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Abstract –Aiming at reaching the best quality in terms 

of supplying and services, some utilities are using more and 

more automation and instrumentation devices in its net-

works. Thus, in a new scenario, voltage sags are available 

from some additional measurements along the feeder by 

means of power quality or voltage measurement devices. In 

this work, a fault location algorithm, which uses voltage 

sag measurements, for primary distribution feeders is 

proposed. Preliminary tests performed on large-scale prac-

tical feeders using a generic load modeling show that the 

proposed algorithm is robust and suitable for carrying out 

fault location with improved accuracy.  

Keywords: Fault location, distribution feeders, volt-

age sag 

1 INTRODUCTION 

The competitiveness in the electric power market and 

the increasing exigency for the electric utilities keep the 

supply and the power quality indices within the required 

standards have gotten the attention for the development 

of techniques as well as control and measurement de-

vices in order to enhance the reliability indices of the 

distribution power systems. In this context, the fast and 

efficient fault location on distribution feeders is one way 

for improving such indices. Thus, the fault location issue 

is widely investigated at several research center and 

different fault location techniques have been proposed 

presenting results that show the necessity of new in-

vestments and new studies related to this issue. 

Among the main difficulties, which degrade the accu-

racy and the quality of practical results, presented for 

the majority of proposed techniques for fault location in 

overhead distribution feeders could be cited: the feeder 

topology and the impedance variations due to network 

reconfigurations; the loading levels, which directly af-

fect the pre-fault voltages and currents; line sections 

presenting different conductor sizes; and the exactly 

knowledge of the source impedance.  

Several methodologies and techniques for fault loca-

tion on distribution feeders have been proposed [2], [5] 

– [8], [10], and [12] – [13]. These proposals for fault 

location are basically different due to the employed 

methodology or technique, number of variables, and 

instrumentation required for the fault location process. 

Bigger the amount of information related to the network, 

and pre- and during-fault conditions, more accurate the 

fault location results and consequently bigger the com-

plexity of the technique or methodology for fault loca-

tion.  

The adoption of a fault location technique or meth-

odology to be implemented in an electric utility is re-

lated to the availability of measurement and control 

devices installed on the feeder as well as the utility 

planning for purchasing the required devices and soft-

ware. Thus, among other factors, in the making-decision 

process a suitable cost-benefit relationship should con-

siderer the financial resources to be invested and the 

benefits achieved for both utilities and customers. The 

benefits for the utilities are the reduction of costs for 

fault location and network repairs, and the benefits for 

the customers are maintenance of the supply quality and 

reduction of the outage duration. 

The fault location algorithm herein proposed is based 

on [1], [10] – [12] that are efficient solutions when volt-

age and current measurements are available. In this 

technique the employed quantities are the pre- and dur-

ing-fault voltage and current phasors of fundamental 

frequency measured at the feeder root node, as well as 

the voltage sag magnitudes measured at some feeder 

nodes. 

In order to assess the efficiency of the proposed fault 

location technique, simulation and results are presented 

for an overhead, 13.8 kV, 238-node practical feeder. 

Following, the fault location algorithm is presented in 

section 2. The simulation results and discussions are 

presented in section 3. Finally, conclusions are pre-

sented in section 4. 

2 FAULT LOCATION ALGORITHM 

Most of overhead distribution networks present radial 

topology, several line sections, three-, two- and single-

phase laterals, different load types and low X/R ratio. 

Different of transmission lines, distribution networks are 

non-transposed and unbalanced. Thus, a fault location 

algorithm should be able to deal with these characteris-

tics employing suitable techniques for analyzing these 

networks. The proposed algorithm is based on these 

premises and on the backward/forward load flow algo-

rithm presented in [3] that is suitable and efficient to 

analyze distribution networks. 

The proposed algorithm is based on the different 

magnitude of voltage sag for each feeder node during a 

fault. Thus, the usage of sparse voltage measurements 

along the feeder allows the algorithm to reach the suit-
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able accuracy for indicating the area or even the fault 

location. Figure 1 illustrates the block diagram of the 

fault location algorithm. 

