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Reduction of Cogging Torque in Permanent Magnet Motors

Takao Yabumi
Research & Development Lab., Daido Steel Co., Ltd. 2-:30 Daido-cho, Minamiku, Nagoya 458-8545, Japan

EPS (Electric Power Steering) enables an increase in automotive fuel efficiency by 3-5% and contributes to the protection of the
environment by eliminating the oil medium used in conventional hydraulic power steering. For this reason a sharp increase in demand
for EPS is expected. Permanent magnet motors are generally used for EPS but a reduction of cogging torque in these motors is one of
the challenges we face to ensure safe and comfortable vehicle handling. In this paper, magnetic field analysis was conducted on
brushless motors with radially oriented ring magnets to find effective ways to reduce cogging. Through the investigation of the

relationship between coercive force distribution and magnetizing waveform, it was confirmed that the following methods were effective

in reducing the cogging torque.

(1) Optimization of the skew magnetization angle according to the coercive force distribution along the axial direction of the magnet.
(2) Control of the magnetizing intensity along of the circumferential direction of the magnet. ‘
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NEOQUENCH-DR T/ L— RiZ ND-35HR THh5. T
DN, ITVTIVANCEAERTSY 2 THAT,
BRIV F—FE3H 300kJ/ms3 TH 5.

AEFFIZ IV 2 ND-35HR ik D370 % Table1 IZT7RT
AEBLOWEZ 39mm, 33mm &L, &S 25mm,
50mm HXN, T0mm D 3FEEE L. BT RILF—

23

NI | -El ectronic Library Service



The Magnetics Society of Japan

Tablel. Desired and actual specifications of ND-35HR. Lish, BEHERTIE, EEEE/RD C ME D AEE
RO E H3200kA/m &755 &K D ITHEG L& I —2
Outside diameter (mm) 39 BOF v v 7 E—EEL, RS 2 ERNIEDAREC
- B T ) _ R
Inside dj.ameter (mm) 33 /n\Fﬁ, Bu.\tD,. FE"ini, mﬁ&%ﬁffa 7&0):\:)(' /7
- (cam) 95 50 P X517, AEE CHOMRBIHST 2AES
il : WAL ST 5. 75b, BREHD 7R
Material NdFe'B 3000 F, BRAEIE 1800V DA&H F TR — 2 2L,
Residual induction Br (T) 1.16-1.30 ERUE T 1
Coercive force HCB (kA/m) 880-985 AF 2 —EOBESR% Fig4 \RT. AF 2 —&S
Recoil Permeability , 1.05 WA IHEIZENT, BAEOHNKEEY DA0EE A+
Maximum energy product (kJ/m3) 270-300 —AES, HEAIRNZS BIIRETE T 5 HETH 5.
% e 3, OB, HE»S
Density (Mg/m3) 76 Ehik c}ﬁﬁbf ﬁi&ETCbi S?jt N®EBOERL, fIE»S R
BEEBOEZEETHEBRERD.
1000 . — r
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Hm=3200 kA/m
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Fig.1 Coercive force distribution of ND-35HR.

Fig.2 Initial magnetization curve and demagnetization
curve of ND-35HR.
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Fig.3 Magnetization inclination.
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Skew angle

Slope of skew pattern

Fig.4 Schematic diagram of skew magnetizing .
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Fig.5. Temperature dependence of irreversible
flux loss of ND-35HR.
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7 15 TH5. EPS E—F T, AFT7Y 27 IHEEED A
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Stator

