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Hierarchical fault location for distribution networks with DG considering
optimal pPMU node configuration
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(1. School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: To address the challenges of fault location in distribution networks with distributed generation (DG), caused by
strong power flow fluctuations, weak fault characteristic signals, and limited node measurement information, a
hierarchical fault location method considering optimal micro phasor measurement unit (WPMU) node configuration is
proposed. First, a data preprocessing module is introduced in the fault information extraction stage to enhance the quality
of data required by the fault location model. Second, the fitness function and optimization ability of the fault location
model are improved to enhance fault-tolerant performance and global convergence speed. Third, to address the
high-dimensional search space resulting from numerous branches and complex topology in the distribution network, an
adaptive hierarchical model based on optimal uPMU node configuration is established to achieve “regional-sectional”
hierarchical fault location. Simulation results based on the IEEE 33-node distribution network with DG demonstrates that
the proposed method reduces the optimization node dimensionality by 54.5%, achieves a fault location accuracy of about
95%, and features short processing time, strong noise immunity, and robustness against grounding resistance. Moreover, it
exhibits excellent fault location capability and fault-tolerance performance even under multiple faults and information
distortion conditions.
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Table 4 Comparison of fault location results of different

algorithms before improvement (Setting 1)
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Table 5 Comparison of fault location results by

different algorithms (Setting 2)
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Table 6 Comparison of fault location accuracy under

different ground resistance conditions
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Table 7 Comparison of fault location results under

different fault types
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Ag 12 331 98.5 0.497
ABg 13 330 98.2 0.503
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Table Al Single fault location results
DG #1] ke MA/ o X I X B e s 45
St . PPMU U 9 i I3k 5 SOIRTS I X 4 A7 4 R (X 3T ) DD
[Ki, Ko, K3]  #BEIXE (XBF5)
1 [0, 0,0] 3/(4-5) [1,1,1,0,0,0,0,0,0,0,0,0,0,0, 0] [0,0,1,0,0,0,0,0,0,0,0,0,0,0] (3) [0, 1, 0] (4-5)
2 [1,0,0] 6/(13-14) [1,1,1,1,1,1,0,0,0,-1,-1,0,0,0, 0] [0,0,0,0,0,1,0,0,0,0,0,0,0,0] (6) [0, 0, 1] (13-14)
3 [0, 1, 1] 10/(21-22) [1,1,-1,-1,-1,-1,-1,-1,~1, 1,0, 0,0,0, 0] [0,0,0,0,0,0,0,0,0,1,0,0,0,0] (10) [11(21-22)
4 [1,1,1] 13/28-29)  [1,1,1,1,-1,-1,-1,-1,-1,-1,-1,0,1,-1,-1]  [0,0,0,0,0,0,0,0,0,0,0,0,1,0] (13) [1,0, 0] (28-29)
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Table A2 Multiple fault location results
DG 1] HkE MA/ . o - R X BUE 45 R
L) e PPMU 0 1 i sl 35 RS P X 3 oz 45 R (X3P ) i} Du
[Ki, Ko, K3l WX (XBF5)
4/(7-8) [0,0,0,1,0,0,0,0,0,0,0,0,1] [0, 1] (7-8)
5 [0,0,0] [1,1,1,1,0,0,0,0,0,0,0,0, 1,0, 0]
13/(28-29) 4)(13) [1,0, 0] (28-29)
7/(15-16) [0,0,0,0,0,0,1,0,0,0,0,0, 1, 0] [0, 1, 0] (15-16)
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13/(28-29) (N(13) [1,0, 0] (28-29)
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(5)(10)(14)
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8 [1,1,1] 9/(20-21) [0, 0, 1] (20-21)
-1] 6)(9)(14)
14/(31-32) [1,0] 31-32)
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Table A3 Fault location results considering information distortion
o DG #VI WAE WA R MA/ uPMU & (¥ PR X def oz 5 2R I X B for 45
o Ki, Ko, Ks] sl miRH HRXE I 3 5T ROIR A (KEF5) (XBFS)
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