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Research on the effects of cable on the reactive power of urban distribution network

YANG Jichao, LI Wensheng, HAN Ying, ZHAO Ying
(State Grid Qingdao Power Supply Company, Qingdao 266000, China)

Abstract: Nowadays, the cable use probability increases in major city, which may lead to lots of problems at low load
such as surplus reactive power and terminal voltage increase because of its large capacitance to the earth. To solve this
problem, this paper researches the effects of cable on reactive power of urban distribution network. It uses back/forward
sweep method to do flow calculation based on the established model of distribution network for single cable line. On this
basis, super position theorem is used to analyze the model of transformer substation with multiple cable lines. According
to the results, this paper proposes the conclusion that the increasing of cable hardly cause surplus reactive power and
terminal voltage increase. Meanwhile, configuring inductive reactive-load compensation equipments is also unnecessary,
which provide references for projects.
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Table 2 Power flow distribution in 10 kV cable (2 km)
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FRAR AR, 7 B TC F R FL 2 2 B 1) S 20 O 5% 3341 0.10 80.26
Wk 1 PR 10% 147.28 0.40 80.26
Fz1 EFR 10kV BHSH 20% 375.66 1.62 80.26
Table 1 Parameters of 10 kV cable in Qingdao 40% 834.89 6.55 80.26
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S8 23 KTk 2k 4 Table 2 Continued Power flow distribution in 10 kV cable (2 km)
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Fig. 1 Calculation model of single cable line
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Table 3 Charging power proportion of total reactive load (2 km)
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Table 4 Power flow distribution in 10 kV cable (4 km)

A >0 U, ¥
5% -46.76 10.49 4.9%
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40% 761.05 10.41 4.1%
60% 1231.83 10.36 3.6%
80% 3 686.63 10.10 1.0%
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Table 5 Charging power proportion of total reactive load (4 km)
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Table 7 Power flow distribution in transformer substation when

the length of all outgoing cables are 2 km

NI >0 >o >0 >0
1 0.53 0.002 1.284 1.82
2 6.01 0.026 1.284 7.27
3 11.53 0.098 1.284 12.72
4 3.27 0.014 1.284 4.54
5 10.65 0.119 1.284 11.81
6 9.68 0.065 1.284 10.90
7 7.86 0.056 1.284 9.09
8 8.09 0.064 1.284 9.31
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Fig. 2 Calculation model of transformer substation
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Table 6 Load distribution in transformer substation
ik il PN BRI A
i1 5% 10% 20% 40% 60%
1 16 0 0 0 0
2 0 0 16 0 0
3 0 0 8 4 4
4 8 0 8 0 0
5 8 0 0 0 8
6 0 0 8 8 0
7 0 8 0 8 0
8 2 4 4 4 2
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Table 7 Continued Power flow distribution in transformer

substation when the length of all outgoing cables are 2 km

kS 2P U Unin Y max
1 5.53 10.49 10.49 4.9%
2 22.15 10.48 10.48 4.8%
3 38.84 10.48 10.43 4.8%
4 13.84 10.49 10.48 4.9%
5 36.11 10.49 10.43 4.9%
6 33.27 10.48 10.43 4.8%
7 27.72 10.49 10.45 4.9%
8 28.43 10.49 10.43 4.9%
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Table 8 Power flow distribution in transformer substation

when the length of all outgoing cables are 4 km

kS 2.0 U Unin Y max
1 -0.75 10.49 10.49 4.9%
2 4.75 10.45 10.45 4.8%
3 10.35 10.45 10.36 4.8%
4 2.00 10.49 10.45 4.9%
5 9.48 10.49 10.36 4.9%
6 8.46 10.45 10.36 4.8%
7 6.63 10.48 10.41 4.9%
8 6.87 10.49 10.36 4.9%

X AR U 2 7 Kk 8 TR R g
TE N ZON B3R . SRR N2t R
g WU UL R RS TR L e e i
Rl A TR oL, B K T Bt oRIE



Wk, 55

P Rt ik T 19 A2 FRL I D S M 5

FIHEZH) 7%, W5 R AR RIS L
T O T oM o
R LREFRINEKR T BISTIE ST ELfl
Table 9 Charging power proportion of total reactive load

in transformer substation

BEAE L L=2 km L=4 km

1 0.706 1.411

2 0.176 0.351

3 0.100 0.199

4 0.282 0.562

5 0.108 0.213

6 0.117 0.233

7 0.140 0.279

8 0.137 0.272
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