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Abstract- This paper proposes a new efficient and accurate 
fault location technique for modern distribution systems with 
integrated Distributed Energy Resources (DER).The algorithm 
requires only the voltage and current phasor information from 
source end of the system in case of a fault event. The main 
advantage is that it does not require any measurements from the 
Distribution Generation (DG) node, since it estimates the 
unknown infeed current using the known measurements and line 
parameters. The proposed fault location method is tested with 
various conditions such as type of fault, fault resistance, inception 
angle, source to line impedance rations (SIR), load angle and 
Distribution Generation (DG) penetration level by using 
PSCAD/EMTP simulations. The PSCAD/EMTP simulation 
studies demonstrate that the proposed method give high accuracy 
under various power system and fault conditions. 

Index Terms- Distribution Systems, Distributed Energy 
Resources, Fault Location, Impedance based method, Smart Grid 

I. INTRODUCTION 

Rapid and phenomenal changes have been occurring in the 
electrical power distribution systems worldwide during the 
past few years owing to the continual advancements in 
communication and information technologies. In this scenario, 
classic protection schemes and fault location designed for 
existing passive and radial distribution systems have shown to 
be inadequate for emerging distribution grids. A new 
architecture and philosophy is essential to evolve the 
protection systems and fault location methods to be adequate 
for the recent active and dynamic nature of the distribution 
grids. 

Reference [1] looks into the possibilities of locating short 
circuit faults on a MV feeder with distributed generation. 
Power frequency measurements of voltages and currents are 
utilized for estimating the distance to fault location. Loads 
and infeed currents from generators connected to the feeder 
induce errors in the estimated distance. In the paper, several 
methods to compensate for these errors are investigated. 
Initially for comparison only the substation measurements are 
used to calculate the fault distance. As the next step, in taking 
the load and DG currents into account, the measured pre-fault 
substation current is utilized and it is assumed that it 
corresponds to one equivalent load including both passive 
loads and generation. Considering the voltage dependency of 
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the equivalent load, a compensation current is calculated 
which is subtracted from the during fault substation current, 
to make it more accurate. 

In the next step taken, pre-fault absolute values of DG 
current, voltage and DG phase angle are assumed to be known 
from the measurements. Then the total pre-fault load can be 
calculated and the apparent power of the load and DG during 
fault is calculated separately. The DG infeed current is 
compensated for only if the fault occurs after the DG 
connection node. 

After this, a method including the load estimation by 
utilizing pre-fault DG node measurements is developed. With 
an analytical model of the network, a more accurate 
compensation of load and DG current can be achieved using 
this method. One way to include loads in an analytical model 
is to represent the lines as pi equivalents with loads as shunt 
impedances. This implies evenly distributed loads. It is 
assumed that pre-fault values of DG current and voltage and 
the power factor ofDG unit are available. 

As the next step, the measurements for the DG unit are 
also assumed to be available. The DG node measurements 
need not be synchronized with the substation measurements 
since only the absolute values and angles between DG voltage 
and current are required. 

Reference [2] explains a fault location techniques 
developed for distribution feeders with distributed generation. 
The basis of this paper is 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. 
But this technique makes an assumption that the voltage and 
current data is measured or obtained from the DG node of the 
fau Ited system. 

Reference [3] presents a method based on the steady-state 
analysis of a faulted distribution line. 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. 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. 

This paper introduces a new concept of fault location for 
advanced emerging distribution grids with distributed energy 
sources, using only the voltage and current measurements 
from the source terminal and the known line impedance 
parameters. The algorithm does not require the remote 
terminal or DG node measurements which makes it very 
reliable and economic. Discrete Fourier Transformation (OFT) 
is conducted on the measured voltage and current signals, to 
obtain the fundamental frequency components, which is then 
used to determine the fault location through the algorithm. The 
most critical challenge posed by the unknown infeed currents 
from the DG nodes into the fault points have been tackled by 
developing a solution to estimate the remote infeed currents 
even without DG node measurements. 

