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Abstract

Inaddition to its scientific and life sciences experimental
programs, NASA conducts flight expet inents directed at
developinent of space systems techinolog ics. The
experiments are conducted to obtain research data, to
cvaluale the per formance or operation of experimental
hardwarc inthe space environment, ot lo validate
(‘(unp()ncnls,sul)syslcms,01‘ systems piior 10 application
1 future spacecraft or missions.

The requirements for specific technology experiments, and
the priotity assigned to them, vary significantly depending,
on the matu ity of tile technology. Some of the flight
experiments address technologics still in the early rescarch
stage, while others are conducted to validate technology at
relatively advanced levels of matur ity. This paper
discusses the overall technology flight experiments
program and reports in some detail (m fear cutrentor
recently flown experiments ranging from rescarchto
techinology validation al the system prototype level.

Introduction

Because of the costof access to space. and the cost of
modern spacecraft and missions, designers and project
managers cannel afford the risk of using components or
subsystems incorporating untested m unvalidated
technologies. Ground testing and simulation capability
canoften ser ve adequately invalidating a new technology.
However, there are still inany instances in which the
cffects of microgravity, radiation, o1other space
cnvironmental factors simply cannot be tested o1 modeled
on the ground. In-space experimentation may be essential
to resolving key questions of understanding, or developing,
a reliable design data base., o1validating the performance
of a component orsystem in the actual operational
environment.

In-flight experimentation has been used in acronautics
rescarch and development for many years. Both military
and commercial aircraft have been modified foruse as
rescarcl 1 aireraft o1 technology demonstrators. The At
Force/Calspan 1-33 and (:-131 in- flight simulators in the
Uniled States, tile DI.RVEW 614 and 110105 aircraft and
helicopterin-flight simulators in Germany, and similar
vehiclesin other countrics have proven valuable in
cvaluating advanced control and other concepls prior to
application innew aircraft developiients. Onseveral
occasions these experimental aircrafl have also been used

to investigate advanced control systems being designed for
space systemssuch as the Space Shuttle and Herines.

Overthe years, the acronautical community hasrefined the
process of progiessing from conceptual study through
computational analysis, ground testing, and simulation --
10 flighttesting when justified as a necessary extension to
time carlici steps. Because flight exper imentation may be
quite costly, the necessity must be clear.

In-space experimentation is arclatively new capability.
Butexperience inoperational space. flight and space
environment characterization is still limited, and
operational space systemdeploymentis very expensive.
For time reasons, and withincreasing availability of
suitable testvehicles, in-space experimentationis already
a large and growing activity which is becoming a valuable
toolin space systemsdesign and development. However,
because it is genet ally even more expensive than
atmospher ic flighttesting, the process of selecting
experiments mustbe even more rigorous.

Many of NASA’s manned space flight, exploration, and
scientific missions have themselves been expel imentalin
nature. And considerable technology validation has been
accomplished duting some of the primar y mission
programs, cither of necessity or because it was deemed
more economical thanexperimentation prioito program
initiation. ‘This paper discusses only experimcntation on
technology -- technology (ice.nc(i important for future
space systems butnot yet beenspecified for incorporation
in a particular systemdevelopment.

Technology Flight Experiments Yrogram

The NASA technology space flightexperiments program
is conducted to obtain research data, evaluate the

per formance or operation of experimental hardware in the
space environment, or validate concepts, components,
subsystems, o1 systems prior to application in future
spacectaftor missions. Theinformation is used to
validate models, verify ground prediction, and -- most
impot tantly -- reduce the 1isk of incorpotating new
technology in futuie systems.

In addition to developing technology for its own
missions, NASA has responsibility for facilitating the
transfer of space technology to the military, to other user
agencies, and to industry. The flight experiments provide
an effective mechanism for validating maturing



technologies not yet adopted for incorporation in
operational systems. The high cost of space access
mandates that only those technology experiments which
clearly require exposure to the space environment, o1
which are most cost-effective relative to ground testing, be
selected for flight. Tt also dictates that reduction of
experiment cost must be a continuing, and vital
requireent.

