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ABSTRACT 

This paper presents a modified fault location method in order to account for the presence of distributed generation in 
distribution systems.  Since the introduction of distributed generation changes the flow in distribution systems from 
unidirectional flow to multi-directional flow, a new technique in fault location must be implemented in order to account 
for this change in power flow.  One fault location method that can be modified to include the contributions from the 
distributed generation is the method using the three-phase a,b,c components.  This method is based on the steady-state 
analysis of a faulted distribution line.  This paper illustrates the modifications made to the fault location method in 
order to determine an accurate fault location. 
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1. INTRODUCTION 
 
Being able to determine an accurate fault location on a 
distribution line has become very beneficial, not only in the 
fact that it helps to reduce the time it takes technician 
crews to locate the damaged portion of the line, but that in 
turn, it helps power companies to improve service to 
customers when a fault does occur.  In the past, the fault 
location techniques implemented were for radial 
distribution lines.  With the penetration of distributed 
generation on these distribution lines, the line is no longer 
radial in nature.  Therefore, new fault location techniques 
must be created in order to eliminate the fault location 
errors inherent with the old fault location techniques when 
distributed generation is introduced into the system. 
 
Different fault location techniques are used today in order 
to locate an accurate distance to a fault.  These techniques, 
however, have not yet concentrated on the effect that the 
introduction of distributed generation will have on the 
accuracy of their fault location results [1-6].  This paper 

focuses on one such method that can be modified to 
account for the change in power flow that occurs due to the 
introduction of distributed generation.  The fault location 
technique which was chosen to be modified was the 
method using the three-phase a,b,c components that is 
based on steady-state analysis during fault conditions. The 
advantage to modifying this method is that it can be used 
for any type of system, balanced or unbalanced.  Unlike 
other fault location methods that use symmetrical 
components, the Zabc method does not make the 
assumptions that the lines are ideally transposed or that the 
mutual coupling between the phases are equal.  By 
modifying the Zabc method, an accurate fault location can 
be determined for any type of system when distributed 
generation is present.  
 
The first part of this paper summarizes the original a,b,c 
fault location method that is used when there is no 
distributed generation present in the system, as well as the 
applied signal process methods that are used in practice to 
obtain the data needed for the fault location computation.  
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Then the paper will discuss the modifications made to the 
fault location method to include contributions from 
distributed generation. 
 
 
2. FAULT LOCATION BASED ON 
STEADY-STATE ANALYSIS USING 
THREE-PHASE COMPONENTS 
 
     The original a,b,c component fault location method for 
a distribution system without distributed generation uses an 
iterative process in order to determine an accurate fault 
location.  By using the phasor quantities of the voltages 
and currents at the sending-end of the faulted line, 
equations that represent the steady-state fault conditions 
are used to determine the fault location [5,6].  To illustrate 
this fault location method, an example of a single line-to-
ground fault on phase A will be demonstrated as shown in 
Figure 1. 

Figure 1: Single Line-To-Ground Fault on Phase A 
 
To relate the sending-end voltages and the fault voltages, 
the following equation is used: 
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For a single line-to-ground fault on phase A, the voltage 
relationship on phase A becomes: 
 

  FFcacbabaaaa RIDIZIZIZV   (2) 
 
where: 
 Zaa = self impedance on phase A in Ω/unit length 
 Zab, Zac = mutual impedances in Ω/unit length 
Va = faulted phase A voltage at sending-end 
Ia, Ib, Ic = faulted phase currents at sending-end 
VF = the voltages at the fault point 
IF = the fault current 
RF = the fault resistance 

D = the fault distance 
 
The fault current is initially assumed to be the difference 
between the faulted phase current and the pre-fault phase 
current: 
 
IF = Ia – Ia(pre)                                         (3) 
where:  Ia(pre) = the pre-fault current on phase A 
 
     Once the initial fault current is calculated, the initial 
value for the distance to the fault is determined.  Equation 
(2) is split into real and imaginary components yielding 
two equations and two unknowns, the unknowns being the 
distance to the fault and the fault resistance.  The two 
equations are put into matrix form and the unknown fault 
distance is calculated. 
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where: 

)()()()()()( icacrcacibabrbabiaaaraaa IXIRIXIRIXIRM   

)()()()()()( rcacicacrbabibabraaaiaaa IXIRIXIRIXIRN   
Rxx = resistance of line impedance 
Xxx = reactance of line impedance 
(r) = real component  
(i) = imaginary component 
 
     Once the initial distance is found, an iterative process is 
then implemented in order to determine the accurate 
distance to the fault.  The steps in this process are 
described below. 

