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Interturn Fault Tolerant Driving Algorithm of IPMSMs
: Maximum Torque Control within Power Loss Limit

SRS S

(Sung-Hwan Lim - Bon-Gwan Gu)

Abstract - The winding of the motor stator coil is broken due to external stress and various factors. If the proper current is
not injected when interturn fault(ITF) occurs, the fault can easily be expanded and the motor can be finally destroyed,
resulting in many problems with time costs and safety. In this paper, the power loss limit concept, which is the inherent
durability of each motor, is applied to secure safety by controlling the total power loss of the motor within the limits. So, we
propose an algorithm that can control maximum torque per minimum power loss based on constant torque curve and power
loss limit. To verify the proposed method, the simulation and experimental results with an Interior permanent magnet

synchronous motor(IPMSM) having an ITF are shown.

Key Words : Power loss limit, Maximum torque per minimum power loss control, Interturn fault
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Fig. 1 (a) 6pole 9slot IPMSM motor cross-sectional figure and (b) series connected winding configuration with turn short
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Table 1 Motor parameter specifications.

[tems Values Units
Pole number 6

Rated phase current 10 (4]
Rated phase to phase voltage 27 [Vrms]
L, 849 (H]
L, 555 [/LH]
Phase resistance 2 0.238 [Q]
Turn short resistance R, 0.1 [Q]
Healthy turn ratio x 0.5833

Coupling factor vy 0.15135
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Fig. 3 (a) Comparison of torque before and after Interturn fault : (a) torque after ITF and (b) before ITF.
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Table 2 Power loss due to factors other than motor(#2) before ITF

dg-Axis current [A] Copper loss [W] Power loss [W]

%OO_Orlp)m Total power loss: P, P =P—-P,
! Li#2) ["(#2) L) [”(#1) Foi2) Fa(#1) (from Power analyzetr) " 411;
A -1.73 457 0 =457 8.6 75 33.0 16.9
A 3.52 5.22 0 -2.28 14.2 1.9 34.5 184
A7 -9.14 4.07 0 -8.61 35.7 26.5 76.4 14.2
B -2.25 6.72 0 -6.07 179 13.2 473 16.2
B 2.90 7.62 0 -3.78 23.7 5.1 51.3 22.5
B -7.99 6.01 0 -8.92 35.7 284 75.2 11.1
C -2.715 8.30 0 -7.02 27.3 176 60.7 15.8
el 2.01 9.38 0 -4.86 32.9 8.4 66.9 256
(ed -6.27 7.84 0 -8.73 36.0 27.2 74.1 10.9
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Fig. 7 Experimental setup (a) IPMSM, (b) circuit and power analysis configuration
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Table 3 Comparison of total power loss of motor(#2) when an ITF occurred.

dg-Axis current [A] Copper loss [W] Power loss [W]

2000rpm Total power , P, 4P,
(w=05833) | 7,(2) | 7,2) | 7,01) | Z,01) | Pyi2) | Py (D) foss: B, Pass " Ponne | 90 1
(from Power (calculated) Lo T d
analyzer) (experimental)

A -1.73 457 0 -4.20 8.6 6.3 415 20.0 18.3

A 3.52 5.22 0 -1.85 14.2 1.2 48.2 31.1 28.6

A" -9.14 4.07 0 -8.40 35.7 25.2 82.6 414 43.2

B -2.25 6.72 0 -5.89 17.9 124 58.6 30.0 30.0

B 2.90 7.62 0 -3.47 23.7 43 66.5 41.3 39.7

B -7.99 6.01 0 -8.64 35.7 26.6 82.6 43.0 44.9

C -2.75 8.30 0 -6.93 21.3 171 75.0 40.0 42.1

c 2.01 9.38 0 -4.55 32.9 74 84.6 50.8 51.6

c -6.27 7.84 0 -8.43 36.0 25.4 84.7 45.6 48.4
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Fig. 8 Maximum torque control within the power loss limit
when an ITF occurred
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