A wide variety of launch vehicles and platforms may be
utilized for the ir-space experiments, with the choice
depending onexperiment require’li}eri(s and cost
considerations. Expendable launch vehicles (H.Vs)
ranging from small soundin g rockets to Titans with
piggyback upper stages are used when appropr ate. The
Shuttle Orbiter has been a particularly great asset, with
experiments carpied inthe middeck (Figure 1), in simple
“petaway special” (“(IAS”) cans mounted on the side wall
of the cargo bay (Fgure ?), or inautonomous payload
packageswhich provide their own power, therinal, data,
andclemetr y capabilities. Téxperiments whichrequire
largervolume orweight, o1 may need access 10 Shuttle
avionics, data or otherser vices, may utilize carriers called
Hitchhikers located in the Shuttle bay (Jigure 3). The
Columbia flight carly in March 1994 carmied the largest
number of engincering research and technology
experiments - clevenin all -- ever flownon a single
mission.

Figure 10 Middeck 0-Gravity Dynamic Experiment (MODI)
performed in the Shuttle Middeck

v

The SPACEHAR cartier, providing additional middeck
facilities in the Shuttle bay (Figure 4), hasiecently
become operational and its two flights have already
included several significant technology experiments. Fee
flyers placed inspace by citherELVs orShuttle (Figure 5)
provide anothier option. And technology experiments are
now being planned to utilize the unique capabilities of
Intcinational Space Station Alpha (Figure 6).

Figure 2: Get Away Special (GAS) cans in shuttle bay

The need forflight experimentationis generally based on
requirements for one o1 more of the following issues:

1) Extended microgravity operation: Drop towers
and suborbitalrockets canbe used formicrogravity
testing only on the order of seconds to minutes.
Many experiments, however, require imucty more
prolonged microgravity conditions - forexample, to
achicve slicady-slate opcrationinexperimentson
fluids, to permit sample chianges, o1 to maintain the
high-quahty microgravity environment necessary for
crystal growth experiments,

?) Exposuic to space envivonmental effects: The
complex space environment is not sufficiently




Figure 3: Experiments mounted on Hitchhiker catiier in
shuttle bay

Figure 4: SPACEHAR complements middeck expetiments

capability

under stood and modeled to allow duplication o
stmulationonthe ground. Effects of atomic oxygpen
and Olher atmospheric constituents, 01bital debris,
exhaust plume or other contamination, and radiation
on exposed P4 yioads and/or mater ials are not
completely known otunderstood. The random nature
of these effects, particularly the radiation effects,
makes 10U duplication 41 fficult or impossible.

3) Exposur ¢ to the complex operational
environment: The nature and complexity of the
enviromnent and operations in space necessitates
some in-space evaluation of technology. In
particular, operations requiring. extr avehicular activity,
teleoperated robotics, ot other man-in-the-loop
functions are not effectively simulated on the pround.

w

Figure 6: International Space Station Alpha (ISSA)

4) Orbital "viewing" environment: Validation of
technologies for optical or other sensing ot
comunication SYSt€ ms depending on carth-viewing
oricntation may demand space expetimentation. In
addition, althou ghaireraft or balloo s may be

adeq uate for some purposes depenciing onthie
spectrum and the need for radiation exposure, reliable
testing of some sensing devices or SULSYSte ms may
be possible only above the atmospher ¢,

The requitements and priority for differ entiypes of
techinology experiments vary significantly depending on
the matw ity of the technology in gquestion. i out
experiment planning, we havefoundit helpfulto use a
Technology Readiness 1.evel (“17)< 1) - anmcremental scale
indicating the maturity of a particulartechnology o
systety, The <pigic scale (Figure 7) is notmeanttobea
high-precisioninstrument or anabsolute discriminator.,



1 lowever, it canillustrate the differences among var ions
candidate cxperiments withrespect to requirements andthe
value of anticipatedreturns. “1'heTRI, also scrves as a
basis forconsiderationof the evaluation, timing,
benefit/cost assessment, and selection of candidate
experinents.
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Figure 7: Technology Readiness 1.evels (TRT )

‘The nine technology readiness levels shown inthe TR
scale 1ange from the understanding of basic physical
principles to the deployment of a "flight proven" system.
The flightexperiments primarily address technology
validation atlevels 5-7, but may also supportresearch at
level 1. Requiredtesting above TR1.7 is gencrally
considered mission- o1 system-specific and is conducted in
development programs rather than as technology
experiments. Examples of experiments at TRI, 1,56,
and 7 are described later in the paper.

