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Abstract— In this paper, an iterative Newton-Raphson-

In order to effectively address the fault situation, it is often

based impedance method for fault distance detection on a

important to detect and classify the fault and then, based on

single three phase transmission line system with two

the fault category, the fault location determination

generators is presented. The impedance method used the

procedure can be implemented [3,4,5,6]. Over the years,

fault current and the fault voltage measured from both

several methods have been developed for fault detection

terminals of the transmission line based on the analytical

and classification while other methods have also been

expressions and the iterative Newton-Raphson flowchart

developed for fault location determination [7,8,9,10]. In this

for the fault distance estimation. A sample single three

paper, the focus is on fault location determination on a three

phase transmission line system was modeled in a MATLAB

phase power transmission line. Among the different

environment and simulation was conducted for different

available method, an iterative Newton-Raphson-based

fault types and fault locations. Specifically, during the

impedance method for fault distance detection on

simulation, different types of faults were introduced at

transmission line is employed.

different locations along the transmission line and the

Whenever fault occurs on the transmission line

measured phasor voltages and currents were used as input

(TL), phasor voltages and currents are generated and the

to the MATLAB program used to determine the fault

voltages and currents waves propagate to each of the ends

location (distance) from the generators. The results showed

of the transmission line (TL) [11,12,13,14]. The impedance

that the impedance fault location method estimated fault

method uses the fault current and fault voltage measured

location for each of the faults with a maximum fault

from both terminal of the transmission line to determine the

location prediction error of 9.45%.

fault location [15,16]. In the double ended impedance based
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fault location method used in this paper, the synchronizing
angle is required in the fault location model [17,18,19]. In
the model, the initial value of the synchronizing angle is
guesstimated. However, the iterative Newton-Raphson
numerical iteration method is employed to determine the

1. INTRODUCTION

appropriate value of the synchronizing angle which will

Power transmission lines are subjected to different types
of faults which have negative impact on the running and
maintenance cost of the lines as well as negative impact on
the clients of the power system output [1,2]. Accordingly,
operators of power system networks seek for reliable
methods to facilitate timely resolution of fault incidences.

give a more accurate location value for the fault on the
transmission line [20,21]. Sample case study transmission
line was modelled using MATHLAB software and the
simulation was conducted for different categories of faults
on the transmission line and for different fault locations on
the line. In each case, the iterative impedance method
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(𝑉𝐴 )𝑖 − (𝑉𝐵 )𝑖 + 𝑍𝑖 (𝐼𝐵 )𝑖 = 𝑚𝑍𝑖 (𝐼𝐴𝑖 + 𝐼𝐵𝑖 )

presented in this paper was used to predict the fault location
and the prediction performance of the method is assessed.

(3)
Since the data values from buses A and B are not

2. METHODOLOGY

synchronized, then synchronization is achieved by adding a

The fault location analysis is conducted on a single three

synchronizing angle, 𝛿. Then, the terminal voltages and the

phase transmission line system with two generators, as

terminal currents of buses A and B becomes;

shown in Figure 1. It is assumed that phasor voltage and

(𝑉𝐴 )𝑖 = (𝑉𝐴 )𝑖 <∝𝑖 + 𝛿

(4)

(𝑉𝐵 )𝑖 = (𝑉𝐵 )𝑖 < 𝛽𝑖

current are available from the two ends of the single

(5)

transmission line (TL). Specifically, whenever fault occurs

(𝐼𝐴 )𝑖 = (𝐼𝐵 )𝑖 < 𝛾𝑖 + 𝛿

(6)

on the TL, the phasor voltages and currents are measured

(𝐼𝐵 )𝑖 = (𝐼𝐵 )𝑖 < 𝜃𝑖

(7)

from each of the ends of the TL. Then, the distance of the

Where ∝, 𝛽, 𝛾, 𝜃 are the measured angles. Equation (3) in

fault is calculated using the impedance method which is

polar form becomes;

implemented using a program written in MATLAB. In this
study, different types of faults are introduced at different

