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Abstrtrd: In this paper, a comparative study crmong various fault location 
techniques used for radial distribution feeler  is presented. In these techniques the 
three-phase . fun~lr~metitcrl curretit and volttrge phasors crt the relryitig poitit are used 
to compute the jirult locatioti. Tliis coniputrrtion is based on simulating riti actual 
rural rlistrihutioti jkeder using the Electrom~igtzetic Transient Program (EMTP). 
The eflect uf intermecliate loads, fault resistance, atzcl tlie fault type and locatioti on 
the rrccuracy offrrrrlt location rletermitzcrtioti is investigated Applicability ofencli of 
the techniques to on-line cipplication is e~amitiecl. The results revealed the most 
crppropriate technique anwng tlie comprrred&uilt 'location  technique.^. 

I .  INTRODUCTION 
Electric power systems are designed to ensure a reliable supply of energy 

with the highest possible continuity. lncident fault and simultaneous operation 
of protective relays may result in service interruption at the consumer 
terminals. Therefore. accurate determination of the fault location is 
recommended for fi~rther fast repairing of the fault to restore the system power. 

Fault location in distribution networks in particular represents a 
sophisticated problem. This is because distribution feeders usually contain 
laterals and sub-laterals as with the aerial lines. Thus, different locations of the 
fault can produce the same fault symptoms seen at the remote end of the feeder. 

Fault location techniques in distribution system depend on the type of 
feeding. Distribution feeders may be either fed from one end or fed from both 
ends For feeders fed from one end, there are several fault location techniques 
have been reported These can be classified mainly to conventional and 
artificial intelligent techniques Four conventional techniques are compared in 
this paper The first method is designated by the apparent impedance method 
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depending on the type of fault, is calculated to determine the distance to the 
fault. The second method is designated by automated fault location and 
diagnosis [2],  in this method the recorded data at the relaying point is used to 
calculated the fault distance and fault locations at various laterals via their 
scenarios. Also, in this method, the inequalities of mutual coupling between 
phases can be taken into consideration. The third method is based on the 
reactive power flow [3], in which a selected phase or phases reactive power, 
depending on the type of fault, is divided by this particular phase or phases 
reactive power per unit length. In the fourth method updating current and 
voltage vectors with static load [I] are used to calculate the fault location with 
elimination of the effect load flow. 

There are other techniques for feeder fed from two ends or for multi-infeed 
feeders such as Global Position Satellite (GPS) [4], synchronized data and 
unsynchronized data method [5], and method depends on Artificial Neural 
Networks ANNs [6]. 

In this paper, a comparative study among four fault location methods applied 
to a specific field medium voltage radial distribution feeder fed from one end is 
given. The comparison is carried out from the view point of accuracy, speed in 
determining the fault location and the ability of on-line application. AIso, the 
effects of load current flow, fault distance from the source, system topology, 
fault resistance on the error of determining the locations for each method are 
investigated. The result will aid the field engineers to evaluate and select the 
most appropriate and accurate method for his own application. The specific 
feeder system used for this study is first simulated using EMTP as given below. 

11. SIMULATED SYSTEM 
Feeder system used in this study is a typical medium voltage distribution 

feeder in Egyptian distribution network. This feeder is shown in Fig.1, in 
which the bus-coupler CB5 and isolator switch S1 are normally open. It is 
closed upon outages of one of main transformers. The locations of the 
distribution transformers along the feeder are as shown. The ratipgs of the 
transibrmers and other relevant parameters are as given in the appendix. In 
simulating this feeder the EMTP source type 14 is used and the PI-circuit 
branch representation is considered. The fault simulation was carried out for 
line-to-line and line-to-ground faults at equispace of 100 meters distant along 
the feeder, with normal operation (i.e. switch S1 and bus-coupler CB5 are 
open). This is carried out also with switch S1 closed and CB5 open which 
represent the worst condition as far as fault location is concerned. In the 
forgoing applications of the four fault location methods, the worst condition is 
considered. 

