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Grounding phase determination in resonant grounding systems based on
frequency distribution theory in case of unsymmetrical voltage

YU Qun, CHEN Zhihui
(College of Electrical Engineering and Automation, Shandong University of Science and Technology,
Qingdao 266590, China)

Abstract: After single phase-to-ground fault occurs in asymmetrical power network, statistical characteristics of the
voltage data distribution between the fault phase and the non-fault phase are significantly different. So a novel method for
fault phase selection based on frequency distribution theory is proposed. Firstly, it selects per phase voltage data in the
first 1/2 power frequency cycle after the fault occurred, and the extended prony algorithm is used to extract the power
frequency components of each phase voltage to get the range of class interval. Then, these sampling data are split up into
several groups by means of the frequency distribution theory, and frequency distribution values of per phase voltage are
obtained by Bessel formula. Finally, the fault phase can be detected directly by comparing the magnitude of it. Matlab
simulation results and adaptability analysis verify that the proposed method has high accuracy and strong adaptability.
This work is supported by Natural Science Foundation of Shandong Province (No. ZR2016EEM13).
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Fig. 1 Schematic of single phase-to-ground fault

distribution network
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Fig. 2 Decomposition graph of per phase voltage waveform
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Fig. 3 Frequency distribution histogram of per phase voltage
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Fig. 5 Frequency distribution line chart of per phase
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Fig. 6 Flow chart of fault phase detection method
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Table 1 Fault phase selection results in different fault conditions

i? 0C)  RiQ g A B C i
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Table 2 Fault phase selection results with Gaussian white noise

Xp/km Re/Q 0/(°) A B C Zhik
2 20 0 1.45 0.67 0.69 A
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7 350 90 0.87 0.65 0.63 A
9 800 120 0.93 0.89 0.66 A
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Table 3 Fault phase selection results of different data windows
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Table 4 Fault phase selection results under

different sampling rates

SREEZ/MHz A B C s
0.005 1.18 0.67 0.64 A
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Table 5 Fault phase selection results under

different compensation
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Table 6 Fault phase selection results under different class

intervals
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10 0.38 0.23 0.22 A
50 0.88 0.54 0.51 A
100 1.33 0.87 0.73 A
130 1.65 1.00 0.89 A
350 4.89 2.16 1.74 A

4.7 FiEXEE

A LR N S AT IGIE T A SCIE A 7 VA
ArEERE, HEETREA TR 2, W R IR S
itz —. B, AdE— DI uEEAH 5 vE e
%, EHCH R EEIA T L i, kAL R
PR, WA RN S, S AH FE R T
R, AR A s I S M D REHAR 7
(L SEBR A (P B R i 22 o0 28 ek v B, I AT
TEME T4, RS OURS LR E 2,  H R {EY2:
AT REAN AT EE,

FET Uk, 2Rl L2 FEESREZE 3 km A2 HLAHB
Wik, WBEAHA A, JEHCAS [ AR AR A Sk
H AT AT, 13E 2 U B ade A 7 R ()T
SEVE. BT, DO kAR 85 R TR 7.



T

PO AN PR A5 P T T B0 0 A BV T i 1t 2R e B AT R

- 103 -

RTIEBHENITLLER

Table 7 Comparison results of phase selection methods
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