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Analysis of the adaption of distance relay in the case of cross-voltage phase to phase fault
occurring on mixed-voltage quadruple-circuit transmission lines on the same tower

CAI Qian', WU Jianyun', LUO Meiling', WANG Xiaoli', ZHENG Tao”, ZHANG Jiagin®
(1. State Grid Ningxia Electric Power Limited Company, Yinchuan 750001, China; 2. State Key Laboratory for Alternate
Electrical Power System with Renewable Energy Sources (North China Electric Power University, Beijing 102206, China)

Abstract: The mixed-voltage multi-circuit transmission lines are widely used at home and abroad because of its
advantages of large transmission capacity and small land resources. The cross-voltage fault between two different
voltage-level lines is a common fault form under the mixed-line transmission mode. The literature has studied the
influence of the grounding condition of the fault on the distance protection. No literature about non-grounding
cross-voltage short-circuit is found, and it is more difficult to analyze. In this paper, the cross-voltage phase-to-phase fault
is taken as the object, and its influence on ground and phase-to-phase distance protection is analyzed separately. Based on
the method of calculating the fault current of mixed-voltage lines on the same tower in the composite sequence network,
this paper calculates the variation law of the measured impedance when the non-grounding cross-voltage short-circuit
occurs, draws the conclusion that the amount is related to the position of the fault point and the phase angle of the special
phase of the two systems, and points out the difference between them and its cause. The performance of the
phase-to-phase distance protection of the non-complete fault phase is discussed, and the possibility of maloperation is
pointed out. Finally, a model of 500 kV/220 kV four-circuit transmission line on the same tower is built in PSCAD to
verify the proposed analysis.
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Key words: mixed-voltage multi-circuit lines on the same tower; non-grounding cross-voltage short-circuit; distance

relay protection; short-circuit current; zero sequence mutual inductance
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Fig. 1 Schematic diagram of mixed-voltage

quadruple-circuit transmission lines
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Fig. 2 Zero sequence diagram of mixed-voltage quadruple-circuit transmission lines
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Table 1 Amount of earthing-fault distance protection’s action

when C-a fault occurs (at the middle of the line)

FHAIZE/(°) 0 30 60 90
ZIQ 261.38 223.78 157.79 105.75

A 2E/(°) 120 150 180 210
ZIQ 66.74 36.16 17.56 32.63

A ZE/(°) 240 270 300 330
/9] 62.81 101.89 154.05 220.11
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Fig. 5 Waveform of the action in earthing-fault distance protection

when C-a fault occurs (at the middle of the line)
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Table 2 Amount of earthing-fault distance protection’s action

when C-a fault occurs (at the end of the line)

AHAZE/() 0 30 60 90
7l Q 168.96 140.77 97.29 64.57

A A ZE/(°) 120 150 180 210
7l Q 40.80 2271 12.65 21.19

A A 22/(°) 240 270 300 330
7l Q 39.13 60.09 96.31 140.44
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Fig. 6 Waveform of the action of non-earthing fault
(at the end of the line)
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Table 3 Amount of phase-fault distance protection’s action

when C-a fault occurs (at the 5% of the line)

FHAIZE/(°) 0 30 60 90
710 146.7 110.21 76.22 52.48
A 2E/(°) 120 150 180 210
Zl0 36.63 26.52 22.98 26.73
FHAIZE/(°) 240 270 300 330
710 36.94 52.78 76.43 110.26
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Fig. 7 Waveform of the action in phase-fault distance

protection (at the 5% of the line)
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