Fault location is calculated from CB1 point to the fault point for each fault 
location methods compared. Samples of three-phase voltages and currents are 
given by EMTP simulation. The output of EMTP simulation is used as an input 
to a recursive discrete Fourier transform filters (DFTs) 171. The output of these 
DFT represent the voltage and current signals at the relaying point. These 



signals are used by the fault locator to compute the distance of the fault fiom 
the relaying point. 

b The algorithm of computation depends on the technique used as given in 
the subsequent sections. 

Fig. 1 Single line diagram of simulated system 

111. APPARENT IMPEDANCE METHOD 
Apparent impedance seen by this fault locator is defined as the ratio between 

a selected voltage and a selected current phasors at CBl. this impedance 
represents the impedance from the CBl point to the fault point and can be 
calculated as 

where 
Z,, is the apparent impedance from the CB1 point to the fault point 
D, is the computed distance from the relay point to the fault point 
rl and x l  are the positive sequence resistance and reactance per unit length 
Vselect is the selected voltage 
Iselect is the selected current 
Ic,,, is the compensated current 

The appropriate selected voltage and selected current phasors depends on the 
type of fault. For line-to-line faults, the selected voltage is the voltage 
difference of the two faulted phases and the selected current is the current 
difference of the two faulted phases (i.e. for line A-to-line B fault Vselect = V, - 
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in line A and in line B due to fault. Double line to ground and three-phase 
faults are the same as line-to-line faults. However, for ground fault, the selected 
voltage is the voltage of the faulted phase and the selected current will be the 
faulted phase current in addition to a compensating factor (i.e. for line A-to- 
ground fault Vselect=Va, Iselect=Ia+kIo, and IcO,=3Io where kIo is the 
compensating factor. This factor is to compensate for the effect of the fault 
resistance. 

The percentage error of the fault location is computed at different points 
along the feeder, different values of fault resistance and at different loading 
conditions. In Fig.2a the percentage error is plotted against fault point distance 
for line-to-line fault with fault resistance Rf of 0, 10, and 20 Ohms. It can be 
seen that, with solid fault (Rf = 0 Ohm), as the fault point is moved towards the 
end of the feeder the error is increased to about -7%. Also, for Rf = 10 Ohm 
the error is increased at first towards a positive value of 5% then reduces to 
zero at the middle of the feeder. The error is increased again in the negative 
sense towards -8% at the end of the feeder. For Rf = 20 Ohm, a similar pattern 
to the case of Rf = 10 Ohm is obtain, but with higher values of error along the 
feeder. This result shows the significant effect of the position of fault along the 
feeder and the value of fault resistance on the fault locator estimation with this 
method. 
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Fig.2a Fault location error along the feeder for different values of fault resistance for 
line-to-line fault with the first method. 



The effect of load flow is examined with solid fault (Rf = 0 Ohm) for line-to- 
line fault and the results are plotted as shown in Fig.2b. It can be seen that as 
the load flow increases as the fault location error increases. The maximum 
error occurs at the end of the feeder at hlI-load of about -7%. On the other 
hand at no-load the error is almost steady along the feeder to a less than +1% 
regardless of the value of fault resistance. 
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Fig.2b Fault location error along the feeder with different loading condition for line-to-line 
fault with the first method. 

In Fig.3 the effect of same values of fault resistance on the error for line-to- 
ground fault is shown. It can be seen that, as the fault point is increased 
towards the end of the feeder the error proportionally increases to its maximum 
value (in the negative sense) at the end of the feeder. This pattern is obtained 
for all values of fault resistance. However, for the three values of fault 
resistance considered, the maximum error is obtained at the highest value of 
fault resistance (Rf = 20 Ohm) about -13.5%. The effect of loading condition 
on the percentage of fault location error for line-to-ground fault is computed 
and in which the error also increases as the initial load flow increases. The 
maximum error also occurs at the end of the feeder of about -8.5% at full-load. 

