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Multi-objective optimal design of elliptic

flexible hinge in fast steering mirror
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In the optimization design of the flexible hinge in the fast steering mirror, in order to ensure the
accuracy and stability, the rotational flexibility of the working axis and the rotational rigidity of the non-working
axis should be increased as much as possible. Taking the elliptic arc flexible hinge in a fast steering mirror as the
research object, firstly the least squares method and the integral method were used to derive the flexibility formula
of three rotation axes. Compared with the Finite Element Analysis (FEA), the relative error was less than 6.8%,
the problem of complex integration calculation in torsional flexibility of rectangular section was solved. Secondly,
based on the improved non-dominated sorting genetic algorithm (NSGA-II) algorithm, the elliptic flexible hinge
was multi-objectively optimized, met the design target and the optimal solution and solution were efficiency
improved significantly. The efficiency of Pareto solution was improved by 14.3% compared with the Multi-Island
Genetic Algorithm (MIGA) method, and improved by 25% compared with Particle Swarm Optimization (PSO).
Finally, the optimization results were verified by FEA. The relative error was less than 6.5%, which was a good
agreement.
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Fig.1 Elliptical flexible hinge
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Fig.2 Front view of elliptic flexible hinge
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Optimized value 9.67 6.63 0.661 9.74 0.1390 1.343x107° 8.870x107
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Tab.4 Comparison of optimal solutions of different algorithms

Algorithm C. p/rad-Nm™' C,.pp/rad-Nm'! Coa/rad-Nm'™ Rc Pareto solution number Pareto solution efficiency
MIGA 0.1320 1.329%1072 6.999x1072 -0.6 153 38.2%
PSO 0.1301 4.630x10°* 7.075%1072 0.4 110 27.5%
NSGA-II 0.1390 1.343x1072 8.870x1072 -0.8 210 52.5%

20200286-7



i E ok A2

% 4 3

www.irla.cn

P T 14.3%, BORLFREFRAR S T 25%; fEOLAR S
A I NSGA-IL 845 i i AR AR X HESY Re 78 —Fh
B RAR, B R df . 25 L, NSGA-IL L AT LAAY
R A = F ekt 22 B AR AR LA T i
2.5 BRTIIE
SR I f A A 9 LE A, i BROT A X NSGA-
ISR 25 R S R AR A T B0 IE, 25 SR A58 5 o o
MR SR, Coapr Gy 5 A BRITAR IR 22/ T
5%, Cyare 58 BRICIHER 22 /N T 6.5%, UE I T 5 A A

1.32E-004
1.24E-004
1.15E-004
1.06E-004
9.71E-005
8.82E-005
7.94E-005
7.06E-005
6.18E-005
5.29E-005
441E-005
3.53E-005
2.65E-005
1.76E-005
8.82E-006
32-004 0
(2) Z ‘s 1m) e Z AR

(a) Z-axis rotation model

x5 mBESHERTHETLL
Tab.5 Comparison of optimal solution and finite

element solution

C. \/rad-Nm™' C,pp/rad Nm™! Cypp/rad-Nm™
EQU 0.1390 1.343%x10° 8.870x1072
FEM 0.1320 1.340x1073 8.290x102

o005 0

(4 TE 8 1 o BT 7 O S B A DL A 1) A BR DT a0 B

45

1.34E-006
1.25E-006
1.16E-006
1.07E-006
9.85E-007
8.96E-007
8.06E-007
7.17E-007
6.27E-007
5.37E-007
4.48E-007
3.58E-007
2.69E-007
1.79E-007
! 8.96E-008
1.32-006 0
(ORE: VA EE e

(b) Y-axis rotation model

8.29E-005
7.74E-005
7.18E-005
6.63E-005
6.08E—005
5.53E-005
4.97E-005
4.42E-005
3.87E-005
3.32E-005
2.76E—-005
2.21E-005
1.66E-005
1.11E-005
5.53E-006

(ORSianEi

(c) X-axis rotation model

K7 =Rl prai it

Fig.7 Three-axis rotation analysis results

3 &
Dy g S PR S S5 N (B IR BB AT 2
PRAEAE BT, SCHE el fe/h — Rk MR X%

TNk B B = e s HE A SUHEAT T HESE, MR TR

TEARET A% 22 B TR T %, AN R H ]
L T NSGA-I 32 DL TAR R R B i ok JE T
VERNZE B B /N Ry B AR 64T T AL, i B0 148
i, 7E Pareto fif IR M R0R HI 2 By st k4 & 1
14.3%, FObL T HEFT LR R T 25%; ficJ il i 47 BT ik

