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Vibration characteristic of self- deployable membrane truss
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Gossamer structure is suitable for large space structure because of its lightweight and high rigidity. As a method for further increasing
the rigidity, a combination of a self- deployable truss and a membrane structure has been proposed. It is necessary to understand
vibrations after deployment in order to realize a large space structure with the self- deployable membrane truss. Therefore, in this
paper, I consider the vibration characteristics of self-developed membrane truss composed of boom, node and membrane. The natural
frequency and the vibration mode were calculated and the difference between the case with the latch and without was discussed. Also
I described that the stiffness of the whole self-deploying truss greatly affects the rigidity of the boom.
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(@) Membrane Truss (b) Multi-layered Truss
(p0.98m) (1.85m)
Fig. 1 Self-deployable truss
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Fig. 3 3N3B membrane truss
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Fig.4 Membrane under uniform tension
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Fig. 5 Force balance in 3N3B
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(a) Latch hub (b) Moment-free hub

Fig. 6 Self-equilibrium state

Table.2 Material and geometrical properties

Item Values Item Values

Em 3.0GPa Im 0.4m
em 1.0x1074 hm 12.5um
Vm 0.3 Af 10deg
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[Moment-Free Hub]
F4=7.28Hz

[Latched hub]
F4=7.33Hz

F5=19.7Hz F5=25.7Hz

F6=20.1Hz F6=25.7Hz

F7=24.3Hz F7=25.7Hz

Fig. 7 Natural frequency mode ( A9 = 2.4[deg])

[Moment-Free Hub]
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[Latched hub]
F4=3.72Hz

F5=11.5Hz F5=23.0Hz

F6=17.8Hz F6=24.4Hz

F7=24.9Hz F7=25.7Hz

Fig. 8 Natural frequency mode (A9 = 10[deg])



[Moment-Free Hub]
F4=2.85Hz

[Latched hub]
F4=2.85Hz

F5=9.00Hz F5=21.5Hz

F6=14.3Hz F6=22.8Hz

F7=24.9Hz

Fig. 9 Natural frequency mode ( A0 = 18[deg])
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Table.3 The force due to change in angle

A9 | T, Fan F,
2 4[deg] 0.0563 56.8 56.8
10[deg] 0.0410 11.0 11.0
18[deg] 0.0252 6.42 6.42
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(a) Steady state (b) Curvature of membrane
Fig. 10 7N12B membrane truss

4. HEER

B CUEBIEHE kT A SN3B ORI A R LT, 3T A —H
OZAITIE U= B CVRIRREOT IR & 505 = & T, try&error
IR DRREF IR <, BT A & &2 LT3R WRRIC T %
Z EmHERS.

B BB N 7 A SRORIMEL T — A L AR E
ZENORD. INLEEEZ, IRBIOBESER L HORE
B R T RAEREL QW TETHD. F/o4%IT TNI2B DR
bR Lz,

HitF
ABFFEISTRE - BHIFER 18H03817 OS2 CITHh %
L.

SEH

(1] EeB, O OE,  HHREEE L7 RESEORES, 5 56 [
FHRFATE A A ETHIE, JSASS-2012-4496, pp.1-6, 2012.

[2] Miyazaki, Y, Fukunaga, M., and Kousaka, D, Membrane
Structure Supported by Self-Deployable Truss for Space
Applications, 2018 AIAA Spacecraft Structures Conference,
ATAA 20181201, pp.1-13, 2018.

(3] EATHEL, /A 2y 7 27— L5 B CUEBIRR S D
JREBHESE, STk 28 SRR H A KSR LIS iZE T L
FRBIELRRS 2017 4F

(4] fKBET, EWRHET, ESOW, ATER MfICEEOT5
Nlea Ry 7 A7 —7 08 CANREEN I S ERBE T,
5 62 [E TR AR SR, 1M18,pp.2-3,2018.

[5) NASA: Exo-S Final Report, Exoplanet Exploration,
https://exoplanets.nasa.gov/exep/about /exos/, 2015.

[6] J.O. McSpadden and J.C. Mankins: Space solar power programs
and microwave wireless power transmission technology, IEEE
Microwave Magazine, Vo.3, pp.46-57, 2002