IV. AUTOMATED FAULT LOCATION METHOD 
In this method, distance to the fault point can $e calculated using voltage and 

current phasors estimated at CBI considering the effect of self and mutual 
impedances of the feeder, load type, and the fault type. Assuming equal self 
impedance and mutual impedance between phases, static load and line-to-line 
fault, distance to the fault point is computed, for phases a and b, from Eq.(2) 
as: 
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Fig.3 Fault location error along the feeder with different values of fault resistance for line- 
to-ground fault with the first method 

However for line-to-ground fault on phase a, fault distance is calculated from 
Eq.(3) as: 

V, = D(z,Ia + z,Ib + zJ , )  + I f R f  (3) 
where 

D is the distance from CB 1 to the fault point. 
z, is the self impedance. 
z, is the mutual impedance. 
Rf is the fault resistance. 
AI, and AIb are the superimposed current in phase A and phase B 

respectively. 
If is the fault current. 

The fault error was calculated along the feeder for Rf = 0, 10 and 20 Ohms at 
full loading condition for line-to-line and line-to-ground faults. The results are 
plotted as shown in Fig.4a for line-to-line fault and in Fig.4b for line-to-ground 
fault. It can be seen that the error variation along the feeder, for line-to-line 
fault, has almost a similar pattern to the first method. However, the maximum 
positive error is at Rf = 20 Ohms is about +7.0% compared with about +8.5% 
with the first method. The maximum errors at the feeder end has almost the 
same values of positive error as the first method. However, the pattern for line- 
to-ground fault is changed as shown in Fig.4b. in this figure, as Rf increases the 
percentage error increases and swings from positive to negative. It yields 
higher error than in the first method by values of about +4.0% and -2.0% at Rf 
= 20 Ohms. 



The initial load flow effect for line-to-line with solid fault is shown in Fig.5. 
It can be seen that the second method is affected by the initial load flow in a 
similar pattern to the first method. 

values of 

different values of 
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Fig.5 Fault location error along the feeder with different loading condition for line-to-line 
fault. with the second method. 

V. REACTIVE POWER METHOD 
This method is mainly dependent on the selected phase or phases reactive 

power values. Therefore, it is assigned in this paper as reactive power method. 
This method is a straight forward technique for determining fault location. 

Distance to the fault point can be defined as the ratio between the selected 
phase or phases reactive power flow in the distribution system to the selected 
phase or phases reactive power per unit length. These selected quantities are 
depending on the type of fault, for example in case of phase a-to-ground fault 
selected phase reactive power flow is equal to Q, 

The effect of different values of fault resistance at full-load condition is 
shown in Fig.6a and Fig.6b, for line-to-line and line-to-ground faults 
respectively. It can be seen that the effect of varying Rf from 0 to 20 Ohms on 
the error is substantial. 

Also, the effect of different loading conditions with solidly short circuit is 
shown in Fig.7 for line-to-line fault. In this figure, it can be seen that the 
maximum error at full-load at the end of the feeder is about 4 . 1  %. This value 
is quit less than of those of the first and second methods. However, the effect of 
initial load flow for line-to-ground fault has almost the same pattern as that of 
the line-to-line fault. 
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Fault location error along the feeder for line-to-line fault with different 
fault resistance with the third method 
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Fault location error along the feeder for l ine-t~-~tound fault with different 
fault resistance, with the third method 
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Fig.7 Fault location error along the feeder with different loading condition for line-to-line 
fault, with the third method. 

VI. UPDATING VOLTAGE AND CURRENT METHOD 
In this method, distance to the fault is calculated as mentioned in the 

apparent impedance method which uses voltage and current at substation, but 
in this method voltage and current are shifted to the load buses. First, distance 
is calculated using voltage and current measured at substation via apparent 
impedance, if this distance is greater than the length of the first section, voltage 
and current computation will be shifted to the first load bus and distance is 
calculated again, and so on. From shifted voltage and load characteristic, load 
current will be calculated precisely and hence its effect on the calculated 
distance can be eliminated. 

