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Deployment Behavior of Membrane Structure Using Inflatable Tube as Support Member
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Nano-Satellite Project Team of Nihon University developed a CubeSat named SPROUT, and launched it in 2014. They conducted a mission to deploy a
membrane supported by two inflatable tubes in 2015. However, according to on-orbit photos of the membrane, it turned out that whole membrane structure
spiraled drastically. Therefore, the author conducted the deployment experiment of the membrane under micro-gravity environment by the parabolic flight of
an airplane, and the deployment experiment in 1G environment after a long-term storage of the membrane structure. This paper clarifies the reason why the
membrane deployed imperfectly and estimates how the membrane structure deployed if the deployment succeeded. Furthermore, based on these results, the
author suggested the points to improve the design of future membrane deployment structures.
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Figure 1.1 Nano-satellite “SPROUT".
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Figure 1.2 Inflatable tube (Ieft) and membrane (right).
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Figure 1.3 Storage mechanism and deployment sequence.
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Figure 1.4 Gas injection system and SPROUT model.
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Figure 1.7 Shape reproduction photos in darkroom.
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Figure 1.8 Shape reproduction photos taken from different
viewpoints.
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Table 3.1 Experiment contents.

Tubes + membrane | Pressure | Number
Size or control of
Only tubes value times
30 kPa 1
Tubes + membrane 50 kPa 1
440 mm 70 kPa 1
(Tube: 462 mm) 30 kPa 1
Only tubes 50 kPa 1
70 kPa 1
1100 mm Tubes + membrane 50 kPa 3
(Tube: 1122 mm) Only tubes 50 kPa 2
1540 mm
(Tube: 1562 mm) Tubes + membrane 50 kPa 3
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Figure 3.2 Image of experiment layout.
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Figure 4.1 Deployment restraint by catching the membrane.
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Figure 4.2 Restraint of membrane by fold.
(left: Ground simulation, right: Micro-Gravity experiment)
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Figure 4.3 Primary development and secondary deployment.

R A3 H0 R S T LB AT 22 R N B SRR IR, T< ) o
FHROY Y AL TH T,

5. EZ - #H

A2 g NEE D B T O RBRICOW T, EE ofF MR
OOTFa—TWNEMLENLEBML TN Z ENRTERN
oo LN TEMT A Z LI L TIETF 2 — 7 BIRICFK
DHDHZENENTE S, £, BHENH 2HE O RE
LEDETITHEMZEL T2 &G, BEROBEHENT o
— 7 OREZGT 5 EICEREEY 52 T2 bbb,
SHIZEBOETZMNI AT &, BHIMOF = —7
DI LB BERBMOBRICERE L 52 TWD I ERbho
2. ZOZE LY, Fa—TIZHENUDMNTW iR
RENEDEFEHEDIE TIREIZIRITEL TN D L nr D, R
VN2 RIR E LCE, F = — 7 13Uk 2 Y
T D BRI & X T AN ERE L T LIAA T 523, X
MBI T =2 — 7 DRI LV EETRBIL o TWNDHTZ®D
JEAE LTOREETIX AR T o TLE s T Z Enn&E %
bND. EE, 754 FETADTF 2 — T UG O Hifg & e
BLIEEZA, JEHEIN TV EEMTTF 2 — 7 B> T
7= (Figure 5.1)

g |

Figure 5.1 State of tube storage.
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Figure 5.2 Improvement plan of storage mechanism.
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