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Abstract: Accurate fault location in an electric power distribution system (EPDS) is im-
portant in maintaining system reliability. Diverse methods have been proposed in the 
past. These methods whither require measurements at each load point or use single-step 
loads compensation, which is hardly available in practical uses. In this paper, a simple 
technique to bypass the load problems is proposed. The method requires calculating an 
optimal load distribution using the total load seen from the substation (The rated power 
of distribution transformers) and the network topology. The optimal load distribution is 
used as a fictive distribution to replace the real unknown one in fault location (FL) algo-
rithms. The effectiveness of the proposed technique is demonstrated using a mathema-
tical formulation first, and next, by several simulations with a classic iterative fault loca-
tion algorithm. The test results are obtained from the numerical simulation using the data 
of a distribution line recognized in the literature. 
Key words: electric power distribution systems, fault location, fictive load distribution, 
load variation 

 
 
 

1. Introduction 
 
 Power distribution systems play important roles in modern society. When distribution sy-
stem outages occur, speedy and precise fault location is crucial in accelerating system resto-
ration, reducing outage time and significantly improving system reliability. This allows con-
sequently improving the quality of services and customer satisfaction. Nevertheless, Owing to 
the expansion of distribution networks, their radial topology, and the existence of short and 
heterogeneous lines and intermediate loads, it is very difficult and complicated to locate the 
fault in these networks.  
 In the past, various fault location algorithms have been developed. Novosel et al. (1998) 
make use of apparent impedance, defined as the ratio of selected voltage to current based on 
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fault type and faulted phases, to locate faults in [1]. In [2], Das (1998) locates the faulted 
section and next the distance to the fault in this section is calculated. Yang and Springs (1998) 
propose a fault location method which corrects the fault resistance effects in [3]. The method 
proposed by Das et al. (2000) in [4] used the fundamental frequency voltages and currents 
measured at a line terminal before and during the fault. In [5] the method proposed by Saha 
and Rosolowski (2002) estimates the fault location by comparing the measured impedance 
with the calculate feeder impedance assuming faults each section line. Choi et al. (2004) 
locating faults by solving a quadratic equation resulting from the direct circuit analysis in [6]. 
Senger et al. (2005) in [7] proposed a method that was based on measurement provided by 
intelligent electronics Devices (IEDs). In [8] Kim et al. (2007) estimated fault location on 
distribution feeders using Power Quality monitoring data. An extended fault location method 
for generalized distribution systems is presented in [9] by Salim et al. (2009). A way to opti-
mally place faulted circuit indicators along the feeder is developed in [10] by Almeida et al. 
(2011). Methods to reduce and eliminate the uncertainty about the fault location are discussed 
by authors of [11, 12] (2012). In [13], Sadeh et al. (2013) suggested a new algorithm for radial 
distribution systems using modal analysis. Wanjing et al. presented a novel method based on 
two types of fault location approaches using line to neutral or line to line measurement at 
substation in [14] (2014). In [15], Zahri et al. (2014) proposed a new hybrid method based on 
ANN and Apparent impedance calculation to determinate the faulty section of line. A reduced 
algorithm for fault location in EPDS is suggested by Zahri et al, in [16] (2015), utilizing 
voltages and currents measurement only at the sub-station as input data to calculate the fault 
current, and therefore, avoid the iterative aspect of the classic algorithm for single line to 
ground fault location and reduce its computational charge. 
 However, fault location approaches for transmission lines are generally not applicable to 
distribution systems, because of their inherent characteristic, such as unbalance and lack of 
measuring meters in each load point. 
 According to literature review, it’s shown that existing fault location methods require iter-
ative short circuit analysis or iteratively calculating voltages and currents at different seg-
ments. Nevertheless, individually these methods do not fully consider the characteristics of 
distribution systems (unbalanced operation, presence of intermediate loads, laterals, and time-
varying load profile), which significantly affect their performance. Except for [6] and [9], the 
previously cited methods do not account for the time-varying load profile. This intrinsic cha-
racteristic of EPDS has a detrimental effect on the fault locators’ accuracy, since the load data 
during the fault period is a required input for any impedance-based method. The approach 
described in [6, 9] uses a single-step compensation of loads, which requires measurements at 
each load point. However, these measurements are hardly available in practical EPDS.  
 Considering the limitations mentioned previously. In this paper, a mathematical develop-
ment is presented to determinate the optimal load distribution. It is considered as an imaginary 
distribution, calculated using the total load seen from the substation and the network topology. 
To show the technique performances, a comparison is performed between different load distri-
butions using a fault location algorithm recognized in literature.  
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 The remainder of this paper is organized as follows: the optimal load distribution formu-
lation and the iterative fault location algorithm are presented in Sections 2 and 3 respectively, 
the test results are shown in Section 4, whereas the conclusion of this work is presented in 
Section 5. 
 
