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A new fault location method for single-circuit three-terminal transmission lines based on
fault branch determination and iterative calculation
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Abstract: From the positive-sequence network, a new fault location method based on a lumped parameter model is
proposed for single-circuit three-terminal transmission lines. This method includes two stages, including fault branch
determination and fault position calculation. At the fault branch determination stage, the fault branch determination
function is deduced and designed without considering the line-to-ground capacitance — this to simplify this function. From
the opposite signs between the function values at both ends of each branch, the fault branch can be determined. In addition,
to ensure the accuracy of fault branch determination when faults occur near the branch head-end and T-node, the fault
branch criterion is also given. At the fault position calculation stage, the effect of the line-to-ground capacitance is
considered to ensure the accuracy of the calculation. Then, an analytical expression of fault distance is given based on
positive-sequence component and positive-sequence fault component. Based on this expression, the fault distance can be
solved by only several iterations. The proposed method is applicable to various types of faults, and it is suitable for
high-resistance faults near the T-node without dead zone. Moreover, the method has low computational overhead, which
makes it easy for programming. Theoretical analysis and simulation tests show that the effectiveness and accuracy of the
proposed method are not affected by fault location, transition resistance or T-junction position.
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Fig. 1 Topology structure of single-circuit T-shaped lines
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Fig. 2 Positive sequence equivalent network of

single circuit T-shaped lines
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Fig. 3 Positive sequence network of fault branch

Mk AT ME SCER, HIEFHEIEU,,, 7555
B M i Al T 3 17 RSB RN, iXG)Fir.
Ui =Uwy = LuibwZ, = Uryy = Iy (Ly = X)Z, ] =
Ly = 1) = 1) Z,
3)
W, 1, Bom k HEEE M ORI, SR
01, <ox; AR5 IE P B 1, U A2 50 (4).
jfl :jM1+jTM1 “4)
VR A EIES:

(UMI — leleZI) — [(.]TMI — jTMl (LM — le )Z1]
IfIZI

X—ly =

(6))
2 kAT T SR, BRI AL x <[, < L, W,

HIEFHEN
UMkl = (UMI _lexZI)_ (le _jfl W —x)Z, =
UTM] _jTMl(LM _le)Zl
SN EATIEVNIECERMO R
DRI, TGie ko s R e i) 2 A 2 7 ],
BIRA R HE R, Wi HADFR.

f (l )= (UMI _I'Mllezl)_[QTMl _iTMl(LM _le)Z1] _
M-T \"Mk IfZI

(6)

xX—ly,
(7)
X T AT /AT TN BTl AT MT S,

Oy <x B, £y 1(hy)>05 Ax<[,<L,

It SFur(hy) <05 HHMHAL, =x i, Sur ) =
0. Bk, HE R EC R & AEMER S % MT 15K M i
BREE 5 M. R, AR (D, )X (4)
AT, HE BT R AR R E, R A
=y DU EAR AT AL E I 1, (A RIATSEE MT S
EE RGN Ra =

2) MR S ) E R A

T T B2k B o FRe, DRI A SR <
FENT BEAT 7047, 53— AR MR S 2% PT HL A A R T

XFNT SCEEHEAT 73 M, T S i) 1E 3 FE s A
E 5 FLIAER] A 3 A0 9 B S B FR T o 1E 5 FRURS A IR P
KRR R, Hag, BT #ESAT MT g, B
I MT SZEEI T i 1E 7 HUE © A 2 (), 1EF
A AT M i B 7 H. BEES, B M e
HASEIM T iR EFFHUE ULy, MUIEFE B 1, 25N
{UI(/ITI = UMI _jMILMZl +jfl(LM —-x)Z,

= D ®)
Lyr =1, I

M1~ ffl



-4- ® A EREF 5 R

F4ULI NT SCBREG T 33815 e L FE A E e i
e Ut AT, o IET43 BIEL N
UL, = 05Ul +U
{ TN1 ( MT1+ PTI) (9)

SRR (2), o 5 4 A S B L
e 5 4 5 O B R E R (D B e
WFRBBR, & CERU My, FFHER0).

