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Abstract: To meet the demanding requirements of the aeronautical optoelectronic platform for surface ac-
curacy and dynamic performance of the visible/infrared dual-band two-axis fast steering mirror, a light-
weight flat mirror assembly and a flexible structure have been specifically designed. First, the design meth-
od of the fast steering mirror structure is summarized, their design elements are clarified, and the influence
of assembly error is analyzed. A lightweight mirror supporting the center of the back is designed, and the
high-precision assembly of the motor is realized through a positioning fixture. Then, based on the cross-

shaped flexible bearing, the design of the biaxial flexible structure is realized. Finally, the surface accuracy

Wi B EE:2021-12-15;1&1iT H #§:2022-01-27.
HEWE : HRARBAR A L34 7B H (No. 62175234)



5511 44 TEINAE 45 T 25 G HL - 5 T el bR ook s S B 4 M s 1 1345

and mode of the fast steering mirror are simulated and tested. The test results show that the surface shape
accuracy (RMS) of the flat mirror is greater than 0. 0174 (1=632.8 nm) , the closed-loop bandwidth of
the fast steering mirror is higher than 200 Hz, and the position errors in both the X- and Y-directions are
less than 1. 2 prad. As a result of achieving high surface accuracy and dynamic performance, the miniatur-

ization and modularization of a fast steering mirror are realized, allowing them to function stably and reli-

ably in complex aviation environments.

Key words: fast steering mirror; biaxial flexible support; surface shape accuracy; modal analysis
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Fig.1 Relationship between performance indicators of

fast steering mirror and its components
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Fig.2 Schematic diagram of four-point drive structure
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Tab.1 Design index of fast steering mirror

Index Parameters
Effective clear aperture/mm @54
Incident light angle/(*) 45
Surface accuracy (RMS)/nm <15.82
Closed loop bandwidth/Hz =200
Position accuracy/prad <5
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Fig.3 Structure component of fast steering mirror
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Fig.5 Structure component of flexible support
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Tab.2 Natural frequency and the first six-order mode of

fast steering mirror

Order  Frequency/Hz Vibration mode

1 19.38 Swing around the X axis
2 23.43 Swing around the Y axis
3 292.16 Swing around the Z axis
4 716.35 Translation in the XZ plane
5 893.97 Translation in the XY plane
6 1054.04 Translation in the XZ plane
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Tab.3 Surface accuracy of mirror at different stages

Procedure PV~ RMS Power
After coating 0.1231 0.018%  0.0184
After bonding 0.1104 0.0194  0.0054

After assembling 0.2824 0.0182 —0.0104

After thermal and vibration test 0. 1654 0. 0174 0. 0142
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Fig. 12 Surface shape accuracy of fast steering mirror
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SH WK

(1] ZE%Z, &%, FRA, F . Pl S BB IE AN
R L], P E R E, 2020, 13(1): 95-105.
WANG ZH X, ZHANG B, LIX T, et al. Applica-
tion of fast steering mirror in image motion compen-
sation [J]. Chinese Optics, 2020, 13(1) : 95-105.
(in Chinese)

[2] RAN B, YANG P, WEN L H, et al. Design and
analysis of a reactionless large-aperture fast steering
mirror with piezoelectric actuators[J]. Applied Op-
tics, 2020, 59(4): 1169.

R SR s, 4 T R R S B AL TR AR 43 i
TEH A A X )R Y [ R AR A A 22 it 2R
WA 14 BT 7R o PR S SR 5 1Y) X 1o S A7 R 2% I U
H AKX T 1. 20 prad, Y ) &2 {7 3% 25 0 0 {H X T
1. 18 prad , 1 /& 48 45 2K o

i Ay

(a) X-direction (b) Y-direction
B 14 i 25 ih 2k

Fig. 14 Positioning error curves

AR SCAR g A 2 O R 28 g o PR B S B 1
FE AR EEOR BRI T P R I B Y A R i vk
WaE T RS B AL R4 R DL R A R R T
SR 5 X B AN T R G Y 25 KL RN DG B A UE AT BB fE
Wt I 2 7 6 O B AR E AT 50 0E |, B e
I A R B N R R 25 B IE T I TR
v R ORGP R SR B 0 BT R A% . S
5 45 B A B - 7 1 RS B Y TR RS JE R 0. 0172
(A=632.8 nm) , & 4t A H4f7 Fa 4 T 200 Hz, X [n]
FY ) 04 2 6 5 22 AR T 1. 2 prad , BE A5 T 2O
L2107 R GE 2R

