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Thermal and Dynamic Analyses of a Composite Optical Bench

Jinhee Ahn and Cheol Kim
Abstract

This paper finds the optimal staking sequence of the satellite composite structures to minimize
severe thermal deformations during their orbital operation using GAs and finite element analyses. Then,
the optimal design is reinforced to endure the launch loads like high inertia and vibratory loads that
are, usually, smaller than orbital loads induced by space environments. The thermal deformation of
sandwich panels was minimized at the staking sequence of [0-/90]s and that of composite strut was
lowest at the angle of [0/+45]s Also there was no buckling in the compressive loading. By vibration
analysis, the natural frequencies of the composite components are much higher than aluminum
structures and the expected stiffness condition is satisfied. Then, a composite optical bench was
fabricated for tests and all analyses results were verified by structural testing. There were good
correlations between two results.

Key Words: Satellite structures, Composite optical bench, Optimization, Thermal strains
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Table 1 Design parameters of genetic algorithm

Parameters hictl
Panel Strut
Population size 10 10
Probability of crossover 0.8 0.8
Probability of mutation 0.01 0.05
Probability of gene-swap 0.8 0.8
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Table 2 Optimized sequence of sandwich panel

#of ply | Optimized stacking sequence| Fitness
4 [-30/30]s -0.903
6 [0/0/90]s -0.897
3 [0/60/0/60]s ~-0.971
10 [30/45/-30/0/-45]s —(0:911
12 [45/-45/60/45/-60/-45]s -(0.945
14 |[60/90/-60/60/-60/60/-60]s| -0.954

Table 3 Optimized sequence of a strut

#of ply| Optimized stacking sequence Fitness
4T [05/45/-45] 7 ~1.78E-02
48 [90/0]s -6.34E-02
6T [60/30/04/-30/-60] ;» -1.02E-02
6S [0/45/-451s -9.80E-03
8T [90,/60/90/0/45/60/45] + | ~1.77E-02
83 [0,/45/-45]s -2.78E-02
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Fig. 1 Composite optical bench assembly
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Fig. 2 Test setup of a thermal deformation test

(a) Sandwich panel

(b) Composite strut

Fig. 3 Structural components for measuring thermal

strains
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Fig. 4 Horizontal (a) and vertical (b) strains of a
sandwich panel
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Fig. 5 Thermal strains of the strut at an edge (a)
and at a mid-point (b)
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