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Abstract; To guarantee the high stability and high precision of an off-axis thee-mirror optical system space
camera, a integration front frame structure was designed to support the second mirror and folded mirror
according to the characteristics of the same height of second mirror and folded mirror in optical axis
direction, and a topology optimization method based on constraint mode and free mode was proposed to
optimize the front frame structure. Then, the integrated structure was assembled into the entire camera
after optimization, and the finite element analysis of static was carried out. The results show that the
camera maintains excellent static performance with the optical tilt between the primary mirror and
secondary mirror being less than 9” and the optical tilt between the primary mirror and fold mirror being
less than 22. 4", the optical eccentricity between the primary mirror and secondary mirror being less than
0.021 mm, meeting the tolerance requirement of system. By free modal analysis and test to the
integrated front frame structure, the results verify the correctness of the design method. The proposed

topology optimization method can efficient avoid the defect of topology optimization based on constraint
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modal frequency that there is no relationship between the constraint points. It can provide reference for
design the space camera with high-resolution and wide field.

Key words: Off-axis three mirror anastigmatic space camera; Front frame; Topology optimization; Modal
test; Intrgrated structure
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Fig. 1 Optical system layout Fig. 2 Structure of space camera
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Table 1 Requirement of optical tolerance

Mirror Eccentric Tilt Face shape precision
AX/mm AY/mm AZ/mm 05/ 6/ 0,/(")  RMS/(A=632 nm)
Primary mirror  Datum Datum Datum Datum Datum  Datum 1/50
Second mirror 0.03 0.03 0.04 13 13 20 A/50
Folded mirror none none none 30 30 none A/50
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Table 2 Opto-mechanical materials in common use

Material CFRP/M40 SiCp/Al(35%) SiCp/Al(55%)  ZTC4

Density/(g + cm™*) 1.6 2.8 2.9 4.4

Elastic modulus/Mpa Depends on the laminate angles 97.5 180 114

Specific stiffness Depends on the laminate angles 35.1 61.2 25.9
Thermal expansion coefficient/(X107° « K™') Depends on the laminate angles 16 8 9.1
Thermal conductivity/(W « M~ ! « K) Depends on the laminate angles 155 235 7.4
Thermal distortion coefficient/(X107% « K™!') Depends on the laminate angles 10. 3 3.4 123
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Fig. 5 Objective function curve with the history of iterations
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Fig. 7 Integration front frame structure
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Table 3 Results of optical property analysis under gravity load in machine testing direction (Y direction)

Mirror Eccentric Tilt Face shape precision
AX/mm AY/mm AZ/mm  0x/(D 6/ 0,/(D RMS/nm
Primary mirror  Datum Datum Datum Datum Datum Datum 1.7
Second mirror  0.0004 0.021 — 9 9.18 0.3 3.9
Folded mirror None None None 23.4 0.2 None 4. 74

WRAEE 3 23 B R ARBLLERR I 7 [l (Y 16D B 3 5 45 6T - 4 B8 1 P RMS {978 2/50(A=632 nm)
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Fig. 9 Free modal test of structural prototype
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Fig. 10 Test data of free modal and vibration of structural prototype
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Table 4 Data comparation between tests and analysis

Comparison between free modal analysis and experimental results

Modal data  Analysis Test Error/ % Vibration mode
1 161.4 Hz 170.86 Hz 5.5 Swing up and down along the Z axis
2 183.2 Hz 189.95 Hz 3.6 Twist around Y axis
3 235.4 Hz 256.08 Hz 8.1 Swing up and down along the Y axis
4 340.7 Hz 354.97 Hz 4.0 Swing up and down along the Z axis
5 398.1 Hz 413.36 Hz 3.7 Twist around the both sides of the frame in the XY plane

6 521.9 Hz  540.45 Hz 3.4 The frame swings around the center X axis
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