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Fig. 1. Schematic diagram of dual path type of VCM with shorted
turn.
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Fig. 2. Effect of shorted turn [2].
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Fig. 3. Schematic diagram of single axis flat electro-magnetic actuator
(a) without shorted turn (b) with shorted turn (c) 3-D model with
shorted turn.
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Table 1. Specification of magnetic subsystem. Table ITI. Specification of mechanical subsystem.
Residual induction 1.23 (T) Input voltage 4 (V)
Coercivity 11184.1 (Oe) Number of turns 520 (turns)
Relative permeability 1.1 Resistance of coil 2 (QY)

Table II. Specification of mechanical subsystem.

Mass 0.33 (kg)
Spring stiffness 4 (MN/m)
Natural Frequency 3.48 (kHz)
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Fig. 4. Schematic diagram of compound linear spring at single axis
flat electromagnetic actuator.
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Fig. 5. Flux distribution at initial position (a) without shorted turn (b)
with shorted turn.
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Fig. 6. Comparison between without and with shorted turn model for
current versus time.
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Fig. 7. Comparison between without and with shorted turn model for
tangential force versus time.
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Fig. 8. Comparison between without and with shorted turn model for
position versus time.
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Single-axis Flat Electro-Magnetic Actuator using Shorted Turn
for Fast Initial Response

Ki-Il Hwang and Jin-Ho Kim*
School of Mechanical Engineering, Yeungnam University, Gyeongsan 712-749, Korea

(Received 23 September 2009, Received in final form 17 November 2009, Accepted 19 November 2009)

This paper presents the new design of flat electromagnetic actuator. Novel shorted turn and copper center pole are placed into
existent design in order to reduce the inductance of coil and accelerate the initial response. Finite element analysis using commercial
electromagnetic solver “MAXWELL” is performed to simulate the improvement of dynamic characteristics such as fast initial
response and so on.

Keywords : flat electro-magnetic actuator, shorted turn, inductance, finite element analysis
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