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Basic Examination of Electromagnetic and Thermal Coupled Analysis for
Permanent Magnet Motor based on Reluctance Network Analysis

NIEE A8, A =

ALK REABE LT TERE, Ala i g KR E 5 3E 6-6-11 (T 980-8579)

K. Kawamura, K. Nakamura
Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai, Miyagi 980-8579, Japan

In recent years, a thermal analysis of electric motors becomes more important following an increase of power
density. Especially, it is very important for design and analysis of permanent magnet (PM) motors since
characteristics of the permanent magnet are deteriorated by heat due to losses. To realize a quantitative thermal
design and prevent from overheat, it is essential to establish an electromagnetic and thermal coupled analysis
method for the PM motors. This paper presents a method for calculating simultaneously the eddy current loss of the
permanent magnet and its temperature rise.
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Fig. 1 Schematic diagram of outer-rotor-type
PM motor.

Table 1 Specifications of the PM motor.

Number of slot 6
Number of pole 4
Stack length 11.9 mm
Number of windings/pole 48
Magnetic length 3 mm
Core material 35A300
Magnet material Nd-Fe-B

(a) Division of the PM motor (b)Unit magnetic circuit
Fig. 2 Division of the PM motor based on RNA.
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Fig. 3 Distribution of magnetomotive force of the
magnet.
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Fig. 4 A part of the RNA model of the PM motor.
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Fig.5 Comparison of RNA and FEM results.
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Fig. 6 Calculation method of linkage flux of a
certain part of the permanent magnet.
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Fig. 7 Comparison of the linkage fluxes of the
permanent magnet calculated by RNA and FEM.
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Fig. 8 Electric circuit model of the permanent

magnet for calculating the eddy current loss.

M

[\
(=]

—_
W

Eddy current loss (W)
=)

5 —O0—RNA
0 —e—FEM
0 2 4

Current (A)
Fig. 9 Comparison of calculated eddy current losses.

3. 3 K AR O FE B AEH

ATE CoR D T2 B A AR R & W C, BRI RN 21T
5. L, SAENIEEO D, BaimEREk 2 BIR &
LT, B DA DBINEAS I, /NP RRR P A7 © D H IRER
M TH D E VI KO T TRIEE{T 7. Fig. 1012,
EI#E TR OENRIEE T V2R d . PO I 3E0R, C
EVAE, T, I30KETHD. £, KARA O
P Ry, SVRA~DBEEPIN R, THY, T HITEMRE
A, MREE b, MORGHE A, B TEE d, BAR
E by, BEAWNEIRE T, 2 ANC, RATHREIND Y.

!
R,=1" ©)
1
R, = ﬂ (10
0.25
L, h=1.32(%) (11)

Fig. 11 {Z/: 3 & 912, Fig. 10 DEEKE TV & Fig. 4
® RNA E7 /L, Fig. 8 OERIAMT T /L&A bt
T, RIERGAT CRTS D 2 & T, KAREA OIRE DS IR A
Ty 7T EICEETE S, Fig. 12 (2B IR O BT il 5t
D—flz 7.

I

Fig. 10 Thermal circuit model of the permanent magnet.
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Fig. 11 Calculation flow diagram.
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Fig. 12 Calculated temperature of the permanent
magnet.
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