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Design of Integrated Carbon Fiber Secondary Mirror
Supporting Structure

Wang Sheng, Cong Shanshan , Xue Zhipeng, Zhang Lei
Chang Guang Satellite Technology Co., Ltd., Changchun, Jilin 130031, China

Abstract According to the task requirements on a light space remote-sensing camera of Jilin-1 satellite, a high-
stability secondary mirror supporting structure was designed. For this purpose, integrated molding of the thin-
walled cylinder and truss rod made of carbon fiber reinforced polymer composites was adopted as the design idea.
And topology optimization, size optimization, and layer optimization were employed to design a secondary mirror
supporting structure with high stability. The results of engineering analysis and tests show that the integrated
carbon fiber secondary mirror supporting structure has favorable structural stability, with a mass of 1.3 kg. The
on-orbit imaging performance of the space camera is great, which further verifies the reliability of the proposed
supporting structure and the correctness of the design method.
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Fig. 1 Layout of optical system
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Table 1 Tolerance of optical system

) Eccentric value Tilt
Mirror m m m
Az /pm Ay /pm Az /pm 0./ g,/ 0./
Primary mirror Datum Datum Datum Datum Datum Datum
Secondary mirror 10 10 10 10 10 —
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Table 2 Supporting structure materials of space camera in common use

Elastic modulus

Thermal expansion coefficient /

Material Density p /(g * cm™*) E /GPa Specific stiffness (10 C 1)
TC4 4.40 114 25.90 9.10
2A12 2.78 70 25.18 22.70

SIC/Al (55%) 2.94 180 61.20 8. 00
Invar 8.10 141 17.40 0.05-7.50
M40 1. 60 72 45.00 0. 60
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Fig. 2 Finite element model for topology optimization
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Fig. 4 Integrated second mirror supporting structure
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Fig. 5 Finite element model for size optimization
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Table 3 Sizes of second mirror supporting structure

mm

Design Variation Optimization Design

variable range value value
T, [1.5.6] 1.82 2
T, [1.5.6] 3.75 4
T, [1.5.6] 2.05 2
T, [1.5.6] 3.92 4
T; [1.5.6] 1.60 2
Ts [1.5.6] 2.07 2
T, [1.5.6] 1. 50 1.5
Ty [1.5,6] 4.03 4
T, [1.5.6] 6. 00 6
T, [1.5.6] 1. 54 1.6
Ty [1.5.6] 1.71 2
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Table 4 M40 single-plate material parameters
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0.1 mm < T] < 2 mm (] 200’450’ o 450’900) supporting structure mm
JTW =T .. , Material Variation Optimization Design

tm M range value value

T [0.1,2] 2 2
(6 T, [0.1,2] 0.935 0.9

ﬁ‘:P:TomevT—mvToo“ﬁ%‘]iﬂﬁﬁ’fﬁ%ﬁlﬁ% T 5 [0,1,2] 0.935 0.9
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Table 6 Material parameters of truss

A/ A,/
r /(g+cm ®) E./GPa E,/GPa G,./GPa G,./GPa G.,/GPa ) ) 7
aro="Cc™H @aofc™H

1.7 113 35.2 25.3 4.5 4.5 —0.61 9.77 0.28
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Table 7 Results of statics analysis

Eccentric Tilt
Mirror " " "
Az /pm Ay /pm Az /pm 0./ 6,/ 0./
Primary mirror Datum Datum Datum Datum Datum Datum
Secondary mirror 2.5 0.07 — 0.01 2.78 —
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Fig. 8 In-site vibration experiment
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Fig. 9 Experimental data of sine-frequency sweep
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Table 8 Comparison of intrinsic frequency

Intrinsic frequency Intrinsic frequency

Intrinsic frequency

Mode Error 1 /% Error 2 /%
for analysis /Hz before vibration /Hz after vibration /Hz
Mode 1 141 142. 35 142. 35 0.9 0
Mode 2 252.2 254.18 252.87 0.8 0.6
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Fig. 10 In-site statics experiment
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Table 9 Results of in-site statics experiment @)
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