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Abstract—In this paper, a new objective function (OF) within
the genetic algorithm (GA) approach is presented to solve the
optimization problem of coordination of overcurrent and distance
relays. The existing objective function of overcurrent (O/C) relays
coordination is improved and extended to include the coordination
of O/C and distance relays. Various O/C relays characteristics are
considered within the approach to select the best of them by GA to
fulfill optimal coordination. The proposed method is applied to two
different power system networks. Simulation results demonstrate
that the method can obtain feasible and effective solutions for
optimal coordination in the practical power system networks.

Index Terms—Distance relay, genetic algorithm (GA), O/C relay,
optimal coordination, relay characteristics.

I. INTRODUCTION

O VERCURRENT and distance relays are mostly used for
transmission and subtransmission protection systems [1].

In other words, two types of protection schemes are used: 1) two
similar distance relays, namely main 1 and main 2, at each line;
the scheme is normally used in important transmission systems
and 2) a distance protection plus O/C protection. This scheme is
used almost for subtransmission systems and in some transmis-
sion systems. To consider comprehensive coordination, a dis-
tance relay with a distance one, an O/C relay with an O/C one,
and, finally, an O/C relay with a distance one, must be coordi-
nated when one of them is considered to be the main relay and
the other is the backup.

For O/C relays, the optimal coordination has been performed
using linear programming techniques, including simplex [2];
two-phase simplex [3]; and dual simplex [4] methods. In [6],
the optimal solution is made by constraints only. The disadvan-
tage of this method is that if the constraints are not fulfilled,
we do not have an optimal solution. In intelligent optimization
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methods, the constraints are included in an objective function
(OF) [5], [7], and [8]. The optimal coordination in [7] has been
performed by a method based on GA. In [8], the optimal co-
ordination has been performed by a method based on particle
swarm optimization (PSO) while in [9], the same has been done
by using an evolutionary algorithm. The coordination made in
these methods has two problems. One is miscoordination and
the other poses the lack of solution for relays with both discrete
and continuous time setting multipliers (TSMs). In [5], the men-
tioned problems have been solved. The existing GA is improved
by adding a new expression to the OF, so that the miscoordina-
tion problems are solved. The coordination algorithm can also
handle continuous and discrete TSMs.

It should be noted that all of the aforementioned optimal coor-
dination by GA (as in [5] and [7]) has been done for O/C relays
only. However, in transmission and subtransmission systems,
the coordination of O/C and distance relays should be consid-
ered. On the other hand, in all mentioned references, O/C relay
characteristics have been considered to be fixed while in dig-
ital relays, different O/C relay characteristics can be selected.
Therefore, the coordination algorithm should have the capa-
bility of selecting the best characteristic for O/C relays to have
the optimal solution.

In [1] and [10], the optimal coordination has been performed
by the linear programming technique to find TSM settings of
relays. In linear programming techniques, it is not possible to
select O/C relays characteristic addition to relays TSM to have
the optimal coordination.

In the cases of O/C-O/C and O/C-distance relays coordina-
tion which are used in this paper, it is necessary to find the crit-
ical fault locations. The critical fault locations are the points the
faults are considered to be on. These points are the fault points
on which the discrimination time between the backup and
main relays is caused to be minimum. The coordination is made
based on the constraints derived from the values of for crit-
ical fault locations.

In this paper, the problem of optimal coordination of O/C re-
lays in a mixed protection scheme with distance relays formu-
lated in [11] has been modified in such a way that five different
critical points as the fault position are taken into account while in
the mentioned references, only three or four critical points have
been considered. Furthermore, to make the optimal method flex-
ible, the method has been applied to two different transmission
and subtransmission power system networks with different con-
figurations. Also, regarding the protection system flexibility, the
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method is capable of handling and choosing the best character-
istic for each O/C to obtain the optimal combined coordination
of distance and O/C relay for the critical fault locations.

II. REVIEW OF RECENT OPTIMAL RELAY COORDINATION

This section is devoted to review the notation and concept
of GA application to optimal relays coordination presented in
[5], and the coordination method used in [1] to give a better
understanding and coherency to this paper.

The flow diagram of the GA application to O/C relay coor-
dination is shown in Appendix A. Although the coordination
of O/C and distance relays are made in this paper, the similar
GA procedure of [5] is used. Also, the chromosomes of relative
O/C relays are modified which will be described in Section IV.
Therefore, the summary of the procedure is given here.

