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Voltage sag analysis of a transmission and distribution network based on a compensation
method under a distribution network fault

LI Hongxin!, ZENG Jiang?, ZHANG Huaying?, Al Jingwen?, LI Yan!, YU Tao?, QIU Guohin?
(1. Electric Power Research Institute, Shenzhen Power Supply Bureau Co., Ltd., Shenzhen 518000, China;
2. School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: There is a problem that the calculation of short-circuit faults in a distribution network only considers the
distribution network, and neglects the influence of the transformer and the coupling relationship of transmission and the
distribution network. This paper proposes a solution based on compensation. Based on the topology and operational data
of a distribution network, a normal model is established. According to the type and location of a distribution network short
circuit fault, the equivalence of a distribution network under short circuit fault is established. A three-sequence model of a
transformer is used to establish the equivalence of the distribution network at the bus bar of the high voltage side of the
transformer. Incorporating the equivalence of the distribution network’s normal form into a node admittance matrix and
combining with the variation of equivalence of distribution network before and after the fault occurs, the variation on the
state of the transmission network is calculated using the compensation method. After the variation is superposed with the
network state before the fault, the state of transmission and distribution network is determined successively, and finally
voltage sag analysis of transmission and distribution network is completed. The feasibility and accuracy of the proposed
algorithm are verified by simulating certain urban power systems.
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Fig. 1 Schematic diagram of transformer
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Fig. 2 Circuit diagram of fault simulation
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Fig. 3 Equivalent triple sequence circuit diagram of
YNd type transformer
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Table 1 Voltage of node n and v

b R
. .
[{EhALS gm g A Udpu.  Uplpu.  Udp.u.
n 1.003 0.988 1.000
A-N 1
v 0.028 1.649 1.740
n 0.918 0.970 0.753
§ BC 2
v-1 28 % \ 1.010 0.788 0.259
5% 4k n 0.918 0.970 0.753
BC-N 3
v 1.497 0.324 0.322
n 0.753 0.753 0.753
ABC-N 4
v 0.373 0.373 0.373
n 1.003 0.991 1.000
A-N 5
\ 0.223 1.498 1.567
n 0.968 1.017 0.971
BC 6 1.010 1.046 0.853
v i : .
v-1 Hi
n 0.968 1.016 0.971
BC-N 7
v 1.485 0.820 0.818
n 0.971 0.971 0.971
ABC-N 8
v 0.946 0.946 0.946
n 1.001 0.997 1.000
A-N 9
2 0.716 1.159 1.171
n 0.996 1.003 0.998
BC 10 1.009 1.017 0.967
v . . .
6-7
n 0.996 1.002 0.998
BC-N 11
Y 1.401 0.861 0.875
n 0.998 0.998 0.998
ABC-N 12
v 0.995 0.997 0.995
n 1.002 0.994 1.000
A-N 13
Y 0.478 1.314 1.353
n 0.990 1.007 0.993
BC 14
10-11 % 1.008 1.025 0.947
Eab= n 0.990 1.006 0.993
BC-N 15
% 1.456 0.854 0.859
n 0.993 0.993 0.993
ABC-N 16
v 0.988 0.988 0.988

R2 R 2RIHR 4 THBHEMNTHSBE
Table 2 \oltage of part of transmission network nodes

under Scene No.2 and No.4

zg il Ua/p.u. Up/p.u. Udp.u.
ML_110 0.933 0.986 0.773

ML_10.5 0.938 0.990 0.777

No.13 0.989 0.990 0.961

2 No.14 0.991 0.992 0.965
B 0.999 0.999 0.999

No.20 0.999 1.000 0.999

ML_110 0.773 0773 0773

ML_10.5 0.777 0777 0.777

No.13 0.958 0.958 0.958

4 No.14 0.964 0.964 0.964
B 0.999 0.999 0.999

No.20 0.999 1.000 0.999
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Fig. 9 Comparison of the results of two methods
under Scene No.11
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Table 3 Result deviation of two algorithms under Scene No.11

REps AU,/p.u. AU/p.u. AU/p.u.
v, 0.4007 0.1395 0.1248
1 0.3838 0.1019 0.0910
3 0.376 2 0.0427 0.0381
5 0.3714 0.0059 0.005 2
7 0.3710 0.0000 0.0000
9 0.3778 0.100 4 0.089 6
11 0.3785 0.100 6 0.089 8
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Table 4 Sequence component of Uy under phase-to-phase fault

Yyt Uy o Uy 1 U 2
2 (0.011,0) (0.594,0.153) (0.272,0.343)
6 (0.011,-0) (0.884,0389)  (-0.017,0.107)
10 (0.015,-0.008) (0.871,0.484) (-0.005,0.0126)
14 (0012,-0.005)  (0.8780.463)  (-0.011,0.033)
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Table 5 Result deviation of two algorithms under

three-phase line-to-ground fault

WA W 4 W8 Y 12 Y5t 16
v 06271 0.054 3 0.005 0 0.012 1
1 0.000 0 0.000 0 0.003 7 0.004 4
3 0.000 0 0.000 0 0.0015 0.004 3
5 0.000 0 0.000 0 0.000 2 0.004 3
7 0.000 0 0.000 0 0.000 0 0.004 3
9 0.000 0 0.000 0 0.003 6 0.001 6
1 0.000 0 0.000 0 0.003 6 0.000 0
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