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Design and analysis of supporting structure for rectangular mirror

Liu Fuhe, Cheng Zhifeng, Shi Lei, Xu Ning, Guan Zuonian

(Changchun Key Laboratory of Airborne Optical Imaging and Measurement, Changchun Institute of Optics, Fine Mechanics

and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: The rectangular mirror supporting structure was designed and optimized for reducing the weight
of the aerial optical remote sensor and minishing the shape error of the mirror, which was working in the
bad aerial environment. First, the supporting point number of the ligntweighted mirror was calculated and
the point position was optimized. Secondly, the flexible hinge was designed and optimized in the
supporting structure in terms of the thermal deformation, which was indeced by the different expansion
coefficients between the mirror and the back supporting structure. Finally, the surface shape was analyzed,
the RMS was 20.3 nm, less than the design requirements, 1/30A (A=632.8 nm), the model was analyzed
and tested, the first-order natural frequence was 138 Hz and 162 Hz. The results indicate that the designed
structure is resonnable and feasible.
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Tab.1 Performance parameters of materials

Modulous of Coefficient of

Material elasticity E Poissim;"s ratio e;};i:lrsl?;n
/GPa /(10 C)
Zerodur 91 0.18 0.05
TC4 114 0.25 9.1
4J32 141 0.28 2.5
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Fig.1 Optimization variables of support position
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Fig.2 Structure of the mirror
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Fig.3 Structure of the supporting bar
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Fig.5 Finite elements mesh of the structure
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Tab.2 Relationship between RMS and ¢

Ttem Value
t/mm 2 3 4 5 6
RMS/mm 20.3 22.4 25.1 30.7 35.8
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Fig.6 Minimum deformation of the mirror
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Tab.3 Relationship between frequency and ¢

t/mm 2 3 4 5 6

1st natural frequency 138 143 161 176 190
2nd natural frequency 143 163 185 200 212
3rd natural frequency 164 182 200 212 234

4th natural frequency 212 240 276 306 340
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Fig.7 Modal structure and test equipments
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Fig.8 Result of the first order frequency
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Fig.9 Result of the second order frequency
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Tab.4 Comparison between test and analysis result

Experimental result Finite analysis

Natural frequency 162 Hz 138 Hz
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