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Simulation and research of weak current and strong magnetic phenomenon in EHV parallel double lines

CHEN Shao-hua, LIANG Zhi-xiong, SUN He-hong
(Automatization Academy, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: There exists zero-sequence mutual induction between the parallel double lines run in the same corridor outlet, and it will
form a longitudinal zero-sequence voltage source series connected in the lines. When fault occurs in the I line, the switch of A side in
the I line operates first and trips, according to the topolopy conclusion of power network and theoretical analysis, weak current
relation and strong magnetic relation are existing between I line and Il line, it constitutes the weak current and strong magnetic
phenomenon and causes tripler zero-sequence voltage opposite phase in the both sides of non-fault II line. It makes directional
zero-order power component misjudge the direction of fault to regional forward direction and causes the protection malfunction.
According to the comparison and analysis in the paper, the main reason that makes tripler zero-sequence voltage opposite phase in the
both sides of non-fault IIline so that the protection malfunction is the weak current and strong magnetic phenomenon that exists in
the parallel double lines of Iand II. The simulation result of power system analysis software package in the laboratory also
indicates that the conclusion above is right.
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Fig.1 Topology schematic diagram of network
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Tab.1 Line two-terminal electrical phasor characteristic in weak

current and strong magnetic phenomenon
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Tab.2 Line two-terminal electrical phasor characteristic in

regional single-phase earth fault inside
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Tab.3 Line two-terminal electrical phasor characteristic in

regional single-phase earth fault inside
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Fig.2 Topology diagram of parallel double lines in which

mutual inductance exists
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Fig.3 Zero-sequence network diagram
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Fig.4 Zero-sequence network diagram after simplification
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Fig.5 Weak current and strong magnetic
PSASP simulation model
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Tab.4 Two-terminal zero-sequence phasor of fault line and
non-fault line which there is no mutual iuductance(}, = 20 km -

1, =50 km~ [, =100 km)

B A Bk WEET TR
RAS | AMTERE | AMSFRK | BMEFENR | BUERFEGRK
/km WEREE | WEREE | EEREE | EERAE
4=20 56.291 212.2 17.871 245.7
L=0 218057 | «£27240 | £17979 | £27247
L=20 56.448 208.0 17.057 251.8
, =20 Z180.56° | £272.43° | 27977 | £272.3%
L=20 56.717 210.1 17.381 2514
L,=50 £180.55 | 227241 | «£179.76° | £272.38°
4=20 57.161 212.8 17.737 252.0
1, =100 Z180.53 | £27239° | Z179.74° | £27236
§=20 56.291 2122 17.87 245.7
I =oo Z180.57 | £27241° | £179.79° | £272.47
B EHEEETE
RAS | cHTRaR | cRuSFaR | DmBFRR | D mEFGR
/km T 1 AR WE A R AR B RARE WE{E RARGE
[=20 49,531 210.2 15.536 213.5
=0 Z180.53 | £92.39° Z179.74° | «£272.36

-5-
§=20 49.830 206.0 16.499 209.3
L,=20 £18051 | 292471 217973 | 427237
h=20 50.030 208.1 16.348 211.4
L=50 £180.50° | £92.39° Z179.71 | £272.36°
L=20 50.39 210.8 16.288 214.1
1, =100 £180.48 | £92.37 Z179.68 | £272.34
=20 49.537 210.2 15.526 213.5
L=co Z180.53 | £92.39° £179.74° | £272.36°
B R WERZFE
RAS | ameFan | AMEFan | sMBFEE | BUEREaR
/km WEE R AL 1 {E RARAL HEE R A RS BARGL
}=50 59.134 187.7 18.756 257.9
L,=0 L180.66° | £27246° | 217987 | £272.50°
4=50 59.263 179.7 17.017 269.5
L,=20 £180.63 | £27248 | £179.83 | £272.4%3
4, =50 59.589 182.9 17.587 268.0
1,=50 £180.62° | £27247° | £179.83 | £272.4%3
L, =50 60.093 186.2 18.163 267.6
1, =100 Z180.61° | £272.44° | £179.82° | £272.42°
=50 59.134 187.7 18.756 257.9
I, =oo Z180.66° | £272.46° | £179.87° | «£272.50°
S LRI R
RAE | cosram | cMERas | DNFFRE | DMBAFRA
/km WEEAM | WERER | BERARE | EEEEE
L =50 44.141 187.3 13.834 190.2
L= Z180.55 | £92.42° Z179.76° | £272.39°
[ =50 44.909 179.3 15.874 182.4
L =20 £180.52° | £92.45 Z179.76° | 427247
=50 44,987 1824 15.456 185.4
L,=50 £180.51° | 29243 £179.73 | £272.40°
L =50 45228 185.8 15.155 188.8
1, =100 £180.50° | £92.41 Z179.70° | 427237
[ =50 44.141 187.3 13.834 190.2
I=co Z180.55° | «£92.42° Z17976° | £272.39°
A B HERETE
RAE | ARSHEE | AREFan | sMErsR | BRBERR
/km EERAE | WERER | EERER | EEREM
=100 62.699 156.7 19.866 273.1
L=0 Z180.75° | 4272527 | £179.96° | £272.59°
} =100 62.834 146.3 17.033 291.6
L,=20 Z180.70° | £272.56° | £179.89° | £272.4%8
L =100 63.264 150.0 17.898 289.0
L, =50 Z180.70° | £272.54° | 42179917 | £27248
} =100 63.864 153.8 18.741 2875
1, =100 180.68° | £272.51° | £179.90° | £272.4%