(1) Using the fault distance, the fault voltages are 
calculated by rearranging equation (1): 
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(2) Next, with the newly calculated fault voltages, the 
remote-end current infeed is calculated by 
applying a radial power flow algorithm [5]. 

(3) Then the fault current is updated by subtracting 
the remote-end current infeed from the current at 
sending-end of faulted line on phase A: 

IF = Ia - Ia
|      (8) 

                    where: Ia
| = remote-end current infeed 

(4) The updated fault current is then used to calculate 
an updated fault distance value using equation (5) 
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(5) Once the new distance is calculated another 
iteration begins by going back up to step 1.  The 
iterative process is then continuously repeated 
until the difference between the present distance 
calculated and the previously calculated distance 
is very small (i.e.  0.001). 

|Dk+1 – Dk|     (9) 
 
 
3. APPLIED SIGNAL PROCESSING 
 
     Digital Monitoring devices are used in power systems 
to record current and voltage data when a disturbance 
occurs.  Furthermore, protective relays are deployed in 
every major type of equipment and attached to every 
circuit breaker.  As microprocessor based technology 
continues, microprocessor based relays will include more 
functions: load profiling, fault oscillographic waveform 
capture, and metering.  Some of the new microprocessor 
based relays include power quality and harmonic analysis.  
The current and voltage waveforms are sampled at 32 
samples/cycle.  The device includes a moving window 
DFT algorithm [7,8].  Other signal processing techniques 
include Weighted Least Squares and Kalman filtering.  It 
should be mentioned here that the Kalman Filtering 
algorithm represents the optimal linear estimator [2,9]. 
 
 
3.1 Modified Fault Location Method 
 
     The fault location technique described previoiusly is no 
longer accurate once distributed generation is placed in the 
system.  Therefore when distributed generators are 
introduced into the system, the fault location method must 
be modified in order to account for the contributions from 
the DG’s and to avoid large fault location errors.  Once 
DG’s are placed in the system, the distribution feeder 
changes from the one seen in Figure 1 to the one seen 
below in Figure 2.  Again, a single line-to-ground fault on 
phase A is used to illustrate this newly modified fault 
location method.  
   

Figure 2:  Distribution Feeder with DG’s 
 
Now the relationship between the voltages at the sending-
end and the fault is: 
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where: 
 abcZ = 3x3 impedance matrix 
L1 = Distance from the source to DG1 
L2 = Distance between DG1 and DG2 
I1a, I1b, I1c = currents from DG1 
I2a, I2b, I2c = currents from DG2 
  
     Since the current contributions from the DG’s will be 
initially unknown along with the actual location of the fault 
when a fault occurs, the DG contributions are initially 
neglected and an initial distance to the fault is calculated 
using equations (1)-(5).  Then an iterative process is used 
to determine the accurate distance to the fault.  The steps in 
this process are described below. 

(1) First the system is split into the different possible 
fault location sections.  For the system shown in 
Figure 2, there are three potential sections: 
(i) Between the Source and DG1 
(ii) Between DG1 and DG2 
(iii) Past DG2 

       Then the section is chosen that concurs with the     

       fault distance calculated. 
(2) Next, using the fault distance, the voltages at the 

fault are calculated by rearranging and solving  
(3) equation (10).  Initially the DG currents, I1a, I1b, 

and I1c, are assumed to be zero. 
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(4) The fault voltages are then used to solve for the 
DG currents on phase A by relating the voltages at 
the fault to the voltages at the points where the 
DG’s are connected, which correspond to X1 and 
X2 in Figure 2. 
 
To calculate the current contributions from DG1: 
First the sum of the sending-end current and the 
current from DG1 is calculated: 
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    where: V1a ,V1b ,V1c = the voltages at DG1 (X1) 
       From equation (12) the current contributing from      

DG1 is found by subtracting the currents from the 
sending-end from the total current feeding the 
fault from the left side:  

I1a = (Ia  + I1a) – Ia  (13) 
 

 To calculate the current contributions from DG2: 
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  where: V2a , V2b ,V2c = the voltages at DG2 (X2) 
(5) Then the fault current is updated by adding the 

sending-end current on phase A to the phase A 
DG currents found from equations (13) and (14): 