Technology experiment requirements ar ¢ defined by the
“user community” -- the specialists responsible for
developing the mission and spacecraftrequirements for
NASA’s manned and unmanned science and exploration
progr ams and for industr y space systems. In the In-Space
Technology Experiments Program (I NSTED), exper iments
arc proposedin response to a NASA announcementof
oppor tunity, and are evaluated by peer review teams which
include the user community and other experts. A rigorous
sclection process applies strict disciplinein feasibility
study and cost arlalysis dur-ir~, tiw.early (low cost) stages.
Fachsclected experiment is subjected to a final intensive
“N(~rl-{ci’(kale” review be.fore entering thie flight
development phase. Because of the 1 igorous selection and
review discipline, we have been able to maintain an
extremely good record of experiment success and costand
schedule perfor mance.

Representative  Kxperiments

To illustrate the program in this paper we have chosen as
examples four current or 1ecently flown experiments.
They include one engincer ing rescarch experiment
conducted at a very carly point in the technology
maturation process and three system validation]
expetiments involving technologics at different levels of
maturily. A more complete summary of current and
recentexperimentsis included inthe Appendix.

- The Experimental Investigation of Spacecraft Glow
(EISG) is a rescarch experiment developed by
l.ockheedMissiles and Space Company to determinge
the intensity and causes of spacecraft glow at various
attitudes and altitudes. Experiment results wiil be
used to develop coatings and other incans to reduce
the effect of surface/plasma glows on optical
instruments in low carth orbit.

- The Tank Pressure Control Experiment (1PCE) is a
Bocing Acrospace Company experiment, first flown
1991, to test tile cffect of jetmixing of cryogenic
fluids 10 help control pressure in cryogenic tanks.
Results will be used to design lighter-weight
cryogenic tanks for future space.fii-~]ts.

- The Heat Pipe Performance (11)°1°) expetiment,

designed by Hughes Aircraft Company, was flown in
1993 to test the microgravity performance of various
types of heat pipestobe used onspinning spacecrafl.

The Cryo System Experiment (CSE), also
developed by Hughes Aircraflt Company, isa system-
levelexperiment designed to validate the operation
and performance of a 65K cryogenic cooler and
oxygen heat pipe in the space environment.

These four industry- proposed and fabricated experiments
have all flown successfully with the exception of the CSE
experiment, which is presently manifested for flight in
carly 1995, They are discussed with reference to the level
of technology maturity and the specific diiving,
requirements for space flightexperimentation in cach
instance. In addition, the nature and benefits of the results
are described. Results are discussed in the context of their
impact ontechnology development and subsequent product
development. The CSH is detailed as a case study to
describe the role of in-flight testing in the development of
a technology for an actual product development.

Experimental Investigation of Spacecraft Glow (HISG)!'?

‘The Experimental Investigation of Spacecrafl Glow
(EI1SG), a TRI. 1 technology research experiment, was
fro\*’tlo rislJtitticfiiflit $°1°S-6? inMarch,1994, 10 study
and characterize spacecraft glow (Figuie 8).
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Figure 8: BISG experiment mounted on Hitclihiker (also
shown in Figure 3)

Spacecraft glow is a well-known butlittle understood
phenomenon encountered in many spacecraft including, the
Space Shuttle (Yigure 9)andlow-carth-orbit (1.1Q)
imaging free-flyin~, spacceraft. The glow could
potentially degrade the performance of optical instiuments
operating in low carth orbit, especially in the far
ultraviolet(1*UV) repion, by optically contaminating, the
imagery.Ithas not been known whether the phenomenon
was primarily a sut face (i.e. matetials)issucor a
spacccraft environmental/atinospheric interaction issue.
Withthe fundamental physics not well understood, it was
not possible to develop cffeclive counterimeasures.
Previousflight expel-inients had attempted to achicve glow
characterization, but only over a very narrow spectium
and at a fixed altitude. The EISG expel-incnt covered a
large spectium, from FUV through 5.6 micron infrared, at
orbital altitudes from 105 nmi to 160 nni, and vatying,
spacecr aft attitude.

