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 The modern power system is equipped with protection system based on 

advanced technology through the use of digital multifunction relay, control 

system and intelligent selectivity, whose purpose is to ensure maximum 

security and service continuity of protection relay in the presence of various 

fault currents. Distance protection is an important protection required in high 

voltage transmission lines. In this paper, experimental platform tests have 

been performed and proposed for setting and evaluation the performances of 

distance protection named Micom P442 installed in Biskra-Batna of the 

Algerian transmission power system. The performances of the distance 

protection have been evaluated under various short circuits. In this study, 

experimental result based single phase fault to ground is analysed and 

discussed. Experimental results based on the proposed platform tests in terms 

of precision in detecting faults at various locations and trigger times confirm 

the efficiency and particularity of the proposed experimental platform tests. 
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1. INTRODUCTION 

To ensure reliable operation of modern power system in terms of power quality and service 

continuity it is mandatory to install an efficient power system protection. To ensure with efficacy this vital 

task, each power system’s element must be protected and well coordinated. The various protective relays 

located in the network are normally coordinated using several types of selectivity such as time 

discrimination, current discrimination, logic selectivity or the combination between them. In general to 

ensure the basic selectivity, two protections are required, the primary protection must operate within its 

predetermined time, in case of failure of primary protection, the back-up protection must react after a delay 

time named security margin time [1]. Numeric distance protection is considered as a fundamental protection 

for large transmission line. The main advantage of installing distance protection in large transmission lines is 

related to its high ability to detect and eliminate faults at four regions. In practical situation, the coordination 

between zones is an important task to remove the faults by disconnecting the least possible part of the line to 

ensure service continuity. In the recent literature many strategies and simulators have been developed to 

ensure reliable operation of numeric distance protection.  

https://creativecommons.org/licenses/by-sa/4.0/
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In [2], a methodology for evaluating distance relay transient performance based on extensive 

laboratory testing is presented. The performances of the proposed testing platform are validated and applied 

on a 345 kV transmission line of interest to the Houston Lighting and Power Company (HL&P). In [3], a 

novel scheme for transmission line fault detection using zone 3 and the transient components that are 

combined by using the state diagram is proposed. Simulation results prove the efficiency of the proposed 

strategy to relieve the maloperations that are caused by the heavy loading or the voltage instability associated 

with conventional distance relay. In [4], a study is proposed to show the load model effects on distance 

protective relay settings in Taipower’s transmission system. In [5], an improved zone-3 distance protection 

based on adjacent relays data is proposed, the coordination strategy is capable of discriminating between the 

actual faults and power system stressed conditions. In [6], a study is presented to show the effect of 

renewable sources on the performances of distance protection.  

A new algorithm has been developed to improve the detection of faulted phase selection and 

directionality on distance protection under a short circuit current fed by renewable energy sources. In [7], a 

control strategy is proposed to improve the performance of distance protection considering the effect of series 

compensation in heavily loaded transmission lines. In [8], a Mho type distance relay is proposed by using 

fuzzy logic to protect the transmission line and to defeat under and over-reach problems. In [9] a new 

approach for Mho relay algorithm in MATLAB based on fast Fourier transform algorithm (FFT) is proposed. 

The performance of the proposed numerical algorithm is validated on tested on simulated transmission line of 

Merowe-Atbara 500 KV, 50 Hz, and 236.7 KM using data generated by PSCAD/EMTDC. To increase the 

relaibility of transmission power system, authors in [10], proposed an interactive control strategy to improve 

the setting and coordination of distance relays. In [11], nonlinear multivariable optimization techniques have 

been used to improve the performance of distance relays in coordination with directional overcurrent. In [12], 

a simulation program-based MATLAB/Simulink is proposed to detect three zones using relays 

characyeristics, coordination of distance relays and cirduit breakers. In [13], a Mho distance relay simulation 

based on the phase comparison, technique using a typical electrical power systems analysissoftware. 

