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ABSTRACT 
 

Comparing Different Fault Identification Algorithms in Distributed 
Power System 

 

Salim Alkaabi 
 
 
 
 

A power system is a huge complex system that delivers the electrical 
power from the generation units to the consumers. As the demand for electrical 
power increased, distributed power generation was introduced to the power 
system. Faults may occur in the power system at any time in different locations. 
These faults cause a huge damage to the system as they might lead to full failure 
of the power system. Using distributed generation in the power system made it 
even harder to identify the location of the faults in the system. 

 
The main objective of this work is to test the different fault location 

identification algorithms while tested on a power system with the different amount 
of power injected using distributed generators. As faults may lead the system to 
full failure, this is an important area for research. 

 
In this thesis different fault location identification algorithms have been 

tested and compared while the different amount of power is injected from 
distributed generators. The algorithms were tested on IEEE 34 node test feeder 
using MATLAB and the results were compared to find when these algorithms 
might fail and the reliability of these methods. 
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Chapter 1 

Introduction 

1.1 Background 
 
 
 

Power systems are one of the most complicated systems in electrical 

industries. The purpose of this system is to supply electrical power to different 

consumers. The system consists of three main elements, which are a generation, 

transmission, and distribution. In the early days, these three elements were 

integrated for monitoring and controlling the power system (PS). As the demand 

for electricity increased, restructuring of the PS was necessary to be able to 

control the system and manage all of the elements in the system. 

Distributed Generation was introduced to the PS to compensate for the 

power demand at the distribution level. Distributed Generators (DGs) can be 

considered as local power generation units at distribution level that can be used 

to compensate for the shortage of power in that level. Introducing the DGs has 

complicated the PS, so new methods need to be implemented to maintain the 

stability of the PS [26]. 
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The PS is a huge network and faults can occur easily in the system. 

These faults can shut down the PS of a large area. The cascade effect is the 

main reason that can make the fault essentially shut down the whole system. 

One example is the Northeast blackout that affected around 55 million people 

and caused 6 billion dollars of financial losses in 14-15 Aug 2003 in USA and 

Canada [7]. Researchers started to focus more on this area in electrical 

engineering to increase the reliability of power systems and to find new methods 

for identifying the location of the faults in the system that might cause the system 

to shut down. 

 
 
 

1.1 Problem Statement 
 
 
 

In this thesis, an IEEE 34 Node test Feeder has been used to test the 

different fault-identifying algorithms that were used to identify the faults locations. 

The IEEE 34 Node test feeder has been simulated in MATLAB for the testing. 

The compared identification methods can be categorized into two main 

categories: 

1. Measuring Fundamental quantities of DPS 
 

2. Knowledge-Based Methods 
 
The test feeder has been tested for 0%, 25%, 50% and 75% of power injected 

using DGs in different nodes in the system. 
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The test system divided the IEEE 34 Node test feeder into 5 zones. 

Measuring elements were placed at the beginning and end of each zone. Current 

and voltage data are continuously monitored for all of the zones. When a fault 

occurs in the system, the data will be gathered and analyzed to find the location 

of the fault and identify the zone affected by that fault. 

Assumptions made in this thesis are listed below: 
 

 Transmission Lines are Transposed 
 

 The fault will occur in one of two zones (Zone 2 or Zone 5) 
 

 The Distributed Generators will be implemented in specific places 
 
 
 
 

1.2 Approach 
 
 
 

To test the methods for identifying the fault location, the IEEE 34 NTF was 

modeled and simulated in MATLAB-SIMULINK. The suggested methods were 

implemented using SIMULINK to gather the data for further analyzing. The data 

gathered from SIMULINK was used in the separate calculation according to each 

method suggested. Details of each method and the calculation needed are 

provided in Chapter 4. 

After getting the result from each method, these methods were compared 

in different scenarios to find the advantage and disadvantage of each method. 

The tests were repeated for each method to ensure the accuracy of the data 
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gathered.  The  methods  were  modified  to  obtain  the  highest  accuracy  and 

reliability. 

 
 
 

1.3 Thesis Structure 
 
 
 

The rest of the thesis was organized as follows. Chapter 2 provides a 

literature review of the most important researches that have been done in this 

area of fault location identification and the different approaches used. Chapter 3 

shows the modeling and simulation process that has been used in this thesis. 

The Test Feeder is modeled to verify the results to make sure that the modeling 

is done correctly. Chapter 4 illustrates the methods used and the algorithm of 

each method. Also, it provides detailed information about each method used and 

how the method was implemented in testing it. Testing and gathering the results 

along with the analysis of the results gathered are presented in chapter 5. Finally 

a conclusion and a scope for future work are described in Chapter 6. 
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Chapter 2 

Literature Review 

2.1 Distributed Power Generation 
 
 
 

Distributed power generation (DPG) is commonly used these days due to 

its advantages in supplying the power to the required places and reducing the 

power loss along the transmission lines. These systems have been used for the 

past few years more often, but the main issue with using these systems is the 

difficulties in identifying the fault location. Although many pieces of research have 

been done in the area of identifying the location of the faults on Radial power 

system and methods used in these systems are reliable, these methods fail to 

identify the fault location with distributed power generation. 

The proposed system is the IEEE 34 Node system, which is an actual 

feeder located in Arizona. The feeder is characterized by: 

 Very long and lightly loaded 

 
 An in-line transformer reducing the voltage to 4.16 kV for a short 

section of the feeder 
 

 Unbalanced  loading  with  both  “spot”  and  “distributed”  loads. 
Distributed loads are assumed to be connected at the center of the 
line segment 



Chapter 2 – Literature Review 6  

 

 Shunt capacitors 
 
And the nominal feeder voltage is 24.9 KV [6]. 

 
This feeder will be simulated in MATLAB and different methods for locating the 

faults will be tested while injecting the power with Distributed Generators (DG) to test the 

methods. The feeder will be injected with 25%, 50% and 75% of power using DG. 

 

 
 

2.2 Fault location Methods 
 
 
 

Considering the characteristics of the IEEE test feeder, the unbalanced 

loads and the power injection at different location, identifying the fault location is 

a challenging task. In order to get the best results different methods will be used 

and these methods can be categorized into two main categories: 

1. Measuring Fundamental quantities of DPS 
 

2. Knowledge-Based Methods 
 
 
 
 

2.2.1 Measuring Fundamental 

Quantities of DPS 

These methods measure the fundamental quantities of the system such 

as: 

 Current (I) 
 

 Voltage (V) 
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 Impedance (Z) 
 
Using one of the above-described elements, an iterating algorithm can estimate 

the location of the fault in the DPS. These methods have been used in the past 

on radial PS. However, in this research we will study the behavior of these 

methods when a DG power is injected into the system [8][14][22][25]. 

In [1] a change of current is used to estimate the location of the fault. The 

current is continuously monitored. The system will detect the change of the 

current and if the current exceeds the threshold, the system will identify the 

location of the fault. 

As a fault occurs, the impedance of the zone (location of the faulted area) 

will change. The impedance of different zones in the system is calculated and 

monitored for any change. The change of the impedance can determine the 

location of the fault. 

These methods are reliable and accurate in identifying the fault location, 

but after injecting the PS with a different amount of DG power these methods will 

fail. Due to limitations of these methods, they should be used in only specific PS. 

In [2] the symmetrical components of the current will be calculated 

(Positive sequence, Negative Sequence and Zero Sequence) and the 

symmetrical components will be used to identify the location of the fault in PDS. 

The proposed method that will be used in this thesis is the change of 

current, which was proposed in [1] and the symmetrical components proposed in 

[2]. 
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2.2.2 Knowledge-Based Methods 
 
 
 

These methods are also called the Artificial Intelligence methods. They 

required stored information of the system before they can work. Different 

methods in this category are used to determine the location of the faults, 

although the methods may vary in the implementation way. They all require 

information about the system before they can work. Artificial Neural Network 

(ANN), Fuzzy Logic (FZ) and Expert Systems (ES) are the frequent methods 

used in identifying the faults location [3][4][16][12][13]. 

These methods are reliable in different scenarios that can occur in the PS 

even if DGs are connected with PS. These methods need training before they 

can be used. The training is a mandatory procedure for these methods, and the 

number of the training that is done can improve the accuracy of the methods. 

The proposed method that will be used in this thesis is the ANN. This 

method needs installation of some faults in different location in the PS and 

recording of all the current reading, and then the ANN is trained to identify the 

location of the fault [4][18][19][20]. 
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2.3 ault Types 
 
 
 

Different fault types can occur in the PS, and each type of these faults will 

affect the system in a different way. The types of faults that will be studied in this 

thesis are: 

 Three-phase to ground Faults (3ph) 
 

 Line to Line Faults (LL) 
 

 Single-phase to ground Faults 
 
The previously described methods should be able to identify the location and the 

type of the fault. The behavior of the methods will be tested for each fault type to 

determine which method can be most reliable for future implementation in the 

PS. 
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Chapter 3 
 
 
 

Modeling and Simulation 
 
 
 

A choice of the right software is needed to simulate the IEEE 34 Node 

Test Feeder and identify the faults. There are several softwares used for PS, and 

they have different advantages and disadvantages. 