['/

i .
NI — [MTI + IPI

{UTNI = O'S(UMTI + UPTI)
. . . (10)
Iy =1y + 1,
R, ROFRARAR O
{I.JTNI :.(]TNI +.O‘51f1 (LM _X)Zl (1)
]'l"Nl =1l — 1

NT SCEE R IE 7 28 S AL B 1] 4 B, ¢k
RO NT S EAERE 5, 5 NT ST E PREL

T _ ' N
Lin ha
— k «—
— —
L | I
| (Ln — ) Z) Iz |
U Uni

4 RIS T BRHYIE Fr 4%

Fig. 4 Positive sequence network of non-fault branch
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Fig. 8 Program flow chart
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Table 1 Branch identification results of phase A-to-ground

x100%

fault with 100 Q at different fault position

[ (i G G G Cu G G [
SZ#E Bi/km Al

0.1 0 1 0 0 0 0 0 MT

3 0 0 0 0 1 0 0 MT

MT 29 0 0 0 0 1 0 0 MT
59.3 1 0 0 0 0 0 0 Tz
59.7 1 0 0 0 0 0 0 Tz

0.1 0 0 1 0 0 0 0 NT

3 0 0 0 0 0 1 0 NT

NT 20 0 0 0 0 0 1 0 NT
39.3 1 0 0 0 0 0 0 Tz
39.7 1 0 0 0 0 0 0 Tz

0.1 0 0 0 1 0 0 0 PT

5 0 0 0 0 0 0 1 PT

PT 25 0 0 0 0 0 0 1 PT
293 1 0 0 0 0 0 0 Tz
29.7 1 0 0 0 0 0 0 Tz
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Table 2 Distance measurement results of three

branches when D =1

[/ [/ A | e
- Xykm  Xykm  Xp/km -

S B/km 2% ] H/km
59.3 59.307 40368  30.348 MT 59.307

Mr 59.7 59.707  40.168  30.148 MT 59.707
393 60.358 39317  30.347 NT 39.317

Nt 39.7 60.157  39.718  30.148 NT 39.718
T 29.3 60.358  40.368  29.299 PT 29.299

29.7 60.158 40.168  29.698 PT 29.698
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Table 3 Influence of fault position on fault ranging

results of different fault types

[0 e Efﬁ%-’:ﬁﬁ e ;FEX'\J“W!IJEIE
Y B /km H/km R 5%
0.1 0.097 -0.005
5 5.000 0
MT AG 16 16.004 0.006
45 44.999 -0.001
57 57.004 0.006
0.1 0.110 0.025
3 3.015 0.038
NT BC 15 15.079 0.197
30 30.085 0213
39 39.031 0.078
0.1 0.084 -0.053
2 2.056 0.186
PT ABCG 12 12.047 0.157
20 20.029 0.096
28 28.002 0.007
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Table 4 Ranging results of different transition resistances

to different types of faults

W . 5 s
Eziz it 100 100Q  300Q iﬁﬁ;%*ﬁﬁia

AG 25.003 25.002  25.003 0.005

MT BCG 25.001 24993 24.994 -0.012
ABCG 25.001 25.001  25.001 0.002
AG 25.005 25.008  25.008 0.020
NT BCG 25.026 25.029  25.030 0.075
ABCG 25.023 25.023  25.023 0.058
AG 25.001 25.003  25.003 0.010
PT BCG 24.999 24998 25.028 0.093
ABCG 25.006 25.006  25.006 0.020
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Table 5 Ranging results at different T-node positions

T WECKR MR EAm JUEESE Rk
A7 B /km
AG MT,10 MT,9.999
30 BC NT,40 NT,39.994
ABCG PT,20 PT,20.002
AG MT,40 MT,40.001
80 BC NT,10 NT,10.056
ABCG PT,15 PT,15.059
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Table 6 Comparison of ranging results for high resistance
fault near T node
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MT 59.5 MT 59.476 MT 59.515

ABCG
NT 39.5 NT 39507 NT  39.493

(RF=300 Q)
PT 29.5 PT 29519 PT  29.490
MT 55 MT 54992 MT  54.010
MT 59 MT 58987 MT  57.246
MT 59.5 MT 59487 MT  57.646
G NT 37 NT 37006 MT 59251
NT 39 NT  39.005 MT 58457

(RF=300 Q)
NT 39.5 NT 39505 MT 58251
PT 26 PT 26010 PT  28.052
PT 29 PT  29.009 MT 58462

PT 29.5 PT 29.509 MT 58.253
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