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Protection logic analysis and additional judgment method of a transmission line break fault

CHEN Jun?, SUI Jiamin?, ZHAO Zihan', YANG Xiangfei!, XIANG Bo?, Y| Jianbo?
(1. State Grid Sichuan Electric Power Company Dispatching Control Center, Chengdu 610041, China;
2. Laboratory of Wide-area Measurement and Control on Power System of Sichuan Province,
University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract: There is a lack of a fast and accurate identification method for the broken line fault on a relay protection device
on an overhead transmission line. This means that judgment and treatment of the fault is not likely to be timely, and it is
easy for associated equipment damage to be caused as well as major safety incidents. This paper analyzes the action logic
of main and backup protection after a line break fault, explains the mechanism of why distance and zero sequence current
protection may refuse to operate, and puts forward a fast identification method for the fault. Based on the variation
characteristics of voltage and current of fault phases on both sides of transmission line after a line break, an additional line
break protection criterion is constructed to realize the fast identification and protection scheme of both a simple line break
fault and a line break re grounding fault. Finally, through PSCAD transmission network simulation analysis and a case test
of a hydropower transmission line in Sichuan Province, the feasibility and effectiveness of the proposed method are
verified.
This work is supported by the National Key Research and Development Program of China (No. 2018 YFB0905000).
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Fig. 1 Simple disconnection fault model
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Fig. 2 Composite sequence network with single
phase line break fault
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Fig. 3 M-side grounding fault model of transmission
line disconnection
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Fig. 4 Power system transmission line model diagram
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of transmission line under different power angles

A lJ/A /A IJA 3l/A

Table 1 Voltage and current of each phase of transmission line M 1220 320.25 314.45 280.08
L16-19 after single phase disconnection 0 N il 1323 332.20 322.06 280.11

L16-19 I/ I/ 3l/ AUJ AU AU o M 12.20 32291 31721  274.80
A A A kv, kv kv N ] 12.34 33100 32125 27483

Ml 1245 31099 30242 26001 160 162 1.33 M il 12.20 31020 31350  272.13
Nfil 1260 31803 30476 26007 230 165 1.25 20° N Bl 12.33 20717 31745 27219
HRHEZ0(8) T LATHE 220 KV % H 28 4% L16-19 1) - M il 1221 31506 30937  269.16

Lo~ Do v Uges 23 EHAE BN 17.58 A, 425 N ] 12.34 322.90 313.25 269.22
A Fl111 kV, Ao M {il] 12.21 31013 30447 26559
MR E L AT LLE . HreEsR iR 1L16-19 HE S, N il 12.35 31782 30825 26574
ERTB BB B R R B IF BROR WE) g MW 1221 STz 2en 25
FERAAET, LRBEFIIING A TR (S TR N 1254 2 SUE U7 2R
fii, T B CHIBAATFERBEMATHRE o M0 1A M e
R, AWM R (). b, sk MM 1235 SLSH PRl %
B L16-19 7 011 B4 H 7R A5 4k B 2 ok i 8 o £ o M {il] 1222 27828 27293 24216
N il 12.33 28497 27607 24255

11KV, A EARE AN B H A& 24 (8), Bl
2R 6 R AR P A FHIBTZR b, bR fa 227 f i
KA B 300 Ao iZA A R AT LUIESE: AR
JT R HH 4D 7 B DT 2 W s R e A B AT

AN, R R T T IR AR e 4R
PRHRE, HRTRE S| A B I Th A ARk, M
T 5 e BT 208 R R i e B U F A e . BE Tk, B
FEHIFEZR S L16-19 TEAFI TN T R A SAH W28 ik
B 5 5 AH FLE LR DA R 2R B AN () AR P sh AR 1R D
Ay LR Th AR VO L 0° 3 70°, A 10° A
Bk, £ B EE Rk 2. 3% 3 Fis.

TR 2 AR 3 /b mr 0. B4 B 2R B 11
AR A Ak W i i P28 6% 19 A0 1) e A FEL YA
A B A FEL A DA B 25 AH FELR ARk AR TH 7 A5 IR 28
A R 9 5K (8) o

B 5 T £ B3R, W DAR IR )5 0 2 5 L
At A R TN, TR P B EE A 52
AR, B AE TYRRIE. Ll
L2 GUUE B BT R T 2 s R A A AR AN R S A R AR
IR R

PIEH 2R L16-19 40 ) Bk i B Ay
5Q. 50 Q 1] A FHEAAAWTLR e, WE M

% 3 TEIIA T B A4 2R REPE G
BETHERRIPHEFR
Table 3 Voltage variation and protection action of single
phase line break under different power angles

T AUKV AUV AUJKV PR
FERH
" M ] 1.55 1.71 1.41 KA
N ] 2.33 1.75 1.30 KA
L0 M il 0.16 1.77 1.42 KA
N ] 1.14 1.61 1.38 K
- M il 0.05 1.78 1.42 KA
N ] 1.18 1.57 1.34 K
- M il 0.08 1.79 141 KA
N 1] 1.23 1.54 1.33 FENE
" M 1] 0.23 1.81 1.44 KB
N 1] 1.27 1.50 1.25 FENE
L M 0.41 1.83 1.44 KB
*0 N 1.33 1.45 1.19 KEE
- M 1] 0.68 1.84 1.47 KB
N 1.41 1.36 1.12 RENE
. M il 1.1 1.87 1.49 KRB
N 1.52 1.25 0.97 RBE




-108 - LY EE X T EE R

R 4 WML L16-19 Bk IR E SHERET L
Table 4 Voltage change of each phase after L16-19
line breaking and re grounding
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Fig. 5 Current of each phase on L16-19 M side (Rg=5 Q)
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Table 5 Voltage, current, and protection action of transmission
line of hydropower station after simple disconnection
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Table 6 Voltage variation of 220 kV transmission line of
hydropower station after simple disconnection
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