Modeling the Test Feeder will differ from one simulation software to 

another. Each part of the test feeder will be modeled in the software and tested 

to ensure the accuracy of the model even before implementing the method to 

identify the location of the faults. 
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Figure 1: Single-Line Diagram of IEEE 34 Node Test Feeder 
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3.1 Simulation Software 
 
 
 

The simulation software used to simulate the IEEE 34 Node feeder in 

figure 1 is SIMULINK MATLAB. This software can easily model a power system 

using the SIMULINK pre-identified blocks in the power system library. MATLAB 

can find the steady-state values for the Test Feeder that will be used later in the 

algorithm for identifying the location of the fault. 

The identifying algorithm will be executed as MATLAB M-File function, and 

the simulation will display the location of the fault for each different scenarios. 

The Test Feeder will be divided into zones (Zone 1 through Zone 5) and the 

faults will be tested on Zone 2 and Zone 4. Measurements of the required 

element will be taken from the beginning and ending location of the Zones and 

the methods of identifying the faults will use these measurements. 

 
 
 

3.2 Modeling the Test Feeder 
 
 
 

As the Test Feeder has different parts to be modeled such as 

transmission line, power sources and loads, each part of the Feeder should be 

modeled separately. After modeling the required parts from the Test Feeder, the 

model will be divided into the required zones and will be tested to ensure the 

accuracy of the model. 
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3.2.1 Modeling Transmission Lines 
 
 
 

The PI-Model will be used to model the transmission lines 

connecting the nodes in the Test Feeder. To find the required parameters for the 

PI-Model, some calculation will be required. Calculation of the zero and positive 

sequence resistance, inductance and capacitance for each configuration of the 

transmission lines is needed. The figure and tables provided below will be used 

in the calculations of the parameters for the transmission lines. 

 

 
Table 1: Overhead Line Configurations 
(Config.) 

 
Config. Phasing Phase Neutral Spacing ID 

  ACSR ACSR  

300 B A C N 1/0 1/0 500 

301 B A C N #2  6/1 #2  6/1 500 

302 A N #4  6/1 #4  6/1 510 

303 B N #4  6/1 #4  6/1 510 

304 B N #2  6/1 #2  6/1 510 
 

 

Table 2: Line Segment Data 
 

 

Node A Node B Length (ft.) Config. 

800 802 2580 300 

802 806 1730 300 

806 808 32230 300 

808 810 5804 303 

808 812 37500 300 

812 814 29730 300 

814 850 10 301 

816 818 1710 302 

816 824 10210 301 

818 820 48150 302 

820 822 13740 302 

824 826 3030 303 

824 828 840 301 

828 830 20440 301 

830 854 520 301 
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832 858 4900 301 

832 888 0 XFM-1 

834 860 2020 301 

834 842 280 301 

836 840 860 301 

836 862 280 301 

842 844 1350 301 

844 846 3640 301 

846 848 530 301 

850 816 310 301 

852 832 10 301 

854 856 23330 303 

854 852 36830 301 

858 864 1620 302 

858 834 5830 301 

860 836 2680 301 

862 838 4860 304 

888 890 10560 300 
 

Table 3: Conductor Data 
Size Stranding Material Diameter 

(inches) 
GMR (feet) Resistance 

(ohm/mile) 
1/0  ACSR 0.398 0.00446 1.12 

2 6/1 ACSR 0.316 0.00418 1.69 

4 6/1 ACSR 0.25 0.00437 2.57 
 

Table 4:  Overhead Lines Spacing 
 

 
 

 

Figure 2: Overhead lines spacing ID 
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0    

 
 

 

To calculate the required parameters these equations have been used: 
 

1 𝑧��  = �� + 0.09530 + 𝑗0.12134  (ln ( ) + 7.93402) 

1 𝑧�� = 0.09530 + 𝑗0.12134 (ln ( 
��𝑅� 

) + 7.93402)   (3.1 Modified Carson equation) 

��� 

[𝑧���] = [𝑧��] − [𝑧��] . [𝑧𝑛�]−1. [𝑧𝑛� ] 

[𝑧012] = [𝐴� ]
−1. [𝑧��� ]. [𝐴�] (3.2 Kron reduction of equations) 

Where: 

1 1 1 
𝐴�  = [1 𝑎2 𝑎] , The operator a is a vector with magnitude of 1 and angle of 

1 𝑎𝑎2
 

120 degrees 
 

 

𝐶1,2  

= 

    2π  𝜀 0   
ln(

𝐺𝑀𝐷
) 

𝐺𝑀𝑅 

 

positive-sequence capacitance) 

𝐶=    
2π 𝜀 0   

3 ln(
𝐺𝑀𝐷

) 

𝐺𝑀𝑅 

zero-sequence capacitance) 

 𝜇 0    �𝑀�  

𝐿1,2  

= 

ln ( ) (3.5 positive-sequence inductance) 

2𝜋�𝑀� 

 𝜇 0    �𝑀�  

𝐿0  = 3 
2𝜋

ln (
�𝑀�

) (3.6 zero-sequence inductance) 
After doing the required calculations for each different line, the required 

 
transmission line parameters are shown in the table belwo. 

 
Table 5: Three-Phase Transmission Line Model Parameters 

Config R0 (Ohm/km) R1 (Ohm/km) L0 (mH/km) L1 (mH/km) C0 (nF/km) C1 (nF/km) 

300 1.08748 0.696134 4.121 1.3736 2.7 8.1 

301, 304 1.48378 1.18818 4.346 1.449 2.675 8.024 

 

 

Table 6: Single Phase Transmission Line Model Parameters 
 

Config R (Ohm/km) L (mH/km) C (nF/km) 



Chapter 3 – Modeling and Simulation 15  

302, 303 1.59727 3.86 4.716 
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3.2.2 Modeling and Testing the 

Simulation 

The remaining parts of the Test Feeder were modeled using SIMULINK, 

and the overall model was tested to ensure the accuracy of the simulation. The 

model was simulated, and the results were compared with the IEEE 34 Node 

Test Feeder power results. The simulation was done in Phasor Mode to check 

the current and voltages along the transmission lines. 

After testing the Model, the DGs were connected. Starting with 25% on 

node 585 and then another DG at node 584 to reach to 50% of the power coming 

from the DG. Finally, a third DG was connected to the node 836 to reach 75% of 

power coming from the three DGs. Another testing was done on the model after 

injecting the power using the DGs. The power losses in the transmission line 

were reduced as the distance between the power generators and the loads 

became shorter. 

The figure below shows the overall model for the Test Feeder in Simulink 

with all the DGs connected to the system. This final model is the model used in 

testing all the proposed algorithms for identifying the fault location. 
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Figure 3: SIMULINK Model of IEEE 34 Node Test Feeder 
 

3.2.3 Identifying the Zones 
 
 
 

To be able to test the simulated Test Feeder, The Feeder was divided into 

different zones. Each Zone will start and end with a measurement block. These 

measurements will be used for the proposed algorithms to detect the faults. The 

figure below shows the zones in the simulated model. The faults will be in zone 

2, and zone 4, and the measurement will be collected from both ends of the 

zones for further analysis to detect the fault location. The figure below shows the 

different zones in the final Model 
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Figure 4: Division of the Zones in the Simulated Model 
 

 
 
 

3.3 Fault Types Simulated 
 
 
 

The proposed algorithm will be tested for two different kinds of faults, and 

the result will be collected for further analysis. The faults, which will be tested in 

the simulation, are: 

 Three-phase to ground fault  (no resistance, through 10-ohm resistance) 
 

 Line to line fault between phase A and phase B 
 

 Single-phase to ground fault 
 
Each type of fault will be simulated in zone 2, and 5 and the measurement will be 

taken from the measuring block in both ends of each zone. The faults will be 

programmed to occur during the normal operation of the system in either of the 

mentioned zones. 
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Chapter 4 
 
 
 

Algorithms for Fault Identification 
 
 
 

To test each method for fault location identification, the Change of Current 

method and the Artificial Neural Network will be simulated separately. The same 

model that has been discussed in the previous chapter will be used in both with 

Phasor Mode for the simulator. For each method, a separate SIMULINK model 

will be generated, and the algorithm should be able to detect the fault location in 

real time while the system is running. 

In this section, the algorithm for each method will be explained. The 

algorithm will run in real time in the simulation to detect any fault that might 

occur. As mentioned previously, the tested zones are 2 and 5 so the algorithm 

will detect if a fault happened in one of the zones. Also, it should be able to 

identify the fault type. 

 
 
 

4.1 Change of Current 
 
 
 

The change of current method has been widely used for fault 

identification, and it is considered as one of the most reliable methods. This 
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method will be tested while injecting power from the DGs into the power system 

to provide the power for the loads. 

 
 
 

4.1.1 Change of Current Equations 
 
 
 

Measurements are taken from both ends of each zone. Using Kirchhoff’s 

law, the method will calculate the difference in the current form upstream and 

downstream of the zone, i.e. 

𝐼𝑧�                   =             𝐼𝑧�𝑛�𝑒�                   −             𝐼𝑧�𝑥��                                                                                                                                                            

(4.1.1) 
Where  Izk   is  the  three-phase  current  for  zone  k,  defined  as  the  difference 

 
between the current entering the zone and the current leaving the zone. Izk is 

calculated in real time while the PS is in normal operations. To determine 

whether there  is a fault in the zone k or not, the system will calculate the 

percentage change in the zone using the equations given below. 

