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Cogging Torque Analysis of Brushless Motor
Considering Axial Displacement of Rotor

Young-Woo Jin, Jeong-Jdong Lee, Young-Kyoun Kim, Jung-Pyo Hong, Min-Myung Les"®
Changwon Nat’] University. Hanbat Nat’l University*

Abstract - This paper deals with a cogging
torque analysis of the Brushless Motor
considering axial displacement of rotor. In this
paper, 3D EMCN in combination with 2D FEM
is proposed to analyze the cogging torque
having 3D Phenomenon. And proposed method
is accomplished through dividing analysis
region between 2D-region and 3D-region.
Moreover, difference of both ends of rotor
-diameter is considered by proposed method.

1.4 B

AFae] A 87 L GIFFAC A3 ot A
Exte] EHAAE 7148 AR AM HE71% A%
AZ A2 A2/AA A2 A Addte F4
oltt. AEA} WS =T RRAAR /U4 2¥AA
(Hydraulic Power String : HYPS) W4l A% =
34X (Electric Power Steering : EPS)7F AAd)
YR RANEZN FES 23 vk 279 EPSe A
AT FREAN 2 AY FAZ A& Hgo] HA @
Aot A2 9nA 229 B2 A AFe] AR Ao
¥.(Electronic Control Unit : ECU)% Z2& AAE
o A% ¥4 2 717 sgn fAEA fde] Pad
g8 A% PE 27 FEJNE HYPSETH FaHAo
Holum 4 A7 2 28 A 5o BHEAE ¢
2714 & A4l g+ EPS7} HYPSE WA g &
o223 ¥zt A&stdo(1)-(2]).

B =RdAE A ZZAANEN] aFAGS
Z35l= EPSE BaAd2a 3579 ded 9%
e FTPYEAE HASET. BF 2FAX o AHEH
t AEVY A% B4 JFL ZE A m=AE
2s)zte] f9o] =7 wEo EPS Alxule FEdo) F
8% 89ez gdye IYEZ R EI gFo] Ha
B 5 F AdAscr Fo. ZPEIE Folv Hide
AR B 23 AFE FE Pl ok a8y
277t Eodle AE7)NA ARG nFZATL FWE
of tdted EAXSAER IZPEAI FUIEHA "o},
webA, B =BolMde dA FFAA AT A=A
o FAY & e AAAY} TR FWFP BLA
£ 2wg WE UFEo ZYEIE fHIHAT. =
FE JIA e G7AMY MR F9e HAE o
AL AA BEXE 334939 d4E€ /AE=R o8 1
A8 o] wieA "Wasich walA, At @&
2 A Az F4E dAsd 239 KT
(2Dimensional Finite Element Method :@ 2D
FEM)® 3249  $7FA713 298 (3Dimensional
Equivalent Magnetic Circuit Network : EMCN)
< AYsI Y EZL WHIE HEFH2E AT F
Ae PEE AASAG.

2.2 B
2.1 84 29

2% 12 &4 Zded EPSE HejAdla AFA1Y
duzeltt, AFrle FRE 123/18%%22 FA4H
olglen], #Wg o] 58(mm], HAA 947
46(mmJol®, HFAER 36(kgf-cm), ¥4 FHAEE
850({rpm]olt}. ¥l EPSE& HyA#z d¥719
AL 2 AFFES deEliUAG

2% 2% AEVle AZE(Shaft)E Jehlioh. AF
zeo AZe FAe AA FEAME 38(mm)olH,
HAAe FE FELE 41(mm)Z HAHAUGY. 29
29} Ze] FAAY HE RN F FEeAM
AZE Aol ztzt M2 dE2A dASg

I 1. EPSE EdAldA H&J19 W & A

e % | ¢ @
ApdAg 84V) | & % 8
A4 £% 850(rpm) | FFEZ [sz”;—'com]
o FAA Skew

AgAE A 1.2 (1) Factor !