 

2. Optimal load distribution formulation 
 
 The load demand in EPDS depends on the consumer type (residential, industrial or com-
mercial) and may vary with many factors. Also, impedance-based fault-location methodlogies 
are dependent on the system loading during the fault. If the system has a different load profile 
during the algorithm execution, this will lead to errors [9]. The minimum errors correspond to 
the optimal load profile (distribution). 
 In order to determinate the optimal load distribution, the following mathematical develop-
ment is done using a simplified modeling of a distribution network illustrated in Figs. 1 and 2. 
The fault location is calculated using the sending-end voltages and currents, line parameters 
and load current. Consequently, the errors on the fault location are computed as a function of 
load distribution variation. 
 
2.1. Pre-fault mathematical development 
 
 
 
 
 
 
 
 
 

Fig. 1. Pre-fault simplified distribution network modeling 
 
where: ISa is the phase a pre-fault sending-end current; VSa is the phase a pre-fault sending-end 
voltage; Ie  is the first pre-fault load current; Za is the line impedance; VLa is the phase a pre-
fault voltage at the end of the line section.  
 Considering the system illustrated in Fig. 1, the following equations can be obtained: 

  LaLaaSa VIlZV +⋅⋅= , (1) 

  LaaLaSa IlZVV ⋅⋅=− , (2) 

  ( )eSaaLaSa IIlZVV −⋅⋅=− . (3) 

 Since all the loads after the section illustrated in Fig. 1 are represented as one equivalent 
load Ze, and the total current dispatched to it is ILa, Ze is then computed by Equation (4): 

Ie 

VLa 

ILa 

ISa 

VSa 

Load
Load
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2.2. Mathematical development during the fault  
 
 
 
 
 
 
 
 

 

Fig. 2. During-fault simplified distribution network modeling 
 

where: ISfa is the phase a sending-end current during the fault; VSfa is the phase a sending-end 
voltage during the fault; Ief is the first load current during the fault; Za is the line impedance; 
VLfa is the phase a voltage at the end of the line during the fault; IFa is the phase a fault current. 
 Referring to Fig. 2, the following equations can be obtained: 
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 Furthermore, the load voltage during fault can be obtained by (8): 

  ( )FaefSfaeLfa IIIZV −−⋅= ,  
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 Using Equations (7) and (8), the fault distance can be estimated by (9): 
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 From (9) it is possible to obtain the fault distance from the parameters of the system: the 
fault current, the sending-end pre-fault voltage and the sending-end during-fault voltage. How-
ever, the important parameter is the load current since its variation allows to determinate the 
optimal errors, and therefore, estimates the optimal load distribution.  
 
