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Method for detecting high-impedance fault direction in a resonant grounding system
based on voltage polarization of the fault phase

GUAN Tinglong!, XUE Yongduan!, XU Bingyin?
(1. College of New Energy, China University of Petroleum (East China), Qingdao 266580, China;
2. Smart Grid Institution, Shandong University of Technology, Zibo 255049, China)

Abstract: There are problems of high incidence of high-resistance grounding fault in resonant grounding system and
major difficulty in zero-sequence voltage detection. Thus a direction detection method for a high-resistance fault of a
resonant grounding system based on the voltage polarization of the fault phase is proposed. Using the high-impedance
fault equivalent circuit of the resonant grounding system, the polar relationship of zero-sequence current on both sides of
the fault point and the fault phase voltage during the transient process is analyzed. It is found that the voltage of the fault
phase has a high degree of similarity with the zero-sequence current upstream of the fault point, while it has a low degree
of similarity with the zero-sequence current downstream of that point. Given this, the fault phase voltage can be used as
the amount of polarization. The direction of the fault can be detected by analyzing the similarity between the current
measured at the detection point on the fault line and the voltage of fault phase during the transient process. Compared
with previous fault detection methods, this method improves the reliability of the high-resistance grounding fault
detection in the resonant grounding system. Digital simulation and field manual tests verify the feasibility of the method.
This work is supported by National Natural Science Foundation of China (No. 51477184).
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Fig. 2 Waveform comparison of fault electrical quantity

2.1 HIERSERMRREMEST
2.1.1 W% b RIS R P R SC R 0 HT

(1) HEBEHTARHT Bl R 2

AR5 B 2 7T LRI, DRI 25 9 2 R A i
DR P AE R I 23 N B P e %, v B s
IR T o A LB, & s i R AR 2 A )
P AL TR P L RS, A5V SN Pl L A AE i
R IATGEIT BLn B 2 Tdsos, X5 T A Rt
6], T35 ZAHR)—BE BN, RGuU0H A B
KEBIWN T HHHR 1, R — N A 7
IRZR B S, BT LA b R IR A5 B e i
[ e R T 1], PR AU, R ST
Ty IR 7 A Wl 3 H B A F kR, LR Y
O R i AL T R A R iy o

If t ~ i’CZ t (9)

(2) RS R R R AR

WA AR B Ja BT IR Bl HL i AN
FER, AAMEIRES NIARIREESN, R ARA S
Wiy 5 PRI i p 2 AR AR BRER AL 1] T N LR
(S5 P (o N %2 e P e SR R S EIRIE L RS
s, MRVERAIRL, AR GErh 2 P R ah U5 e 1
3 SRR ITR, BRI i p N i 5 iy IZEE.

|i.f_p| :|i.LP|_|i.CE_p| (10)

HE W b Rl R E AR AR R
2.1.2 WifEAH R S b NIRRT I A 2R T R MR O
RO

(1) BBEEHIAERY B OE R

R PR R AT, T KRG TS B EcE
TSP B, WA I up 5 MO SR i 2 P
WRZFR, PR,

TE W S5 RTUG I B, B Ukl o FL A (Biou 1)
LS T RGN A i » 45 A 3 (9) P L
GE

MER TR R LR s



-76 - ®hEREY BEH

} v ol (1
O Mk

A4
d :i Cua s

3 ABRFFERRIE EREE

Fig. 3 Schematic diagram of zero-sequence current

H=—

flow direction of system

Uy

» U

p Uy

o
3i0u_t iCZ_t N E - Rf (11)

e 211 (), fEHIEERRIGRET B T
= LS A R w2 o S I e i 7 = T P TS 2
LI R R I AL B o

(2) JE B ARG R

HERIIEM BOd R R A R, BN
Bl R AN TG R, 3(1L) b B AL SR A AN P AL
WG RF = g e W A P VAR 5 A P PRI O R
AEA, ARSI R IRAN P AOh A T A R LU
AT S e A PR 5 B Al AN P[RR

BANBAERE, B9 211 7952), b, FiF
T IN R5 PRI 5 A A LR ER SR T AN A, (A
A, MRS 2.1.2 F5(2), BB b R AT AR R
b5 R AR R TR A
2.2 HIEBRSERMEXREENH
2.2.1 iR A B BBV

i 0 2(6)— (@) HEAT T AL AT LLAH, ithEiAH
Mg RIS R RS I AR AR AT LA R O LAy
BHESSEMMNAEA, B

f(t)= A cos(w,t + B,) + Ace " cos(at + ;) (12)

KT ESEESBIRGMFIFAMFE, H
AR HAEER, i 4 AR IR
AL IR T T A7 AE R A

77 X IR 4 B S ERTEEAT b, A
SCH) A IE 5% B 330 T 2 (12) P s b 4 e <O
BOVATIE .

(1) A& P KA

PRI fei L i e g 24 P ) e gl A

18 HARGAZESOH & T T, ARSCNAE—BUE W
FIRBI BN, EAERAER HESHTEST
AR IR AR AHSE, P CE BRI 8] B N mT DAk
ITAHEARIN, O —TU ARG « WRETE & 1) 1E 5%
&, MIMAEREAS I TR BE P FH A DE 5% 0] e 4 H <
IR EHATIER .

