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Active fault property discrimination method based on injected disturbance
current response characteristics
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(1. School of Electrical Engineering, Xi’an University of Technology, Xi’an 710054, China;
2. State Grid Shaanxi Electric Power Research Institute, Xi’an 710199, China)

Abstract: This paper proposes a method for reliably identifying fault nature by injecting disturbance current signals using
an external power source, to address the issues of blind reclosing after inter-phase short circuits in distribution networks,
which may lead to secondary impact on the system, and the lack of available effective information in adaptive reclosing
after protection tripping. After a short circuit fault occurrence, an external power supply injects a low-frequency
disturbance current and steady-state disturbance voltage waveform data are extracted. If it is a temporary fault, the
inter-line relationship conforms to a capacitive model. If it is a permanent fault, the fault phases exhibit a transition
resistance, deviating from the capacitance model. Therefore, the response characteristics of the injected disturbance signal
differ significantly between different fault types, thus forming the identification criterion using the difference. This paper
introduces a fault property identification criterion based on the Manhattan distance algorithm and the energy relative
entropy algorithm. Additionally, an auxiliary criterion is established to further differentiate between permanent faults and
cases where faults disappear during signal injection. This approach overcomes the limitations of active fault identification
methods in handling fault randomness. PSCAD/EMTDC simulation results show the proposed method has high
sensitivity and reliability.
This work is supported by the National Natural Science Foundation of China (No. 52177114 and No. 61403127).
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Fig. 1 Disturbance signal injection circuit
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Table 1 Signal injection switch control strategy

EAA GERIES
AB Siv S
BC Sa S4
CA Siv 84

Pt R A AR TRl R s, BT BB E 5 1
R R 5 ) 7 iR B AR D BN R

1) R B R GUR Ea AR B K
Wrig kA, DIBRbS R

2) ARFEACLIN B i P Lk g = AH LIRSS R, WhE
AR ] 1t

3) HEMF 200 ms, A5 i FR 2R HORE U SR LS



-36- B 2GR 54

IR 1 PR SRS SR AR OR, AR
[EIREANE 7w s R ol o v L K e VAR PSS

4) o KA B R 8] v A5 S AT 704, K
B A V) I B v i S W s P 3

L AB AHIE A B BE H 0, HE SIS
FSTEN o R 2 B A R AR AN, TR PR
e 55 7K AR IR A NS0 3h R IAT AR P 2 A 2 5
b it st 0 i Y N S0 B LA 1 i e 2 et A 1) 55 )
25K 2 s .

E 2 HAESEANNFHERE

Fig. 2 Equivalent circuit of perturbation signal injection
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Fig. 3 Equivalent circuit of fault duration stage
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Fig. 5 Equivalent circuit in the non-fault stage
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Fig. 6 Simplified circuit in non-fault phase

H ] 6 75 2R 2% A 8] [l R SEE BEE 2, 0

S
2eq

ZZeq =2[R +L +R,, +jo(L; +L,)] 3)
LRy, FENAHFRIREBI T, AB AHIE B4
MILBh LR U, (1) N

U, () =1(t) Z,, @)




R, &

FEFE NS U BRFAE ) 3 3 ARk R ) ik - 37 -

3D FIRG) AT AT, 24 R A A 1) R % S
TR BT B AR, MRS E L S
TR I B R BHPUAFFE A 22 . BER, 25 AH ]
(=] 5 i I AH R RS i, SRSl R I AN [ )
wi R, 28 B MR @) Fr. Bk, ATRAgE
TP B0y L P 2 e A A T g e P J 0300 g
1.2 FENESHHEHEIZE

1) T@fE

TN 5 M A 0 5 o O T R R B L
KA A R B DA R N 2 A T R T T
oo FENG SRS, ) H B8 T2 & 3
NG5, M) B b, FEAE SR
FERRK, RS B 0 M B B R FE 22
FRREE, A R R SR ) S ik g RO, B
U7, RGBS, BT SR AR 2 o H T
K, AR 5, BRI A
TR A T REIE M (R 4a kb 57, A3 RIS 1 Wl e
RIBROK AR, sp %08, A SCRBUEAN
55 IR 20 A, DL 2 B EES I ERG R A P
AH I AR S50 H DR BER

2) Bl

TN R AT R 110 35 B 2 o A S o I 340
TEPE AR IORRE, e MR AR B R R . i FE
W IE R IZATH, LRI SFHON AR, 1 & AEAH 5]
JHER, BT ENAE, KBRAERS
AR, ERAREYNT, MaBEU, #REXH

