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Structural optimization design of large—aperture mirror for space

remote sensing camera
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Abstract: In order to satisfy the stringent requirement for high surface shape accuracy and thermal
stability of large—aperture mirrors in the complex space environment, a lightweight design for a P660 mm-—
diameter mirror was carried out. A method for creating the initial structure of the mirror using the
classical theoretical formula, combining sensitivity analysis and parameter optimization for comprehensive
design was proposed. Firstly, the parametric model was established, the influence law of the structure
parameters of the mirror on the surface shape change was studied, and then iterations for the structural
parameters with high sensitivity to the mirror surface RMS value were optimized through sensitivity
analysis. Compared with the traditional mirror design model, this method reduced the optimization design
space, saved computational cost and time, could globally optimize in the design space, and converged

quickly to the optimal value. The mass of optimized mirror was 13.6 kg and the lightweight rate of the
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mirror reached 78.4%. The PV value of mirror surface accuracy was less than A/10 and RMS value was

less A/40 (A=632.8 nm) under gravity load. The first—order frequency 121 Hz of the mirror assembly

met the dynamic stiffness requirements of the mirror. Finally, based on the optimized results, the optimal

mirror was put into production.
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Tab.1 Performance and physical characters

of common materials for mirror

Material Zerodur Si ULE Be Al SiC
p/g.mm™ 2.53 2.33 2.21 1.85 2.70 3.20
E/GPa 91 131 67 287 68 400
Elp 35.97  56.22 30.31 155.14 25.18 125

a/107/K 0.05 2.60 0.03 11.4 22.5 2.40
k/m™-K 1.64 137 1.31 216 167 155

kl o 32.80 52.69 43.67 18.95 7.40 64.58
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Fig.2 3D model of initial mirror
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Fig.3 Explosion chart of mirror support structure
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Tab.2 Main parameters of sensitivity analysis
Parameter name Min/mm Initial/mm Max/mm
Mirror face T 2 6 10
Rib T 2 4 6
Mirror wall T 2 6 10
Blind hole T 2 4 6
Support hole T 8 12 16
Back face T 3 6 9
Rib height 55 65 75
25% 3 :
SO Rib T Rib height
15%
10% Wall T Support T
5% I
0 l'Id I s
-5% Blind [ Back face T
-10%
-15% Face T

-20%

[ 4 LR 25 2 B R U O3 BT 4 R
Fig.4 Result chart of sensitivity analysis for mirror

structure parameter
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Fig.5 Iteration curve of structural parameters
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Tab.3 Optimization results of structure

parameters

Parameter name ljﬁie O\;,);ilrliz/zre;ti(])n Roundiii1 value/
Mirror face T [2,10] 2.102 2.0
Rib T [2,6] 2.433 2.5
Mirror wall T [2,10] 2.623 3.0
Blind hole T [2,6] 3.601 4.0
Support hole T [8,16] 8.414 8.5
Cover T [3.,9] 3.013 3.0
Rib height [55,75] 75.051 75.0
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Fig.6 PV and RMS value of mirror surface
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Fig.7 Deflection nephogram of optimized whole mechanism
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Fig.8 Mirror and support structure
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Fig.9 Testing results of interference detection

in the process
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