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Reducing Cogging Torque by Flux-Barriers in Interior Permanent Magnet
BLDC Motor
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Abstract - For high efficiency and easy speed control of brushless DC (BLDC) motor, the demand of BLDC motor is
increasing. Especially demand of interior permanent magnet (IPM) BLDC with high efficiency and high power in electric
motion vehicle is increasing. However, IPM BLDC basically has a high cogging torque that results from the interaction
of permanent magnet magnetomotive force (MMF) harmonics and air-gap permeance harmonics due to slotting. This
cogging torque generates vibration and acoustic noises during the driving of motor. Thus reduction of the cogging
torque has to be considered in IPM BLDC motor design by analytical methods.

This paper proposes the cogging torque reduction method for IPM BLDC motor. For reduction of cogging torque of
IPM BLDC motor, this paper describes new technique of the flux barmiers design. The proposed method uses sinusoidal
form of flux density to reduce the cogging torque. To make the sinusoidal air-gap flux density, flux barriers are applied
in the rotor and flux barriers that installed in the rotor produce the sinusoidal form of flux density. Changing the
number of flux barrier, the cogging torque is analyzed by finite element method. Also characteristics of designed model

by the proposed method are analyzed by finite element method.
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Fig. 1 The cross-section of IPM BLDC motor
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Table 1 The specification of IPM BLDC motor
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Fig. 2 The air-gap flux density of IPM BLDC motor
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Fig. 3 Area-division according to exponential shape
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Table 2 Area-ratio about exponential shape [%)]

Partl | Part2 | Part3 | Part4
458 63.70 26.20 8.88 1.22
3T 75.14 21.93 292
2588 89.89 10.11
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Fig. 4 Area-ratio application in the length of permanent
magnet(method[1])
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Table 3 Output-power according to thickness of Flux-barrier
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Table 4 Analysis result of cogging torgue by method(1]
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Table 5 Analysis result of cogging torque by method(2]
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Fig. 12 The comparison of flux density in the air-gap

a9 112 wEs Rl dad 2AsHE 23 E
a7 429 A% #3& vehd zlolth 19 1144
2ol s A&Ayelo)l HAE Ag, VIR HE
27 £2.a7t o 26.94(%] BAHASS AA T 5 Ao

a3 12 27 Efart HAaY A$e FF ASEE
L BEZgd Rojh 28 12 AFH A= (2]
olg A&£PE S XY AL 27 EQA A7 i
7 ALUE Byo] yRAEY A X JHgA
vetds #slgon 27 45U BRIy 4 ¥
A ALEUE Fo) AEe FE IA ARES &+ Y9,
A Mg EFdlo 253 AEZSHY I FFA
2 388 48 ¢ YL FAF ¢ ik

=8 23 119 29 128 B39 A4 g3 WAy
g slAxt 3 Aojd H &t A& S AAE Y217
e AU T2 AL5UE FEE UE F Qo
o, 27 E2a 94 /1% 2A AREE ¢ F dd

3.3 2

B =Rdae 974 vigdd BLDC BV 27 E
23 A7E s AEAH HAE A¢sAct FFA
A AE7C o 2 B ARE £¥ E23a9 7
Aol g3g vA a#d &P HAXE Tatd, &
2 Eon A@ES AiAPozR £S3 AFSHAA Y
FARS AAslE, £=8% 2 AXAAqAMY dFTFE
AaAgoesd TEHO A4S AL £ Uy EF
A& e WHulE FAazt 3o A2l H
sted A4 g AAFHES AS, 600WIE 474 ol
¥ BLDC dE7)9 27 E923a7 43 Art}r oF 2694[%]
AN E23 fFL of 037MKIAE ARES <
g 5 A

d7A4 widd BLDC AF7leA &8 HAe
27 ELAE ARANZ F dou, fFak AN 27
E9Fe Az uwat ¢ Eoa% <o 1901[BIAE A7

oft
os]
.
jw)
@]
=
oft

ga3tath. #gA FFAA A3
AT A AL 3 Z EQ
He 28 EL3 A #¢ 97 %
A AT £ Qe S5 E3d 9
A7 ez, A& fAA FHAA
ok & Aoz Az Hr}, o9
228 9 ngsld AFIHUA &
& 2k % 7PET)) RokllA g7t
719 857 92 ZolA e 7 gE o

N
I~

o o d

1

ox o o
2
B ox

> B 2
9
4Tk 30 N

o %
g

of o

me
do rlo
B

ﬁd__.
e off rR N £ XN o fo

2 o

ol

o off
ol

2 R

oft Mo 4 N o > pl o ot
X

x 2 8 -t

o
&=
v
9!
p

ol

a =2 8

nzl_»

[1] TJE Miller, Design of Brushless Permanent-
Magnet Motor, Clarendon press, Oxford, 1994

[2] Nicola Bianchi, Silverio Bolognani, Mauro Zigliotto,
“High-performance PM synchronous motor drive for
an electrical scooter,” IEEE Transactions on
Magnetics, vol. 37, pp. 1348-1355, September 2001

[3] Kyung-Tae Kim, Kwang-Suk Kim, Sang-Moon

Tae-Jong Kim, Yoong-Ho Jung,

“Comparison of magnetic forces for IPM and SPM

Hwang,

motor with rotor eccentricity,” TEEE Transactions on
, Vol 37, pp3448-3451, Sept 2001

[4] Z. Q. Zhu, S. Ruangsinchaiwanich, N. Schofield, D.

Cogging  Torque in
Interior-Magnet Brushless Machines,” IEEE
Transactions on Magnetics, vol. 39, pp. 3228-3240,
September 2003

[5] Dong-Hun Kim, II-Han Park, Hoon-Ho Lee,
Chang-Eob Kim, “Optimal Shape Design of Iron
Core to Reduce Cogging Torque of IPM Motor,”
IEEE Transactions on Magnetics, vol. 39, pp.
1456-1459, May 2003

[6] Touzhu Li, Gordon Slemon, “Reduction of cogging

motors,” IEEE
Transactions on Magnetics, vol. 24, pp. 2901-293,
November 1998

[7] S.A. Nasar, 1. Boldea, LE.Unnewehr, "Permanent
Magnet, Reluctance, and Self-synchronous Motors,”
CRC press, 1993

Howe, “Reduction of

torque in permanent magnet



F2Y9E (F 0B
19773 99 1594, 20033 Yo A=A
FHEFSHE £, 20059 FEd oisty A
AANAAASF T S8} 20053 ~
@A Atechsolution 7| & QT4 FAAT L.
Tel : 031-350-8174
Fax : 031-350-8190
E-mail : khito@lycos.cokr

P N N 23 )
19739 69 2194, 19999 @t AAF
3 4. 2001 dFdl digkd dv)Fsgt
I ZG(AAD. 200123 ~EA F digty A
AR7NAAAZZE A A, AAAz
ZFAAT L AddT L.
Tel : 031-218-5178
Fax : 031-218-5196
E-mail : yangcom@hanmail.net

SIMAL XpSEY Ao 23 FEXY o E BLDC ST 2Y ER3 MY oAF

Trans. KIEE. Vol. 558, No. 10, OCT, 2006

AW AR )
19561 29 1Y A, 19813 SAdof ArF
g7 9. 19833 F s A7) FEs
E4(H . 19893 4B FAHR by &
AEHE). 1990 ZAUE) AMlag AXE
o] dF4 dAFg 1919 3= A ALF
& A7l 4 dx AdY AddT Y.
19919 ~8 A SSstn AAHFE TR
.
Tel : 031-400-5165
Fax : 031-406-5073
E-mail : bikwon@hanyang.ac.kr

497



