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Tab.1 Circuit switching modes in each zone in the no-fault state
X &) 47 5 A ) L R HLERCIR S
1,2 u,>0,u,>0,u, <0 i, <0 (1-1-1) = (1-1-0) - (0-1-0) - (0-0-0) - (0-1-0) - (1-1-0) - (1-1-1)
3,4 u, >0,1,<0,u,_<0 i, <0 (1-1-1) - (1-1-0) - (1-0-0) - (0-0-0) - (1-0-0) - (1-1-0) - (1-1-1)
5 u,>u >0>u, i, <0
(1-1-1) - (1-0-1) - (1-0-0) - (0-0-0) - (1-0-0) - (1-0-1) - (1-1-1)
6 u >u, >0>u, i,.>0
7,8 u,>0,u,<0,u,<0 i,>0 (1-1-1) - (1-0-1) - (0-0-1) - (0-0-0) - (0-0-1) - (1-0-1) - (1-1-1)
9,10 uy,=>0,u,>0,u,<<0 i,>0 (1-1-1) - €0-1-1) - (0-0-1) - (0-0-0) - (0-0-1) - (0-1-1) - (1-1-1D
11 u,>0>u >u, i,.>0
(1-1-1) - (0-1-1) - €0-1-0) - (0-0-0) - (0-1-0) - (0-1-1) - C1-1-1)
12 uy,>0>u >u, i, <0
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Tab.2 Circuit switching modes under each interval of VT1 open-circuit fault state
X [ 47 5 A ] HL B 7 HLUR AR A
1,2 u,>0,u,>0,u,_<0 i, <0 (1-1-1) - (1-1-0) - (0-1-0) - (0-0-0) - (0-1-0) - (1-1-0) - (1-1-1)
3,4 1, >0,u, <0,u,<0 i, <0 (1-1-1) - (1-1-0) - (1-0-0) - (0-0-0) - (1-0-0) - (1-1-0) - (1-1-1)
5 u>u, >0>u, i, <0 (1-1-1) = (1-0-1) - (1-0-0) - (0-0-0) - (1-0-0) - (1-0-1) - (1-1-1)
6 u >u >0>u, i,.>0 (1-1) - €0-1) - (0-0-0) - (0-1) - (1-1)
7,8 1, >0,1,<0,u_ <0 >0 (1-1) - (0-1) = €0-0-0) - (0-1) - (1-1)
9,10 u,>0,u, >0,u_<0 i,.>0 (1-1) - €0-1) - (0-0-0) - (0-1) - (1-1)
11 u, >0>u >u i,.>0 (1-1) - (1-0) - (0-0-0) - (1-0) - (1-1)
12 u, >0>u >u, i,<0 (1-1-1) - €0-1-1) - (0-1-0) - (0-0-0) - (0-1-0) - (0-1-1) - (1-1-1)
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Fig.2 Typical power tubes open-circuit fault current
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(f e g)(n)=min{f(n+m)-g(m),n+m<n,m=0}
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Tab.4 Absolute values of Pearson correlation coefficient

for different fault types

TF i i s R Y D D P

T e =0.5 =0.5 ~0.5

I (VT1) <0.25 >0.65 ~0.5
I (VT1,VT2) ~0 ~0 ~1
M(VT1,VT3) 0.25~0.65 0.25~0.65  0.25~0.65
IV(VT1,VT4) ~0 >0.65 >0.65
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Tab.5 Fault classification judgment condition

AT MRS A, A A i
Je x 0 0 0 mm%—%L<m
VTI -1 1 0 i <0
VT2 -1 1 0 i >0
VT3 0o -1 1 i,<0
I _
VT4 0o -1 1 i,>0
VTS 1 0 -1 i <0
VT6 1 0 -1 i>0
VTI, VT2 -1 1 -1 —
il VT3, VT4 -1 -1 1 —
VTS5, VT6 1 -1 -1 —
VTI, VI3 0 —  — i, <0,i,<0
VT, VIS — — 0 i, <0,i <0
VT2, VT4 0  —  — i >0,i,>0
I o
VT2, VI6 — — 0 i,>0,i >0
VT3, VI5 — 0  — i,<0,i <0
VT4, VT6 — — 0 — i,>0,i >0
VTI, VT4 -1 1 1 i, <<0,i,>0
VT1,VT6 1 1 -1 i <0,i >0
VT2, VT3 -1 1 1 i >0,i,<0
IV o
VT2, VTS5 1 1 -1 i,>0,i <0
VT3, VT6 1 -1 1 i,<0,i >0
VT4, VT5 1 -1 1 i,>0,i <0
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Fig.4 Flow chart of the proposed method
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Tab.6 Main parameters of the system model

