a box type working station composed
of EF-1 and EF-2, both of which are connected
by berthing mechanisms. Each part is 4
meters in length, 2.5 meters in height and 1.4
meters in width. It will be connected to the
PM by a berthing mechanism, and can be
mechanically disconnected on orbit. Some
kinds of activities on the EF, such as an ex-
change of experimental equipment and
materials and construction of large structures
in space will require frequent crew access.
However, by employing a local manipulator
and an equipment airlock, both operated with-
in the PM, this access can partially be accomp-
lished while minimizing extravehicular activ-
ity. Scientific observation, communication
experiments, scientific/engineering, and
materials experiments will be conducted on
the EF.

Experiment Logistics Module (ELM
The ELM provides on-orbit storage volume
and can transport JEM logistics supplies such

as experiment specimens, gases and fluids,
equipment for configuration change, and space
parts for maintenance. The ELM will consist
of two sections: a pressurized section and an
exposed section. The pressurized section will
store and transport JEM logistic supplies in a
pressurized environment and have crew
evacuation provisions for emergencies. It is
designed to have a pressurized volume of
approximately 40 cubic meters. It will provide
crew survival conditions during emergency
evacuation for rescue. The exposed section
will store and transport JEM logistic supplies
in an unpressurized environment,.

The JEM will be launched on two Shuttle
flights. The first flight will transport the PM
and EF-1. The second flight will bring up the
EF-2 and ELM.

Heading toward the space station era, Japan is
promoting many space experiments. As to the
Space Shuttle/Spacelab program, Japan is
preparing the First Materials Processing Test
(FMPT) project planned in 1991 and is partici-
pating in the International Microgravity Lab-
oratory (IML) program. The Space Flyer Unit
(SFU) is also being developed as a joint pro-
gram among the Institute of Space and Insti-
tute of Space and Astronautical Science
(ISAS), STA/NASDA and Ministry of Inter-
national Trade and Industry (MITI) aiming at
the launch in 1993. Many governmental
agencies, universities and private companies
are also promoting basic research and research
support for space utilization in Japan.
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Work Package Contractors

e RIS,

* (D&D) = Design and Development

COMPANY LOCATION TYPE OF WORK CURRENT STAFF VALUE ($)
WORK PACKAGE 1

Boeing Aerospace Co. Huntsville, AL Prime Contractor 730 $1,550M

Teledyne Brown Engineering Huntsville, AL Materials Processing Lab Outfitting, 95 $158M
Payload Integration, Ground-Support Equipment

TRW, Inc. Huntsville, AL Systems Simulation and Training Software 14 $14M

Allied-Signal AiResearch Torrance, CA Thermal Control, Environmental Control, 49 $39M
Life Support, Valves, Fire Detection, Technology Demonstrator

Lockheed Missles and Space Co. Sunnyvale, CA Life Sciences and Animal Research Facilities Outfitting 27 $164M

Hamilton Standard Windsor Locks, CT Urine Processor, Potable Water, Hygiene, Thermal, 84 $39M
Technology Demonstrator

Arde Norwood, NJ ECLSS Tank Sets 10 $11M

Fairchild-Weston Systems Syossett, NY Internal Video 21 $25M

Astro International Corp. League City, TX ECLSS Processing Control Water Monitoring 17 $5M

Grumman Aerospace, Corp Houston, TX Design and Outfit Habitation Module 34 $54M

ILC Space Systems Houston, TX Galley, Laundry, Refrigerator, Trash, Storage 31 $50M

Life Systems Cleveland, OH CO; Reduction, O; Generator, Technology Demonstrator 49 $2T™

Camus, Inc. Houston, TX Mockups, Trainers, Simulators, Flight Hardware 3 $2M

Harris Corp Melbourne, F1 Internal Audio 27 $35M

Perkin-Elmer Pamona, CA Atmosphere Composition Monitor 21 $16M

Ball Aerospace Co. Boulder.CO Fluid Subcarrier Tank Set 10 $14M

ILC Technology Sunnyvale, CA Interior Lighting 5 $15M

WORK PACKAGE 2

McDonnell Douglas Huntington Beach, CA Prime Contractor 654 $3,300M

Motorola AZ

Sperry AZ

Astro Aerospace Carpinteria, CA Mobile Transporter (D&D)* 11 $50M

Emulex CA

Lockheed Missles & Space Co. Sunnyvale, CA Active Thermal Control System, EVA System, 153 $650M
Rotary Mechanisms (D&D)*

