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Analysis of zero sequence current accident of double circuit transmission lines on the same
tower with large scale new energy integration to switch station
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(1. Inner Mongolia Electric Power Research Institute, Hohhot 010020, China; 2. School of Electrical and Electronic
Engineering, North China Electric Power University, Beijing 102206, China; 3. North China Dispatching &
Control Center Branch, State Grid Corporation of China, Beijing 100053, China)

Abstract: As the massive new energy coming into the grid, the large-scale new energy centralized access to switching station
in many districts, the structure of double-circuit transmission lines on the same tower is adopted. There are zero sequence
protection actions in operation and frequent trip accidents. This paper takes the actual fault of the power grid as an example.
Based on the PSCAD software, the network frame sent by 220 kV double-circuit transmission lines on the same tower of
large-scale new energy centralized access to switching station is modeled accurately. The electromagnetic transient simulation
of fault recurrence is realized. The causes of trip accidents are analyzed in depth. The source of zero-sequence current is
found. In addition, it innovatively compares and analyzes the zero sequence current of the power grid after the 220 kV
open-close station is boosted to 500 kV power station. The solution of zero sequence protection fixed value and boost
transformation is proposed. A good measure is proposed for the source and protection of zero-sequence current in power grid
structure sent by new energy, which provides a feasible scheme for the design, operation and protection setting of power grid.
This work is supported by National Key Research and Development Program of China (No. 2016YFB0900105).
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Fig. 1 Power system diagram
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Table 1 Zero sequence current values before and after the fault Table 2 Continued
VB R RIS W 15104 145104 145104
Yyt 310 ik X - o 14514
7 0myA  WAMA  20ms/A Vo mmam s ewn oo 15
; ‘ e/ . B . M2l 7K
FRSE 1. 1T REREEG 0.049 0.099 0.021 " 7K 7K HI7KF [
FR 1 1 2% 0.026 0.028 0.020 PHES/m PR E/m PHES/m -
RS — 173 T2k 0.032 0.032 0.025 3 17.0 15.0 17.0 15.0
Foh H— T ek 0.021 0.021 0.016 8 184 220 17.8 226
R — X7 12 2% 0.008 0.010 0.005 8 206 242 194 242
i —R37 2 2 0.021 0.022 0.015 8 19.4 23.0 18.6 23.0
b —R7 14 2% 0.001 0.001 0.001 8 194 23.0 18.6 23.0
Zi T, TV BHEE 0.034 0.104 0.029
o : %3 RZNELETEEERER
Lk gk 0.065 0.153 0.002 o
. Table 3 DC resistivity and diameter of JiaYi double-circuit line
T 0.041 0.089 0.052
= : HAR
VE: CT Al 4.000:1 LEBRFR L HRREQAm)
mm
2 ggﬁg iRy 1)?1735_1:;;% Sk 4xJL/G1A-400/35 0.073 9 26.80
JLB40-150 0.2952 15.75
2.1 HZEE W O] 4 5% B i B 7SR E 12 JLB40-120 0.360 6 14.25
OPGW 0.3250 15.50
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Fig. 2 Phase sequence dlagram of JiaYi lines
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Table 2 Parameters of JiaYi I(II) line conductor
NS SRS THE P b
AR 2 2] 2 2 2
F/fem  #Hi/mm J%/m J£/m J%/m

220SDJ-18 1.34 450 18.00 24.50 33.50
QIISZ1-36 1.34 450 31.64 42.44 54.64
QIIISZCK-51 1.34 450 46.64 58.24 70.94
QIIISZC2-45 1.34 450 40.64 52.24 64.94
QIVSZC2-36 1.34 450 31.64 43.24 55.94
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Tower: 3L12
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Conductors: JL-400/35

Ground_Wires: OPGW-140/50
0[m)
v >
Ground Resistivity: 500 [Q-m]
Relative Ground Permeability: 1.0
Earth Return Formula: ~ Analytical Approximation
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Fig. 3 Diagram of frequency dependent phase mode model of

JiaYi double-circuit transmission lines on the same tower
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Fig. 4 Diagram of electromagnetic transient model of JiaYi

double-circuit transmission lines on the same tower
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Fig. 5 Diagram of power system network
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Table 4 Power system network equivalent impedance

(]
181777 W R/Q X/Q Ry/Q Xo/Q
75
220 kV 1 16182 239997 13183  7.0489
AT 2 0.1566 56455 0.1582 29957
FHEE 1 8.660 1 143.6640 12899  29.6573
500 kV 817 2 0.6477 113530 1.6565 119153
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Table 5 Zero sequence current values of 220 kV JiaYi lines

P 2RI B MW HHEITRIA
VA E M2 N%

200 24.75 29.70

400 43.14 52.33

600 64.35 79.20

800 85.57 106.08

1 000 111.03 134.37

1230 141.58 173.23

1400 160.53 198.72
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Table 6 Zero sequence current values of 500 kV JiaYi lines

R 2RI B MW SEITIRIA
Pz 14k 2 M4
200 8.82 8.99
400 16.62 18.28
600 24.57 27.78
800 32.90 37.74
1 000 40.61 46.91
1230 48.64 56.52
1400 56.82 66.26
1800 69.63 81.47
2500 97.96 114.60
2 730 104.98 123.46
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Fig. 6 Calculating results of zero sequence current with

different power flows of JiaYi lines
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Fig. 7 Calculating results of zero sequence current with

different tower types of JiaYi lines
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Table 7 Calculating results of zero sequence current

with different soil resistivity

THERPR/(Qm)  HLITEFFHIVA T2 I LRFHIA
200 119.0 189.0
300 118.6 190.1
400 118.1 190.6
500 117.7 190.9
600 1175 191.1
700 1173 1913
800 117.1 191.4
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Table 8 Phase arrangements of double-circuit

transmission lines on the same tower

hdes L WL I%AMF  Wa %My
1 AR P BAC BAC
2 i lin BAC BCA
3 SRR BAC ABC
4 SR BAC ACB
5 SR BAC CBA
6 ARy BAC CAB
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Fig. 8 Calculating results of zero sequence current of

JiaYi lines with different phase sequences
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Fig. 9 Diagram of different transpositions (one transposition)
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Fig. 10 Calculating results of zero sequence current of JiaYi

lines with different transpositions (one transposition)
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Fig. 11 Diagram of different transpositions (two transpositions)
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Fig. 12 Calculating results of zero sequence current of JiaYi

lines with different transpositions (two transpositions)
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Fig. 13 Calculating results of zero sequence current with

influence of transformers running of Jia substation
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