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This paper proposes a subdomain method for electromagnetic analysis of a spoke type permanent magnet synchronous motor
considering the relative permeability of the core. Based on Maxwell's equations and electromagnetic theory, the governing equations of
subdomains are derived, and the general solution in each region is derived using the separation of variables. In particular, the general
solution, expressed as a Fourier series in both the circumferential and radial directions, is derived by applying the principle of
superposition in the core region. The analytical solution is derived using the boundary conditions in each region, and the solution for
electromagnetic analysis is derived using the derived analytical solution and electromagnetic theory. The electromagnetic field analysis

such as the no-load and armature reaction flux density according to the variation of
The reliability of the proposed method is verified through comparison with finite el
Keywords : analytical approach, electromagnetic analysis, spoke-type permanent

the relative permeability of the core is performed.
ement analysis results.
magnet, motor, subdomain method, efficiency
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Fig. 1. (Color online) Topology of spoke-type PMSM.
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Table 1. Specifications of the spoke-type PMSM.

Symbol Value Symbol Value
12 36 mm a 20 deg.
7 89.6 mm b 70 deg.
7 90.6 mm c 30 deg.
74 120.6 mm d 30 deg.
75 136 mm PO 4/6
Lok 50 mm B, 1T




-240-  AMBEEHQIYS o]87) Spoke BFY FTA V1S HA] L. - AAE - ANVE - A - A Y - A

104 04
B, =——*i, B,=—-—7*i 10
00" ! or "’ (10)

Figs. 4, 5, 62 F-53} oA A4 FA-&0 2 3=
Figs. 7, 8, 9 A4 FAR&o| w2 A7A} vk}g AAIE

A2 SRS fal A9 EE AIZES FEsAl] 21% A&

== wbd Aok &X WhEe 0.0} A5 %00 F s
Z1 25 FAY] A8 uEAE-S 7S 2o, v
< o83 vAY el g s AlRe] ] ol o] &
Aoz et s AFEZHE AbE s e wE

A ARE TRABE, 27] AA 2 EA
7t A Tl spoke-type PMSMS] A7
2 8 o2 Alsdn

>
W
oz
32,
v

o & Kl
}m[hl-
ox
olr

b
A
tlo
)

Ir

Fig. 3. (Color online) Analysis model for finite element analysis.
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Fig. 4. (Color online) Comparison of the magnetic flux density distributions by PMs when the core magnetic permeability is 100: (a) radial and (b)
circumferential magnetic flux densities.

Radial flux density Tangential flux density

2 T T T 04 -
Analytical = Analytical
15 O FE 03+ O FE 4
0o©°
i | J
E E 1
205 {1 2z
@« @«
= = 4
< @ 3
” 0 B ”
= = 1
= =
-0.5 1
-1 4 J
15 L . . L L . L 04 L L L . L L L
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Position [Deg.| (a) Position [Deg.| (b)
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circumferential magnetic flux densities.
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