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Abstract: According to the characteristics of too large root mean-square value acceleration response of
random vibration at edges of rectangular space mirror with large aspect ratio, this paper propose a
topological optimization based on ground structure method to design the structure of rectangular space
mirror, with the goal for minimizing the acceleration root-mean-square values of random vibration.
Firstly, after the finite element method analysis to the initial rectangular space mirror structure, the
author find that the acceleration root-mean-square values of random vibration at the edge of mirror is too
large to meet the requirements of design. Based on continuum structural topology optimization thought,
by using the acceleration root-mean-square values of random vibration at rectangular space mirror’s edge
as an optimization object, the optical aberration PV and the primary frequency of mirror as the design
restraint, the rib plate type ground structure of mirror as the design variable, a topology optimization
function is established. Futhermore, the new mirror based on the structure obtained by topology
optimization was designed. Finally, by the finite element analysis and vibration test, the new structure of
mirror is proved with a good dynamic performance and lightweight rate. Especially, mirror mass has
reduced 13% , and the acceleration root-mean-square values of random vibration at mirror’s edge in Z
direction reduced by 58%. The results demonstrate the validity of proposed approach properly.
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Fig. 1 Original structure of lightweight reflective mirror
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Table 1 The vibration test condition ‘E 0.04
Random vibration input conditions (X,Y,2) :'99 0.01 +3dB/oct
a —9dB/oct
Frequency range/Hz 20~150 150~600 600~2000 2 ¢
PSD/(g* « H,') +3 dB/oct 0. 04 —9 dB/oct
GRMS 6.21 0 >
100 1000 10000
Frequency/Hz
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Fig. 2 The curve of PSD
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Table 2 The results of finite element analysis

. . . GRMS of the edge Face shape precision
Direction  Primary frequency/Hz .
of mirror face/g PV/nm RMS/nm
Y 2340Hz 9.2 8.9 1. 48
X 2370Hz 10.7 5 0. 84
Z 3259Hz 17 41.4 9.32
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Fig. 3 Geometric modes of ground structure
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Fig. 5 The result contour plot of topology optimization Fig. 6 The result of topology optimization
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Fig. 7 Refective mirror model after optimization
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Table 3 The results of FEM analysis after optimizing

L . GRMS of the edge Face shape precision
Direction  Primary frequency/Hz

of mirror face/g PV/nm RMS/nm
Y 2293H 5.72 12.6 2.3
X 2299Hz 6 5.8 1
A 3238Hz 7.12 40. 4 8.7
E XN IR X AR AR S
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Table S Comparison the data of Aluminum and SiC mirror component

Comparison the results of modal analysis Comparison the results of random vibration analysis

Direction  Aluminum mirror SiC mirror Aluminum mirror SiC mirror

Error Error

component component component component
Y 211Hz 201.4Hz 4.70% 14.58 12.24 19.10%
X 216.2Hz 209.5Hz 0.20% 15.7 15.2 3.20%
V4 192. 4Hz 183.4Hz 3.40% 18.09 17.2 5.20%
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T T 58 g 1HE B Fig. 9 Placement of random vibration test
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(a) The analysis PSD curve of mirror’s edge (b) The test PSD curve of mirror’s edge
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Fig. 10  The PSD curve of analysis and test in Z direction
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Table 6 Comparison the data of tests and analysis

Comparison the results of frequency scanning Comparison the results of random vibration

Direction test with modal analysis test with analysis
Analysis Test Error Analysis Test Error
Y 211 Hz 208 Hz 1.4% 14.58 13.22 10.3%
X 216.2 Hz 216.4 Hz 0.2% 15.7 14.9 5.4%
Z 192. 4 Hz 186.1 Hz 3.4% 18.09 16.58 9.1%
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