 
Figure 1:  Block diagram of the algorithm. 

The algorithm requires information stored in database 

and pre- and during-fault quantities recorded in order to 

carry out the fault location. Following, the main points 

of the proposed algorithm are detailed.  

2.1 Electric quantities 

Pre- and during-fault phasors of voltages and currents 

as well as magnitudes of voltage sags during the fault 

recorded at some nodes are required by the algorithm to 

carry out fault location. 

2.1.1  Pre-fault phasors of voltage and current 

Fundamental frequency pre-fault phasors of voltage 

and current should be recorded at the root node of the 

faulted feeder. These phasors are used in the calculation 

of the total pre-fault complex power. This power is used 

for estimating the loading of each feeder transformer, as 

will be presented in subsection 2.4.   

2.1.2 During-fault phasors of voltage and current 

Fundamental frequency during-fault phasors of volt-

age and current are also recorded at the root node of the 

faulted feeder. These phasors are used for the algorithm 

in order to carry out fault location, as will be seen in 

subsections 2.5 to 2.8. 

2.1.3 During-fault voltage sag magnitudes   

In addition to the pre- and during-fault phasors, the 

fault location algorithm uses the voltage sag magnitudes 

sparsely measured at some feeder nodes. As described in 

subsection 2.7 later, these quantities are the main infor-

mation for the algorithm to determine the likely area or 

location of the fault.  

2.2 Feeder database 

Feeder database is composed by topological informa-

tion such as line section length, transformer and protec-

tive device locations as well as electric information such 

as line section impedances and nominal power of trans-

formers.   

2.3 Load modeling 

The loads of a distribution system are generally 

specified by its demand power. In this work, a generic 

static load model presented in [9], given by (1), is used 

in the fault location algorithm.  
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where: 

Pn: Nominal active power; 

Qn: Nominal reactive power; 

V: Nodal voltage magnitude; 

Vn: Nominal voltage of the load; 

np: Active power exponent; 

nq: Reactive power exponent.  

Constant power loads are represented using np =  nq 

= 0. Constant current loads are represented using np =  

nq = 1. Constant impedance loads are represented using 

np =  nq = 2. 

For composite system loads, the exponent np usually 

ranges between 0.5 and 1.8; the exponent nq usually 

ranges between 1.5 and 6. In the absence of specific 

information, the most commonly accepted values for np 

is 1.0 (constant current power) and for nq is 2.0 (con-

stant impedance power) [9]. 

2.4 Transformer power rating estimation 

The calculation of the exact loading of transformers 

is not a straightforward accomplishment. Thus, for fault 

location purposes, the errors introduced in the results by 

approximated loading of transformers are generally 

smaller than the errors introduced by the divergence 

between the used load model and the actual load model. 

Then, in order to calculate the transformer power rating 

an iterative approach is proposed. Thus, for the n-th 

iteration, the transformer power rating ( n

iS ) is computed 

as follows: 
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where: 
nom

iS : Apparent nominal power of the i-th trans-

former; 

calcS : Apparent power estimated for the feeder root 

node; 

φss: Angle, in radians, of the power factor measured at 

the feeder root node; 

nt: Total of installed transformer in the feeder; 

λi: Average loading of the i-th transformer obtained 

from the customer bills or using any other empirical or 

deterministic method. 

The apparent power measured at the feeder root node 

cannot be directly used in equation (2) because the 

measured power is composed by the summation of trans-

formers demand and losses. The fault location algorithm 
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should simulate the same operation conditions as much 

steady state as during the fault. Depending on the 

adopted load model the algorithm could not simulate 

such conditions. The procedure used for estimating the 

transformer power rating is depicted in figure 2. 
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Figure 2:  Procedure for estimating the transformer power 

rating. 