(𝑉𝐴 )𝑖 𝑒

𝑗𝛿

− (𝑉𝐵 )𝑖 + 𝑍𝑖 (𝐼𝐵 )𝑖 = 𝑚 × 𝑍𝑖 × (𝐼𝐴𝑖 𝑒 𝑗𝛿 + 𝐼𝐵𝑖 ) (8)

Equation (4) in real and imaginary components becomes;

locations along the TL and the measured phasor voltages

𝑅𝑒(𝑉𝐴 )𝑖 𝑠𝑖𝑛𝛿 + 𝑙𝑚(𝑉𝐴 )𝑖 𝑐𝑜𝑠𝛿 − 𝑙𝑚(𝑉𝐵 )𝑖 + (𝐶4 )𝑖 =

and currents are used as input to the MATLAB program

𝑚((𝐶1 )𝑖 𝑠𝑖𝑛𝛿 + (𝐶2 )𝑖 𝑐𝑜𝑠𝛿 + (𝐶4 )𝑖 ) (9)

which uses the impedance method algorithm to determine
the fault location (distance) from the generators.

𝑅𝑒(𝑉𝐴 )𝑖 𝑐𝑜𝑠𝛿 − 𝑙𝑚(𝑉𝐴 )𝑖 𝑠𝑖𝑛𝛿 − 𝑅𝑒(𝑉𝐵 )𝑖 + (𝐶3 )𝑖 =
𝑚((𝐶1 )𝑖 𝑐𝑜𝑠𝛿 − (𝐶2 )𝑖 𝑠𝑖𝑛𝛿 + (𝐶3 )𝑖 ) (10)
Where
(𝐶1 )𝑖 = 𝑅𝑖 × 𝑅𝑒(𝐼𝐴 )𝑖 − 𝑋𝑖 × 𝑙𝑚(𝐼𝐴 )𝑖

(11)

(𝐶2 )𝑖 = 𝑅𝑖 × 𝑙𝑚(𝐼𝐴 )𝑖 + 𝑋𝑖 × 𝑅𝑒(𝐼𝐴 )𝑖

(12)

(𝐶3 )𝑖 = 𝑅𝑖 × 𝑅𝑒(𝐼𝐵 )𝑖 − 𝑋𝑖 × 𝑙𝑚(𝐼𝐵 )𝑖

(13)

(𝐶4 )𝑖 = 𝑅𝑖 × 𝑙𝑚(𝐼𝐵 )𝑖 + 𝑋𝑖 × 𝑅𝑒(𝐼𝐵 )𝑖

(14)

The synchronizing angle,𝛿 is determined as follows;
𝑎𝑖 𝑠𝑖𝑛𝛿 + 𝑏𝑖 𝑐𝑜𝑠𝛿 + 𝑐𝑖 = 0
Figure 1: The line diagram of a faulted single three phase

Where
𝑎𝑖 = −(𝐶3 )𝑖 𝑅𝑒(𝑉𝐴 )𝑖 − (𝐶4 )𝑖 𝑙𝑚(𝑉𝐴 )𝑖 − (𝐶1 )𝑖 𝑅𝑒(𝑉𝐵 )𝑖 −

transmission line system with two generators

(𝐶2 )𝑖 𝑙𝑚(𝑉𝐵 )𝑖 + (𝐶1 )𝑖 (𝐶3 )𝑖 + (𝐶2 )𝑖 (𝐶4 )𝑖 (16)

(Source: [22]).
Consider a fault at a distance m from terminal A and the
fault voltage, 𝑉𝑓 is given as [22];

𝑏𝑖 = −(𝐶4 )𝑖 𝑅𝑒(𝑉𝐴 )𝑖 − (𝐶3 )𝑖 𝑙𝑚(𝑉𝐴 )𝑖 − (𝐶2 )𝑖 𝑅𝑒(𝑉𝐵 )𝑖 +
(𝐶1 )𝑖 𝑙𝑚(𝑉𝐵 )𝑖 + (𝐶2 )𝑖 (𝐶3 )𝑖 + (𝐶1 )𝑖 (𝐶4 )𝑖 (17)

