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Abstract A variable curvature mirror is a kind of active optical element. By changing its curvature radius, the
corresponding wave-front could be dynamically controlled. First of all, the current situation and development trend of
variable curvature mirrors are summarized systematically. After that, the physical model of deformation of variable
curvature mirrors with variable thickness is established and the capability of this kind of variable curvature mirror in
generating large saggitus and maintaining good surface figure accuracy is proven through numerical simulation and
experiments. Finally, the application of variable curvature mirrors with variable thickness in space optical cameras is
explored from three aspects. In the first place, in order to satisfy the requirement for the super large saggitus variation
required by realizing large magnification ratio zoom imaging, a finite element alternating (FEA) based optimization
procedure by incorporating high-order spherical deformation is designed, and the mirror with the saggitus variation
approaching 1 mm is obtained. In the second place, aiming at the requirements of focusing accuracy and speed in space
camera imaging, a high-precision large dynamic focusing method based on sub-mirror variable curvature mirrors is

proposed. In the third place, a coding imaging method using a variable curvature secondary mirror to scan quickly along
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the optical axis during integration time is proposed.
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Fig. 1 Annular force variable curvature mirror developed by our group and deflection testing results
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Fig. 2 Strain comparison of finite element analysis after deflection. (a) Strain of annular force variable curvature mirror; (b) strain of

variable curvature mirror with variable thickness under uniform force driving
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Fig. 3 Experimental systems of variable curvature mirror with variable thickness under uniform pressure. (a) Model and prototype of

variable curvature mirror with variable thickness; (b) actuation system of variable curvature mirror
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Table 1 Central deformation of mirror and surface accuracy vary with change of pressure

Pressure /MPa Deflection /pm

RMS of 100 mm diameter

without spherical aberration /A

RMS of 100 mm diameter /A

0.020 11.14
0.036 19.85
0.053 28.44
0.070 36.89

0.020 0.011
0.032 0.012
0. 046 0.015
0.058 0.017

K4 0.07 MPa F 100 mm 4278 il 5 S5z 5 55 (1) 1 T A B

Fig. 4 Surface accuracy of variable curvature mirror with 100 mm diameter under 0. 07 MPa
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Fig. 5 Optical design of 5X zoom opical system and

corresponding parameters
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Table 2 Parameters of 5X zoom opical system
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1140 0.57X0.57 100 11.4
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Fig. 6 Central deflection curves of 1st and 4th mirrors. (a) 1st mirror; (b) 4th mirror
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Table 3 Mapping between curvature change of secondary mirror and allowable compensation defocus

Defocus /mm Original curvature Changed curvature Central deflection equal to  Central deflection between two
radius /mm radius /mm focus position /pm near focus positions /nm
0.1 —309 —309. 0035500 0.09 83.39
0.2 —309 —309. 0068266 0.18 84.07
0.3 —309 —309. 0101046 0.26 84.10
0.4 —309 —309. 0133838 0.34 84.14
0.5 —309 —309.0166643 0.43 84.17
0.6 —309 —309. 0199462 0.51 84. 20
0.7 —309 —309. 0232293 0.60 84.23
0.8 —309 —309. 0265137 0.68 84.26
0.9 —309 —309. 0297995 0.76 84.30
1.0 —309 —309. 0330865 0.85 84.33
1.1 —309 —309. 0363749 0.93 84.36
1.2 —309 —309. 0396646 1.02 84.39
1.3 —309 —309. 0429555 1.10 84.42
1.4 —309 —309. 0462478 1.19 84.45
1.5 —309 —309. 0495414 1.27 84.49
1.6 —309 —309. 0528363 1.36 84.52
1.7 —309 —309. 0561325 1.44 84.55
1.8 —309 —309. 0594300 1.52 84.58
1.9 —309 —309. 0627288 1.61 84.61
2.0 —309 —309. 0660290 1.69 84.65
2.1 —309 —309. 0693304 1.78 84.68
2.2 —309 —309.0726332 1.86 84.71
2.3 —309 —309.0759373 1.95 84.74
2.4 —309 —309.0792427 2.03 84.77
2.5 —309 —309. 0825494 2.12 84.80
2.6 —309 —309. 0858574 2.20 84.84
2.7 —309 —309. 0891668 2.29 84.87
2.8 —309 —309.0924774 2.37 84.90
2.9 —309 —309. 0957894 2.46 84.93
3.0 —309 —309. 0991027 2.54 84.96
3.1 —309 —309. 1024174 2.63 85.00
3.2 —309 —309. 1057333 2.71 85.03
3.3 —309 —309. 1090506 2.80 85.06
3.4 —309 —309. 1123692 2.88 85.09
3.5 —309 —309. 1156891 2.97 85.12
3.6 —309 —309. 1190103 3.05 85.16
3.7 —309 —309. 1223329 3.14 85.19
3.8 —309 —309. 1256568 3.22 85.22
3.9 —309 —309. 1289820 3.31 85.25
4.0 —309 —309. 1323086 3.39 85.29
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