Stator
;

o

J¥ 1. EPSE EaiAdlA 83J19 HAE

e

N

" 2. EPSE 2AldlA B&I19 A LE

-115 -



2.2 #i4 3y

29 38 AE7) 994 #4434 64 Ade A
#H4-& Jepdigln, & o] AGE A e dg)
£ 221949 AZIEEE e 993 33344 A
2 JHHE 992z ¥elsid S9dEa 2394 A7
B2E e AEVe U3 $EE 2D FEME Abbg
o HgYsigen, 3X9HA ANLEE e HAE]
o] o Y ¥¥E 3D EMCNE S AMS3e a3y
o ol3A I9YE ANY AAE 2P ded BE
A48 zeistgd 2D FEM 314 239 3D EMCN9
Ay 2% FYotd FE71Y AA P EAE A4}

4t

B sy ALgE HEVY AR F7AHe oOF
Az ¥ geg dFANeR 19 4= 3 Y o
FAEe AREFXE Vel aold. 7N Ao
vt e $Eo AMEXE WHE Dead Zone Angled)
g ¥23, olE 1A INEAE HHIHUD(3).

a¥d 5 (a)e AR 7N 2771 i3t 7Y
€ vehiet, x93y 277 ol R
de 48 3x4d EAE gdIsio siAstojop x|t
2% 5 (b)) Zo] 7} 8] AFe wes &Wgo
2 4438 #3x¥ 2249 29z 1381 2D FEMS
2 488 4 9o, gy 2309 27 @4 g4 »
S @ 7o &ElolAz UFol ez 1 AE B
T S35 A4 g4& medsAg4).

DEMOfH e

& fé —f
2D FEM

é{ FE ”@vqﬁ =

3D EMCN
q% B

skew Offset

$
JE 3. Z9E s Y | G4 20 g4

3

Ke\r}“ offset

Dead Zone Angle

() A7 8 2¢
J8 5. AR 28 ¢ 2X& Site

(a) 2R 29

2.3 s dnt
2.3.1 2D FEMZ} 3D EMCNS®| 84| 2ia w2

2D FEM# 3D EMCN9 &4 Z=%g vz JEs
< 3D EMCN< °[€% AF79 d4d da e84
€ AFdd. 2D FEM 8M 24& 23/3%%¢ =
dysigon AAR FrlHez §UY el BF
He 34 xd& F4sdt. 1¥9 62 3D EMCN &
A 2d2A4 2D FEM @4 29Ad 25/3¢%8 B
dysidon, Mgy BLo2e A& 24 ge
24& Fo 234 #4373} I =@ L dHsA 4
Mot 28 69w 3T FAdAMe WA By B
9= BAAEY W¥ 2D FEM #4 Zse} 3D
EMCNel 314 258 vlasint. £¢ 29 7dMe
FTLE AN AL BE A5Y= BwBEd o
stal 2D FEM3 3D EMCNS® {25 & ¢ msg
o ztzel 34 AstejM 2D FEMS] 814 Ass} 3D
EMCN® {4 A7t o4 4@ ge 713 & 4
fek. @A 3D EMCNE ol 8% HEr] EAsA e
g@24E #sien, A AL E gt gd
d2 2D FEM# 3D EMCNoZ o] #Hof 7%
#e d 4 Uk

T8 6. 3D EMCN ofid 29

¢ FEM
EMCN

“60 70 8 %0 10 110 120
Mechanical Angle [deg.]

g 7. 82 U485 e

: : ©  FEM
0.34 Co & EMCN

pL A

60 70 80 24] 160 110 120
Mechanical Angle {deg.]

J8 8 B2 NAYE BE

- 116 -



2.3.2 IRy AFZEE DB M 2N

2% 9% 1% 102 2D FEM® 3D EMCNS9| 34
< A¥sd =3IYEI ZL ANAZ AuiA g
peak-peakg9] #3E& Jehidct olw AZES] A
Ag vz A, 18 9v 9% YV ¢ 44
X Dead Zone Angled] #Hije] w2 27 3 o
A71AA QA e peak-peakd W E vElRoH,
Dead Zone Angle°] 27818 aZ gAY 234 74
& 4 4 dok. 2% 102 Dead Zone Angle©] 3°
(NNAZ)L Ao &9 8o mg 37ea g =
N4 dgxie] WEE Vel Aoz, ifor W
A7 A7l 2R EA} AYF e g Frked.