 

3. Iterative fault location algorithm 
 
 After determination of the optimal load distribution using the mathematical development, 
it’s necessary to test the reliability of the technique by simulations. To reach that, the iterative 
fault location algorithm presented next is used [15, 17]: 
 

 
Fig. 3. Single-phase-to-ground fault modeling 

 
 Referring to the single line-to-ground fault illustrated in Fig. 3, the sending-end voltage 
during the disturbance is given by (10):  

  ( )SfcacSfbabSfaaaFaSfa IZIZIZxVV ⋅+⋅+⋅⋅+= . (10) 

 Supposing the fault impedance strictly resistive and constant, (10) may be expanded into 
its real and imaginary parts: 
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 From (11), the fault distance may be calculated as a function of the sending-end voltages 
and currents, as well as the line parameters: 
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where the subscript indices r and i represent, respectively, the variables real and imaginary 
parts, the variables are as follows: VSfa is the phase a sending-end voltages (in volts); x is the 
fault point to local bus distance (in kilometers); IFa is the fault current (in amperes). 
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 Also, M1m and M2m are defined in (13) and (14) 

  ∑ ⋅−⋅=
k

SkimkiSkrmkrm IZIZM )(1 , (13) 

  ∑ ⋅−⋅=
k

SkrmkiSkimkrm IZIZM )(2 , (14) 

where k indicates the phases a, b and c; Zmk is the impedance between phase m and k [Ω/km]; 
ISk is the phase k sending-end current (in amperes). 
 The fault distance is then estimated by (15): 

  
FaraFaia

SfaiFarSfarFai

IMIM
VIVI

x
⋅−⋅
⋅−⋅

=
21

. (15) 

 
 

4. Tests and results 
 
4.1. Optimal load distribution formulation test 
 First, the optimal load distribution formulation test is done for determining the optimal 
load distribution. The test’s system is constituted by two sections of a 20 kV distribution line. 
Their lengths are 2 km and 1 km, respectively. The currents of the first load Ief and the second 
load (Iaf – Ief) are varied, since they are complementary. Based on this variation the errors on 
the fault distance are calculated and the minimum errors correspond to an optimal load pair 
(load 1, load 2). 
 On the Fig. 4, the errors on fault distance varies according to the current of the first load Ief 

between “Iaf /100” and “Iaf” (with Iaf is the total current during the fault), since Iaf = 239.1857, 
Ief varies between [2.3919-239, 1857]. 
 To determinate the optimal load distribution, or in other words the value of Ief which gives 
the minimum errors, the module of the errors in Fig. 4 is computed, the results are illustrated 
in Fig. 5. 

 

 
Fig. 4. Errors on the fault distance according  

to the current of the first load 

 

 
Fig. 5. Module of errors on the fault distance 

according to the current of the first load 
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 On the Fig. 5, it can easily be seen that the error is null for the value “Ief = 119.6” which 
represents 50% of the current Ief, since Ief /2 = 239.1857 / 2 = 119.59285. 
 Therefore, from the figures below, we can conclude that: 
 – The Load distribution variation influences the accuracy of the fault location methods. 
 – The optimal load distribution which gives the minimum errors is around 50% of the total 
load. Thus, the optimal load distribution is the pair (50%, 50%) this pair can be called “the 
balanced loads distribution”. 
 
4.2. Application for the iterative fault location algorithm 
 To verify performances of this method, we have conducted several simulations using data 
from a distribution system recognized in literature [18]. 
 The system that we have studied is a part of the underground distribution network. It is  
a line from 20 KV distribution network of total length 22.5 km, composed of 6 sections of dif-
ferent lengths and simulated using distributed parameter line model as shown in Table 1. 
 

Table 1. Studied sections of lines parameters 

Input voltages [KV] Vs = 11.547,  U = 20 

RF [ohms] 10 line impedance [ohms/km] Z1 = 0.56 + j0.831,   Z0 = 0.845 + j 2.742 line section length[km] l1 = 2.4; l2 = 4; l3 =.4; l4 = 4; l5 = 4.1; l6 = 4 

 
 Using Matlab [19] as simulation tool, 26 fault cases are simulated at different FL between 
0-100%, for fault resistance RF = 10 Ω and for different load distributions as explained in 
Table 2: 

– balanced loads distribution, 
– increasing loads distribution, 
– decreasing loads distribution, 
– total load at the first load point, 
– total load at the last load point. 

