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Integrative design of structure control for two-axis

fast steering mirror with flexible support

Ai Zhiwei, Ji Jianbo, Wang Pengjv, Li Jing, Zhou Haoyang
(School of Electronic Information and Automation, Guilin University of Aerospace Technology, Guilin 541004, China)

Abstract: To predict and confirm the frequency characteristics and time-domain performance of the fast steering
system (FSM) in the structural design stage, a two-axis flexible-supported FSM was studied and tested. A new
flexible support structure was proposed, and the main structural parameters of the FSM system were designed
based on the performance index of FSM which is decided by the beam requirement of laser transmission system.
The dynamic mathematical model of the system was studied, and the control mode and parameters of the closed-
loop system were determined. The rigid-flexible coupling model of the swing part of the system was established,
and the structural non-linear model was obtained. The joint simulation test of the system and the motion system
were carried out based on the model above. The simulation results show that the resonance frequency of the
system in the direction of motion is 54 Hz, and the errors between the calculated result and the finite element
result is both 3.8%, and position closed loop bandwidth is 203 Hz which is right to the index. The output results in
time domain show that the overshoot of the system is 3.5% and the adjustment time is 10 ms, the deviations from
the theoretical results are 3% and 5 ms.
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Tab.1 Design index of fast steering mirror

Index Parameter
Size @100 mmx7 mm
Angle range +10 mrad
Closed-loop bandwidth 200 Hz
Positioning accuracy 5 prad

Mirror ~ Voice coil motor driver Sensor support

Mirror frame  Flexible support  Voice coil motor Base
driver

1 PR SNBSS A

Fig.1 Structure component of fast steering mirror
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Tab.2 Material properties of swing parts

Parts Name of Density/ Young's Poisson
material kgmm~™ modulus/GPa  rate
Mirror  Aluminium alloy  2.7e—6 71 0.33
Flexible 1 hium alloy  4.48¢-6 110 0.34
support
Coil stator Copper 8.9¢—6 8.9¢—6 0.37
Mirror frame Aluminium alloy  2.68¢—6 69 0.33
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Tab.3 Mass properties of swing part of fast steering

mirror

Total Moment of inertia of x
mass/kg axis/kg-mm ™’

Moment of inertia of y
axis/kg-mm*

0.388 489.091 489.091
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Tab.4 Performance parameters of voice coil motor

Performance parameter Symbol  Value Unit

Direct current resistance R 3.7 Q
Inductance L 1.0 mH
Back potential constant ke 3.5 V/m-s™
Force constant ky 8.9 N/A
Sustained thrust F, 16.3 N
Peak thrust F, 44 N
Total travel S +2 mm
Coil side clearance Cl 0.4 mm
Coil assembly weight m 45 g
Magnetic steel component weight mg 225 g
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Fig.2 Structure of flexible support
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Fig.3 Structure and force diagram of flexible hinge
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Tab.5 Structure parameters of flexible hinge

Structure name Symbol Value Unit
Cutting radius R 3 mm
Thickness t 1 mm
Width b 7 mm
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Fig.4 Voice coil motor driving and load model
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Fig.6 Frequency response characteristics of the output force of voice

coil motor to the position of mirror
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Fig.7 Open-loop frequency response characteristics

_k(p2s®+pys+1)
 s(Tys+1)

At kO 3 T IR R I R
GIFH B IR N o, 1
L(w,)=201gA(w,) =0 (16)
S 2T 178 91

C(s) (15)

W,
k=2 Q= Topd) +(Tospye (17)
1

B 7770.000 4 5, ,=750 rad/s, F il #% A
14455 +165.65+1.551¢5

Cls) = (0.000 45 + 1)s (18)

A G A5 R, DR S S B s P R R e R
WA S PE AN 1AL 8 Bz o AN R Rl LA 2z 3l )7
li) L BV R U AT ), 2R SE A P R 5 203 Hz, £F
AR BRSS9 AR G BR o 5 4 ] 9 Bir
Ao MR IR 2, PR R G2 31T I ] 5 ms,
HE N 6.5%.

Bode diagram

(2)

Magnitude/dB

(b)

—180

Phase/(°)

=270 =
10° 10! 10? 10° 104 10°
Frequency/Hz

Pl 8 PHER I R G o 45

Fig.8 Frequency response characteristics of closed loop control system
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Fig.9 Step response of closed loop control system
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