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A fault location method for a single-phase fault for a distribution network with
DGs based on model recognition
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(State Key Laboratory of Power Transmission Equipment & System Security and New Technology
(Chonggqing University), Chongqing 400044, China)

Abstract: The large-scale integration of distributed power generation (DG) poses a serious challenge to the relay protection
of distribution networks. The probability of single-phase ground fault occurrence is high, but the fault information is very
weak, especially under the influence of the diverse fault output characteristics of DG. The accuracy of single-phase fault
location in a distribution network with DGs is often difficult to guarantee. To this end, a model recognition-based
single-phase grounding fault location method for a distribution network with DGs is proposed. The output characteristics of
DG under single-phase to ground faults in the distribution network is analyzed, and a positive sequence augmented network
of distribution network with DGs at different fault locations is established. A function of fault location on the feeder outlet
and DG output current vector is constructed and a single-phase to ground fault location model in the distribution network is
established. A new fault location criterion is constructed based on the difference in the proportion coefficient of a short-circuit
current vector in different fault locations. The accuracy and practicality of fault location have been improved by transforming
the problem of single-phase grounding fault location into the problem of solving the coefficients of the fault location model.
Theoretical and simulation analysis shows that single-phase grounding faults can be accurately located at different fault
locations and transition resistances, with the advantages of clear principles, convenient fault feature collection, and high
sensitivity and reliability.
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Fig. 1 Schematic diagram of single-phase faults in

active distribution network with DGs
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Fig. 2 Positive sequence incremental vector network

under Different fault location
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Fig. 3 Fault location process based on model recognition

I HL PR A R R S R IR 2R fE B
B e, SRR MR 2R HY A 1E 5 AL DA R e 5t
LN DG i M IEF . Bk, Wa=1,
B iRk 0 R KA\ DG $H i IE 5 i R &
RANKS)IHHEARRLH O, B35 DG MR
TS DG i E P B R AR SRSy, 2
w LA R E B E . B RE s 2 R (16),
TR ) 5 W A T REZR 256 1 A DG FEM 55 2 18]
FIX B, EPIXEE 0. & Al s Bi Rk L fh o8 S Rpek
FESE 1 DG HM IR 2 b5 B8 ys 2z w]
AEF(17), AT E # A T2 1 A DG I AR

5SS DG 2B X B, BIZE 14~ DG M5
%24 DG M sz mIX B, WRIXE 1. & Rl
S EEZE 1S DG M S IR 55 14 DG 3EM
MEESE 2 A DG FEMAMERE 2. #F R
Yz w iR N(18), DURT ) R W S AL T2 e A
DG M s S Rim 2 X B, X B n, &N
Wk SR EE 0 S DG FFM SRR 528 > DG B
TR R o R B B8 22 L

B ERE y~ z w2 19), RS AT
TSR DG WES. iy, e =2, EHKI
g7 BRI DG MRS DG, FRE B Hisk



- 56 - B 2GR 54

H O, RS DG AR FSERL DG i 1E 7 40 %
B KB Ry, z wl DL S A B S 8
E o HRE s Wi R R17), IR e
RALTFEE 24 DG I 5 555 3 A~ DG FF M L2 (1],
BIXEL 2, & Al AEass 2 4 DG 30 s s 5
2> DG M S FEE 34 DG I SRR 2 .

G Ry, 2 wyii e (19), Mtk a=a+1HE
BEM L. N DG, IFE RSy« 2w B
B ESHE . HRy, 2 wigER17),
AfHEMIE ST a D DG HMASEa+14
DG HMEz b, BIXE ar & NMPESES o
DG FEM SRR E 528 a > DG M SRS a +1 4>
DG HMAEMEHEZE., Ba=n-11, HRE
vz w2 (17), AT ) s R A TS
n—11> DG HM 5% n > DG FEM Sz [, BIX
Bin-1. Wi, HR2Ey, 2« wikeRas), 1
AT E W AL T 28 n A DG IR S R 2
B, BIX B n, & AR REE n 4> DG I R

n—1

PEE 55 n A DG I A B AR i R PR B 2t .
3 EHHaHr
IR 4 BT 10 kV 3070 4 S1HR TE He o

RIS UE FT R R R IE W PE . FCH LA 5 450k
2, WAL F I £ 25 0.031 km, 15ER
B KB T 7 R L, M 0.096 mH/km , SRR BT K
FEIEFAH A2 C, N 0.338 uF/km , 5t2R B A7 K 5
FFF P 7 M 0.234 Q/km , BRZR B R LK
L, 9 0.355 mH/km , 1548 FRALKC B P AT 25 C,
N 0.265 pF/km o P £IZ 10 Q /NEEPH R, 2. DG
SRR RINE 1. Ka6)—XA1)F, K., -

