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An analysis and improvement of refusal-operation of line differential protection in
high resistance grounding fault

WEI Yao, ZHANG Yao, ZHANG Yong-gang, HU Zai-chao
(Guodian Nanjing Automation Co., Ltd, Nanjing 211100, China)

Abstract: This paper analyzes a refusal-operation of line differential protection in high resistance grounding fault, and works out the
reason of no simultaneous operation of differential protection starting element in both sides of line is lack of sensitivity of current
starting element in weak fault side. Therefore, an improved auxiliary start-up method of differential protection double-ends zero
sequence current and voltage is presented. This new method improves the starting sensitivity of current differential protection in weak
fault side through fault component information of current or voltage in both sides of line. Fault recording data replaying and RTDS
simulation results show that the protection performance of improved current differential protection is apparently enhanced in high
resistance fault, especially in the one-side fault and the side far from the fault only feels the tiny fault component.
Key words: high resistance grounding fault; current differential protection; weak fault side; double-ends zero sequence current and
voltage auxiliary start-up
RESKS: TM77  SCERARY: A XEH T 1674-3415(2014)02-0127-05
R R ZE B R ORGP e 0k T AR SR

0 3l8 BRI, AR R L L (R

HR ZZ B IR DA se R Ts 1) (RS
TRY, S Zeits PR ORY IC BN 13 - 24 T Bk CT
W2 (s, LU 22 sl DR R 2 i i 0 4 fRa o
T8 R EHEEA g ), SET RIS I iR S8 B
JA B e AN AR A 1 & P WU A 3l o £
M, 2R Ordm i I Ry R shooft,  #ig
3 AT AN R I B R W A 2R 8 iR I e 280 Bl
¥

ey s 2t 5 7 e LR AR IS, R X0 HAR

BEEWHE: BXRAEAKAHARAALAZFLAR
(NY20110302-1)

I Ao VRS OK R 9 FEL R, 41 500 kV 26 2% £k 300 Q.
1 000 kV £k H 2 5K 600 Q, XX LR Z SR
TE i BEL B I (R B AR AP i T R s i sk . i
T U VAT A% S =X RS BV 73 L EN SE NG
25 2 5 P I A Bt R 0 2 B, v LB 1 A A=
RRETE R M R S R B R 3 4k 2% R 0%
U e 58 AR B T X 188 7 R J P vy BEL AL 8 T g A
Sy ULt il T 2 X pA) e PEL R
T R B — I R T TCIE I BB E, e a3k
W ZE B R R B0 .

AL A— L PRIsIT R it K AN &
BHAZ M, o i ZE B R RS R AL, 4



-128 - & 0% EP DA

s, W RTDS CENBUFTE RS 1)
BRI UE I T SOl R i 1 R

1 BWEIRSH

JHh 500 kV 2k Bk E A AR, M ERYT
BB BT 2.3 s Jash/EBk, M IJFCHE
JFJE, N ksE i s, P Z= S R B e Bk
] o

M 00 55 o B e P S A AN A D, e L gt
BT, WA AR, WA s
AR A B /N o N A v AR T AR 4k,
PR LR AR R /DN, AR 2 R R S s R 2R TGV
JA 8. IR IE AT DO e 2 i LR AR T iR
P b, P00 e g R B L 1, 1 2.

sfias  -400 230 263 1494 3240 9560 15880 28016 2!
8786V

Uk sossy M\W\W\m\/ Vv
9525

U, |

B 96319

5031

e S A R
39019
10529)

3Us
10414

Vi 1034
A
A -1.044)
A A A A A A A A A A A ————————————

0.124)
B g0

0.124]
I
C o1z

1.00A)
BkA v
BB —
HkC —

1 M A RE SR
Fig. 1 Fault recorder of M side
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Fig. 2 Fault recorder of N side
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Fig. 3 Circuit diagram of the system and zero sequence circuit

with high resistance grounding fault

i - Yy
‘ (ZsmO +Zlm0) i (Zan + ano) +7
ZootZomot Zoo ¥ Zoo

sm0

:ij +jn0

1
P IR An A E S, P2 P s FRLIAR 2 i)
N
I,=C.,-1
'mO mO0 'O (2)
I,=Cy1,
an0+Zln0
+Zlm0 +Zln0 +an0

C, ZootZio (3)
Zoo + Lo + Zing + Lo

PrEL, PN BRER b 22y H s

Uno = Lo Zowo ==Ly Cono " Lo
{Uno :_jnO 'Zno :_jo 'Cno Z

S| sn0

m0 Z

sm0

4

w30 @) WTRUAE S, BRI MEE
SR 2 R K /0N g e v L R e 0 2 B
PUTR, (AN BCRIZR s P I % PP i iE R R S
R HEIESR, AN b P 2 e LT BC s 0
1Ko

I:LO: anO +Zln0 (5)
InO ZsmO +Zlm0
i—,l anO + Zan >> ZsmO + ZlmO EH" Eﬂé&ﬁ%‘@‘%ﬁ

MU, £ >> T, M8 4 e i
B SR Z, B, LR AR,
N AT D, AR B R B TE A Rk
RER B

T T2k AP R A P R, JER/N
LA T 1 515 5 R SR L TR,
BRI RGERGOET 0 W, ETF R
TGRSR, SR EMEAET 0. BA

ST b0 N 7 VT 1) S A U (Y VA R
TP I F BH OIS S i e i P 022 e FEL R
I3 BC, AT RE2 YL I 2 P R AR 1 0
LT he s B2 1 Nt 11 AN K = PUTWA 1 17803 d s SR
AN IR S B oe AT ks B R
AR T A 25 R Wil AN [R) S50 i B ) DR 4k P 28 R
&, BT RARE SRR TOAERT B W A e A ey FEL A b
TREA T

