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Introduction

A SMALL satellite is planned to be launched as a piggyback
payload on a Japanese H-II vehicle to further investigate the

cold-weldingphenomenonthat is observedwhen welding two metal
rods together without heating in the ultrahigh-vacuum wake pro-
duced behind an orbiting spacecraft. Satellites that utilize the same
concept have � own on the space shuttle several times before.1 Be-
cause the allowable volume for the satellite is 50 £ 50 £ 50 cm3 and
its maximum weight is 50 kg, a 2-m-diam wake shield disk must be
folded at launch and deployed in space. An in� atable tube and disk
were adoptedfor this purpose.The advantagesof an in� atable struc-
ture can be seen in the weight reduction, small packaging volume,
low production cost, and high reliability of deployment compared
with a conventional mechanically erectable structure.2,3 However,
at the NASA-sponsored In-Space TechnologyExperiment Program
(In-STEP) � ightexperimenton theSpartan207satellitein 1996, two
supporting in� atable struts doubled during the deployment.Even if
doubled tubes were � nally solved by adding gas into the tube, it
was indicated that care must be taken regarding the behavior of the
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tube during its deployment. In the case of an in� atable wake shield,
its behavior must be cleared before launch. Figure 1 shows the test
satellite, and Fig. 2 shows the deployment scheme of the in� atable
disk. The structure is a membrane disk supported by an in� atable
tube that is placed at the center of the disk extending in the radial
direction and continuing around the peripheral of the disk. Before
launch, the disk is folded multiple times, and it is deployed on orbit
by introducing nitrogen gas into the in� atable tube, as in Fig. 2.
The disk and its tube are constructed of heat-resistant polyimide
resin.Because it is an extremely small outgassingmaterial, pressure
around the satellite will be below 10 ¡ 9 Pa, and, just after the orbit
insertion, the wake shield surface will be directed toward the sun to
degas the sticking gas on the disk and tube. This Note describes the
behavior during deployment of the in� atable disk and tube.

Fig. 1 Cold-welding test sat-
ellite.

Fig. 2 Scheme of deployment of in� atable disk.

Fig. 3 Deployment of in� atable disk on � oor.
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Test and Results
Two ground simulationmethods for deploymentwere tested.The

� rst one, which utilized a 1:4 scale model disk, was carried out on
a � oor under 1 g. The behavior during deployment was monitored
using a charge-coupled device camera. This simulation is a very
inexpensiveand simple method. Expansion from the stowed shape,
a, to the deployed shape, f, is shown in Fig. 3. The behavior on the
� oor apparentlysimulatedthe deploymentin the spaceenvironment.
However, we had overlooked that the disk was deployed by the
springforceof the foldedtubeagainstthe � oor, that is, deploymentin
orbit could not use such restoring force. Therefore, the deployment
behavior was completely different from that under microgravity.

The second simulation test was carried out at the Japan Micro-
gravity Center facility, which provides 10-s-duration microgravity
on the ground. A 1:10 scale model disk was fabricated and placed
in a test apparatus as shown in Fig. 4. Owing to volume limitation
of the drop capsule, the scale of the disk had to be changed to 1

10
of full-scale model. The disk was a combinationof a 200-mm-diam
paper circle and a 4-mm-diam polyethylene tube. Although poly-
imide resin, which was characterizedas small outgassing material,

Fig. 4 In� atable disk for microgravity test.

Fig. 5 Test apparatus.

Fig. 6 Gas � ow charge in the tube and behavior of the in� atable disk.

should be used as a test material through the ground test, we chose
polyvinyl chloride for the � oor test and paper for the dropshaft test
because resin could not maintain the proper folded con� guration
when it was set up in the air, that is, it drooped downward. The
in� atable disk was intended to deploy as shown in Fig. 5.

The disk was folded three times and then once more in the radial
direction. A wrapping strip � xed the folded model, preventing it
from unfolding. The strip was used as a result of simplicity and
safety considerations at the ground test. In the space experiment,
pyrotechnicswill be usedfor thispurpose.The apparatuswas placed
in a drop capsule that was dropped into the 700-m-high dropshaft.
The folded disk was pulled from the ceiling of the apparatus by
an upper string. After the drop command was given, a lower string
was pulled with a dc motor to cut the wrapping strip. At 0.9 s
after the signal, a solenoid valve was opened, and nitrogen gas was
introduced into the in� atable tube. Two video cameras monitored
the deployment of the disk. After 2.2 s, the wrapping strip was
actually cut by the lower string and deployment started. The disk
was completely deployed at 4.5 s. Figure 6 shows the deployment
of the in� atable disk with a gas � ow charge in the tube. A sudden
increase in the gas � ow occurred at 2.3 and 4.5 s, resulting from
the extension of the folded tube and further gas � ow to the tube.
Pressureat the gaugewas monitored,and it showed0.37 MPa during
the test. The disk was deployed in a fashion quite similar to the one
that had been deployed as a reference test in a 1-g environment
prior to the microgravity test. These ground tests were carried out
in the air. The effect of drag force on the disk at the deploymentwas
estimated to be 5% of tube’s restoring force when acting drag force
was D = ( 1

2 ) q V 2C dA. The behavior of the disk deployment and
gas � ow characteristics in the dropshaft is considered to simulate
deployment in orbit.

Conclusion
Two deployment methods of an in� atable tube and a disk model

were compared.The � rst methodwas carriedout under conditionsin
which a test specimen was placed on the � oor. It was found that the
inexpensiveand simple deploymentof an in� atable structure on the
� oor has a substantial � aw because a portion of the disk interacted
with the � oor. On the other hand, at the second simulation, in which
the test specimen was placed in the air, data obtained at both the
dropshafttest and 1-g ground test beforea microgravitytest showed
satisfactory simulation.
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