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Lightweight Design of Carbon Fiber Composite Aspherical Mirror
using Multi-Objective Particle Swarm Optimization

Hee-Chan Song*, Kyung Min Lee*, Seong-Bae Lee™**, Byung-Chul Yoo**,
Ji-Hyun Kang**, Heoung-Jae Chun*'

ABSTRACT: Carbon fiber composites has higher specific strength and specific stiffness compared to the conventional
metals, making it favorable for lightweight design. However, achieving the required level of surface accuracy and
stability has been challenging, have limited its application in optical mirror fabrication. In this paper, diameter of
200mm carbon fiber composite aspherical mirror was optimized for reducing its mass and WFE. To reduce
computational time, design of experiments (DOE) and the Kriging method were used to construct meta-models, and
multi-objective particle swarm optimization (MOPSO) was employed for optimization. Optimal design of the mirror
model was determined based on the knee point obtained from the Pareto front. Compared with the initial design
model, the mass reduced by 45.3%, and the WFE reduced by 32.5%. The proposed optimization design method and
results can serve as a reference for the development of carbon fiber composite mirrors.
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Fig. 1. Grid-reinforced core with triangular patterns
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Aspherical front panel

Grid-reinforced core

Flat back panel

Fig. 2. Structure of the mirror component
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Fig. 3. Design variables of aspherical mirror

Table 1. Initial model data
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Fig. 5. Flexures attached area and boundary conditions applied
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Finite Element Analysis
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Fig. 6. Flowchart of optimization process
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Table 2. Mechanical properties of AS4/3501-6 UD composites

Properties b 5 E, E G v
(g/cm?) | (GPa) | (GPa) | (GPa) | (GPa)
AS4/3501-6
UD 1.60 147 10.3 7 0.27
composites
Table 3. Sampling points

No. b & t, h, Mass WFE
(mm) | (mm) | (mm) | (mm) | (kg) (nm)
1 19 1 2 20 0.2828 | 4.8873
2 22.5 2 2 16.5 0.3226 7.4148
3 19.5 2 1 10 0.2444 9.7870
4 9.5 2 3 9.5 0.3978 | 9.9638
5 16.5 2 1 16 0.2828 6.3116
6 21.5 3 2 11.5 0.3839 9.3714
7 10 2 1 19.5 0.3659 4.1945
8 11 1 2 8.5 0.2106 15.219
9 12.5 1 2 15.5 0.2959 7.1662
10 13 2 1 9 0.2547 10.546
11 16 1 3 20.5 0.4078 5.4863
12 11.5 1 1 21.5 0.2637 4.0022
13 18 1 2 12 0.2099 8.8933
14 22 2 3 17 0.3879 7.1329
15 10.5 1 3 15 0.3938 8.7555
16 17.5 2 3 10.5 0.3384 8.7418
17 12 3 1 12.5 0.3879 6.1311
18 21 3 2 19 0.4468 6.0417
19 20.5 1 1 11 0.1457 9.9696
20 13.5 3 2 22 0.573 3.3486
21 20 2 2 7.5 0.2552 14.214
22 9 2 2 21 0.5581 4.0607
23 14.5 3 3 14 0.5128 6.1204
24 8.5 3 2 13 0.5246 5.2627
25 15.5 2 3 18.5 0.4803 5.0826
26 17 2 2 22.5 0.4275 3.8426
27 18.5 3 1 18 0.389 5.1776
28 8 2 3 17.5 0.6407 53127
29 14 3 2 8 0.3885 9.0234
30 7.5 2 2 13.5 0.4495 6.2458
31 15 2 2 14.5 0.3494 6.6251
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Fig. 7. Regression plots for kriging meta-model: (a) Mass, (b)
WFE
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Table 4. Results of initial model and knee point model

Initial model Knee point model
b (mm) 15 18.04
tf(mm) 15 1
t, (mm) 2 1
h, (mm) 15 18.686
Mass (kg) 0.3551 0.1944
WFEFE (nm) 7.2 4.8583
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