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Impedance-differential relay as a transmission line fault locator 
 

  
Abstract. This paper deals with analysis of impedance-differential protection applied to locating faults on power transmission line. Based on the 
voltage and current measurements at both line ends, the differential impedance is calculated. It enables to formulate efficient protective algorithm. 
Moreover, the presented impedance-differential protection has ability to determine the fault location for an inspection-repair purpose. The fault 
signals from ATP-EMTP simulations of faults on the sample transmission line was applied for evaluating the fault location accuracy and to compare 
with the other fault location methods.  
 
Streszczenie. Artykuł prezentuje analizę impedancyjnego zabezpieczenia różnicowego w zastosowaniu do lokalizacji zwarć w linii przesyłowej. 
Stosując pomiary napięć i prądów na obu końcach linii wyznaczana jest impedancja różnicowa. Pozwala ona na sformułowanie efektywnego 
algorytmu zabezpieczeniowego. Ponadto takie zabezpieczenie pozwala na lokalizowanie zwarć do celów inspekcyjno-remontowych. Sygnały 
zwarciowe z symulacji zwarć w przykładowej linii przesyłowej z użyciem programu ATP-EMTP zastosowano do oceny dokładności lokalizacji i 
porównania z innymi metodami lokalizacji (Impedancyjne zabezpieczenie różnicowe jako lokalizator zwarć w linii przesyłowej).  
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Introduction 
Published fault statistics [1]-[2] unambiguously indicate 

that majority of total number of power system faults occur 
on overhead power lines. Such faults have to be detected 
and then located by protective relays as well as by fault 
locators [2]. In order to prevent spreading out the fault 
effects, the identified fault has to be cleared by a circuit 
breaker tripped by a protective relay as quickly as possible. 
Improvement of protective relays operation is of concern in 
many researches performed all over the world. Application 
of synchronized measurements [3]-[5] appears as one of 
the means for that purpose. In particular, such 
measurements allow to get modern differential protection 
systems of overhead power transmission lines [6]-[8]. 

This paper deals with impedance-differential relay 
providing effective protection of transmission lines [7]. The 
traditional current differential relays [6] apply measurements 
of three-phase currents at the line ends, while the 
impedance-differential relay under consideration [7] utilizes 
the measurements of both currents and voltages from the 
line ends. Thus, more information on the fault is provided in 
the case of impedance-differential relay. As a result, 
effective protection of transmission line is achieved [7]. 
Moreover, a distance to fault can be determined [9]-[12] 
which can be utilized for an inspection-repair purpose, i.e., 
for sending the repair crew to remove the fault and thus 
allowing the line to be switched on into operation. This 
paper is analyzing the fault location feature of the 
impedance-differential relay. In particular, a comprehensive 
evaluation of fault location accuracy with use of the 
simulation data is presented. 
 
Impedance-differential protection – formulation for 
single phase system 

Figure 1 presents a simplified single phase model of the 
transmission line utilized to present the impedance-
differential protection principle [7]. After deriving the 
algorithm for such a case then it will be extended to three-
phase system. 

The line is represented with the lumped impedance (ZL) 

and the line shunt admittances uniformly distributed:  

(1) 
22

LL CjY 
  

where CL is the line shunt capacitance. 

It is assumed that the fault (F) is on the line S-R, at the 
relative distance d [p.u.], counted from the bus S. 
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Fig. 1. Single phase model of faulted transmission line 
 

The following expressions can be written for the circuit 
of Figure 1: 
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The coefficients at the measured voltage Vs, VR in (2) 
are different and depend on the distance to fault d. However 
replacing them by their average value results in: 
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The differential impedance and the compensated 
differential impedance are introduced as follows: 
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 Now the locational differential impedance is defined as: 
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Taking into account (4)-(6) one can obtain that the 
locational differential impedance is the following function of 
the sought distance to fault: 

(7)  12  dZZ LLOC   
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Therefore the fault location can be performed using 
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 At the right-hand side of (8) the real part is taken to 
reject some imaginary part which can appear due to the 
calculation errors. 
 
Impedance-differential protection – formulation for 
three phase system 

For the purpose of paper conciseness only calculations 
of asymmetrical faults are demonstrated here, while the 
symmetrical faults consideration are presents in [7].  

Differential impedance regarding asymmetrical faults 
can be determined using the symmetrical components. For 
calculation, in this paper, single-phase-to-earth fault is 
applied. Figure 2 represents the positive-, negative-, and 
zero-sequence network for a single phase-to-earth fault. 
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Fig. 2. Interconnection of equivalent networks for positive-, 
negative- and zero-sequence components under L1-E fault 
 

From Figure 2 following relationships can be observed: 
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 Considering that the fault occurs in phase L1, and after 
implementation of symmetrical component properties, it can 
be obtained from (9): 
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 In view of zero sequence circuit presented in Figure 2, 
the voltage drop can be formulated as: 
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 After substituting (11) to (10), the following formula is 
obtained: 
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 The formula (12) is analogous to (3) which was obtained 
for a single phase system. Therefore, taking this analogy, 
one can extend usage of the set of equations (4)-(8) to the 
single phase fault (L1–E) in three-phase system by taking: 
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 Analogous substitutions one has to apply for the 
remaining single phase faults (L2–E, L3–E). Moreover, this 
can be applied for phase1-phase2 and phase1-phase2-earth 
faults as well. 
 