���(𝐼𝑧��𝑤)−���(𝐼𝑧�𝑙�) 

𝐼𝑧�  = 

( 

���(𝐼𝑧�𝑙

� 

) ∗ 100 (4.1.2) 

) 

Where IzF is the fault percentage change in current. The system will compare this 
 
value to a pre-set threshold to determine if there is a fault in zone k or not. 

 
The previously described calculation will be done in both of the zones 2 

and 5 to find the location of the fault and after the location is determined, the 

system will display the corresponding number of the faulted zone. 
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4.1.2 Change of Current Algorithm 
 
 
 

 

 
 

Figure 5: Change of Current Algorithm Flow Chart 
 
 
 

Figure 5 shows the change of current algorithm flow chart. During the 

normal operation recording, the data from the measurement blocks continuously 

monitors the current. The system has access to measurements from both tested 

zones and can calculate the percentage change in both the zones. 
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The following algorithm specifies the steps to identify the fault location 
 

1. The system will calculate current for each zone during the normal 

operation. 

2. When the fault occurs, the system will calculate the new current of each 

zone. 

3. The percentage change of current will be calculated using both the new 

and the old current values. 

4. The percentage change will be compared to the threshold value. If it didn’t 

exceed the threshold, the system would go back to normal operation 

otherwise it would continue to the next step. 

5. If the threshold is exceeded, this will indicate that there is a fault in the 

zone where the threshold was exceeded. The system will detect in which 

phase in the faulted zone the threshold was exceeded and by looking to 

each phase current change the system will be able to specify the fault 

type. 

6. The system will send a number to the display corresponding to the faulted 

zone identified by the system. 
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4.2 Symmetrical Components 
 
 
 

Symmetrical Components are used to describe the behavior of PDS and 

any change in these components can be calculated and used to identify the 

location of faults in the system. Symmetrical components can be used in a 

balanced and unbalanced PS. This method can be used to identify the fault 

location and test the method with different amount of power injected from DGs 

into the power system, 

 
 
 

4.2.1 Symmetrical Components 

Equations 

Zone currents are determined to find Positive, Negative, and zero 

sequence currents according to the following formulas. 

𝐼0  

= 

1 
( 𝐼+ 𝐼+ 𝐼) (4.2.1) 

3 

𝐼1  

= 

 1  
( 𝐼+ 𝑎∗ 𝐼+ 𝑎2 

3 

∗ 𝐼�) 

𝐼2  

= 

 1  
( 𝐼+ 𝑎2 

3 

∗ 𝐼� + 𝑎∗ 𝐼� ) 

Where Ia is the zone current of phase A, Ib is the zone current of phase B, Ic is the 
 
zone current of phase C and the operator a is a vector with magnitude of 1 and 

angle of 1200. 
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After calculating the symmetrical current, the difference change between 

the old symmetrical current (No-Fault) and the new symmetrical current (with 

Fault in the PS) will be calculated with the use of percentage change of the result 

to identify the location and type of the fault. 

 
 
 

4.2.2 Symmetrical Components 

Algorithm 

 

Figure 6: Symmetrical Component Method Flow Chart 
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Figure 6 shows the flow chart of the symmetrical component method, and 

it is similar to the change of current method with a minor difference. The following 

steps will describe how the method works: 

1. The system will calculate current for each zone during the normal 

operation. 

2. When the fault occurs, the system will calculate the new current of each 

zone. 

3. The symmetrical current and percentage change of current will be 

calculated using both the new and the old current values. 

4. The percentage change will be compared to the threshold value. If it did 

not exceed the threshold, the system would go back to normal operation 

otherwise it will continue to the next step. 

5. If the threshold is exceeded, this will indicate that there is a fault in the 

zone where the threshold was exceeded. The system will identify the type 

of the fault by knowing which component has changed (Positive, Negative, 

and Zero). 

6. The system will send a number to the display corresponding to the faulted 

zone identified by the system. 
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4.3 Artificial Neural Network 
 
 
 

Artificial Neural Network (ANN) is one of the best Artificial intelligence 

approaches that can be used for fault location identification. All of the artificial 

intelligence (AI) approaches need a previous knowledge data from the system to 

train them and get the required results. The data is collected before implementing 

ANN. 

ANN can be considered as a black box where current data from all the 

zones is the input. After doing the calculation in multiple hidden layers, the output 

of the box will display the number of the faulted zone. 

To get the best result from the ANN, a design is needed to separate 

networks for each scenario of DGs and identify the fault location and the fault 

type. Four different networks are needed for: 

1. No power injected by the DGs 
 

2. 25% of power system load supplied by DGs 
 

3. 50% of power system load supplied by DGs 
 

4. 75% of power system load supplied by DGs 
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4.3.1 Structure of ANN 
 
 
 

The  following  structure  is  used  for  designing  each  network  as 

shown in figure 6 below. 

 
 
 

 
Fiigure 6: Structure of ANN 
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Where the input vector is the current data from the system, the weights Matrix is 

the training data that was obtained before designing the system (which will be 

described in the next section), the Basis Matrix is automatically adjusted during 

the training to get the best result possible and the Target Matrix is a customized 

Matrix that can assign different numbers for each case to identify the faults 

location. 

 
 
 
 
 
 

4.3.2 Training and Target Data for 

ANN 

The following data was recorded in a matrix form to train the network: 
 
 
 
 

 Training Data1: Current data with no DG and no Faults, Fault in 

zone 2 and Fault in zone 5 

 Training Data2: Current data with 25% of power load supplied 

by DG and no Faults, Fault in zone 2 and Fault in zone 5 

 Training Data3: Current data with 50% of power load supplied 

by DG and no Faults, Fault in zone 2 and Fault in zone 5 

 Training Data4: Current data with 75% of power load supplied by DG 

and no Faults, Fault in zone 2 and Fault in zone 5 
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The Target matrix was set to show the following numbers for the each case 

as shown below. 

 No Fault: output=0 
 

 Three phase fault at zone 2: output=10 
 

 Line to line fault at zone 2: output=20 
 

 Three phase fault at zone 5: output=30 
 

 Line to line fault at zone 5: output=40 
 
The output numbers were set in a way to ensure the best possible result from the 

Network. If the difference between the output numbers is small, the error in the 

ANN will be greater. 

 
 
 
 
 
 

4.3.3 Training ANN 
 
 
 

Training the network can be repeated until the best outputs have been 

achieved. The network will test itself and stop the training when one of the 

specified limits is reached or when the validation and the error stop decaying. 

The error was set to be 1e-7 to ensure an accurate network, and the network 

was trained for at least 1000 iterations. The figure below shows the training 

performance of one of the networks used in the system. 
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Figure 7: ANN Training Performance 
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Chapter 5 
 
 
 

Testing and Results 
 
 
 

In this chapter, the system was tested, and the faults were introduced in 

zone 2 and zone 5. The results will be gathered and analyzed to be used for 

each previously proposed method to compare between the methods and find the 

advantages/disadvantages of each method. The data will be gathered for each 

case of load power supplied by DGs (No DG, 25% DG, 50% DG and 75% DG). 

 
 
 

5.1 Testing the System with No 

Faults 

 
 
 

The figure below shows the simulated system with the measurement’s 

locations and labels for each location. The measurement’s blocks are colored in 

light blue. 
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Figure 7: Measurements block location and label 
 

 
 
 

Where the numbers are represented in MATLAB as: 
 

1. I1s, V1s 
 

2. I1e, V1e 
 

3. I2e, V2e 
 

4. I3e, V3e 

 
5. I4s, V4s 

 
6. I5e, V5e 

 
7. I4e, V4e 

 
8. IG2, VG2 
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9. IG3, VG3 
 

10. IG4, VG4 
 

The following tables show the result for the tested system with No Faults for 

each case of load power supplied by the DGs. 

