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ABSTRACT 
Distance relays perform a major role in the protection of 

transmission lines. Distance relays are operated with different 

zones in order to demonstrate that they can provide better 

protection. This paper explains the modelling of distance relay 

using Matlab/Simulink package. The paper discusses in detail 

the response of multiple distance relays at single line to 

ground (SLG) fault. The  setting of  distance relays on IEEE 3 

Bus is presented for a quadrilateral characteristic of distance 

relay, considering sensitivity and selectivity criteria for 

protection zones.  
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1. INTRODUCTION 

Power transmission lines are vital to power systems as they 

constitute the power systems' backbone. Due to their 

spreading over long distances and their exposure to outdoor  

environment, the fault rate of the power transmission lines is 

much higher than that of the other parts of the power system 

[1]. Distance relays have been successfully used for many 

years as the most common type of protection of transmission 

lines. The development of electromechanical and solid state 

relays can be considered as an important factor in the wide 

spread acceptance of this type of protection at different 

voltage levels all over the world[2]. In the transmission line 

protection, the use of distance relays has found to be the most 

feasible and effective as compared to the other type of 

protection such as over current relay[3]. Distance protection, 

in its basic form, is a non-unit system of protection offering 

considerable economic and technical advantages, it is simple 

to apply and it can be fast in operation for faults located along 

most of a protected circuit. It can also provide both primary 

and remote back-up functions in a single scheme[4].  A 

distance relay operates by measuring the electrical circuit 

distance between the relay location and the point of fault 

(apparent impedance) to determine if a fault is in its protection 

zone. It is apparent that the protection zones need to be set 

accurately to avoid overreaching or under reaching, and 

ensure the reliability and selectivity. Normally the protection 

zones can be set without considering the source impedance 

[5]. There are some parameters in transmission line like line 

resistance, source impedance, types of faults, fault location 

etc. which affects the impedance measured by distance relay. 

This leads to under reach or over reach of distance relay[3]. 

2. DISTANCE PROTECTION SCHEME 
Distance Relay has widely used a protective relay in a long 

transmission line nowadays. The Distance Relay achieves 

selectivity on the basis of impedance. As the impedance is 

proportional to the distance between the fault point and relay 

so the relay is directly indicated a distance of fault location. 

Distance relay is always set for instantaneous operation in the 

first zone, delayed operation in the second zone and provide 

back protection in the third zone [6].Fig. 1 shows the basic 

distance protection scheme of a transmission line. The 

impedance measurement inputs are the values of   current and 

voltage phasors taken from the current transformer (CT) and 

voltage transformer (VT) respectively. The relays compare the 

setting impedance with the measured impedance to determine 

if the fault is inside or outside the protected zone. They 

immediately release a trip signal when the impedance value is 

inside the protective zone of distance relay [7]. 

 

Fig 1: Basic distance protection scheme. 

3.  ZONES OF DISTANCE 

PROTECTION 
The principle of operation of the distance relay is based on 

measuring the impedance, at the fundamental frequency, 

between the relay location and the fault point. This gives the 

ability to determine if the fault is inside or outside the 

protected zone. Voltage and current values, measured by the 

distance relay, are used to calculate the value of the 

impedance seen by the relay. These voltage and current values 

contain the fundamental frequency signals and the higher-

order harmonics that degrade the quality of the current and 

voltage waveforms sensed by the impedance relay. The feeder 

length protected by the distance relay is normally divided into 

three zones, covering 85, 150 and 225% of the feeder 

protected length, respectively. For faults within the first zone 
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of the feeder (within 85% of the feeder protected length), the 

protection circuit breakers are ordered to open instantaneously 

and without any delay. For faults outside this zone (faults at 

distances greater than 85% of the feeder protected length) and 

for faults within the adjoining circuits, the protection circuit 

breakers are ordered to open after some delays[1]. 

Zone 1 of distance relays is used to provide primary high 

speed protection, to a significant portion of the transmission 

line. Zone 2 is used to cover the rest of the protected line and 

provide some backup for the remote end bus. Zone 3 is the 

backup protection for all the lines connected to the remote end 

bus. The implementation of distance relays requires 

understanding of its operating principles, as well as the factors 

that affect the performance of the device under different 

abnormal conditions [2]. 

Typical reach and time settings for a 3-Zone distance 

protection are shown below[5]: 

 
  Fig 2: Typical reach and time settings for a 3- zone distance protection.  

From fig shown above: 

Zone 1: this is set to protect between 85% of the line length 

AB and operates without any time delay[7]. This “under-

reach” setting has been purposely chosen to avoid “over-

reaching” into the next line section to ensure selectivity since 

errors and transients can be present in the voltage and current 

transformers. Also manufacturing tolerances limit the 

measurement accuracy of the relays[8,9]. 

