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Abstract: This paper describes the development and 

evaluation of an adaptive distance  relaying scheme for the 

protection of parallel transmission line having mutual 

coupling effect. The quadrilateral trip characteristic with 

directionality feature is developed for three zone protection. 

The relay adapts setting for the correct   operation based on 

the availability of the input signals. Zero sequence current, 

if available from the parallel  transmission line, is used to 

fully compensate the mutual coupling effect. When the 

parallel line’s zero sequence current is not available, the 

line operating status is used to select the proper zero 

sequence current compensation factor in impedance 

calculation. If both the signals mentioned above are not 

available, default compensation factor is used. The 

performance of the proposed adaptive relaying is tested 

extensively for the fault transients obtained by simulating a 

realistic power system in PSCAD and sample results are 

presented. 

Key wordsAdaptive relaying, coupled transmission lines, distance 

protection, mutual coupling, quadrilateral trip characteristic, zones 

of protection. 
 
1. Introduction 

 Parallel transmission lines have been extensively 

utilized in modern power system to enhance the 

reliability and security for the transmission of electrical 

energy. The different possible configuration of parallel 

lines combined with the effect of mutual coupling 

make their protection a challenging problem. 

Commonly the transmission line protection systems 

have been designed with distance protection. However, 

Distance protection, suffers from inaccuracy. This 

inaccuracy is caused for a great deal by parallel lines. 

Mutual coupling can cause incorrect tripping of 

distance relays. In particular, overreach can cause 

sympathy trips, which can lead to major power system 

disturbances. They should whenever possible be 

avoided and it is therefore important to make the 

relays as accurate as possible. We find some proposed 

solutions in [1]-[3]. The adaptive scheme proposed in 

[1] where impedance calculation is done using a 

correction factor, based on the information of the 

surrounding system of the protected line under 

different operating status. In [2], an adaptive distance 

protection     scheme proposed which accesses multiple 

locally available signals and automatically adapts its 

operation to the signal availability. In [3] a travelling-

wave based parallel line protection scheme was 

investigated.  

 In this paper, development and Evaluation of three-

zone   quadrilateral adaptive distance relay is 

presented. In order to minimize the required   

communication, local measurements are used to 

estimate the entire power system condition. The 

proposed adaptive distance protection scheme accesses 

multiple locally available signals and automatically 

adapts its operation to the signal availability. The 

scheme uses the best available signals for optimal 

performance at all the moments. The quadrilateral trip 

characteristic with directionality feature is developed 

for three-zone protection. The performance evaluation 

of developed adaptive distance relay is done 

extensively under different faults and power system 

conditions by simulating a realistic parallel line 

transmission system in PSCAD.  

 The comparative analysis is made extensively with 

that of conventional distance relay and the results are 

tabulated and graphs are shown. The test results 

evaluation proves the efficacy of the adaptive distance 

relay over the conventional distance relay. 
 

2. 2.  Distance protection of a double-circuit line with 

mutual coupling 
 When there is a single phase- a -to-ground fault on a 

single line, the measured phase impedance seen by the 

conventional distance relay by using conventional zero 

sequence current compensation method with fault 

impedance zero is given as  
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where,  

0K : The line zero sequence current compensation factor;  

0LZ and 
1LZ  : The zero and positive sequence 

impedance of the line. 

aV and  
aI : The post-fault phase voltage and current at 

the relay location,  

m : The per-unit distance between the relay and the 

fault location  

0I  : The post-fault zero sequence current at the relay 

location. 

 

Generally, the mutual coupling effects between parallel 

lines caused by positive and negative sequence currents 

are very small and are considered to be negligible. 

However, the mutual coupling effects of zero sequence 

currents between parallel lines could be significant [2]. 

 

 

Fig.  1. Parallel Transmission Line 

 

 Fig.1 illustrates the conventional distance as 

applied to protect the parallel lines with mutual 

coupling .The post-fault voltage of phase at the relay 

location for a phase-a-to-ground fault when fault 

impedance is zero is given by 
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Where, 
0MZ  is the total zero sequence mutual coupling 

line impedance and 0 pI is the parallel lines zero 

sequence current .  The measured fault impedance 

of a distance relay using conventional zero sequence 

current compensation will contain errors since 
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This error may cause the relay either to overreach or 

underreach depending upon the relative direction of the 

parallel line’s zero sequence current, 0 pI , verses the 

compensated current, 0 0aI K I+ . If they are in the 

opposite direction, the relay will overreach. If in the 

same direction, the relay will underreach.  

