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A novel simplified relay coordination method for inverse-time zero-sequence overcurrent
relays applied in an extra-high voltage power grid
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Electromagnetic Engineering and Technology (Huazhong University of Science and Technology), Wuhan 430074, China)

Abstract: With the increasing difficulty of coordination of conventional four-stage definite-time zero-sequence current
relays in the domestic Extra-High Voltage (EHV) power grid, inverse-time zero-sequence overcurrent relays are gradually
applied as backup protection. However, the settings of inverse-time relays are determined according to engineering
experience rather than theoretical analysis. Such action brings many restrictions to its practical application. To this end,
this paper first combines the structural characteristics of grounding transformers installed in the EHV power grid
substations and analyzes the natural distribution difference characteristics of zero-sequence current to show the theoretical
basis of the simplified setting. Then, the coordination method based on the unified setting principle of inverse-time
zero-sequence relays is proposed. Finally, the paper proves that selectivity and sensitivity are still guaranteed after
simplification via theoretical analysis. The proposed method is applied to the 500 kV partial transmission network of the
domestic certain power grid. The results show that the proposed simplified relay coordination method is effective and
reasonable.
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Fig. 1 Schematic diagram of role of grounding transformer

played in EHV power grid
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Fig. 2 Conventional coordination of inverse-time

zero-sequence overcurrent relays

BT BRI, AR ORI SN PR A 2k
FIHRGE— I (A {E . I T] 52 B T, R SE I N6 A2
BG4 A v B e M W B IS DR 4 RE T SE BN
Y5, RIS B0 A2 R G A AH I8 4T 9 18] S et PR 22 e £
PAREEESR. WRGAREABIT ARG KT 7 i
TN e+ FTEESRL R G AR R ARIZAT ORI SE N
tamac M

0.02

» 2 ('“"°'”‘“O/_ i;) =9 (6)

b, BENEI L, Jotk EARER @) . 7

P 5 8 3 6 U P X BT SR AR B, 5
- ) A A R K, — e T, <111,

HisE |, AT, BN B5UE, 2 W FTE RN RS




}/J\IET% s %

JERL i s L X B R 2 e e 3 DR 0 1 8 5 7 ik - 21 -

W R IR S HoE RV e e TR, K
KL T BE SR, W TR

4  REPRERRIFECEE RSN

94 A2 B A S R BE SR GE R 5 A R 37 I
WISATIE I A . NI R iR et B ik
Jei S Bk PR ERL L ORI B R R A I CA A3 o
4.1 IRFESH

U VA e s L R R 27 A 2B A2 1K) P 5%
P — BORYRFIEFRNE, R A AT [B] 1 H R
Hilg,

HRAE P 1 el e s P2 7 ) 296 4 R R AL T
R, AR Rl R AR 8% LA A2 3 (B) 5%
s NORIP LG PE R R0 A2 . 25 e AR 73
Tl FHEE BVFE AR A, ESERIE R A
55 iR L BRI AR () 5 LR o 7 AT AICRREER
FEFFFHIL o, 8 XA DR AT PR .

K =lior/lor ()

HAE)IE T, Bk @). R(7), e L

T Ll Hh C, AT E] EL AR KL T, wn(8).

0.02
c _[3hesc| . ¢ __CTI ®
R l, © R 0.4,
PRI AR AT K, , HERIEXN
50
K. =1 Cy T +C, —Ty ©)
e C.2T, —C, T, +C,

MRYE_F IR ST AR (L0) T AT, Ko, A2 PRIE
TR A B R ER . Bk, HEIK, > K, »
U350 B 2 A 288 1) 0T FH R e DR IE B R pR A
ENVERERENE, AT SEHLERY H] E B C A

NTH LAE 1 TR REZR SRS BR A5 R L EE R
H C, AN ] bE R EL T, A2 A i 2 AR 1 553 R 2
Ko, R/ANEUESER . 1, BU300A, CTIHL 0.3, %
Hi AR I T3 2R 5 e 2 IR B (8] 5 (AR A
MU 3 frm. ATLAE e iR EER /N,