20200286-8



s

il

4 3

ISk A2

www.irla.cn

% 50 A

X I 2R e D f AT T S0, Herp A 20 d5e A
YR /N T 6.8%, e 1) fe KAAXT R 2 /N T 6.5%,
EB T A AR AR E . SO e HE R A A

it B"Jﬁl‘:%iﬂiﬁff?ﬁ?}&i‘@@’i-’fﬁ e E

PG

EEA —ENTREE X

S 3k

(1]

Ai Zhiwei, Ji Jianbo, Wang Pengjv, et al. Integrative design of
structure control for two-axis fast steering mirror with flexible
support [J]. 2020, 49(7):

20190479. (in Chinese)

Infrared and Laser Engineering,

Ma Li, Yang Bing, Tian Yingzhong, et al. Design of 3-DOF
planar nano-positioning platform with 3-PRR structure [J].
Optics and Precision Engineering, 2017, 25(7): 1866-1873. (in
Chinese)

Zhang Lei, Ke Shanliang, Li Lin, et al. Optimun design of ultra-
light mirror series flexible support structure [J]. Acta Photonica
Sinica, 2018, 47(1): 0122001. (in Chinese)
Fu lJinjiang, Yan Changxiang, Liu Wei, et al. Stiffness
calculation and optimal design of elliptical flexure hinges [J].
Optics and Precision Engineering, 2016, 24(7): 1704-1709. (in
Chinese)

Zhou Zhiyun, Gao Yunguo, Shao Shuai, et al. Design of fast
steering mirror using flexible hinge [J]. Optics and Precision
Engineering, 2014, 22(6): 1548-1554. (in Chinese)

Zhao Lei, Ji Ming, Wang Jia, et al. Design and simulation of fast
steering mirrors connected by universal flexure hinges [J].
Infrared and Laser Engineering, 2019, 48(2): 0218002. (in
Chinese)

Xu Ning. Research on fast steering mirror based on compliant
mechanism[D]. Changchun: Changchun In stitute of Optics, Fine
Mechanics and Physics, Chinese Academy of Sciences, 2018. (in
Chinese)

Chen G M, Wang J L, Liu X Y. Generalized equations for
estimating stress concentration factors of various notch flexure
hinges [J]. Journal of Mechanical Design, 2014, 136(1): 1-8.
Chen Guimin, Liu Xiaoyuan,

Jia Jianyuan. Compliance

[10]

[11]

[12]

[13]

[14]

20200286-9

calculation of elliptical flexure hinge [J]. Chinsese Journal of
Mechanical Engineering, 2006(5): 112-114. (in Chinese)

Ni Yingxue, San Xiaogang, Gao Shijie, et al. Research on
flexibility of the novel hybrid flexure hinge [J]. Infrared and
Laser Engineering, 2016, 45(10): 1017001. (in Chinese)

Chen Guimin, Larry L H. Two general solutions of torsional
compliance for variable rectangular cross-section hinges in
compliant mechanisms [J]. Precision Engineering, 2009, 33:
268-274.

Li Yao, Wu Hongtao, Yang Xiaolong, et al. Optimization design
of circular flexure hinges [J]. Optics and Precision Engineering,
2018, 26(6): 1371-1378. (in Chinese)

Kuai Tengfei, Lin Changhang, Yang Chunhao, et al. Stiffness
optimization of sliding adapter based on latin hypercube test
design [J]. Journal of Ordnance Equipment Engineering, 2019,
40(10): 27-29. (in Chinese)

Wei Chuangxin, Chen Hongda, Yi Dayi. Optimization design of
cross-spring compliant miro-displacement mechanism based on
RSM [J]. Infrared and Laser Engineering, 2016, 45(10):

1018005. (in Chinese)

FE—EEBN: R (1994-),
5B, A, FEMNFE LA )
5L PR R R e 22
PR N A5y T 5T

S EREZ)EN: FEH I
(1972-), J, #5851, ALK H
TUERHE (2011), FEZ N FHLHE —f&
it 25 i ES PR A
Wt B RL BT R SRS DG

Mo

FREIEAS BN S A



