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Design of 3-Axis Moving Magnet Type Electromagnetic Actuator using
Integrated Design Method
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Abstract

In this paper, we propose the integrated design method that enables multi-physics modeling and coupled-field
analysis by connecting an electromagnetic field and a structural field. We design the 3-axis moving magnet type
actuator that has the high structural stiffness and the effective electromagnetic circuit generating large
electromagnetic force. Through design of experiments (DOE) and optimization, the designed actuator is optimized
and satisfies high dynamic characteristics over the desired specifications.
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Table 1 Specification of proposed actuator

Unit Focus Track
Primary Hz 50 50
resonance freq.
secondary KHz 50> 50>
resonance freq.
DC sensitivity | mm/V 1> 1>
AC sensitivity GIV 10 > 10 >
Moving range mm 0.8 0.4

Polarized magnet

Focusing and tilt coil

Additional magnet for tracking Tracking coil

Fig. 1 Electromagnetic circuit of proposed actuator

Fig. 2 Moving part of proposed actuator
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Table 2 Dynamic characteristics of the initial model

Unit Focus Track
Primary Hz 50 50
resonance freq.
secondary KHz 45 62
resonance freq.
DC sensitivity | mm/V 1.12 0.87
AC sensitivity GIV 11.23 8.76

Mass Reduction

Reinforcement Added magnet for tracking

Fig. 4 Modification of structural part
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(a) Design variables for EM circuit
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Fig. 5 Design variables for improving dynamic
characteristics
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3.4 EEHMA Table 3 Optimized design variables
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Fig. 7 Optimization results Fig. 8 FRF of optimized design
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