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Permanent magnet motors have cogging torque due to interactions between magnets and stator
teeth. On driving conditions, these cogging torques cause ripples of torque and rotating speed.
Then, we need a torque analysis by which we design the motors with magnets and teeth of shapes
to minimize the cogging torque. This paper describes the analysis of the cogging torque of the
permanent magnet motor. The torque is analyzed from the results of a 2-dimensional FEM magnetic
analysis, using an energy method (virtual work method), while the rotor position is changed at a
rate of a few angle. The torque is gotten by differential of a magnetic energy analyzed.

The analyzed torque is in good agreement with the experimental torque. This analysis is useful and

can be used for reduction of the cogging torque.

Key Words : Permanent Magnet, Motor, Torque, Cogging Torque
Energy Method, Virtual Work Method, Analysis, FEM

1 B W
EECEEOER TSRO AT Y FHB L . ZEN
—~ X7 V@B~ I BEAENR L CRERRRIC R LT
% o KA MERER RENC ARG ZHN TS
128 . EFREARRICENTY . G SRR Y 20

a & A7 — S ER R TROIDER 5. cne %,

U — 232N~ I 7V AR Y 12 BEEAICELE
L&D LT HEEDMBIERL . a¥ T Mo BRE
T, TOAXVT M2 T—FDOEBI N L2
OEnEEE RS DRAL 25, A UN=FT
AEAEERAZITO TV L ADCE—-2ICBNTIED
XV I MY OFHAIERETHD . SO, EtteE
RE—-IEBHITIAX VY MY BAITR,
DEMIPNEL 725 o

MV OBEEREE U CREICT I AW 2 )VISHE.

TANXRNE (REEBOFE) | BUERE. 1

BLiEBH TSNS,
AT M V2 SRR W =2 2OV B
EDEHLTWS,

R SRR R & W T OROTR A R C
HY | BT L ORISR X B RDD . FLTH

WOEEAEBDHIZ] /20y FORBTO -4
HNEIY NE O EjER U 7 IKBE TR AT -

RKI, aX VT MUIBRCOWTETNDOERA
T, FRATIE & EEBMEDO BRI T > TN B,

2 KA T SO OEAR

BRI ISR AREA 2 AT & & O IR R
OEARILITERS (11, 2],
SmzCo175%2. NdF e BREELESOFTERLGD
BRERHRIERTHY . (1) RELTROHES .
B=u,.H+Br - (1)
ZZIZ, B : WREE, Br: BYWEHEE
et V) IAIBHER, H : BROMS
TI 2 2 VDHERLY
rotH=J - (2)
22T, J R
(1), (2) K&V

B
rot — = J+Jm s (3)

ZZT. mdEHEH EREECHD . (4) RTH
ENd,

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

BARAEM#ESE  Volume2 Number 1 MARCH 1994
B mﬁ;*»??&%cxobwaéﬁmﬁéezmm
Jm=mt;; -~ (4) E&M$ﬁ§?oﬁ&@ﬁ%ﬁéﬁrﬁﬁz&ﬁ;0\

RN MLET Y v VAIZB=rotATHY . (3)

AT B LT OERAES NS .

A
rot (rot -;-) =J+Jn - (b)

(5) NZ2KTHETIE (6) RTHRbENS.
1 d%A d2A

- =
Ue O x? oy?

) = J+dm - (8)

3. BEFILD MV YERET

3.1 BNZR BRI 4O ARG R
EREREO/ MEERRE - ¥ Th Y . BEHEO THiE
BEMAFTY 7 MYy 2 T OB AEEMER
RTHRIETNE L TRBRINEEFATHS .
R1ITTEFNOEETETT o

Table 1 Motor specifications

Type Permanent magnetic field

Number of poles 4

Number of slots 12

Stator core o)) 53.4mm

Length 12mm

Air-gap length (uniform air-gap length) 0.8mm

Rotor OD {magnetOD) 22.7mm

Magnet D 15.7mm
Width 13.5mm
Material Sm,Coy;
Magnetic energy 159 kdim3

Residual magnetic flux density | 0.9T
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Fig. 1 Model of permanent magnet motor (8,,=0 deg, 6,=0 deg)
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Fig. 2 Mesh division of the model
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(b) Distribution of magnetic flux density in air gap

Fig. 3 Results of analysis (8,=0 deg, 6,=0 deg)
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(b) Distribution of magnetic flux density in air gap

Fig. 4 Results of analysis (8,,=10 deg, 6,=120 deg)
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(b) Distribution of magnetic flux density in air gap

Fig. 5 Results of analysis (8,=15 deg, 0,=180 deg)
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Fig. 6 Characteristics of cogging torque obtained by analysis
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Fig.11 Results of analysis with the model for
reducing cogging torque (8 =10 deg, 8,=120 deg)
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