The following assumptions should be observed re-

lated to figure 2: 

- The root node voltage is equal to the measured volt-

age at this node; 

- The initial estimate of the transformer power rating 

is computed by means of equation (2) consider-

ing
meas

rncalc SS = ; 

- In the first iteration, the voltage for all nodes is 

equal to the root node voltage;  

 -  The convergence is reached when both inequalities 

{ } { } ε≤− calc

rn

meas

rn II ReRe  and { } { } ε≤− calc

rn

meas

rn II ImIm  are 

satisfied; 

-
calc

rnS is calculated using the pre-fault phasors of 

voltage and current computed by the load flow; 

- The final estimate of the transformer power rating is 

computed by means of equation (2) with
1+= k

rncalc SS ; 

meas

rnS  is computed using the pre-fault phasors of 

voltage and current measured at the feeder root node. 

2.5 During-fault load flow 

In the load flow algorithm presented in [3], the root 

node is the reference node, and the voltage magnitudes 

and phase angles are known. In order to start the load 

flow algorithm the voltage for all nodes is equal to the 

root node. In the fault location algorithm the reference 

node voltage is equal to the measured voltage at the 

feeder root node. The iterative process of the load flow 

algorithm for radial feeders basically consists in the 

following steps:    

i. Compute the injected current at each node; 

ii. Perform a backward sweep for calculating the 

branch currents, i. e., starting from the line section of the 

last layer and moving towards feeder root node; 

 iii. Perform a forward sweep for updating the nodal 

voltages, i. e., starting from the first layer and moving 

towards the last layer.  

Once the above steps have been executed the conver-

gence is checked. 

In [3] the equations for calculating the current injec-

tions and for checking the convergence have been de-

fined only based on loads of constant power. Since the 

fault location algorithm must consider a suitable load 

modeling such equations must be defined again. Based 

on equation (1), the computation of the during-fault 

current injections is defined by equation (3) and the 

convergence checking is defined by equation (4) as 

follows: 
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where: 

P: active power calculated according to subsection 

2.4; 

Q: reactive power calculated according to subsection 

2.4; 

Vn: Nominal voltage; 

Vdf: During-fault voltage; 

Y: Shunt admittance; 

k: phase a, b or c; 

j: Feeder node; 

n: Load flow iteration index. 

2.6 Fault current computation 

Figure 3 illustrates a three-phase-to-ground fault oc-

curring at node m in a distribution feeder with loads 

connected at nodes j and k. Nodal voltages and load 

currents, computed by means of load flow, as well as the 

total during-fault current measured at the feeder root 

node is assumed to be known during the fault location 

algorithm execution.  

 
Figure 3:  Distribution feeder with a three-phase-to-ground 

fault at node m. 

Using the measured currents at the feeder root node, 

the fault type is defined. For each algorithm iteration, 

the fault current is computed using the following equa-

tion: 

∑
=

−=
nt

i

i

measdf

rnf

1

,
III  (5) 

where: 
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measdf

rn

,I : During-fault current measured at the feeder 

root node; 

Ii: Load current of transformer i; 

nt: Total of transformer installed in the feeder.  

An important characteristic of the proposed fault lo-

cation algorithm is that a fault is handled as a load con-

nected in the feeder. In each iteration, the fault current, 

calculated by means of equation (5) is injected, as pro-

posed in [3], in the analyzed node. The usage of current 

injection eliminates any assumption related to the fault 

impedance because it does not configure in the fault 

modeling.    

2.7 Selection of the likely fault location 

The likely fault location is selected taking into ac-

count all analyzed nodes during the fault location proc-

ess. For each analyzed node, the during-fault magnitude 

deviation between measured and calculated voltage sags 

is computed. Considering the phases involved in the 

fault, the during-fault sag magnitude deviations are 

given by:  
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where: 
i

measkV , : Voltage sag magnitude, for phase k, meas-

ured at node i for a fault occurring in the feeder; 
ji

calckV
,

, : Voltage sag magnitude calculated for node i, 

for phase k, considering a fault simulated at node j; 

mp: Number of measurement points along the feeder; 

an: Total of analyzed nodes. 

