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Magnetic circuit optimization design and finite element analysis of

giant magnetostrictive actuator
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Abstract: Giant magnetostrictive actuator (GMA) is a new type of vibration control driving device.
However, due to its complicated internal magnetic circuit, the intensity and uniformity of the magnetic
induction in the internal magnetic circuit of GMA will seriously affect the working performance of the
actuator. In order to solve the above problems, based on the theory of linear magnetostriction and
electromagnetics under static conditions, a finite element model of the GMA was established using the
finite element software ANSYS. The impacts of the material parameters of the excitation coil, the magnet
and the inner wall of the magnet on the magnetic induction intensity were systematically studied. At the
same time, the design principles of reducing the magnetic leakage, increasing the magnetic induction
intensity and improving the uniformity of the magnetic induction in the GMM rod were proposed. The
intensity and uniformity of the magnetic induction at the axial centerline of the giant magnetostrictive rod

were used as the evaluation criteria. Parameters such as the opening and closing magnetic circuit, the axial
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length of the excitation coil, the magnetic permeability of the material, the air gap, and the radius of the
magnetizer were optimized. The results show that when the closed magnetic circuit was adopted, the
intensity and uniformity of the magnetic induction were greatly improved. After the optimization of the
magnetic circuit, the magnetic induction intensity increased by 0.1 T, and the uniformity increased by
10.27%.

Keywords: giant magnetostrictive actuator; magnetic circuit; permeability; ANSYS
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Fig. 1 Structure diagram of giant magnetostrictive actuator
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magnetostrictive actuator
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Table 1 Related parameters of model materials
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Fig. 3 Meshing of giant magnetostrictive actuator
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Table 2 Comparison of magnetic induction intensity and uniformity at different grid levels

WUk 2 RORREENSRIE B/T AR/ %N RSN B/T  HAERME/ Y

1 0.702 96 96.49 0.002 32 0.32
4 0.705 28 96.17 0.000 00 0.00
7 0.707 10 95.99 0.001 82 0.08
10 0.700 81 96.78 0.004 47 0.61
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Fig. 4 Distribution of magnetic induction Fig. 5 Distribution of magnetic induction
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Table 3 Air gap and optimal uniformity in model parameters

AL S 4/ (mm X mm) 253 Al B/ mm RS/ %

$8 80 0.05 97.34
$10X 80 0.05 96.53
$20X 80 0.05 98.53
$12X100 0.05 94.23
$12X120 0.05 93.40
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Fig. 9 Variation of radius of conducting magnet
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Table 4 Ratios and optimal uniformity in model parameters

BRI 24/ (mm X mm) HAH ARSI %
$8X 80 84/80=1.05 97.34
$10X 80 84/80=1.05 96.53
$20X 80 84/80=1.05 98.53
$12100 105/100=1.05 94.23
$12X120 126/120=1.05 93.40
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