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Abstract
Large space-deployable antennas are needed
for a variety of applications that include mobile
communications, radiometry, active microwave
sensing, very-long-baseline interferometry, DOD
space-based radar, and microspacecraft. Investigators
in these fields identify the need for structures up to
tens of meters in size for operation from 1 to 90 GHz,
based on different aperture configurations. The
selection criteria common to all of the users are low
cost, light weight, high reliability, and good reflector
surface precision. Fortunately, a unique class of space
structures has recently emerged that offers great
potential for satisfying these criteria. They are
referred to as inflatable deployable structures. A good
example of such a concept is under development at
L’Garde, Inc.
Serious interest from the user community will
depend on realistic demonstrations of the viability of
the concept. This means that large, lightweight,lowcost structures need to be developed and used to
demonstrate deployment reliability in realistic service
environments. The technology data base for the
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L’Garde inflatable concept will accommodate the
development of reflector antenna structures up to
30 meters in diameter. Since the concept utilizes very
low inflation pressure to maintain the required
geometry on orbit, gravity-induced deflection of the
structure precludes any meaningful ground-based
demonstrations of functional performance. Therefore
this concept has been selected for a NASA In-Space
Technology Experiments Program (IN-STEP) spacebased experiment.
The objectives of this experiment are to
validate and characterize the mechanical functional
performance of a 14-meter-diameter inflatable
deployable reflector antenna structure in the orbital
operational environment. The experiment will be
carried by the NASA Spartan spacecraft, which is
launched, deployed, and recovered by the STS. The
Spartan will provide mounting, attitude control, power
and data recording for the antenna experiment.
The antenna concept development will benefit
from both the experiment and supporting technology
developments. Results of this experiment are expected
to verify the feasibility of fabricating a large space
structure for only a few million dollars, demonstrate
the reliability of deployment, characterize the quality
of the reflector surface, and correlate the analytical
performance prediction models with actual measured
characteristics. Technology developments in support
of the experiment, to be conducted at NASA Langley
Research Center and the University of Colorado, will
include investigation of new and advanced flexible
materials, as well as system studies to assess the

adequacy of this structural concept for specific classes
of applications and for the development of analytical
performance production tools. These combined results
will be used to advance the technology of the concept
with respect to improving surface precision and
performance predictability and accommodating larger
size structures with different configurations in different
orbits.
1. Introduction

Large self-deployable, reflector antennas are
needed for a large variety of space-based applications.
These potential applications include (a) mobile
observation
communications,1*2*‘*4 ( b ) e a r t h
(c) active microwave sensing,
(d) orbiting very-long-baseline interferometry
(~~~~~),~3,1~.1~,16.1~ (e) space-based radar, and (t-J
micr0spacecraft.l’ The antenna size and frequency
ranges for these classes of applications are given by
Figure 1.

reliability in a realistic operational environment.
These factors collectively tend to discourage
applications of current large deployable structures
technology. Therefore, it is not surprising to find that
the user criteria for selecting specific concepts for any
of the applications is essentially the same: low cost,
low weight, high deployment reliability, and high
aperture precision. It is not surprising to see that this
selection criteria is absolutely consistent with the new
NASA theme of cheaper, faster, and better technology.
In fact, this criteria and philosophy would be an
excellent basis for the selection for antenna structural
concepts for technology development.

