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ABSTRACT
This paper presents a technique that increases the second-zone coverage of distance relays without causing overreach
problems. The technique is based on the impedance seen by distance relays when faults are simulated on the reach of
zone-1 relays. The approach checks the relay operation for the maximum as well as the minimum generation outputs of
the power system. The proposed technique can be used for different reach setting for zone-1. Results show that it is
possible to increase the coverage provided by zone-2 distance relays without causing coordination problems with the
primary relays that protect the lines emanating from the remote bus. The proposed method is modified for use in an
adaptive protection system. It is shown that further improvements can be achieved when settings are calculated using
the proposed method and the prevailing system conditions. The proposed method and its adaptive version were applied
to a part of the Power system. The simulation of the system is done by using PSCAD-EMTDC software. The simulated
results are observed and compared with the conventional and proposed technique.
Keywords: Power Systems; Distance Protection; Zone-2 Settings and Adaptive Protection

1. Introduction
It is a general practice to use high-speed primary protection along with slower speed backup protection in power
systems. The backup protection becomes effective only if
the primary protection relays fail to isolate the fault. The
coordination is achieved by providing sufficient time
delays between the operations of primary and backup
relays.
Several approaches are used to protect transmission
lines; one of these consists of using distance relays. The
zone-2 relays are set to reach a fixed percentage of the
shortest line emanating from the remote bus. Coordination with the zone-1 relays protecting the lines emanating
from the remote bus is achieved by delaying the trip
outputs. These delays are of the order of 0.4 to 0.5 s that
subject the power system to substantial shock. This approach intuitively considers the infeeds from sources
connected to the remote buses [1].
Many papers have been published on the settings of
distance protection, and different computer-aided techniques have been proposed for this purpose. [2] These
techniques, in general, can be classified as based on: 1)
topological analysis; 2) optimization theory; and 3) artificial intelligence [3,4]. Additionally, these techniques
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have been implemented as offline and online. The offline
settings can only consider limited network states. The
online settings (or adaptive settings), on the other hand,
respond to the changing system conditions and adapt the
relay settings according to the new conditions [5]. One
technique for settings of transmission system distance
protection based on an intelligent analysis of events and
their consequences which include not only the zone reaches
and zone time delays, as in the existing approaches, but
also the optimal impedance operating characteristics, the
fault detection settings, and the required relay sensitivities in terms of voltage and current [6]. Adaptive setting
procedure is applied to overcome infeed, outfeed, arc
resistance, load encroachment problems using the information received by the communication system and applying different logics [7].
This paper presents a mathematical approach that uses
fault studies to determine the settings of the zone-2 relays,
taking into account the infeeds from all sources including
those connected to the remote buses. The worst-case
scenario is used for determining the settings because the
contributions from remote sources are different for different operating conditions. The proposed method increases the percentage of line covered by zone-2 relays in
comparison to the conventional method.
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With the deployment of microprocessor-based relays
having communication capabilities, it is now possible to
develope and implement adaptive protection systems. In
these systems the relay settings can be automatically adjusted for making the protection more attuned to the prevailing system conditions. Therefore the settings of zone-2
relays can be changed in order to cover higher percentage
of the remote lines. Application of the proposed method
for calculating zone-2 settings in an adaptive protection
system is investigated. The method is modified so that
the settings are calculated based on the prevailing system
conditions and not the worst-case scenario as is done in
non-adaptive protection systems. The proposed method
and its adaptive version were applied to an existing power
system and numbers of simulation studies are conducted
and the results are reported in this paper.
To demonstrate and simulate the part of the power
system for zone-2 setting of distance relay by conventional, proposed and adaptive method the PSCAD/EMTC
software is used [8].

2. Distance Protection and Its Settings
Distance Relaying belongs to the principle of ratio comparison. The ratio is between voltage and current, which
in turn produces impedance. The impedance is proportional to the distance in transmission lines, hence the
distance relaying designation for the principle. This principle is primarily used for protection of high voltage
transmission lines.
Under normal circumstances, the three-zone protection
scheme of distance relay provides both primary and
backup protection to the primary line, for all phase faults.
Thus, defining the reach of all the zones along with the
time delay associated with each zone can completely
model a distance relay. The time delay of the zone 2 &
zone 3 has to be calculated such that, all faults have to be
cleared within a maximum allowable time delay. However some delay in time is required to be given for the
sequential breaker action to be coordinated. This time is
called the minimum time delay. Generally, minimum
allowable time delay is 0.3 sec. While the maximum
value is 4 sec.