Table 7: Voltage and Current for PDS with no DG and no faults 

 
No DG, No Fault 

Voltage Current 

1: V, A: G2 ' = 20412.41 V 31: I, A: G2 ' = 0.00 A 

2: V, B: G2 ' = 20412.41 V 32: I, A: G3 ' = 0.00 A 

3: V, C: G2 ' = 20412.41 V 33: I, A: G4 ' = 0.00 A 

4: V, A: G3 ' = 20412.41 V 0.00° 34: I, A: I1e ' = 56.82 A -30.88° 

5: V, B: G3 ' = 20412.41 V -120.00° 35: I, A: I1s ' = 56.49 A -30.27° 

6: V, C: G3 ' = 20412.41 V 120.00° 36: I, A: I2e ' = 52.18 A -33.13° 

7: V, A: G4 ' = 20412.41 V 0.00° 37: I, A: I3e ' = 52.03 A -33.51° 

8: V, B: G4 ' = 20412.41 V -120.00° 38: I, A: I4e ' = 3.41 A 75.59° 

9: V, C: G4 ' = 20412.41 V 120.00° 39: I, A: I4s ' = 9.90 A -10.18° 

10: V, A: I1e ' = 19840.99 V -0.25° 40: I, A: I5e ' = 0.78 A -35.51° 

11: V, B: I1e ' = 19968.79 V 41: I, B: G2 ' = 0.00 A 

12: V, C: I1e ' = 19907.64 V 42: I, C: G2 ' = 0.00 A 

13: V, A: I1s ' = 20407.49 V 43: I, B: G3 ' = 0.00 A 

14: V, B: I1s ' = 20408.29 V 44: I, C: G3 ' = 0.00 A 

15: V, C: I1s ' = 20407.96 V 45: I, B: G4 ' = 0.00 A 

16: V, A: I2e ' = 18471.48 V 46: I, C: G4 ' = 0.00 A 

17: V, B: I2e ' = 18884.74 V -121.01° 47: I, B: I1e ' = 48.61 A -148.77° 

18: V, C: I2e ' = 18657.41 V 119.40° 48: I, C: I1e ' = 51.45 A 89.84° 

19: V, A: I3e ' = 17818.95 V -2.02° 49: I, B: I1s ' = 49.96 A -147.93° 

20: V, B: I3e ' = 18326.81 V -121.81° 50: I, C: I1s ' = 52.07 A 90.52° 

21: V, C: I3e ' = 17992.76 V 118.58° 51: I, B: I2e ' = 47.77 A -150.35° 

22: V, A: I4e ' = 15591.03 V -5.94° 52: I, C: I2e ' = 52.14 A 88.50° 

23: V, B: I4e ' = 16490.69 V -124.93° 53: I, B: I3e ' = 47.38 A -150.80° 

24: V, C: I4e ' = 15730.89 V 115.29° 54: I, C: I3e ' = 51.40 A 87.99° 

25: V, A: I4s ' = 15591.06 V -5.89° 55: I, B: I4e ' = 3.47 A -54.16° 

26: V, B: I4s ' = 16480.23 V -124.89° 56: I, C: I4e ' = 3.45 A -163.18° 

27: V, C: I4s ' = 15727.45 V 115.32° 57: I, B: I4s ' = 6.27 A -83.79° 

28: V, A: I5e ' = 15586.47 V -5.89° 58: I, C: I4s ' = 9.07 A 119.28° 

29: V, B: I5e ' = 16473.27 V -124.90° 59: I, B: I5e ' = 1.76 A -151.85° 

30: V, C: I5e ' = 15722.79 V 115.31° 60: I, C: I5e ' = 0.28 A 80.16° 
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Table 8: Voltage and Current for PDS with 25% DG and no faults 
 

 
No DG , No Fault 

Voltage Current 

1: V, A: G2 ' = 17023.20 V -5.94° 31: I, A: G2 ' = 18.53 A -55.04° 

2: V, B: G2 ' = 17583.29 V -125.08° 32: I, A: G3 ' = 0.00 A 

3: V, C: G2 ' = 17101.00 V 114.59° 33: I, A: G4 ' = 0.00 A 

4: V, A: G3 ' = 20412.41 V 34: I, A: I1e ' = 45.07 A -21.88° 

5: V, B: G3 ' = 20412.41 V 35: I, A: I1s ' = 44.84 A -21.05° 

6: V, C: G3 ' = 20412.41 V 36: I, A: I2e ' = 40.03 A -23.69° 

7: V, A: G4 ' = 20412.41 V 37: I, A: I3e ' = 39.83 A -24.16° 

8: V, B: G4 ' = 20412.41 V 38: I, A: I4e ' = 3.72 A 75.40° 

9: V, C: G4 ' = 20412.41 V 39: I, A: I4s ' = 10.79 A -10.37° 

10: V, A: I1e ' = 19973.91 V -0.39° 40: I, A: I5e ' = 0.85 A -35.70° 

11: V, B: I1e ' = 20076.96 V -120.36° 41: I, B: G2 ' = 15.63 A -173.62° 

12: V, C: I1e ' = 20031.73 V 119.73° 42: I, C: G2 ' = 17.83 A 63.60° 

13: V, A: I1s ' = 20409.35 V -0.02° 43: I, B: G3 ' = 0.00 A 

14: V, B: I1s ' = 20409.91 V -120.01° 44: I, C: G3 ' = 0.00 A 

15: V, C: I1s ' = 20409.76 V 119.99° 45: I, B: G4 ' = 0.00 A 

16: V, A: I2e ' = 18944.16 V -1.52° 46: I, C: G4 ' = 0.00 A 

17: V, B: I2e ' = 19265.93 V -121.37° 47: I, B: I1e ' = 38.19 A -139.38° 

18: V, C: I2e ' = 19100.00 V 118.84° 48: I, C: I1e ' = 40.26 A 99.97° 

19: V, A: I3e ' = 18493.20 V -2.45° 49: I, B: I1s ' = 39.63 A -138.65° 

20: V, B: I3e ' = 18865.77 V -122.17° 50: I, C: I1s ' = 40.98 A 100.67° 

21: V, C: I3e ' = 18627.69 V 117.93° 51: I, B: I2e ' = 37.11 A -141.17° 

22: V, A: I4e ' = 16998.63 V -6.13° 52: I, C: I2e ' = 40.73 A 98.07° 

23: V, B: I4e ' = 17606.76 V -125.18° 53: I, B: I3e ' = 36.65 A -141.65° 

24: V, C: I4e ' = 17074.20 V 114.47° 54: I, C: I3e ' = 39.90 A 97.61° 

25: V, A: I4s ' = 16998.45 V -6.08° 55: I, B: I4e ' = 3.71 A -54.41° 

26: V, B: I4s ' = 17595.68 V -125.14° 56: I, C: I4e ' = 3.74 A -164.00° 

27: V, C: I4s ' = 17070.55 V 114.50° 57: I, B: I4s ' = 6.69 A -84.04° 

28: V, A: I5e ' = 16993.47 V -6.08° 58: I, C: I4s ' = 9.84 A 118.46° 

29: V, B: I5e ' = 17588.31 V -125.15° 59: I, B: I5e ' = 1.88 A -152.10° 

30: V, C: I5e ' = 17065.39 V 114.49° 60: I, C: I5e ' = 0.30 A 79.33° 
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Table 9: Voltage and Current for PDS with 50% DG and no faults 

 
No DG , No Fault 

Voltage Current 

1: V, A: G2 ' = 17583.68 V -5.70° 31: I, A: G2 ' = 16.15 A -50.96° 

2: V, B: G2 ' = 18048.86 V -124.86° 32: I, A: G3 ' = 19.93 A -48.20° 

3: V, C: G2 ' = 17626.43 V 114.72° 33: I, A: G4 ' = 0.00 A 

4: V, A: G3 ' = 19264.21 V -2.31° 34: I, A: I1e ' = 31.27 A -10.10° 

5: V, B: G3 ' = 19465.13 V -122.05° 35: I, A: I1s ' = 31.18 A -8.84° 

6: V, C: G3 ' = 19344.41 V 117.85° 36: I, A: I2e ' = 25.94 A -10.52° 

7: V, A: G4 ' = 20412.41 V 37: I, A: I3e ' = 25.65 A -11.14° 

8: V, B: G4 ' = 20412.41 V 38: I, A: I4e ' = 3.85 A 75.63° 

9: V, C: G4 ' = 20412.41 V 39: I, A: I4s ' = 11.15 A -10.14° 

10: V, A: I1e ' = 20132.48 V -0.44° 40: I, A: I5e ' = 0.88 A -35.47° 

11: V, B: I1e ' = 20202.58 V -120.39° 41: I, B: G2 ' = 13.64 A -169.67° 

12: V, C: I1e ' = 20177.88 V 119.65° 42: I, C: G2 ' = 15.63 A 67.69° 

13: V, A: I1s ' = 20411.14 V -0.01° 43: I, B: G3 ' = 16.92 A -165.85° 

14: V, B: I1s ' = 20411.41 V -120.01° 44: I, C: G3 ' = 18.56 A 71.97° 

15: V, C: I1s ' = 20411.44 V 119.99° 45: I, B: G4 ' = 0.00 A 

16: V, A: I2e ' = 19497.42 V -1.57° 46: I, C: G4 ' = 0.00 A 

17: V, B: I2e ' = 19700.20 V -121.39° 47: I, B: I1e ' = 26.24 A -127.14° 

18: V, C: I2e ' = 19611.93 V 118.66° 48: I, C: I1e ' = 27.48 A 113.20° 

19: V, A: I3e ' = 19264.21 V -2.31° 49: I, B: I1s ' = 27.76 A -126.76° 

20: V, B: I3e ' = 19465.13 V -122.05° 50: I, C: I1s ' = 28.29 A 113.86° 

21: V, C: I3e ' = 19344.41 V 117.85° 51: I, B: I2e ' = 24.91 A -129.25° 

22: V, A: I4e ' = 17558.41 V -5.89° 52: I, C: I2e ' = 27.65 A 110.23° 

23: V, B: I4e ' = 18073.01 V -124.96° 53: I, B: I3e ' = 24.38 A -129.74° 

24: V, C: I4e ' = 17598.68 V 114.61° 54: I, C: I3e ' = 26.73 A 109.92° 

25: V, A: I4s ' = 17558.17 V -5.84° 55: I, B: I4e ' = 3.81 A -54.19° 

26: V, B: I4s ' = 18061.65 V -124.92° 56: I, C: I4e ' = 3.85 A -163.87° 

27: V, C: I4s ' = 17594.94 V 114.64° 57: I, B: I4s ' = 6.87 A -83.82° 

28: V, A: I5e ' = 17553.03 V -5.85° 58: I, C: I4s ' = 10.15 A 118.60° 

29: V, B: I5e ' = 18054.11 V -124.93° 59: I, B: I5e ' = 1.93 A -151.88° 

30: V, C: I5e ' = 17589.60 V 114.63° 60: I, C: I5e ' = 0.31 A 79.46° 



Chapter 5 – Testing and Results 35  

 
 
