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Fig. 1. Schematic diagram of solenoid actuator.
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Fig. 2. Schematic diagram of hybrid magnet actuator.
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Fig. 3. Principle of operation (a) at initial position (b) at exerting
current (c) at neutral position (d) at switch off the current (e) at
returning to initial position.
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Fig. 4. (a) Solenoid linear actuator (b) detail showing air-gap
configuration with the plunger partially removed.
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Fig. 5. Permanent magnet magnetic circuit.
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Fig. 6. Hybrid magnet linear actuator with moving plunger.
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Fig. 7. Initial magnetization curves of 1010 steel.
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Table 1. Specification of NdFeB35 neodymium permanent magnet.

Residual induction 13T
Coercivity —890 kA/m
Relative permeability 1.1

Table II. Specification of mechanical subsystem.

Mass 0.1kg
Spring stiffness 2.631 kN/m
Natural frequency 25.8 Hz
Table ITI. Specification of electric subsystem.
Input current (iy) (solenoid actuator) 4A
Input current (i) (hybrid magnet actuator) 25A
Number of coil turns 1500 turns
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Fig. 8. Plot of flux distribution (a) at initial position (b) at exerting
current (c) at neutral position (d) at switch off the current (e) at
returning to initial position.
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Fig. 9. Position profile of solenoid actuator at current 4 A.
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Fig. 10. Position profile of hybrid magnet actuator at current 2.5 A.
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Fig. 11. Magnetic and spring force of solenoid actuator versus time at

current 4 A.
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Fig. 12. Magnetic and spring force of hybrid magnet actuator versus
time at current 2.5 A.
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Analysis and Design of Hybrid Electromagnetic Linear Actuator for Linear Pump

Jung-Hun Lee, Jin-Ho Kim*, and Jae-Yong Lee
School of Mechanical Engineering, Yeungnam University, Gyeongsangbukdo 712-479, Korea

Sang-Hyun Jeong and Bang-Woo Han
Korea Institute of Machinery & materials, Daejeon 305-343, Korea
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The purpose of this paper is to analyze and design a new hybrid electromagnetic linear actuator for linear pumps. Solenoid linear
actuator is widely used because it occupies small space due to no mechanical energy conversion system. In addition, the energy loss is
very low and it has no noise. Conventional solenoid linear actuator, however, has the critical drawback of high power consumption. In
this research, we present a new hybrid electromagnetic linear actuator using a permanent magnet in order to reduce power
consumption. The enhanced performance of the hybrid linear actuator was verified by dynamic finite element analysis.

Keywords : electromagnetic linear actuator, solenoid, permanent magnet, linear pump
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