Figure 9: Obiter Glow viewed from aft flight deck

The experiment consisted of alarge (1.0 x 1,0 meter)
thermally-isolated sample plate, half of which \vas coated

gl

with a black paint typically used in instrament bafflcs
(7300 Chemglaze) and half with a white, insulating paint
commonly usedinspacecraft applications (A276
Chemglaze). The area above the sample was viewed by
visible (VIS) and far ultraviolet (1(1 IV) spectrometers, a
FUV photometer and in frared (IR) radiometers to
charactetize spacect aft glow under a wide variety of
conditions. Inaddition, a US. AitForce payload was used
lo augment the experiment and provide simultancous
observations of glow phenomenain the infrared teg ime.
The Spacecraft Kinetic Infrared Test (SKIRT) article
consisted of a ¢1yogenically cooled infiared spectrometer
dedicated to glow characterizationinthe 1.0 - 5.0 micron
spectral wavelengthregion. The experiment set out to
study surface and gas cloud glows over a wide range of
wavelengths; to identify and character-iyc the atoms and
molecules responsible for these emissions; and to
determine how glow intensities vary as functions of
material coatings, surface temperatures, orbital altitudes,
and ram attitude angles. The EISG also contained a
nitiogen (N5) gas release system to study basic chemistry
with the ram atmosphicre which was expected to produce
glow producing compounds. Studies also addiessed
thruster contamination and glows associated with thruster-
cffluent-doped sui faces.

Datafromthe experiment is no\v providing new insights
into the fundamental physics of spacecraftglow anti the
atmospheric chemistry which causes it. Incomplete
preliminary assessment of the data verified that the glow
phenomenon is primarily a surface effect and is therefore
likely to beaffecled by material/coating selection forthe
optical instruments. It also validated that the black baffle
paintis an effective matenial for FUV imaging devices and
that the nitrogen release did not affect glow emissions in
this region, meaning that nitrogen can be used as an
cffective cr yogen in these instiuments without fear of
contamination duc to nitrogen venting. Glows in the
visible wavclengths were observed to change drastically
with altitude, as expected, but were significantly -- and
unexpectedly -- reduced during nitr ogen releases.

As expected with this and other TRI. 1 experiments, tile
results bolstered outknowledge of the physics involved
and provided some insight into the nature of cffective
counterincasures, but did not specifically validate a
technology foruse in future optical systems. Follow-on
experiments are being considered that would further the
research by adding a mass spectrometer to characterize
particular chemical species and, in addition, would validate
the glow -reducing properties of selected materials and
coatings.

The Tank Pressure Control Experiment (TPCE)?

1)eveloped by the Bocing Company, the Tank Pressure
ControlExperiment (TPCE) (Figure 1 O) is a TRI. 5 space
experiment developed to meetthe need fora critical aspect
of cryogenic fluid managementtechnology - that is,
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Figure 1o. TPCE Exper iment

control of storagetank pressures inthe absence of pravity
by fclicec-coiN'ee[i\'e mixing. The experiment, first
launched aboard Shuttle STS-43in August, 1991as a

G AS payload (Figure 11), used Ireon- 113 at near-
saturation conditions, ata constant84% il level, to
simulate the fluid dynamics and thermodynamics of
cryogenic fluids in space applications. The objectives of
TPCE were to characterize the. fluiddynamics of axial-jet-
induced mixing in low gravity,10 evaluate the validity 0f
empit ical mixing models, and to provide data for use in
developing and validating computational fluid dynamic
models of mixing processes.

