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Analysis on distribution characteristics of zero sequence current of

feeders in asymmetric grid

DENG Jiewen, LU Yanxi, ZHAO Jun

(Hengyang Power Supply Branch,State Grid Hunan Electric Power Co. , Ltd. , Hengyang 421001, China)

Abstract: During the operation of small current grounding system, unbalanced voltages would be induced in neutral
points as the unbalanced parameters of transmission lines. And this unbalanced voltage produces an unbalanced cur-
rent in feeder system. Therefore, studying the distribution characteristics of the unbalanced current is helpful for ana-
lyzing system faults. This article theoretically analyzed the unbalanced current in feeder systems. Starting from the
feeder, the equivalent circuit of the system is obtained based on Thevenin's theorem while the expressions for unbal-
anced currents in feeders are also obtained. Then. under the condition of the single-phase disconnection fault, the in-
fluence of unbalanced currents on the amplitude and phase of zero sequence current on feeder lines is revealed. Final-
ly, the simulation model is built in MATLAB to verify the analytical results.
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Figure 1 The equivalent circuit of a small

current grounding system
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Figure 2 Davinan equivalent circuit of the system

from the perspective of feeder
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Figure 3 Davinan equivalent circuit of the system
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from the perspective of feeder
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Figure 4 Davinan equivalent circuit of the system

from the perspective of feeder



S 2530 265« S A L D .4 2P o A3 4 103

i 2 X i A e EL R AT R T R A A
AN FRL AL 5 32 R IR 23 R R A S8 A 4 Ml R T 45t
L TP R AT . R AR R BT B2 T
R =T A O i T RGBS BORFAr5 R /Y
ANV F T A Bt 2 b 7 A B8 AN S A FL I s OB R L
I 21O - 51 AL A8 AN P A P P A 15 2 7 A 1Y
AN FRL AL 5 ) I A R DR R R A B b 7 AR Y
2.2 MEEZHEBRATFEHRRNELR N

A3 Hr QD) L (13) TR AN HL U A A T e
SR R A P . AEMRBH AR RS
AN HRL AL B4 A7 AR R IR e 2 T i R A LF ] 22
AT, BEAE I BH A 8 R, S 1 i H AL A R TR
g . e/ R, T i ik &
EAKIH R iR ] S A e 2k 05 i R A B AR E
J3e L Vit W (L RR S e A D) SRR e i . Ry 23 A A F
A R AN I L R ) R D R R I 2k
U5 AR R 5 A LR 254

(VN Ys) (GitY, Y
Y: +Yy + Gy

Gi(Ys+Yy+Y, —Y))
Y +Yy + Gy

205 A B 1 T R T AR R B R 4
HTY, —Y, <Y+ Yy URADEN
Al =Yy +Ys)Uy+ Ys+Yy+
Y, =Y )Ec~ (Yy +Ys)Ug (18)
Hor , Ueo byl W A2 i i B A GT b PR F (22 R0 il e
S DI B $: iR R 21 R i DN N VOV
Al =(Y, —Y.)Uy (19
M Il s 2 6 5 3 5 o 2k % 2+ A 1) W {2 A A3
WU T2k B o) 3 2 B0 S W30 i A - 46 Fl
) o PRI 7 e BEL 9 by e 5 AS P A el U T A S T
LA 422 b e R e S VR R M . A A0 AT AN ST A R I X
IR 326 2 1) 52 M) 4 T T IS R T A A 22, O R
F ik RIS YA M, X F AR MO LR B A

o 7UCY{
Y +Yy Y

Kb Uc ik BERi S AR s . X Tl g A

AT

Un +

Ec a7n

AT, Y. (20)

7UCYf (* Yz 7YN +Y7 ) o

Al, =
g Ys +Yy +Y;

— (EAIH+A1N) 21)
iF#j

Fe (200 21 v 1, %t SRR LS SR T
HL AR 22 0 o Al R 2R I T L T 22 ) R AR I
— B, KT AR R G B LR T L 22 5 )
5 S G RS g A I e B R LR 2
2 X TR FR S R B 2
tr] 5 = I 2 B I LI 22 1] 5 Ok B T AR
DA K, FIF AL AR R 5 58 47 R G005
L B AR R 38 5 4R 22 W] AT B AS 1 A7 H O %t
Z T HL I B 26 7 TR I S