 

Table 10: Voltage and Current for PDS with 75% DG and no faults 

 
No DG , No Fault 

Voltage Current 

1: V, A: G2 ' = 19197.74 V -3.23° 31: I, A: G2 ' = 7.83 A -40.91° 

2: V, B: G2 ' = 19391.28 V -122.81° 32: I, A: G3 ' = 10.69 A -39.28° 

3: V, C: G2 ' = 19235.57 V 116.90° 33: I, A: G4 ' = 35.36 A -37.27° 

4: V, A: G3 ' = 19867.06 V -1.46° 34: I, A: I1e ' = 17.82 A -0.90° 

5: V, B: G3 ' = 19982.40 V -121.29° 35: I, A: I1s ' = 17.85 A 1.32° 

6: V, C: G3 ' = 19939.27 V 118.67° 36: I, A: I2e ' = 12.44 A 2.11° 

7: V, A: G4 ' = 19381.00 V -3.09° 37: I, A: I3e ' = 12.08 A 1.07° 

8: V, B: G4 ' = 19563.12 V -122.69° 38: I, A: I4e ' = 4.22 A 78.26° 

9: V, C: G4 ' = 19418.39 V 117.00° 39: I, A: I4s ' = 25.45 A 128.90° 

10: V, A: I1e ' = 20264.72 V -0.32° 40: I, A: I5e ' = 34.39 A 142.61° 

11: V, B: I1e ' = 20317.39 V -120.28° 41: I, B: G2 ' = 6.71 A -159.54° 

12: V, C: I1e ' = 20308.29 V 119.76° 42: I, C: G2 ' = 7.57 A 78.95° 

13: V, A: I1s ' = 20412.12 V -0.01° 43: I, B: G3 ' = 8.93 A -155.87° 

14: V, B: I1s ' = 20412.23 V -120.01° 44: I, C: G3 ' = 9.50 A 82.24° 

15: V, C: I1s ' = 20412.33 V 119.99° 45: I, B: G4 ' = 30.09 A -155.32° 

16: V, A: I2e ' = 19945.35 V -1.07° 46: I, C: G4 ' = 34.21 A 82.99° 

17: V, B: I2e ' = 20087.11 V -120.93° 47: I, B: I1e ' = 14.03 A -116.33° 

18: V, C: I2e ' = 20054.23 V 119.14° 48: I, C: I1e ' = 14.28 A 125.24° 

19: V, A: I3e ' = 19867.06 V -1.46° 49: I, B: I1s ' = 15.56 A -116.70° 

20: V, B: I3e ' = 19982.40 V -121.29° 50: I, C: I1s ' = 15.15 A 125.82° 

21: V, C: I3e ' = 19939.27 V 118.67° 51: I, B: I2e ' = 12.52 A -119.35° 

22: V, A: I4e ' = 19290.33 V -3.26° 52: I, C: I2e ' = 14.19 A 119.38° 

23: V, B: I4e ' = 19509.20 V -122.81° 53: I, B: I3e ' = 11.95 A -119.95° 

24: V, C: I4e ' = 19328.70 V 116.89° 54: I, C: I3e ' = 13.24 A 119.35° 

25: V, A: I4s ' = 19289.93 V -3.21° 55: I, B: I4e ' = 4.11 A -52.03° 

26: V, B: I4s ' = 19497.06 V -122.76° 56: I, C: I4e ' = 4.23 A -161.58° 

27: V, C: I4s ' = 19324.57 V 116.92° 57: I, B: I4s ' = 28.88 A 10.40° 

28: V, A: I5e ' = 19381.00 V -3.09° 58: I, C: I4s ' = 26.31 A -112.10° 

29: V, B: I5e ' = 19563.12 V -122.69° 59: I, B: I5e ' = 28.01 A 24.26° 

30: V, C: I5e ' = 19418.39 V 117.00° 60: I, C: I5e ' = 33.86 A -97.00° 

 
 

Where V, A: Gn is the voltage of phase A of generator n 
I, A: Gn is the current of phase A of generator n 
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5.2 Results using Change of Current 

Method 

After introducing faults in zone 2 and zone 5 the current data was 

measured to find the percentage change in each zone for each different type of 

fault. The following tables were obtained. 
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Table 11: Change of Current Method with 3-phase Fault in Zone 2 

 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.65 0.84 0.69 5.05 1.07 0.47 5.33 1.33 0.18 5.39 1.51 0.1 

New 
Current 

739.6 739.6 739.2 675.6 674.8 677 474 473 474 399 398 399 

% Change 15805.3 87947.6 107030.4 13278 62965 143942.5 8793 35463 263233.3 7302.5 26257.6 39890 

              

Zone 5 Old Current 9.13 4.52 8.81 9.94 4.83 6.11 10.27 4.96 9.84 -8.95 0.86 -7.57 

New 
Current 

0 0 0 2.5 1.2 2.42 4.43 2.29 4.17 -6.5 0.9 -5.8 

% Change -100 -100 -100 -74.8 -75.1 -60.3 -56.8 -53.8 -57.6 -27.3 4.6 -23.3 
 

 
 
 

Table 12: Change of Current Method with 3-phase Fault in Zone 5 
 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.65 0.84 0.69 5.05 1.07 0.47 5.33 1.33 0.18 5.39 1.51 0.1 

New Current 2.6 0.1 0.8 2.3 0.1 0.8 3.4 0.3 -0.8 3.7 1 0.8 

% Change 44.0 88.0 15.9 54.4 90.6 70.2 36.2 77.4 544.4 31.3 33.7 700 

              

Zone 5 Old Current 9.13 4.52 8.81 9.94 4.83 6.11 10.27 4.96 9.84 -8.95 0.86 -7.57 

New Current 199.8 200.3 200.7 275.9 275 276 318 317.8 319 -150.6 -150.4 -149.6 

% Change 2088.3 4331.4 2178.0 2675.6 5593.5 4417.1 2996 6307.2 3141.8 1582.6 17388.3 1876.2 
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Table 13: Change of Current Method with Line-Line (A, B) Fault in Zone 2 

 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.65 0.84 0.69 5.05 1.07 0.47 5.33 1.33 0.18 5.39 1.51 0.1 

New Current 619.2 615.28 0.74 607.3 562.2 -0.4 431 392.2 -0.2 357 333.9 -0.1 

% Change 13216.1 73147.6 7.2 11925 52442 -14.8 7986 29388 11.11 6523.3 22012.5 0 

              

Zone 5 Old Current 9.13 4.52 8.81 9.94 4.83 6.11 10.27 4.96 9.84 -8.95 0.86 -7.57 

New Current 4.604 2.233 8.82 6.17 2.32 9.4 7.24 2.79 9.887 -9.6 3.8 -7.6 

% Change -49.5 -50.5 0.11 -37.92 -51.96 53.84 -29.5 -43.75 0.47 7.26 341.86 0.396 
 

 
 
 

Table 14: Change of Current Method with Line-Line (A, B) Fault in Zone 5 
 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.65 0.84 0.69 5.05 1.07 0.47 5.33 1.33 0.18 5.39 1.51 0.1 

New Current 3.96 0.5 0.7 4 0.86 0.5 4.5 0.3 0.14 4.6 -0.4 -0.1 

% Change -14.83 -40.4 1.44 -20.79 -19.62 6.38 -15.57 -77.44 -22.2 -14.6 -73.5 0 

              

Zone 5 Old Current 9.13 4.52 8.81 9.94 4.83 6.11 10.27 4.96 9.84 -8.95 0.86 -7.57 

New Current 176.5 170 9.1 242.5 234.6 9.5 280.1 272.1 9.89 - 
143.1 

-115.4 -7.7 

% Change 1833.18 3661.0 3.29 2339.63 4757.14 55.48 2627.36 5385.88 0.508 1498 -13518 1.717 
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Table 15: Change of Current Method with 3-phase Fault in Zone 2 through 10-ohm resistance 

 
 
 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.64 0.84 0.69 5.04 1.08 0.47 5.33 1.33 0.17 5.33 1.33 0.17 

New Current 553.32 554.5 553.3 

5 

526.95 524.3 526.53 361.7 359.1 361.3 293.1 291.3 292.6 

% Change 11825 65911 8009 
5 

10355.3 48446 11192 
7 

6686.1 26900 2124 
29 

5399 21802 1720 
17 

              

Zone 5 Old Current 9.11 4.51 8.79 9.94 4.82 9.537 10.27 4.94 9.84 10.27 4.94 9.84 

 New Current 2.67 1.29 2.57 4.929 2.372 4.707 6.562 3.156 6.267 -8.3 0 -7.3 

 % Change -70.69 -71.3 -70.7 -50.4 -50.7 -50.6 -36.1 -36.1 -36.3 -180. -100 -174 
 

 

Table 16: Change of Current Method with 3-phase Fault in Zone 5 through 10-ohm resistance 
 
 
 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.64 0.84 0.69 5.04 1.08 0.47 5.33 1.33 0.17 5.33 1.33 0.17 

