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Optimization of single lenticular honeycomb boom for
optical film deployable mechanism
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Abstract: Hyper-elastic boom-deployable mechanisms are increasingly used to support and collapse the
optical film of space satellites. To avoid fatigue crack caused by stress concentration during operation
and to prolong service life, the stress in the hyper-elastic boom after flattening under different layup
operations was studied. First, a finite-element model of a single lenticular honeycomb (SLLH) boom
was established, and a non-linear numerical analysis after flattening was performed using the explicit
dynamic method. Thereafter, an approximate model of the radial basis function(RBF) was established
using the maximum stress after flattening under different lamination modes of the SLH boom. Final-
ly, the Neighborhood Cultivation Genetic Algorithm in ISIGHT software was used to optimize the
layup angle. Simulation results show that the error values of the stresses between the finite-element

and RBF results are less than 9. 95%. According to the resultsobtained,the SLH boom is laminated
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with two layers, with the optimal layering method constituting the first and second layers, 81.962°

and 82.671°, respectively.

Key words: deployable mechanism; single lenticular honeycomb boom; radial basis function; optimization
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Tab. 2 Finite element analysis results of experimental design sample points and maximum stress on each ply

v RO AN SI/MPa | 7 HWIEM/O) KBS /MPa || #EM/O) & K Wi 7)1/ MPa
% ) a2 o1 02 % a) az (o3 02 % ay az o1 02
1 0 0 147.98 147.44 | 18 30 45 83.25 63.23 || 35 60 90 21.01 10. 86
2 0 15 123.84 121.78 || 19 30 60 71.90  30.49 | 36 75 0 15.45  86.56
3 0 30 103.12 82.44 | 20 30 75 68. 85 14.50 || 37 75 15 15. 43 82.65
4 0 45 92.67 48.87 | 21 30 90 64.99 12.72 | 38 75 30 13.78 69. 31
5 0 60 87.90  25.08 | 22 45 0 48. 69 93.99 || 39 75 45 12.26  44.71
6 0 75 84. 80 15.21 || 23 45 15 52.84 97.49 || 40 75 60 11.60 21.12
7 0 90 84.79 14.37 || 24 45 30 60. 80 82.04 || 41 75 75 10. 98 11.19
8 15 0 120.75 124.21 | 25 45 45 63.69 61.67 | 42 75 90 11.08 10. 46
9 15 15 143.69 145.10 | 26 45 60 49.79 30.06 || 43 90 0 14.50  84.81
10 15 30 120.76 101.24 || 27 45 75 43.93 12.77 || 44 90 15 13. 80 84. 32
11 15 45 97.21 57.86 | 28 45 90 41. 80 11.88 | 45 90 30 12.90 63. 80
12 15 60 85.45 28.57 || 29 60 0 24. 60 89. 87 || 46 90 45 11.97 40.91
13 15 75 82.54 15.49 || 30 60 15 27.62 90. 32 || 47 90 60 11. 35 21.11
14 15 90 78.78 13.92 || 31 60 30 28. 66 74.14 || 48 90 75 10. 85 11.08
15 30 0 81.03 103.63 | 32 60 45 29.94 52.08 || 49 90 90 11.19 10. 56
16 30 15 97.07 120.65 | 33 60 60 26. 86 26.48 || — — — — —
17 30 30 105.19 105.05 | 34 60 75 19.68 11.11 || — — — — —
x®3 MRREHASR
Tab.3 Sample points of REs
B J2 % 1 Al 2 A —JZE KN J]/MPa % )R RN 71/ MPa
75 RE/%
ar /(%) as/ (%) FE result RBFs FE result RBFs
1 10 10 147. 30 137.42 148. 24 138. 34 6.71 6.68
2 20 40 99.75 101. 84 72.58 74.70 —2.10 —2.92
3 35 50 68. 27 72.98 50.76 51.58 —6.90 —1.62
4 40 55 60. 77 61.89 41.11 40. 56 —1.84 1. 34
5 50 65 39. 60 39.25 20. 90 22.15 0. 88 —5.98
6 55 70 29.77 29.08 14.59 15.79 2.32 —8.22
7 65 80 16.11 15. 44 10.53 10. 10 4.16 4.08
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6 % B ARkt 0 100, A 7 AR #R S 1. fE A A AR
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7 TR J5 2 BT 52 RN T o0 il oo MR H 0" <y < 90° . (5)
Frid . WA H Ar 7] 55 3 22, 0] DLk B st 1 Bk 0° < ay << 90°

(Neighborhood Cultivation Genetic Algorithm,
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