;
(𝑉𝑓 )𝑖 = (𝑉𝐴 )𝑖 − 𝑚𝑍𝑖 × (𝐼𝐴 )𝑖
(𝑉𝑓 )𝑖 = (𝑉𝐵 )𝑖 − (1 − 𝑚)𝑍𝑖 × (𝐼𝐵 )𝑖

(15)

(1)
(2)

𝑐𝑖 = −(𝐶2 )𝑖 𝑅𝑒(𝑉𝐴 )𝑖 − (𝐶1 )𝑖 𝑙𝑚(𝑉𝐴 )𝑖 − (4)𝑖 𝑅𝑒(𝑉𝐵 )𝑖 +
(𝐶3 )𝑖 𝑙𝑚(𝑉𝐵 )𝑖

(18)

The iterative Newton-Raphson Method (NNM) is used to

Where i = 0, 1, 2 is the zero, positive and negative

determine the synchronization angle. The equations used in

sequence; Zs denotes the source impedance, VA denotes

the NNM for the determination of the synchronization

the fault voltage at bus A, VB denotes the fault voltage at

angle are as follows;

bus B, IA denotes the three phase fault current at bus A, IB
denotes

𝛿𝑘+1 = 𝛿𝑘 −

the three phase fault current at bus B and Z

denotes the line impedance where Z = 𝑅 + 𝑗𝑋. Equating

𝐹(𝛿𝑘 )
𝐹 ′ (𝛿𝑘 )

𝐹(𝛿𝑘 ) = 𝑏𝑖 𝑐𝑜𝑠𝛿𝑘 + 𝑎𝑖 𝑠𝑖𝑛𝛿𝑘 + 𝑐𝑖

the fault voltages in Equation (1) and Equation (2) gives;

𝐹 ′ (𝛿𝑘 )

= 𝑎𝑖 𝑐𝑜𝑠𝛿𝑘 − 𝑏 𝑠𝑖𝑛𝛿𝑘

(19)
(20)
(21)
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In the Newton-Raphson method, an initial guess for 𝛿 is

The data used in this research were obtained from the

required. The iteration stops at the point where the

operation records of Transmission Company of Nigeria

difference between 𝛿𝐾+1 and 𝛿𝐾 is smaller than the

(TCN) and also from some published related works. The

tolerance value specified. After the synchronization angle,

system data along with the network modeled with short

𝛿 is determined, the fault location, m is computed from

transmission line using Newton-Raphson method was

Equation (9) or Equation (10) as follows;

simulated in MATLAB.
3.RESULTS AND DISCUSSION

From Equation (9):
𝑚=

𝑅𝑒 (𝑉𝐴 )𝑖 𝑠𝑖𝑛𝛿+𝑙𝑚(𝑉𝐴 )𝑖 𝑐𝑜𝑠𝛿−𝑙𝑚(𝑉𝐵 )𝑖+(𝐶4 )𝑖
(𝐶1 )𝑖 𝑠𝑖𝑛𝛿+(𝐶2 )𝑖 𝑐𝑜𝑠𝛿+(𝐶4 )𝑖

phases of the transmission line is shown in Figure 3. The

From Equation (10):
𝑚=

𝑅𝑒 (𝑉𝐴 )𝑖 𝑐𝑜𝑠𝛿−𝑙𝑚(𝑉𝐴 )𝑖 𝑠𝑖𝑛𝛿−𝑅𝑒 (𝑉𝐵 )𝑖 (𝐶3 )𝑖

The plot of the voltage against time for the three

(22)

total length of the line between bus A and bus B is 72 km.
(23)

Fault occurred at 22.00 km away from bus A, the voltage

The flowchart for the iterative Newton-Raphson-based

waveform was stable at 330 kV or 1p.u until fault occurred

impedance model is presented in Figure 2. The model is

at 0.015 sec then the voltage dipped to 25.10 kV or

simulated in MATLAB for different fault types and

approximately 0.076 p.u.

different fault locations on the case study transmission line.