74 kA
& 3 BRI EEMT K, MEC, FIT, Tihihsk
Fig. 3 Influence of coefficients C, and T, on K
when single branch exists

Ter

Koo KT 0.6, ULBHSZEL L N AR ik B B shiid
A AR (1) 3 IRV E PSR s T M ) 52 (O
WK CKT 0.45)J5, RIE RS2k % — 5 % 7 i
BRI Ko, (AR 0.5,

PR TR, — G oL R X R o B
2k FAPEZ 0y AR IR S5 . E 4 FRBEE 2 52
LRIRM T T E RN, M2 FRER B —dE
PEZEK L, (j=L2L ,n)5 MR LIRA RS 1)
TR ZE R, WA n -1 S AR 57
e Sk e L s W N LI T
Hrar$50(10) 15

lor + Z lvoi
i=1 n
KTeq == Ky + szi =1- ij (10)
IkO.L i=1

i
A Ky = oy /o ISCREL WHKREHS
FEH AR Ny HLT A0 ) X A ks DU FL S P
KR, 2 X RERAN A

XP

Ky = —F— (11)
X + X,

X, x, AR L G4 T n—14 % 5 Ar
T ERF P IFBME . X T RS LA
Xo <X, » WK <05, BIAT SRR 70T R B K,
KT 0.5,

2

L1

o R =7
o2 L | e
‘rlwl : 1:\ | -fkwr_\‘ }
L,—= 1 . L : :% |
X 1 Lo \ [ |
| — L ‘ } [
- |
1 1) ; w
— | — 7 | =

] |

& 4 BEBEAEZ DT EBHNEFERME
Fig. 4 Equivalent zero-sequence network when
several branches exist

Rl oAt SZ 6 1 70 AR KA 15 i b 2R v 5
AR S T T R 2 S OB, R
Gt Ky > Ko, 600, A R T B TR R
EEFI R
4.2 RS

R B T PR W e B AR, A
BT RPN SR I NRER BB T, RIFE 2 SRR
R FL IR F B AT I E B e bR . R KRG/ NELT
77 2T SR B A ity i A2 A R R B A P P YA 2 AR A
M B 1 GY AT RS . & LR AR



-22- ® ) ERGEY DM

Ksen ’ El]
Ksen = Ilstl)/IP (12)

MRAEAFEEY, — R K, MK T 1.3~1.5.

g N@2)mrH, TRy REBER RERE
KAMUE R RfiER, SIEEMELR. AR
e At G S I B2 L OB S T VI A T A B S T
% ol B E R SRR — 2, AT R R
WHEEE T FFA S R R I FEAR
5

A8 I A X3 ) 500 KV J) s i H 1Y) S B
TREREAT RS 34, Mg Sk & 5 s, Kl
Be B T 9y 1~32 53 32 A7 ) i e i PR 7 i i
(ZS/AR

1B AHLEA A3

WA LS 23 2l 71y 13
I 3
e R e
e
3 7 9
8 10 .
3
biiiA
i |23 26 |z7
1w
D A ik 1

B 5 ERFEXIZEM 500 KV FERiE MR TNE
Fig. 5 500 kV transmission network topology of
part of Northwest power grid

51 EEITE
5.1.1 5 HL s

MR 5 45 R, 1% X 3 L 1% 500 KV i FE 2k
% IE I DL T 26 B K LR 2 500 A, NI4T H
WA 250 Ao BEAL, BIFEROELE, T HLRY R
KRB EE—BNA KT 300A. M RER
AR SRR N 250~300A. K, B 1.2, #%
I, =300A.

2 8 B — FRL LR B BAORH £2 e BHL B A P I o 2
LRI B — AN /N T 500 A 12D, K6 R R BUK
T 1.67, B2 REEZR .