In order to validate the accuracy of the proposed method, a 
sample distribution system is simulated under 
PSCAD/EMTDC software and the results are processed in 
MA TLAB. The obtained results show the accuracy and 
precision of the proposed method in determining the location 
offault. 

II. IMPACT OF DISTRIBUTED GENERATION ON DISTRIBUTION 

NETWORKS - CHALLENGES 

The variation in source impedance and thus the source to 
line impedance is one major challenge while designing an 
impedance-based fault location method for electrical 
distribution systems [22-24]. While considering modem 
distribution systems with integrated distributed energy 
resources, the source impedances of the distributed generators, 
causes further variation in the source impedances. 

Another major challenge while developing a fault location 
scheme for the modern electrical distribution system with 
integrated distributed energy resources is the bi-directional 
nature of power flow, as opposed to the one-directional power 
flow down the traditional radial distribution system. This 
characteristics must be considered in the distribution system 
fault location. Inside the fault analysis, there are changes in 
the fault current when DG is present. With a new power 
supply facility, parameters like fault current magnitude 
change, since there is the dynamic influence of DG in the fault 
current. Moreover, the direction of the fault current and as a 
result the current phasor angle in the various sections of the 
feeders may also change. The contribution of DG in the 

faulted system can change the direction of the current in some 
sections of the feeder. 

The power outputs of the distributed generators are 
unpredictable and intermittent in nature due to which the 
in feed from these sources during faults is variable and 
unknown. These in feed currents flow into the fault point and 
dynamically cause significant modification in the fault current 
level, causing the traditional fault location methods to give 
erroneous results. Both the magnitude and the direction of the 
fault current are parameters related to the power supplied by 
the DG and its location in the system. This paper proposes a 
fault location technique which solves this challenge by 
estimating the infeed currents from the DG node and 
compensating for them. 

III. PROPOSED FAULT LOCATION ALGORITHM 

In this section, the proposed technique that estimates the 
location of shunt faults on distribution systems with DER has 
been explained. The test system shown in Fig.l, to aid the 
explanation of the technique, consists of an equivalent source 
Es with source impedance Zs, and a single section distribution 
line MN, with a DER connected to it at the node N. 

s Zs 

ZsDG 

EsDG 

Fig. I. Single line diagram ofthe test system 

The basic steps involved in the fault location algorithm are as 
below: 

A. Data Acquisition 

The fault location algorithm is initialized by obtaining the 
voltage and current phasor information from the DFRs 
employed at the substations or the feeder heads in response to 
a fault that has occurred in the electrical energy distribution 
system. The algorithm requires only one terminal voltage and 
current measurements. In addition to this electrical energy 
distribution system data such as line impedance parameters are 
also obtained from the data base. 

B. Phasor estimation ofvoltagelcurrent data using DFT 

OFT is the most commonly and widely used method 
when it comes to protection relay environment. Extraction of a 
particular frequency component is done using Fourier 
transform. However, from DFRs, sampled data at discrete 
time step is available for processing; therefore, the Fourier
transform calculation is done in discrete environment and is 
termed as Discrete Fourier Transform or DFT. In this 
algorithm the phasor estimation of the voltage and current 



recorded at the terminal M of the line, is done using DFT. 
These are further used for the calculation of fault location. 

The fundamental frequency components of voltage and 
current measurements obtained from DFRs or lED (Intelligent 
Electronic Device) at substation end shall be denoted by V M = 

[Va Vb VclT and IM=[la Ib IclT respectively. 

C. Estimation of Fault Point Voltage 

The equivalent circuit of the test system during fault is 
shown in Fig. 2. The fault with a fault path resistance RF is 
assumed to have occurred at point F. The distance between the 
bus M and the fault point F is represented by'd', expressed as 
a fraction of the total line length. The series line impedance of 
the line ZL is assumed to be known. 