Actually with the large integration of flexible AC transmission system (FACTS) system and 

renewable sources, the optimal location and coordination between various distance protection and other types 

of protection are a vital task to experts to ensure reliable exploitation of interconnected power systems. In 

[14], a qualitative study on the effects of thyristor controlled series capacitor (TCSC) on the distance 

protection strategies is proposed. In [15], an overview of adaptive overcurrent relay coordination in 

distribution electric networks in the presence of several distributed enrgy resources is proposed. In [16], the 

optimal coordination of directional overcurrent relays is studied and analysed in the presence of renewable 

energy sources, in [17], a method for protection of single-line-ground fault of distribution system with DG 

using distance relay and directional relay, in [18], a real-time modeling and testing of distance protection 

relay based on IEC 61850 protocol modélisation is proposed, and in [19], a distance relay-based phasor 

measurements for protection of transmission lines considering the integration and effect of of UPFC devices 

is studied and analysed. 

The main objective and contribution of this paper compared to many developed techniques treating 

the setting and coordination of distance relays can be summarized as follows:  

− An interactive experimental platform tests is proposed to evaluate the performances of various types of 

distance protection. 

− The proposed experienatl strategy validated on numeric distance protection installed in a practical 

transmission line located at Biskra-Batna in the Algeria transmission power system. 

− An efficient interactive program based Matlab desinged to optimally choose the best setting parameters of 

various types of relays. 

The paper is organized as follows, in the first section, a critical review is established to well locate 

the best technical strategies to enhance the setting and coordination of distance relays and overcurrent relays. 

In the second section, a brief description of distance protection is introduced. In section III, the elements of 

the proposed experimental platform are presented and explained; and in section IV, many experimental tests 

have been suggested and applied to validate the performance of the proposed experimental testing platform in 

term of evaluation the efficiency of distance protection installed in practical transmission lines. 

 

 

2. PRINCIPLE OF DISTANCE PROTECTION 

Distance protection relay is based on estimating the ratio between the voltage ‘V’ and the current ‘I’ 

at the relaying point as shown in Figure 1. This ratio represents the impedance Zf of the faulty line between 

the relay location and the point of fault occurrence. The amount of impedance fault compared to the reference 

impedance (without fault) determines the required action to be taken by relay. In general distance protection 

designed to detect and eliminate faults at four regions. In practical situation, the coordination between zones 
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is an important task to remove the faults by disconnecting the least possible part of the line to ensure service 

continuity. In this work and based on schematic representation of principle of distance protection shown in 

Figure 2, the configuration of the four protection zones are explained and the action to be taken by distance 

relay as primary as well as backup relay is discussed. 

 

 

 
 

Figure 1. Basic elements of distance relay 

 

 

 
(a) 

 
(b) 

 

Figure 2. These figures are; (a) Principle of distance relay, (b) Relay operation time related to four zones 

 

 

Based on the protection strategy adopted by GRTE at Sonelgaz Company, the adjustment of 

distance protection zones are described as follows: 

− Zone 1: the impedance of the first zone is adjusted to 80% of the impedance of the principal line.  
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− Zone 2: the impedance of the second zone is adjusted to 100% of the impedance of principal line + 20% 

of the impedance of adjacent line. 

− Zone 3: the impedance of the third zone is adjusted to 100% of the principal impedance line + 40% of the 

impedance of the adjacent line. 

− Zone 4: the impedance of the fourth zone located at the left of the principal line is adjusted to 40% of the 

impedance. 

 

2.1.  Description of experimental platform tests 

The schematic representation of the proposed experimental platform tests for distance protection 

evaluation is shown in Figure 3. As well shown in Figure 4, the elements of the experimental platform are 

described as follows: 

− An OMICRON injection case type cmc356 

− A distance protection (Micom p442) 

− A variable continuous source (DC) 

− A PC for simulation and communication with distance protection 

− A circuit breaker associated with the distance protection 

 

 

  
  

Figure 3. Schematic representation of the proposed experimental 

platform tests for distance protection evaluation 

Figure 4. Experimental platform for 

distance protection tests implemnted 

in GRTE Company 

 

 

