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1 abofatc)ry

l-he low temperature scict-lcc
community, Industry and the Jet
Propulsion Laboratory have
proposed a multiple cryogenic
experiment facility for flight otI tthc
International Space Station on Itm
Japanese Experiments Module’s
[=xposed  Facility. This self
contained attached payload will
provide 6 months cryogenic Iifetirm!,
reduce the complexity for
investigator participation, reduce tll[’
cost of going to space, and provide
frequent flight opportunities for
National and International
Microgravity Physics Expcrir~  wrds

Mx$W!J!!.d

Two decades of
experimentation in low temperature
microgravity physics have yielded
tests of Nobel prize winning tlwory,
new discoveries in critical pc~int
phenomena, and development of
new technologies for use in Irldus,tr}
and Space. In 1985 the Su~w f ll)i~l
Helium Experiment, develo~wd  I)y
the Jet Propulsion Laboratory,
demonstrated the contairlrnerlt  arid
control of Iicluid  helium in sp;;ice  i:rlti
the feasibility of supporting a sc:ic[l(.c
instrument insert within a Iic{uid

helium dewar [1]. In 1992 the
L:irl-lk)({a-F’oirlt  [ xperirnent,
dcvelc)peci  by Starlford  University,
Jl”l. and Elan Aerospace, added high
resoluticm  therrnometry  (5 X 10-10
kclvirl)  to this capability which
allowed a precise test to be
pcrfcwmed  of the Nobel Prize
winning Renormalization Group
Thccuy (F<GT)  of critical phenomena
[2]. Irl 1997, the Confined Helium
Expcrimerrl  (Cl leX) will use the
unique properties of liquid helium to
pcl-fern-r <i high resc)luticm  test of the
ttwofy  of finite size effects [3]. The
l a s t  of the Shuttle  b a s e d
experiments in 2000, Critical
Dyrla/nits in Micrc)gravity  (DYNAMX)
will study dynamic critical-point
ptwnc~mena driven far away from
ecluilibriurn  by introduction of a heat
current heat [4). While necessary
and prcxiuctive  these Space
1 rznsporlation System (STS) based
experiments were short term, lasting
no Icmger than several days;
expcrlsive, cxpenc~ing  tens of
millions of dollars; and required up to
7 years for devclc)pmerrt.

In the early eighties this
prc)gram was supported by a small
c;cxnnmnity  of irwestigators
supl)orted by NASA’s f’hysics  And
Chemistry E x~mriments  Program
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(PACE). This community expalldc:ti
in the late eighties and early nirwtics
to involve many major Univetsitics
across the United States. -1 C)day,
nearly 100 National and Inter natiotl::l
Investigators (U. S., Japan,
Germany, the U.K. and Canaci;’i)
have defined Microgravity Physics.
Science objectives in critical pclinl
phenomena, relativity, and low
temperature physics laser coolirl!!  01
atoms. These objectives arc in tlw
process of being combined irdcl
world class goals for testing
fundamental principals of physics,
exploring the range of validity clf
universality principals, and
determining scaling laws only
possible in the microgravity c)f spvcx’.

These objectives require Ion{ler
duration experiment times than
possible on the STS and k)otll
NASA’s Space Studies Board (SSllt
and the Low I“emperature Science
Steering Group (LTSSG)  has
~ecommend~these  experiments k
conducted on the Internatiorlal
Space Staticm.

l-his paper presents a stat[ls
report on the evolving requirctnwlts
defined by this community, descril:lc:+
how the LTMPF addresses ttws[!
requirements; discusses the sim~llc
approach for transport, attactlmct II,

service and operation; and clesct  ilx:i

the Science Community’s, Irldust[  y’s,
and NASA’s low cost impler~”]cr~tiltic)fl
approach.

SJXm~.--Cm_mmnity_ and NASA
Re.q!.!l!x?rnl.!-!!s

In determining the
requirements for a space statiotl

facility the ccmmlunity  and NASA
evaluated the strengths and
wczikrlesses  of the S-f S program.
strengths  included reuse of major
hardware ar~d software components
by [in experienced infrzistructure  of
people and facilities. Weaknesses
were few flight oppcwtunities  with
long cjeveloprncmt  times complicated
by the involvemmd of too many
NASA Ceni.crs  resulting in
rcciur]dancy  and cost growth;
ccmlplex  interfaces between
inw:stigatols,  incjustry,  and NASA
whictl resulted it] a deterrent to
pcderdial Investi{gatclrs  willingness to
undcx  lake the respcmsibility  for a
flight experiment; Iimiling
experirrrents  tc) a sirlgle  instrument
fclr each flight; anti the high cost per
experiment. A summary status
rcc~uircrnerlts  for an 1SS Facility
usirig this k)ackgrc)uncj  follows:

1) Support brclad range of

of

fundamental physics and applied
science experiments;
2) Support multiple
experinmnts/irlstrunlents  per flight;
3) F’rcwide kw{ger cryogenic
duration (30 to 90 days per
experiment);
4) Simplify mechanism for
Investigators irwolvwnent  and
interlaces;
5) Provide for remote operation
at f’1 facility;
6) Isolate experiments from 1SS
accelerations;
7) Monitclr  acmleration  and
racjiation  environmcmts;
8) Reduce ckwclc)pment  time to
3 years;
9) Significantly reduce cost per
expelimerrt;
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1 o) Simplify reflight and provi{ic
more frequent access to space; {:rlti
11) Archive data to provid[:
access to a wider research
community.

Demptkm

LTMf’F’ is a reusable self-
contained cryogenic facility cicsi{lrl[l:l
for 7 months of cryogenic Iifelilrw
operating as an attached payloiJd to
the Japanese Experiment Module’s
Exposed Facility. An illustration of
the facility and its key features is
shown on Figure 1.

