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Single-phase fault line selection scheme of a distribution system based on fifth
harmonic and admittance asymmetry

WEI Lishan, JIA Wenchao, JIAO Yanjun
(Department of Electrical Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: After a single phase-to-ground fault occurs in a distribution network, the asymmetrical degree of
three-phase-to-ground parameters between fault line and non-fault line is significantly different. Based on this characteristic
difference, an admittance asymmetry parameter is defined and a fault line selection scheme based on it is proposed. By
combining the principle of the fifth harmonic, the scheme solves the problem such that the fault difference between fault line
and non-fault line disappears in resonant grounding system. This makes the criterion suitable for different types of system.
The theoretical analysis and PSCAD simulation result show that the method does not need to set the action threshold and has
high sensitivity. The admittance asymmetry parameter also has strong ability to resist transition resistance. It can be used as
an effective supplement to the existing line selection criteria.
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Fig. 1 Simplified equivalent circuit of distribution network
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Fig. 2 Equivalent circuit of single phase-to-ground

fault in distribution network

Kl 2 e R i PR Coi A1 Cor i3 3R A
AL | RIS A f )R ARN U P A s 300 A
3o 53 MR S @ R 2 10 22 L s
I g iad v RO L

MRGOR P EE fS AR RS A
PP ATEAR KR, PAIARTFRIE AR A 0,
PR FHBG I T ZR St , DRIt =AH
Xof i1 2 B0h AR H BN AR (R 1S

Bl 1 (D IR H I AT IR T 2 1K S A
FRBE, Rl f5 etk FANAKTFR Bl A 20E SOk

A
3jwCoi-Us |
A, K AR SR i AR AR S 1R 3 A AR R
FE, HAEIAE AR T LAAE 5 R BE Lo N A7 0
RZEEIFEI o
HH 18] 2 R e 1 1) % H IRk
310, = 3jwCo - Uy 3)

B2 K £ PP A

3hf:—3jwﬁi6@-vb—

izf n

U,

4)

X AR G (Zim00), Wb 1%
e RS T T AR B P R A, BT



FA, %

FET 5 UG S AU RR KT L 1) RO e e 2 77V - 79 -

) AR LR AR B ARA IR 2 74 0 HLi
fE A REBEIIHE . g A i A e e i i 32
PEALTY TN 0 BOROL,  HIE AT RIS A AN AR
JESHBAAT BE S, WL LR 2 S AN AR
JESHLRI R /N AT LASE L U REE 2 o

(ERS T PR 2230 I e e R S (Zo=joo L) s
I IRl b T A MRS I (B 15 v=0), WPk
e LR T ) 5 A R R AR R, HLIAL -

310/‘ = 3j(l)Co_f Uy (5)

FRAKQ2)JE 15 2t b 2 e 7 A AN FR S 50
B0, PRI SRRE L  AR SbE 2  AREIE 2 5 E
ESEENIPL TNy SRS T Ay 11PN et

2 PNEIREHRFHSHARE S

2.1 ££F 5 RIEEHSNARNRSEERL/RIE
IEFIBAT, BT REPE RS KRB
Plvese s o7 e LA G AR A PR (0 52
Wiy, A L I B Bl D S IR IOy, A T AE
1 i 2T 5 EE IR Eas)ys EpsHl
Ec(s), IR 1% 100 b L 25 R b 17 i 4 0,
RGP A AR IS, vk RO s g
¥, FRWBEPS IS gk k. iR AR
23 BEAE AT B G I/, VB RO 2 B LA AT
Mo I, FAR R, 7 i R AR
() 5 YRR P, 20N I LRI 2%~8%Y,
FRH BB I, AR 2 @ ) LA LR
[ S I B KR A
Ly(s) =5jwCoi - Ups)
IBi(S) =5jaCo 'UB(S) (6)
Ics) = 5jaCoi “Ucs)
R e 2 1K e LR D 5 I
3lois) = Laigs) + Tois) + Leis) = 5jCo 3Uy(s) (7
A, TIARG)FR R AR PRGBS UGB
i, FICHEE
HH T 9 Bl L S A R A T 1Y
BRIAE 5 UGB EITER T, —Bon] LS FEAME L
By BRI IR Bl ek R g HAT Rl p P i AL R
45 HL R RO [R] PR A
P, Tk BRI AR Rt R Gr ]
REARRUIINGOL, 6T P R4 IR el et R 4
PRI A AR 5 OB BT L S A
XMREZH . TR 7 T SRR B2
B RANBEAT 04T o
2.2 5 RIEHK TN Bl R R SN IRE
155 UGB R, B2 A HUIR N