Data of simulated system 
For evaluation of the presented protection algorithm, the 

model of the 400 kV double fed transmission line (Tab. 1) 
has been tested. The simulation was performed using the 
ATPDraw [13], while protection algorithm was implemented 
in MATLAB software. The phasors of measured currents 
and voltages were determined by the full-cycle Fourier 
filtering. 

 
Table 1. Parameters of the modeled transmission line 

Parameter R’ [Ω/km] ωL’ [Ω/km] C’ [nF/km]
Zero sequence 0.275 1.0265 8.5 
Positive sequence 0.0276 0.315 13.0 

 
Fault resistance influence 

Length of the investigated line varied, and was equal to 
the following values: 80 km, 200 km and 300 km. However, 
for the sake of briefness, only results for 300 km line are 
shown in this paper. In order to test the proposed protection 
algorithm, short-circuit simulations were conducted inside 
the line as well as beyond it. The inner faults were 
simulated, referring to the S side at distances of d = 0; 0.1; 
0.2; 0.3;…1. The faults applied outside the protected line, 
were located behind the terminals S and R, respectively. 
The studies included symmetrical faults (three-phase-to-
earth faults) and different asymmetrical faults (phase-to-
earth (L1-E), phase-to-phase (L1-L2), and phase-to-phase-
to-earth (L1-L2-E) faults).  

The presented fault location algorithm was compared 
with the two-end synchronized fault location algorithms (14) 
presented in [2] 
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where i – kind of processed signals. 
 

The error of studied impedance-differential algorithm 
was defined as 

(15)   %100||[%]  actualcomputed ddrealerror  

 The presented results in Table 2 and 3 concern phase-
to-earth (L1-E) faults inside the protected line, regarding to 
the fault resistance. The results included phase-to-phase 
faults are presented in Table 4.  

The fault location errors were determined as follows: 
 errorDIFF – use of signals of impedance-differential 

protection 
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 errorDIFF0 – as for errorDIFF but without shunt 
capacitances compensation 

 error1 – use of positive sequence component 
 error2 – use of negative sequence component 
 errorL1-E – use of signals applied in distance protection 

for L1-E fault 
 errorL1-L2 – use of signals applied in distance protection 

for L1-L2 fault. 
 

It is visible that fault location computation concerning 
compensation were more accurate than neglecting it. 
Maximal error obtained by the presented algorithm (with 
compensation) did not exceed 0.8% while without 
compensation this value was insignificantly higher than 1%. 
In contrast, the result calculated in case of positive 
sequance component based location algorithm was even 
greater than 4%. 

Additionally, for phase-to-phase faults, the average error 
computed for considered protection method was equaled to 
0.0904% (with compensation) and it means that from all 
used methods this calculated faults location the most 
accurately. On the contrary, the average error calculated for 
negative sequence based algorithm was the highest in case 
of the faults simulated for fault resistance amount to 2 Ω. 
 
Table 2. Fault location error, L1-E fault, RF=10 Ω 

Actual flt.  
location  

[p.u] 

errorDIFF 

[%] 
errorDIFF0 

[%] 
error1 
[%] 

error2 
[%] 

errorL1-E 
[%] 

0 0.3058 0.5503 2.6274 0.3440 3.6813 
0.1 0.6888 0.3327 3.9984 0.3631 3.2354 
0.2 0.6970 0.7886 3.9971 0.4724 2.5514 
0.3 0.7788 0.8065 3.4830 0.1473 1.9723 
0.4 0.3971 0.3551 1.7804 0.1774 0.9172 
0.5 0.0692 0.0339 0.1115 6*10-7 0.0209 
0.6 0.2704 0.4306 2.0340 0.1772 0.9649 
0.7 0.6907 0.9089 3.8257 0.1400 2.0420 
0.8 0.6597 0.9220 4.4383 0.4542 2.6421 
0.9 0.6926 1.0035 4.4755 0.3562 3.3327 
1 0.3440 0.6975 3.0827 0.3445 3.7902 

Max. 0.7788 1.0035 4.4755 0.4724 3.7902 
Avg. 0.5086 0.6209 3.0776 0.2976 2.2864 

 

Generally, the differential impedance algorithm enabled 
to locate faults with maximal average error equaled to 
0.5086%. Only algorithm based on negative sequence 
components worked more accurate, and the maximal 
average error did not exceed 0.3418%. However, taken into 
consideration all average error results, differential 
impedance protection method was the most precise from all 
of compared algorithms in except of the simulation made for 
L1-E fault with RF=10 Ω. 