Table 2. Different load distributions 

Load distribution (KVA) for each bus 1 2 3 4 5 6 

Balanced loads distribution 15 15 15 15 15 15 
Increasing loads distribution 0.1 5 10 20 25 29.9 
Decreasing loads distribution 29.5 25 20 10 5 0.1 
Total load at the first load point 89.5 0.1 0.1 0.1 0.1 0.1 
Total load at last load point 0.1 0.1 0.1 0.1 0.1 89.5 

 
 The fault distance is calculated for each case using the currents and voltages at the input of 
the line. The sending-end currents and voltages are computed considering a real load distribu-
tion. The errors on fault location obtained using the real load distribution are compared with 
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those obtained using the others as imaginary load distributions in order to determinate the 
optimal load distribution. 
 

 
Fig. 6. Example of simulation procedure 

 
 The Fig. 6 above illustrates an example of this comparison, the increasing loads distribu-
tion is the real distribution, and the others are considered fictive. 
 To analyze the load distribution variation effect on the fault location, and to confirm the re-
sults of the optimal load distribution formulation, the cross distributions in Figs. 7(a-d) are 
classified according to their errors. 
 Fig. 7(a) illustrates some obtained test results, for the simulation system presented above, 
with the balanced loads distribution as real distribution during the fault, compared with the 
five other distributions used to compute the fault location as fictive distributions. 
The increasing loads distribution is used as real distribution in Fig. 7(b), from the comparison 
of the real distribution with the other fictive distributions used as input of the fault location 
algorithm. The simulation of the decreasing loads distribution in comparison with the other 
distributions is plotted in Fig. 7(c).  
 To confirm the previous results, a random distribution is simulated in Fig. 7(d). The clas-
sification obtained from these simulations is presented in Table 3. 
 

Table 3. Load distributions classification 

Fictive load  
distribution 

Real load distribution 
Balanced loads 

distribution 
Increasing loads 

distribution 
Decreasing loads 

distribution 
Random 

distribution 
Balanced loads distribution + + + + 
Increasing loads distribution + + – – 
Decreasing loads distribution – – + + 
Total load at the first point – - + – 
Total load at the last point + + – – 
Random distribution – – – + 

 
 From load distribution classification below, it can be concluded that the best results are, 
always, obtained using the real distribution to compute the fault location. Nevertheless, the 

Increasing loads 
distribution 

Increasing loads
distribution

Decreasing loads
distribution

Total load  
at the right end

Total load at the 
left end 

Balanced loads
distribution
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real distribution is not available in practical networks, because it requires knowledge about 
measurements at each load point which is hardly available in practical EPDS.  
 However, it can be seen that the maximum errors for the balanced loads distribution are 
less than 0.04% for all the distributions. Thus, this distribution is the optimal load distribution 
which proves the result of the optimal load distribution formulation. 
 

(a) (b) 

 

(c) (d) 

 

Fig. 7. Errors for each real load distribution compared with the other fictive load distributions. 
 
 

6. Conclusions 
 
 A novel technique to estimate the optimal load distribution in fault location algorithms for 
Electrical Power Distribution Systems has been presented in this paper. Voltage and current 
measurements at substation are utilized to estimate the total load during the fault. The total 
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load is divided fairly on all load points considering network topology. Most of the techniques 
found in the literature are focused on measurement at each load point or based on load com-
pensation which is hardly available in practical EPDS. The difficulties that arise when con-
sidering a load distribution known to locate faults on practical EPDS were highlighted in this 
paper. 
 The performances of this technique are verified by several tests simulating 26 cases of 
single phase to ground faults for different cross load distributions. 
 Simulation results and mathematical formulation show that the balanced loads distribution 
can be considered as a fictive optimal distribution in fault location algorithms thanks to its 
estimation simplicity and its robust effectiveness. 
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