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Abstract: In order to use a linear vibration motor for the actuator of a haptic interface, the motor must provide a higher
reaction rate and longer service life than typical rotational motors with an eccentric mass. In this paper, we propose a
linear vibration motor that is equipped with a voice-coil actuator and permanent-magnet springs. To concentrate the
magnetic flux in the actuator, a Halbach-style magnetization pattern is used. Permanent-magnet springs replace
mechanical springs to help increase the service life. We use the method of equivalent current sheets and the method of
images to analyze and model the proposed vibration motor. These methods are validated using finite element analyses
and experiments. A prototype motor is designed and fabricated. Tests with the prototype show the feasibility of the
proposed linear vibration motor.
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Fig. 1 Schematic view of the proposed linear vibration
motor that is composed of voice-coil actuators
and permanent-magnet springs
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Fig. 2 (a) Cross section of permanent magnets; (b)
Equivalent current sheets that replace the
original permanent magnets
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Fig. 3 (a) Single current sheet in x direction. The
magnetic field produced by the current sheet
creates a Lorentz force in the coil block, which
is obtained by (1) and (3). (b) Single current
sheet in y direction. The force can be obtained
similarly by (2) and (3)
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Fig. 4 Interaction between two current sheets. Each
current sheet may be a part of the stator PM and
the vibrator PM
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Fig. 5 (a) A single magnet with a yoke; (b) An image
PM replacing the yoke in (a)
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Fig. 6 (a) A set of three permanent magnet bars with
Halbach magnetization pattern and a yoke (b)
The yoke is replaced with image PMs
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Fig. 7 Comparison of the flux density obtained from the
analytical method with those by FEA and
measurements
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Table 1 Parameters for the prototype motor

Parameter Value
Number of coil turns 63
Vibrator mass 52¢g

Permanent-magnet (PM) size 5x4.5%285mm’

Distance between vibrator and spring PM 15 mm

Saturated Magnetization of PM 83.5 kA/m

‘_' " prototype

Fig. 10 Pictures of the prototype motor
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Table 2 Characteristics of the prototype motor

Parameter ECS+MI FEA Exp.

Natural freq. (Hz) 12.6 11.65

Damping ratio 0.36

(2}
¢
Spring const. (N/m) k 292
Actuator const. (N/A) K 0.53
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