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Abstract: Transmission line protection is important issue in power engineering because 85-87% of power system faults are occurring in
transmission lines. This paper presents three developed algorithms: Takagi’s method, Ericsson method, Fault sequence component of
current method. MATLAB/ Simulink software was used to implement these algorithms. The accuracy of fault location on power
transmission line are compared for these three method by varying various parameters like fault type, fault resistance, fault location and
fault inception angle, on a given power system model. The simulation results demonstrate the validity of the suitable fault location method
in 400KV transmission line.
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1. Introduction A B

_ ) _ daz, 1-d)z,
Electric power systems are designed to ensure a reliable

supply of energy with the highest possible continuity. The >Al,
growing complexity of electrical power system demands

Rp Zpg
performance of protection and control equipment. Faults can l
i l

occur in any point of the power system, and the most exposed
parts are overhead transmission lines. Fault locators are used
to pinpoint transmission line faults, and they help in the
reduction of maintenance works and quick system recovery
from faults. A fault locator is also a very useful tool in
evaluating transient faults that could otherwise cause weak Figure 2: Pure Fault network
spots in transmission and distribution systems, resulting in A Iry B
future problems or faults. During the last 20 years there has ‘ ‘I I -z 1 ‘
been considerable interest in computer relaying of power ' i
systems [I] and in the development of microprocessor-based .

fault locators [I0]. The method which uses data from all ends Al

requires synchronized measurement with time stamping and r ) ’Tw_‘
online communication of data to central location [11-13]. This

paper describes three impedance based fault location

algorithms on 400 KV transmission line. 1“

Figure 3: Incremental positive sequence network diagram
2.Theory of Impedance Based Fault Location A Tr2 B
Algorithms | iy T (1-d)z,,

(1-d)z,

‘ Zzg

[ |

Figure 4: Negative sequence network diagram

I

Re | |y,
3.Nomenclature
) ) d Estimated distance to the fault (units: p.u)
Figure 1: Fault network diagram V, p Protective distance relay voltage at the line end A
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Ia_p Protective distance relay current at the line end A

I Total fault current

Z, Total line impedance
Ve Fault voltage

Z,, Zg Source impedances at terminals A and B respectively
Ea, Eg Source voltages at terminals A and B respectively
Al Incremental positive sequence current.

Ia» Negative sequence current

Z;, Total positive sequence line impedance

Z,_ Total negative sequence line impedance

Z1a , Z3g Positive sequence source impedances at terminals A
and B respectively

Zya, Zog Negative sequence source impedances at terminals
A and B respectively.

A. Takagi’s Method

To derive the Fault location algorithm, the fault loop
composed according to the fault classified type is considered.
This loop contains the faulted line segment (between points A
and F) and the fault path itself. A generalized model for the
fault loop is stated as fallows

Vipg—diyslyp—Iz*Re=0 (1)
The superimposed circuit (Fig.2) is a current divider of the
fault current and thus:

_ li—dleg +25

Ay = Za +zi1+z;_ Iz @)
Letl; = —j‘ 3

Where the current distribution factor is

=z,
kp = (1—dlez; +25 (4)

Za+3g+3L ]

ke = kgl =&V (5)

Substitute Equation (3) in Equation (1)

Vap—ddp=*lyp

~e B =0)

Substitute Equation (5) in Equation (6)

Vip—dZy=lyp— |J|AJ «R. =0 (7)

Multiplying Equation (7) by the term Al "e/* and taking
imaginary part yields the following formula for the distance to
fault:

Rp

s AL = oV — i
kel

Vi AL el —dZ; =1, 5 =0 (8)

fr) = 2l ¥
qd-t (Vg p=ils® EJ.} o)

Im 2y #ls prily*+el?)
It was assumed that current distribution factor is a real number
soelf =1

q= :rr.[i:.,_,—.--_‘.fﬂ']_. (10)

