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Optimization design and analysis of double-sided integrated mirror structure
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(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033,
China; 2. Key Laboratory of Optical System Advanced Manufacturing Technology, Chinese Academy of Sciences,
State Key Laboratory of Applied Optics, Changchun 130033, China)

Abstract: In order to meet the needs for the performance of the primary-fourth double-sided integrated mirror
in a certain on-axis four-mirror infrared optical system, the mirror body needs to have higher stiffness with
high lightweight rate to keep the two mirror face shapes stable. The topology optimization method was used to
optimize the initial model of double-sided integrated mirror with the maximum stiffness was set as the
optimization objective, and the volume fraction of the design domain was constrained. The optimization results
show that the stiffness is higher while the primary mirror and the fourth mirror are connected through ribbed
plate arranged radially around the optical axis. The optimal size parameters for the primary-fourth and ribbed
plate were obtained by free size optimization. Based on the optimization results, the primary-fourth double-
sided integrated mirror was designed, and the lightweight rate achieved 82.4% by using the final solution. The
mode of the primary-fourth double-sided integrated mirror and the influence of 1 g gravity on the root-mean-
square (RMS) of the surface shape were analyzed, a first-order mode frequency achieved 417 Hz, and the

maximum change of surface shape under gravity was 1/22 2 (1= 632.8 nm). The analysis results show that the
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optimized mirror body has sufficient stiffness and good resistance to the deformation under gravity. The mirror

was processed and tested according to the final design, and the measured results show that the RMS of

primary-fourth mirror surface shapes are both about /7, which meets the needs for the performance of infrared

optical systems, proves the effectiveness of this topology optimization design method, and provides some

references for the optimization design of double-sided integrated mirrors.

Key words: double-sided integrated mirror; topology optimization; free size optimization; high lightweight
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Fig. 1 Examples of mirror optimization overseas
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Fig. 4 Optical path diagram of coaxial four-mirror system
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Fig. 5 Initial finite element model of topology optimization
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Fig. 9 Results of free size optimization
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Table 3 The first three modes of primary-fourth mirror
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Fig. 11 The first-order vibration mode
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Fig. 12 The second-order vibration mode
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Fig. 13 The third-order vibration mode
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Fig. 14 Cloud atlas of surface shape for primary-fourth mirror
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Table 4 Primary-fourth mirror deformation under 1 g

gravity nm
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F45 RMS 12.5 12.5 28.5
FH PV 57.8 57.5 116.9
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PUgE PV 413 458 92.8
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Table 5 Test results of surface shape
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