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Numerical Method of Dynamics of Membrane with Curved Solar Cell

TEEIR HIRETT

M5021 (L HERER
Shota Yamada

Recently the gossamer structure receives a fair amount of attention. Because, it is light and high storability. Solar sail is one of the most typical structure. In
2010, JAXA launched solar sail “IKAROS” and it succeeded acceleration by solar radiation pressure. “IKAROS” and next solar sail “IKAROS-II” has many
solar cell on their membrane. Solar cell has curvature because of coefficient of thermal expansion. In this paper, | calculate membrane with curved solar cell,
and compare with flat membrane elements by using ANCF. And | found that the former displaces is larger than the latter. And membrane with solar cell’s

frequency is also increase.
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Table 3.1 Analysis conditions

X length of one element [m]
Y length of one element [m]
Thickness of membranel® [um] 75
Thickness of solar cellll [zm] 192.5
Young’s modulus®® [GPa] 3.2
Poisson’s ratiol® [-] 0.3
Mass density®® [kg / m®] 1420
Delta t [sec] 5.0x107°
Number of Step 5000
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Fig.4 Displacement in X direction in compression at node 8 of
flat membrane
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0 Table 3.2 Frequency and amplitude in compression at node 8
E"ws Period[ms] | Frequency[Hz] | Amplitude[mm]
E o Plate 8.41 119 0317
3 01 — =5 0=5(X) 8.84 113 10.4
g 8=20 0=5(2) 13.5 74.1 34.4
0z —6:35 0 =20 (X) 5.15 200 14.1
2 0005 001 0015 002 0025 0=20(2) 5.06 198 218
Timefsec] 6=35(X) 4.450 222 31.9
Fig.5 Displacement in X direction in compression at node 8 0-35(2) 744 134 13.8

with curvature
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Fig.9 Displacement in X direction in tension at node 8 of flat
membrane
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Fig.10 Displacement in X direction in tension at node 8 with

Fig.7 Value of mid-plane elastic force in compression in X
curvature
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Fig.12 Value of mid-plane elastic force in tension in X direction
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Table 3.3 Frequency and amplitude in tension at node 8

Period[msec] | Frequency[Hz] | Amplitude[mm]

Plate 8.40 119 0.316
8=5(X) 9.22 109 3.97
0=5(2) 11.9 84.1 275
6=20(X) 5.20 192 18.4
0=20(2) 5.34 187 25.9
60 =35 (X) 4.58 218 315
0=35(2) 4.65 215 15.1
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