:m[:z;_ 'f‘q_p'_\lf‘q :
B. Eriksson’s Method

To derive the fault location algorithm, the fault loop composed
according to the classified fault type is considered. This loop
contains the faulted line segment (between points A and F) and
the fault path itself. A generalised model for the fault loop is
stated as fallows:

hp—dZy*lyp—Ip= Ry =0(11)

The superimposed circuit (Fig.2) is a current divider of the
fault current and thus:
(1-d)«Z, +Z;
L

Za+iz+Z; r(lZ)
Where Al = I, — [.°™ -incremental current determined
from the moment of the fault-inception occurrence (thus in the
fault interval), and obtained by taking the fault current and
subtracting the pre-fault current (present before fault
inception). Note that the recordings of the pre-fault current
have to be available.
This allows the total fault current to be determined as

Zg+Ia+ip
- & ,ﬂf 13
F o [i-dlez +2g a (13)

Substitute Equation (13) in Equation (11) and it gives

; __fETéaTAL _
Vel b o n g gz, MarRe =0
(14)

.4.:

Expanding the Equation (14) results in
hes((1—d)=Z, +25)—dZ, sy, +((1—d)=
T, +Z5)—(Zg+ T, +Z)x Ay Ry = 0
(15)
D|V|d|ng the Equation (15) by the term I, z = Z; results in
A ((1—d)=Z, +Z5)—d = {{1—.:3]*_3 +Z5)—

Ta_pe2

(zi,,afz‘~1 +1:I Al SR, =0

I lar
(16)
Dividing Equation (16) by the term Z;
Z_g)—
A (1+ )—d*(1+zi d)
z;+z‘q _
( ZL * 1) JA_F"-ZL *Br =0
a7
Expanding the Equation (17) results in
z_ Mar 2 _
d d= 1 p +1+ jl+f.-1_?'2i.*(1+2i.)
z;-+.z‘q _
( ZL * 1) u_.‘-"zi *Rp=0
(18)

Equation (18) can be written in the following form
d®—d=kl +k2—k3 =Rz =0 q9)

Where

(zﬁ +Z, ] Al
= =
i Lip* 2y (22)
For eliminating R multiply Equation (19) by k2"
disky —dsky ks +hy=ks —Rz =0 (23)
Rz Can be eliminated by forming Equation with only

imaginary parts and results the following Equation
B,d*—B,d+ B, =0 (24)

The solution to the Equation (24) is given by
Bl—sqrt(B,> —4 +B, = B,)
(2 =B;) (25)
: B, =imag(k,=k;") and

d =

Where B, = imag (k;")
B, = imag (k; = ky")
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The Equation (18) shows the relationship between
4 godq 50 804,24 and £ in determining fault location. The
absence of line charging capacitance in the equation for fault
location, introduces error in estimated fault location when
applied for EHV transmission lines. Another limitation of this
method is exclusion of the effect of multiple power corridors
normally present in any power network. This drawback when
coupled with high resistance fault and fault nearer the
receiving end (measurements at the sending end) results in

erroneous solution,

C. Fault Sequence Component of Current Method

To derive the Fault location algorithm, the fault loop
composed according to the fault classified type is considered.
This loop contains the faulted line segment (between points
AA and F) and the fault path itself. A generalized model for the
fault loop is stated as fallows
Vip—diy*lyp—Ip+Rp =0 (26)
Where
Ip = apy # Ipy + apg # Izp + agg * 15 (27)
Fault loop voltages and current can be expressed interns of the
local measurements and with using coefficients gathered in
Table 1
Vip = aiVay + a2V +agly (28)
I.-I_F =ayly; ol +ag zn_:LIAL\ (29)

Iy

Table 1: Coefficients for determining signals defined in
Equations (28) and (29)