The above overreach or underreach effect of 

conventional distance relays, caused by the mutual 

coupling may be compensated by selecting proper relay 

settings provided the bus configuration, system 

impedance and line operating condition of a parallel 

line do not change during the normal operation. 

Due to various reasons like load dispatch, forced  

Outage, scheduled maintenance etc, operating 

condition of a parallel line could change from one to 

the other during the normal operations. 

 

 

 
Fig. 2.  Parallel-Line typical Operating Modes. (a). Both 

Lines are in Operation. (b). One Line switched off and 

Grounded at Both the Ends.     

 

 Fig. 1 and 2 show such two typical operating 

conditions of a double-circuit line. 
Generally, the line operating condition shown in Fig. 

2(a) will cause conventional distance relay to 
underreach and the line operating condition shown in 
Fig. 2(b) will cause conventional distance relay to 
overreach for remote end faults [2] Also the other line 
operating conditions and/or the bus configurations 
combinations may further complicate the problem.  

Parameters and functions of relays are normally set 
only when the relay is installed. Generally in parallel 
line distance protection the settings are chosen such 
that they can cover the worst-case situation [2,3,4]. 
Even though the Safety margins are used to ensure 
correct operation in as many situations as possible, the 
result of this method is that the relays operate incorrect 
or delayed. Sympathy trips due to unexpected the wide 
range of power system condition thus increasing the 
accuracy and selectivity of the protection system 

 

3. Development of proposed Adaptive Distance 

Relay 

 The adaptive scheme for the proposed relay on each 

protected line accesses the three-phase voltage and 

current signals of the protected line. In addition, the 

zero sequence current and line operating status of the 

paralleled lines at the substation where the distance 

relay is located will be used by the scheme. The 

parallel line’s zero sequence current could be obtained 



 

either through additional cabling, direct 

communication link between relays, or substation local 

networks. The parallel line’s operating status could be 

obtained by accessing the circuit breaker’s auxiliary 

contacts and/or parallel line’s voltage/current level 

detection or substation PLC (programmable logic 

controller). The scheme automatically adapts its 

operation based on the signal availability from the 

parallel lines to achieve an optimal performance by 

using the best available signals. Figure.3 illustrates the 

adaptive scheme [2] implemented in the proposed new 

relay.  

 

  
 

 

Fig . 3. Flowchart for Adaptive Distance Protection Scheme. 

 

 If the parallel line’s zero sequence current is 

available the scheme uses it first to compensate the 

mutual coupling effect in impedance measurement on 

faulted line. For a phase-a -to-ground fault on the 

protected line, the correct fault impedance on the 

faulted line is given by (6) 
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Thus the error in distance measurement caused by the 

mutual coupling effect of 
0 pI  is fully compensated.  

 

 When Parallel line’s zero sequence current 

compensation is applied on both faulted line and 

healthy line in the impedance computation, the relay 

placed in healthy line will also operate with the relay 

placed in faulted line.  

 To avoid such possible false operation, the 

compensation should be adapted to the line fault status. 

In the proposed scheme it is achieved by using a zero 

sequence current ratio criterion, defined as a magnitude 

ratio of paralleled line’s zero sequence current over the 

zero sequence current measured on the protected line 

[2]. 
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By setting a proper threshold selected, so that the relay 

false operation on the healthy line for close-in faults on 

an adjacent parallel line could be effectively prevented. 

when the parallel line’s zero sequence current is not  

available due to local technical problems to the relay 

for various reasons[2] ,the proposed adaptive scheme 

adopts to use parallel line’s operating status signal,  for 

an improved performance. A relay could make proper 

zone setting and/or zero sequence compensation as in 

Figure 2(a).  

In Figure 4, 0 0AB LZ Z= is assumed, the accurate zero 

sequence compensation factor in (1) at m the fault 

location under this condition is, 
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which is a function of the fault location, system, and  

line impedance. Similarly, the zero sequence current 

Compensation factor for one parallel line switched off 

and grounded at both ends could be derived. 
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Fig.4. sequence network for both the lines in operation 

condition in a single line to ground fault. 