Fig.6. Structure of 6-pole 9-slot motor.
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18,20,22 [ TOERNEZ/R Y. HElIAF 1 —AE, HhldsRD
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Zlizkn, aXEI T Ly @fiﬁfﬁkﬁ‘ﬂﬁg i, distribution and another pair with half distribution).
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Fig.12 Influence of coercive force distribution
Fig.9 Coercive force distribution (1) of two pair of on cogging torque (2).
magnets stacked in the axial direction with lower
cercivity ends put together (one pair with full

distribution and another pair with half distribution). 3.4 R¥1—BEPEIRE XY PVY
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e ' - — RN TG T, S s N BEOBIEN, RIED S
g o RaE, <Ope UREHSE 1 SET 8T 735,
5 ° b 7 BIA 0 AN LG T, S Bie N BiOsEE
- v 2, WS RS E ZF RS LIRT, 208 2 5
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o} - S WA S FIRIORHE Y IG5 880KA/m, i
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U T, a7 RV NEL /5. EISICHRAF L —AET
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DENTE, WEEINDAF 2 —MEHENSN T L ENSHE
FMET 220, BETREWENSZ NI EBMER L. KT, [HHR
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(a) Normal model

Fig.13 Schematic diagram of skew magnetization patterns.
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Fig.14 Influence of skew magnetization pattern
on cogging torque.
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DY, BRI AW ’VY DEnAI kT 22 A
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30 EITHIA T 15 JETHIIRIEET B EHMETES. 5
[FIFEHEER L 72 A 2 — A% 15 TERAERAE 6.3 DY,
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DI, AF T MIVDENOREET AL & o727z
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IZEWES DE LB T EAMEEIND. BRI AR
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— 7 BN EIC K O FEBTE D EEX S, £oT, T
NSDOUEEHINT 2 Z EICX D ERBEIFE T LY
EHNTELEEZD.

MBS, ORI UT R E BT B 25—
AR LT, DL OFERKERDF v v TiI2H
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i, KT, BERAE 63 EETH I &IZLD
AFa—ME 15, 30 ETIAX LY ML &GS B2
EINTEDEHEZ D, 3517, HIREELIH DAY, AEHUE
FERNTERAF 2~ AEOERDAF 1 —AETHT
FT INGRANREFIFTIUL AFa BT LS
HHETAVDILNREET, KaF 2V MV EEBTES

Stator Magnet

Fig.15 Structure of 4-pole 12-slot motor.
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Coil: region 4

444P ,,,,, )

: ion 2
Shaft: region 1 Magnet: region 2 LELS

Fig.16 Analysis model of 4-pole12-slot motor.
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UKL VY E A 2RO, HRERMAE R/ A B ST e
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HEE TR0, BRAERHATE LR O ML BN ST, E
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torque and skew angle.
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Fig.18 Change in cogging torque pattern with
magnetization inclination angle.

6. &8

EPS T2 &Ik SNBMHRETH HEHREREZHNT, 2
¥4 MV EERREAC DWW TRETL, NEOQUENCH DR 47
LT, RFa—Ei, ERMERIEEMTAIET, KIFT
MV B8 BEBETEB I ENHh o7z, FEH EPS T4 T,
aELT MVIERERKHZ, MVZ U TR, &gk
XNB. ARCTINTOZRLD, B E ZNSOMHEED
BHEIAENS D, B—YERIHRIECT, ENTNOHIRNT
Bt s linky, BTy EFHTELEERS.

A TlE, NEOQUENCH-DR #f % 7z 6P9S B—F1ZH
W, WEE S ARDIRENIEIR U AF 2 —AE, AFa—
A REL TS 2 izk, KAF T MV E—F EFEE
TEBI LR L. 3512, NEOQUENCH-DR i#ta %Rz

4P12S T—FIZBWNWT, B & U TEER 2 R
2F a—BEHAEERZEICKD, EaF T NV
B EEBRTELZEEMEELZ. LMLIAS, it
LT, SRR EETHBETE T NI LN
5, BSAFHICBTERNEDH D, 8% =Kt
FRATIC X D BRI BE L E X B,

BRI, AROFRL, EERTRLISHINGD
DELTHFTEDEEZTNS.

W OABERICBNT, WICHRERT RINA ABNWTE
W ) 1 R—EBTFOFNKRE, FHE—K #a
OHREHIEZE L T2 B 71 R—ETONEH#®
—KICEHOERET 5.
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