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A setting optimization scheme to address current protection mismatch in a 10 kV distribution network

LUAN Kun, DAI Zhihui, SHI Chen
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China)

Abstract: A current protection setting optimization scheme is proposed to address misoperation caused by the
overlapping protection zones of the instantaneous section protection in a multi-level current protection system for
radiating distribution networks. First, a protection setting optimization mathematical model is established by taking the
shortest overall fault-removal time, the highest protection sensitivity, and the least load affected by the fault as the
objective function and considering constraints such as the mutual coordination between up- and down-stream line
protections. Then, a constrained multi-objective backbone particle swarm algorithm and the K-means clustering algorithm
are employed to address the problem, analyze the features of the optimal solutions and select the final optimal solution.
Second, aiming at the dead-zone problem of the specific topology screening without final optimization solution, a solution
of adding the location optimization of the circuit breaker in the main line is proposed. Finally, the simulation results in
Matlab show that the proposed scheme can overcome protection mismatches, adapt to different network structures, and
improve the overall performance of distribution network protection effectively.
This work is supported by the National Natural Science Foundation of China (No. 51877084).
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Fig. 1 Outgoing lines topology of a 10 kV substation
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Table 1 Distribution line parameters

depg L KE/ &Lk K/
o BB RS, R 3 R
Hi's km s km
1 1-4 396 JKLGJ-240 1-9 4.82 JKLGJ-240
1-2 1.89 JKLGJ-240 5 9-12 1.70 JKLGJ-120
2 2-5 1.01 JKLGJ-120 12-13  2.00 JKLGIJ-70
5-6 1.20 JKLGJ-70 1-10  6.32 JKLGJ-240
1-3 390 JKLGJ-240 6 10-14 030 JKLGJ-120
3 3-7 0.28 JKLGJ-120 14-15 1.10 JKLGJ-70
7-8 2.75 JKLGIJ-70 1-16  7.51 JKLGJ-240
7 16-17 0.25 JKLGJ-120
4 1-11  6.47 JKLGJ-240
17-18 1.10 JKLGIJ-70

ZAHEAK 192 km, HAFET4K 7.51 km, 5
K 11.69 km, JKLGJ-240. JKLGI-120 5 JKLGJ-70
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Table 2 Traditional settings of Set I

sl 1B 11 B¢ 1T B

5 KA HI/AKA  EF[Els kA (Al
1 3.8126 1.0124 0.6 1.0 0.8
2 3.2363 — — 0.2 0.2
3 2.1724 — — 0.2 0.2
4 1.9168 — — 0.2 0.2
5 2.2400 0.8437 0.4 0.6 0.6
6 2.0295 — — 0.2 0.2
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Table 3 Traditional settings of Set II

il 1B 11 & 101 B¢

Hi'5 VKA HI/AKA  EF(Els kA EF(Els
1 5.6145 1.2458 0.6 1.0 0.8
2 3.2363 — — 0.2 0.2
3 2.1724 — — 0.2 0.2
4 1.9168 — — 0.2 0.2
5 2.7399 0.8437 0.4 0.6 0.6
6 2.0295 — — 0.2 0.2
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Fig. 2 Protection range of traditional Set-I settings of

10 kV substation outgoing lines
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Fig. 3 Current protection setting optimization scheme
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Table 5 Maximum and minimum short-circuit current

at the end of each line

LS WOETARS  RKMEHARAUKA  R/NER R TKA

1 4 2.9327 1.6196
2 6 2.4351 1.4140
3 8 16711 1.0563
4 11 2.1076 1.2946
5 13 1.4745 0.9665
6 15 1.7231 1.0968
7 18 1.5612 1.0192
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Table 6 Optimal settings of Set I

il 1B 11 & III B¢

Hi'5 KA HI/AKA  EF(Als kA EF(Els
1 2.9937 1.1810 0.4 1.0 0.8
2 0.5620 — — 0.2 0.2
3 0.5729 — — 0.2 0.2
4 2.9376 — — 0.2 0.2
5 1.5231 0.8349 0.4 0.6050 0.6
6 0.4122 — — 0.2 0.2
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Table 7 Optimal settings of Set II

il 1B 11 & III Bt

a5 HF/KA  ETKA I [/s AL/KA i [f/s
1 3.6005 1.1569 0.4 1.0 0.6
2 0.5789 — — 0.2 0.2
3 1.7420 — — 0.2 0.2
4 23799 — — 0.2 0.2
5 1.6567 0.8411 0.4 0.6 0.6
6 0.4124 — — 0.2 0.2
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Table 8 Optimal settings of Set I1I

il 1B 11 & 101 B¢

H5 HAUKA  HJR/KA i [f/s FIL/KA I [f/s
1 47218 1.0633 0.4 1.0 0.6
2 0.7242 — — 0.2 0.2
3 0.4136 — — 0.2 0.2
4 0.4178 — — 0.2 0.2
5 2.7534 0.8274 0.2 0.6 0.4
6 0.7225 — — 0.2 0.2
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Table 9 Traditional setting and optimized setting indices
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Fig. 6 Selection logic of final optimization scheme
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Table 10 Final optimal settings

s 1B 11 B 11 B

s KA /KA I 8] /s FLIL/KA I 8] /s
1 49317 1.2261 0.4 1.0 0.6
2 0.4489 — — 0.2 0.4
3 0.4983 — — 0.2 0.4
4 0.4198 — — 0.2 0.4
5 2.8467 0.8267 0.4 0.6 0.4
6 0.4688 — — 0.2 0.2
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Table 11 Sensitivity coefficient of optimal settings
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Table 12 Changes in specific cases
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Table 13 Traditional and optimized setting indices of Case 1
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Table 15 Traditional and optimized setting indices of Case 3
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Table 16 Distribution line parameters Table 17 Traditional and optimized setting indices
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Table 18 Final optimal settings

s 1B 11 B I B¢

5 VKA HBKA  BESS kA A
1 5.8655 0.7861 0.4 0.5527 0.6
2 0.7369 — — 0.1945 0.2
3 0.6843 — — 0.1799 0.2
4 0.5686 — — 0.1310 0.2
5 0.5257 0.3218 0.2 0.1310 0.4
6 0.2968 — — 0.1310 0.2
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Table 19 Sensitivity coefficient of final optimal settings
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i 1B I Bkt e % I B e %
1 1.43 2.03 1.55
2 — 439 —
3 — 538 —
4 — 3.70 —
5 1.34 3.30 2.33
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Table 20 Traditional settings of Set V

il 1B 11 B I B

W5 KA HEFKA I 18] /s FLI/KA I 8] /s
1 2.0436 0.8359 0.6 0.5527 0.8
2 1.4826 — — 0.1853 0.2
3 1.7125 — — 0.1657 0.2
4 0.7868 — — 0.1310 0.2
5 0.6965 0.3327 0.4 0.1310 0.6
6 0.4738 — — 0.1310 0.2
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