Voltage drop across the fault path (as shown in the third term
in Equation (26) is expressed using sequence components of
total fault current (I, ey, Ir2). Determining this voltage drop
requires establishing the weighting coefficients. These
coefficients can accordingly be determined by taking the
boundary conditions for particular fault type. However, there
is some freedom for that. Thus, it is proposed firstly to utilize
this freedom for avoiding zero sequence quantities. This is
well known that the zero sequence impedance of a line is
considered as unreliable parameter. This is so due to
dependence of this impedance upon the resistivity of a soil,
which is changeable and influenced by weather conditions.
Moreover, as a result of influence of overhead ground wires,
the zero sequence impedance is not constant along the line
length. Thus, it is highly desirable to avoid completely the
usage of zero sequence quantities when determining the
voltage drop across the fault path. This can be accomplished
by setting {z; = 0 as shown in Table 2, where the alternative
sets of the weighting coefficients are gathered. Secondly, the
freedom in establishing the weighting coefficients can be
utilized for determining the preference for using particular
quantities. The negative sequence (Table 2) or the positive
sequence (Table 2) can be preferred

For example, considering AG fault one has:

Iro 1 1 1 Iea
Iei|=-=1 a a*|=|0[(30)
Iezl 7 11 a2 & 0

Thus, symmetrical components of a fault current are:
Iep =15 = Ix; :% #Ipq =17 (31)
It follows from Equation (31) that the total faults current

Fault Type gy Gn Gy . ) :
A0 1 1 1 (fr = Iz) can be expressed in the following alternative ways,
EG 2 a 1 depending on which symmetrical component is preferred:
cc a o 1 Ir =3Iz (32)
AB,ABG,ABC,ABCG [1—-a® [1—a |D Iz =3 =1g (33)
EC ECG ot —a |e—a° |0 f;.-=3*f;.-n(34)
CA,CAG a—1 |a2—1|0 Ir=15+Ig +1.5215 (35)
a = explj2n/3)
Table 2: Alternative sets of weighting coefficients
Fault type |Set | Sef I
Gpy Gy Orp| Ogy Grg Brp
AG 0 3 0 3 ] a
BEG 0 -1541.5/3|0 | —1.5—-1.5/3 | 0 0
cG 0 -1.5-1.5/3|0 | —15+1.5¢/3 | 0 0
AB 0 1.5-505v3 |0 | 1540543 |0 0
BC 0 V3 0 | -3 0 0
CA 0 -1.5-0.5v3|0 | —1.54+05/3 |0 0
ABG 1.5+0.5v3 1.5-05¢3 [0 | 1.5+,0.543 | 15-;0.5V3 |0
BCG -3 V3 0 | -3 jv3 0
CAG 1.5—j0543 [1L5+0.5¢3 [0 [ 15-0.5¢3 | 1.5+,0.5¢3 | 0
ABC,ABCG(1.5 + j0.54/3 [1.5—j0.5¢3 [0 | 1540543 | 1.5—0.5¢3 | 0
The total fault current (Ig) is expressed as weighted sum of it’s _ Adyy
the symmetrical components (lgg, Ir2, lro ) , Which can be F kgy (36)
determined with use of fault current distribution factors:
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I IA:
Fi k;_—: (37)
P
FD — ke
FO (38)

Taking into account a set of weighting coefficients that for
zero sequence: gy = 0 and expressing the symmetrical
components of total fault current with use of fault current
distribution factors and one obtains:

‘I:I‘IA:L IA:

leg=ag T—+ag

Kgy Ko (39)
Considering that for the fault current distribution factors for
positive- and negative-sequence, with respect to their
magnitude and angle, we have

kpy = kpz = |'[Cr|9j}. (40)
y = angle (k) = angle (k) (41)
The Equation (39) can be rewritten as
I gy * Mgy + apg * g
e Kz lef (42)
Substitute Equation (42) in the basic Equation (26)
py * Mgy + Gpp * [gg
Vep—dZy 15— .=
- N kol el (43)

Multiplying the Equation
term(e/¥ (azy Aly; + azoly;)" ) yields
Vipslapy # Ay +apy = L) » el —dZy 1, 5

(apy * Alyy + apg * Lgy)" 507 — IJ-*.F =0

h;l

(43) by the

(44)
by taking imaginary parts of the

|k
Equation (18) and then rearranging, the resultant formula for
the sought distance to fault (d (p.u.) ) is obtained as follows:

J‘m(l':q_p'l:ﬂn'.l'l.l“qi+EF:'J“.;|::]-'E‘J:"'.:

Eliminating the term

Im(Zyp 81 oo (apyollgg +0pp0l o) el (45)
d im{ly polgollys +0rpolgy )
{2y oy polapy ol +apg)) (46)

In formula (45), the angle of the current distribution factor (for
the positive or negative-sequence) is involved. It is proposed
to assume that this angle equals zero (y = 0), i.e., that the fault
current distribution factor is a real number. In practice, this
assumption is not completely fulfilled and thus there is a
certain error due to this.

4.Power System Model

Table 3: Comparison of Impedance based algorithms for R.=64 ohms and FIA=36° for 400KV Transmission line

Fault Type Actual fault Takagi’s Method Ericsson’s Method Fault sequence Method
location esti Error% esti Error% ey Error%
AG 10 9.6817 0.3183% 9.6880 0.312% 9.7584 0.241%
BG 20 19.7033 0.2967% 19.7087 0.2913% 19.661 0.338%
CG 30 29.36 0.639% 29.363 0.636% 29.334 0.665%
AB 40 40.0723 0.0723% 40.0749 0.0749% 39.317 0.682%
BC 50 49.20 0.793% 49.207 0.793% 49.220 0.779%
CA 60 59.18 0.812% 59.185 0.814% 59.179 0.820%
ABG 70 69.23 0.766% 69.227 0.772% 69.224 0.775%
BCG 80 79.36 0.637% 79.351 0.648% 79.357 0.64%
CAG 85 84.364 0.636% 85.032 0.032% 84.678 0.322%
ABC,ABCG 90 89.96 0.039% 89.940 0.059% 89.988 0.012%

The SimPowerSystem which is an extension to the simulink of
MATLAB software was used to simulate the double end fed
power system. The 100 km, 400 kV transmission line was
modeled using distributed parameter model as shown in Fig.5.

A B
~ | e
) — i —H )
N i | \_/
Source 1 = Source 2
400 kV 400 kv

Figure 5: Power System model

The transmission line parameters are as follows:
Positive Sequence Resistance, R, : 0.0275 Q / km
Zero Sequence Resistance, Ry : 0. 275 Q/km

Zero Sequence Mutual Resistance, Ry : 0.21 Q/km
Positive Sequence Inductance, L, : 0.00102 H/km
Zero Sequence Inductance, L, : 0.003268 H/km
Positive Sequence Capacitance,C; : 13 €% F/km

5.Simulation Results

The simulation is carried out for these algorithms by varying
various fault parameters like fault inception angle, fault
resistance, fault type, fault location. The various
measurements processed for various types of faults during
implementation of algorithm are shown in table.4. The
accuracy of fault location of these three algorithms are
compared and shown in Table.3.

The fault location error is calculated as
\Colculated Fault Location — Actual Foult Location|

E = 100
rror Total Line Length '

(47)

Table 4: Measurement processed for various types of faults
for 400KV power transmission line for impedance based fault
location algorithms

FAULT TYPE W, & I ALy
AG v I+ Kyl 3
A A NN E ,:‘MA _IM:]
BG [ I+ Kl 3
FA B NEN E {":"IB_ IDA:]
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cG 7 T 3
Ve I+ Kyl ;{ﬂ-fg—fmj

ABC V, -V, I, -1 AL, — Al

AB

ABG

BC V, — V. I, — 1, Al — Al

BCG

CA V, — ¥, I.—1, Al — Al

CAG
Where
K. — M I 3]

NT 37 N = 2ipg
1L (48)

6.Conclusion

In this paper, three impedance based fault location algorithms:
Takgi’s Method, Ericsson’s Method, Fault sequence
component of current Method was implemented using Matlab
Simulink and programing.The accuracy of fault location of
these three algorithms are compared by varying various fault
parameters like fault inception angle, fault type, fault location,
fault resistance. The simulation results show that all ten types
of faults are correctly located with fault location error less than
1%.
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