Figure 11: TPCE hardware mounted in GAS can

A reflight of the TPCE experiment was successfully
completed on $°1°s-52 in Oclober, 19972, to examinca
potentially-serious pressure spike phenomenon that was
observed on the firstflight. The observed pressure spikes,
which arc the resultof sudden nuclecationand flash boiling
when a fluid is heated over a long period of time, could
conceivably resultin loss of mission if it were to OCCUTIn
an operational orbiting cryogenic propellant tank.

Unexpected pr tor to the initial TPCE flight, the
phenomenon is now understood and preventive measuies
have been developed as aresult of the second flight.

Representative results from the original flight are shown
inFigures 1 2 and 13 and demonstrate the efficacy of jet
mixing for control of pressure and temperature. Data
demonstiated thatthe flow pat terns observed £.ener ally
agreed with a prior cotrelation derived from drop tower
tests, and several existing mixing correlations were found
to provide1casonable performance predictions. 1.0w-
cnergy mixing jets, dissipating on the order of one percent
of the kinetic encirgy of previous mixer designs, were
found to be effective and reliable at reducing thermal non-
uniformitics, promoting heat and mass transfer between
the phases, and reducing tank pressure. it was found that
active mixing, whether continuous ot periodic, of fers
increased reliability and predictability in space cryogenic
systems, andcan be accomplished with no significant
boiloff penalty caused by kineticenergy  dissipation.
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This experiment demonstrated the validity of animpoitant
concept forpressure contt ol Of stored c1yogens il

microg ravity. It was typical of TRI. 5 experiments in
that completion of the experiment did not provide
sufficient data for infusion of the technology in
operational flightsystems,andthat the experiment, as
designed, was fairly qualitative in the definition of its




hypothesis and, henee, its data requirements (ptimarily
video). It also provided significantinsightinto the
physics of microgravity fluid handling and the
thermodynamics of pressure control, information which
has been of benefitin understanding problems encountered
with liquid-electrolyte batteries used in various space
systems. The experiment is presently being prepared by
studentinvestigators for a third flight to investipate the
cffectivencss of jet mixing for pressure control in tanks at
40-50% fill 1evel, amorerealistic scenario inopcrational
space systems thanthe 84% fil level previously flown.
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The Heat Pipe Performance Experiment (HPP)43

The 1 leatPipePerformance Experiment (HPP) is a ‘11<], 6
experiment developed by Hughes Aircraft Company
(Figures 14 and 1 5). It is a middeck experiment flown
aboard the $“1’S-52 mission in October 1992, HPP tested
fixed conductance and variable conductance heatpipes al
differentrotational speeds to determine theittransport
capability, rewicking times, andtheinfluence of body
forces (m the liquid distribution,

Thic primary mission objectives of the HPP were to
obtain quantitative data on the thermal performance of heat
pipes In a microgravity environment and to determine the
performance of heat pipes as a function 01 the body force
associated with different rotational speeds. The
experiment evaluated the sensitivity of 14 state-of-tlic-al’t
heat pipes to small andlarge accelerations by obtaining
quantitative data showing spatial and temporal profiles
under operational and recovery conditions. Flight test
results were correlated with 1 -g static test results and
analytical mode.ts forboth axially prooved and fibrous
wick desig ns. Rewicking tests were also conducled to
determine the time it takes for a heat pipe to reprime and
operate isothermally after it has beendeprimed duce to
cxcessive spin forees.
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As a resultof the flight, a large database on the

pet founanceand behavior of heat pipe operation in
microgravily was obtained. Application of 111°1” data will
lead to improvements incurrent heat pipe compulet
modeling and predictive capabilitics. Results of the
experimentalready confirmthat heat pipe designengineers
have been too conservative inextrapolating ground
petformance data to zero-g. Insome cases, the orbital
performance was 35% 10 40% better than g round
petformance. 3 ‘hese results, which substantiated analytical
predictions, will allow more confidence inthe analytical
models, leading to less conservative heat pipe design and
ultimately to lighter and more efficient spacecraft. The
data aiso enables less extensive ground testing, of
production axial groove heat pipes, conti ibuting to
directly lowering the cost of these activities.