2.1. Traditional Approach for Zone-2 Settings of
for a Radial System
Typically, First zone is set to reach 80% - 90% of the
positive-sequence impedance of the line and the second-zone relays are set to reach 40% - 50% into the next
adjacent line having the lowest positive sequence impedance. Consider the system of Figure 1.
The impedance setting of the zone-2 relay provided at
bus A is
Copyright © 2012 SciRes.

Figure 1. Radial transmission system protected by distance
relays.

Z  2  RAB   Z AB  0.5  Minimum  Z BCi 

(1)

In this equation,
Z  2  RAB  is the impedance setting for second-zone
of relay RAB;
ZAB is positive sequence impedance of the protected
line A-B;
ZBCi is the positive sequence impedance of the shortest
remote line B-Ci.
i equal to 1, 2, , k ; k is the total no. of primary relays.

2.2. Part of the System under Consideration
This criterion of Equation is used to define the setting of
relay R26 shown in the Figure 2. The positive sequence
impedances of lines are given in per unit values. The
zone-2 setting of relay R26 is determined in this case. The
line with the lowest impedance out of the remote line
(other than the protected line) is the line from Bus B to
Bus C. Substituting these values in Equation (1) provides
the following setting for the zone-2 element.
Z  2  R26   0.03299  j13586  0.50
  0.00446  j 0.01803
Z  2  R26   0.14909  76.33 pu

3. Zone-2 Settings by Proposed Method
The proposed technique calculates the impedances seen
by the zone-2 relays when faults are on the lines emanating from the remote bus. The impedances are calculated
for maximum and minimum outputs of generation sources. First-level contingencies are considered as well. The
least apparent impedance calculated in these scenarios is
used to determine the relay settings. This approach increases the reach of the zone-2 relays without interfering
with the operation of primary relays.
The proposed technique, described with reference to
the system of Figure 3, consists of the following steps
for setting the zone-2 element of relay RBK.
1) Set the system to have maximum generation output.
2) Remove the line B-Cj from the system.
3) Simulate a three-phase fault (Fi) at the end of zone-1
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Figure 2. Part of a power system.

Figure 3. Primary relays and fault locations selected for determining zone-2 settings.

of line B-Ci with the remote end breaker CBi open (i is
not equal to j).
4) Determine the setting of zone-2 element of relay
RBK by using the apparent impedance seen by the relay
RBK for fault Fi at and the following equation:
Z  2  RBK , RPRi   Z AB  K 2   Z A  RBK , Fi   Z AB 

where
RBK backup (zone-2) relay whose setting is to be determined;
RPRi primary (zone-1) relay protecting line B-Ci;
ZAB positive sequence impedance of the line A-B;
K2 fraction of the remote lines protected by the zone-2
relay [this value is 5% less than the percentage of line
covered by primary (zone-1) (i.e. RPri)];
Z A  RBK , Fi  apparent impedance seen by the relay
for fault Fi;
Z  2  RBK , RPRi  possible setting of the zone-2 element of the relay RBK.
However, if the apparent impedance seen by relay for
fault is infinite (due to non presence of a source behind
the relay), then Z  2  RBK , RPRi  is set to 1.20 × RBK .
5) Repeat steps 3 and 4 for faults at end of zone-1 of
other lines (fault at one line at a time).
6) Put the removed B-Cj back into service.
7) Repeat steps 3 to 6 with the remaining lines or other
elements (transformers, generators, etc.) connected to bus
Copyright © 2012 SciRes.