Fig. 2. Equivalent circuit of the test system during a fault at F 

From the measured data and the known line parameters, the 
fault point voltage Vr can be calculated as 

(I) 

D. Estimation of Fault Current 

To calculate the fault current through the fault path, IF, the 
remote in feed current from the DG node N has to be 
calculated. For accurate calculation of the fault current, the 
equivalent circuit during the fault is decomposed, using 
Thevenin's theorem, into a pre-fault network and a pure-fault 
network, i.e. superimposed network. Fig. 3 shows the 
decomposed circuits. 

The superimposed circuit is a current divider of the fault 
current and thus from Fig. 3 (c), the following equations can 
be derived using basic KVL 

( ) ~ 111 m Z~ + dZ T. + Rp1 p = V r (2) 

111 11 (Zsf)G +(I-d)ZI.)+Rrlr =V;e (3) 

From equations 2 and 3 the superimposed current at node N , 

M n , can be calculated from the superimposed current at node 

M, M m' and line impedance parameters as 

M = (Zs + dZ T. ) M 
11 (Z8m; + (1- d)ZJ m 

(4) 

The fault current IF as observed from Fig. 3.(c) can be 
calculated as 

(5) 
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Fig. 3. Application ofthe Thevenin theory to faulted network: a) faulted 
network, b) pre-fault network, c) superimposed component network 

E. Estimation of Location of Fault 

With the calculated fault point voltage and fault current, 
the fault resistance can be expressed as Vf/lf. The developed 
algorithm uses the simple observation that the fault resistance 
is almost purely resistive. That is, the angle of the fault point 
voltage and angle of the fault current will be nearly equal at 
the fault location. Hence, the location at which the angles of 
fault point voltage and fault current becomes equal is selected 
as the location of the fault. The algorithm has been depicted as 
a flow chart in Fig. 4. 

In case of multi-section distribution lines, candidate 
locations are found by executing the algorithm for each of the 
sections and the actual fault location is selected from them 
using a threshhold condition on the magnitude of fault 
resistance and boundary condition on the value of d obtained. 
The one among the candidate locations which satisfy the 
following two conditions, (i) O<d<l and (ii) RF<€ , is selected 
as the exact fault location and is output as the result. 
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Fig. 4. Flow chart depicting steps involved in the algorithm. 

IV. TESTING THE PROPOSED TECHNIQUE 

The proposed technique for estimating locations of shunt 
faults on distribution system with integrated DER was tested 
extensively to evaluate its suitability. Data for the tests were 
generated by simulations performed using the 
PSCAD/EMTDC software and the analysis of the data and the 
implementation of the algorithm was conducted in MATLAB. 

Frequency dependent phase model of the test system was 
developed in the PSCAD, which provides an accurate 
representation of the distributed nature of all line parameters, 
as well as their frequency dependence. The required voltage 
and current measurements at the sending end terminal were 
obtained using the PSCAD/EMTDC simulations. The data 
obtained through the simulations were then input to the 
Discrete Fourier Transform (DFT) module. This module 
estimates the fundamental frequency components of voltages 
and currents of the measured voltage and current 
measurements, which is then used to implement the algorithm 
in MA TLAB and obtain the fault location. 

V. RESULTS AND DISCUSSIONS 

This section presents the evaluation studies to verify the 
proposed fault location algorithm. The algorithm was tested for 
a 4 bus distribution test system with three sections of lengths, 
5, 2 and 3 kilometers respectively, tapped loads and a DG 
source connected at Bus 4, as shown in Fig. 5. For a line
ground fault in between bus 1-2, at 3 kilometers with a fault 

resistance of 10 ohms, the algorithm result was 3.025 
kilometers. 

Bus I Es Bus 2 Bus 3 Bus 4 

~l v7 I- I - v1 ~ll V3 + 
ZSDG 

Zioad l = Zload2= 
1000+ 157i 1500+ 175i 

~ ~ '" Es DG 

Fig. 5. Single line diagram of the test system 

The error is calculated using the equation given below, 
expressed as a percentage of the total length ofline. 