3 HEEIE

T BRI SCRT R U iR A Ak, R Mat-
lab 1 B #1435 8 Simulink {5 EL8E A, 3F 3647 0 &
k. EH 10 kV B R, D=4 o BISE{HH
AR R B R 2k R H = AHIJR B RLC i faf A A R
pgtigr, WE AL R L~ K
g3 1.3.3.9 km, ZBESH E)F F P
Sk 0.11,0.34 Q/km, IEJ¥. FJF B4 508
0.29.0.19 pF/km., IEJ¥ . % 5 B 5058 0.52,
1. 54 mH/km,

N TR G S BRI R R 1 1 A
BN o AR 2R L RNXERREE N 2,949, £k
e L, SRR R L A KRS n A
L 2R 1, RXTFREE N 5.26% ., 1, 7E A MHA
SR RUR LRI L RXIFRIEE N 8.47% . RGN
SN 9. 71 pF BB LN 17.60 A, H
P R 7 53 50 A v R A 2 L 48T T2k B
b, I IR B A T R RS 20 Do AR A L L A R
0.87 H, Xf TIH IR Bz RS, 8 T RE M
JE L BLE RN 3. 930, At s g s ik 1~4
IR, Horb 3R 4 T R LA B 43 e DR T
G RGE R S,



104 | pil Bt & 5 Era A = it 2020 4 3 H

Rl ARAAEFBEATHEHER T4 R

Table 1 Unbalanced currents in feeder lines during the normal operation of power system

R/ A
[ Ly L3 Ly

eIy

AN

TR M 0. 330 —172.189° 0.975./—164.693° 1,009/ —176.980° 4.365/ —161.300°

0.084.46.195° 0.17415.448° 0.327./56.440°  0.556/—136.960°
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Table 2 Zero sequence current in the feeder when [, A phase line is grounded

e o LEEEITHIN/A
N FH/Q I s L3 Ly

5 1.032/—91.354° 15.127./85.028° 3.096./—91.375° 11.011./—96.320°

A% 3 000 0.080.136.528° 1.773./3.993° 0.311./124.940° 1.591./ —164.200°
8 000 0.063./76.865° 0.772/2.611° 0.279.80.636° 0.911./—155.912°
5 1.042./—99.650° 6.163./—76.140° 3.098./—93.322° 10.973./—96.145°
TH IR ZE
) 3 000 0.223/—60.001° 2.124./—25.313° 0.620/—47.918° 2.658./—81.313°
1B 42z b

8 000 0.113/171.692° 0.384/—7.013° 0.343./162.98°  2.206. —154. 355"
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Table 3 Zero sequence current difference in the feeder when /, A phase line is grounded
e 31 o JE L EF R E/A
VN FHL/Q A Ly l3 Ly

5 1.095/—94.321° 15.067./85.648° 3.377./—94.331° 10.595./—94. 361°

ANHEEHL 3000 0.116/—177.249°  1.603.2.758°  0.359./—177.201° 1.126/—177.265°
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HEE €24
3 000 0.523/—31.511° 3.018/—17.567° 1.594,/—25.334° 4.993./—23.335°
V& 4 4
8 000 0.232/—16.030° 1.339/—2.121° 0.708/—9.896° 2.215/—17.909°
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Table 4 Active components of the zero sequence current difference in
the feeder when /, A phase line is grounded
it b Z ¥R £ i v I B M A3 2/ A LEEHRM AT /A
W FH/Q A/ V 0 Iy I3 Ly
5 5 920.672/—162.471° 0. 181 —0.517 0.192 0.222
THIRZE
3 000 2 762.483/—112.352° 0.083 —0.252 0.083 0.086
V&l 42 b
8 000 1 245. 924/ —96. 740° 0.037 —0.108 0.039 0. 045
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