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Research on hierarchical protection configuration of distribution line switch

GUO Liang, LI Shengjian, FAN Ruixiang, AN Yi, LIU Bei, CHEN Chen
(Electric Power Research Institute, State Grid Jiangxi Electric Power Company, Nanchang 330096, China)

Abstract: Problems of switch position location and fixed value setting are common in distribution network, which causes
skip tripping or simultaneous tripping of line switches. In view of this situation, considering the influence of voltage level
of substation in 10 kV distribution network on the time limit of protection and the inrush current of transformer substation,
different switching hierarchical protection methods are put forward according to different substations, and different
hierarchical protection principles and corresponding setting principles are given respectively. On this basis, a statistical
investigation on 10 kV distribution line system impedance in a domain is made, corresponding grading switch setting
position table and setting limits are given. Simulation results and practical application results show the effectiveness of the

proposed method.
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Table 1 Location statistics of 39 key line switches
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Fig. 1 Schematic diagram of two stage protection settings
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Fig. 2 Schematic diagram of two-stage protection

timing arrangement
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Fig. 3 Schematic diagram of three-stage protection settings
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timing arrangement
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Table 2 Unit length resistance and reactance of

LGJ-type conductor

FLAS iBH a/(Q/km) HLT b/(Q/km)
LGJ-50 0.68 0.38
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LGJ-120 0.29 0.35
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LGI-185 0.18 0.33
LGJ-240 0.16 0.33
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Table 3 Setting position of grade switch in each type of LGJ wire

BRIET N RS LG] £RFET, MR G20 B/km
BEL AR ¥ Bl (B £ A1) LGJ-50 LGJ-70 LGJ-95 LGJ-120 LGJ-150 LGJ-185 LGJ-240
>25 3.597 4.081 4.499 4561 4716 4.859 4.854
(2.0~2.5) 2.998 3.401 3.749 3.800 3.930 4.049 4.045
(1.5~2.0) 2.398 2.721 2.999 3.040 3.144 3.239 3.236
(1.0~1.5) 1.799 2.041 2.249 2.280 2.358 2.429 2.427
(0.75~1.0) 1.199 1.360 1.500 1.520 1.572 1.620 1.618
(0~0.75) 0.899 1.020 1.125 1.140 1.179 1215 1214
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Table 4 Maximum current setting value of overcurrent I

section in first stage protection
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Table 5 Setting position of switch two or three below for each traverse of lead wire

EES SRS LGI £XPL T, BT ML ) 5/ S0 B /km
NREGMBE IR
S, LGJ-50 LGJ-70 LGJ-95 LGJ-120 LGJ-150 LGJ-185 LGJ-240
5 IR 2.693 3.316 3.922 4.174 4.481 4.851 4.932
-0e EURH/ S P S 4.941 6.241 7.526 8.110 8.785 9.620 9.820
Emt’ SIS S 2.507 3.098 3.674 3.918 4.212 4.568 4.648
(0206 BRI 4.521 5.720 6.909 7.453 8.081 8.859 9.047
Eomt $iSS 2.255 2.793 3.321 3.546 3.817 4.147 4222
(0.4~0.5)
BRI K 4.005 5.075 6.138 6.628 7.191 7.891 8.062
5RO R 1.935 2.403 2.863 3.062 3.299 3.589 3.655
(0304 BRI 3.395 4307 5.215 5.635 6.118 6.719 6.867
5 RITR 1.648 2.055 2.456 2.632 2.841 3.097 3.157
(0209 BRI 2.832 3.600 4367 4.725 5.134 5.646 5773
5 RITR 1.423 1.787 2.147 2.310 2.500 2.736 2.792
(=02 EUR/ S P S 2.365 3.016 3.668 3.977 4328 4.770 4.881
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Table 6 Maximum current setting value of overcurrent section

I and II section of first stage protection

/BT T R4 TER T BEE ) TR I BEE Y
RELT {8 90 Rl (b & A1) FORAE(—IRMA/A) FRAB(—IRAH/A)

