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ABSTRACT

Cell-phone becomes a necessary communication device in modern society. However, a paging signal by a sound transducer
often acts as an unpleasant noise, thus necessitating a paging signal by a vibration motor. The conventional flat type vibration
motor uses three-phase windings with three phase coils. In this article, a new design of a vibration motor using a V connection
with two phase coils is presented, increasing mass productivity. For electromagnetic field analysis, due to the motor symmetry,
two-dimensional modeling can be implemented for fast computation, and performance is predicted by the finite element method.
The winding distribution angle turns out to be the most important design parameter for the elimination of dead points, and a
new coil configuration is suggested which has no adverse effect on motor size and weight. Experimental tests of vibration

confirm the validity of the proposed design.
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Fig. 1. Unbalanced force
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Fig. 2. Schematic of two-phase vibration motor
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Fig. 3. Modeling for two dimensional FEA1 (a)2-D
geometric approximation, (b)2-D cross section for FEA
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Fig. 4. Cross section of each type; (a)three phase
vibration motor, (b)two phase vibration motor
Coil A Coil B

Coil A Coil B

Coil C
Fig. 5. Connections of winding coils;
(a) Y: three phase, (b) V: two phase

Table 1. Characteristic features of vibration motors

conventional proposed
number of poles 4 4
number of coils 3 2
dimension ®10Xt3.4 ®10Xt3.4
connection 60° 100°
number Qf active always 2 Lor2
coils
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Fig. 6. Idealized characteristic of three phase & two

phase vibration motor
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Fig. 7. Flux density according to axial position
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Fig. 8. Flux density according to radial position

Fig. 9. Design parameters;

(a) o: coil distribution angle, (b)B: coil pitch
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Fig. 10. Back-EMF constant according to coil
distribution angle

Table II. List of back-EMF constant according to coil

distribution angle

avg. of Ke min. of
@ (LV/rpm) Ke(uV/rpm)
100° 77.5 22.6
110° 84.0 41.9
120° 87.8 59.0
130° 89.0 71.4
140° 87.6 59.9
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Fig. 11. Back-EMF constant according to coil pitch
Table I11. List of back-EMF constant according to coil

pitch

avg. of Ke min. of Ke

/ (1V/rpm) (uV/rpm)
80° 82.4 65.1
90° 86.5 69.1
100° 89.0 71.4
110° 83.9 67.4
120° 75.5 61.2
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Fig. 12. Back-EMF constant
of prototype and designed model
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Fig. 13. Test setup for acceleration measurements
of vibration motor

Table IV. Instruments used for vibration test

instruments type
accelerometer B&K type 4393
preamplifier B&K type 2635
FFT signal analyzer HP 35670A
power supply HP E3642
aluminum
test dummy 110 X 40 X 18 (mm”)

Table V. Test results

conventional proposed
RPM 11760 12540
voltage (V) 3.0 3.0
current (mA) 60 70
Acceleration (g) 2.14 2.36
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Fig. 14. Photographs of each type;

(a)conventional three phase motor,
(b)designed two phase motor
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