Kr/;l . Kr’;’l i@%%y\j 0.05.
pCCl PCC2
‘ ‘ > 1L
,—> PCC3 > HER2(L2)

Grid T
0

l ! l PCC4 PCC5 PCC6 PCC7

T2 PCC8 > L3(L3)

> 15iLk4(L4)

- PCC9 > PCCl0

2

El4 10kV ERM{TAEREE
Fig. 4 Simulation diagram of 10 kV distribution network

> RS (LS)

x1 DHRBREAGTEH
Table 1 Distributed power and load supply parameters

BAHT  AKREKm AR St
BINHhESHEH/MW TP #% 2% {H /var 7 & /km hE/MW 7 & /km
1 10 1,1 0,0 3,6 6 10
2 7 2 0 4 5.8 2,7
3 9 1,122 0,0,0,0 13,6,7 3.9 59
4 8 2 0 5 3.4 4,8
5 6 15,1 0,0 2,5 3,7 3,6

3.1 AREIHMEMNE

BEE PRI 10 Q, G 1 AFAL
BRA A . RAEBIZE 1 & DG, A
DG, #i tH 1E PP HUAL, TR R AR TR 1 A
FIGLE FRIRE | |2 | A0 |w =1, Wi 5 s
IR 1 BEREZR | kmy 2 km. 3 km AR AE IR
|| 439 0,021, 0.032+ 0.039, |z/| 4351 0.985.
0.977+ 0.972, |w/ =175 0.988. 0.992. 0.981,
VIS L R [, | < 0.05 1 [z]| > 0.05 , [k
AHE R AT DGy IF R B R ], e fr4h
RGBS Ha(15) AT 15w 2 B R R
B 5EHE R DG FFM R B Z E I3 0.336.

A}

0.658. 0.991, 115 By 5 5L Rl B 45 1% 2%
435125 0.003. 0.008. 0.009,

MibE R AT 1 4. 5. 6km A0, it
SRS 240y, | 439 0.987. 0.976. 0.969, Z|z|
S8 0,041, 0.033. 0.028, FE|w —1| 45K
0.035+ 0.031. 0.026, FI#i|y,| < 0.05 AL
|2]] << 0.05 FIHIHE |w) — 1| < 0.05 AL, KL TS 52 AL
[ 54T DGy M A2 DG, FEW A2 (8] 11X B,
L5 R 5 SLBRMRF . ST HE AT 1S s A &
DG, M AMER S DG Z I8 FEE 2 byl N
0.335. 0.676. 0.993, TI&HALE 4% = Z A5
4 0.002. 0.009. 0.007. W5 Frax, 24y



YRR, %

LR A7 5 HR ) SR R b E 7 75 2% - 57 -

RAEFHREL 1 7. 8. 9. 10km &HF, HI4E
|7, <0.05. #1422 < 0.05 LS HIHE [w) — 1] < 0.05
BIAEAL, PR ] 58 AL s T DG, FEM A 5
281 Ky, HSLBRMRF. THE RS S A DG, I
W R PR P B8 5 DG FR I 55 2 52k A uity (1) 5 25 2 L Ay
WIN 0.249. 0.490. 0.757. 0.997, itE4axtiRzE)
5129 0.001. 0.010. 0.007. 0.003. A[FE#fEAE T,
ST TR H 0 7 ) R AT S S I R E A

1.8 v

lor
141
1.2}
= 1.0
— 0.8t
0.6+
0.4r
0.2+
0 " . . . . .
1 2 3 4 5 6 7 8 9 10
B AL L /km
(@) F %y
1.0
0.8F
o6t
5
04}
021
0 I L 1 I I L 1
1 2 3 4 5 6 7 8 9 10
M B /km
(b) 2|7
1.0
0.8
— 0.6r
|
= 04
0.2
0 I I I I I I
1 2 3 4 5 6 7 8 9 10
WA B /km
(c) ZE|w; —1|

B 5 TRIEFEE THIEE R

Fig. 5 Model coefficients under different fault locations
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Fig. 6 Model coefficients under different transition resistances
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Fig. 7 Model coefficients under different loads power
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