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Minimization of Cogging Torgue in Permanent Magnet Motors by Stator Pole Shoe
Pairing and Magnet Arc Design using Genetic Algorithm
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Abstract - Cogging torgue is often a principal source of vibration and acoustic noise in high precision spindle motor

applications.

In this paper, cogging torque is analytically calculated using energy method to show that Fourier spectra of

airgap permeance function and airgap MMF function are the most important design parameters to control cogging torque.

To control these functions, stator pole shoe pairing and magnet arc design are proposed to minimize cogging torque.
for optimization technique, genetic algorithm is applied to handle trade- off effects of design parameters.

As
Results show

that the proposed method can reduce the cogging torque effectively.

Key Words :

.M B
27 2ot 97 AN BH Yol ¥l wY EL ARy
A7 BE Alage 27 YA 7} &] ol oA o

etz A4 BZel YA o] Y& R Aok Fuglol

sizel AT AH wgRe e YU HB ol
Gl B Be ASURS Al vdsel ¥y
#7) ELAY 9% Eea WEE BLDCEEHS &1 W¥E
3 Aol e AR wA wHA AEs A5

28/AEe Fhoz AgEIIE Pl

Zhull)es 242k Qo] Fdo) #Hgehe 7 oleA
o SN, 1 Y ARFonM MY BOAF o
oz ek w3 ugA £ Lo 77
AYg BEUAY £F LEE
AZ F Qs AdE dha o
¢t MMF?EHFE olgw mq ol o A N Wl
interpole°] 17 E2A& A#AZd 4 QFE HoAFAt
Park[3]& 37 Eoa AL & nzge 3}]“2 o] g3 A
A4 gl AF AAE st Ao olg ol &4
7} 3 o) Yaoldle A oldgel °§ Fe HEHAAA
27 OELAE ’1 6}{:— W glom Hwang[5)
~okzo] g * 9] H]7} ﬂ’& ‘Ei"lc’ﬂ )
Qe aMsta o sAw A+ AaEd o

Sakabel[2]2 #wjel 2 ¥

2y flo

-
t

or ﬂ-lh'-l

ok

x 0L # £ 1 (B LG DAC BreERT sl

= 0b E B BUrA TOR BERGEIE DR 1 e

sxx gl @8 0 BULK 1O BERK AL BhEGR - T
sz TIF 0 2000 7)) 100

120017 111 1511

FOUA LD2FE 0B LFAU4Y 2E{2] THX ol HOE 3 XY IFL Mo o 7Y E23IS MY 4

airgap MMF function, airgap permeance function, cogging torque, genetic algorithm

31 HA BEEe] 217 Bz AP HAC ALE 2 5 9

v 7HeAdg AASEAE T Aol Ykl HAIYY
°ﬂ EHEHHV— AFsra UA °Lf3r

A, ohele] Hah AEL A oqF AE
of 71zste] i | A °J 1Y F
I HollandOil ols) 1973x1el 7II'd¥ A H(globalQl # 3}
gugEor, ouE EAE Fo3 AH/RE T Y=f(x)l
g 7h *i?}‘?} 3 xH T 2o Y HHE gy
Folgk & & Uk o] dugse A9 AHHE wEg
BEo] mw, HEE 4 (fitness function)o] e #84 #)
ofo] ol gl AUWtAE AU o] ojvl AHFale] HAA
Aqx Fapztojut MY, FHE F oI FEd HE&=H
AT,

B widAe duAYE o83 3 Eea Ak
Zyd ANE Z3d WA 229 H;ﬂo]x}
o} wE oe X @) Eex AR AAE
e Aoy H AN H3:E A °"7?4%5*f
HA MAAForH 317 Eg vt FRAey 728 F 9l

& HolgEt

SERREE

(genetic algorithm)-&

aLe)

