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Design of two-axis flexible support structure for fast steering

mirror in space cameras
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Abstract: The fast steering mirror is a commonly used image motion compensation device in space
cameras. The mechanical properties of the support structure will directly affect the response speed and
closed loop bandwidth of the fast steering mirror system. A fast steering mirror driven by voice coil
motor in a low earth orbit space camera was taken as the research object, and a two —axis flexible
support structure based on cross —shaped flexible hinges was designed, which had the advantages of
compact structure and small center drift. According to the approximate differential equation of cantilever
beam deflection, the mathematical model of the rotational stiffness of the two-—axis flexible support was
established. The main structural parameters of the flexible hinge were selected for the resonant frequency
requirements of the fast steering mirror mechanism, and a modal analysis of the mechanism was

performed by using the finite element software MSC.Patran. The analysis results show that the resonant

Y #5 B 8 :2019-06-09; &7 H # :2019-07-05

EE WA 5 A AT E R B H (20170204029GX)

& & N . TE 45 (1994-) , A, 32 R 25 [ AR ML G ML 45 4 19 P46 3% 3 F 5y T A 5% . Email: lightningwings @qq.com
SVl & v 5 2 AB (1970-) B WFoE 51 14, 32 2 S s AR AL ML S5 44 7 16 (1 BF5Y . Email: xinhwciomp @sina.com

1214005-1



bl ok TR

% 12 4

www.irla.cn

% 48 %

frequency of the fast steering mirror mechanism in the two working directions is 18.6 Hz and 18.7 Hz,

while the resonant frequencies in other non—working directions are above 292.2 Hz, which proves that the

choice of flexible hinge structural parameters is reasonable. In order to test the correctness of the

theoretical model, a prototype of the fast steering mirror was processed and the experimental platform was

built. The rotational stiffness and resonant frequency of the mechanism were tested. The results of the test

and the theoretical analysis are consistent within the allowable error range.
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Fig.1 Cross—shaped flexible hinge and its flexible unit
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Fig.2 Two—axis flexible support structure of the fast steering mirror
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Tab.1 Material properties of the main structures

of the fast steering mirror

Structures Materials  p/g-mm™ E/MPa I Reference
Mimor TS5 q0x10 72x100 0.7 8]
quartz
Holder ~ 2A12  2.78x10° 7.5x10' (.28 9]
Adhesive RTV 1.09x107* 2.2 0.49 [10]
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Fig.3 Simplified dynamic model of the fast steering mirror

in the x axis direction
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Tab.2 Physical properties of the wobble assembly

Moment of inertia Moment of inertia

around the x axis

Total mass/g around the y axis

J./kg - mm? J,/kg - mm*

214.1 198.15 198.20
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Fig.4 Modal analysis of the fast steering mirror mechanism
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Tab.3 Modal analysis results of the fast steering

mirror mechanism

Resonance order  Frequency/Hz Vibration mode
First 18.6 Rotating around the y axis
Second 18.7 Rotating around the x axis
Third 292.2 Rotating around the z axis

1214005-5



b Gk TAR

% 12 4

www.irla.cn

% 48 %

3 L

T T X PR3 5 S 56 1) 0 B 2 0 S P A A AT T
TR R BT 5 2087, 1 I R S S B LA B AL
PR RE A K 6 I BR84S Y A A I, T T PR
SYBEALA B SE AR AL, WP 5 B o b X PR 38 B
S B 04 e 2l W B R AR A R AT I, 5 EEE T
BRI R4 R BEAT XTI

P 5 PR3 S 5 B AL 1) 92 5 R AL
Fig.5 Experimental prototype of the fast steering mirror mechanism
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Fig.6 Rotational stiffness test of the fast steering mirror mechanism
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Tab.4 Test results of the two—axis rotational

stiffness of the mechanism

. Deflection . Deflection
Counterweight Counterweight
. angle of x angle of y
of mass m/g L of mass m/g o
direction direction
10 428" 10 4'37"
20 929" 20 9'34"
30 14'6" 30 1440"
40 18'49" 40 19'21"
50 23'30" 50 241"
60 28’ 60 27'40"
70 33"10" 70 33'19"
30 37'27" 30 38'18"
90 42'18" 90 43'5"
100 47'15" 100 47'57"
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Fig.7 Linear fitting results of two—axis rotational stiffness
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