IF = Ia + I1a + I2a   (15) 
(6) The updated fault current is then used to solve for 

the distance to the fault, using a slightly modified 
version of equation (5): 
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            (16) 

 
where : 

)()()()()()( iTcacrTcaciTbabrTbabiTaaarTaaa IXIRIXIRIXIRM 

)()()()()()( rTcaciTcacrTbabiTbabrTaaaiTaaa IXIRIXIRIXIRN 

ITj(r)  = Ij(r)  + I1j(r)       
ITj(i)  = Ij(i)  + I1j(i)     
j = a,b, or c                        
 

(6) Once the new distance is calculated another 
iteration begins by going back up to step 1.  The 
iterative process is then continuously repeated 
until the difference between the present distance 
calculated and the previously calculated distance 
is very small (i.e.  0.001) using equation (9). 

     This fault algorithm shows the basic steps in which to 
calculate an accurate fault distance when a single line-to-
ground fault is located between DG1 and DG2 given a 
system as seen in Figure 2.  For other types of systems and 
faults, some of the data needed for the equations will vary 
but the process will remain the same. 
      
     Also an assumption that is made when using this 
algorithm is that the voltage and current data is measured 
or obtained from the sending-end of the faulted line.  
Unfortunately in distribution lines, this is not always the 
case.  For most distribution lines, there are no measuring 
devices available at the beginning of each line segment.  

Measurements are usually only available at the beginning 
of the distribution line or substation.  This assumption is a 
source of error in the modified fault location method. 

 
5. RESULTS AND SIMULATIONS 
                             
     A simple system containing a source and three 
distributed generators, as seen in Figure 3, was used to test 
the accuracy of the modified fault location method when 
distributed generation was in the system.  A single line-to-
ground fault on phase A was placed at different points 
along the line so that the fault occurred in all the potential 
fault location sections in the system. 

 
Figure 3: Single Line Diagram 

 
     First a three-phase load flow was performed in order to 
obtain the pre-fault voltages and currents needed.  Then for 
each of the given fault locations, three-phase fault analysis 
using the bus impedance matrix [10] was done to calculate, 
during fault conditions, the phase voltages at the source as 
well as at the points at which the DG’s were connected.  
This data represented the data that would normally be 
available and obtained from fault recorders or other digital 
recording devices in conjunction with the signal-processing 
algorithm.  The impedance values of the source, the DG’s, 
and the line were known and an arbitrary value for the fault 
resistance was chosen.  Arbitrary lengths were also chosen 
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for the distances between the source and the three DG’s.  
Once all the preliminary data was calculated, the modified 
Zabc method was used to determine the actual distance to 
the fault.  The distance to the fault found was then 
compared to the actual distance where the fault was 
simulated and the percent error was calculated. 
 
     First to illustrate the iterative process that occurs when 
determining a fault location, a specific fault simulation 
point will be discussed.  For a simulated fault between 
DG2 and DG3, specifically at 3.05 miles from the source, 
the fault location algorithm was used to determine the 
actual fault location based on the calculated voltage and 
current data previously discussed.  It was seen that it took 
14 iterations for the algorithm process to yield a final fault 
distance of 3.0426 miles.  Comparing the fault distance 
determined by the modified fault location method and the 
actual simulated fault distance, the percent error was 
calculated to be 0.243%.  A diagram showing the iterations 
for this example can be seen below in Figure 4.   
 
     For the system shown in Figure3, when all the fault 
distances determined from the modified fault location 
method for a single line-to-ground fault at various points 
along the line were compared to the actual distances for 
each of the particular simulated fault points, it was seen 
that the method was very accurate.  The average percent 
error was seen to be around 1.0% with a maximum error 
being 1.69%.  The percent error results for different fault 
locations can be seen below in Figure 5. 

Figure 5:  Fault Location Method Results 
 
 
6. Conclusion 
 
     The basis of this paper was to show that by modifying 
an already existing fault location method, this new 
modified fault location technique can be used to accurately 
determine a fault location when distributed generation is 
present in the system.  It was seen that the results were 
highly accurate when using the modified fault location 
method.  Although this paper shows that this fault location 
technique accurately determines a fault location, there are 
other factors that still need to be explored.  One such factor 
is dealing with the errors that may occur due to the 
availability of fault data on distribution lines.  This paper is 
just the first step at accounting for distributed generation in 
power systems when determining a fault location.  Future 
research and study still need to be done in order to 
substantiate the accuracy of this modified fault location 
method.  
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