NIRRT 28 GEAs 8 NIV A% 2 4 I RS MK,
UL OUAE R 5 R FIR AR A, SCVFAT B I
PIDIBR R, 82 o — I PR R PR R B R B AT R
HYIER, WEAAAE 5 KUK o PRI AT 0 EERAIT
FEHLIR ZE SN IR AR OCIZ 4], JF 3 AT R0 st Ty
%o
3 EMRIZFMEIERBRENRIFENELE

B 7T

R ZE BN ORI E 0] 59008 R GEH0 L e PP S5
DUE T TR BRI BB shooft, Ras Ry gt )
PG5 B AAU AL AU sy 0O X
R D AME R, JEH R A T CT
W2 S8 S BRI 1l FRIR 22 S R R B T B

BRI, et R 2 s ORGP E s B e I 1 ) i
Bk Q720 R, WX R4
A ] B [F)— (e R R e A5 R @25 85 AT
SRIGIAA S8 W) 1) 2 3 R ABRE IS, AN sl s
MRl B, (HAEERER T T CT Wit

HARTEA, A R G shoofhAeat b,
Hhnan MR A Bh Ao n SRR e g5 b ) LR
AT R AR TCVESNE, K EE T BG4 1)
JA NSRRI ZE S IR A B

1) X % F o A Al B ) sh 21

M i s a s (6) Bl (7).

3U, > Uy, + K Uy 6)

A3U, >U,,, 7)
Horpe 3U ORI TR AU, £2%FF
HL R 5 A i 1502 1 I Uy, TR 0.5~1 V CIRAED s
U g N EFFPHEFSNT M, BNER 21T HE A
TR HU . ATEEREA, ATH1.2~1.5,



-130 - & 0% EP DA

WG 3 PPl g, DX Py bR I R4
FMEFREEREREF MU ENL S, B
T 0T ML B RS ATIN A AP R r s, 3
L P B I I R A E K RGP R A T bR el
1B47 77 SN SR AAL, S X ANBh L ik %
PR Zsh /IR 3, i ZEsh kg th A&
st

A7) PRI Vs SRAR A #5873 v P i e
AT AEAESADUA SR 21 (10 5 Jo P vt BEL e s i 2
ks, Mkl (6 TR E oS
AT

2) W% Fp LA B A sl A 1

FEL U B Bl T JC ik s A R 5 e ) % e

w2 (8), BRI H B sh AR ) s R )
TR 2t (9.
31,5 1y, +hy o (8)
31, >k, -1, 9)

31, RARY R M F L, 55 O s 2
(8) FHRIE 2 TIHE £, PTHCREE RS T A (e,
NTRPIE P RFURSER, 1R
A L pgypse B IE B ATIIE] (AN P % e L, T
FERK ke, WAL 1.2~1.5. 7EZ B0 BRI D0 T 2%
BP0 RCR ARG, 59
LB O P 2 P P SRR 2 /N T3 (% AL A 3
ETVER SR, PIASHI R B A [ E 1]
i, 7E 55 MO W S ) DO AN T IE AT I %
b PRI IR DR AR ) E B A A

SRR A S (9) &2 B BAE B A
SO, 99 R MIEA A 2 MR P UL,
111 35 s 00 S PRIk 5 15 AR G % e BT/ N i PR A7
F P A B R Bh A AR ANBESI AR, T B E R
TR B IR BRIy, JEFR A I H A2 AT
Mg, wE 1.2~1.5 MRk, #2h
TRERTSESOT CT Wrdey™ AL 7 At .

3) XU % - FELUAL AL Al B0 B A

AL BRI 1 B 2 I, Aok
(LN = L SO N = B EE L o B b N 7S A
WA 4 Fs.

4 {FERE

A RTDS 47 B 5 eiodt a1 i 2= 3 PR 377
i B SR s E G AT T . B T el 3

\v|

X ﬂ)!‘]3’<»>3’nq.t

| AT M3 Ug>Upserth13 Ungami ’_

R 2 P Al 0 A 11 .
I % HL S D 21 &L
A A 3Up>Upget

A3 Ik x I, =1 | R Al A A

\v||

310> Toser kX 3 ogamk

B 4 YinEFEiREEHBESER
Fig. 4 Logic diagram of two-terminal zero sequence circuit
and voltage startup element
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Table 1 Comparison of current differential protection tripped
before and after improvement with heavy-load
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K1 K2 K3 K1 K2 K3
350 X X X X X X
300 X v X X N X
250 X v X v N X
200 X v X v v v
150 v v X v v v
100 v v v v v N
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Table 2 Comparison of current differential protection tripped
before and after improvement with light-load
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K1 K2 K3 | KI K2 | K3
400 X X X X X X
350 X X X J X X
300 X v X v v X
250 X v X v v v
200 X v X v v v
150 v v X v v v
100 v v v v v J
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