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Zero Sequence Voltage Variation Characteristics of Single-Phase Tree Line
Fault in 10 kV Distribution Line
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Abstract: In order to study the characteristics of zero sequence voltage signal change during tree line fault, an experimental platform
for tree line fault is built to study the zero sequence voltage variation characteristics when single-phase tree line ground fault occurs in
different vegetation under different residual currents in the resonant grounding system. The change stages and laws of the zero
sequence voltage are summarized and the influence laws of the residual currents and vegetation’s own parameters are analyzed on the
change of the zero sequence voltage. Based on this, the prediction model for the peak value of the zero sequence voltage is built. The
experimental results show that the development process of tree line fault can be expressed by the zero sequence voltage variation,
which typically exhibit four stages: slow increase, rapid increase, decline and recovery. The trend of these changes follows three
types of curves: U-shaped, J-shaped, and V-shaped. The increase of residual current will lead to a decrease in the amplitude of the
zero sequence voltage change, which is not conducive to the detection of faults, and its value should be compensated to the range of 0~
1 A as much as possible. For the same kind of vegetation, the peak zero-sequence voltage is positively correlated with the water
content and diameter, and the peak time is negatively correlated with both of them. The structural difference of different kinds of
vegetation is also the key to influence the peak zero-sequence voltage and peak time. The results of this study are of great significance
for the detection and early warning of hill fires caused by tree line faults.
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Fig. 3 Zero-sequence voltage waveforms at different stages

BB 1 . FIFHES IR B, XRS5
MG ANE 4(a) TR . 1B BENA 00 bh 75 12 B B
LR A R R 2 1 ) B HICR IR AR
(LA TEI B P P A IR, MR b Tl A5 25
FHBT SIS, H A BE 473 Ak F 45 KAE (R, > 50
kQ), FFHE EAZEE, S EFARER0. 11 Vis,

BB : 57 e R PR B B, X 14 S 56
G UNE 4(b) s o 1B B S 12 i IX Sk T By e Ak
A DR ZESNTH, AR X s A 30 AL
PR 1 TR A BELBT K T AR P 7K 432D 1 K A
BB, BB BB /N (R<50 kQ), P HLE
BT, SEX ETFRA 0. 42 Vs,



F5H

SE5L, AF 10 KV G L BT 2Rl e 2 e vl TR AR AR 139

BBl : 7oL R T RERTBE, XRS50 3 4
WE 4() FTR o 1Z B BEK i K 283 J i ) 9 A %
YT Ab TR Bz ol AR 7K 3 s ] PR PR sk 2>
S M W SR LT K, AR Bl K SR8 X B
sz s 325, RgRRPUE R RN TR R, &
JPHEZH TR, P TREHEAEN 1.6 Vis.

(@) BBl

(b) Bl

(@ BrEv
B4 WEEESMEABIR

Fig. 4 Typical phenomena at different stages of tree-line faults
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Fig. 5 Different typical curves of zero-sequence voltage
variation
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currents with residual currents under different vegetation
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Tab. 1 Zero-sequence voltage peaks for different types of

vegetation
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Tab. 2 Predicted values and actual values under different

parameters
PRAHI/A FKFE/% HARMm FENY SSUEN X 5R2E/%

0.7 46.4 14 7.15 7.9 -9.4
0.7 43.2 16 7.03 7.53 -6.6

1 44.7 21.7 6.43 6.05 6.4
1.2 44.7 10 4.45 4.9 -9.2
1.5 45.9 11 4.51 4.73 -4.9
1.5 50.2 16 6.4 6.17 4.8
2.4 35.2 21.5 7.08 7.45 =5.7
2.8 46.4 14.1 5.54 5.23 5.9

3 45.9 16.5 6.24 6.02 -3.9
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