The results of fault location errors, calculated by this method along the 
feeder for line-to-ground fault and with Rf = 0, 10, 200hms are as shown in 
Fig.8. In this figureit can be seen that the error is below +0.34% and remains 
almost constant along the feeder. Also, variation of Rf has no effect on the error 
beyond a distance of 1500 meter. However, the error is increased relative as the 
fault location is decreased below 1500 meter. These results are similar to those 
obtained with no-load cases. Similarly for line-to-line fault, there is no 
significant of the value of Rf on the error along the feeder. 

VII. COMPARISON OF THE RESULTS 
Fault location error against the fault location along the feeder is plotted for 

each of the four methods at Rf = 10 Ohms and at full-load as shown in Fig.9a 
for line-to-line fault and Fig.9b for line-to-ground fault. From these figures, it 
can be seen that in the first, second and third methods fault location error is 
increased as the fault point moves towards the end of the feeder. However, in 
the fourth methods the error is steady along the feeder and less than 1 .O% with 
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Fig8 Fault location error along the feeder for line-to-ground fault with different values 
of fault resistance, with the fourth method 

both line-to-line or line-to-ground fault. This mainly because the effect of load 
current flow is taken care of. In the first and second method a maximum error 
at the end of the feeder of about -8.0% for line-to-line fault and about -1 1 .O% 
for line-to-ground fault. The third method is the most affected by the type of 
the fault as it yields a maximum error of about-1 1 .O% for line-to-line fault and 
about -27.0% for line-to-ground fault. It can also concluded, increasing Rf 
increases the resultant error. This increase in error is emphasized as the initial 
load current flow increases. On the other hand decreasing the initial load flow 
improves the accuracy of fault location determination. The higher accuracy is 
obtained at no-load, where variation of Rf has no effect, with all four methods. 
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Fault location error along the feeder for line-to-line fault for the 
fault resistance Rf = 10 Ohm 

four methods with 
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Fault location error along the feeder for line-to-ground fault for the 
with fault resistance Rf = 10 Ohm 

four methods 

Response of the algorithm of each of the four methods was examined for a 
sudden application of line-to-ground fault at 2000 meter from CBl on the 
feeder. The results are plotted as shown in Fig. 10, in which a steady output is 
obtained after about 15 msec from the instant of fault application. This 
response may not be adequate for on-lone fault location determination 
application, if the fault is detected by instantaneous relays. However, with 
definite or inverse time relays, this response is quite adequate for most 
practical applications. 

Fig. 10 
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VIII. CONCLUSION 
A comparative study among four fault location methods, used in distribution 

systems, has been presented. The results have shown that with the first three 
methods considered, the percentage error of fault location increases as the 
initial load flow increases and as the fault location moves away from the 
relaying point. Also increasing of fault resistance have had substantial effect on 
increasing the error particularly with high values of load current flow. The 
fourth method has provided the smallest error, amongst the four methods, along 
the feeder. Providing the initial load flow at various tapping is known. In the 
first and second methods the line-to-ground fault has yielded an error of about 
2.0% to 4.0% more than the line-to-line fault at rated full-load flow. The third 
method, however is substantially affected by the type of fault, as an error 
difference of about 16.0% is obtained at full-load. In all four methods a steady 
output from the fault locator is obtained in about 15 msec from the instant of 
fault application. This is adequate response for on-line applications. The four 
methods fail to distinguish between the lateral and main feeders fault locations. 
However, this distinction may be obtained if the protective devices placement 
and scenarios of their time-current behavior are known. 
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APPENDIX 
The parameters of the simulated system are given as: 

Source impedance (Z,) is 0.05 p.u. on 200 kVA, l l  kV base. 
The main feeder is underground cable of 



= 0. 
The 

are as 






