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Design Optimization of Moving-coil type Linear Actuator
Using Level Set Method and Phase-field Model
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Abstract: A moving-coil type linear actuator has been widely used in the system reciprocating short stroke because of
its several advantages, such as the structural simplicity, low weight and a fast control response speed. This paper
presents a design approach for improving the actuating performance with a clear expression of optimal configuration
represented by a level set function. The optimization problem is formulated to minimize the variation of magnetic force
at every moving displacement of the mover for fast and easy control. To consider the manufacturability of actuator, the
concept of phase-field model is incorporated to control the complexity of structural boundaries. To verify the usefulness
of the proposed method, the core design example of cylindrical linear actuator is performed.
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Fig. 1 Moving-coil type linear actuator
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Fig. 2 Level set distribution in phase-field model
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Table 1 Thrust force of initial design
Input current [A] 0.8 2.0 3.0 4.0
T,,N] 60.6 | 151.1 |225.7 | 2953
AT [N] 15.8 13.4 174 | 344
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Fig. 5 Magnetic flux path in linear actuator
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Fig. 6 Thrust force profile of optimal core design
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Table 2 Comparison of thrust force

Initial T

design 0 0.5 1.0 1.5

avg

[N]

294.6 286.1 274.2 271.2

295.3 02%1) | G1% L) | (71% L) | 82%1)

AT
[N]

11.4
(66.9% | )

14.1
(59.0% | )

15.7
(54.4% 1)

16.4

344 (52.3% 1)
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Fig. 8 Thrust force profile of optimal core design
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