2.3.3 [JyH AFZEE u2d 6y 23

g 1139 28 128 AbzEeEd Aol Aoy,
AAZEQ R Eo] HAAY AU FuoM M2 e
ZASol A 4 Aol ad 112 4% 1Y)

£ AeolA Dead Zone Angled ¥&o] wg 37
Ex g A2 A4 iR e peak-peak g9l WIE
eniglen, v AAZEE e 44 A} v
£% 37l 27 EAE 71X Dead Zone Angled] wt
2 37 sl F3= 543t 19 12& Dead Zone
Angle°] 3° (Z1AIZH <Y A £ 34a W g =
A9 HEAE JeUh Al A3 H AAZE M 2
AEA Wale) ol 4% W) Bold$E 3RS
7V EUbsten, ER Eukgre] Wb dohvte W
o @IME L= TAEAY A7 AE2 E2H
veigon 293 e AN RAYSA €A
AIZEE AMER AR 2F FL aZEA G4
Ak

3.2 B

BeAdga AF7|Y 9 e w2 IEA &
g 233939 AVEEE JAE AErle 2 BB
rE 2D FEM #i4 & Aesha, 334930 A7 EX
E /e g% B9 3D EMCN #iM & ol &3l
of i etgct. 4 A3 Dead Zone Angled] F7iof
wel ZREIe A, 0 HYst ALSFE =
AxAzE F718rEc. =3 A AEH Fh A
ZE Ago]l ey 9% dd47 st wgd
gME BPEAY ariz gexE AL A $ 9
KXt ol el AReA HAA FFANo] 277} Sl
Qe AE77 2 A0t dysd FdA oz 27
Ezvt 3A 7389 AErle E3PES oplg +
sleng HAEr AzZA Fevl sy, &g 0%
Welol UE 3ANEAR AAEAE M) oM B
E=EgA Ajgte 2D FEM® 3D EMCNE Z#3 &
Awdo]l 88 oz AlRET

#H3n g8

(1) 4<% 2167, "EPS%® Rack Assist Type HjAlglx
AF7 AA", digrEo| g2 B - FE - LAY FA g
B =&#4, pp.165-167, 11, 2001

(2) 23X 9 3¢, "R-EPS$ HAldlx AFrle] 44 ¢
a4, A AEAe =8, pp.435-440, 2001.

(3) Jin Hur, Dong-~Seck Hyun, & Jung-Pyo Hong "A
Method for Reduction of Cogging Torque in Brushless
D.C. Motor Considering the Distribution of
Magnetization by 3DEMCN”, IEEE Trans. on
MAGNETICS, Vol.34, No.5, pp.3532-3535,
September, 1998

[4) J. S. Won, etc al..Analysis of Skew Effects on

Cogging Torque and BEMF for BLDCM®, IEEE IAS
Conf. Rec.. Dearborn, MI, pp191-207, Sept., 1991.

010 —— - 025
2] Cogging(peak-peak)
BN Co-Energy(peak-peak) z
: g
Z
< 2
Q006 e 4 0,46 O
m
g 5
e 2
@ 0.04- 2
& - forsd
]
L3
§ 0.0244 by
=
0.00-

]

1 2 3
Dead-Zone anale [deq.}
8 9. Dead Zone Anglel & Ht
(HIXEH AZE 33)

0.10 0.25
L3 Cogging(peak-peak)

WRRR Co-Energy(peak-peak)
; 4 0.20 4
'g Q
z e | g
é Yo'-3 PV SR 1015 &
5 2
7 0. 010 €
§ %
. 005 <&

0.00

0.0 0.5 v 1.0 15
Z-Axis offset Lenath [mmi
28 10. Dead Zone 3°0lA &HYWE S IE 2

(HIXEH MZE D)

0.10 0.25
23 Cogging{peak-peak)

N Co-Ener k-peak
0.08 4 ovlpealpeak) 020 =
£ g
Z 3
g 0064 - - e- SR | 0.15 g
g . m
s 2
2 Jo10 €
g 3
10058 &

0.00

0

1 2 3
Dead-Zone angle [deg.}

28 11, Dead Zone Angle0l HE 20t
(RIS H AAZE D)

0.10 0.25
Cogging{peak-peak)
- i k-peak
0.08 Coknergy(peak-peak) ] 0.26 g
’&’ Q
z 3
G 0.06 - g 40.15 &
g o
S ]
2 004, {o10 €
§ ¥
0.02 4005 <o
0.00 = 0.00

-1.0 05 »;'0 6.5 M;.O
Z-Axis offset Lenath fmmi

8 12. Dead Zone 3°0lA &Y S 12101 THE 23

(e AZE 1)

- 117 -