New Current 3.1 0.2 0.8 3.2 0.2 0.9 4 0.6 0.6 4.4 0.9 0.4 

% Change 49.67 320 -13. 57.5 440 -47.7 33.25 121.6 -71.6 21.1 47.77 -57.5 

              

Zone 5 Old Current 9.11 4.51 8.79 9.94 4.82 9.537 10.27 4.94 9.84 10.27 4.94 9.84 

 New Current 183.609 184.104 184 251.37 251.73 252.2 289.456 289.49 290. -139 -138.7 -138 

 % Change -1915.4 -3982.1 - 
1999 

-2428.8 -5122.6 -2545. -2718.4 -5760.1 -2847 1458 2907 1502 
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Table 17: Change of Current Method with single phase Fault in Zone 2 

 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.65 0.84 0.69 5.05 1.07 0.47 5.33 1.33 0.18 5.39 1.51 0.1 

New Current 543.6 1.017 0.504 496.8 1.075 0.2669 331.4 0.5915 0.234 275.5 0.5779 0.470 

% Change 11590.32258 21.071 -26.8 9737.6 0.4672 -43.2 6117.63 -55.52 30.27 5011 -61.72 370.7 

              

Zone 5 Old Current 9.13 4.52 8.81 9.94 4.83 6.11 10.27 4.96 9.84 -8.95 0.86 -7.57 

New Current 0.778 5.156 9.579 3.605 5.168 9.555 5.496 5.011 9.643 -5.58 3.004 -8.47 

% Change -91.478 14.07 8.728 -63.73 6.997 56.38 -46.48 1.028 -2.00 -37.5 249.302 11.92 
 

 
 
 

Table 18: Change of Current Method with single phase Fault in Zone 5 
 
 
 

 Data No DG 25% DG 50% DG 75% DG 

 Phase A B C A B C A B C A B C 

Zone 2 Old Current 4.65 0.84 0.69 5.05 1.07 0.47 5.33 1.33 0.18 5.39 1.51 0.1 

New Current 2.471 0.75 0.519 2.558 0.56 -0.234 3.555 0.427 0.109 3.583 -0.3164 0.442 

% Change -46.860 -10.71 -24.7 -49.3 -47.66 -50.21 -33.30 -67.89 -39.4 -33.5 -79.04 342.7 

              

Zone 5 Old Current 9.13 4.52 8.81 9.94 4.83 6.11 10.27 4.96 9.84 -8.95 0.86 -7.57 

New Current 146.3 5.381 9.749 227.4 5.527 9.917 263.4 5.635 10.26 -191 -5.945 3.613 

% Change 1502.40 19.048 10.65 2187.72 14.430 62.30 2464.75 13.608 4.268 2036 -791.27 -147 
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Setting the threshold at 70%, this method can be reliable if the load power 

supplied by the DG is 50% or below. Also, the location of the fault affects the 

method. If the fault is far from the main source (main power generator), the 

method tends to fail. When the fault was introduced in Zone 5 with 50% of power 

load supplied by the DGs, the method failed as it identified the location of a fault 

in zone 2 and zone 5. This happened for both types of faults tested (three-phase 

fault and Line-Line fault between phase A and B). When this method was tested 

for three-phase fault through 10-ohm resistance, it worked only when the fault 

was in zone 2 and was not able to work right when the fault was in zone 5. If the 

fault is single phase to ground, the method will be able to detect it until we have 

the power injected by the DGs about 75%. 

According to the results, change of current method, can be used for PS to 

identify faults location with a limited amount of power injected (DGs). As the fault 

occurs far away from the main power source, it will be harder to identify the fault 

location or even the method may identify the wrong location for the faults. 

 
 
 

5.3 Results using Symmetrical 

Components Method 

The following table was obtained from performing this method. 



Chapter 5 – Testing and Results 42  

 
 
 

 
Table 19: Symmetrical Components Method with 3-phase Fault in Zone 2 

 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.783 

7 

2.308 0.9365 0.512 

New Diff 739.2 0.4652 0.0490 673.8 0.005094 -0.216 473.9 -0.2126 0.022 398 -0.1021 -0.0152 

% change 46244.8 36.7 -96.6 35893.5 -99.1 -83.5 21962.3 -73.6 -97.1 17144.3 -89.0 -97.0 

              
Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 0 0 0 1.998 0.5467 0.4603 3.319 0.9083 0.765 -3.336 -0.5432 -0.7482 

% change -100 -100 -100 -73.7 -73.8 -73.4 -57.7 -57.8 -57.4 -35.4 -36.6 -34.3 
 
 
 
 
 
 

Table 20: Symmetrical Components Method with 3-phase Fault in Zone 5 
 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.783 
7 

2.308 0.9365 0.512 

New Diff 0.6038 0.67 0.5904 0.6347 0.6684 0.5918 1.057 0.4647 0.299 1.057 0.4647 0.3 

% change -62.1 97.0 -59.2 -66.1 11.0 -55.1 -50.8 -42.4 -61.7 -54.2 -50.3 -41.4 

              

Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 199.7 0.1712 0.2657 275.4 0.1194 0.2519 318.3 0.04538 0.142 -148.3 -0.2075 0.1264 

% change 2744.3 -91.1 -82.8 3517.9 -94.2 -85.4 3956.3 -97.8 -92.0 2769.0 -75.7 -88.9 



Chapter 5 – Testing and Results 43  

 

 
Table 21: Symmetrical Components Method with Line-Line (A, B) Fault in Zone 2 

 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.78 2.308 0.9365 0.512 

New Diff 370 318 -0.23 362.3 303.5 0.2331 254.5 218.9 0.03 207.1 191 0.06574 

% change 23097.5 93401.9 -83.6 19253.6 50323.6 -82.3 11748.2 27035.2 -95.3 8873.1 20295.1 -87.2 

              

Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 3.241 4.753 0.3644 4.682 4.633 0.3225 5.534 4.403 0.547 -3.949 0.2379 -0.7158 

% change -53.8 147.4 -76.5 -38.5 121.7 -81.3 -29.4 104.2 -69.5 -23.6 -72.2 -37.2 

 
 
 
 
 
 

Table 22: Symmetrical Components Method with Line-Line (A, B) Fault in Zone 5 
 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.783 
7 

2.308 0.9365 0.512 

New Diff 0.8099 1.263 0.4573 0.8685 1.268 0.4261 1.262 1.313 0.143 1.236 1.289 0.210 

% change -49.2 271.3 -68.4 -53.6 110.6 -67.6 -41.2 62.7 -81.6 -46.4 37.6 -58.8 

              
Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 102.2 96.8 0.3334 139.5 135.1 0.3721 160.9 156.7 0.384 -99.26 -50.02 -0.50 

% change 1355.6 4939.0 -78.4 1732.6 6367.2 -78.5 1950.4 7168.1 -78.6 1820.3 5735.3 -55.4 
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Table 23: Symmetrical Components Method with 3-phase Fault in Zone 2 through 10-ohm resistance 

 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.783 
7 

2.308 0.9365 0.512 

New Diff 553.4 -0.351 -0.316 398.8 -0.47 -0.38 360.8 -0.46 -0.35 292.6 -0.184 -0.21 

% change 34595 3.20 -78.17 21203.4 -21.9 -71.14 16697.0 -42.97 -55.3 12577. -80.3 -57.8 

              
Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 2.06 0.56 0.466 3.73 1.02 0.85 5.01 1.368 1.154 -5.138 -0.57 -0.83 

% change -70.65 -70.84 -69.89 -50.99 -51.17 -50.89 -36.15 -36.54 -35.8 -0.59 -33.50 -27.1 
 

 
 
 

Table 24: Symmetrical Components Method with 3-phase Fault in Zone 5 through 10-ohm resistance 
 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.783 2.308 0.9365 0.512 

New Diff 0.95 1.27 0.71 1.38 1.28 0.27 1.47 1.25 0.27 1.73 1.05 0.34 

% change -40.43 273.41 -50.9 -26.2 112.6 -79.4 -31.5 54.9 -65.5 -25.0 12.11 -33.5 

              

Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 94.5 88.54 0.195 112.9 107.2 0.184 146.9 141.4 0.151 -97.22 -41.72 -0.37 

% change 1245.9 4509.0 -87.4 1383.18 5031.6 -89.3 1772.0 6458.4 -91.6 1780.8 4767.0 -67.5 
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Table 25: Symmetrical Components Method with single phase to ground fault in zone 2 

 
 
 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.783 2.308 0.9365 0.512 

New Diff 180.4 157.5 147 181.9 153 134.8 140.3 115.1 70.64 109.1 97.92 67.13 

% change 11210.3 46209.9 10051.9 9616.88 25319.5 10135 6431.6 14168.0 8913 4627.0 10355. 1301 

              
Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 5.09 2.76 1.35 5.76 2.65 -0.191 6.213 2.624 0.05 -3.14 -2.89 -0.42 

% change -27.50 43.675 -12.79 -24.33 26.85 -88.9 -20.82 21.70 -97.2 -39.2 237.1 -63.1 
 

 

Table 26: Symmetrical Components Method with single phase to ground fault in zone 5 
 
 
 

  No DG 25% DG 50% DG 75% DG 

  Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Positive 
Seq 

Negative 
Seq 

Zero 
Seq 

Zone 2 Old Diff 1.595 0.3401 1.448 1.872 0.6019 1.317 2.148 0.8067 0.783 2.308 0.9365 0.512 

New Diff 0.8715 0.5584 1.033 0.9245 0.6019 1.069 1.351 0.95 1.3 1.29 1.07 1.302 

% change -45.36 64.18 -28.66 -50.61 0 -18.83 -37.10 17.763 65.87 -44.10 14.25 154.2 

              
Zone 5 Old Diff 7.021 1.921 1.548 7.612 2.089 1.731 7.847 2.156 1.799 -5.169 -0.8572 -1.14 

New Diff 49.56 48.04 46.76 75.6 75.41 74.04 87.26 87.57 86 -79.06 -31.61 -880 

% change 605.8 2400.7 2920.67 893.16 3509.8 4177.2 1012.01 3961.6 4680 1429.5 3587.5 7714 
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It is observed from the tables above that the type of the fault affects the 

symmetrical components. If a three-phase fault occurs, only the positive current 

will be affected by the fault. If a Line-Line fault occurs, both positive and negative 

sequence currents will be affected. By observing the change in the symmetrical 

component, the fault location and type will be detected. It is also observed that if 

a fault occurs in zone 2, the other zones will be affected by the same amount of 

change in all of the symmetrical components. The location of the fault can be 

detected by observing the change in the all of the current sequence currents. 

