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Influence of Zero-Sequence Mutual Inductance on Earth-Fault Distance Protection for

Four-Circuit Transmission Lines Belonging to Different Voltage Classes on Same Tower

Under Different Operation Modes

ZHAO Kaichao, ZHOU Zexin, DU Dingxiang
(China Electric Power Research Institute, Haidian District, Beijing 100192, China)

ABSTRACT: The influences of zero-sequence mutual
inductance on zero-sequence current compensating factor and
measured impedance of earth-fault distance protection for
four-circuit transmission lines belonging to different voltage
classes on same tower under different operation modes are
analyzed. Theoretical analysis results show that in all operation
modes the zero-sequence current compensating factor reaches
its highest value and the measured impedance reaches its
lowest value under the operation mode of two-circuit
transmission lines on the same tower; the zero-sequence
current compensating factor is the lowest and the measured
impedance is the highest under the condition that one circuit is
operated and the rest of the circuits are artificially grounded for
the maintenance. On this basis, a suggestion on the setting of
zero-sequence current compensating factor of earth-fault
distance protection is given. Simulation verification of
four-circuit transmission lines respectively belonging to 500kV
and 1000kV power grids on the same tower is performed by
real-time digital simulator (RTDS), and simulation results

conform to the results of theoretical analysis.

KEY WORDS: operation modes; zero-sequence mutual
induction; four-circuit transmission lines on the same tower;
carth-fault  distance current

protection; Zero-sequence

compensation factor; measured impedance

FEE: W T AR v TR 5 0 () 15 DY [ 2% B A8 S )3z 4T 7 2K
R, B SRR B R R F M R AR P BT
M52 . PR AHTR: AT 5, g alizs
AT 7 i AME R UK, ISP UR/b; 1 BEsT, 3L
fiby 3 IR H M IE, 6 B (4 25 3 FRLAL A M R A DR BH
PrdsoKo fEICEEA b, 45 (T Heh IR 29 e e A i A M R
B EE . T RTDS % 1000kV/500kV [R5 [H] £
AT T ELIIE, 7R RS IS i — 3.

KGR BT B DY M
B BIPIMERAG WL

0 31

[7] 535 22 (Ml HL n ] AAT 280M I R B SR 3, 38
rRT AR, PR BAS . H AR 22 nl 4
HLZR i DLRL B R 2 B A 2 o 3 LR Rl A B2
SRR A R, D T A, VR Rk
AR EAE CAT (W P ety EREAT B @k RIEE DY
[ 2171, S 5 th 4 HL Y (384 T35 SR — SR R 1)
BRI, 2k AL ARG SR L TR I R,

FEFIEDU A Zerh, T 2eig 2 AP AEROR %
PP ELJE, Rt B s OR P REA T HE e T S A T PR
DXARIG I, 5 B o DU Rl 2 AN [z 47 7 U I E 7
RN R . SCHR[16]70 M7 T 1] — R s 5 2 [l %
VY 7] i v 2 % AN [ 32 477 2K 22 P IO 2 R
B RA 7 LA R B . H R AN
s S5 2% [ B DY [ gy HLL 28 8% (1 20 B LR AL D

[F] — Ft s A8 5% [ 25 DY [ i L 2 i AN ] P TS 55
2% [ 55 DY [ i P e R R AT 5 SR BRI DO, %
J L JEON 2 M B B DR PR S i B AN A ]

AL AT T AN [] H s 55 2 [ B DY [ i P 2 B
AT ANFRREAT 73U, 2R HL IO e B O30 %
Fp LR AME: R B I BT S o AR L,
0 Y T B R DR YA £ AR R O T
M, FFH RTDS *f— 1000kV/500 kV [F]$5 DU [A] 45
HIZR R REAT T O B E, D4 R S B T4 e
ﬁﬁo



194 ARV AN FiL s S5 20 ) 55 DU [ i Pl 2 e AN )3 A T 07 5T 2 e EL B0 et B0 R DR 57 (19529 Vol. 34 No. 12

1 FFERXEME B RP RIS

B 1 () kg AN [) P s A5 0 () 5 DY [ P, 2 256 1 7
SN PSS N | ETES /S iRt VA B/ 1| N AVA
b AR B 1(b)A T I ERk A Sl
R N R R NS, B Zie—Zivo A
IV HZREFHEYG Zios Zimos Ziavo 7351
1 gl I T IV [RIZeZ R %7 BT
Zimo~ Znavo 730020 L EIZ 5 1L 1V B4 2 8] 1 %
¥ BT Zinevo N ML IV [AIZR 2 8] 0 22 3 B FH T
Zno~ Zno~ Zpos Zoo 73 I HLUE M NL P AT Q 1
Tyt

It
rLT gy o
C;)_—D IQEIES D—_%>
O 11 [ 2% -+
%I)_—D v ﬁal D__CI?

(a) [FLEE DU e 2

1 Zo Iipo T Lo I A%k
Zpo Zqo
Zio Zi1o Zimo To 11 Jil
= Zio Zu-mo/ \ >Zl-lV0 1 [ =

Znmo P P m’ ZIno
Zno 1LIVO 1L1v0 v 14
—

= Ivo =

(b) FFAHHIN L
E1 EIEMEHELERETFEEMS

Fig. 1 Four-circuit transmission lines on the same tower
and its zero-sequence equivalent network
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Fig.2 Operation modes of transmission line
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Tab.1 Zero sequence current compensation factors and
operation modes of four-circuit transmission lines on
the same tower
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Fig. 3 Tower structure of four-circuit transmission lines
on the same tower
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Tab.2 Parameters of lines

TiH 1000kV 500kV Hb 2k
FLAS LGI-630/45  LGI-630/45  JLB20A—-240
B YiE 8 4 1
S48 /mm 16.8 16.8 10
5354528 7] BF /mm 400 400 —
ELBH/(Q/km) <0.0463 <0.0463 <0.360 1
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Tab.3 The arrangement of lines
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Tab.4 Amplitudes and angles of zero-sequence current in
different operation modes
1817775
1 3 4 6 7
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Tab.5 Measurement impedance and setting values in
different operation modes
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