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A faulted phase selection scheme for transmission lines based on instantaneous energy ratio

CHEN Ya, LI Mengshi
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: This paper proposes a new faulted phase selection scheme for transmission lines in power systems. The
proposed scheme originally develops a virtual instantaneous energy for the current and voltage signals; then utilizes the
ratio of the instantaneous energy of current to that of the voltage as an index for phase selection; finally compares the
indexes with their corresponding thresholds to select the faulted phases. A typical double source-supplied power system is
established in PSCAD/EMTDC to verify the proposed scheme. The simulation results have demonstrated that the
proposed method can select the faulted phases correctly under different fault conditions such as different fault resistances,
fault locations and fault inception angles. Moreover, it has a considerable fast respond speed to a fault, is immune to white
Gaussian noise and tolerant of high fault resistances.
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Fig. 2 Voltage waveforms of the three phases

under a phase A-to-ground fault
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Fig. 3 Current waveforms of the three phases under

a phase A-to-ground fault
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their corresponding IEs
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their corresponding IEs
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Fig. 6 Curves of the IERs of three phases and the

zero-sequence component
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Fig. 7 Curves of phase A’s IERs at side 1 and side 2

of the transmission line

K7, Ry MR, 73 AR B2 1 J Al 2
Uikt A FHII BRI fES LG o MBI AT BUARER, 2628 M
Uity () R N RE B LU R, AT R, 76 W R AR S I B
BT Ry TR T o ARSI, BT 1
PR ERAP AN BeA I 2 ke, AHE AT RER R i 3 2 g
RALI A T M AEREA], T RSBk, DIER
ke . PRI, 22 AT A Y i PR £5 22 B AEAR R AR
JE E3 i TIRAHTCA I R BB R T S . 5 24
I, SRR IS 5 e LA T O GER H 2%
(), T HL R DO AL R . 8B 100 km 1)
Wk, 15T NGt — It 2] 53— S I o 1) N T
KZH 0.333 ms, IR T M 0 AH R A AAAE N 52 )
AR/, ASSEM I AH AR PR o

BT BRI, AT L T BRI e
ECIRT S B I AH T =R .

1) 73 vk S 2 % 99 g Ak 25 AH A B 28 e 70 1)
WF i fE B B R, (n), Ry (n) , R, (n) , Ry (n) , Ry, (n) ,
Ry, (1), Ry () R Ry, (n) 5 FF HN AT KM AL L
Eak 8 AN RE B EL AL 3U(4) s (5T E SCRIBEIN fiE

HHMEBOENX. b, AR R E AL
R RS S P A AEmR S, XL o
ST B8 B LL o R U B LS. N T
BRI P FR S, ) BT 3 21 PR 4 i 9 i ) 19 T B
(I SHIN

r(n)=R(n)+R(n D+..+R(n—m+1) ©)

m
e R(n) AR FRE IO 8 ANk I B & L v 1)
A5 r(n) R EWES LR m e Edh K
S KEMZR, RIY m=10 I, BERELRIE K 4T
I EmEvERE, RN R RIER N T

2) A r(n) BEE A I BIE, SERGEIEAR . W
ESCETERBIN, W) RGIET TAER, &—AH
IR R LEAR T T 1. RIS, S AR I
I RE L bTbe DR, R EOE 2 i (L
A DU WA o AR SO T T PR A I 1 A
F— B2 B R IEAT W AR R 0 o Horp—A
W B, dfEe , HORTIUEREERZ]: S34h—A
] 52 B AE I E &, , HEREIE BAAER T 5 3
ABMHCE ey, HIREEEEAR . FET EIR T 0E
() = AN, JEAH (i R 42 B T = AP ok sk
Jiti o

AR W T S B v i A — A (R R N i £
Lo, i SIS AR I BE = L AT AN R T
g, BARRGPHMELEE.

AHR 2 GERT 1 ms S A W i e 7 kg e b e
SR 1 ms FJR BRSO T A4 s AR DLy o3
(R et LG b 20 2 0 ] DU e Sk R . 71
WERF 1 ms Jio vEE H 2 P i 1R 22 P 43 R R 1)
s, WREf I R — AN T B e, Fon
b A A, A DU kg A ) e

AIR3 KRS AR 2 A9 B IR 4 % R o 1 2T 4
PR IS B 5 LE ok 23 ) Y 1 3 1 3 2 B AH &5,
£y TRIGZREE 1 3wl —AHMIBRI BEELLED R, (n),
Ry, (n), Re,(n) Fl e AELLES, ¥ 2 wifg (1) = AH (%
RER L R, (1) , Ry, (1), Re,y () il &, AEELEE, W1ARAT
Ao ity [ AT ART A T % P 5 o Ll R b T LA B 1)
BRI, 83X — AR 4 e DA W A