Hamilton Standard Windsor Locks, CT

International Latex Dover, DE

Honeywell, Inc. Clearwater, FL, Control System (D&D)* 55 $150M

McDonnell Douglas Cape Canaveral, FL. Launch Integration and Support

Honeywell, Inc. Minneapolis, MN Ring Laser Gyro

McDonnell Douglas St. Louis, MO Corporate Support
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Management Support and Information Systems Contractors

i

SUPPORT CONTRACT
COMPANY

LOCATION

Technical and Management
Information Systems

Boeing Computer Services Reston, VA

Program Support Contractor

Grumman Space Station Program Reston, VA

Support Division

Software Support Environment

Lockheed Misses and Space Co. Sunnyvale, CA

Level I Support Contrator

Technical and Administrative
Services Corporation
(TADCORPS)

Washington, D.C.

TYPE OF WORK

Prime Contractor for computer integration of TMIS

Level Il Program Support Contractor for the Space
Station FreedomProgram Office. Providing support

for program control, management, information systems,
operations, utilization systems, engineering, SRM&QA
and international integration

Provide a program-wide software support environment including
architecture, design, acquisition,development, implementation,
and maintenance

Provides OSS (Level I) with management and administrative

support services including: Official Level I documentation, formal
presentations, conferences, development of non-TMIS PC applications,
technical writing and editing, and technical support to all Divisions

CURRENT STAFF

250
(including Prime
and Subs)

640

200
(including Prime
and Subs)

22

VALUE ($)

$330M

$1B
(over 10 years)

$242 M
(over 6 years)

$6.3 M
(over 5 years)
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Acronyms & Abbreviations

!

A&R
ACS
Al
APAE

AXAF

ICD

Automation & Robotics
Attitude Control System
Artificial Intelligence
Attached Payload
Accommodation Equipment
Advanced X-Ray Astrophysics
Facility

Baseline Configuration
Document

Communictions & Tracking
Crew Emergency Return Vehicle
Control Momentum Gyroscope
Co-Orbiting Platform

Data Management System
Discipline Operations Center
Environmental Control and Life
Support System

Exposed Facility

Experiment Logistics Module
Expendable Launch Vehicle
Earth Observing System
Electrical Power System
European Space Agency
Engineering Support Center
Extravehicular Activity

First Element Launch
Free-Flyer

Fluid Management System
Flight Telerobotic Servicer
Geosynchronous Orbit
(22,300 mi)

Guidance, Navigation and
Control

Ground Support Equipment
Goddard Space Flight Center
Health Maintenance Facility
Headquarters (NASA)
Interface Control Document

IGA
I0C
IVA
JEM
JPL
JSC
KSC
LaRC
LEO
LeRC
LCC
LCC
MCC
MOU
MPAC
MRMS

MS
MSC

MSFC
MSS
MTC
MTFF
NASA

NSTS
NASDA
OAST
oMV
ORU
0SS
OSSA

PLC

Intergrovernmental Agreement
Initial Operational Capability
Intravehicular Activity
Japanese Experiment Module
Jet Propulsion Laboratory
Johnson Space Center

Kennedy Space Center

Langley Research Center

Low Earth Orbit

Lewis Research Center

Life Cycle Costs

Launch Control Center

Mission Control Center
Memorandum of Understanding
Multipurpose Application Console
Mobile Remote Manipulator
System

Man System

Canadian Mobile Servicing
Centre

Marshall Space Flight Center
Mobile Servicing System
Man-Tended Capabilities
Man-Tended Free-Flyer
National Aeronautics and Space
Administration

National Space Transportation
System

National Space and Development
Agency (Japan)

NASA Office of Aeronautics and
Space Technology

Orbital Maneuvering Vehicle
Orbital Replacement Unit
NASA Office of Space Station
NASA Office of Space Science and
Applications

Pressurized Logistics Carrier

PM

TMIS

ULC
USL
VAB
VAFB
WBS

WTR

Pressurized Module
Permanently Manned Capability
Platform Management System
Payload Operations Integration
Center

Polar Orbiting Platform
Platform Support Center
Payload Training Facility
Quality Assurance