2. 3 EAL Oo|2H A

A7 ELAv AV ¢ & of Ay A AF
’&&%101 2‘*3?5}3" =] walFojnz ouyxye o &3
o H#Eo] 7hgdich Gy e AE AqURAE F
o] =23 °ﬂL1 o] Bla] FA% wE Fornz oz 4
F5 MMF #4=(airgap MMF function) Fn( 8)3% 33 3in)
el g4 (airgap permeance function) P(@)2 %8 2(1)3}

2ol e 4 gl



ERPFRE 5B (% 20024 18
WD~ WD) aiar= o [[P(O) - Fu(8.1dV (3
airgap 2#0 Y m ’

A7NM o, 6, 2 ot A% 719 A4S, 53R 3
A7 2 4R 9A4% et F39 377 94
St b4 shel, B3 MMF #59 #5 sinda g4t

4 (@2), H o] xFE F Uk

F,(6,0)= - p( 0, a) (2)
Ho
= Fo
P(6) = z G(8) 3

o714 g, B(O, a) B P(O)E ZZ F739 Ho|, A=
FERdAe A5A% 3F(flux density function) T At &
= Hujd2x g (relative airgap permeance function)® 4
el Ao 4(2), )& didsln & Wkoz HEF

WA @E Qe 4 A

W(a)airgap: 2L0 * Ls *

1 o 2r (4)

LR-R) [ 6o - B0, 000

o71A, F FHAA BEle A= R =R, Ry=R,

ola, W A BE Y F9t R =R, Ry=RlH

Ls, Rm % Rz 22 4% Zel, dva4 97 9 n4x

Wde debdd. GX6), B*(8,ax= Felol(Fourier)
FrE AAsE 246G), 63 o) vekd 4

A

G 9) = ’20[ Ga,y 08 N5+ G, sinnNsO)]  (5)

BY6,a)= nzo[ B,y cosnN{ 8+ a) +

®)
B,,M,_psinan(ﬁ-F )]
714 Ns 2 Npi= & £8 e
7 ELAY F5 ol B FAF oA BExz A

oz, A (5), A B 4 @ ddF 5 AUAE 3
A7 e dis] AnEste F3 5 v AAsS
3o ol 83te] HuEletd Y BEea: A (¥ 2ok

2k

_ ama)aira

_ _ L57l'
Na)= da -

4py
nZOnNL[ Ga,y, Ba,y, sinnNia
= Go,y, Ba,y, cos niNpa
+ GanNL anN,_COS nNpa
+ Go,y, Boo, sin nNal 7

(Ri~RD -

9 7) A N2 Ns9 Npd HATuigolth i3 RE9 7
G % B 7t EF ¥ gAH, ol
o Boy, 7t BF 001 B2 4 (D& Al 4 @3 2
o] zters] @@L

Lsﬂ'

Na)= (RE—FR -

Auy ®
2:() nNp Gg . Ba,y sinuNpa

A7), (B9 Bi veh o] B EQAL By, Gy &
Aogonm U & gdd dFAN o o) AA, 7
A4 A2 e A 5 By, Aol AAwgeln, 13

e % 4A, wFA A Ho]H(stator pole shoe pairing),
13 )}

N
D)
paca
g

% (stator pole shoe notching)E-& Gy, # o]
AAR el EI 8% 95 Fn L odiY EEH FE
E N & F7MNFozM o i9ds Gy, ¥ By S o

AAI71E AA Yot

a9 1% B 12 2 =®eA 2R3 AR A F
Hat7l st A mdo) s Ade vdehia o

a8 143 688 S 3™MAE BLDC BE
Fig. 1 A 4-pole and 6-slot internal rotor BLDC motor

k3 13y 2o M
Table 1 Specifications of the analysis model

Parameters ‘ A 4-pole and 6-slot
internal rotor type motor

Airgap Length(g) 1.2 mm
Stator Radius(Rs) 17.525 mm
Magnet Radial Length(fm) 6.8 mm
Number of Poles(Np) 4
Number of Slots(Ns) 6
Stack Height(Ls) 100 mm
Magnet Residual Induction(B:} 04 Tesla
Pole-arc/Pole-pitch Ratiol & p,) 1
Relative Permeability of Magnet( z,) 1.056
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