B taken out of service (removing one line or element at a
time).
8) Select the least of the possible settings of the zone-2
relay calculated in steps 1 to 7. Also, identify the remote
removed line that generated this least setting.
9) Simulate a fault at the reach of the zone-1 element
of primary relay RPri, i  1, 2,3, , k , and all buses other
than B. All circuit breakers are closed and the line, identified in step 8, is removed. Determine the seen impedance by the relay RBK.
10) Compare the seen impedance by the relay RBK for
the faults simulated in step 9 with the possible setting
determined in step 8 to determine if the zone-2 element
of the relay RBK would operate for these faults.
11) If the relay operates in step 10, reduce the zone-2
setting to reach the 90% of the smallest fault impedance,
determined in step 9 seen by the relay RBK.
12) Repeat steps 1 to 11 when generation output is
minimum. The smaller of the zone-2 settings determined
for maximum and minimum generation output is the final
zone-2 setting for the relay RBK.
This method was applied to the system shown in Figure 2, considering the system to have maximum generation output. Table 1 shows the possible setting of zone-2
element of relay R26 when three-phase faults occur at the
end of zone-1 of the lines emanating from the remote bus
and single contingencies are simulated. The smallest
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zone-2 setting (0.16959  85.44 p.u.) for the relay happens when line 3 is removed, and the fault is on line 2.
Apparent impedance seen by zone-2 element of distance
relay R26, when the faults were simulated at the end of
zone-1 of primary relays and line 3 is removed, are given
in Table 2. These fault impedances seen by the relay R26
are bigger than its zone-2 setting selected from Table 1.
Therefore, it is not necessary to change this setting.
Table 3 shows the possible setting of zone-2 relay
when the system has minimum generation output. The
smallest zone-2 setting (0.180602  85.42 p.u.) for the
relay happens, when line 3 is removed and the fault is on
line 2. The apparent impedance seen by zone-2 element
of distance relay R26, when the faults were simulated at
the end of zone-1 of primary relays and line 3 is removed,
are given in Table 4.
These impedances seen by the relay R26 are bigger
than its zone-2 setting selected from Table 3. Therefore,
it is not necessary to change this setting. This means that
the zone-2 setting for relay is 0.16959  85.44 p.u.

4. Adaptive Settings of Relay
The performance of the proposed method can be further
enhanced if zone-2 settings can be made adaptive to the
prevailing power system conditions. This would mean
that the system condition should be monitored and new
zone-2 settings should be calculated in response to any
changes in the operating conditions. The new settings are
then communicated to the relays. The relay settings are,
therefore, always attuned to the prevailing system conditions. This adaptive setting technique is described in this
section [9,10].

Adaptive Settings Method for a Radial System
This method is primarily similar to the non-adaptive
method except that impedances need not be calculated
for maximum and minimum levels of generation and no
contingencies need to be considered. The seen impedances are calculated for the existing conditions. This
means that the setting for zone-2 element of distance
relay in adaptive protection system is determined by calculating the apparent impedance seen by zone-2 relays
when faults are simulated on the lines emanating from
the remote bus considering the prevailing operating conditions of the power system. The adaptive setting method
for zone-2 relays is described with reference to the system of Figure 3 and consists of the following steps for
determining the zone-2 setting of the relay RBK [11].
1) Obtain the current operating condition of the power
system (i.e., topology, power flow, and generation) [7].
Simulate a three-phase fault at the end of zone-1 of line
B-Ci with the remote end breaker CBi open.
2) Determine the setting of zone-2 element of relay
Copyright © 2012 SciRes.

Table 1. Possible zone-2 settings calculated for relay R26 on
maximum generation.
Fault on the
Line-2 removed
end of zone-1

Line-3 removed

Source
G1-2 removed

0.16959  85.44 0.21799  85.40

Line-2

Line Out

Line-3

0.17819  85.38

Line Out

0.25138  85.27

Table 2. Fault impedance seen by the relay R26 with faults
at the end of zone-1 of each line.
Fault on the end of zone-1

Max. Generation & Line 3 removed

Line-2

Line Out

Line-3

0.19254  85.32

Table 3. Possible zone-2 settings calculated for relay R26 on
min generation.
Fault on the
Line-2 removed
end of zone-1
Line-2

Line Out

Line-3

0.19254  85.32

Line-3 removed

Source
G-12 removed

0.18060  85.42 0.26820  85.80
Line Out

0.32573  85.82

Table 4. Fault impedance seen by the relay R26 with faults
at the end of zone-1 of each line.
Fault on the end of zone-1

Min Generation & Line 3 removed

Line-2

Line Out

Line-3

0.19254  85.32

RBK by using the apparent impedance seen by the relay
RBK for fault at and the following equation:
Z  2  RBK , RPRi   Z AB  K 2   Z A  RBK , Fi   Z AB 