Request for Proposal

Remote Manipulator System
Regional Operations Center
Systems Engineering &
Integration

Shuttle Launch Complex (VAFB)
Systems Requirements Review
John C. Stennis Space Center
Space Station Control Center
Software Support Environment
Space Station Information System
Space Station Program

Space Station Processing Facility
Space Station Freedom Program
Office

Space Transportation System
Thermal Control System
Tracking and Data Relay
Satellite System

Technical Management and
Information System
Unpressurized Logistics Carrier
United States Laboratory
Vehicle Assembly Building
Vandenberg Air Force Base
Work Breakdown Structure
Work Package

Western Test Range
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Glossary

EVOLUTIONARY GROWTH PHASE
The second phase of the space station pro-
gram, during which the following compon-
ents might be added to the baseline config-
uration:
- Solar dynamic power system gener-
ating 50 kW of power
- Upper and lower booms
- Final increment of Mobile Servicing
System
- Co-orbiting platform

EXPENDABLE LAUNCH VEHICLE (ELV)
A ground-launched propulsion vehicle, cap-
able of placing a payload into Earth-orbit or
Earth-escape trajectory, whose various sta-
ges are not designed for, nor intended for re-
covery and/or reuse.

EXPERT SYSTEMS

Software programs for solving problems in
specific disciplines, composed of procedural
rules for that discipline, a rule process, de-
scriptive databases for that discipline, and a
knowledge base provided by a human expert
in that or a related disciplines. Examples of
expert systems include programs that will
translate complex, out-of-context statements
from one foreign language to another, or that
will diagnose and discriminate between
diseases.

EXTRAVEHICULAR ACTIVITY (EVA)
Operations performed by crew members
wearing life-support suits outside the habit-
able environment.

FIRST ELEMENT LAUNCH (FEL)

The first shuttle assembly flight of Space
Station Freedom, including structure and
those subsystems necessary to sustain the
initial package until additional hardware
is placed in orbit.

FLIGHT TELEROBOTIC SERVICER (FTS)
A device attached to a space station manip-
ulator or the Orbital Maneuvering Vehicle
which interfaces with the payloads located on
the space station, or with payloads located on
platforms or free-flyers in order to allow
servicing to be performed on-site.

HOOK

Aerospace jargon for a design feature to
accommodate the addition or upgrade of
computer software at some future time.

INTEGRATION

The process of combining software and, hard-
ware elements, networks, personnel, and
procedures into an overall system.

INTERFACE
The point or area where a relationship exists

between two or more parts, systems, programs,

persons, or procedures wherein physical and
functional compatibility is required.

INTERNATIONAL PARTNER

Any of the non-U.S. partners participating.
and sharing in the design, development, and
operation of the space station: National Re-
search Council of Canada, National Space De-
velopment Agency (NASDA) of Japan, and the
European Space Agency (ESA).

ﬁ

INTRAVEHICULAR ACTIVITIES (IVA)
Operations performed by crew members with-
in the habitable environment.

JAPANESE EXPERIMENT MODULE
JEM)

The Japanese-provided laboratory module
(including an Experiment Logistic Module)
that is part of the baseline station configura-
tion.

LEVEL 0
Office of the NASA Administrator at
Headquarters.

LEVEL]I

Management organization at the level of the
NASA Associate Administrator for the Office
of Space Station at NASA Headquarters.

LEVEL 1l

Management organization at the level of the
NASA Space Station Program Office in
Reston, Virginia.

LEVEL III

Management organization at the level of the
NASA field center Space Station Project
Offices.

LOGISTICS

The management, engineering, and support
activities required to provide personnel, ma-
terials, consumables and expendables to the
space station elements reliably.
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Glossary

IR AAR IR

standards, and procedures forming an inte-

grated whole. In the context of the space sta-

tion program, the function of the Software
Support Environment is to enhance the de-

sign, implementation, test, integration, and

maintenance of the Space Station Informa-
tion System software for the duration of the
program.

SPACE STATION INFORMATION
SYSTEM (SSIS

Those hardware and software subsystems

that interface with the sensors and effectors
of the orbital space station elements and the

data processing facilities of the various

users. It is composed of both spaceborne and

ground based subsystems.