[d
%_MMT 5)
e 1 NEANE R KN 0, RIEANME S
FAAR; C NP 2% AR R S5 2 FEL 2

H X (S) AT A, PLah R /N2 AL S HL i
KANFIARR I, FE NS IR AR AR
i 2 NI =111 B vesd RSN R ) A o 2 A e S 1 v 4
PEBRHIA o T NS Eh FIR IR AR 5238\ 28 B 1%
THERRG], AEd kP, T R AN % e,
AT DL N LB R A, & FH AR 20 H
JE PRI S AREAE

H B S SR, MBSl A
K, BT S5 WMEREER R, AF]FPOdE Mk &
Bt . % CHRR4], A SCEFERTFEANLINE S
FEAN 20 Hzo

3) RREEA (]

TENAG 5 1 FE SR I 8] 7T DLZE & 5 8 IR B 4
PRSI B] A5 5 NI 21 DA BB 8] B AR IE B, AR
SCIEPEENG S FFE A 1.2 50

2 HWREMERFIANGEE

SCHR[16]32 H ) Hausdorff #E B 532511 Bl 2 1k
TENIRS LR N B 5 0 50 5 ik . B R
ARTE] B B P BN H i B Hausdorff FEES{E, FHH A
B KAH 5 e /IME 1 AR A8 3& 09 . 2 0G0 R 5
(Manhattan distance)A& H 19 TH 2048 [ 5052 5 R 2 -
AT RS R, TR LT B R 2 A e
FERRUEAR AR 2R L 285 i PR R RN P 3401 . SR 2
AL IR 2 g 3 S A B R U 1
2.1 SMIEEEEL
2.1.1 WHHEAR

L1 2 A& x. y, W LA 2 e o 5y
133 SIS PR BE,  dEim a] RAE 2 AT
PIARRLEE, tn=l(6)Fim.

d=d(x») =Y -] ©)

A AR x =000, s y={L0n 0t
2.1.2 H—fbAabEE
i e A 18] B 30 HEL R 8 B s 2 g 5 AR K R 1
o Fof 4] 22 AR B d NS B,  ASF T bbb
(PN, ST 545 200 BE B o 34T 3 — b2,
ZJE AR 5 — . 5 550 R BRI K /N D6 R BT
RRe ki . AR R IR R B /IMETH— ik
2, w7,
d - d —min(fl) )
max(d) — min(d)
b d' NS EHRE ; min(d) AT max(d)
G3 MNPL BN H R = A B Bt SR A M R B
KA. d' BUETEEIA[0,1], THES5R J BlEin T
MBS W d T T 0, Ui 2 1 E R AL
FElims R, dis#mTeRME, Jd BEET 1,
Vi B 2 20 ) 5 (98 T A UL BE I o
BRI — b BE, RYE 1.1 o8, B
I i o P 3 8 P BELY 2 117 S5 30 F S TR B R AN
6], 7K AP i B FE AR, R s
PER I8 H I PR B A 1, i R8) .
d'=x, (8)
W, x, ABENHPE SR A . 2225 395 2 (8,
MR YT . 5 AT HAER, FHE—ErlE
RZEEFERNRZE, WHEA —E ML . A58,
ASCERERE x, =0.2.
2.2 gEEMEFTE
) B 5 A R R RAEAS [FIAE 5 (8] Be & 5l 1
AR, S5 RUER TS, JEMTI T . REEANXTRE




-38- B 2GR 54

R, Ui 2 BopdP Rz oK A5 )N,
UL 2 BOBE AR . R, 25 2 Bopl
B ARG O B, WUIEH 2 BE e 5 Ak A
221 FASHEBIE R R
AR E AT, A RIRSE, B
AR E RS R RER E, (1) RIS
E,(0)= [ u(0)iy(r)d7 ©)
ey (r) NREBIERIEN: i (r) NEANRR
FikA
FERTAEMY BOR 25 AR B & BN R) 8 T #E 4790
REEMITHE . TBNHELER A E TIHFRASREERN
E, = [ uy(0)iy(1)de (10)
e u () AR HBIEREN () NRBhRIREE
k2.
222 HHEAK
Va1 B A BRI RE RN E,, 5 5 2
BRI [A) B SR BT RE RN E,, R RE S AH X6
HIAH IR E X5 A5 T u, AR TS 5w, B BER AR A
H, LwX(ADfR. HHE, ME, 23RS

ul_j u2_j

1. 2 BUR TR B4 j S RAE R AIRER, N JvRAE R

E, Intu
ul_j nE (11)

