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Modeling and simulation analysis of
Permanent Magnet Synchronous Motors with interturn short circuit fault
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[ Abstract] Permanent Magnet Synchronous Motor is widely used in life, especially in electric vehicles, because of its small size,
good performance, simple structure and large output torque. The reliable and safe operation of motors not only affects the quality of
products, but also affects the safety of people’s lives. Modeling and simulation analysis of PMSM stator interturn short circuit fault
( SISCF) is the first step of fault diagnosis. In this paper, a detailed mathematical model of SISCF of surface mounted permanent
magnet synchronous motor (SPMSM) is established in abc coordinate system. According to the mathematical model established by
the fault, a simulation model is built under Matlab/Simulink to visualize the fault characteristics, and analyses are made in time—
frequency domain to provide reliable basis for SPMSM fault diagnosis.
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Fig. 1  Winding schematic diagram of interturn short circuit

permanent magnet synchronous motor
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Tab. 1 SPSM parameters
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AHHEFE R, /Q 1.5
AHELE L, /mH 1.725
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Fig. 2 SPMSM bang-bang current vector control
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Fig. 3  Comparison of torque responses of two models under
normal conditions
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Fig. 4 Comparison of torque responses of two models under
normal conditions
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Fig. 5 Comparison of current responses between two models under

normal conditions
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Fig. 6 Torque response with fault
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Fig. 7 Speed response magnification diagram with fault
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Fig. 8 Three—phase current response with fault
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Fig. 9 Short circuit current i, response
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Tab. 2 The relationship between velocity harmonic component with

n
T R 1B
n/%
0 1 2 3 4 5 6
10 2999.43 0.00 0.56 0.00 0.02 0.00 0.00

8 2999.53 0.00 0.35 0.00 0.01 0.00 0.00
6 2999.64 0.00 0.35 0.00 0.01 0.00 0.00
4 9997.50 0.00 0.23 0.00 0.00 0.00 0.00
2 2999.87 0.00 0.12 0.00 0.00 0.00 0.00
0 2999.98 0.00 0.00 0.00 0.00 0.00 0.00

H: g,y = 3000(x/min), f, = 150 Hz, T, = 10(N - m)
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Tab. 3 The relationship between velocity harmonic component with

speed

load
L) Wk iR (i
/(N - m) 0 1 2 3 4 5 6

10 2999.43 0.00 0.56 0.00 0.02 0.00 0.00
2999.61 0.00 055 0.00 0.02 0.00 0.00
2999.86 0.00 0.53 0.00 0.02 0.00 0.00
3000.18 0.00 0.52 0.00 0.02 0.00 0.00
3000.52 0.00 0.51 0.00 0.02 0.00 0.00
300090 0.00 0.50 0.00 0.02 0.00 0.00
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Tab. 4 The variable relationship between open—loop, closed—loop

and velocity harmonic component

ividagdl 0 1 2 3 4 5 6
FEF IEH 599.98 0.01 0.00 0.00 0.00 0.00 0.00

i f% 600.00 0.01 2.74 0.00 0.00 0.00 0.00
¥ 1E% 600.04 0.00 0.00 0.00 0.00 0.00 0.00
% 599.94 0.00 0.10 0.00 0.00 0.00 0.00

TE: g = 600 (r/min), f; = 30 Hz, T,, = 0 (N -m),n = 10%
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Fig. 11 Relationship between i, third harmonic with speed
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Fig. 12 The relationship between i, third harmonic with variation
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