SYSTEM

One of the following components of the space

stations:

Electrical Power System (EPS)
Data Management System (DMS)
Thermal Control System (TCS)
Communications and Tracking
System (C&T)

Guidance, Navigation, and Control
System (GN&C)

Extravehicular Activity System
(EVA)

Environmental Control and Life
Support System (ECLSS)

Fluid Management System (FMS)
Man Systems

SYSTEM INTEGRATION

The process of uniting the parts of the space

station program into a complete and function-
ing space station with associated platforms.
Results in the specific decisions (e.g., types of
connectors to be used at an interface, modifica-
tions required as a result of a verification test-
ing, etc.) required to accomplish this task.

SYSTEMS ENGINEERING

The process of analytically determining the
optimal space station configuration and assoc-
iated program elements from a combined ini-
tial, life cycle, user cost, and user performance
perspective. Results in an integrated set of re-
quirements and an allocated set of functions
and resources for the total system and its in-
teraction with all related factors throughout
development and operations.

TECHNICAL AND MANAGEMENT
IN FORMATION SYSTEM (TMIS
An advanced network of compatible hardware
and integrated software used to provide sys-
tematic technical and management
information development and exchange
between space station program personnel.

TELESCIENCE

Telescience identifies a mode of operation in
which a distributed set of users can interact
directly with their instruments, whether in
space or ground facilities, with databases, data
handling and processing facilities, and with
each other, Telescience comprises the aspects
of Teledesign, allowing remote inter-action
with design databases, transfer of drawings,
etc.; Teleoperations, involving interactive in-
strument control, as well as operational inter-

action with crew from remote locations; and
Teleanalysis, wherein users interact with data
sets and data processing facilities from remote
locations.

USER

Any organization, group, or individual who
uses or plans to use the space station or any
other space station program facility for the
operation of a payload or related mission.

WORK BREAKDOWN STRUCTURE (WBS)
A product-oriented, family-tree hierarchy
which contains the levels of work required to
be accomplished in order to achieve an objee-
tive. For a program, the WBS is developed by
starting with the end objective of the program
which is subdivided into projects which are
each then further subdivided into systems,
subsystems, assemblies, and components
which are the logical and necessary steps to
achieve each project objective. The total est-
imated cost for any item at any level is equal
to the sum of the estimated costs for all items
below it.

WORK PACKAGE (WP)

A WP is a complement of program activities
which is assigned to a selected responsible
NASA field installation. A WP describes the
type and scope of activity to be performed at
any level of detail and can include develop-
ment of hardware, software, interfaces, syst-
ems operation, and system utilization
operations.
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NASA Public Affairs Points of Contact

ﬁ

INTERNATIONAL PARTNERS PROGRAM SUPPORT CONTRACT SOFTWARE SUPPORT ENVIRONMENT
Wally Cherwinski Larry Hamilton Roger Beall
Canadian Space Agency Director, Public Affairs Public Relations Coordinator
240 Sparks St., Grumman Corporation Lockheed Missiles and Space Co.
8th Floor West 1000 Wilson Blvd., Suite 2100 Dept 2401, Bldg. 101
| Ottawa, Ontario K1A 1A1, Arlington, VA 22209-2280 P.O. Box 3504
CANADA Phone: 703/276-4929 1111 Lockheed Way
Phone: 613/990-6122 Fax: 703/276-4955 San Diego, CA 94088-3504
Fax: 613/996-7887 Phone: 408/742-6688

Fax: 408/743-2239
Susan Pearce

Helge Aamotsbakken Ford Aerospace
Head of Public Relations Division 1235 Jefferson Davis Hwy TECHNICAL AND MANAGEMENT
European Space Agency Suite 1300 INFORMATION SYSTEM (TMIS)
Paris, Arlington, VA 22202 John Alter
FRANCE Phone: 703/685-5585 Director, Public Relations
Phone: 9 011 33 1 42 73 7425 Fax: 703/685-5573 Boeing Computer Services
Fax: 42 73 7560 7980 Boeing Ct.
Vienna, VA 22180
Phone: 703/821-6505
Mr. Masakazu Toshikage Fax: 703/821-6339
First Secretary,
Embassy of Japan

2520 Massachusetts Ave,, NW
Washington, DC 20008
Phone: 202/939-6922

Fax: 202/939-6788
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