 

 

 The zero sequence network [2] for one parallel line 

switched off and grounded at both ends is shown in 

Fig. 5. If 0 0L ABZ Z= is assumed, the accurate zero 

sequence compensation factor in (1) at the fault 

location m  under this condition is  
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which is also a function of the fault location, system, 

and line impedance on factor adjustment to take into 

account the mutual coupling effect corresponding to 

each line operating status ,The  value for  zone 1 

should also be determined at the zone setting boundary 

(80%) using (9) and (10) for more accurate 

compensation of system parameter variations ,plus 

certain margins to avoid overreach operations.  

 In the case that both parallel line’s zero sequence 

current and line operating status signals are not 

accessible, a default zero sequence compensation factor 

( 3K ), based on the worst-case scenario, will be used by 

the new adaptive relay to ensure a reliable operation of 

the relay. This operation mode achieves the same 

performance level. 

 

 

 

 

 

 
 

 

Fig.5. Zero Sequence network Connection for One Line Switched 

Off and Grounded Condition in a single line to ground Fault. 

 
 

Fig. 6.    Relay logic scheme of Directional Element. 

 

4 Development and evaluation of three zone 

Quadrilateral characteristic   with directionality 

feature 

 In the proposed adaptive relay negative sequence 

polarized directional element is  considered as it has its 

own advantages for mutually coupled circuits. Fig. 6 

shows the simplified block diagram of the relay logic 

scheme for negative-sequence voltage polarized 

directional element[5,6]. 
 

The negative sequence impedance is 
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where,  
2θ :Line negative-sequence impedance angle.  

             V2   : negative-sequence voltage,  

              I2   :  negative-sequence current,  

The directional element Enable bit, asserts when all of 

the following conditions are true: 

 
2 2 1I a I> ,  

    Where , 1I  is positive sequence current, 

2
2

1

min I
a

I
= , generally this factor varies      between 

0.07-0.1. 

3I2 is greater than forward and reverse negative-

sequence current threshold (FI&RI).  

This setting is above normal load unbalance and below 



 

the lowest expected negative-sequence current 

magnitude for unbalanced faults. 

Forward threshold impedance,
2FTZ  can be set  

for ½ the positive sequence impedance of the line and 

Reverse threshold impedance,
2RTZ  can be set equal to 

2FTZ  + 1 ohm. Any measured negative sequence 

impedance which is less than the 2FTZ  setting is 

declared as a forward fault and any measured negative 

sequence impedance which is more than 2RTZ  is 

considered a reverse fault. 

The flowchart of Fig. 8 depicts the development of   

three zone quadrilateral trip characteristic with 

directionality feature. Fig  9 shows the relay trip logic 

for zone1. The logic is developed for three zone  

distance protection. Zone1and zone2 covers 80% and 

120% of the line respectively from relay location in 

forward direction. 

 

 
 

Fig   7   Flowchart for   Determining the Directionality of  
three zone quadrilateral relay. 

 

 

Fig   9     Quadrilateral Relay Logic for Zone1 

The Fig 10 shows the developed quadrilateral 

characteristic with  the reactance and resistance reach 

settings  as X=24.7 Ω  R=2.4 Ω . 

 
Fig 8   Quadrilateral trip characteristic by steady state test 
 

 The dynamic tests essentially determine the 
operating time and reach settings of the relay, when 
subjected to various fault conditions. This requires the 



 

simulation of transient fault dynamic conditions of the 
power transmission line. For this purpose, 
EMTDC/PSCAD software package is used. The 
parallel transmission system considered is a 400KV, 
200km long Transmission system as shown in Fig. 9. 

 
Fig.9. Single Line Diagram of Parallel Transmission System. 

 

The lengths of the line are: L1, L4 =80 km; L2, L5 = 

80 km;L3, L6 = 40 km. The system parameters are as 

follows 

Line Impedance: 
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 In this development frequency dependent (Phase) 

model is selected in EMTDC/PSCAD for  transmission 

line model. The adaptive relay is developed for three 

zone protection.Zone1 covers the 80% of the line 2, 

zone 2 covers 120% of the line 2, and zone 3 covers 

20% of the line 1 in reverse direction (20% of line 1 

before relay location). The quadrilateral trip 

characteristic will change automatically obtaining the 

parallel line’s operating status through substation PLC. 

In order to conduct the evaluation test, two 

configurations of parallel transmission line are 

considered, they are 

1.  One Line is Switched Off and grounded at 

Both Sides, 

2.  Two Parallel Lines are in Operation. 

The test signals are obtained under various fault 

locations for the above configurations using PSCAD. 