For three-phase fault through a resistance of 10-ohm this method was 

able to detect the fault when it was in zone 2 (near the main power source). 

When the fault occurred in zone 5, the method could not identify the fault location 

exactly. 

For single line to ground fault the method will be able to detect the fault if 

the power injected by the DGs is less than 75%. When the power injected by the 

DG exceeds 75%, the method tends to see the fault as if it occurs in both of the 

zones 

The method is reliable if the fault is a three-phase fault. The method failed 

to detect the location of the fault while increasing the percentage of load power 

supplied by the DGs in the power system. 
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5.3 Results using ANN 
 
 
 

Testing the Artificial intelligence method required training the network 

before using it. For each case, a new network has been trained to obtain the best 

result. And for each of the cases the fault was introduced in one of the zones 

(2,5) and these cases are: 

 NO power is supplied by the DGs 
 

 25% of load power is supplied by the DGs 
 

 50% of load power is supplied by the DGs 
 

 75% of load power is supplied by the DGs 
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Table 27: Training Data and Result with NO DG for 3-phase Fault and LL Fault 

 
Data  No Fault  3-Ph Fault @ Z2  LL Fault @ Z2   3-Ph Fault @Z5  LL Fault @Z5  

Zone 2 I1e 56.82 48.61 52.14 741.1 740.9  741.1 645.6 639 52.25 206.3 204.3  204.8 189.6 170.1 52.25 

 I2e 52.18 47.77 51.45 0.002 0.0018 0.00203 26.41 23.65 51.56 203.6 204.3  203.9 185.6 170.6 51.55 

Zone 5 I4s 9.89 6.27 9.07 0 0  0 5.02 3.09 9.12 199.8 200.4  200.7 176.5 170 9.13 

 I5e 0.78 1.76 0.28 0 0  0 0.39 0.87 0.28 0.00001 0.000021 0.0000036 0.402 0.86 0.28 

Target  0 0 0 10 10  10 20 20 0 30 30  30 40 40 0 

 
 

Target 0 0 0 10 10 10 20 20 0 30 30 30 40 40 0 

Network Result 0.00 0.00 0.00 10.00 10.00 10.00 20.00 20.00 0.00 30.00 30.00 30.14 39.90 40.00 0.00 

Error % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.30 -10.00 0.00 0.00 

 

 
Table 28: Training Data and Result with 25% DG for 3-phase Fault and LL Fault 

 
Data  No Fault  3-Ph Fault @ Z2   LL Fault @ Z2   3-Ph Fault @Z5  LL Fault @Z5  

Zone 2 I1e 45.07 38.19 40.73 741.1 740.9 741.1 648.4 635.8 40.73 202.6 200.5  201 186.6 165 40.68 

 I2e 40.03 37.11 40.26 65.14 66.32 65.47 41.11 73.62 40.26 199.8 200.5  200.1 182.6 165 40.68 

Zone 5 I4s 10.79 6.69 9.84 2.85 1.74  2.58 6.68 3.15 9.88 275.9 276.4  276.7 242.9 235.3 9.89 

 I5e 0.85 1.87 0.303 0.22 0.49  0.08 0.53 0.88 0.304 0.00001 0.000029 0.0000049 0.43 0.92 0.304 

Target  0 0 0 10 10  10 20 20 0 30 30  30 40 40 0 

 
 

Target 0 0 0 10 10 10 20 20 0 30 30 30 40 40 0 

Network Result 0.00 0.00 0.00 9.73 9.96 9.94 19.93 19.91 0.00 29.99 29.99 29.99 40.00 40.00 0.00 

Error % 0.00 0.00 0.00 26.58 4.00 6.34 6.93 8.80 0.00 1.13 1.27 1.23 0.11 0.00 0.00 



Chapter 5 – Testing and Results 49  

 

Table 29: Training Data and Result with 50% DG for 3-phase Fault and LL Fault 

 
Data  No Fault  3-Ph Fault @ Z2   LL Fault @ Z2   3-Ph Fault @Z5  LL Fault @Z5  

Zone 2 I1e 31.27 26.24 27.65 741.1 740.9 741.1 649.2 634.6 27.65 154.9 152.9  153.2 142.6 125.6 27.56 

 I2e 25.94 24.91 27.48 265.8 267.2 266.2 218.2 242.4 27.47 151.3 152.2  152.4 138.1 125.8 27.36 

Zone 5 I4s 11.15 6.87 10.15 4.73 2.9  4.29 7.86 3.59 10.17 319.2 319.4  319.7 280.5 272.4 10.19 

 I5e 0.88 1.93 0.31 0.37 0.81  0.13 0.62 1.01 0.313 0.000016 0.000034 0.0000057 0.45 0.95 0.314 

Target  0 0 0 10 10  10 20 20 0 30 30  30 40 40 0 

 
 

Target 0 0 0 10 10 10 20 20 0 30 30 30 40 40 0 

Network Result 0.00 0.00 0.00 9.75 10.45 9.32 19.80 19.99 0.00 30.02 30.01 30.01 39.99 39.99 0.00 

Error % -0.03 -0.27 0.00 24.81 -45.36 67.82 20.00 1.00 0.00 -2.00 -1.00 -1.00 1.00 1.00 0.00 

 

 
Table 30: Training Data and Result with 75% DG for 3-phase Fault and LL Fault 

 
Data  No Fault  3-Ph Fault @ Z2   LL Fault @ Z2   3-Ph Fault @Z5  LL Fault @Z5  

Zone 2 I1e 17.82 14.03 14.28 741.1 740.9 741.1 647.1 636.5 14.3 154.9 152.9 153.2 139.9 127.4 14.22 

 I2e 12.44 12.52 14.19 341.9 343.1 342.5 290.1 302.6 14.21 151.3 152.5 152.4 135.3 127.8 14.16 

Zone 5 I4s 25.45 28.88 26.31 146.3 149.2 147.3 126.8 127.8 26.25 319.1 319.4 319.7 273.9 279.6 26.13 

 I5e 34.39 28.01 33.86 152.4 148 152.4 138.4 123.9 33.8 468.6 468.5 468.6 417.1 395.2 33.76 

Target  0 0 0 10 10  10 20 20 0 30 30 30 40 40 0 

 
 

Target 0 0 0 10 10 10 20 20 0 30 30 30 40 40 0 

Network Result 0.00 0.00 0.00 10.00 10.00 10.00 20.00 20.00 0.00 30.00 30.04 30.00 40.00 40.00 0.00 

Error % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -4.00 0.00 0.00 0.00 0.00 
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Table 31: Training Data and Result with no DG for 3-phase Fault through 10-ohm resistance 
 

 Data No Fault 3-Ph Fault with 10 ohm@ Z2 3-Ph Fault with 10 ohm @Z5 

Zone 2 I1e 56.82 48.61 52.14 568.7 568.4 568.6 194.5 192.3 192.7 

I2e 52.18 47.77 51.45 15.38 13.9 15.25 191.4 192.1 191.9 

Zone 5 I4s 9.89 6.27 9.07 2.9 1.8 2.65 183.7 184.3 184.6 

I5e 0.78 1.76 0.28 0.23 0.51 0.08 0.091 0.196 0.032 

Target 0 0 0 50 50 50 60 60 60 
 

 
Target 0 0 0 50 50 50 60 60 60  

Network 
Result 

0.00 0.00 0.00 50.00 50.01 50.00 60.00 60.00 60.00  

Error % -0.03 -0.27 0.00 0.00 -1.00 0.20 0.00 -0.30 0.00  
 

 

Table 32: Training Data and Result with 25% DG for 3-phase Fault through 10-ohm resistance 
 