Equation (6) gives three voltage sag magnitude devia-

tions for a fault involving three phases; two voltage sag 

magnitude deviations for a fault involving two phases; 

and one voltage sag magnitude deviation for a single 

line-to-ground fault. Taking into account that the quan-

tity of magnitude deviations is proportional to the fault 

type, number of analyzed nodes and number of meas-

urement points there is the necessity of converting the 

magnitude deviations into a single index for selecting 

the fault location node. Thus, in order to select the likely 

fault location, the following steps are executed: 

i) Using equation (6), compute all ji

k

,δ ; 

ii) For the same phase k and analyzed node j, select 

the bigger and the smaller ji

k

,δ  among the meas-

urement points i; 

iii) For each phase k and analyzed node j, compute 

the difference between the bigger and the 

smaller ji

k

,δ ; 

iv) Considering the differences for phases a, b and c, 

the fault location index γ, for the analyzed node j, 

is defined as being the bigger difference.  

The likely fault location is the node presenting the 

smaller γ, and the fault area is defined by means of a 

crescent ordering of the γj. The likely faulted node is 
defined as being that one presenting the smallest γ. 

2.8 Convergence criterion 

The analysis of each node is made in an iterative way 

and the convergence is reached when both inequalities 

in equation (7) are satisfied.  
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where: 
measdf

rn

,
I : Current measured at the feeder root node; 

calcdf

rn

,I : Current calculated for the feeder root node; 

ε: Specified tolerance. 

3 SIMULATION RESULTS 

An overhead, three-phase, three wire, 13.8 kV, 238-

node, practical feeder, illustrated in figure 4 is used for 

evaluating the proposed fault location algorithm. Figure 

4 is non-scale and the furthest node is located at 5600.8 

meters from the substation. 

3.1 Modelling of lines and loads 

Distribution lines are considered as being non-

transposed. In-series RL model was used and shunt ca-

pacitances are neglected in the ATP [4] simulations as 

well as in the fault location algorithm. Loads are mod-

eled as constant impedances in the ATP simulations. 

Load model described in subsection 2.3 is employed by 

the fault location algorithm. 

3.2 Fault simulations 

Aiming to analyze the accuracy and robustness of the 

proposed algorithm, faults are simulated in several 

nodes of the feeder taking into account different trans-

former loadings, different fault resistances as well as 

different types of faults. Since the single line-to-ground 

faults occur more frequently, the presented results are 

regarding to this fault type. Data generated by ATP 

simulations are considered as input data to the algo-

rithm. Table 1 contains the parameters for some ATP 

simulations taking into account transformers with nomi-

nal loading. 
Table 1:  ATP simulation parameters 

Node 
Fault 

type 
Fault Resistance (Ω) 

66, 97, 148, 166, 

176, 180 
AN 1.0, 5.0, 10.0, 15.0, 20.0 

3.3 Points of Voltage Sag Measurements along the 

feeder 

The fault location is carried out using five voltage sag 

meters placed along the feeder at nodes 11, 109, 166, 

176 and 225. 

3.4 Impact of the transformer power rating in the accu-

racy of the fault location algorithm. 

As presented in subsection 2.4, the fault location al-

gorithm estimates the transformer power rating using the 

complex power measured at the feeder root node and the 

nominal power of the transformers installed in the 

feeder. Therefore, each transformer will have the same 
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loading percentage in relation to its nominal power. 

However, each customer has different power demand 

reflecting in a stochastic behavior of the transformer 

loading. Then, the several transformers installed in the 

feeder have different loadings at the moment of the fault 

occurrence. 
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Figure 4:  Practical feeder used for assessing the fault 

location algorithm. 

