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Application of freeform surfaces in cooled off-axis three-mirror

optical system

Jiang Xiwen, Jia Xuezhi, Cong Shanshan

(Changchun Satellite Technology CO., LTD, Changchun 133000, China)

Abstract: The principle and optical design method of cooled off-axis reflective optical systems were
analyzed. An optical system design of a cooled off-axis three-mirror optical systems based on freeform
surfaces was presented. This cooled off-axis three-mirror optical system was composed of two freeform
surfaces and one even aspherical surface, which was a re-imaging structure with cold stop as the optical
stop that could ensure 100% cold shield efficiency in the optical system. The optical stop could be
imaged at the position of the first mirror by the second mirror and third mirror, which could reduce the
size of the first mirror obviously. With the three mirrors optimized after optimization design including
tilted and decentered methods, the system unobscured could be achieved and the freeform surfaces could
be used to enlarge the field of view, correct image aberrations and improve the total image quality of the
system. This system is with 450 mm focal length, 3 -5 pm working waveband, 2 F—number, 3.662°x
2.931° field-of-view. In addition, the modulation transfer function (MTF) of the system is above 0.5 all
over the field of view with the working temperature range from —40 C to 60 C. The result shows that
the system has compact structure and athermalization achievement.

Key words: optical design; infrared optical system; imaging system; off-axis three-mirror;

freeform surfaces
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Fig.1 Imaging principle of initial structure of coaxial system
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Tab.1 Design requirement
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Nature Parameter i ;
u Sc_c_o_n_dary fmirror Intermediate image _ mirror
Wave range/pm 3-5 A
Primary mirror
Focal length/mm 450
F# 2
Total system length/mm L<500
2X%x2Y/(°) 3.602%2.931
MTF at 171 f all fiel
at 17 Ip/mm of all fields and MTE>0.5 ‘
temperature [€ 2 Bl R e ) Ih A 1A
Environment temperature/ C -40-60 Fig.2 Initial structure of off-axis system
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Fig.3 Structure diagram of the optical system
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Tab.2 Structure parameters of the optical system

Vertex coordinates Angle of rotation around

Surface Radius/mm Surface type v ~ X axis/(°)
Standard surface - - 0.0 0.0 0.0 0.0
Primary mirror -621.225 Zernike Fringe Sag 0.0 218.500 451.281 —-10.470
Secondary mirror —204.490 Even asphere 0.0 191.832 167.178 -7.717

Third mirror -365.961 Zernike Fringe Sag 0.0 165.201 560.106 -0.889
Stop - - 0.0 224.733 283.378 1.779
Image - - 0.0 233.503 193.806 1.779
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Tab.3 Surface parameters of mirrors

Surface Conic 4th 6th 10th 7y Zs Zo
Primary mirror -0.688 -4.365E-012 -7.595E-017 6.700E-022 -1.892E-027 -2.359E-005 -3.104E-004 2.566E-005

Secondary mirror —4.162 -5.680E-011 -6.776E-015 1.383E-018  3.431E-022 - - -
Third mirror -0.102  -1.851E-011 -2.206E-016 5.547E-021 -5.132E-025 -5.144E-005 4.061E-005 —1.994E-005
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Fig.9 Schematic diagram of reverse-light tracing
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