Figure 15: 311°1° hardware

P IPP wasdesigned to acceptmultiple "cornpeting' heat
pipc components o1 subsystems to trade off performance
against other parameters (e. g. cost, manufacturability,
flexibility) in anoperational scenario. Inasinuch as heal
pipe thermal control systems have been qualified and in
fact arc operational, the validation of new heat pipe
configurations, materials, or working fluids at this
component/subs ystem level requires no system-level
validationand offers a cost -¢ ffective avenue to thenmal
control system improvement for future space sysleins.,

The Cryo System Exper iment (CSE)

The Cryo System Experiment (Figure 16) is a TRI1. 7
space-flight experiment conducted by the 1 lughes Aircraft
Company in a cooperative program with NASA. The
overall goal of the Cryo System Experiinent is 1o validate
and characterize the on-orbit performance of two thermal
manageinent technologies that comprise a hybrid
cryogenic system. Thiese ther mal management




technologies consist oft 1) a new-generation long-life,
low-vibration 65 K Stitling-cycle cryocooler, and 2) an
oxygen diode heat pipe that thermally couples the
cryocooler and an energy storage device while charging.
The expeniment 1s necessary to provide a high-confidence
zero-g database for the design of future eryogenic systemns
for NASA and military space flight applications.

CSt Flight Configuration Cryo Eleinents
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Figure 16: Cryo System Experiment
These technologies promise to satisfy many of the
currently defined cryogenic system performance goals for
planned NASA and military space programs. The Cryo
System Experiment is the next step in the technology
development process. Feasibility of each technology has
already been demonstrated in Hughes independent R&1D
ground-based laboratory tests. However, questions raised
by the scientific community relative to the performance of
these components in a 0-g environment must be answered
before these technologies can be optimized for application
(o flight systems. The flight experiment is configured to:
(1) provide data necessary to resolve performance and
design issues, (2) validate capability of the hybrid cooling
system to meet future mission requutements, and (3)
provide for high confidence design optimization of flight
system concepts currently being considered.

Duting on-orbit operation, test data will be recorded to
characterize performance of the technology including: (1)
oxygen diode heat pipe temperature gradient and transport
capacity in steady-state and transient conditions,

(?2) system vibration levels attributed to the active
cryocooler, and (3) integrated, extended operation of the
cooling system.

systems, an accurate correlation between 1-g and 0-g data
is essential to predicting the performance of oxygen heat
pipes in 0-g envitonment. Due to the poor capillary
pumping capability of oxygen, there is serious concern in
the scientific community that 1-g testing is optimistically
influenced by puddle flow and therefore results cannot be
extrapolated to 0-g performance. Anunderstanding, of the
performance of these components in fhghtis required to
develop accurate performance models for designing {light

Before proceeding with the design of operational flight

hardware. Key issues to be addressed include unsteady heat
transfer capacity and start-up behavior. Extended

on-orbit operation is necessary in order to resolve this
1ssue.

Figure 17: CSE cryocooler and GAS configuration

The cryocooler to be used for the experiment is a third
ecncration, long-life low-vibration Stirling cycle unit
(Figure 17). "The cooler is a dynamically balanced unit
whose expander and compressor assemblies cach have an
opposing moving mass counter-balance system to
minimize the momentum imparted to focal planc optics of
space science instruments. This technology is being
developed to satisfy anticipated vibration requirements of
future space-sensor systems. The cryocooler and its
support structure are instrumented to record mechanical
vibrations. Laboratory testing will give a good indication
of the cryocooler generated disturbance. However, 1-¢
forces cause piston-displace offset deflections and magnetic
field asymmetry that interact to alter the generated
vibration, These extremely low-levels disturbances require
a (g test. The experiment will provide the environment
requited to accurately perform mechanical disturbance
measurements and evaluate cryocooler dynamic balance.