5.1.2 B A {5 5 52

MR 3.2 A ) (R SR ), et S

ARG AR MIBIT BRI E . 1% X 35, 500 KV HL KX B

A I i R ZE 1.2 s[341, 488 Ty — A J] 98 B 4 Jim 32K

T 1.4 s ZHECHR[L2]H SLPr TAERLA, IRy 752
P — AN PR LR A kb R A, A
tyma =165 o B AN -7 UL T 4% 28 % A KU
2500 A THE, DU TE] e A VG Bl #E 2 N

05<T, <11 (13)
R, D PRIE S BR 2 i At DR vl SE e &
GiARRAHIEAT, RIS PRI AE RN AN T 0.5. R ¥
PRAE SIS BRAFIE T RE TN, ORGP B A I 7] 55 I ] 8
ERRIEEE, I TRV HOBDN, S PR 22 e sl I [k
Jil o B AZIX 45 500 KV R A B S5 250] B g )
BRI ZEER, JFEA—EMIE, WTHLT, =06.
5.2 {RIPECE DT
WA M2 N EF S HETT . 456K 5
JIT7 500 KV Jmy #an F 28 R A1 & T4 AR R 2l R
5 ERAB R ER G KR, WK 2 fos.
ZM gt 85 MHAL AL SR A, Hhf 6
MR L TR A KRR, MERPRELTR, R
N 79PN A 5 R 1 AMRIPAHIC S .
R 2 HMEBRIFEEXER
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1 — 17 13,14
2 — 18 13,14
3 5,6,11,12 19 23,24
4 5,6,11,12 20 23,24
5 26, 32 21 17,18
6 26, 32 22 17,18
7 1,2,11,12 23 —
8 1,2,11,12 24 —
9 1,2,56 25 7,8,32
10 1,2,56 26 28
11 15,16, 27, 30 27 25
12 15,16, 27, 30 28 9, 10, 15, 16, 30
13 9, 10, 27, 30 29 9, 10, 15, 16, 27, 30
14 9, 10, 27, 30 30 —
15 19,20 31 7,8,26
16 19, 20 32 —
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Table 3 Settings calculation results of three methods

S Jiikl Tk 2 T3

=3 I, T, I, T, I, T,
1 300 0.21 260 0.23 300 0.60
2 300 0.20 300 0.21 300 0.60
3 300 0.65 260 0.11 300 0.60
4 300 0.64 260 0.12 300 0.60
5 300 0.56 263 0.26 300 0.60
6 300 0.55 274 0.26 300 0.60
7 300 0.25 260 0.25 300 0.60
8 300 0.25 260 0.26 300 0.60
9 300 0.25 263 0.25 300 0.60
10 300 0.22 270 0.25 300 0.60
11 300 0.43 260 0.25 300 0.60
12 300 0.43 265 0.25 300 0.60
13 300 0.30 261 0.20 300 0.60
14 300 0.24 264 0.20 300 0.60
15 300 0.34 268 0.26 300 0.60
16 300 0.42 260 0.32 300 0.60
17 300 0.32 262 0.14 300 0.60
18 300 0.21 260 0.10 300 0.60
19 300 0.24 300 0.24 300 0.60
20 300 0.28 267 0.24 300 0.60
21 300 0.79 260 0.10 300 0.60
22 300 0.52 261 0.10 300 0.60
23 300 0.31 279 0.32 300 0.60
24 300 0.22 260 0.22 300 0.60
25 300 0.26 260 0.25 300 0.60
26 300 0.37 262 0.24 300 0.60
27 300 0.27 260 0.23 300 0.60
28 300 0.35 260 0.28 300 0.60
29 300 0.87 260 0.11 300 0.60
30 300 0.37 300 0.32 300 0.60
31 300 0.93 260 0.11 300 0.60
32 300 0.53 260 0.34 300 0.60
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