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Zero-sequence component-based fault localization for asymmetric phase-to-ground
faults of collecting lines in wind farms

ZHU Yongli, DING Jia, PAN Xinpeng
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: A large number of power sources with complex fault characteristics are connected to the collecting line of wind
farms so that fault localization for the line is difficult. This problem has been plaguing wind power operators. Therefore,
this paper presents a zero-sequence component-based fault localization scheme for asymmetric phase-to-ground faults of
collecting lines. Starting by defining the branch-free area and fully considering the special relationship between wind
turbines (WTs) and zero-sequence components of wind farms, the WT-independent identification and fault distance
calculation for the faulty branch-free area can be realized hierarchically. First, the concept of status information of
branch-free areas is introduced to reflect the main flow path of zero-sequence current. Then the faulty branch-free area
can be identified by using optimization to match the status information. Second, a fault distance calculation model of the
faulty branch-free area is derived from zero-sequence impedance, and the solution problem of this model is transformed
into an optimization problem to obtain the fault distance. The proposed localization scheme can completely eliminate the
effect of WTs with only a few measuring points and effectively adapt to the collecting line with branches. In addition,
strictly synchronous data is not necessary for this scheme and multiple solutions are avoided. Finally, in order to deal with
line parameter variation, online calculation of line parameters is also designed. Simulation results verify that this
localization scheme is accurate and not affected by WTs, fault locations, fault types, fault resistance and asynchronous
data, and the overall performance is better than that of existing schemes. The effectiveness of online calculation of line
parameters is also proved.
This work is supported by the National Natural Science Foundation of China (No. 51677072).
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Fig. 1 General topology structure of the wind farms
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Fig. 2 Zero-sequence network of the wind farm
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Fig. 3 Structure of the collecting line with branches
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Fig. 4 Zero-sequence network of the collecting
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Fig. 5 Zero-sequence network of the faulty branch-free area
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Fig. 6 Zero-sequence network of the head branch-free area
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Fig. 7 Flow chart of the fault localization method
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Table 1 Length of the overhead line
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Table 2 Parameters of the overhead line

R Fi BH/(Q/km) FiJ/(H/km) 1. %%/(F/km)
E/MF 0.2348 0.001 144 1.015x107
£ 0.3790 0.004 924 4.037x107°
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Fig. 9 Waveforms of zero-sequence voltage and

zero-sequence current
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Table 3 Identification of the faulty branch-free area under faults at different locations
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AG 2 1 3 2026.22 [10100] 100.816 100.816 0.079 71 [10100] 3
3 4 526.03 [10110] 100.195 100.195 0.079 33 [10110] 4
4 2 — 6513.87 — 98.991 — — — —
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Fig. 11 Errors and total time of localization under

faults at different locations
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Table 4 Identification of the faulty branch-free area under different values of fault resistance
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g Table 5 Identification of the faulty branch-free area
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Fig. 14 Localization results with asynchronous data
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Table 6 Calculation results of overhead-line parameters

- Sl SR T E i ‘
AR Al SHAEARTE %
FFH/(Q/km)  0.447 900 0.443 700 -0.94
HUE/(H/Am)  0.006 248 0.006 258 0.16
HIZ%/(F/km)  4.1595x10°  4.1118x107° -1.15
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Table 7 Localization results under different parameters
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Fig. 15 Comparison of localization results
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