They are 

�  10% inside the zone1 

� 10% outside the zone2 

� 10% before the relay location. 

 

The developed adaptive relay is tested for all types of 

ground faults for the above mentioned conditions and 

results are presented in tables. Finally the adaptive 

relay performance is compared with the performance of 

the conventional relay for different cases. 

 

1) One Line is Switched off and grounded at Both 

Sides 

Fig. 10 shows the configuration of one line is switched 

off and grounded at both sides 

 

 
 

Fig. 10 Parallel line circuits with one line switched 

off and grounded at both ends. 

 

 The Table 1 shows the performance of the 

developed adaptive relay for different fault conditions 

considered under the above circuit configuration. The 

different fault conditions are given case reference 

numbers which are shown in table inside brackets. In 

subsequent discussion these case numbers are used for 

referring to each case. 

 

2) Two Parallel Lines are in Operation 

Table 2 illustrates the results obtained when the zero 

sequence current of adjacent parallel line is available. 

Table 3 illustrates the results obtained when the zero 

sequence current of adjacent parallel line is not 

available.  

 Observing the operating times of Table 3 and Table 

4, we can say that the operating time of the adaptive 

relay is almost same whether zero sequence current of 

adjacent parallel line is available or not. This gives the 

advantage of stable operation of the relay with 

adaptability. 

The R-X Trajectories of adaptive relay in zone 1 and 

zone 2 are drawn and discussed in next section in 

comparison with conventional relay. The Fig. 11 shows 

the R-X trajectory when the fault occurred in reverse 

direction from the relay location (zone 3). 

 The evaluation tests were conducted on 

conventional distance relay in order to compare its 

performance with that of adaptive distance relay. The 

fault data sets that are used in evaluating the adaptive 

distance relay has been used for comparing the 

performance of the conventional distance relay. The 

Table 4 indicates the comparative performance of both 

the relays.  
 



 

 

Table 1  One Line Switched Off and Grounded at Both Ends 
 
 

Type of 

fault 

Location of fault w.r. t. Load 

applied 

Inception of fault at 

voltage 

Relay operating 

time(ms) 

AG 10% inside the zone 1 

end 

10% FL Zero(a.1) 27ms 

Peak(a.2) 33ms 

90% FL Zero(a.3) 26ms 

Peak(a.4) 40ms 

10% outside the zone1 

end 

10% FL Zero(a.5) 404ms 

Peak(a.6) 404ms 

90% FL Zero(a.7) 404ms 

Peak(a.8) 404ms 

10% before the relay 

location 

10% FL Zero(a.9) 503ms 

90% FL Zero(a.10) 503ms 

BCG 10% inside 10% FL Zero(a.11) 30ms 

10% outside 90% FL Peak(a.12) 404ms 

 

 

Table 2. Two Lines are in Operation with the Availability of Parallel’s Line Zero Sequence   Current 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type of fault Location of fault w.r. t. Load applied Inception of fault at voltage 

(Case no.) 

Relay 

operating 

time(ms) 

AG 10% inside the zone 1 end 10% FL Zero(b.1) 25ms 

Peak(b.2) 28ms 

90% FL Zero(b.3) 24ms 

Peak(b.4) 21ms 

10% outside the zone1 end 10% FL Zero(b.5) 402ms 

Peak(b.6) 402ms 

90% FL Zero(b.7) 402ms 

Peak(b.8) 402ms 

10% before the relay location 10% FL Zero(b.9) 503ms 

Peak(b.10) 508ms 

90% FL Zero(b.11) 503ms 

Peak(b.12) 508ms 

BCG 10% inside 10% FL Zero(b.13) 24ms 

10% outside 90% FL Peak(b.14) 402ms 



 

Table 3.Two Lines are in Operation with out the Availability of Parallel’s Line Zero Sequence   Current. 

 
 

Type of 

fault 

Location of fault w.r. t. Load applied Inception of fault at voltage Relay 

operating 

time(ms) 

AG 10% inside the zone 1 end 10% FL Zero(c.1) 24ms 

Peak(c.2) 28ms 

90% FL Zero(c.3) 24ms 

Peak(c.4) 21ms 

10% outside the zone1 end 10% FL Zero(c.5) 402ms 

Peak(c.6) 402ms 

90% FL Zero(c.7) 402ms 

Peak(c.8) 402ms 

 

Table 4.Comparison between Adaptive and Conventional Distance Relay 

 

Fault 

condition 

(fault 

location) 

R-X plot 

(Fig) 

Operating Time Operating Status 

� mal  operation 

� Correct  operation 

 Conv.Relay 

(Tripped in) 

Adaptive 

Relay 

Conv. 