59 u, X TE 5w, KRR H, , N

N

Hu72—1 = z

J=1

P 2 B 1) 6 10 Bl B AR 5 6T H,
H, :Hu7172+Hu7271 (13)

W (13)753] 2 BipdurRe ARG,
REEEARXR A SCAT RN, BB /N R B TR B (E
ZEFRREIL, AR IEAE 7 e R B A i e P 1 o

BEE B R R K, ERA R

FERIRTHRE T, BUKL, =200 MIBFRHE S5 2 N
H, =K. (14)
THELEE A 2 (14, DU 5 Bk i e Wl o
2.3 FNESRIMPEEIEK
N 2 B 4 5T IR T 92 T B AE AR T NI
Ak O R 4 BE O, PR PRk {6 B AR 3
IR R BIE, REHE 3. FIPE 3 BIE R L
W—HZ% 1.1 THEWIHEER, H—Jr ks
WA R R B P A R, AR B R —
SERERZE . IFEREARE —E M, HiE
3 IR (15 FR.

N

Hu_l—Z = z

Jj=1

E mﬂﬁ- (12)
u2_j E

ul _j

A<K] (15)
o A ARSI EREIEF 20 Hz R 58 K0
KE N 3 MBIME, HL0.5. 4559 2 A5,
RN, BN, P A E CE R, RIBR
PR
3 AR
YR A SCATR I, NSRS S 1
R R IR QO B 7 BT
PiR.cl

ZEgRER, HO
i 5 2 ko)
v
T2 T A, IS AE200 msRETRA%
Ui, rh AR [E A N3N LI

l¢
)
D AR A U,
WEURE AN 1]
[

v v
T IS 5 H PRI [ 3 H
SR 2R — 1 it S AR
v v
TR EERAN R AT A R AR 2
I H W A o I W A

[ I

H9E 15 42

RE B0

v
AR e AN B RVE N
ek
’i%@%ﬁﬁﬁﬁw T
E

AN, A
ik
\

Py
7 &pEERFIBIRE

Fig. 7 Fault nature determination process
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Fig. 9 AB interphase disturbance voltage waveform
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Fig. 10 Interphase disturbance voltage during transient faults
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Fig. 11 Interphase disturbance voltage during permanent faults
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Table 3 Simulation results for different fault locations and

transition resistances
I L BE/Q
0.1 2 5 10 20
D, 1964.7 1930.3 1877.2 1795.2 1645.0

ek B

2 km
D, 0.4190 7.2551 18.334 17.679 14.437
sk D, 1952.2 1917.7 1865.7 1783.4 1633.1
m
D, 0.8852 8.0821 14.113 17.335 15.667
1k D, 1828.0 1793.7 1741.7 1660.6 1513.5
m
D, 1.8225 4.7866 12.233 16.795 16.176
D, 1863.7 1828.9 1775.0 1695.2 1546.4
13 km

D, 2.1564 5.9822 19.104 16.800 16.455
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Table 4 Results after normalization

o W HIE/Q
A =
2 5 10 20
D, 1 0.9825 0.9554 0.9137 0.8372
2 km 3 3 3 3
D, 0 3.5x10™ 9.1x10™ 8.8x10  7.1x10™
D, 0.9936 0.9761 0.9496 0.9077 0.8312
5 km 4 3 3 3 3
D, 2.4x10° 3.9x10™ 7.0x10™ 8.6x10  7.8x10™
D, 0.9304 0.9129 0.8865 0.8452 0.7703
1T km 4 3 3 3 3
D, 7.1x107 2.2x10™ 6.0x10™ 8.3x10  8.0x10™
D, 0.9486 0.9309 0.9034 0.8628 0.7870
13 km

D, 88x10™ 28x107° 95x107° 83x107 82x107

4.2.3 R MR SR
* 5—K 8 NARNME. AEEEHRIET AB
AH TR A2 Mk B 1 B, B B AR X IR 1) T B
5 &P 152 km REFE
Table 5 Fault at 2 km of line /5

MUEREQ H, L H, 5, H, RS I8 B A
0.1 6.9863  1.93x10*  1.93x10* \
1 11.8022  1.78x10*  1.79x10* \
5 58.6231  1.32x10*  1.33x10* \
10 140.0075  1.05x10*  1.07x10* \
20 3184238 7.80x10°  8.12x10° x/

