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Structural design and electromagnetic simulation of voice

coil motor for vibration isolation

LI An, LIU Yang, HAN Xu
(School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: A novel voice coil motor (VCM) isolator structure for a Stewart vibration isolation platform was
proposed to address the susceptibility of precision instruments to multi-dimensional vibration interference
under vehicular transportation conditions. First, the maximum stroke and maximum output force of the i-
solator were determined based on the dynamic model of the isolation platform and the vehicular vibration
environment. To overcome the limitations of existing voice coil motors in bearing static loads and lacking
guiding mechanisms, a triple-plate spring assembly with high radial stiffness and low axial stiffness was
employed as both the load-bearing and guiding element. The dimensions of each motor component were
established through theoretical calculations, and the motor performance was analyzed using finite element
simulations. The analysis indicates that the designed VCM isolator achieves high average output force and
low thrust fluctuation within the effective working stroke, thereby satisfying the design requirements. Fi-
nally, a motor prototype test platform was constructed for static output force experiments. The force-dis-
placement curves obtained from the experiments were observed to exhibit the same trend and were found
to closely match the extreme points of the simulation curves, by which correctness of the structural design

and the accuracy of the electromagnetic simulation were verified. This structure presents a novel design
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scheme for isolators applied to vehicular vibration isolation platforms.

Keywords ; Stewart ; voice coil motor; vibration isolator; electromagnetic simulation; static output force;

thrust fluctuation
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Fig.1 Schematic diagram of the Stewart platform
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Fig.2 Structural diagram of the Stewart platform
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Fig.3 Rod length extension curve
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Table 1 Design parameters of leaf springs
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Table 2 Dimensions of leaf spring
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Fig.5 3D model of the leaf spring
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Fig.6 Axial deformation of leaf spring
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Fig.7 Radial deformation of leaf spring

A S S
SRS
A Z52% (Von—Mises) N7,
P fi7:MPa
Hsf[E] 1
185.24 Fx Kk
164.66
144.08
123.50
102.92
82.334
61.752
41.170
20.589
0.006 781 3 /)

8 HBEN NS
Fig.8 Stress distribution of leaf springs
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Fig.9 Overall assembly drawing of leaf spring assembly
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Fig.10 Voice coil motor assembly diagram
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Fig.11 Voice coil motor magnetization method
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Fig.13 Demagnetization curve of permanent magnet
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Table 4 Motor structural parameters
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Fig.21 Annotated drawing of motor structure
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Fig.22 Annotated drawing of winding frame structure
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Table 5 Winding frame structural parameters
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Fig.23 Schematic diagram of coil winding method
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Fig.24 Cross-sectional view of a conductor
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Table 6 Slot fill factor for each winding layer
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Table 7 Winding parameters under different layers
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Fig.25 Motor simulation model
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Fig.26 Magnetic flux line distribution diagram
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Fig.27 Magnetic flux density distribution contour map
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Fig.28 Air gap magnetic flux density curve
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Fig.29 Force displacement curve

FE5E ALY 254 10T 5 LR O B4R BT Al
JH SolidWorks HES7 1 HLBIL Iy BRASEAY | Ay J S5 14 A=
PEIN T A e, Q0 30 (a) B/, R HLAL = ZEfE
R E 30(b) M HALNRZEIE, E 30 (o) A HLHLEE
) BT 1A, P 30 (d) D R AILE ) AT 1]

HUHLI T 58 UG , #5315 i e F B 3% A
— R P LR IR AS . 18] 31 g PRAR A = L
P 32 BRSO



136 Bl 5 & Hl % M %30 &

(a) HHL=2ER

i

(b) FHLA L
LES

(o) T LB

(d) FHLYAR T &

30 FERVEREM

Fig.30 Structure composition of voice coil motor
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Fig.32 Cross-sectional view of isolator
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Fig.34 Motor experimental platform
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Fig.35 Comparison of motor force-displacement curves
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