Relay 

Adaptive 

Relay 

a.1 

(Zone 1) 

12 27ms, 

(Zone 1) 

28ms �  �  

a.2 

(Zone 1) 

--- 31ms, 

(Zone 1) 

33ms �  �  

a.3 

(Zone 1) 

--- 27ms, 

(Zone 1) 

26ms �  �  

a.4 

(Zone 1) 

--- 32ms, 

(Zone 1) 

40ms �  �  

a.5 

(Zone 2) 

--- 27ms, 

(Zone 1) 

Zone 2 �  �  

a.6 

(Zone 2) 

13 25ms, 

(Zone 1) 

Zone 2 �  �  

a.7 

(Zone 2) 

14 26ms, 

(Zone 1) 

Zone 2 �  �  

b.1 

(Zone 1) 

--- 25ms 25ms �  �  

b.2 

(Zone 1) 

15 (Zone 2) 28ms �  �  

b.3 

(Zone 1) 

--- 25ms 24ms �  �  

b.4 

(Zone 1) 

16 21ms 21ms �  �  

b.5 

(Zone 2) 

--- (Zone 2) Zone 2 �  �  

b.6 

(Zone 2) 

17 (Zone 2) Zone 2 �  �  



 

 

 
 

Fig.11 R-X Diagram for AG Fault (Zone3) with incident 

at voltage peak 90%FL. 
 

 

Fig.12 R-X Diagrams of Adaptive and Convention Relay  

(case a.1) 

 
 

 

Fig.13 R-X Diagrams of Adaptive and Convention Relay 

(case a6) 
 

 

 

 
 

Fig. 14 R-X Diagrams of Adaptive and Convention Relay (case 
a7) 

 

 

 

Fig.15 R-X Diagrams of Adaptive and Convention Relay 

(case b.2) 
 

 

 
 

Fig. 16 R-X Diagrams of Adaptive and Convention Relay 

(case b4) 
 

 



 

 

Fig. 17 R-X Diagrams of Adaptive and Convention Relay 

(case b6)  

  

The impedance trajectories of Fig.13 and Fig.14 for 

both adaptive relay and conventional relay show clearly 

that  the conventional relay overreaches and on the 

other hand the proposed adaptive relay operated 

correctly. In some cases, for example in the cases (a.2) 

and (a.4), the operating time of the adaptive relay is 

more, but it is operating correctly compare to 

conventional relay. We can also observe when the two 

lines are in operation, the conventional distance relay 

of zone 1 mal operated in zone2 (case (b.2)). This can 

be found by observing the R-X plots of Fig 15. In some 

cases like case (b.4), where the trip count is fixed, even 

though the conventional relay operated but the 

impedance computed is erroneous, thus final 

impedance value lies outside the reach of the relay. 

Thus relay underreaches and the same can be observed 

in the R-X plot of Fig.16. The evaluation test results 

show the efficacy of adaptive distance relay over the 

conventional distance relay. In Fig.17 both the relays 

have operated correctly. 

 

5. Conclusions and Future scope 

 The influence of the mutual coupling of parallel 

circuits on the accuracy of ground distance relays 

depends on the actual power system condition. 

Adaptive protection offers an approach to cope with 

the influence caused by the variable power system 

conditions.The adaptive distance relay described in this 

paper provides an enhanced distance protection for 

parallel lines. No remote signals (adjacent parallel line 

zero sequence current) are required for this scheme. 

This adaptive relay access the operating status of the 

parallel line through the substation PLC. The 

adaptation to the signal availability provides a built-in 

fallback scheme, which ensures the reliable operation 

under all conditions. The developed quadrilateral trip  

characteristic with directionality feature is tested for the 

three zone protection. Application of the proposed 

adaptive distance relay would provide an enhanced 

performance for distance protection on parallel lines 

with mutual coupling. 

The work could be further extended to increase the 

speed and accuracy of the relay proposed, considering 

new adaptive relaying algorithms. Further  the scheme 

can be extended to parallel lines with series 

compensation to have an integrated protection scheme. 
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