NTHEAT AN BB . R R AR T R
PP IEH TAER S R RE R LUED 1, SCE
OB AT 98 0 R I N g, 483 KRR
&, =1.5 1] Ll 2 KEAH IR mT St R R U I 2K . 7
A T) e R I 1 L R 4y AR B YRk
0, 1f SEBxH H T FR 48] e A7 A0 B0 = A AP
RO K e 7 (R T, B A ) i B LA B I 5 15
LR HA W RRAETEAR N R P i, DAl e, Xk




-60 - CE R R R EEL

BT 2, — 52 179k i T A =
FHANSYAE i s RS () 22 7 40 S AN P Al B, g — D Tt
TN TN A A 15 T R b i e P A
Mo 2dik5, e =0.005 A L2 sk . 7EXT
B PR 00 R F ShAS B, 1T AN SR [ 5 e
5 R ) 25 B ) LA R 1) 1) EC R A s A e el 3
AR/INIE, AH IR EL AR SNAR 59, B (E Y 1208 1 /)
T AE R AR ORI, A 1R ) RSOV AR 38, A
IVAZIE K, PRUEAZLRE T IEHAM. 2d K5
MARIE R, 7E T RME SR R ek 1.5 BLK
70 HARAR SIS B BT h 5 nT LA R Bk . ARDCK
FH 2 4 i (A W e i o BL ) R i R MR s TR AL
N, I B2 RS W HL 7y = 0.01 Al 7y = 0.06 £ 4 H.
FRSS 1 ESFIHARIRSRI R AL, 950 = b
I e ELALT 0.01 31 0.06 Z [AIF DL, B K
HENEATER INER RS, TRRENEBIE ¢, RIL
W)

1.5 0<r,<0.01
g, ={70(, —0.01) 0.01<r,<0.06  (7)
5 7, >0.06

e, AT AR E WK 8 P,

T e
ror(k)>e, % _
Y| L=1

VIR m, &1, &

AT

e ry(k),
r:q(k), rwy(k),

k), roi(k),

Foa(k) e H PR E
EHI i, ik |LAB.C
A, B, C.

k:=k+10
N

8 MR iktE IR E
Fig. 8 Flowchart of faulted phase selection

K8, L. L. LR A B. C =M
S RS AR, VI 0, RAEMEEZ
JEEN 15 Ly Ron 2 5 A Ee i b il AL &, 0
ForAE i, 1 FoR .

WA RN, AL RGN 50 Hz, KAt
BFBE A 10 kHz, BN JEERAE 200 4> e i

P K@) X (5), BEnT g S o575 2
AN ZE R 14 (R A0 B Sk, RIAHRR 50 A4S
KAE R 5. Ik, B 8 WK FE sS4 T2

51
2 FEHR

2.1 (RS

7t PSCAD/EMTDC 58 T —A ML A 1) X i
Ha s gt f ) ) R T B, B LT
K9, Hht h ARG ARGIZE N 50 Hz, Kbk
IR SECN 230 kV, 285K 100 km, 2R LA
RIS EABRRLE TR . S Tk B 45 R s
SERRE DL, £EHH PSCAD 77 A R s 1) Hi H AT R
GOSN T 40 dB 11 R T 1R SRR AR SR B
HEATHUE . T aint &P i R 0 AT 07 B 5

1 f 2
F————®
E,=23020°KkV, E;=230.20°kV, Zy=Zo=40.80°Q

r=r,=0.034 7 Q/km, ro=0.300 0 Q/km
X1 =x,=0.423 4 Q/km, xo=1.142 6 Q/km

9 HERE

Fig. 9 Simulation model

2.2 ETARMEBREMFERAR

TEE 9 st SR rh i B T — Ry A
IF) 1) W o P, B 2 St P b W e o 92504 T B0 AIE,
PRI N s, SRS ZIBEE R 0.5 s, MR E
NERE ) Al . TR FBHAE AN 0 Q BL 50 Q
B IR N3] 200 Q. EFGFREAS TR FBHAL, %%
T AE =Tl R R s e R B R R R (AG) .
AH 2 Hb 4 s (ABG) A1 — AH F2 i (ABCG) T 0L T
BT 5 SR e A O PR . DRSS L T36 1,
L B J e L e SIS AR (1) 54k 4 kL A i R
T, R AR RWBEHPAAE, 3 =AH11 RoR& T
1 uty, BUZcuty; 2 RoREREM 2 o, B4, o
—F1) H IR SIE I 3 s DA D A A ) 1) B T
PPN, R 1 aTLUEH, Fri it A EAN
(1) 5 I FELBEL T 0 A (1] g 6 245 70 408 R oA i b 10 47
Sl I HAENEELE 7.1 ms 2 P, A 1R e i )3 5ok
i
2.3 ETFFARHEMEMHERR