% ¥ oH
BB LR/ V 1150
BlE 2 /(MV-A) 1.5

HUE L /V 575

W RN 40 5 3 (pu) 1.2
I i ¥ FE (pu) 0.83
SE T H M (pu) 0.023
SE T K (pu) 0.18
¥ F H B (pu) 0.016

¥ 7 HLE (pu) 0.16

SE - H R (pu) 2.9
e % # 3
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Identification of Open-Circuit Fault in Wind Power Converter Based
on Mathematical Morphology and Pearson Correlation Coefficient
Lu Aoxuan Ji Tianyao Li Mengshi Mo Chun Zheng Xin
(School of Electric Power South China University of Technology Guangzhou 510000 China)

Abstract The increasing deployment of wind turbines in challenging environments has led to the prevalent
issue of converter faults, which significantly affect the reliability and efficiency of wind power systems. Given the
critical role that the converter plays in optimizing the wind power conversion process, detecting and identifying
open-circuit fault in wind converter is essential for maintaining operational integrity and maximizing energy
output. Current fault identification methods often suffer from limitations related to robustness and computational
complexity, necessitating improved solutions. To address these shortcomings, this paper introduces an innovative
fault identification method that integrates analysis of the direct current (DC) bus voltage and rotor current
characteristics. It can accurately recognize the single and double tube faults of converter power tubes.

Firstly, Fault detection is facilitated by the fact that the DC bus voltage signal is easily accessible, independent
of the load and control strategy. Extraction of DC bus voltage edge gradients using mathematical morphology as a
feature to detect the occurrence of faults. Secondly, the Pearson correlation coefficients of the rotor side currents
are calculated to analyze waveform characteristics. The coupling relationship between the three-phase currents is
theoretically deduced, and it is proved that the Pearson correlation coefficients between the two-phase currents are
significantly different under different fault conditions, enabling precise identification of the fault phase. Moreover,
the location of the fault bridge arm is determined using the average value of the current, enhancing the accuracy
of fault identification. Finally, the decision function is used to locate the faulty power tube and realize the fault
classification.

Simulation results of the open-circuit fault model of doubly-fed wind power converter show that the proposed
method in this paper can accurately determine the occurrence of faults and locate the position of power tubes. By
comparing under large data sets, it is found that the proposed method improves the accuracy while maintaining a
shorter detection time compared to other methods, which is more practical and reliable. The simulation results
show that the wind speed fluctuation has a negligible effect on the DC bus voltage and rotor current, and no fault
occurrence is detected, while the current characteristics are stabilized in the range of the fault-free case, which
indicates that the proposed method can overcome the interference of wind speed fluctuation. By simulating voltage
dips to model the load fluctuations, it is found that the fault detection module misjudges the occurrence of faults,
and the current characteristics is small affected but similar in size. It is judged that no faults have occurred, so the
fault identification module can be used as a verification of fault detection. A Gaussian white noise with a signal-
to-noise ratio of 20 dB is also added to the acquired voltage and current data, and the results show that the proposed
method is not disturbed by noise.

The following conclusions can be drawn from the simulation analysis: (1) Compared with existing methods,
the method is not only simple and effective in calculation, but also has a higher accuracy rate. (2) The fault
detection method based on mathematical morphology utilizes the DC bus voltage, which is easy to obtain data and
rapid to detect, and is not affected by noise. (3) The Pearson correlation coefficient-based fault classification
method classifies the rotor three-phase currents according to their waveform correlation, and the consistency of
theoretical and simulation results shows that the method is effective and of practical significance, and the method
has strong robustness.

Keywords: Converter, open circuit fault, fault identification, mathematical morphology, Pearson correlation
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