2.2.  Distance protection (Micom P442) 

As well shown in Figure 5, the Micom P442 is a special remote protection relay designed for 

transmission lines protection. The present relay provides the full range of distance protection and has multi 

functions protection required to protect with efficacy long transmission lines. It includes several protective 

functions normally required for the protection of transmission lines: 

− Fast trigger time 

− Suitable for cables and overhead lines with or without compensation 
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− Automatic reclosing in case of presence of fault 

− Digital communication between relays for two or three substations 

− Adjustable automatic recloser (ADT) 

− Single-phase tripping and reclosing 

 

2.3.  Injection module (CMC356) 

This module has been designed to elaborate fast and easy tests; it provides access to all currents and 

voltages generated and also allow reception of signals which indicate several statuses of the protection. So, 

the purpose of this module is to simulate and analysis the various faults affecting power transmission line. 

Figure 6 shows the typical injection module CMC356. 

 

 

 
 

Figure 5. Distance protection (Micom P442) 

 

 
 

Figure 6. Injection case: omicron cmc356: Source 

GRTE company 

 

 

3. EXPERIMENTAL TESTS 

The proposed experimental platform tests validated on a practical transmission line Batna-Biskra. 

The technical data related to the transmission line are recapitulated in Table 1. 

 

 

Table 1. Technical data for transmission line: Biskra-batna 
 X 

(Ω/km) 

R 

(Ω/km) 

distance 

(km) 

Xsec 

(Ω) 

Rsec 

(Ω) 

Zsec 

(Ω) 
Angle in degree 

Biskra-Batna 220kv Zd 0.29 0.06  16.02 3.32 16.36 78.31 
Z0 0.87 0.19 101.3 48.07 9.95 49.20 77.68 

Batna-Ain Melila 

Batna-Ain Melila 

Zd 0.29 0.06  7.96 1.65 8.13  

Z0 0.87 0.19 50.3 23.87 5.21 24.43 

 

 

3.1.  Distance protection configuration 

In this section a brief description about the adjustment of the parameters of distance protection are: 

 

Ku=220000/100=2200 

Ki=1200/1A=1200 

where, Ku, Ki are the ratios of voltage transformer and current transformer, respectively.  

 

KZ=2200/1200 

 

The following basic equations used to calculate the direct and homopolar component of resistance 

and reactance associated to a specified transmission line. 
 

𝑅𝑑−𝐵𝑇 = 𝑅𝑑 − 𝐻𝑇/𝐾𝑍 (1) 
 

𝑋𝑑−𝐵𝑇 = 𝑅𝑑 −𝐻𝑇/𝐾𝑍 (2) 
 

𝑅𝑂−𝐵𝑇 = 𝑅𝑂 − 𝐻𝑇/𝐾𝑍 (3) 
 

𝑋𝑂−𝐵𝑇 = 𝑋𝑂 − 𝐻𝑇/𝐾𝑍 (4) 
 

𝑍𝐵𝑇 = 𝑍𝐻𝑇/𝐾𝑍 (5) 
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where, Rd-BTandXd-BT are the direct component of resistance and reactance calculated in secondary side. Ro-

BTandXo-BTare the homopolar component of resistance and reactance calculated in secondary side. In our test 

system we obtain: 

 

Zd-BT=Zd-HT/KZ=3.23+j16.02 Ω, and Zd-BT=9.95+j48.07 Ω 

The absolute values of impedances related to four zones are calculated as follows:  

 

Zone 1: Z1=0.8. Zd-BT=0.8*16.36=13.09 Ω 

Zone 2: Z2=Zd-BT+0.2Zd-BT=19.64 Ω 

Zone 3: Z3=Zd-BT+0.2.Zd-BT=22.91 Ω 

Zone 4: Z4=0.4.Zd-BT=6.55 Ω 

 

The absolute values of impedance related to the four zones are recapitulated in Table 2.  

