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Highly robust sector current differential protection criterion
under noisy disturbance environments

Zeng Qi Zhang Hao' He Chuan' Huang Xiaobing®
(1. College of Electrical Engineering, Sichuan University,Chengdu 610065, China;
2. Qianghua Times(Chengdu) Technology Co. , Ltd. ,Chengdu 610095, China)

Abstract: With the development of renewable-energy-dominated power system, current differential protection, a key
technology to ensure the safe operation of power systems, has attracted widespread attention regarding its reliability.
However, the influence of noise interference in the process of information transmission is often ignored in the existing
studies when discussing current differential protection, which may lead to the failure of protection action. Deeply
analyzes the influence of complex noise disturbance composed of Gaussian white noise and impulse noise on the
operation characteristics of current differential protection, based on the p-plane theory, and proposes a new sector
criterion. The sector criterion can flexibly set the minimum phase difference ¢,, and the minimum amplitude ratio R of
the current at both ends when the line is fault-free to achieve a dynamic braking area, which effectively improves the
anti-interference ability and operation reliability of the system under noise disturbance. Compared with the traditional
circular criterion, the proposed sector criterion exhibits superior performance in resisting mal-operation and refusal
operation under different signal-to-noise ratio, which can be validated by theoretical analysis and simulation
experiments. The sector criterion reduces the mal-operation rate by about 50% compared to traditional criterion, and
can ensure that both the mal-operation rate and the refusal operation rate are far less than 10 °, even under complex
noise disturbances with a low signal-to-noise ratio (30 dB). It provides a high-reliability solution for current differential
protection in the distribution network, which has important theoretical and practical significance for ensuring the safe

and stable operation of the new power system.

Keywords: distribution network;current differential protection;p-plane;sector criterion;noise disturbance

0 3 P18 42 T o MR 1 2 1) T RE R A HRL 2 A O R L R £
1) . i FEL AR S TR IO 4% B i SR ) 22 i 22 R 0 4% L AR i
AT AR R L Bt 3 15 8 Ak A1 BE IR A9 A i RRT BE R A ML B R S Al el B e 2 Sy Xt A e T ) A i = B

il

Wi B #1:2024-11-25
* 4 E DU I BT R (2023NSFSCO480) L Tl 15 175 J A 4 156 0 475 o 5 1 P 56 92 60 4 JF O 4 (202303) T H ¢ Iy



948 & 2 F o

T # K

PR B SR RE 0% A7 A5 U R 2 R 000 e O R L ) % e il
W LA A7 2 T e, ) e, RO B gl A LA 2 O v R
BT A 2R R S T A v 05 v AR A T e i 22 Bl AR
kAR PR LN,

HL P 25 2 R 47 1 B R R WL U A (Kirchhoff 7 s
current law, KCL)$&H 3 48 b 39l O/ 47 28 [ 19 iy F 3 O
o S B o R G LA R i B T AR Ry e B AR A PR AP
ELE N AT EE A RN R R B
T RCHL W B4 T 22 e A () L I L A B R
S LR R L 25 A R A R B B O A A 22
LT A5 B S B e S i, T LR 25 B IR
PR T S5 I L IR A B S H A% e e A R R R R T
B ™ 552 R OR3P S AR I VAR 1 L R L 2 ISR T M X 4R
TR R R HE R LRE X,

H A i e ) rh @ w8 DG AR AR O 22 3 R4 M5 B AR
VRS T (H B TR A e s R PR HE S B A TG R T HE LA R
JOE AT, B L E AT AT 3R T O & L 4G
5G AR EPON % Z FpJy 20 IR i 38 f5 0y A1, R HL
A 2 Ml F 0 E SRR 22 SR b R AR B AR EE R
T A% i Pk AS T 3 G 3t 52 300 W PS40 B FR T B A A e
5 TS BRI IR B s 4E 3, X LE M R 3h i@ W AT
12 AEAE N & 307 3 e 75 (additive white Gaussian noise,
AWGN) MY R T FF 5 88 18 T AR 7= 26 00 Bk o g 00 4
R A N U S R SR =R S Al A e S RN e i
R 52 2 M 7 4 3 1) L, I B i ol B R e 8 o T 22 B R
PR

h B2 e PR A MR S PR BT TR S AR Y TS A L T DL G B
& A G it 45 T AR B A% i AR B 1 v B A% fa mT A
YUY BRTE A R Tl 45 T 5 L {5 L
FE, W SCHRO14 1A% B2 E 32 22 3 2 7 3800 vh i | A BA 4L
A AR ) — o R e )l 55 5K 8 T SR IR A A O =X
SCHRLCL5 ] vl 20 5 18 W 75 52 i, 42 Hh — A 5 88 % 0 9 05
ZLRERA THIEFRENTTEE, WA WA PFRN
PRFFIE A5 AT SE MR R R 2= B R S ME MR RE L a3
HRC16 4% — b 5 T 7 2k 91 22 Bk A% 1Y) 1E 2800 43 22 hk 42 A
1 B5G REE. U T R Z s R 88 & 1 PR 3h 1 7T &k
SCHRLL7 4R s — b B 7090 4% 8 42 1) 1E 32 4 43 S A 5, O
EE BRI R , WA T R IR BB R ), KK
PR T R ZE BRI B AR 0 TR AR T I L B 5T LAY
A G TS AR BT, HL AR A% 46 4 A0 = 2% i 30
FHE 5 FH GBI 5T K I HEHT M A5 0 2l | B R v U 22 B AT SRR
AR AP Sl FIE B TR S5 B

BEXT E R (), $2 1 — b I 75 B B B i S R Y
PRy G —p P BB 22 S R G . o SF T i AH P
THT ) BE T W 179 2 e 11 2 6 9 o L TR I IR AR DG R . B T p
T 53 AR e 405 CRI, AH 4 F0 22 10 30 40 98D s R Re k. %
A T MR 7S ) L U R 2 A DL R M S G 3 o R AR B VR Y R

.« 92 .

Wi HEAT 73 A o I 31 Hh — ol BE it 7 BR i B P 37 £ S T i PR OE
M L LU AR 37 22 199 B JE DR 47 00 o A A0 40 o  47 7 I  3R
L (E R E T

1 BT p FEHNENRPIEFESH

1.1 EMEHRPHE

FLUE 22 SR 3P 0 T KCL %5 28 6 79 o rl 38 LA AG: T
TRAWE. WE 1 PR, 5 A8 B A 0 (smart terminal
unit, STU) SR A i 3 5 B )5 388 52 38 {5 15 16 1% i 390 6 9F 41
WPk R A5 . MRS B AR AE , B A H 0 AP i A e
IR I A R 2 o S R R MR Bh R AR AR
i B R R A A (D~ (D PR,

m I P I, n
S

K1 BmuEsSfRRER

Fig.1 Schematic diagram of current differential protection
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Fig. 2 Characteristics of the action of each traditional
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Fig.3 Trajectory plot of the operating point considering noise
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