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Design and tolerance analysis of infrared off-axis three-mirror

optical system with large aperture

Sun Yongxue, Xia Zhentao, Han Haibo, Wang Ke,Chen Gangyi
(Shanghai Institute of Spacecraft Equipment, Shanghai 200240, China)

Abstract:In the field of space optics, the development trend of optical systems is long focal
length, large field of view, light weight, large relative aperture, high imaging quality, and so
on. In order to adapt to this development trend, the large-caliber reflective optical system is
studied. An off-axis three-mirror optical system with large aperture was designed based on the
imaging theory of coaxial three-mirror optical system and the way of field off-axis was used to a-
void central shielding problem and improve the image quality. The modulation transform func-
tion (MTF) of the optical system is more than 0. 75 at the Nyquist frequency of 17 lp/mm and
the image quality is close to the diffraction limits. In addition,since the tolerance reasonable dis-
tribution of optical system is the main factor that affects the performance of camera, the sensi-
tivity analysis and the inverse sensitivity analysis were used to compute the effect of each toler-
ance parameter on the optical system image quality and the proper tolerance distribution was de-
termined. Through simulation analysis, the optical system can has high image quality with fab-
ricated and assembled on the basis of tolerance given ,and the MTF can be more than 0. 55.
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Fig. 1 Off-axial three-mirror system with intermediate image
surface (a) and without intermediate image surface (b)
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Fig. 2 Configuration of coaxial three-mirror system
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Fig. 3 Optical system configuration
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Table 1 Structure parameters after off-axial optimization of system
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Fig. 4 Modulation transfer function
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Fig. 5 Plot of diffraction encircled energy
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Fig. 6 Spot diagram
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Table 2 Performance comparisons of several commonly used materials(25C )
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Table 3 Tolerance distribution of optical system
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Table 4 Monte Carlo analysis results
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