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FFT-LSTM-based fault diagnosis method for a rotor winding short circuit fault and rotor
eccentricity fault of a variable-speed pumped storage unit
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(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology (Huazhong University of Science and
Technology), Wuhan 430074, China; 2. CSG PGC Power Storage Research Institute, Guangzhou 510950, China)

Abstract: The variable speed pumped storage unit is an important means for adjusting the power fluctuation of a system.
Rotor winding short-circuit and rotor eccentricity faults are common fault types. Both faults will generate harmonic
circulations with similar characteristic frequency bands on the stator side. These lead to a difficulty in distinguishing
between the two faults. In this paper, a fault diagnosis method based on fast Fourier transform-long short-term memory
(FFT-LSTM) is proposed to distinguish between the rotor winding short circuit and rotor eccentric faults with similar fault
characteristics. The proposed method takes the harmonic component of stator branch circulations as the characteristic
component for fault diagnosis, deduces the harmonic characteristics of stator side circulations when two kinds of faults
occur, and summarizes the similarities and differences between them. In view of the weak difference, an LSTM neural
network algorithm is introduced to identify it. The possible short-circuit and eccentricity faults of rotor winding are
simulated in batches by using the internal fault simulation model to obtain the data set for LSTM network training and
testing. Simulation results show that the FFT-LSTM can accurately diagnose rotor winding short-circuit and rotor
eccentricity faults of variable speed pumping and storage units.
This work is supported by the National Natural Science Foundation of China (No. 5187708).
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Table 1 Basic parameters of an actual variable speed

pumping and storage unit
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Table 2 Theoretical characteristic frequency of the

circulating current between stator branches

n /. Hz /. /Hz
1 11.43 1.43
2 17.86 7.86
3 24.28 14.28
4 30.71 20.71
5 37.14 27.14
6 43.57 33.57
8 56.43 46.43
9 62.86 52.86
10 69.29 59.29
11 75.71 65.71
12 82.14 72.14
13 88.57 78.57
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Fig. 1 Equivalent circuit diagram of stator and rotor windings
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Fig. 2 FFT spectrum diagram of stator side a-phase branch

circulation when rotor a-phase internal fault occurs
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Table 3 Theoretical characteristic frequency of the circulating

current between stator branches

n /. /Hz f,./Hz
1 56.43 43.57
2 62.86 37.14
3 69.29 30.71
4 75.71 24.28
5 82.14 17.86
6 88.57 11.43
7 95.00 5.00
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Fig. 3 FFT spectrum diagram of a-phase branch circulation

on stator side with rotor eccentricity
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Table 4 Number of possible rotor winding short circuit failures
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Fig. 4 Implementation process of the proposed diagnosis method
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Table 5 Confusion matrix of fault diagnosis results
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Table 7 Confounding matrix of fault diagnosis results

in the third case
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