BRI 1T (1% Y0 B 78 A A N (RIS LY, BOK
0~t,, WAL n ANIXTE], & R g(t)
FikAN
Ay sin(a,t + S,)
A sin(a,t + B,)

tefot]
telt,t,]

fO)~g)= (13)

A sin(a,t + B,) te[t t.,]

A sin(ot+B,,) teft t]
A, k=0123-,n

A XA LA At =t xk/n, FRR
(12) B 5 oy i T LU AR A

A sin(a,t + B;) ~ Ale P sin(at + A1) (14)

AR XN, N THRE . 1EE
PH5E M IEsZ &, Hd, B NSEBR e 3% B A
£ 1 T RO T ARG w015 5L PR IR AT
o ZE R AL i 210 A RIHE R ZE

Br = (o — @) xt + fr (15)

¥ 30 (14) AR L AN (12), B AHEA
hn, ATl EAR F

A f&ﬁmwwﬂh&xmwmf+

(Are™ xcos(fr) — A, xsin(f,))’

(16)

m:mmﬂﬁejwwﬂn&XQWM an
Are % xcos(fr) — A, xsin(f;)

(2) &I IR TEAN ISR

MR 2 W AEIR B R S B4, AU
HUEBEN 1500 Q, HUE/NE I X A B )4 R
t./n=0.5ms, i Hiba e A I [A] T AT 10T,
W by TR TR I A R & T Y 5 ) BB TEAE X
tb, 13345 R 4 s

BHE] 4 BT 0L, 3XMO@E T 77 v ] LUK e 4 FL S,
BT ER AL
2.2.2 WFR A U B BE AR SC R T

R4 (17), B AN IRE R GRS,
AT DA B Wl e 4 P AR A 30 T () R S i P [ ) ¢
A 5 Fs (e, /In=0.5ms).




BER, &

T R SRR FEL bR P R ) U et 2R 9 e FEL B e R 7 25 - 77 -

U R A

Ll
L :

1 ~1.0 '_ i - .- ::'. .I'.I i|. I|| l\ lk lll %k \.-

0 005 010 015 020 025 030

s

4 HPEE RAE IR S ER R XTEE
Fig. 4 Comparison of approximation waveform of
fault current and simulated waveform

100

50 |

AR A°)

=50 ¢
|

100 " S J
0 02 04 0.6 0.8 1.0

5 e SEEITKMBAMANFIEHELES
Fig. 5 Change trend of phase of fault electrical
quantity in time domain

HHE 5 a] W, ERE R A %I, kA S
YA I A AR AR AL AR R, R A
R E R A 2220 180°, [ Mk g4k st K
&, MR AIRWIE R, IR R E T Y
FIAEAL R R M R AR, EEREETEZRF L
A S A A AR A

(1) Wl A A I 2 T AR A 5% 2

DR FT B I 2 AT O R R AEA RIS T
YIREROL, ASCUFBE R TR R BitS R
JFE RSN S PR IR 1) 38 3 Y T A A e 2 I 2] () RS B
AR ERI. RFFH AR, WK 6
Fion (ot s L 25 FE IR O 20~150 A, 3% L B BUE A
100~3 000 Q).

TEAN A R 25 A T, Wi 20 ) e B A PR R
5 _EIASII A IR A AL SR A F, 5 RS
I AR B AR AT e R I ALLAH 22 180° , FE kAl 0 1Y
TEAEEEA R A ENAA LB R T 5 TS
AHAAH I

(2) WBEEHIAERY BLR AR 5% 5

XPE(AT)IEAT S T 45, A i FH e 2 A5 i) [A]
W, W AR AR AR A BRI, TR A

FIL A")
L]
=

400
600 -
3000

100 . 3000
0 - 1000

TR e AR /A 00 b 1

6 HIPER S E R APERT R AR AL
FEREI R HRI TR
Fig. 6 Variation law of phase of fault electrical quantity
at fault moment under different conditions

W 18R (IR MR TG Y we ~wo), =y BH K
b R IR A — MK T 0.5's, PRI A] DL TE i i
JEBIIAERT B, R F AR A AR A AT LR
A A L P g e G A N RO R ST AT AL
FZERUN, BOEARREEEECR, 5 N i
LB I BIEARRAR Z R, OB ARE FEAH XS