 
Table 3. Fault location error, L1-E fault, RF=50 Ω 

Actual flt.  
location  

[p.u] 

errorDIFF 

[%] 
errorDIFF0 

[%] 
error1 
[%] 

error2 
[%] 

errorL1-E 
[%] 

0 0.1688 0.0903 0.0217 0.3438 3.3654 
0.1 0.3222 0.8567 1.4727 0.4163 2.9954 
0.2 0.5448 0.4682 2.0127 0.3950 2.4147 
0.3 0.5622 0.4146 1.7626 0.2997 1.6874 
0.4 0.4220 0.2080 0.9073 0.1542 0.8408 
0.5 0.1841 0.0919 0.3265 2*10-7 0.0671 
0.6 0.2704 0.4137 2.0340 0.1772 0.9649 
0.7 0.2974 0.6830 2.7420 0.2998 1.8894 
0.8 0.3990 0.8327 3.3173 0.3940 2.6963 
0.9 0.3224 0.8002 3.1015 0.4147 3.3756 
1 0.0130 0.5052 1.8487 0.3432 3.8557 

Max. 0.5622 0.8567 3.3173 0.4163 3.8557 
Avg. 0.3188 0.4877 1.7770 0.3238 2.1957 

 

 

Table 4. Fault location error, L1-L2 fault, RF=2 Ω 
Actual flt. 
location  

[p.u] 

errorDIFF 

[%] 
errorDIFF0 

[%] 
error1 
[%] 

error2 
[%] 

errorL1-L2 
[%] 

0 0.0445 0.2543 1.2668 0.3575 0.4424 
0.1 0.1233 0.3210 1.5446 0.4155 0.5419 
0.2 0.1823 0.3062 1.4551 0.4048 0.4978 
0.3 0.1354 0.1776 1.0657 0.3565 0.3304 
0.4 0.1087 0.0754 0.5757 0.1862 0.1808 
0.5 0.0683 0.0339 0.0109 3*10-7 0.0050 
0.6 0.0124 0.1542 0.6049 0.1820 0.1965 
0.7 0.0455 0.2737 1.1011 0.3528 0.3485 
0.8 0.1382 0.4251 1.4999 0.4009 0.5202 
0.9 0.1288 0.4691 1.5997 0.4094 0.5705 
1 0.0073 0.3815 1.3230 0.3528 0.4713 

Max. 0.1823 0.4691 1.5997 0.4155 0.5705 
Avg. 0.0904 0.2611 1.0952 0.3418 0.3732 

 
The sample example is presented in Figure 3 – 7. The 

specifications of it are as follows: phase-to-earth (L1-E) fault 
at the midpoint of 300 km line, RF=10 Ω. The computed 
fault location is depicted in Figure 7 where d(41÷60)ms was 
obtained by averaging within the interval (41÷60) ms after 
the fault inception. 
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Fig. 3. The example - voltage at terminal R 
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Fig. 4. The example - voltage at terminal S 
 

While simulating short-circuits in the middle of the 
protected line, it was observed that independently of the 
applied fault location algorithm, the computed distances 
were characterized by the smallest error. This situation was 
observed for all fault types. 

As presented in Tables 2 - 4, the considered protection 
algorithm allows to detect faults in all conditions, regardless 
of different fault types and fault resistance.  
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Fig. 5. The example – current at terminal R 
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Fig. 6. The example - current at terminal S 
 

0.060.0 0.02 0.04
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

fault time [s]

co
m

pu
te

d 
di

st
an

ce
 [p

.u
.]

d (41÷60) ms = 0.4993 [p.u.]

 
Fig. 7. The example - computed distance 
 
Conclusions 

The aim of this paper is to present the concept of 
impedance-differential protection for long transmission 
lines. The demonstrated protection algorithm enables not 
only for internal fault detection, but can be applied also as a 
fault locator.  
 Based on simulation results it can be concluded that 
presented method can be used for transmission lines with 
different lengths as well as is not influenced by the fault 
resistance changes.  
 Moreover, capacitive charging current which constitutes 
the main drawback of current differential protection is 

eliminated in presented protection method and does not 
influence on the fault location determination. 
 In addition, the accuracy of fault location achieved in 
case of impedance-differential relay allows to improve the 
faults location calculation obtained from the use of two-end 
synchronized fault location algorithms. The precision of 
presented algorithm is on the same level as for method 
using negative sequence components and even has 
superiority over it, in case of phase-to-phase faults (L1-L2 
faults, Tab. 4). 
The obtained results approve the high reliability of the 
impedance-differential protection. 

For the further studies of demonstrated protection 
algorithm as a transmission line fault locator, the impact of 
source strength or shunt reactors application could be 
evaluated.  
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