The flight experiment results will be significant to a
number of satellites, scheduled for deployment in the late
19905, for which cryocooler technologies are
contemplated, including those in support of NASA's

Mission to Planet Earth and Asttophysics Programs.

The CSI s presently undergoing payload integration and
test activities at Goddard Space Fhight Center in
preparation for a launch in carly 1995, Ground-bused life
testing of the eryocooler has been inttiated at Hughes in
support of the experiment, and will continue into next
year for comparison with flight data.

The Cryo System Experinent illustrates an important
type of NASA in-space flight expetiment in which a
relatively mature system technology is validated to




provide the option for subsequent application ita near-
future space system development. A successful
experimentcouldbe followed by the use of the technology
in an operational system.

Concluding Remarks

NASAandinfact the entlirc space community arc well
aware of the compelling need toreduce the costof space
systems development and operation. NASA is now
agpressively moving towar d the direction of smaller, more
focused, and cheaper missions. As ao example, NASA
hasrecently announced the Small space.crafl Technology
initiative (S8711), a new flight program to demonstrate
technologies needed to meet that objective. Two
“"Smallsat' carth observation satellites will demonstrate
advanced miniaturization technology for smaller, lighter
spacecraftwith payload fractions almost double those of
today’s satellites. Sensors, on-board data processing, data
distribution, guidance and control, andpower subsystems
will also be based on advanced technologies, all directed
ptimarily at cost reduction.

Costreduction must be a major objective in all future new
military as well as civil space systems, andsuccess will
depend heavily on the avail ability of new - but proven --
techinologics. The experiments conducted thus far have
been very effcctivein proving new technologics whenin-
space validation is required. However, the experiments
themselves are also expensive, and costreduction is as
impotantinthe experiment programs as it is in the actual
development programs. Although we arc proud of the
costcontrol we have maintained in the experiments 10
date, we know wemustfind ways toreduce cost even
further,

We are leviev,ii)?, a variety of cost-cutting possibilitics
such as increased osc of common carriers, adapters, test
fixtures anti instrumentation, anti simplification of
experimentequipment to ensure that only those features
necessat y to achicvement of the primary experiment
objectives are included. Furthermore, in addition to the
rigorous process of phased program planning, we are
considering a requirementfor a critical programreview
whichwould automatically betriggeredif progiam cost
projections indicate a ten or fifteen percent gr owth over
the agreed-upon cost estimates. Unless the review
determines that a significant cost over-wa canbe averted,
the experiment could be subject to termination.

Onthe basis of ourexpetience to date, the continuing
cfforis al further cost reduction may resultin some
valuable additional fallout. We have had scveral
contractors tell us that oor aggressive cost control
measures on the flight experiments has for ced them to
adoptdifferentapproachesin the design and conduct of the
experiments -- which io turnhave been foundapplicable
to new mainstrcam development programs as well. If this

is tiue, our technology {light experiments may also be
serving as anexperiment or) techniques for cost reduction
indesignanddevelopment of major space systeins.

Butapartfromour cost concerns and our cost-reduction
focus, wear ¢ satisfied thatin-space technology
experimentation has proven itself as a valuabletoolin
preparing, validating, and reducing the risk of
incorporating the technologics essential to design and
development of o111 future space systems. The first round
of IN-STEP experiments provided data needed for
developmentand1efinement of a wide range of computes
models and codes. The validated computational
approaches, now being usedin space hardware
development, reduce or eliminate costly ground testing o
overly high design margins previously required for
reducing technical risk. The current gencration of IN-
STEP flight experiments is directed at reducing tile risk in
specifictechnology areas important to developmentand
operationof theInternational space Station Alpha -- areas
such as vibration isolation, male] ials andenvironment
charactenzation, and in-space constr uction and
maintenance. And new exper iments will shor tly be
addressing in flatable structures and other innovative
technologies that may offer still greater economices in
future space systemns,

w c think we have goodreason to believe thatin-space
flight experimentation has taken its place, along with
computational analysis, simulation, laboratory and bench
testing, and wind-tunnel or atmospheric flight testing, as
another weapon inthearsenal of the space systems
designer.
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