Low Temperature Micro{  ltavity
Physics facility

P8,,lv.
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Figure 1

The two hundred sixty  -sc:vcn
liter dewar provides 7 months of or)
station cryogenic lifetime for Iwc)
instrument inserts as illustrated of]
f:igure 2.

Multipte Instrument Dewar

‘i he f:acility  plcwides  vibration
isc)k; tiorl,  insttutnent  ccmtrol,  data
ccdlection,  acc:cleration  and radiation
crwironment  n-rc)t)itor and all
interfaces with the JE; MEF.

‘Iransporl  is effected through
use of the Shut[le  C)rbiter from the
Kenrledy Space Center. The dewar
is last serviced cm the Pad prior to
payload bay door closure and flies
passively attaclwd  to the Japanese
E xpcrimcnl  I-c){gistics  Module (ELM).

Transfer from the Orbiter to
the Jli.ME  f is accomplished by crew
Interrlal  Vehicle Activity (lVA) using
(Irt)iter  ancl Space  Station Remote
Manipulator Systems (f-?MS). The
Facility and its attach point on the
JI Ml F arc illustratecj  cm Figure 3.
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LTMPF Attachment On JE M[ [

Figure 3

Turn-on and check-out will I](
performed at the 1SS Payload
Operations Control Center ([ ’()(: [:)
and rcjutine operations will b[:
conducted from individual rclncdc
POCCS located at Investigator
facilities using “Bent Pipe” 1 clct~wtll)
an(i Cotmmand  services from the l!5t i
F’OCC. l-he iSS/JEMEF  services
are iimited to minimal telernctly
(24 Kbps) and command (600 ~ 5
byte commarlds/day) processil~g  [:rl{l
downlink, power (500 Watts), ~]r~d
attach/detact~  crew operatiorls,  ““l II(!
Facility wiii operate continuously for
6 months or until the cryogerl  is
expended then it passively awaits
the next opportunity for trans}mf  [
back to earth.

During the 6 months
operation of one fright, a secc)rld  i)air
of instruments wouid have been
developed, integrated and tested
with another flight dewar in
preparation for the next flight,
Upon return to [:arth, the facility  v~ill
proceed through a brief chcxkoui
and the instruments and dew;jt fror~l

the first fii<ght wiil be removed and
replaced with the flight ready
irlstturnents ami dewar for the next
flight, This exchange of instruments
and dewars will ailow refiight  as
of[erl as every 20 rncmths.

lrrlp!el r!cuMatigmtn.n_QQ-ti

1.7 MI’)F  will be implemented
t]y a science, industry and JF’L
pa[trlership where partnership is
defined as joint participation through
ali ptlases of definition, development
and test with cc]rltractual
rcspcmsik)ilities  wliich share the risk
anti ttle rewards. Science
parti(:ipants  will he determined
through tlw NASA Research
ArlrlcJLlrlcC!rl-lerlt (NRA) process.
lr~itial experimerlts wiil be
ccmlr~etitively  peer evaiuated and
sck:ctoci  in } Y’(16 fc)llowed by a final
scl(!ction  in 1 Y’!18. Subsequent
NI<As  will km issued at two year
intervals for futuw  experiment
selections. 1 he Industry partner,
Ball Aerc]spacc  and Technology
Corporatic)r]  (BNi”C), responsible for
ck:velopment  of the Faciiity,  was
sciecteci  througtl a competitive
technical selection prclcess
developed by JF’i. for this program.
Jf”’1. is the NASA Center of
E~xcellence for Microgravity Physics
ad is respcmsiblc  for development
c]f tt-lc instruments and management
c)f the overall activity.

Ball and JF)l.  will be invoived
eariy irl ttw procmss  when the
science anti the Space Station
interfaces are uncicr definition. ~“his
will [lilc~w scicnee,  Bail and JPL to

co-engineer the irwtrumcmts  and the
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facility consistent with a gocd
understanding of science
requirements prior to instrurilorlt orl~j
facility development planrmc;  to
begin in FY’99.  The develcqlrm:tltl
integration and test program will I)c
complete in three years prcwiding  f{ji
delivery for ELM integraticm  in I Y’[)1
and launch in November 20(12,

The usual role of Ccmtrac;t
monitor and ponderous revi(ws  will

be replaced with a JPL anti I lalll
team working to produce the best
product in terms of cost, sctlcciul~)
and performance. Specific
examples of this teaming api)roact]
are resident working team merntwrs
as opposed to contract monitors, use
of Ball’s product assurance, revi[:w,
and test approach as opposed 10
one dictated by JPL, and an opcrl
policy regarding financial statlus
including remaining reserves atd

their utilization.

Previous single experirncrlts
flying on the STS typically cclst  atm~ it
$30 Million dollars and requited !) tcl
7 years of development. 1 -

1 Ml’1 will

reduce the development tin-w to 3
years and the amortized CC)SI ow:r
three flights to $19 Million per
experiment.

S wyr_rn.a_~

A Low Temperature Microgrflvity
Physics Facility under deflniticm  for
the International Space Station
satisfies or exceeds the
recommendations of the Scicrwe
Community and NASA Advisory
Doards. LTMPF supports long t~:ln
multiple experiment modules at low

cost with frequent flight opportunities
as often as every 20 months.
Dmmloprrrent,  transport, ISS service,
and c)pera(ion have been simplified
k)y using tile relative strengths of the
scierlce  corr~mur]ity,  Industry, and
the NASA Centers in a partnering
environment of shared risks and
rewards. An internaticmal  science
corntnurlity  and Industry eagerly
await the ckmcmstratiorr  of this better
way for returning more science for
less ciollars.
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