In this equation
RBK backup (zone-2) relay whose setting is to be determined;
RPRi primary (zone-1) relay protecting line B-Ci;
ZAB positive sequence impedance of the line A-B;
K2 fraction of the remote lines protected by the zone-2
relay [this value is 5% less than the percentage of line
covered by primary (zone-1) that is, RPRI];
Z A  RBK , Fi  apparent imp seen by the relay for fault
Fi;
Z  2  RBK , RPRi  possible setting of the zone-2 element of the relay RBK.
However, if the apparent impedance seen by relay for
fault is infinite (due to nonpresence of a source behind
the relay) then Z  2  RBK , RPRi  is set to 1.20 × ZAB.
3) Repeat steps 2 and 3 for faults at end of zone-1 of
other lines (fault at one line at a time).
4) Select the least of the possible settings of the zone-2
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relay calculated in steps 2 to 4.
5) Simulate a fault at the reach of zone-1 element of
primary relay, RPRi  1, 2, , k , and all buses other than
B. All circuit breakers are closed. Determine the seen
impedance by the relay RBK.
6) Compare the seen impedance by the relay RBK for
the faults simulated in step 6 with the possible setting
determined in step 5 to determine if the zone-2 element
of RBK would operate for these faults.
7) If the relay operates in step 7, reduce the zone-2 setting to reach the 90% of the smallest fault impedance,
determined in step 6 seen by the relay RBK.
8) Repeat steps 1 to 8 for determining zone-2 setting
of the remaining relays in the system.
The adaptive setting method was applied to determine
zone-2 setting of relay R26 of the system shown in Figure
2. Initially, the maximum generation is considered as the
operating condition of the power system that has been
reported to the central control computer. Table 5 shows
the possible setting of zone-2 element of relay R26 when
three-phase faults occur at the end of zone-1 of the remote lines. The possible zone-2 setting (smaller) for relay R26 is
Z  2  R26   0.24776  85.5 p.u.
The impedance seen by relay R26 when faults occur at
the end of zone-1 that is set at 90% of the protected line
(step 6) are shown in Table 6. In this case, the impedance seen by relay R26 is less than 0.24776  85.5 p.u.
when a fault is on line 2. Therefore, it is necessary to
change this setting to apply step 8 of the method.
Z  2  R26   0.9  0.2207618  85.32
Z  2  R26   0.19868  85.32 p.u.

Table 7 shows the possible setting of zone-2 element
of relay R26 Minimum Generation when three-phase
faults occur at the end of zone-1 of the remote lines. The
possible zone-2 setting (smaller) for relay R26 is
Z  2  R26   0.275370  85.55 p.u.

The impedance seen by relay R26 when faults occur at
the end of zone-1 that is set at 90% of the protected line
(step 6) are shown in Table 8. In this case, the impedance seen by relay R26 is less than 0.275370  85.55 p.u.
when a fault is on line 12-11, Therefore, it is necessary to
change this setting to apply step 8 of the method.
Z  2  R26   0.9  0.275370  85.55
Z  2  R26   0.247833  85.55 p.u.

5. Comparision of the Coverage Given by
Different Methods
The adaptive method for determining zone-2 settings
Copyright © 2012 SciRes.

provides higher coverage than nonadaptive version of the
proposed method and the conventional method as shown
in Figures 4 and 5. These figures and Table 9 show the
zone-2 coverage by relay for the maximum and minimum generation conditions when zone-2 of this relay is
set by using the conventional method, nonadaptive, and
adaptive version of the proposed method. It is clear from
the figures that the proposed method (adaptive version)
provides the most zone-2 coverage for the lines.

6. Conclusions
The traditional methodology for setting distance relays
provides minimum backup protection to remote lines.
This approach works well when distance relays are used
Table 5. Possible zone-2 settings calculated for relay R26 on
maximum generation.
Fault on the end of zone-1

Possible zone-2 settings (p.u.)

Line-2

0.24776  85.5

Line-3

0.292026  85.5

Table 6. Fault imp seen by the relay R26 with the faults at
the end of zone-1 of each line.
Fault on the end of zone-1

Fault Impedance at Z-1 (RPRi) [p.u.]

Line-2

0.22076  85.32

Line-3

0.25396  85.45

Table 7. Possible zone-2 settings calculated for relay R26 on
min generation.
Fault on the end of zone-1

Possible zone-2 settings (pu)

Line-2

0.320529  85.62

Line-3

0.39671  85.59

Table 8. Fault imp seen by the relay R26 with the faults at
the end of zone-1 of each line.
Fault on the end of zone-1

Fault Impedance at Z-1 (RPRi)
[p.u.]

Line-2

0.275370  85.32

Line-3

0.332499  85.45

Table 9. Zone-2 coverage by relay for the maximum and
minimum generation conditions for conventional, non adaptive, and adaptive version of the proposed method.
Level of
Generation

Conventional
Method (p.u.)

Proposed Method Adaptive Setting
(p.u.)
Method (p.u.)

Maximum

0.14914  85.55 0.16959  85.44 0.19868  85.32

Minimum

0.14914  85.55 0.18060  85.42 0.247833  85.55
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However better setting or protection of transmission
line can be improved by using modified distance relay
characteristics [14-17].
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