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Grounded incipient fault analysis in a non-solidly grounding system
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(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China;
2. Chengdu Pidu Power Supply Branch, State Grid Sichuan Electric Power Company, Chengdu 611730, China)

Abstract: Incipient faults are used to describe transient self-recovery faults that will not cause relay protection actions in
the system. Fault prediction and early warning of distribution network faults can be realized based on incipient fault
detection and identification. This is of significance for improving power supply reliability. Affected by the neutral
grounding method, incipient faults in a non-solidly grounding system manifest in different ways. For the characteristics
and operating requirements of such a system, this paper analyzes and summarizes manifestations and characteristics of
grounded incipient faults quantitatively from the equivalent circuit and simulation modeling. Results indicate that
grounded incipient faults are divided into single-phase-to-ground fault and two-point grounding fault in two phases, and
characteristics of incipient fault waveforms are summarized. The conclusions are verified by simulation and field data,
and will provide theory and data support for detection and identification of incipient faults in non-solidly grounding
system, as well as fault prediction and early warning.
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Fig. 1 Schematic diagram of equipment status development
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Fig. 3 Time-current characteristic curve of overcurrent
protection in distribution system
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phases occurred in the same feeder



-56- ® A EREP B EH

Ty A 5(b) s, HAECREE S A
i e B AR — B, (HLE B FRL S TR AR E AN 2 7 LI,
AN YR 2 () 2 TE R o X 74 Bl i U 2
HM IS, HEFFHRRUNGE R B B’ 5(b)
O 2 ET Sk BT ), T ORE T 7R A WA A 2 TR R A
Mz, HEFHEBHRK, ARAET B2 R
(T 5(0)H B SR HT SR TR -

EHMRE T, ik R EER A E, I
i e S A A A R R B A, AR R AN R
BT, PRI H R N0
Up=(—g—t ) B B )

Z,+2,11Z, 27,+72,Z,+Z,Z,
K Zos Zow Zo 39 9l 1 Ab ) RG0S5 AU E
i, FIFHPT; E AR ST R YR & (UAH R R
IN)e X T/NHEIREE RS, T A E S
N e, HIPRHPOH L : Zo>>Z1, Zo>> Zo,
Z1=7,, WLFFHREITERAIAEE 217, i, ik
— RN
U, ~—2%E o5 ®)
ZZZO +ZlZO

MR, 5 RAE S 4 FH R s e b s e 4 )
ET R AN BAR B RS I —.
T s R RH DA R P e 2 R A7 A B R BRI, 7
IR A G R, BARES RESH. Wb
PEESSEAE G
3.2 T EIRE%S 2 ER s

U S 44 RH A s b A i AR AEAN R IR 2R, T
Kl 6@, [FIFHRIESVITEZE 2 1) C AR A
A S (R 1), 5 3.1 TR &, i
AT R AT ZR 1 B (MR 2), MOERIA R S5
3.1 R R AETE[R) — 1 AR [R], (L L AL I8 B A BT
ANF, HAEHEEE 6@)F . BRI EHH
JEANZ e F R (A A KA A ], T 3 g H 2 A
R My AT Mo A7 T PR sz 18], DR My A M
FUAE BTAH FL AN 2 e B AR B B K

Uc| Ug| Ua f\iw
e 0 |
v ¥ ¢mm
Ea = -
- + - 4 Loy
YY) l T Tz
vy | B M, -
Y'Y YL -
J Ec 1! /LZ l_JIJ <
K L vy = lJ|J flﬂ.;f
.- L
‘ZI.:RI.H.XL vy L L J—M N
Lo S S e

(a) AN DR e P e 4 AT e ek — AR

W LT L
A

(b) AN A1 e 44 R A Tl T A v e
% b2

6 TRIRE A E =B M R sS4
Fig. 6 Analysis of two-point grounding fault in two

S M i ‘%&WI

LIRS

phases occurred in different feeders
4 (HESH

ETHIRE ML, HEHBE/ MR RS
PiECBRY, FEMBRRETY |, FFHZhES U B
R 7, 204 /) FA 2R 4 S S SRR A
4.1 (FEZHIRE

T YN 73 0 1E T it AR RN 2
IR e e, M2 R ALBIAL ] 7 s, 7R
B, SR Kizilcay HRLOTAERY, JHrb Ha g
R HRRN

dg(t) _1( i (®)]
at ;(UOH‘O i ()] g(t)] 0
s ¢ N [ E G g() BN TS uo
HT ro 43 3l N W SIVRFAE B FE AVRFAE B RHL s i Ay FRLICGR
ISf FELAL o SRR AR B R e E FRLRH Ro 5 FEIAE,
PH Rarc IO HRIEC, 201 8 P, £E05H o Hrrhidid if
7 Ro LABSCAR i HLFH

