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Development of Vibration Motor Using
Coreless Permanent Magnet DC Motor

Sang Moon Hwang*, Shi Uk Chung**

ABSTRACT

With a remarkable expansion of communication industry, a pager or a cellular phone becomes a necessary
communication device in modern society. However, a paging signal by a buzzer is often acted as an unpleasant
noise in some places, thus necessitating a paging signal by a vibration motor.

In this paper, a simpler type of a vibration motor, a coreless permanent magnet(PM) DC motor, is considered
to substitute for the conventional vibration motors. Using an analytical method, electromagnetic field and operating
torque were calculated for the given inner and outer PM type motors, and the results were confirmed by FEM
analysis. As design parameters, number of PM poles, PM radial thickness, coil arc angle and number of winding
stacks were chosen for sensitivity analysis. It shows that coil arc angle is the most important design parameter to
increase the motor performance, without giving an adverse effect on motor weight, size and manufacturing cost.

Based on the analysis of the outer PM type motor, an outer square PM type motor is proposed as the final
design. Compared to the outer PM type, outer square type provides more flexibility to attach to the small size
cellular phones. With the optimum design of square outer PM DC motor, it can successfully substitute the

conventional types with less expensive manufacturing cost, better performance and smaller necessary space.
Key Words : Vibration Motor(Z% =.E]), Electro-Magnetic Field Analysis(Z 21717 84]), Coreless Permanent
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Fig. 19 Photograph of prototype square type

6. 48

®orgdiE AN 974N A% 2EE A
2¢ 2% vels gy Ao, FoiH w
Hel WAL olgHoR ANtL foasy
oz Azde 47 WrES FHAAD. ol2F
WEE olgael A AT NAE AL 3%
onl, 35 £a9 A 4% F4 HFL AA
stk 75 B0l 7bg 2 99 F= A M
S 23U NS 94 F, 59 FE%% 2
ol Y UAE A4 AE wgoz 29
AZRst 1% AAA fAE A7 dd FFAA
3 4% wRE Awsac

%71
44 974 U dTANY 2AF THE 5

°jm, 1999 1/4%7) KT vla & 533
A FAE AP 2l @A ok

Dz'.

2zl

1. Z. Q. Zhu, “Instantaneous Magnetic Field Distrib
ution in Brushiess Permanent Magnet DC Motors
Part I : Open-Circuit Field,” IEEE Trans. Magne-
tics. Vol. 29, No. 1, pp. 124-135, Jan., 1993.

2. Z. Q. Zhu, “Instantaneous Magnetic Field Distri

in Brushless Permanent Magnet DC

: Armature-Reaction Field,” IEEE

I, pp. 136-142,

bution
Motors Part Il
Trans. Magnetics. Vol. 29, No.

Jan., 1993.

23

FHE - AAS - AL EEEA Aled ATE

3. K. R. Davey, “Design with Null Flux Coils,” IEEE
Trans. Magnetics. Vol. 33, No. 5, pp. 432-439,
Sep., 1993.

4. M. Jufer, “Brushless DC Motors Gap Permeance
and PM-MMF Distribution Analysis,” Proceeding
IMCSD, pp. 21~25, 1987.

5. J. D. L. Ree and N. Boules, “Torque Production in
Permanent Magnet Synchronous Motors,” 1EEE
Trans. Industrial Application., Vol. 25, No. 1, pp.
107~112, Jan./Feb. 1989.

6. J. R. Hendershot Jr. and T. J. E. Miller, Design of
Brushless Permanent-Magnet Motors, Magna
Physics Publishing and Clarendon Press, Oxford,
1994.

7. B. Hague, Electromagnetic Problems in Electrical
Engineering, Oxford University Press, 1929.

8. D. C. Hanselman, Brushless Permanent-Magnet
Motor Design, McGraw-Hill Inc., 1994,

9. E. M. Purcell, Electricity and Magnetism, McGr-
aw-Hill Inc., 1994,

10.R. H. Engelmann and W. H. Middndorf, Handb-
ook of Electric Motors, Marcel Dekker Inc.,1995.

11.J. F. Gieras and Mitchell Wing, Permanent Mag-
net Motor Technology, Marcel Dekker Inc., 1997.

12.W. H. Hart, Jr., Engineering Electromagnetics,
McGraw-Hill Inc., 1981.