Once a specific antenna structural concept,
with potential for meeting the stringent user criteria
has been identified for application or technology
development, the next major challenge is the validation
of the concept to the satisfaction of that user
community. Such validations, to be meaningful, will
have to actually demonstrate that the concept
mechanical capability satisfies the criteria. This means
that (a) low-cost and lightweight hardware can only be
I-Iowever, the limited number of such
verified by actually building large flight-quality
applications at this time, in the large-size range,
hardware; (b) deployment reliability can only be
signifies that there are problems associated with
demonstrated with large flight-type hardware in a
actually using state-of-the-art space-deployable
realistic service environment; and (c) usable reflector
structures concepts. The problems result from very
surface precision will have to be demonstrated in a
high hardware costs, concern about mechanical
realistic service environment. Very often this means
deployment reliability, and the high weight of many of
the concepts. For example, a E-to-30 meter diameter a space-flight experiment is absolutely essential for a
mechanically deployable space antenna structure would meaningful validation.19,m*21*Z
cost on the order of several hundred million dollars.
Fortunately for the users, a unique concept has
Additionally, mechanical concepts in this size range,
resulted from recent technology developments in the
have not actually demonstrated high deployment
area of large inflatable deployable space structures.
This new concept has tremendous potential for
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Fig. 1. Potential Antenna Applications
by introducing inflation gas sequentially to the stowed
radiometry,5~6~?~8~9~lO~ll~l2
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struts, torus, and reflector/canopy, respectively. The environment, and (d) the actual measurement of usable
reflector surface precision. Unfortunately, a grounddetails of this structure are given by Ref. 25. This
structure is cheap because it is constructed from only based hardware evaluation of functional performance
inexpensive membrane materials and does not utilize for this concept is not meaningful because (a) the low
stiffness of the partially deployed structure would
any high-precision mechanisms, complicated structures, exotic materials, or electromechanical devices. allow gravity loading to completely distort the
deployment characteristics, (b) the presence of an
The structure is very light since the thickness of the
reflector and canopy membrane is on the order of 6 to atmosphere would significantly change the inflation
8 microns and the thickness of the torus and struts is time and articulation characteristics of the reflector and
on the order of a few hundred microns. Deployment canopy during deployment, and (c) orbital inflation
pressures are so low that gravity-induced deflections
reliability is very high since the structural elements
simply unfold from the stowed configuration as they would preclude measurement of the reflector surface.
Consequently, a zero-gravity environment is absolutely
are pressurized sequentially. Proper control of the
essential for a realistic validation of this class of space
inflation pressure results in a smooth expansion of the
structures.
inflatable elements from stowed to fully deployed
structural configuration. The deployment of the indiAs a consequence of the high-potential payoff
vidual elements of the antenna is similar to the
of this concept for the user community and the need
inflation of a life raft and the escape chute from an
for zero gravity mechanical performance evaluation
airliner.
and demonstration, the L’Garde inflatable antenna
concept has been selected by NASA for an In-Space
The validation of this new type of space
Technology Experiments Program (IN-STEP) flight
structure concept for the potential user community
must be based on (a) developing structures close to the experiment,B Figure 2. The experiment is currently
size required for actual applications, i.e., 15 to 30
in the detail design phase of development. This paper
meters, (b) flight-quality hardware, (c) demonstrating discusses (a) antenna user selection criteria (b) an
deployment reliability in a realistic service
approach for validating large space antenna concepts,
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(c) a flight experiment that implements the validation
approachX*= for an inflatable antenna concept, and (d)
supporting technology developments that help advance
the maturity of this concept.

industrial partner to JPL. The experiment project
organization is based on (a) maintaining close contact
with each user community, (b) utilizing recognized
experts from different organizations as consultants, (c)
working directly with organizations supporting the
experiment, and (d) providing estimates of performance for specific applications. This successful
working relationship is given by Figure 3. The
experiment is currently manifested to fly on STS 78 in
early 1996.