(Actual location - Estimated location) 100 
Absoluteerror = X 

Total length of the line 
The error in this case is only 0.25 %. The plot of the angles of 
fault point voltage and fault current calculated across the length 
of the line is shown in Fig. 6 below. It can be observed from the 
plot below that, as explained before, both the plots intersect at 
the fault point. 
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Fig. 6. Plot of angles ofVf and If versus distance for line-ground fault on 

phase A at a distance of3 km and Rf=lO Ohm 

Sensitivity studies were performed to determine the effect 
of fault type, fault resistance, fault inception angle, source to 
line impedance ratio (SIR), load angle and DG penetration 
level on the accuracy of the proposed technique. 
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Fig. 7. Plot of absolute error versus fault locations for various types offault 



The plot of absolute error versus fault locations for various 
values offault types has been shown in Fig. 7. 

The algorithm was tested for various types of fault 
including line-to-ground, line-to-line, line-to-line-to-ground 
and three phase faults. The absolute errors in all cases were 
found to be less than 0.8% of the total line length. 
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Fig. 8. Plot of absolute error versus fault locations for various values offault 
resistance 

The algorithm was tested for various values of fault 
resistances, 0.01, 1, 10 and 50 ohms and the results were found 
to be highly accurate. The error varied with fault resistance Rf 

but the maximum absolute error observed was less than 0.8%. 
The plot of absolute error versus fault locations for various 
values of fault resistance has been shown in Fig. 8. 
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Fig. 9. Plot of absolute error versus fault locations for various values of fault 

inception angle 

Similarly the algorithm was tested for accuracy in cases of 
different fault inception angles, 0, 30 and 60 degrees. This 
parameter was also found to have very less influence on the 
accuracy of the fault location algorithm, since the maximum 
absolute error was found to be less than 0.6 % for all cases. 
The plot of absolute error versus fault locations for various 
values offault inception angles has been shown in Fig. 9. 

The influence of source to line impedance ratios (SIR) on 
the efficiency of the algorithm has also been tested. Various 
values of source to line impedance ratios were set, namely, 
0.1,1,10 and 50, and for all the cases the absolute error in fault 
location was found to be less than 0.7% of the total length of 
the line. Fig.10 shows the plot of absolute error versus fault 

locations for various values of source to line impedance ratios 
(SIR). 
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Fig. 10. Plot of absolute error versus fault locations for various values of source 
to line impedance ratio 

Similarly, Fig.ll shows the influence of load angle on the 
accuracy of the fault location algorithm was tested by setting 
the load angle to 0,-30 and -50 degrees, for different fault 
locations. The error was found to be highest at -50 degrees load 
angle, but the maximum still being less than 0.6% of the total 
line length. 

The algorithm was also tested for the influence of various 
DG penetration levels on the accuracy of the results. 
Penetration levels of 2%, 5% and 10% were tested and the 
absolute error was found to be less than 1 % of the total line 
length for all cases as shown in Fig. 12. 
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VI. CONCLUSIONS 

An improved and accurate algorithm for fault location in 
energy distribution systems with integrated Distributed Energy 
Resources (DER) has been developed. The simulation tests and 
studies have demonstrated the accuracy of the algorithm under 
various system and fault conditions. The algorithm was found 
to be very robust against type of fault, fault resistance, fault 
inception angle, source to line impedance ratios (SIR), load 
angle and Distribution Generation (DG) penetration level. The 
maximum absolute error is less than 1 % of the total line length 
in all above cases. One major advantage of the algorithm is that 
it uses only the one terminal measurement for the fault location 
and does not require the measurements at the DG node also. 
The most critical challenge posed by the unknown infeed 
currents from the DG nodes into the fault points has been 
tackled. 
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