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Research on Application of Self-Deployable Membrane Truss Structure to Large Space Structure

fREHrE EiE RRTT

M7010 =3 KA
Daiki Kousaka

Starshade system has been proposed as an observation method of exoplanets. In this research, the self-deployable membrane truss structure is
applied to the occulter of the starshade system, and a conceptual design of the scale model of the occulter is conducted. The self-deployment
mechanism for the ground-based experiment has been already developed in the previous research. On the other hand, this paper proposes a
scale model for space demonstration. The model is applied to the design of the 10m class occulter that is applicable to the space demonstration
using HTV-X vehicle. The structural analysis of the designed model shows that the out-of-plane oscillation of the membrane is dominant in
the lower mode vibration, that gives little influence on the performance of the occulter.
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Table.1 Large space structure missions

Sort Case

Ultra Large Structure SSPS

Large and High Accuracy Structure Starshade

Large Structure De-orbit Devices
Large Diameter and

Large Antenna
Ultra High Accuracy Structure

(a) Starshade(Exo-S!") (b) Large antenna
Fig.1 Large space structure
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Fig.2 Self-deployable membrane truss structure
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Fig.3 Polygonal shape of occulter
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Fig.4 Previous self-deployable mechanism
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Fig.5 Candidate of friction applying part
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Fig.6 Conceptual design

of damper mechanism
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Fig.7 Conceptual design of latch mechanism
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Table.2 Analysis conditions

Material A5052

Young’s modulus[GPa] 68.3 nsert
Poisson’s ratio|-] 0.34

Force|N]™ 0.065285 Meximum
Shear strength[MPal 125 Fig.8 Load direction
Safety ratiol-] 1.5
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Fig.9 Principal stress distribution
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(b) Side-bar method
Fig.10 Self-deployable mechanism for space demonstration

(a) Side-pin method
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Fig.11 Membrane mounting

method
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Table.3 Constant value

Hub 1 [mm] (z,y) = (100.0,41.4)
Hub 4 [mm)] (,y) = (3091.0, - 1619.6)
Hub 7 [mm] (z,y) = (5415,0)

Boom length L3 [mm)] 2210.6
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Table.4 Variable value

Distance between hubs Initial value

dy2 250 [mm]
doy 250 [mm]
doy 350 [mm]

S Subscript is hub number.
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Table.5 Analysis conditions

Model Hub Boom Casing Membrane
Material Ti-6Al-4V SUS A5052  Polyimide
Number 28 40 25 2
Young’s

106.0 206.0  68.3 3.2
modulus[GPa]
Poisson’s ratiol-] 0.33 0.30 0.34 0.30
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Fig.14 Mode shape at 1st order
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