2. IN-STEP Inflatable Antenna ExDeriment

The NASA Office of Aeronautics and Space
Technology (OAST) is currently sponsoring the InSpace Technology Experiments Program.
It is
specifically intended to sponsor low-cost, high-payoff Experiment Objectives
technology payloads such as the inflatable antenna
concept. IN-STEP sponsors experiments through
The objectives of this IN-STEP experiment are
proposal response to the NASA Announcement of
intended to address the concerns of the user
Opportunity. Experiments selected for development community and significantly reduce the risk of using
are funded through the feasibility study (Phase A).
this new type of space structure. Consequently, the
Experiments selected for further development then
specific objectives are to (a) validate the deployment of
proceed to preliminary design (Phase B) and detail
a 14-meter-diameter, inflatable deployable, offset
design and flight hardware development (Phase C/D).
parabolic reflector antenna structure in a zero-gravity
The Inflatable Antenna Experiment was initiated in
environment, (b) measure the reflector surface
1988 and advanced to Phase C/D in late 1992. The
precision, which is expected to be on the order of lexperiment is managed by JPL for NASA. The
mm rms, for several different sun angles and inflation
experiment hardware is under development at
pressures in a realistic thermal environment, and (c)
L’Garde, Inc., who is the innovator of this inflatable investigate the structural damping characteristics of
antenna concept and is the Principal Investigator and this unique type of space structure.
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Fig. 4. Antenna Deployment Sequence
The reflector diameter of 14 meters was
selected for a number of reasons: namely (a) it is
consistent with the range of sizes for possibly early
applications; (b) it is the largest size structure L’Garde
can produce with their existing facilities and still
minimize the experiment costs; (c) the experiment
hardware will be made with the processing, materials,
fabrication, and assembly techniques used for
structures up to 30 meters so that the 14-meter
mechanical performance can be extrapolated to
structures that size; (d) it represents a reasonable
extension of the existing g-meter diameter technology
data base; and (e) a structure of at least this size needs
to be built to show that big lightweight inflatable
structures can be produced for only a few million
dollars.
To be meaningful, the validation of
deployment needs to address all of the events, which
include (a) initial position and configuration of the
stowed reflector structure after it is released from the
canister, (b) the change of structural configuration
associated with each of the four deployment sequences,
and (c) the time required for inflation of each of the

sequences, Figure 4. Deployment starts when the
stowed inflatable structure is ejected from the canister
by a spring-loaded floor plate. Next the deployment
of the struts is initiated by the strain energy resulting
from stowing the inflatable members. Deployment is
then completed by inflation of the struts. By this time,
deployment of the torus has been initiated by release
of its strain energy and completed by inflation. After
this support structure has been completelydeployd,
the reflector and canopy are then inflated.
Surface precision measurements, to be useful
for application purposes, need to be made (a) over the
entire reflector surface, (b) at various sun ingles for
constant internal pressures, (c) at several different
internal pressures for the same thermal environment,
and (d) in a timely manner to minimize the effects on
the changing thermal environment on measurements.
Experiment Description
The antenna experiment orbital system
configuration is shown in Figure 2. The basic
elements of the system include the (a) inflatable torus,

which is the support structure for the reflector, (b) the
inflatable parabolic membrane reflector structure, (c)
the inflatable struts, which have capability for
supporting a feed or subreflector structure, but, for
this experiment, terminate at the canister, (d) the
canister, which interfaces the antenna experiment to
the Spartan, supports the stowed antenna and other
experiment equipment, incorporates deployable doors
to access the antenna to the space environment, and
provides mounting for the surface measurement
system, (e) the instrumentation system that consists of
high-resolution television cameras and a digital
imaging radiometer, which are mounted in the
canister, and (f) the Spartan, which is the carrier for
the experiment and provides initiation commands to
the experiment controller.
The most cost-effective approach to putting a
structure of this type and size on orbit for this type of
an experiment is to use the Spartan recoverable
spacecraft as the experiment carrier, Figure 2. The
Spartan is taken to orbit and returned to Earth by the
Space Transportation System (STS). The Spartan,
developed by the NASA Goddard Space Flight Center
(GSFC) and successfully flown previously, will
provide (a) a mounting platform for the antenna
structure and experiment equipment, (b) power, (c)
attitude control, (d) recording of the experiment data,
and (e) a separation system for the ejection of the
antenna structure subsequent to completion of the
experiment. Accordingly, the Spartan Project Office
will be the Mission Manager for the experiment.
The instrumentation system for the experiment
consists of (a) high-resolution, wide-angle and narrowangle television cameras to monitor deployment, (b) a
digital imaging radiometer for measurement of the
reflector surface precision, and (c) an engineering
monitor for pressures, temperatures, sun angle and
time reference.
In addition to the experiment
television cameras, high-resolution photography from
the STS is expected to be available for monitoring the
complete inflatable structure deployment sequence.
This is essential since the experiment cameras will not
be able to acquire the initial phases of deployment
because of their close proximity to the stowed
inflatable structure.

