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In the rotor of the interior permanent magnet synchronous motor (IPMSM), leakage flux that cannot link the coil of the stator
among the magnetic flux generated by the permanent magnet (PM). Among the rotor leakage flux generated in the IPMSM, the 2D
component passing through the rib can be considered through the 2D finite element analysis (FEA). However, in the rotor leakage flux
of an IPMSM, there is a component of a 3D path that cannot be considered by a 2D FEA. This 3D rotor leakage magnetic flux is
generated between the rotor core regions separated by PMs, and its path is 3D through air, which is a non-magnetic substance located
at the upper and lower ends of the rotor core in the axial direction. In this study, a 3D FEA model with an axial air dummy is proposed
to analyze the cause of 3D leakage magnetic flux in a IPMSM and to accurately consider it. Also, how the calculation result of the 3D
leakage magnetic flux according to the height of the axial air dummy is affected was analyzed. Finally, the effect of 3D rotor leakage
magnetic flux on no-load back electromotive force and cogging torque was confirmed through comparison of 2D FEA and 3D FEA of
IPMSM with specific specifications.
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Fig. 1. (Color online) Comparison of rotor shape of surface PMSM
and IPMSM.

Rotor Core
Path within the

magnetic core

(b) Rotor of IPMSM

w19 E BTN AE7)N AT 379 A FAAE] BE AT - o)4T - 28

oh AR GFAR 7ol BE AR 219
A NFH s7F F 2A T FAPIAIR] SRR} F00)
A3, 0] = F WA 155 Alele HIRMAIR] F
712 M= EeEnt olek 2] Fig. 1(b)Y] WiNE AR
As71XE A 9RIgE FTFARY] B Fo] Aol
z27] F BAMAR] 37 Zoj2 ME AZFE
o|9} e o zlo|R FHREY A T =
AHT FTAE = Tt FAAE0] A BAlEkR] ek vt
A, w4E G7A HAE71Y QAT FTARIE Al
et A7) Ao WAt

w9y IR e 7)Y A} FojollA LAY A
S Haslslr] 91sled, Fig. 1(b)ell VERR Az o] o
TAY] Nl Hale 332 2o Y97 S5l Hehke
3|7z 7o Y9 ribdlal BEle 99S B AZ"Th
RibS] FAI MigE A HE719] 33A; 2o UlellA
Ak R0 oF Alelolle vig|l@AZE EAlgict. 12
Al ribe] FARE Fo] EPES 918k el FEolA e AR
7} 31 el 9t ribe] 7IAIHR] TS} SEEE H
A FARE A" A og widly A HE71
rib G2 27|33} Fof vixpPdA e} HIS=SE o] BIFA}

Magnetic saturation

| ——
LA S

Rotor Core
tx

Fig. 2. (Color online) Magnetic potential difference in rotor core of
IPMSM.
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Fig. 3. (Color online) 3D leakage magnetic flux in rotor core (3D
FEA result).
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Fig. 4. (Color online) 3D FEA model to consider 3D rotor leakage
flux.

Table 1. IPMSM specification for 3D leakage flux influence
verification.

Spec. Value Unit
Number of poles 8 -
Number of slots 12 -
Outer Diameter of stator 100 mm
Outer Diameter of rotor 60 mm
Air gap 0.6 mm
Stack length 25 mm
Size of PM W18 x 2T mm
Magnetic residual of PM 1.2 T
Thickness of rib 0.5 mm
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Fig. 6. (Color online) Comparison of the magnitude of the no-load
back electromotive force according to the height of the axial air
dummy.
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Fig. 8. (Color online) Comparison of 2D and 3D FEA results.
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