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Voice Coil Motor
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Abstract: To meet the design requirements of a fast steering mirror (FSM) for an infrared search system, the
electromechanical co-simulation technology of FSM based on the cross-reed transmission structure and voice
coil actuator was studied. An electromechanical parametric model of the FSM was established, the
transmission stiffness model of the flexible structure was constructed by the finite element analysis, the
working model of the voice coil motor was constructed, and the key design parameters were compared and
iterated to determine the optimal design parameters. MATLAB/Simulink was used as a co-simulation platform
to establish the FSM dynamics simulation and electromagnetic drive simulation interfaces, combined with the
classical control model to realize the co-simulation of the FSM and obtain the simulation results of the system
dynamic response. Finally, the flyback compensation residual and phase lag under a 50-Hz imaging period
were verified experimentally. The results show that the measured flyback compensation residual is 0.0365
mrad and the phase lag is 2.6 ms, which are higher than the simulation analysis results but meet the
requirements of engineering applications. The open-loop frequency response curve of the system was
compared, and the mid-low frequency amplitude response error did not exceed 10%. The simulation and
experimental results show that this co-simulation technology has important theoretical significance for the
design and optimization of FSMs.
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Fig.1 The working principle of the infrared search optical system
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Fig.2 Schematic diagram of the structure of FSM
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Fig.3 Simplified mechanical model of FSM
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(a) Deformation cloud of flexible hinge
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Fig.4 Simplified schematic diagram of flexible hinge
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(b) Flexible hinge corner response curve
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Fig.5 Simulation results of the flexible hinge

&16



F45% £
2023 £ 8 H ik

TG P B PR U B LB O AR

Vol.45 No.8
Aug. 2023

1.2.3  HEKShE IS E T
R 40 5 P i s 28 ) AR R BE, m) DA S HoP g oy

FEUIT :

u=iR+Lg+e 4
dr

L us iy Ry LB B AL TAER R, B
AR 28 Pl L BELRT LIRS s e SN FLBN A, ke R Ky AT FELATL
(1) 775 RN e LB 35 R4

VEN & BB IR B 4 1% O S BN L ) B 3 22
WA BRI 5 M S50 2, I FERG AT AR AT 4
BRI SRR S 0T o AR BRI BHRE I MR A | 4
SE 1 HMLITH BUI7KF, 43 3% ) N4OSH. FB13B #
Alnico Scc 3 FIAFEA L, 78 3mm iBEITFEN LS
& Wi 6(a)fizm. HIP7EAE R Al A N4OSH £kl
TREER R RO T ILAR RS kL, L )7 B K
I 3N. BRT HETEA R RN AL, RERESS F KT FATL

JIWIFEER, X 0.5mm. 1.0mm. 1.5mm. 2.0mm
VU Fobe AN [7] 1 g S B T 152 L ATL HE g b 20 L BT 6(b) P
TNo B WL RE SR I I FE A L AR, (R I PR
SEREJE RS, RENE A I AN B BT Ak
B LIS LR, B RIS 48 SRR
AN, RIS N T B E S E BRI shN B T 5
T, 28 B A AMEERE IR FEALE 1.5 mm fe A
1.2.4 PR S S 83 BRIATL H A ack o A 7Y

DAPRH S5 B3 (1) ) 5 i 7 2 CRI (1)) 2k,
gE A H B BT RE (RI4), [FN % E D o8
AR, —BOELAH tand~0, NIH x=Itan6=10,
g5 b b A e m DLAS B S 5 B R A S L
UREN L e ) AR 3 pR R 1A X (5) =, BEAEE an e 7
FIiw e

0(s) _

G(s)= UGs)

2k 1 )
(Ls+ R)[(J +2m,*)s* +2cl’s + 2K, |+ 2k o, I’s

N40SH
351 —<—FB13B i 38
Alnico 5cc
. 36
3r —
34+
_o—9—0
251 a2 F—a
z Z 7 I —
D 2f S 3f x
£
=15 VN 28y —
26 -
.l
241
0.5 20t
0 : : : : : 2 : : : : :
-1.5 -1 -0.5 0 0.5 1 1.5 -1.5 -1 -0.5 0 0.5 1 1.5
Displacement/mm Displacement/mm
(a) Different materials (b) Different yoke thickness
6 I R ALMRS R DAL 7T 2k
Fig.6  Output curves of VCM material and structure optimization
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Fig.7 Block diagram of the mathematical model of the FSM
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Fig.9 Electromagnetic simulation results of VCM
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Fig.10  First-order modal results for FSM
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Fig.12 Electromagnetic dynamics co-simulation model for frequency response analysis
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Fig.13  Frequency response characteristic curves of

electromagnetic dynamics co-simulation model
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Fig.14 Simulink-based control-electromagnetic-dynamics co-simulation model
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Fig.16 Co-simulation model open-loop frequency response
characteristic curve
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Fig.17 Experiment diagram of the FSM
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