Electromechanical/static relays usually have a reach setting of 

up to 80% of the protected line impedance for instantaneous 

Zone 1 protection. For digital/numerical distance relays, 

settings of up to 85% may be safe. The resulting 15-20% 

safety margin ensures that there is no risk of the Zone 1 

protection over-reaching the protected line due to errors in the 

current and voltage transformers, inaccuracies in line 

impedance data provided for setting purposes and errors of 

relay setting and measurement. Otherwise, there would be a 

loss of discrimination with fast operating protection on the 

following line section. Zone 2 of the distance protection must 

cover the remaining 15-20% of the line[5]. 

Zone 2: this is set to protect 100% of the line length AB, plus 

at least 20% of the shortest adjacent line BC and operates with 

time delay t2. (0.2-0.5s) It not only covers the remaining %20-

50% of the line, but also provides backup for the next line 

section.  

Zone 3: this is set to protect 100% of the two lines AB, BC, 

plus about 25% of the third line CD and operates with time 

delay t3. (0.5-1.5s) [8,9]. 

Careful selection of the reach settings and tripping times for 

the various zones of measurement enables correct 

coordination between distance relays on a power system [5]. 
The shape of the operation zones has developed throughout 

the years. An overview of relay characteristics can be seen in 

the Fig.3.Modern distance relays offer quadrilateral 

characteristic, whose resistive and reactive reach can be set 

independently which is shown in Fig 3.[10]

 

 

Fig 3: Zones of Protection of Quadrilateral Distance Relay. 
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4. MODELING IEEE 3 BUS SYSTEM & DISTANCE RELAY & RESULTS 
The tested system was represented using the matlab as shown in Figure 4: 

 
Fig 4: IEEE 3 Bus System. 

Three quadrilateral distance relays sensitive forward faults direction are designed for lines 1-2, 1-3 and 2-3, as shown in fig 5.  

 
Fig 5: Three Quadrilateral Distance Relay Blocks for IEEE 3 bus. 

 Each relay as shown in figure (6), composite from: 

1-  measurement circuit to determine the measured 

impedance and then, measured resistance and measured 

reactance,  

2- comparator circuit to compare measured (resistance and 

reactance) with setting (resistance and reactance)and 

3-  decision circuit to determine the trip zone and give the 

disconnecting order to C.B. at state of fault. 

 
Fig 6: Stages of Quadrilateral Distance Relay. 

Table1 and table 2 show the setting for all designed distance 

relays in IEEE 3 Bus System. 

Table.1: Setting resistances for all distance relays. 

Distance relay Rset for zone 1 Rset for zone 2 Rset for zone 3 Time delay 

Line 1-2 Rset  0.016 0.016 Rset  0.026125 0.026125 Rset 

 0.0425 

instantaneous 

Line 1-3 Rset  0.08 0.08 Rset  0.016125 0.016125 Rset 

 0.0325 

0.2 sec 

Line 2-3 Rset  0.01 0.01 Rset  0.02 0.02 Rset  0.0325 0.5 sec 
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Table.2: Setting reactances for all distance relays. 

Distance relay Xset for zone 1 Xset for zone 2 Rset for zone 3 Time delay 

Line 1-2 Xset  0.032 0.032 Xset  0.0525 0.0525 Xset  0.08 Instantaneous 

Line 1-3 Xset  0.024 0.024 Xset  0.0425 0.0425 Xset  0.075 0.2 sec 

Line 2-3 Xset  0.02 0.02 Xset  0.04 0.04 Xset  0.075 0.5 sec 

 

It is assumed that a single line to ground is happen at the 

middle of line 2-3 as shown in figure (7),  distance relay  for 

line 2-3 sensitive the fault at zone1 while each of distance 

relay for line 1-3 and line 2-3 respectively sensitive the fault 

at zone 3, as shown in figure (8). 

 

 

Fig 7: single line to ground fault at the middle of line 2-3. 

 
Fig 8: trip signals for distance relays for IEEE 3 Bus system. 

From fig (8) it is  clear that the trip signal in the middle is 

instantaneous which related to the relay for line 2-3 because 

the fault is at zone 1,while the rest signals are delayed by 0.5 

seconds which related to the relays for the rest lines because 

the fault at zone 3 for each distance relay at the rest lines. 

5. CONCLUSIONS 
The setting and checking the performance of multiple distance 

relays for single line to ground fault are discussed in this 

paper. The distance relays are able to detect the fault in the 

different system conditions. The results shows a very good 

performance in the different fault condition, the setting of 

distance relays is successfully  from side of selectivity, 

sensitivity, reliability and quick response. A Matlab based 

distance relay was successfully developed and presented.  For 

future enhancement, the model can be extended for other 

types of distance relay characteristic and fault type.
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