ATP simulations considering a random power rating 

for each transformer are carried out in order to aim to 

assess the impact of the uncertainness of the transformer 

power ratings. Thus, the complex power of each trans-

former used in the ATP simulation is given by: 
φξ jnom

ii

ATP

i eS ⋅⋅=S  (9) 

where: 

ξi: Random variable; 
nom

iS : Nominal apparent power of the i-th trans-

former; 

φ: Angle, in radians, of the power factor adopted for 
the transformer. 

According to (9), for the i-th transformer, the devia-

tion between the nominal apparent power and the load-

ing used in the ATP simulation reduces when the stan-

dard deviation goes towards zero. Figures 5 and 6 show 

the random variable ξ chosen from a normal distribution 

of mean one with σ = 0.3 and σ = 0.7.  
Single line-to-ground faults are simulated at several 

nodes of the feeder considering the fault resistances 

listed in table 1. The transformer power rating used in 

the fault location algorithm is estimated according to 

subsection 2.4 and constant impedance load model is 

used. The following results are related to the choice of σ 

= 0.7, since it produces a bigger deviation between the 

nominal apparent power and the loading transformer 

used in ATP simulations than choosing σ = 0.3.  For 
node 176 the fault location algorithm pinpointed this 

same node as the faulted node. For node 180 the fault 

location algorithm pinpointed this same node as the 

faulted node excepting the simulations using fault 

resistances of 15.0 and 20.0 Ω and σ = 0.7. Figures 7 
and 8 show the fault location index γ, ranked in a cres-

cent ordering and the distance between the actual faulted 

node and the analyzed node by the algorithm. 
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Figure 5:  Random variable ξ with σ = 0.3. 
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Figure 6:  Random variable ξ with σ = 0.7. 
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Figure 7:  Fault location ranking and distance between the 

actual faulted node and the analyzed node for a fault at node 

180 with fault resistance 15.0 Ω.  
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Figure 8:  Fault location ranking and distance between the 

actual faulted node and the analyzed node for a fault at node 

180 with fault resistance 20.0 Ω. 
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In the above figures, the actual faulted node is ranked 

at the second position. The distance between this node 

and the node ranked at the first position is 55.0 meters. 

It could be noted that the nodes ranked from the second 

position to the sixteenth position can delimit a faulted 

zone containing the faulted node. In this zone, the 

furthest node of the actual faulted node is located at 

460.7 meters. The node 180 is located at 4082.6 meters 

from the substation and the node 204 is located at 

4543.3 meters from the substation. 

3.5 Impact of the load model in the accuracy of the 

fault location algorithm. 

Aiming to assess the impact of the uncertainties in the 

load model in the robustness and accuracy of the fault 

location algorithm, six different pairs of the load expo-

nents np and nq, equations (3) and (4), are used. The 

used pairs of load exponents are listed in table 2.    
Table 2:  Pairs of exponents used for assess the impact of the 

uncertainties of the load model in the algorithm accuracy 

np 1.0 1.2 1.3 1.5 1.7 1.8 

nq 1.8 3.0 4.5 4.0 5.5 6.0 

 

All nodes presented in figure 4 are analyzed by the 

algorithm during the fault location process for faults at 

nodes listed in table 1. In the fault location process, the 

power rating of each transformer is calculated as de-

scribed in subsection 2.4 taking into account the average 

loading equal to the nominal power, i.e., λ = 1.0. The 
algorithm have pinpointed with accuracy the majority of 

the fault locations and minors errors are observed for 

locating faults at nodes 66, 97, 148 and 166. Following 

these errors are presented and discussed. 

Figure 9 shows the fault location index γ, ranked in a 

crescent ordering and the distance between the faulted 

node 66 and the analyzed node by the algorithm using 

np = 1.3 and nq = 4.5. This fault is simulated in ATP 

using fault resistance equal 20.0Ω.  
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Figure 9:  Fault location results for a fault simulated at node 

66 with fault resistance equal 20.0 Ω in the ATP, and np = 1.3 

and nq = 4.5 in the fault location algorithm. 