overboard by the STS Remote Manipulator System
(RMS). Once the orbiter has moved a safe distance
away and the Spartan has been stabilized by its attitude
control system, a start command, from the Spartan to
the experiment controller initiates implementation of
the experiment. Antenna deployment commences with
the opening of the canister doors; the spring-loaded
floor plate then pushes the stowed structure away from
the canister. The inflation system then provides
nitrogen gas to the stowed inflatable structure., The
entire deployment sequence will take on the order of
5 minutes. Measurements of surface precision for
several sun angles and refIector/canopy inflation
pressures will be made during the first one or two
orbits. Since the high drag of the reflector structure
will cause separation of the Spartan from the orbiter,
and only one orbit is required to implement the
experiment, the antenna will be separated from the
Spartan at the completion of the measurements. The
Spartan with the experiment data will be recovered by
the orbiter at the end of its standard mission.
Ground-Based Test Program
The ground-based test program addresses the
development, evaluation, and veritication of
mechanisms, inflatable and canister structure,
instrumentation systems, electronics subsystems, and
the inflatable system. This ground-based test program
will reduce the experiment risk through extensive
demonstration of hardware functional performance that
lends itself to meaningful ground-based evaluation.
This test program is defined in detail by the Project
Developmental Test Plan that was generated as a
significant part of the experiment preliminary design.
The major elements of this program include (a)
canister mechanisms functional and structural testing,
(b) full-scale inflatable structure packaging, (c)
subscale reflector structure element deployment testing
and surface accuracy measurement, (d) electronics
functional testing, (e) inflation system functional
testing, (f) surface measurement system functional
testing and calibration, (g) reflector assembly and
adjustment procedures refinement, and (h)
environmental testing at the assembly and subsystem
level, Figure 5.
3. Sunnorting Technologv Develonments

Orbital Scenario
In addition to the flight experiment itself there
are a number of supporting technologies under
development at organizations other than JPL/L’Garde,

The orbital functional scenario for the
experiment starts with the Spartan being placed
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for the inflatable antenna concept. These applications
include earth observation radiometry for soil moisture
and advanced space-based very long baseline
interferometry (VLBI). An RF concept for a soil
moisture and oceanographic radiometer based on using
the inflatable reflector antenna has been developed
andis illustrated by Figure 6 and discussed in Ref. 5.
The purpose of the study is to characterize the
potential RF performance of this concept for these
applications. The results of this study will be the input
to the systems studies.

= ELECTRONIC SUBSYSTEM FUNCTIONAL AND ENVIRONMENTAL TESTING
m SAMS LIGHT PANEL FUNCTIONAL AND ENVIRONMENTAL TESTING
= SAMS VIDEO CAMERA FUNCTIONAL AND CALIBRATION TESTING
I INFLATABLE STRUCTURE PACKAGING AND DEPLOYMENT
CHARACTERIZATION
m DYNAMIC MEASUREMENT SYSTEM FUNCTIONAL TESTING
l DEPLOYMENT

SURVEILLANCE VIDEO CAMERA FUNCTIONAL AND
ENVIRONMENTAL TESTING

I VCR CONTAINER STRUCTURAL INTEGRITY TESTING
m INFLATION SYSTEM FUNCTIONAL AND ENVIRONMENTAL TESTING

The NASA LaRC Advanced Space Concepts
Division. is developing candidate spacecraft system
configuration designs for each of the two applications.
The output of the RF configurations will be the basis
of the system analysis. The purpose of these system
studies is to establish the feasibility of using the
inflatable antenna subsystem in conjunction with
conventional spacecraft technology. The results of
these studies will include (a) launch vehicle options,
(b) satellite configuration, (c) performance/mass tradeoff, (d) orbit analysis, (e) thermaI and loads analysis,
and (f) instrument subsystem.