>0.9 2570~3 023 1 540~1 807
(0.75~0.9) 3.000~3 500 1790~2 110
(0.6~0.75) 3.600~4 230 2 150~2 530
(0.45~0.6) 4500~5 290 2 690~3 160
(0.3~0.45) 6 000~7 060 3 580~4 220

(0~0.3) 9000~10 580 5 380~6 320
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Fig. 5 Protection settings for a 10 kV line breakers
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Table 7 Previous fault trip information of a 10 kV line

Y Bk %ﬁ%ﬁg BAS BT X
1 2016-4-16 7:18 41.1 ABC F02
2 2016-4-18 17:50 35.32 AC F02
3 2016-5-2 0:10 32.47 AC F02
4 2016-7-7 12:54 48.15 AB F02
5 2016-8-21 12:58 42.27 AC F02
6 2016-9-1 10:10 40.31 BC F02
7 2016-12-21 12:09 39.36 AB FO1
8 2016-12-21 13:39 40.01 AB FO1
9 2016-12-26 0:51 37.77 AB FO1
10 2016-12-26 13:38 39.71 AB FO1
11 2016-12-26 15:11 40.01 AB FO1
12 2017-1-29 15:25 40.02 AB FO1
13 2017-1-29 16:47 39.36 AB FO1
14 2017-2-8 5:24 39.33 AB FO1
15 2017-2-8 6:33 38.63 AB FO1
16 2017-2-8 13:33 39.14 AB FO1

AR, IR TT OGN EAL B A E ([ e A
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T ECE . %2 10 KV BEEAL i K8 1T
TN RGBHY AR Z(H N 1.7399, ETLAS5 N
LGJ-95, #rifi# 3, s It i BALE 5/
42999 km, 73 &FEA LGI-120 T4, X NAL
BN 3.040 km; FRAE 10 kV REk AN AR
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() RS HPTRR AN 2.041 6 FIK 4, LI
T BOEMNASK T 1904 A, #HL 1900 A/0s; ¥
IT Bt CT A2 L 285 R4 far, HX 200 A/0.5 s.
I3 LRI FO1 JTFOCRI =281 FO2 ROty 1 B
AR 1T B AN K T M8 TG e (IR 0.9 £% .
MR BN BEL 3 km, AT TN 40%, 43
I 67%, LeEREAC, e B NERR B, P
£ I LI R (H N 0.6 F5E1 1 140 A(0 s)FIT 120 A(0.3 5),
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Table 8 Equivalent impedance at the switch
setting of' a 10 kV line

P v %J\‘iéﬁj}fﬁ Evbiéﬁj}fﬁ
FRHPTQ NEHPUQ
HERTT K AR HL 19183 22509
FETL#49 T FO2 #49 A 3.2478 3.556 3
I3 37 2445 KT FOL #45 FF 31759 3.490 7
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IR A
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AR I RGBT = AH RL A3 56 B 2 A
L, & KEfr AN HAERE N R=0.276 8 Q,
L=6.042 mH; i /NaA7 77 F HAL W E ) R=0.276 8
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BRI, AR I TR G e B A 3 2k B U /M
R E Sl R=0.878 4 Q, L=3.375 mH. £k A3 N

=1818(A)
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Fig. 6 Simulink simulation wiring diagram
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Fig. 7 Two phase short-circuit current at outlet switch

under Simulink minimum mode
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Table 9 Arrangement of switch and its setting

S BENLE T K L /A B/ A ST B TR (B
HERTT K AR HL 3010 2221 1900 A/0s 200A/0.5s
LT 2k#49 #T FO2 #49 F 1778 1 406 1140A/0s 120A03s
Iy W L#45 KT FO1 #45 1817 1432 1330A/0s 140 A/03 s
FF A #126 FF 1008 961 / /
93 SCERA I #66 F1 1522 1 407 / /

F IR PA by s E e, % 7 16 Rk IR R T
55 4 RGO LR 48.15 A, — B 1 926 A)
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F 10 JE=4 7 B apkisx g

Table 10 equivalent impedance at switch setting
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