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Interturn Fault Diagnosis in Interior Permanent Magnet Synchronous Motors Using
Negative-Sequence Impedance
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Abstract - Fault diagnosis is important due to the increasing demand of using interior permanent magnet synchronous
machines (IPMSMs). In particular, an interturn fault is one of the most frequent electrical faults in IPMSMs. This paper
proposes a fault indicator for diagnosis of interturn faults in IPMSMs. The fault indicator is developed by negative-sequence
impedance. The effectiveness of the fault indicator to diagnose interturn faults was verified through various fault conditions.
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Fig. 2 Simulation model of FEM
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Table 1 Specifications of PMSM model in the simulation

Parameters Values (Units)
Number of pole pairs 3
Input voltage 220 (V)
Rated output 2.2 (kW)
Rated torque 7 (Nm)
Rated motor speed 4500 (rpm)
Rated current 11 (A)
Stator resistance 044 (2
1 2
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1 2
x, = §<xu +a xb+az0) (M
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Fig. 3 Positive-sequence current and voltage under 3 /Vm,
3000rpm (p=0.25 in the case of faults)
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Fig. 4 Negative-sequence current and voltage under 3 /Nm,
3000rpm (u=0.25 in the case of faults)
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Table 2 Specifications of PMSM

Parameters Values (Units)
Number of pole pairs 3
Input voltage 220 (V)
Rated output 2.2 (kW)
Rated torque 7 (Nm)
Rated motor speed 4500 (rpm)

Rated current 11 (A
Stator resistance 044 (£2)
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Table 4 Fault indicator with varying load torque

A @AM, p g A, R (2)

g 0 ©

a1 0.042 2.138
2 0.042 1124
g 3 0.042 0597
z 4 0.042 0.366
I 5 0.042 0.214
iy 6 0.083 0.597
g7 0.125 0.597

1 Nm 2 Nm 3 Nm 4 Nm
= 1 1 1 1
aE 1 0.7745 0.6133 0.5546 0.5169
% 2 0.6335 0.5219 0.4820 0.4689
a7 3 0.5702 0.4670 0.4428 0.4160
a7 4 0.4014 0.3292 0.3089 0.3051
1% 5 0.2832 0.2791 0.2565 0.2503
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Table 5 Swing angle with varying load torque

F 6 EdUsil e 1FAE

1 Nm 2 Nim 3 Nim 4 Nim Table 6 Fault indicator with varying load torque

= 1 1 1 1

&1 0.9462 0.9320 0.8940 0.5027 1 Nm 2 Nm 3Nm 4 Nm
7 2 0.9308 0.9161 0.8705 0.5324 rSEas 1 1 1 1
g3 0.9416 0.9392 09124 0.6392 7 3 0.5702 0.4670 0.4428 0.4160
T 4 0.9165 0.9059 0.8539 0.3897 1% 6 0.2115 0.2049 0.2006 0.1781
EPSg) 0.9139 0.8890 0.8302 0.3374 JE T 0.1178 0.1059 0.0958 0.0905
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