l REFLECTOR

STRUCTURE ASSEMBLY AND ADJUSTMENT PROCEDURES
DEVELOPMENT

H REFLECTOR STRUCTURE SURFACE ACCURACY MEASUREMENT
*SURFACE ACCURACY MEASUREMENT SUBSYSTEM

Fig. 5. Ground-Based Development Tests
Inc. These developments contribute significantly to
the experiment and the inflatable antenna concept
technology data base. The results of these
contributions will (a) enhance the quality of the
experiment flight hardware, (b) advance the
technologyof the basic concept for subsequent flight
applications, and (c) help determine the applicability of
the inflatable antenna concept for several specific
The organizations providing this
applications.
extremely important contribution to the advancement
of technology include: the NASA Langley Research
Center (LaRC), the University of Colorado, and the
University of California at Los Angeles (UCLA).

The University of Colorado, College of
Astrospace Engineering, Center of Space Construction,
is developing analytical approaches for the accurate
mechanical characterization of inflatable space
strucures. The purpose of the development is to
determine how to use standard or modified/standard
structural computer codes to accurately simulate the
mechanical performance of this unique type of space

The NASA Materials Research Division at
LaRC is addressing the identification, the mechanical
characterization, and the investigation of improved thin
film materials for the inflatable antenna concept.
Improved membrane materials properties would be in
the area of (a) uniform thickness, (b) uniform stiffness
properties, and (c) radiation resistant thin film
materials.
The currently available commercial
materials to be used for the experiment are more than
adequate to accommodate the technical objectives of
the experiment. However, for long-term applications
requiring higher antenna reflector surface precision,
and long-term structures dimensional stability,
advanced thin film materials will definitely be
required.

f Kevlar inflatable
Metalized reflector
surface area

Antenna
membra

Microwave feed panel

The NASA LaRC Antenna and Microwave
Research Branch is developing antenna feed
configuration designs for two classes of applications

Antenna clear

Kevlar inflatable

Instrumentation

Fig. 6. Radiometer Using Inflatable Reflector
Technology
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The baseline concept mechanica performance on orbit,
which will be characterized and validated by the
experiment, will be a tinction of the inflatable
materials used, their processing assembly techniques,
A representative of the UCLA Department of and the mechanical packaging configurations. RefineElectrical Engineering is supporting the experiment by ments and modifications of these processes and
techniques along with the application of new and
(a) membership on the antenna user advisory
committee, (b) membership on the experiment design improved membrane materials will result in higher
reflector surface precision, long-term dimensional
review boards, and (c) technical consulting on
predicting and measuring antenna system performance. stability, and support structures with greater stiffness.
Improyed analytical performance projection capability
will facilitate using the experiment results and ground4. Conced Technolozv Data Base
based materials characterizations to accurately predict
The integral of the results of the flight
functional performance for applications utilizing larger
experiment and the supporting technologies is expected structures, and different functional configurations and
to significantly advance the technology data base for orbits. The adequacy of this unique concept for several
specific applications will be determined by the results
the inflatable antenna concept as a consequence of the
following: (a) the orbital antenna performance will be
of the RF subsystem and spacecraft systems studies.
validated and characterized for purposes of evaluating
5. Conclusions
the specialized manufacturing processes and assembly
techniques; (b) the technologies to be used for
The results of the experiment are expected to
producing higher precision reflector structures will be
significantly reduce the user risk associated with using
advanced; (c) new materials for long-term dimensional
large space-deployabIe antennas by demonstrating the
stability will be availabIe for application; (d) the
technologies used for the analytical projections of tinctional performance of a concept that meets the criantenna performance will be verified and enhanced; teria for low-cost, lightweight, and highly reliable
and (e) candidate system configurations for specific space-deployable structures. The results of the experiment in conjunction with the supporting technologies
classes of application will be developed, Figure 7.
structure. This research will be based on analysis,
testof inflatable structures elements, test/analysis
correlation and analytical mode1 refinement.
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are expected to advance the concept technology data
base to the point of accommodating applications in the
size range of 14 to 30 meters in the late 1990s and 30
to 50 meters in the early 2000s. The technology
resulting from these activities is made possible by the
joint partnership between NASA and private industry.
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