TEARRAG R, WOy e MR 1 amdE b i
W, M 1km JF4, BL 25km WD KIZEHTHE S
100 kmo E1%F R — /N B E T R 2 ) 4
JEPERE R A MR B(AG). AB BT (AB)
A ABC = AR B AT 05 AT, SRR (R I () 3






MR 2, 45 JETIRE AR LUK b etk W e AR Uy 5 - 61 -
F 1 TR A TS Mg IR TR S R
Table 1 Faulted phase selection results under different faults via different fault resistances
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2 12 857.0 2515.0 1.1 6.0 5.0
1 565.2 1094.4 31844 le-3 1.5
ABCG ABCG 2.4
2 1439.0 39311 2 080.2 le-3 1.5
1 6.4 1.0 1.0 0.9 5.0
AG AG 6.8
2 27.8 1.1 1.1 1.4 5.0
1 5.9 12.2 1.1 0.8 5.0
50 ABG ABG 7.1
2 27.3 73.4 1.1 1.1 5.0
1 7.4 46.5 7.0 2e-4 1.5
ABCG ABCG 3.6
2 31.0 489.9 304 Te-4 1.5
1 1.0 1.0 1.0 0.3 1.5
AG AG 2.8
2 11.0 1.1 1.1 0.46 5.0
1 1.0 23 1.0 0.3 5.0
100 ABG ABG 6.3
2 11.0 16.3 1.1 0.4 4.6
1 1.0 2.0 1.2 le-4 1.5
ABCG ABCG 6.3
2 11.2 19.1 11.2 3e-4 1.5
1 1.0 1.0 1.0 0.2 1.5
AG AG 34
2 6.5 1.1 1.1 0.2 4.9
1 1.0 1.6 1.0 0.1 1.5
150 ABG ABG 2.0
2 6.5 11.0 1.1 0.2 2.8
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1 1.0 1.0 1.0 0.09 1.5
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1 1.0 1.4 1.1 0.09 1.5
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2 4.7 7.7 1.1 0.13 3.0
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2 4.9 8.4 5.5 2e-4 1.5

BAE0.5s, K2 TIHHAR. WK 2 WTLE H
AR SC AR R A 5 G0 e A AE e e AN [A) 67 5 ) AN [7)
B AR REN BEAT HERA IR, T P A ISR A e AE
WA 4.2 ms 2 PRSI H K, BRI PR S I AR

/Ny UEWIASSCIYIEAR 5 S TR RE I L AN 52 it e o7 15

RIS .

2.4 BT AEMEHEABRIAERR

SCRR[2 ITUER] T AN[R] R bsd) i £ e S E0A



_62 - CE R R R EEL

BT A RERL . BEAL, SRR KA I A I th 2 52 34
BETAE ARSI, A7 00 EEIARAS SR S A
ARSI AR M RO OL B IIPERE . AR SO )b
WIha fE DA e ORGP AL A AR I 2 A
AARMIN ST 1L, BRI A A Pk
Mt , bR B St b Ak . SRR AN 0°

FHARLL 60°MF KGN A 180°, 3 3 43 T 7EiX L
ARSI IR M A DL B AT S R . AR 2
] UUE AR RSSO an s o0 T, ARSI ik
AR REHE % Y SR AT, I BT SE N AE 7 ms
LAPY o Ot At SIS (1 et tha S 1 SR ABLIYS 15 S AT
GU, 3 TREI SR,

R 2 TREIMBERETRMEEIERLER

Table 2 Faulted phase selection results under different fault locations

Wl - SR 1 Sl 2 3 AT AR PR I R L 0 (LT F B AR
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o~ A B C 0 & -
1 2800 13 2.6 25.1 5.0
AG AG 32
2 135.0 1.4 3.0 3.7 5.0
1 41634 3365.0 1.0 le-5 L5
1 AB AB 2.0
2 3324 89.3 L1 3e-4 L5
1 8.9¢3 1.7¢3 1.1e3 le-4 L5
ABC ABC 2.0
2 283.0 585.5 6975 Te-4 L5
1 5174 1.1 1.6 13.4 5.0
AG AG 35
2 218.7 1.2 1.7 6.5 5.0
1 6753 12185 1.0 le-4 L5
25 AB AB 2.5
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AG AG 39
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AG AG 42
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1 157.1 160.9 1.0 4de-4 L5
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Table 3 Faulted phase selection results with under different fault inception angles
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