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Fault line selection for four-parallel lines on same tower based on circulation currents

XU Peng, WANG Gang, LI Hai-feng, HUANG Jun-kai, WU Ji-yang
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: In order to eliminate the coupling effects between four-parallel transmission lines, this paper proposes a new phase-mode
transformation method for four-parallel transmission lines on same tower based on matrix transformation analysis by decoupling mutual
inductances between different lines first and then decoupling mutual inductances between different phases. Based on boundary
conditions of single-circuit line fault, the phase relationship between sequence circulation components are deduced for different circuit
lines faults. And the characteristics that phase-angle difference between the circulation current components is 90° at least are used to
propose a new method for fault line selection of four-parallel transmission lines on same tower. The proposed method is not affected by
system impedances. A large number of simulations based on ATP/EMTP prove the proposed method’s correctness ant effectiveness.
This work is supported by National Natural Science Foundation of China (No. 50337010); The Crucial Field and Key
Breakthrough Project in “Guangdong-Hongkong” (No. 2009498B3201); and The Fundamental Research Funds for the Central
Universities (No. 2009ZM0080).
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Fig.1 Mutual inductance of four-parallel transmission lines
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Fig.2 The impedance model of four-parallel transmission lines
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Fig.3 Symmetrical components of four-parallel transmission
lines
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Fig.4 Twelve-sequence fault component networks
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Tab.1 Circulation components fault characteristics of different
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Fig.5 Flow chart of faulted line selection for four parallel lines
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Tab.Al Impedance data of unsymmetrical of four-parallel transmission lines on the same tower Q/km
1 2 3 4 5 6 7 8 9 10 11 12
9.418E-02
: 3.218E-01
6.475E-02 7.785E-02
? 1.525E-01 3.750E-01
6.195E-02 5.634E-02 7.302E-02
} 1.451E-01 1.481E-01 4.015E-01
5.634E-02 5.853E-02 5.467E-02 9.418E-02
) 7.737E-02 1.068E-01 9.294E-02 3.218E-01
5.853E-02 5.705E-02 5.398E-02 6.475E-02 7.785E-02
’ 1.068E-01 1.536E-01 1.216E-01 1.525E-01 3.750E-01
5.467E-02 5.398E-02 5.135E-02 6.195E-02 5.634E-02 7.302E-02
¢ 9.294E-02 1.216E-01 1.181E-01 1.451E-01 1.481E-01 4.015E-01
6.110E-02 5.641E-02 5.408E-02 5.657E-02 5.492E-02 5.229E-02 7.298E-02
’ 1.391E-01 1.648E-01 1.997E-01 1.045E-01 1.388E-01 1.330E-01 3.990E-01
5.748E-02 5.346E-02 5.161E-02 5.368E-02 5.223E-02 5.005E-02 5.164E-02 6.840E-02
’ 1.219E-01 1.346E-01 1.984E-01 9.572E-02 1.207E-01 1.270E-01 1.857E-01 4.237E-01
5.706E-02 5.360E-02 5.157E-02 5.505E-02 5.295E-02 5.077E-02 5.183E-02 4.972E-02 6.875E-02
’ 1.182E-01 1.384E-01 1.781E-01 1.037E-01 1.297E-01 1.409E-01 1.956E-01 2.217E-01 4.208E-01
5.657E-02 5.492E-02 5.229E-02 6.110E-02 5.641E-02 5.408E-02 5.308E-02 5.069E-02 5.132E-02 7.298E-02
10 1.045E-01 1.388E-01 1.330E-01 1.391E-01 1.648E-01 1.997E-01 1.554E-01 1.410E-01 1.595E-01 3.990E-01
5.368E-02 5.223E-02 5.005E-02 5.748E-02 5.346E-02 S5.161E-02 5.069E-02 4.873E-02 4.925E-02 5.164E-02 6.842E-02
! 9.572E-02 1.207E-01 1.270E-01 1.219E-01 1.346E-01 1.984E-01 1.410E-01 1.419E-01 1.595E-01 1.857E-01 4.237E-01
5.483E-02 5.286E-02 5.067E-02 5.718E-02 5.361E-02 5.160E-02 5.124E-02 4.919E-02 4.969E-02 5.184E-02 4.973E-02 6.875E-02
. 1.023E-01 1.283E-01 1.384E-01 1.191E-01 1.382E-01 1.821E-01 1.561E-01 1.561E-01 1.809E-01 1.962E-01 2.326E-01 4.211E-01
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