_6- SIS Y

4 =100 62.698 156.7 19.866 273.1
L =c Z180.75 | £27252° | £179.96° | £272.59
ERaH: 3 FHEEETFE
RALS | cwmEam | cHEFRA | DNEFGR | DRBFR
/km Wt R i RARGE VB RARME W BAR L
4 =100 37.425 158.8 11.729 161.3
1L,=0 Z180.59° | £9245 17979 | 227242
}, =100 39.233 148.4 15.191 151.1
L,=20 218051 | £92.4% Z179.78° | £272.44
1, =100 39.069 152.1 14.435 154.8
1,=50 £180.50° | £92.46° £179.73° | 427243
;=100 39.061 155.9 13.819 158.5
1,=100 £180.49° | £92.44° £179.70° | £272.40°
1, =100 37.425 158.8 11.729 161.3
L= Z180.59° | £9245 17979 | £27242
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Tab.5 Two-terminal zero-sequence phasor of fault line and
non-fault line which there is mutual iuductance(}, = 20 km -
[,=50 km~ /, =100 km)
A Bk BRREFE
RS | awBFam | aMERam | BREAGE | BWEFBK

/km WUERAE | BEREE | WEREE | EER
[=2 249.79 11.639 0.2889 4.053
,=0 Z179.78° | £27060° | £178.15° | £269.78
=20 251.29 11.616 0.2910 4.088
L,=20 Z180.78 | £270.54° | £176.15 | £271.82°
4=20 253.57 11.701 0.2938 4.087
1,=50 27977 | 22711627 | 47714 | 226975
L=2 257.46 11.912 0.2989 4.123
1, =100 217976° | £269.56 | £178.12° | £270.75
L=20 249.79 11.675 0.2889 4.095
I, =0 217978 | £27260° | £2179.15° | £269.78
HL Bk FHEETFE
RS | cHBFAR | CHEFAR | DMEFEAK | DRBFEE
/km W {E R AREE 1 (H R ABAL WEH R A A TR{E R AR
4=20 249.57 4.251 0.2889 4.012
L,=0 217978 | #8978 17715 | £269.78
(=20 251.06 4.076 0.2907 4.035
1,=20 214878 | £90.75 Z2178.14° | £271.75°
L=20 253.34 4.012 0.2938 4.063
1,=50 210977 | £89.75 Z175.14° | £270.75°
L=20 257.23 4.122 0.2988 4.135

1L,=100 £61.76 £89.75 £172.22° | £269.75

[=2 249.57 4,087 0.2889 4074
I=oo £19.78 £88.78 2179.15 | £269.78°
AT ER WEE TR
RAS | ammsak | amBsas | BRSFER | BEEFaR
/km W R AR W R AR B R WatE RAR
=50 25592 3.976 0.2960 4,109
L=0 217971 | £272.20° | £176.08 | £269.72°
4, =50 257.45 3971 0.2981 4.126
, =20 218070 | 227418 | 217608 | £27072
[ =50 259.83 3.977 0.3011 4.127
1, =50 2179707 | £227516° | 2171077 | £269.69°
=50 263.90 4.010 0.3063 4.209
1,=100 217969 | £27411 | £179.05 | £271.69°
=50 255.92 3.938 0.2960 4.117
I, = 2179917 | £27320° ) 217808 | £270.72°
A EHRREFE
FEE | cwemar | cummen | smmmam | e
/km EEEAR | WERAR | WEEEE | BERER
=50 255.69 4.174 0.2959 4.155
L,=0 216871 | £89.72° Z177.08 | £269.72°
L=50 257.22 4175 0.2978 4,160
L=2 213971 | £89.68° 176,07 | £269.68
[=50 259.61 4.176 0.3010 4.171
1,=50 212084 | £89.69° £176.19° | £271.69
[ =50 263.67 4217 0.3063 4.226
1,=100 £59.69° £87.69 217505 | £269.69°
=50 255.69 4.156 0.2959 4178
I, =0 2891 £88.72° £176.18° | £270.72
LA B HWERETFE
RS | AmSFRE | AREFRn | BMERER | B MEESRK
/km e R ARG R WEAH R AL B R AR
=100 267.05 3.236 0.3088 4237
L=0 17958 | £273.05 | £17695 | £269.59
h =100 268.52 3.329 0.3109 4341
1,=20 L17858 | £272.06 | £17896 | £270.63
1, =100 271.10 3.317 0.3141 4348
I, =50 £179.57 | £270.18° | £179.94° | £271.57
=100 275.51 3.356 0.3197 4410
1, =100 Z179.56° | £260.12° | £17692 | £269.54
L =100 267.05 3235 0.3088 4.240
L= Z180.58° | £260.05 | £177.95 | £269.59
AR FHEEZFE
RAE | cusFek | CRBFEE | DMEFAN | DNEFEaR
/km EEEAE | WERAE | REREE | SRR




R 7 1Y o S T AT K (B 5 55 R SRR R 505 ELT -7-

L =100 266.66 4.243 0.3087 4.262
L,=0 £170.58 | £89.59° 217695 | £269.59°
4 =100 268.13 4.251 0.3104 4,265
L,=20 £149.88° | £89.53° Z181.94° | £270.53°
=100 270.71 4.362 0.3139 4.326
L,=50 £97.57 £89.57 £17894° | £269.57°
1 =100 275.11 4.426 0.3196 4.441
1,=100 £49.56" | £8854° | 18292 | £269.54
h =100 266.66 4.238 0.3087 4258
L=o 1758 £89.59° Z189.95 | £271.59°
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