110 KV/10 KV 24 kmHE 7R £ > 1251
(.) 6 km4Lr £k » 1120

K 12 k7 4 ,ifi453

ARt L o skml
Tl o ks

7 BEM{ AR E

Fig. 7 Simulation model of distribution system

is

—
— ﬁ It
I
Ry

Rure

8 FHABEIEEY
Fig. 8 Simulation model of incipient fault



SEfE, %

/N LR P M 2 29 P b L L B S R AE 23 A - 57 -

X T R R LT, A L
RS TEAT 015 3, X1 S A4 A0 P R Fts R LS,
B ARG P K AR A E, AR5 )
FE 7] — B M [R5 28 10 57 44 A 96 2 5 S0t o A
B, SEPUR A4 M P R S R LR AR .
Tl R RSN R (AP LK), R R AR AR
EYSMES, JFHRTRIUEEARLYE, HbEe
SRERE B RS IR AERY . A F TR RHZ
AT E PRI AT SHAE,  FFodT 1 iR e
RGBT Wb B 73 5500 /N F i R GEAN R
R T B R AL R A
4.2 BB A B ERIEFE

B 9 Jfrzis 9 A0 L Jfi et 2 i 21 S I F) S
R . A 9 T UE (1) A
AHRARN, MR (2) 5 AT
AW A, (BRI, AT
T HLIR AR R (W S e AR AR DAAH H s/ PR At U )

239 113.83%41 16.67%, R % 7 H B AR AL I
BE R TERFER, HBE o) mEF EiithE
BB S . T KRE RS, SRS
FAUFH B T L A R R [ 1 LA SR R 1 TR,
0% TAFISEEA TSR E R H U -

20 0.2
0 0.02 0.04 0.06 0.080.10 020502 0.0 0.06 0.080.10
IR fi)/s il /s
(a) AT 3 P4 (b) = AH T I B
10 0 =
> WS o— -
= s 5 0 ‘ { ‘
g \ B =l
= = -20 v /00335 0.0350 00375

| W) /005 50350 G038
00 0.02 0.04 0.06 0.080.10 0 0.02 0.04 0.06 0.080.10

IR} Tl /s IRFfi)/s
() %3 He i JE ] (d)y F 3 L e
9 EiEE A B HERMREE
Fig. 9 Waveform of single-phase-to-ground
sub-cycle incipient fault

F 1 FEISHT 2ERENE REARRE S RN FERTEL
Table 1 Comparison of characteristics of single-phase-to-ground incipient fault under different parameters
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Fig. 12 Characteristic of two-point grounding fault in two
phases occurred in different feeders
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Fig. 13 Two-point grounding in two phases incipient fault
occurred in different feeders
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Table 3 Comparison of characteristics of two-point grounding in two phases incipient fault occurred in
different feeders under different parameters

LSRR A P LSRR A P U T L TP
RGP HIRSY
RASHAAEEA - RMS/KV 3% RMS/A i RMS/kV i RMS/A
50 10.29 260.1 6.133 58.33
HCkE L BE Ro/Q
100 10.31 179.6 6.024 30.37
(Zs=1+j3 Q,
200 10.35 137.9 5.997 15.63
D=3 km)
500 10.37 1129 5.99 6.538
RGP ZsIQ 14j3 10.29 260.1 6.133 58.33
(Ro=50 Q, 2+j5 10.27 259.6 6.123 58.21
D=3 km) 3+j7 10.25 259.1 6.113 58.09
05 10.28 268.4 6.129 60.19
B EE 5 Dy/km 1 10.28 266.8 6.135 59.83
(Ro=50 Q, 3 10.29 260.1 6.133 58.33
Zs=1+j3 Q) 5 10.28 253.5 6.098 56.9
10 10.38 231.7 6.302 53.44
R4 R R G E 2B AR FHIEXT L
Table 4 Different types incipient faults feature comparison in non-solidly grounding system
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