6 LRI 5 5 km AbHEFE
Table 6 Fault at 5 km of line /5

% 5—3& 8 S5l H, BEm P dbsny, 7EA
FIALE . AFGSEREEL S, BEEAAX RETE
10 =4, B 2 BERTE RG22 ek . BIRET
PERCRE N, PR3 o T AE WA LE T S 22 e
BT EIEA P 5 B B R, H 2
e Aoy B A IR FL BEL A 52 M /)N

*9—K 12 AR E. ANEEIERET AB
AHIA)A AR A B, BE ARG F) T B &
F9—F 12 A REY], KAMEMIERS, AR
B ARSI BEEEL S, sEEAXRERGE T 0,
Y 2 BopdB e R LA R BIR APERRE TS, $1
HHEBIERERETC R X ], T ZEER AL,
TG AT EE,  EZRRIE 52 5 Ao B AN I I8 P BEL (Y 52
MV o

9 LB Is 2 km ROEFE
Table 9 Fault at 2 km of line /5

HEHEQ  H, H, 5, H, R R E A (]
0.1 0.0010  0.0010 0.0020 x
1 0.0046  0.0046 0.0093 x
5 03375 03272 0.6647 x
10 0.0451  0.0451 0.0902 x
20 0.6789  0.6835 1.3624 x

R 10 ZBK [s 5 km AEFE
Table 10 Fault at 5 km of line /5

RO H, H,,, H, FETS R B E A o P
‘TJL“F_‘FEBH/Q H H H ~HIEBh
0.1 117584 1.79x10*  1.79x10* v = - - g o
1 19.9529  1.64x10*  1.64x10* x/ 0.1 00224 0.0221 0.0445 «
4 4
5 744321 1.25x10*  1.26x10 x/ 1 0.1229 0.1180 02409 «
4 4
10 160.0732 1.01x10 1.03x10 \/ 5 0.5762 0.5538 1.1299 x
3 3
20 339.7630 7.57%10 7.91x10 \/ 10 0.5389 0.5314 1.0703 x
. 20 0.4425 0.4407 0.8832 x
F 7 L&BE 15 11 ki RLETFE
Table 7 Fault at 11 km of line /s T/ 11 I [5 11 km QbHPE
SEREEQ H, ., H,,, H, BRRBEEhE A Table 11 Fault at 11 km of line /5
0.1 108.5437 1.13x10*  1.15x10* \ RO H, H, 5, H, T A B E A )
1 117.1838  1.11x10*  1.12x10* \ 0.1 0.0518 0.0519 0.1037 x
5 1702160  9.92x10°  1.01x10* N 1 0.0872 0.0875 0.1746 x
10 254.1403 8.59x10°  8.84x10° v 5 0.2722 0.2740 0.5462 x
20 428.0772  6.72x10°  7.14x10° N 10 0.6588 0.6648 1.3236 x
20 0.7754  0.7793 1.5547 x
R 8 LRI I RimislE 4o -
Table 8 Fault at the end of line /5 A2 LRER 15 KRR
. ] - Table 12 Fault at the end of line /
RO H, L, H, o, H, T B E Ay ) 3
0.1 56.6836  1.33x10°  134x10* N MEREO  Fe Ao B, RERHEAW
1 68.8866  1.27x10*  1.28x10* v o 001 00118 0.0236 )
’ ’ \ ’ \ 1 0.0190 0.0190 0.0379 x
5 137.4699  1.06x10*  1.07x10 \/ 5 0.6903 0.6754 13657 N
10 229.0009 8.94x10°  9.17x10° V 10 0.0296  0.0296 0.0592 x
20 4113954  6.87x10°  7.28x10° x/ 20 0.0852 0.0853 0.1705 x
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Fig. 13 Time and frequency domain waveforms of disturbance

voltage during permanent faults
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Fig. 14 Disturbance voltage time-domain and frequency-

domain waveforms without faults
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Table 13 Discriminant results in case of random data loss

b B AR FEL BN KAMWEE RT
A

WO B, FWH, O FWH. Em

5 1.05x10* 0.5131 \

2 10 1.01x10* 0.0141 \

25 9.48x10° 2.4256 R

5 9.91x10° 2.6690 v

5 10 9.60x10° 1.6753 \

25 8.93x10° 0.4840 v

5 8.71x10° 23472 \

11 10 8.43x10° 0.9303 N

25 7.93x10° 1.8923 R

5 8.94x10° 0.2990 v

13 10 8.73x10° 0.0838 v

25 8.03x10° 0.7516 v
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