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An axial-flux-type switched reluctance motor (AFSRM) has flat shape, mechanical robustness, and heat-resistant, which are

suitable for in-wheel direct-drive-type electric vehicle (EV). In a previous paper, an in-wheel AFSRM for a compact EV was

designed and prototyped. The usefulness of the prototype AFSRM was proved, while it was pointed out that the measured torque

was smaller than the calculated one. This paper investigates the causes of error and presents countermeasures for performance

improvement by using three-dimensional finite element method (3D-FEM).
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Fig. 1 Compact EV with in-wheel AFSRMs.
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Fig. 2 Structure of a prototype AFSRM.

Table 1 Specifications of a prototype AFSRM.

Exciting voltage: 72V
Gap length: 0.3 mm
Winding turns / pole: 99 turns
Winding space factor:  62%

Weight: 14.4kg
Weight including case:  32.3 kg
Core material: 35A300

N
Holder for rotor cores

Fig. 3 Configuration of the prototype AFSRM including

holders and housing.
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Fig. 4 Lamination of rotor core.

Laminated

Fig. 5 Lamination of stator core.
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Fig. 6 Comparison of torque characteristics considering

(improved 1) or ignoring (previous) the core lamination.
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Fig. 7 Comparison of torque characteristics considering
(improved II) or ignoring (improved I) the eddy current in
holders and housing.
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Fig. 8 Eddy current loss of each part.
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Fig. 9 Eddy current distribution of the motor housing.
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Fig. 10 Flux density distribution around U-phase stator pole.
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Fig. 11 Eddy current distribution of the outer-ring.
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Fig. 12 Comparison of torque characteristics considering
(improved III) or ignoring (improved I) the eddy current in

rotor laminated steel sheets.
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Fig. 13 Comparison of flux density distribution around
U-phase stator pole when a stator back yoke thickness is 7.5
mm (top) and 12 mm (bottom).

RSN R, ZORNWBRIE, Ny I —2
TORNMERBFNEN TS Z &b, Ny 79— &5
< L, BERBFEFEfT 5 2 & TIRABEHE - T, 7
U7 OWEREDKT L, fERANERE X RV R
RS ETLEEZLND. 2T, Ny s IA—VEE
fExLH L7 FEM E7 VAERLL, bV OUEESHFRIC
ONWTRRGEEER T2 72, 7eds, Ny 7 a— 7 EERBNE iz
DT ANU VT ORI & S, T— X REOEKIL
—EL LT EI T,

Fig. 1812, Ny 7 a—J7E%RA/EH L F L 7.6 mm &
L7256 & 12 mm & U736 OBCRIE 5341 O Hoigs % 7
T IoOMERDLE, Ny A=V EEET LTI —Y
DWEHE LM T L, BB R STV D DA D7)
5. Fiz, Fig. 14Ny 7 a— 7 BExfix B2 7285650
NV T OMETRBO LA R Ny 7 I — T JE R
L, BB 2480 L= 2 & CIRIVRERNR Y , 7 OfE
WEFEAREIRR L -2 e R TSNS, —FHT, A

Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020 65



N
(=]

——7.5mm(Base)

—
=
: 30 - -o=8.5mm
173
= -= 10mm
E 12
5y | |eelpe mm
2 20 | o
| -
3 -
& 10 - ’
=
= - a
________ " a
0 -
0 50 100

Motor torque (N=m)

Fig. 14 Comparison of eddy current loss of the housing in

various thickness of the stator back yoke.
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Fig. 15 Comparison of torque characteristics in various
thickness of the stator back yoke.
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Fig. 16 Comparison of torque weight density characteristics

in various thickness of the stator back yoke.
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