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Dynamic Response of Triangular Solar Sail with Wrinkles

Hongsu Bae* and Kyeongsik Woo**

Department of Civil Systems Engineering*
Chungbuk National University**

ABSTRACT

In this paper, the dynamic behavior of wrinkled triangular solar sail was studied by finite
element analysis. The analysis was proceeded first by performing static wrinkle analysis under
tensile corner load on sail membrane, and then performing modal analysis. The membrane
element method with wrinkle algorithm and the shell element post-buckling analysis method
were used to account for the wrinkle deformation and the results were compared for analysis
methods throughly. The comparison was also made to that without wrinkle consideration to
investigate the effect of wrinkle deformation on the results. Cases with various loading cable
angles were analyzed and the results were systematically examined.
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Fig. 1. Sail membrane configuration
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Table 1. Material property

Membrane Kevlar Steel

E (GPa) 25 127 207
v 0.34 0.35 0.3

p (Kg/m’) 1420 1450 7830
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Fig. 3. Variation of minor in-plane principal
stress distribution by shell element
method(g. = 26°)
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Table 2. Comparison of natural frequencies
(Hz) with and without wrinkle
consideration

Mode With Witlhout Difference
Wrinkle Wrinkle (%)
1 23.27 1.27 -0.02% (1,5)
2 28.46 1.27 0.01% (2,6)
3 29.06 1.27 0.18% (3,7)
4 30.21 1.27 0.20% (4,8)
5 30.28 2327 |-38.08% (5,16)
6 34.24 28.46 0.08% (6,10)
7 35.34 29.11 0.41% (7,11)
8 38.62 30.27 0.25% (8,12)
9 43.97 30.28 0.21% (9,17)
10 4425 3427 |-0.06% (10,18)
11 49.57 35.49 |-0.00% (11,19)
12 50.63 38.72 0.04% (12,20)
13 54.11 41.81 -
14 54.32 41.81 -
15 55.24 41.81 -
16 55.43 41.81 -
17 56.94 44.06 -
18 57.47 4422 -
19 57.75 49.57 -
20 58.73 50.65 -
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Fig. 7. Mode shapes by membrane element
method with and without wrinkle
algorithm
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Table 3. Comparison of natural frequencies
(Hz) on analysis method

Mode Shell Membrane | Difference

Method Method (%)

1 23.27 23.14 -0.60

2 28.46 28.37 -0.32

3 29.06 29.92 2.98

4 30.21 29.97 -0.78

5 30.28 30.38 0.34

6 34.24 32.80 -4.21

7 35.34 37.88 7.19

8 38.62 39.39 1.97

9 43.97 43.86 -0.25

10 4425 49.77 12.48

11 49.58 49.92 0.69

12 50.63 55.88 10.38

13 54.11 56.02 3.53

14 54.32 56.19 3.43

15 55.24 57.94 4.90

16 55.43 60.42 9.00

17 56.94 61.62 8.23

18 57.47 63.05 9.70

19 57.75 63.38 9.77

20 58.73 65.99 12.38
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