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This paper proposes a high-fidelity finite element model of a permanent synchronous motor (PMSM) to predict electromagnetic
responses. The proposed method aims to generate electromagnetic responses from the PMSM under various operational
conditions—including normal and faulty conditions—by coupling several partial differential equations governing the
electromagnetics of a PMSM. The rotor eccentricity is considered to be a representative fault of a PMSM, which has
electromagnetic characteristics that differ from the healthy state of a PMSM. Note that eccentricity is the most frequent fault
during PMSM operation. Therefore, the proposed model could replicate the defected torque responses of an actual motor
system. The effectiveness of the proposed model is validated using measurements from a PMSM test bench. Quantitative
comparison reveals that the proposed model could replicate both the transient- and steady-state torque responses of the PMSM
of interest at a variety of operational conditions, including a faulty status. The proposed model could be used to generate virtual
electromagnetic responses of a PMSM, which could be used for data-driven fault detection methods of electric motor systems.
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1. M2
NOMENCLATURE
J = Current Density 2|, 2| 3 2A| sl el cheel Ake] Hofolla] A
A = Magnetic Vector Potential etk oA A7) BE ARgo] WA SISkl vt thefeh A
B —  Magnetic Flux density 71%E & JHAAE 575 E (Permanent Magnet Synchronous
o — Maxwell Stress Tensor Motor, PMSM)= lr’f% ouA a& 4 &9 U=E 2= 44
u — Magnetic Permeability gZoll A71AsAF A S EARE TRt A Eokel A 2
S — Length of the Air Gap with Eccentric Rotor AL Qlk. FAAE F71EE o] tiRt Aol SRl wheh &
A = Air Gap Permeance g &8 4, B2 2E 9 2E A 5 dEitoke] gk At
F _ Magento Motive Force 7F A&A oz AFE o] gom[1,2], YFAAT T HE AR

apo] Z7kelol whet oy R FasH BAR thslm ek
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Fig. 1 PMSM used for experiments and finite element model
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Table 1 Specification of PMSM FE model

Specification Value
Number of slots 18
Number of poles 8
Length of air gap [mm] 1
Diameter of stator [mm] 50
Diameter of rotor [mm] 18
Number of coil turns 10
Coil winding Distributed winding
Remanent magnet flux density [T] 1.47
Type of permanent magnet Neodymium
Type of rotor Iron
Type of stator Soft iron
Type of coil Copper
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Fig. 2 Magnetic flux density profile of PMSM FE model
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Fig. 3 PMSM FE model with eccentricity
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Fig. 4 PMSM experimental setup

Table 2 List of various operating condition of PMSM experiment

Operating condition Demonstration
No load 60 RPM with no load
Speed varying from 60 RPM to 600 RPM
Load varying from no load to 0.4 Nm
Braked brake during operation
Eccentricity eccentric rotor with no load
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APPENDIX
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Fig. A1 Measured current in various operating conditions correspond
to cases (a)-(d) as described in Fig. 7, respectively
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