The current waveform at bus A during a single phase to

(𝐶1 )𝑖 𝑐𝑜𝑠𝛿−(𝐶2 )𝑖 𝑠𝑖𝑛𝛿+(𝐶3 )𝑖

ground fault (A-G) is shown in Figure 4. The total length of
the line between bus A and bus B was 72 km. Fault
occurred at 22.00 km from bus A, the current waveform
was stable until the fault occurred at 0.017 sec then the
current increase to 900 A.
The plot of voltage against time for the three phases of the
transmission line is shown in Figure 5. Fault occurred at
19.36 km away from bus A, voltage the waveform was
stable at 330 kV or 1 p.u until fault occurred at 0.015 sec
then the voltage dipped to 40.31 kV or approximately 0.122
p.u

Figure 3: Voltage of single phase A-ground fault
Figure 2: The flowchart for the iterative Newton-Raphsonbased impedance method
The network for the implementation comprised of
two (2) buses and two (2) transmission lines developed
from the existing 330 kV transmission network in Nigeria.
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Figure 4: Current of single phase A-ground fault
Figure 6: Current of single phase B-ground fault

Figure 7: Voltage of double phase AB- ground fault
Figure 5: Voltage of single phase B–ground fault
Figure 8 shows the current waveform at bus A
The current waveform at bus A during a single phase to

during a double phase to ground fault (AB-G).

ground fault (B-G) is shown in Figure 6. Fault occurred at
19.36 km from bus A, the current waveform was stable
until the fault occurred at 0.02 sec then the current
increased to 1100 A.

Fault occurred on phase A and B at 39.33 km from
bus A, the current waveform was stable until the fault
occurred at 0.017 sec then the current increased to 1100 A.
The plot of voltage against time of the three phases of the

The plot of voltage against time of the three phases
of the transmission line is shown in Figure 7. Fault occurred
on phase A and B at 39.33 km away from bus A, the
voltage waveform was stable at 330 kV or 1 p.u until fault
occurred at 0.015 sec then the voltage dipped to 76.65 kV

transmission line is shown in Figure 9. Fault occurred on
the three phases at 37.30 km away from bus A, the voltage
waveform was stable at 330 kV or 1 p.u until fault occurred
at 0.015 sec then the voltages for the three phases dipped to
90.12 kV or approximately 0.27 p.u.

or approximately 0.23 p.u .
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Figure 9: Voltage of triple phase ABC-ground fault

The simulation was conducted for different actual fault
Figure 8: Current of double phase AB-ground fault

location .Table 1 shows the voltage and current values with
actual fault distance. The impedance fault location method
estimated fault location for each of the faults is noted as
shown in Table 2. The maximum fault location prediction
error noted was 9.45% .

Table 1: Voltage and current values with actual fault distance
S/N

Fault type

Voltage

Current

Actual
distance (km)

Magnitude

Phase

(Deg)

Magnitude (A)

Phase (Deg)

(KV)
1

A-G

25.10

300.21

950.12

680.66

22.00

2

B-G

40.31

242.32

1114.32

710.41

19.36

3

AB-G

76.65

211.34

1102.41

700.65

39.33

4

ABC-G

90.12

186.22

1400.52

753.21

37.30

Table 2: Percentage error in fault distance using impedance and ANN methods
Fault type

Actual distance (km)

Impedance method (km)

% error with impedance
method

A-G

22

19.92

-9.45

B-G

19.36

17.75

-8.32

AB-G

39.33

38.25

-2.75

ABC-G

37.3

36.5

-2.14

4. CONCLUSION

impedance method was used and the method uses fault

Fault location analysis is presented on a single three phase

current and fault voltage measured from both terminals of

transmission line system with two generators. The

the transmission line. Specifically, the iterative Newton-
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Raphson-based impedance method was used. The relevant
analytical expressions and flowchart for the methodology
are presented. A sample single three phase transmission line
system was modeled in a MATLAB environment and
simulation was conducted for different fault types and fault
locations. The results showed that the method used in this
paper can be used to estimate the fault location with
percentage error less than 10%.
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