 Data No Fault 3-Ph Fault with 10 ohm@ Z2 3-Ph Fault with 10 ohm @Z5 

Zone 2 I1e 45.07 38.19 40.73 563.8 563.3 563.8 189.4 187.2 187.6 

I2e 40.03 37.11 40.26 36.85 39 37.27 186.2 187 186.7 

Zone 5 I4s 10.79 6.69 9.84 5.349 3.292 4.857 251.5 252 252.3 

I5e 0.85 1.87 0.303 0.42 0.92 0.15 0.13 0.27 0.0446 

Target 0 0 0 50 50 50 60 60 60 

 
Target 0 0 0 50 50 50 60 60 60  

Network 
Result 

0.00 0.00 0.00 50.05 50.00 50.00 60.13 60.00 60.00  

Error % -0.03 -0.27 0.00 -5.00 0.01 0.00 -13.00 -0.06 0.00  
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Table 33: Training Data and Result with 50% DG for 3-phase Fault through 10-ohm resistance 
 

 Data No Fault 3-Ph Fault with 10 ohm@ Z2 3-Ph Fault with 10 ohm @Z5 

Zone 2 I1e 31.27 26.24 27.65 544.5 544 544.5 144.3 142.1 142.2 

I2e 25.94 24.91 27.48 182.8 184.9 183.2 140.3 141.5 141.6 

Zone 5 I4s 11.15 6.87 10.15 7.122 4.376 6.466 289.6 289.8 290.1 

I5e 0.88 1.93 0.31 0.56 1.22 0.199 0.144 0.31 0.051 

Target 0 0 0 50 50 50 60 60 60 
 

 
Target 0 0 0 50 50 50 60 60 60  

Network 
Result 

0.00 0.00 0.00 50.06 50.00 50.00 60.01 60.00 60.00  

Error % -0.03 -0.28 0.00 -5.68 0.00 0.31 -0.98 -0.45 0.00  
 

 

Table 34: Training Data and Result with 75% DG for 3-phase Fault through 10-ohm resistance 
 

 Data No Fault 3-Ph Fault with 10 ohm@ Z2 3-Ph Fault with 10 ohm @Z5 

Zone 2 I1e 31.27 26.24 27.65 530.7 530.2 530.6 134.6 132.3 132.2 

I2e 25.94 24.91 27.48 237.6 238.9 238 130.2 131.4 131.8 

Zone 5 I4s 11.15 6.87 10.15 111 114.3 112 262.4 262.7 264 

I5e 0.88 1.93 0.31 119.3 114.3 119.3 401.9 401.4 402 

Target 0 0 0 50 50 50 60 60 60 

 
Target 0 0 0 50 50 50 60 60 60  

Network 
Result 

0.00 0.00 0.00 50.00 50.00 50.00 60.00 60.00 59.99  

Error % -0.02 -0.37 -0.01 -0.33 0.00 0.00 -0.29 0.00 1.00  
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Table 35: Training Data and Result with no DG for single phase to ground Fault 
 

 Data No Fault SL-G Fault @Z2 SL-G Fault @Z5 

Zone 2 I1e 56.82 48.61 52.14 553.2 51.76 55.17 156.1 52.52 55.65 

I2e 52.18 47.77 51.45 9.584 50.74 54.67 153.6 51.77 55.13 

Zone 5 I4s 9.89 6.27 9.07 0.843 
5 

7.183 9.887 146.3 7.512 10.06 

I5e 0.78 1.76 0.28 0.065 
53 

2.027 0.3084 0.0059 2.131 0.3142 

Target 0 0 0 70 0 0 80 0 0 

 
Target 0 0 0 70 0 0 80 0 0  

Network 
Result 

0.00 0.00 0.00 70.00 0.00 0.00 80.00 0.00 0.00  

Error % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
 

 

Table 36: Training Data and Result with 25% DG for single phase to ground Fault 
 

 Data No Fault SL-G Fault @Z2 SL-G Fault @Z5 

Zone 2 I1e 45.07 38.19 40.73 551.4 40.03 47.75 154.9 41.04 55.26 

I2e 40.03 37.11 40.26 54.62 38.96 47.48 152.3 40.48 55.03 

Zone 5 I4s 10.79 6.69 9.84 3.913 7.194 9.861 227.4 7.721 10.24 

I5e 0.85 1.87 0.303 0.307 
3 

2.025 0.306 0.0056 2.194 0.3194 

Target 0 0 0 70 0 0 80 0 0 

 
Target 0 0 0 70 0 0 80 0 0  

Network 
Result 

0.00 0.00 0.00 70.00 0.00 0.00 79.99 0.00 0.00  

Error % 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00  
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Table 37: Training Data and Result with 50% DG for single phase to ground Fault 
 

 Data No Fault SL-G Fault @Z2 SL-G Fault @Z5 

Zone 2 I1e 31.27 26.24 27.65 555.1 35.56 49.34 111 30.41 46.14 

I2e 25.94 24.91 27.48 223.7 34.97 49.57 107.5 29.99 46.24 

Zone 5 I4s 11.15 6.87 10.15 5.966 6.971 9.95 263.4 7.875 10.59 

I5e 0.88 1.93 0.31 0.469 
7 

1.96 0.3078 0.00576 
5 

2.24 0.3305 

Target 0 0 0 70 0 0 80 0 0 
 

 
Target 0 0 0 70 0 0 80 0 0  

Network 
Result 

0.00 0.00 0.00 70.00 0.00 0.00 80.00 0.00 0.00  

Error % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
 

 

Table 38: Training Data and Result with 75% DG for single phase to ground Fault 
 

 Data No Fault SL-G Fault @Z2 SL-G Fault @Z5 

Zone 2 I1e 31.27 26.24 27.65 548.2 21.43 30.39 114.5 29.85 43.12 

I2e 25.94 24.91 27.48 272.6 20.85 30.87 110.9 30.17 43.56 

Zone 5 I4s 11.15 6.87 10.15 107.5 31.06 33.96 267.5 27.14 30.5 

I5e 0.88 1.93 0.31 113.1 28.06 42.44 458.6 33.08 26.89 

Target 0 0 0 70 0 0 80 0 0 

 
Target 0 0 0 70 0 0 80 0 0  

Network 
Result 

0.00 0.00 0.00 70.01 0.00 0.00 80.00 0.00 0.00  

Error % 0.00 0.00 0.00 -1.00 0.00 0.00 -0.10 0.00 0.00  
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The Artificial Neural Network results indicate that this method can be used 

for detecting the faults, and it is reliable to find the location of the faults. This 

method tends to fail when the number of zones is connected, as it requires more 

training. Training the network has to be done more than one time to get the best 

results possible. The ANN has been divided into four smaller Neural Networks as 

the power supplied by the DGs in the power system changes. 

 
 
 

This method can be used to detect the faults location, but network 

retraining is needed each time when the power supplied by the DGs is different. 

Also when training the network, introducing the fault is mandatory for the network 

to detect the change in the PS when a fault occurs. Training is needed before 

using the ANN. This is the main disadvantage of using the Artificial Networks. 
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Chapter 6 
 
 
 

Conclusion and Future Work 
 
 
 

The present fault identification methods are not reliable if the load power is 

supplied by the DGs. Some methods will work if the power supplied by the DGs 

is small. Different methods have different advantages and disadvantages 

according to their way of implementation in the PS. Applying DGs into the PS will 

affect the methods used to identify the location of the faults. 

 
 
 

6.1 Conclusion 
 
 
 

In this thesis, different methods have been tested for the IEEE 34 Node 

Test Feeder while different amounts of the load power are supplied by DGs to 

determine if these methods will fail. The proposed methods are: 

 Change of Current Method 
 

 Symmetrical Components 
 

 Artificial Neural Networks 
 
The  test feeder  was  modeled  in  MATLAB  and  the  proposed  methods  were 

tested. Different types of faults were introduced in the system, and the data was 
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gathered from each zone in the system and analyzed in all of the scenarios of 

load power supplied by the DGs. 

The different fault types and locations have a different effect on the data in 

each method. The data was obtained by repeating the tests for several times. All 

the possible cases were studied during the testing of the system. 

Change of current method was able to detect the fault in both zones (2 

and 5) until the load power injected by the DGs reached 50%. After the load 

power injected by the DGs reached 50%, this method failed in identifying the 

location of the fault. If the fault is single phase to ground, the method will be able 

to detect the location up to 75% of power injected by the DGs. 

Symmetrical components method was able to detect the three-phase fault 

even when we injected the PS with power from DGs, but the method failed in 

detecting the location of LL fault. For the three phase fault through 10-ohm 

resistance the method was able to find the location when the fault occurred in 

zone 2 only. While for the single line to ground fault the method was able to 

detect the location of the fault when the power injected by the DGs was less than 

75%. 

ANN was able to find the location of all of the fault types tested in the 

system, but the network needed training for each time when the system power 

was injected through DGs. 
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6.2 Future Work 
 
 
 

The methods of identifying the location of the faults are being looked at as 

one of the main research areas in power systems. Introducing new methods that 

can be more reliable is a great area of research. A lot of future work can be done 

in this area, as it is a challenging area of research in electrical engineering. Some 

of the future work is suggested to be done in this thesis is listed below: 

 

 
 

 The next stage is to focus on introducing a new algorithm for finding the 

location of the faults with a different amount of load power supplied by the 

DGs. 

 Combining existing methods together in trying to eliminate the 

disadvantages of each method. 

 Introducing a new Hybrid method that combines two methods to work 

together simultaneously. 

 Improving the existing methods to rely on them even if we have a high 

percentage of the load power is supplied by the DGs to the system. 

 Focusing on exact identifying the location of the faults rather than 

identifying the zone only. 

 Improving the identifying algorithms for identifying more than one fault that 

might happen at the same time. 
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