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Optimization of Pointing Mirror for Space Camera and
Analysis of Its Effect on Image Quality Degradation

CHEN Chang-zheng

(Changchun Institute of Optics, Fine Mechanics and Physics,

Chinese Academy of Sciences, Changchun 130033, China)

Abstract: An optimization method for designing a light-weight point mirror for a space camera is

proposed. The light-weight design of a point mirror with a size of 360 mm×560 mm for a space camera is

carried out. It is optimized by taking the mirror thickness, tip angle, face-sheet thickness, and rib-sheet

thickness as design variables, by taking the minimum weight as the design objective, by using the figure

peak value less than 55 nm and the root-mean-square value less than 11 nm as restraint conditions and by

reducing the weight of the whole mirror from 4 kg to 1.72 kg (its face density is 8.0 kg/m2). Then, taking

the minimum figure under the condition of microgravity as the objective, the supporting points of the

designed light-weight mirror are optimized. The resulting figure peak value is 54 nm. The deformation

and modality of the mirror under the condition of microgravity, rotation inertia and temperature change

are calculated and verified by using a finite-element analysis method. All of the results meet the require-
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ments for space application. Finally, the effect of the deformation due to the synthetic action of the space

environment on the image quality of the optical system is analyzed by using an opto-mechanical-thermal

integrated simulation method. The result shows that because of the deformation of the pointing mirror,

the modulated transfer function of the optical remote sensing system is reduced from 0.735 to 0.703 with

a reduction ratio of 4.4%, which meets the design requirement.

Key words: space pointing mirror; design optimization; lightweight; optical-mechanical-thermal inte-

gration analysis

0 de
�Æ�	���
�
����	��


����
�
�
���������
�

������������

�Æ�����

	����������������Æ�	

���������Æ�
�� [1−3] �


�
�
�
�����������

���������
������
�� �


�������%�
�!��

�Æ�


�
�"�
����#�$�����%&

[4] � '�� !������� ��(�"

)��
�#�$ !�&* !"����


���%�+#&$'%,�����(��

���-�)+#.&�/�'*!"���

0'*(� �)*���"(��%��

���
�#%�-��������$

1+��$$(���%� ��%)���

�/�"&�,'(-)./+��*�+�

01�,*�*-�223)�.�,3/(

./4-'%5����.
� '��
�/

&0�.6456���

7�
 101�1�70�.�8�	�0

192 2/3-83�0454��(9/

:���.:&	�.�� ;6;56�
�

���<�7	<:&70�.�0=�.38

��<9=+
>�	�Æ*1�>?�8=

�
��.38��7:�0=+8=
�Æ

�
�
��@&�./9;�,/&0�.

38�?&$
�4��( [5] �

1 opqrstuvw

1.1 &'()*+�,

45:A
�
�
����(��
�

; 1 @<A<=>=?@B

A>B�?��

(1) ��	Æ�B ≥350 mm �
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: 1 ;<=>?@ABCDEF

HNTI UJ FS Zerodur K9 Be SiC

�V ρ g/cm3 2.19 2.53 2.53 1.85 3.05

WNK= E Gpa 72 91 81 287 455

OLPQI α 10−6/X 0.56 0.02 7.5 11.4 2.5

YMZ μ – 0.17 0.24 0.2 0.25 0.14

N[\O λ W/(m·X) 1.4 1.64 1.2 216 155

ZNP C J/(kg·X) 787 795 858 1925 821

E/ρ kN·m/g 32.9 35.9 32 155 149

NQV λ/α MW/m 2.5 82 0.16 18.9 62

λ/ρC W/10−3J 0.81 0.81 0.55 70.4 61.8

λ/αE MW·m/N 34.7 901 1.9 65.9 136

R�NÆ nm 0.2 0.3 0.7 2 0.7
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NO. d α D1 D2 PV RMS MASS

1 49 9.18 4 4 37.16 7.11 4.39

2 39 7.23 4 4 43.26 8.20 3.99

3 49 9.18 2 4 49.55 8.70 3.30

4 49 10.03 4 2 25.28 5.19 3.26

5 45 9.18 2 4 45.57 8.46 3.04

6 32 6.15 3 3 46.70 8.31 2.76

7 43 8.75 3 2 31.27 6.23 2.60

8 39 7.23 2 3 49.61 9.24 2.46

9 50 10.03 2 2 33.17 6.01 2.20

10 45 9.18 2 2 33.75 6.55 2.09

11 39 7.23 2 2 42.91 8.07 2.02

12 36 6.58 2 2 45.50 8.63 1.96

13 31 5.49 2 2 52.47 9.81 1.86

14 31 5.71 2 2 50.09 9.54 1.85

15 30 5.71 2 2 49.79 9.53 1.81

16 29 5.71 2 2 49.48 9.52 1.78

17 28 5.49 2 2 50.94 9.79 1.76

18 27 5.27 2 2 52.48 10.09 1.74

19 26 5.06 2 2 54.10 10.40 1.72

: 3 P?[\]^_`aBTSWXYZ

hh Z PV GY rms GY

1 24 62.329 8.183

2 18 58.862 8.119

3 14 56.469 8.23

4 10 54.204 8.414

5 7 52.095 8.922

6 6 52.413 9.331

7 4 53.921 9.954

8 2 54.41 10.332

9 0 54.103 10.396
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hh st su PV RMS

1 wtv 1 g 54.1 10.4

2 xV –50 X 34.8 6.8

3 uvwN 4.7 rad/s 37.9 8.7
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