(3] AF=,&=8, &M, F . RHZIEEHEMTHE

SCHH BT [T]. kg 4% TR, 2014, 22(6)
1547-1554.
ZHOU ZY, GAO Y G, SHAO SH, et al. Design
of fast steering mirror using flexible hinge[J]. Opt.
Precision Eng. , 2014, 22(6) : 1547-1554. (in Chi-
nese)

[4] ZR, BEIR . PP GEUE 5T BOR KR ok kR
[J]. = A X%, 2019, 40(3): 373-379.

WANG ZH, CHENG X M. Research progress and
development trend of fast steering mirror[J]. Jour-

nal of Applied Oprics, 2019, 40(3) : 373-379. (in



1352 e K TR 4 30 %
Chinese) (9] &, FR4M4, hE, F . 2 HARHUTHE S5
[5] DONG Z C, JIANG A M, DALY F, et al. Space- sit i vt (7], ook Bk =42, 2019, 48
qualified fast steering mirror for an image stabiliza- (4):177-183.
tion system of space astronomical telescopes [J]. WANG K, XIN HW, XU H, et al. Lightweight
Applied Optics, 2018, 57(31)- 9307-9315. design of fast steering mirror for space cameras[J].
(6] MBEA, BHi%, x| %%, j(ﬁh e 5z 5 4 Infrared and Laser Engineering, 2019, 48(4): 177-
%nyiﬂ‘ﬁ?ﬁm%ﬁ[ﬂ. kF M E AR 183. (in Chinese)
2020, 28(1): 90-101. [10] TAN SN, YU X, XU Y S, e al. Micro-stress
CHEN G ZH, XU S Q, LIU P K, et al. Structural bonding analysis of high precision and lightweight
design and bandwidth characteristic of a fast steering mirrors [J]. Optics Express, 2021, 29 (21) :
mirror with large travel range [J]. Opt. Precision 33665.
Eng. , 2020, 28(1): 90-101. (in Chinese) [11] &4, #adik, Tz, £ W22tk SR e
(7] #h#4T, KT, FREH, . HAHADIFEE S B A R g i — R AR Bt [T, sk Bl
B B DR S S B [T ). LB R F AR, 2019, 2, 2020, 49(7) : 20190479-1-8.
40(2): 174-181. AT ZH W, J1J B, WANG P J, et al. Integrative
XU X H, ZHANG G M, LI G N, ez al. Design of design of structure control for two-axis fast steering
fast steering mirror with two double-axis flexure mirror with flexible support[J]. Infrared and Laser
hinges[J]. Chinese Journal of Scientific Instrument, Engineering, 2020, 49(7): 20190479-1-8. (in Chi-
2019, 40(2): 174-181. (in Chinese) nese)
(8] &&, FE#4, §1% -2 AR LR B 5t 5 [12] ZAa#, 2%, |Km. 3508 Pus &5 505
E@Vﬁ%i'ﬁifimmulﬂﬂ. oh 5ok LA, AEREEEGILT]. 65 # & 42, 2020, 28(9) -

2019, 48(12): 233-240.

WANG K, XINH W, CAO N L, et al. Design of
two-axis flexible support structure for fast steering
mirror in space cameras[J]. Infrared and Laser En-

gineering, 2019, 48(12): 233-240. (in Chinese)

fEE &It

E WA (1989— ), B, 7 Mo 1k A,
+, By B 5T 51, 2012 4F 2014 4E T 1y
IR Tl K2 43 5 345 2 - B 2
AL, 32 DA B8 T3 RS B S
w4 7 m i F %Y . E-mail:

nian(@126. com

tansong-

1997-2006.

WANG F CH, WANG Y T, TIAN D P. Perfect
tracking control for fast-steering mirror driven by
Opt. 2020,
28(9): 1997-2006. (in Chinese)

voice coil motor[J]. Precision Eng. ,