 

 

Table 2. Calculated impedances of various protection zones 
 Zone 1 

upstream 

Zone 2 

upstream 

Zone 3 

upstream 

Zone 4 

downstream 

Zd (Ω) 13.09 19.64 22.91 6.55 

RPh (Ω) 28.0 28.0 28.0 28.0 
RG (Ω) 35.0 35.0 35.0 35.0 

KZ 0.67 0.67 0.67 0.67 
Arg (KZ) -0.94 -0.94 -0.94 -0.94 

t(s) 0 0.3 1.5 2.5 

 

 

The efficiency of the proposed experimental platform has been validated using many types of short 

circuit. Figures 7 and 8 show the interface of Omicron Test Universel used to introduce the parameters of 

distance protection and elements of protection associated to transmission line.  

 

 

 
 

Figure 7. Interface related to configuration of network elements 
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Figure 8. Interface related to parameters configuration of distance protection 

 

 

3.2.  Test1: Single fault to ground 

To verify the efficiency of the performances of distance protection, a single fault to ground is 

applied. Table 1, presents the test parameters. After applying the fault, the protection system-based distance 

relay detects the fault with success at operation time equal 0.25 ms. Figure 9 shows, the experimental results 

related to the evolution of voltages during three stages, before fault, during fault and after elimination of fault 

related to zone 1. Figure 10 shows, the variation of fault current for zone1. Figures 11, 12 show the evolution 

of three voltages and fault current related to zone 2. Figures 13, 14, show the evolution of voltages and fault 

current related to zone 3, and finally the evolution of voltages and current for single fault to ground 

associated to zone 4 are shown in Figures 15, 16. Table 2 shows the experimental results of tripping time for 

single fault to ground. It is well confirmed that the four zones are well coordinated. 

 

 

 
 

Figure 9. Evolution of three phase voltages during single fault to ground for zone 1 

 

 

 
 

Figure 10. Evolution of current during single fault to ground for zone 1 
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Figure 11. Evolution of three phase voltages during single fault to ground for zone 2 

 

 

 
 

Figure 12. Evolution of current during single fault to ground for zone 2 

 

 

 
 

Figure 13. Evolution of three phase voltages during single fault to ground for zone 3 

 

 

 
 

Figure 14. Evolution of current during single fault to ground for zone 3 
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Phase A 

 
Phase B 

 
Phase C 

 

Figure 15. Evolution of three phase voltages during single fault to ground for zone 4 

 

 

 
 

Figure 16. Evolution of current during single fault to ground for zone 4 

 

 

3.3.  Results interpretations 

The experimental results of tripping time for single fault to ground for the four zones are 

recapitulated in Table 3. 

− The voltage decreased and the current increased for the faulty phase. 

− The measured tripping time is closer to the theoretical value. 

− For the single-phase fault in zone 1 and 2, the breaker trips and recloses only for the phase affected, but in 

zone 3 and zone 4, the breaker trips definitively for the three phases. 

 

 

Table 3. Experimental results of tripping time for single fault to ground 
 Parameters of zones 
 Zone 1 Zone 2 Zone 3 Zone 4 

Z (Ω) 9.152 (Ω) 18.79 (Ω) 21.17 (Ω) 4 (Ω) 

Angle (°) 78.30 78.30 78.30 -101.70 

Measured time (s) 25.40 ms 310.5 ms 1.509 s 2.516 s 
theoretical time (s) 0.00 s 300 ms 1.500 s 2.500 s 

 

 

4. CONCLUSION 

In this paper experimental platform tests are developed and elaborated to validate the performances 

of distance protection Micom P442 installed in Biskra-Batna transmission line at high voltage station located 
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in Biskra. Various faults currents have been performed to verify the selectivity and efficacy of the 

parameter’s settings associated to distance protection. The faults have been created in different locations to 

verify the setting of time trip of distance protection. Based on various experimental results, it is found that the 

well coordination of the numeric distance protection has an efficient particularity to detect and eliminate with 

accuracy the fault at each specified zone; this allows high service continuity to the electric network. Due to 

the importance of this subject; it will strive to apply an extended version of this experimental platform test to 

analysis the selectivity of distance protection in the presence of series FACTS devices and several types of 

renewable sources. 
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