BN,

3 AT HPEHEEE R ERIEFE T R4

7k
3.1 BBE R [N 75 3E

HRE 2R 2 715060 AN [R] e e F B A W S I (]
W RIBTE 73 T » ZEAN [T 25 T 1 4a i B
DR I R ELIAR IR T WA PR U T R A AR FEE
BURLRT I S BRI . LA o RERE, 12
HE 35 P vy L 22 55 7 e A v e AR X 3
RS 180 B AT, v BEL AR P B ) 3 4 ¢ — R
KTF 0.1s, JHIRLEPE FEILTE ¢/10(0.01 s)i [] AL 2=
0 3% K 2R MHAT 9.5%, [K A LR IUETH I ZE & H
WA/, Axt B BRI R ™ 4
SO, AR SCHUE R 0 D 5 A A .

XFHRAHESERE u M0, LRI R
5 p WA E Z 6] A AR FE

u(t)i
— [, ()(tT)dt -

JLM@WLme

A, TOAMEE OKE. KR p FMEAT-1
A1 ZIEL ANBOE RIS R BoMERE T+ 1, 5
W MR EARE Bk AR, BT -1, BT
NPT T

AR SR AR 5% 28 BOR 38 P A 22 TR AR AR AL
RERE, I T s RRAR v S A N A % e R AL AR
RABOREAT BT A, SBIRATE




.78 - ®hEREY BEH

(1) REEMIFEA AR v AR5 % il A H
U0y VSRS s FTI F I  E A FER TR
S BN AU N A R AL po

(2) e — MR AREUNT THEAE pset, A REIN S5 AT
D WA R AR AL R A SR RECR T psets
D 5] T A e e 7 AN s U, D S D e
P T ZA I 5 3

HRE 20(6)—N(8) & Wb o R Rk 5, AT LIS
BIAH K R ELBEAS [F MR S (PRI A RGunHh
HLZY . WP R BH . W7 B2 ) A R, R
A R 5 A i AN e R A DG R B — BB
T 1, SRR AN SRR A R R — BN T
0, FE{E /N HIME N-0.05, % REFIHI7 4% 1T
P, ATUAYIBEU THEAE pse v 0.3, %1 THE A ek
T B YR B N (A I3 T R, LI 4
XTH
3.2 BRES ERN AR A

AL 75 DL BRI 7 vEAR b, I P e
AT B] PN PR S A F R AR A R, PR — I3
HARDHT IR .

1) 5 FH 27 H R A s A I v A AR B, R A
W A PR AR A B RS vk A R R R T S
FE i PR R AR, T LR NI IR 183 K,
T B A F A S R R L BN A 5 R T R &
I, TE R R A [ Y R A 5 K27 R IR
B, IR R R P B A R AT DA DR R v i e T A A
D750 AT 5

2) 50 P W AR T A A o R R A D
FEARL, ARSOTEA T EUERR T &, wRHM
MRS BN E . R IREH R b T A & 7R
W 5 i A R b R AR ], Tl A T s
WM, R AE SEBR S R A TR, A B e
Bk, 28 —BCR IR A ERR T &, A
M T iHEE, MEEESESIERS TN
B, JERRSCREA IS, F b, MEESE
) LA P A S E F E ARG R, BIASC
J7 VAT DAL A e B M OR B A5 2, TR P i s
S RRAE SE N B 5, T v A W £ T
Peo [RINF, PSR EIEALER, v AR
AbEREAR, PR LR A ER R
4 {HEWIE

B 7 N— 4 10 kV FEH MR R . RGNS
LR HMSIR AR, RGN T3A, HINL
T AMEFE N 8%. 5 5 4RIk BYIIE # i J n)
Kl g7, XEB 1K 5km, XEE 2K 3km, XE3

K2 km, XE4K5km, K1, K2. K3, K4 45|
AT FIXEL 1. 2. 3. 4 FRyskfERah A, Q1. Q2.
Q3. Q4 & 4 /N FE Al A .

BN 110 kV/10 kV o A 20 km > i b
@_@ | 4% 3 km A 1Skm
2 . £ 1 et "
" HAI2E: 6 km £6: 12 km > Gl
1

b N B 9 km -
b . e L1k
,[t f: 3 HLEIAE: 9 km B2k 6 km N ; :ié

E i

] 4 ek 12 km e
> 4 df

AL 15 km
— [EXE] [ B2 [% 3 ¢ B4

B 7 RGHiAEER

Fig. 7 Simulation model of the system
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Table 1 Simulation result of fault direction detection
in high-impedance fault
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Fig. 9 Artificial test waveform of electrical quantity under high
impedance fault in resonant grounding system
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