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Adaptive Fuzzy Directional Bat Algorithm Based on Directional Overcurrent Relays

ZHOU Yi, FANG Wei, GONG Min, XIA Xuesong, CHEN Yanling, HAN Ni

(State Grid Hubei Electric Power Co.,Ltd.Shennongjia Power Supply Company,Shennongjia 424400, Hubei, China)

Abstract: Despite bringing several benefits to modern power systems, distributed generation (DG) and
microgrids cause a significant impact on the operation of power distribution networks, especially with regard to the
protection system. In this new scenario, the adoption of smart protection systems capable of incorporating advanced
control and protection mechanisms is of paramount importance for ensuring the automatic reconfiguration and
restoration of the power grid when undesirable phenomena like faults occur. Considering this scenario, a novel
metaheuristic called adaptive fuzzy directional bat algorithm (AFDBA) was proposed, which can calculate the
optimal setting of directional overcurrent relays (DOCRs) in the power grid without the need for tuning the initial
parameters. The technique was applied to two case studies, that is, the 3-bus and 30-bus test systems. The algorithm
performance was compared with that of mayfly optimization algorithm, elephant herding optimization (EHO) , bat
algorithm (BA) , and directional bat algorithm (DBA). The results evidence that the proposed approach has high
convergence speed, high robustness, and acceptable computational burden, while providing the proper coordination
of protection systems.

Key words: distributed generation (DG) ; optimization; protections systems; microgrids; adaptive fuzzy
directional bat algorithm(AFDBA)
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Tab.2  Short-circuit currents of PR-BR in the 3-bus system

PR BR Iy/A /A
1 5 19789 175
2 4 1525.7 545
3 1 1683.9 617.22
4 6 18154 466.17
5 3 14997 384
6 2 1766.3 145.34
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Tab.3  CTRs of the relays in the 3-bus system

Yk 2 CTRAY
1 300/5
2 200/5
3 200/5
4 300/5
5 200/5
6 400/5
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Tab.4  The optimal setting of 3-bus system determined

by different algorithmic methods

Yk ,MA : FH() : ,DBA : A‘FDBA :
pPS TDS PS TDS PS TDS PS TDS

1 273 01 285 0.1 285 0.1 285 0.1

2 148 0.1 134 0.1 150 0.1 1.5 0.1

3 210 0.1 220 0.1 247 01 24 0.1

4 152 0.1 210 0.1 233 0.1 233 0.1

5 1.40 0.1 178 0.1 1.5 0.1 1.5 0.1

6 162 0.1 189 0.11 171 0.1 171 0.1
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Fig.3 Convergence evolution of the assessed

algorithms in the 3-bus system
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Tab.5 Robustness analysis of the algorithms

in the 3-bus system

Bk
MA  EHO  BA

DBA  AFDBA

S 25633 25832 27040 25356 25287
o 22 0.1203 0.0035 0.3516 0.0193 0.0003
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Tab.6  Short-circuit currents flowing through pairs of

relays PR-BR in the 9-bus system

PR BR I, I, |PR BR I, Iy
115 48636 11683 | 14 16 41725 10317
1 17 48636 12939 | 14 19 41725 12641
2 4 16344 10442 |15 13 41725 10317
31 28114 13616 | 15 19 41725 12641
4 6 26105 12260 |16 2 36845  653.6
5 3 17780 11244 |16 17 36845 12939
6 8 43785 7112 |17 0 76112 0
6 23 43785 13455 | 18 2 22717  653.6
7 5 43785 7112 | 18 15 22717 11683
7 23 43785 13455 |19 0 74358 0
8 10 17780 11244 |20 13 26242 10317
9 7 26105 12260 |20 16 26242 10317
10 12 28114 787221 0 76112 0
11 9 16344 10442 |22 11 22717 6536
12 14 28114 11683 |22 14 22717 11683
12 21 28114 12939 |23 0 79147 0
13 11 36845 6536 |24 5 16655 7112
13 21 36845 12939 | 24 8 16655 7112
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Fig.6  Convergence evolution of the assessed

algorithms in the 9-bus system
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Tab.7  Robustness analysis of the algorithms in the 9-bus system

Bk MA  EHO BA DBA  AFDBA
FBE 790 719 4314  9.06 7.34
A5 2 421 332 1095 138 1.08
SERPATIE] 530 591 67075  7.46 8.13

JIT A L SRAT 1 000 YRR AL & L, [R] I

T T FUAR eR BSOS AR A (81 A (RIS 2 22
I TP T ], 45 R AR 8 TR . AFDBA
SR E AU = T EHO Bk . ETERTA
5 vt 1 B R AR A A U 22 o T A U A
B AP 2 P07 I )R f K Y, D O 5 AR SRk
FHE , AFDBA LB A2 R .
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Tab.8 The optimal setting of a 9-bus system determined by different algorithms
MA EHO DBA AFDBA
gk Ay

PS TDS PS TDS PS TDS PS TDS

1 0.630 0.130 1.420 0.021 0.702 0.108 0.320 0.130
2 0.250 0.140 0.620 0.024 0.101 0.180 0.100 0.150
3 0.420 0.260 1.210 0.021 0.158 0.188 0.510 0.080
4 0.530 0.021 1.110 0.025 0.101 0.248 0.324 0.130
5 0.720 0.230 0.900 0.014 0.103 0.150 0.338 0.060
6 0.230 0.087 1.400 0.025 0.196 0.230 0.828 0.080
7 0.360 0.130 1.320 0.023 0.870 0.067 1.626 0.026
8 0.210 0.220 0.650 0.021 0.154 0.194 0.101 0.160
9 0.160 0.210 1.390 0.025 0.648 0.077 0.181 0.120
10 0.150 0.230 1.250 0.023 1.463 0.040 0.100 0.230
11 0.510 0.080 0.670 0.024 0.340 0.082 0.596 0.030
12 0.300 0.310 1.010 0.025 0.306 0.099 1.050 0.034
13 1.210 0.030 1.310 0.027 0.686 0.071 1.005 0.032
14 0.510 0.140 1.240 0.021 0.463 0.100 1.265 0.020
15 0.100 0.270 1.430 0.025 0.563 0.098 1.490 0.030
16 0.100 0.300 1.020 0.028 0.104 0.191 0.103 0.130
17 0.810 0.230 1.210 0.021 1.354 0.046 1.117 0.050
18 0.210 0.025 0.768 0.025 0.113 0.104 1.265 0.020
19 1.530 0.060 1.421 0.024 1.422 0.037 1.253 0.030
20 0.100 0.020 0.618 0.025 0.101 0.043 0.112 0.030
21 1.100 0.021 1.513 0.025 1.444 0.036 1.217 0.030
22 0.100 0.340 0.354 0.025 0.102 0.118 0.121 0.050
23 1.280 0.080 1.583 0.025 1.427 0.055 1.364 0.040
24 2.130 0.025 0.100 0.025 0.181 0.030 0.928 0.020
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