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Abstract A parametric design method for flexure supporting of the optical space remote sensor is presented to raise
the design efficiency. The demands of flexure supporting deformation in the cases of temperature changes and
assembly error are analyzed separately. The compromise programming method is used to establish optimal function
of flexure supporting. Taking the flexure supporting used in the primary mirror of optical space remote sensor as
example, the parametric design is provided in detail. After parametric design, the fundamental frequency of the
flexure supporting is 88. 8 Hz, the root mean square (RMS) of the mirror surface is 5. 3 nm, when the temperature
rise 4 °C. The RMS is 12. 9 nm when the assembly error is 0. 1 mm, the RMS is 5. 0 nm when 1 g gravity worked.
The performance of flexure supporting significantly develops and all the design meets the targets. Computer
automation design is applied during the design process, which greatly reduces the investment of human beings and
the cycle of design at the same time.
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Fig. 1 Analysis of engineering requirement. (a) Primary mirror expand (shrink) when the temperature changes;

(b) primary mirror rotate when assembly error occurs
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Table 1 Design indexes of flexure supporting
Fundamental RMS of 1 g gravity with RMS of 0.1 mm RMS of 4 C temperature
frequency /Hz horizontal optical axis /nm assembly error /nm changes /nm
80 6 15 6
2
Fig. 2 Initial topological structure of flexure supporting
0.1 mm ; 0.5 C , ,
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o : 53. 8 Hz, RMS 19. 6 nm,0. 1 mm
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Fig. 3 Parametric model of flexure supporting
2

Table 2 Parameters of flexure supporting

Parameter Initial value /mm Variation range /mm
[1 2 1~4
12 2 1~3
[3 2 1~5
4 4 3~10
15 15 12~20
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Fig. 4 Flow chart of parametric design

) . 2 s
RMS, RMS., lg RMS ( )
) o ,
RMS 20 nm . R 100 . 100
, (B , : 77.0 Hz, RMS 19.0 nm,0.1 mm
RMS 11.6 nm, 4 °C RMS 6.8 nm, ,
’ ’ RMS
RMS . > .
B ,TR.(x) —R™ 7|7 ,TR,(x) —R™ 7|2
:<1F<)1?> - {O. 17 [ Ry — Rpin }} T {O' 28 |: Ry — Ry ]} +
) R (T) . min % ) fmnx _ f(.T) %
P LI [P N ®
{ max _ RLrInm f‘max . erm
° ’ 1 g ’
, (117
(GA) He
. 200, P.=0.7, P,=0.05, (5)

1128001-5



88. 8 Hz, RMS 5.0 nm,0.1 mm
RMS 12.9 nm, 4 °C RMS 5.3 nm, S .
5
Fig. 5 Flow chart of optimal design
, , 1.3 nm
11.8 Hz, RMS 14. 6 nm, 1.5 nm,
3 . 1 .
3
Table 3 Optimized results of flexure supporting
Parameter Initial value /mm Variation range /mm Final value /mm
[1 2 1~4 2.8
12 2 1~3 1.3
[3 2 1~5 2.5
4 4 3~10 8.2
15 15 12~20 18

Table 4 Results of flexure supporting parametric design

4

Design process

Fundamental

frequency /Hz

RMS 1 g gravity with

horizontal optical axis /nm

RMS of 0.1 mm

assembly error /nm

RMS of 4 °C temperature

changes /nm

Initial topological structure 53.8 19.6 8.7 6.6
Initial size 77.0 19.0 11.6 6.8
Final structure 88.8 5.0 12.9 5.3
Improvement 64.5% 74.5% —48.2% 19.7%
, RMS
’ H
; RMS, 3 , RMS
, RMS . 6 200
0.1 nm RMS

RMS
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6 RMS

Fig. 6 Relationship between fundamental frequency and RMS of mirror surface caused by assembly error

. uG , \ iSIGHT ,
64.5% . RMS 74.5% , RMS 19. 7%,
RMS 48.2% , .
1. 5 m 0 s
b ’ 10%

Wang Zhongsu, Zhai Yan, Mei Gui, et al. Design of flexible support structure of reflector in space remote sensor[]J].
Optics and Precision Engineering, 2010, 18(8): 1833-1840.

, , . [yl » 2010, 18(8): 1833-1840.
Zhao Shanshan, Bi Shusheng, Zong Guanghua, et al. New large-deflection flexure pivot based on curved flexure element
[J]. Journal of Mechanical Engineering, 2009, 45(4) . 8-12.

) , y [1]. , 2009, 45(4); 812
Xu Hong, Guan Yingjun. Structural design of large aperture SiC mirror subassembly[J]. Infrared and Laser Engineering.,
2014, 43(S) . 83-88.

. . SiC LI . 2014, 43(S); 83-88.
Yu Jingjun, Pei Xu, Bi Shusheng, et al. State-of-arts of design method for flexure mechanisms[ J]. Journal of Mechanical
Engineering, 2010, 46(13). 2-13.

; ; .o (1. » 2010, 46(13); 2-13.
Li Zongxuan, Chen Xue, Zhang Lei, et al. Design of cartwheel flexural support for a large aperture space mirror[J]. Acta
Optica Sinica, 2014, 34(6) . 0622003.

, s .. cartwheel [J]. , 2014, 34(6):0622003.
Li Haixing, Ding Yalin, Zhang Hongwen. Support system study of rectangular mirror[J]. Acta Optica Sinica, 2015,
35(5): 0523002.

, , . [yl , 2015, 35(5): 0523002,
Chen Leitao. Research and systematic realization of parametric design method of parts| D]. Nanjing: Nanjing University of

Science and Technology, 2004.

1128001-7



10

11

12

. [D]. : » 2004.
Wang Kejun, Dong Jihong, Xuan Ming. et al. The flexible structure design in the whiffletree structure[ J]. Journal of
Changchun University of Science and Technology (Natural Science Edition), 2015, 38(4) . 12-17.

; ; s+ . Whiffletree (B ( ), 2015, 38(4);
12-17.
Xin Hongwei, Liu Ju, Liu Lei. Support structure of primary mirror for small optical remote sensor[J]. Optics and
Precision Engineering., 2015, 23(4): 1027-1033.

) ; . . » 2015, 23(4); 1027-1033.
Liu Linhua, Xin Yong, Wang Wei. Multi-objective topology optimization for an off-road vehicle frame based on
compromise programming[ ] ]. Mechanical Science and Technology for Aerospace Engineering, 2011, 30(3) . 382-385.

, , . [yl » 2011, 30(3): 382-385.
Kihm H, Moon I K, Yang H S, et al. 1 m lightweight mirror design using genetic algorithm[ C]. 6th International
Symposium on Advanced Optical Manufacturing and Testing Technologies. International Society for Optics and Photonics,
2012, 8415.841514.
Michels G J, Genberg V L, Doyle K B, et al. Design optimization of actuator layouts of adaptive optics using a genetic
algorithm[ C]. Optics & Photonics 2005. International Society for Optics and Photonics, 2005, 5877 58770L.

1128001-8