It can be noted from figure 9 that node 66 is ranked at 

second position. The node 74 is located at 148.2 meters 

far from node 66. This error is quite acceptable since the 

node 74 is the receiving node of the line section that has 

the node 66 as sending node. Additionally, the fault 

location indices of the three first nodes present almost 

the same value delimiting a faulted area containing the 

actual faulted node. 

Figure 10 shows the fault location index ranked in a 

crescent ordering and the distance between the faulted 

node 97 and the analyzed node by the algorithm using 

np = 1.2 and nq = 3.0. This fault is simulated in ATP 

using fault resistance equal 1.0Ω. 
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Figure 10:  Fault location results for a fault simulated at node 

97 with fault resistance equal 1.0 Ω in the ATP, and np = 1.2 

and nq = 3.0 in the fault location algorithm. 

It can be noted from figure 10 that node 97 is ranked 

at forth position. The node 118 is located at 37.4 meters 

far from node 97. This error is perfectly acceptable since 

the fault location indices of the forth first nodes present 

the same value delimiting a faulted area containing the 

actual faulted node. 

Figure 11 shows the fault location indices ranked in a 

crescent ordering and the distance between the faulted 

node 148 and the analyzed node by the algorithm using 

np = 1.8 and nq = 6.0. This fault is simulated in ATP 

using fault resistance equal 20.0Ω. 
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Figure 11:  Fault location results for a fault simulated at node 

148 with fault resistance equal 20.0 Ω in the ATP, and np = 

1.8 and nq = 6.0 in the fault location algorithm. 

It can be noted from figure 11 that node 148 is ranked 

at twenty-first position. The node 139 is located at 158.4 

meters far from node 148. Even the actual faulted node 

being ranked at twenty-one position, this error is accept-

able because the node 139 is the sending node of the 

line section that has the node 148 as receiving node. 

Additionally, the fault location indices of the three first 

nodes of the ranking present the same value delimiting a 

likely faulted area. This area does not contain the actual 

faulted node, but nodes 147 and 149 are connected to 

the node 148 through two line sections. 

Figure 12 shows the fault location indices ranked in a 

crescent ordering and the distance between the faulted 

node 166 and the analyzed node by the algorithm using 

np = 1.7 and nq = 5.5. This fault is simulated in ATP 

using fault resistance equal 10.0Ω. 
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Figure 12:  Fault location results for a fault simulated at node 

166 with fault resistance equal 10.0 Ω in the ATP, and np = 

1.7 and nq = 5.5 in the fault location algorithm. 

It can be noted from figure 12 that node 166 is ranked 

at seventh position. The node 168 is located at 207.8 

meters far from node 166. Again, this error is acceptable 

because the sixth first nodes of the ranking are in the 

same geographical area of the feeder ensuring the indi-

cation of the right direction that the maintenance crews 

must go in order to find the faulted point and execute the 

necessary repairs. 

4 CONCLUSIONS   

A robust and efficient algorithm using sparse meas-

urements of voltage sag magnitudes for fault location in 

distribution feeders is presented and discussed. The 

algorithm can be implemented with few additional in-

vestments by most of electric utilities. The main re-

quirements of the algorithm are devices for measure-

ments of voltage and current at the feeder root node and 

voltage measurements at some feeder nodes along with 

communication channels for transmitting the recorded 

quantities to the computer responsible for processing the 

fault location algorithm.  

The test results show that the algorithm is a useful 

tool for aiding in the fault location process, mainly when 

the faulted points are difficult to be found only by visual 

inspection such as insulator failures or trees touching the 

network. Thus, the proposed algorithm is an excellent 

auxiliary tool for indicating to the maintenance crews 

the right direction of the fault in the feeder. Then, the 

time for search of the faulted point, the reparation time 

as well as the supply restoration time can be minimized 

enhancing the reliability and quality indices related to 

these times. 
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