1(5Co:), T IRE RGN R SoL, ARk
2ol 1 PRI S OB R R E(T), TR
Ll SRR S UG
30y,5=—15 Ja)Zf: Cor - Uygs) — ;‘;(j)L ®)
FHINHE, S URIEBE T IS0 ARFREE A 5
MAZSCA
= 3Ly —15j0Cy  Uys)|

K5 = 9
(5) | 15jCo Uys | ©
ORGSO v h
3> wC; —LL
y=—t @0 (10)
3> wC;

KR @)MAXA0)RANIR(9), 57 3 W s £k
1 A O S RO BT I S AN AR BRI
K_f(S) 5 K,-(s) iy

m 1
-15jw) Coji ————15jwCos |- U
‘[ ] ; 0, Sja)L ] OfJ 0(5)
K/‘(s) :‘ =

1 5_] a)Cof . UO(S)

v ZCOi/CO_f
25 25

i

(11
15j@Cii - Uy ~15j0Cy Uys)| _ ——
ISJC()CO,' 'UO(S) |
15 BT IR B0 3R G 5 UG A MEAE T In
(L=o0, WRLAHVE AU R SE), OEEE v=1, Uik
INES]

kf(S) =

ZCO’ ! Coy (13)

AR B7 AT AN LR e R 48 P A A X R EE )
JUANERL

(1) 7E MG I Pl 1 I, A 4 2 B 1) S A
XIFREESHON 0, TR % 1) S ANAR PR S HL
KT 1, Bl E2Y5E T RGO b i 25 b i R 2
Xl LA A, XAt S T P AN
RGHERER I N oS 1 S AATS PRI o

(2) PR PR S B fE B 18 B
PR PHTEIR, Wb i (K RO, RETMBOBOR,
) s 2 S T A

WYX —BE =, A PN R i A A )
A P 2t S BB N SRS 5




- 80 - @A &R B R

IR, B A] SIS Rt 2

SEBr EARAESRAD), BT RS MEE R
BAE 5%~10%, Kb 2R G0 008 6 3 QAN KRR E 1
SN, BIEAE A MR O R AR m] DS B 2
PR RN E MR 2 B (R, AR U b G T R L T
PR 7 W 2 S 58 AT R I OO
3 EEXAE

M5 2.2 oMY, ISP BT .

(1) DASES: 27 v AR o shoott, e (E A
BT WL 1) 15%, K 22 48 02 15 A R i g e

(2) KAERFEL 1 RNt AL <, £ 1)
SAHE R R I A O N R

(3) F AP A RS, HEAHE Tk
IR P LA U 70 T T 05 2 2R I (1) S AN R
SR s AT RS IR el e R 48, WA
i B P ARSI T 1 S OB U S A
Rk K S50

(4) Zi5 LU AT S AN AN AR B B K IR 2k i
ML i o 25 RS B RR R W I 18 6 b S ORI H
TE MR B 5 Sy TR A, A A 3Rk
1) SRR E S E i K S e MEZE 52 KT 0.5 I
AR AR R A, 5 DDA S R e

MRk BRI 3 B

SRR

130, 1.2 =

A A £

e AR Y gmpeRS
Bl RG:

TRy R )

SRS YR B 4

A
MR Q)ZEV % F 2tk T
WANTREESHL

HARR10)Ze vl % Z 2k e
FINTRTRESHL

»{ e SO RS E A o KR 2k B FJ

o A R

L |

3 ETSMAMMRSHNRE T RRER

Fig. 3 Flow chart of line selection scheme based on

admittance asymmetry parameter
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Table 1 Statistics of fault identification parameters of

neutral ungrounded system
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Table 2 Statistics of fault identification parameters of neutral

grounding system through arc suppression coil
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