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Optimal setting method of inverse time over-current protection for a distribution network
based on the improved grey wolf optimization

HE Siming, YUAN Zhiyong, LEI Jinyong, XU Quan, LIN Yuehuan, LIU Yinliang, LIN Xinhao
(Electric Power Research Institute, CSG, Guangzhou 510663, China)

Abstract: Inverse time overcurrent protection is widely used in distribution networks with distributed power sources, but its
setting mostly relies on engineering experience, which limits practical engineering application. Thus an optimization method
for inverse-time overcurrent protection settings for DG access to distribution networks based on the improved Gray Wolf
Algorithm (GWO) is proposed. This is based on the protection action characteristic equation and the requirements for
protection sensitivity, speed, and selectivity. In order to overcome the shortcomings of the gray wolf algorithm, such as easy
premature maturity and low convergence accuracy, the four types of good point set initialization, convergence factor
exponential decay, mutation and heuristic parameter determination are introduced on the premise of retaining fewer
adjustable parameters. The simulation example verifies the feasibility and superiority of the model under two-phase and
three-phase faults. We discuss the influence of the time level difference on the setting and the direction of future algorithm
optimization and engineering application. This provides research ideas for the protection setting optimization problem of
large-scale DG access to the distribution network.
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Table 1 Parameters of loads

P, HI) T s B Ty
FIMW  F/Mvar MW Z/Mvar
1 0.4 0.15 8 0.05 0.02
2 0.1 0.2 9 0.2 0.08
3 0.25 0.1 10 0.1 0.1
4 0.3 0.2 11 0.25 0.09
5 0.1 0.05 12 0.1 0.05
6 0.3 0.07 13 0.3 0.2
7 0.1 0.05
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Table 2 Results of five algorithms when two-phase
short circuit happens

Sk FTA 4 S SR 8] /s BOHFEIE %
PSO 30.812 24.83
HSA 24573 5.74
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COA-LP 28.720 19.35
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Table 3 Protection setting value when two-phase
short circuit happens

S To I/A S T 1/A
CB, 0.379 276.1 CBs 0.101 113.7
CB; 0.301 1932 CBs 0.109 114.1
CBs 0.172 2035 CByo 0.203 2325
CB, 0.099 1047 CBn 0.192 126.2
CBs 0.202 182.0 CByy 0.105 1039
CBs 0.108 106.9 CBus 0.112 102.3
CB; 0.143 246.6 CBuy 0.097 101.9
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Table 4 Fault protection action time when two-phase
short circuit happens
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TERT /s B 1R E)/s TERF /s BH{ERT IS
BB, 1119 — Bs-B7 0.344 0.909
B»Bs 1027 1539 Bs-Bs 0.357 0.868
Bs-Bs 0623 1.238 Bs-Bu 0.832 1.376
BsBs 0326 0.879 Bu-B1 0.773 1271
BBy 0.602 1411 BiBis  0.446 0.958
Be-Bio 0310 0.851 BB 0.359 0.913
B»-Bs  0.656 1.932 B4-Bis 0.307 0.826
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Table 5 Results of five algorithms when three-phase
short circuit happens

Bk P R S SRR [E) /s SO %
PSO 31.272 29.90
HSA 23579 7.02
FA GwWo 25.195 12.99
COA-LP 28.209 22.28
A GWO 21.923 —
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Table 6 Results of heuristic parameter adjustment when

two-phase short circuit happens

FEE ROGENR RIPESIEN RPEEMER RPEEIE

e 818 EEGNETS P Els Wb
10 1000 23.118 26.682 7.001
20 1000 23.561 25.780 4.219
30 1000 22,977 23.561 0.762
40 1000 23.201 24.975 3.803
50 1000 23.379 24.683 3.625
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Table 7 Different time difference solution results when
two-phase short circuit occurs

i ()% CTlls B GRS I /s
04 22.381
0.45 22.739
05 23.162
0.55 24.073
06 24.833
0.65 25.690
0.7 27.196
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