The TSMs, with respect to the number of relays, are consid-
ered as the genomes of the chromosomes in GA. In other words,
some TSMs sets, that is, (TSM1, TSM2, TSM3, , TSMn),
(TSM’1, TSM’2, TSM’3, , TSM’n), belonging to relay
set (R1, R2, R3, , Rn) are initially randomly selected [5].

To evaluate the goodness of each chromosome, it is essential
to define an OF. The OF introduced in [5] is as follows:

(1)
The first term of (1) is the sum of O/C relays’ operating time

and the second term is the coordination constraint.
are the weighting factors; is the operating time of O/C relays;
and is the discrimination between the main and backup
O/C relays.

After each iteration, the new TSMs sets belonging to relays
R1 to Rn are given to the algorithm. The process is terminated
when the number of iterations becomes equal to the generation
size [5].

In [1], the coordination between the O/C and second zone dis-
tance relay has been made using the linear programming tech-
nique. The fault point by which relative discrimination times be-
tween O/C and distance relays are checked is the starting point
of the second zone. In this regard, two problems should be con-
sidered. Another fault point being just close to the C. B of the
main relay, in addition to the considered point plus using the in-
telligent method instead of linear programming technique, will
be described in the next section.

Although the fault cases where the O/C relays operating for
a z2-faults faster than the distance relays are rare, to prevent the
operating times of relevant O/C relays become too long, the op-
timal coordination between the O/C and second zone distance
relay is necessary. In other words, to have suitable backup pro-
tection, there is a need to have optimal coordination of O/C and
second zone distance relays. Also, this justification is true for
the fault close to the C.B of the main relays and fault in the end
of the distance relay second zone.

III. PROBLEM STATEMENT

As mentioned in Section I, the existing intelligent methods,
such as GA and the existing mathematical methods including

Fig. 1. Various characteristics in coordination between overcurrent and dis-
tance relays.

linear programming techniques, cannot solve some important
problems. The detailed description of these problems is as
follows.

1) In all existing intelligent and mathematical coordination
methods, the fixed characteristic has been applied for all
O/C relays, while in power networks, there are many real
digital O/C relays which have the flexibility of having var-
ious characteristics. Therefore, there is a need to have a
method that is able to select the best characteristic for O/C
relays to achieve the optimal coordination. To clarify this
problem, we can refer to Fig. 1. In this figure, an O/C relay
is located at B and the distance one at M. The O/C relay
is the backup of the distance relay. When a fault occurs at
F, which will be defined as one of the critical points in the
later section, the discrimination time between the operating
time of the O/C relay and the second zone of distance relay
is minimum. If only one choice (i.e., characteristic ) ex-
ists, the discrimination time between the backup O/C relay
and the main distance relay will be less than (coor-
dination time interval) and causes miscoordination. Now,
if characteristic exists instead of , having a long fault
clearing time of the backup O/C relay will be the problem.
In other words, instead of characteristics and , ,
which is between, is more suitable. Therefore, the devel-
opment of an approach to have the flexibility of selecting
the suitable characteristic is a vital job.

2) It is necessary to find a solution to avoid having large dis-
crimination times extra to coordination. This will be ac-
complished in this paper as a novelty by developing a new
OF which will be described in Section IV.

3) In some previous papers, the coordination of distance and
O/C relay has been accomplished by using the linear pro-
gramming technique. This technique, like other mathemat-
ical methods, has limitations and cannot be used for solving
two previously mentioned problems. However, intelligent
methods such as GA, which is used in this paper, can be
used for nonlinear problems.

4) The critical fault points on which the discrimination times
have minimum values are five specific points. Four of them
have been considered in [1]. The fault just close to the CB
of the main relay, which has not been considered in [1],
must be taken into account. This will be described in the
next section.



MOHAMMADI CHABANLOO et al.: OPTIMAL COMBINED OVERCURRENT AND DISTANCE RELAYS COORDINATION 1383

Fig. 2. Flowchart of the new method.

Fig. 3. Structure of chromosome.

IV. PROPOSED METHOD

To fulfill the four problems described in Section III, a new
method based on GA has been developed. The flow diagram
of the new method is shown in Fig. 2. It is assumed that the
coordination of distance with distance relay is made separately,
and the results are available. Part A is not new; it is given in [1].
Part X of Fig. 9 in Appendix A is exactly repeated. Part B of the
flow diagram is the novelty of this paper. At first, after entering
the network data, the impedances and the time settings of the
three zones of distance relays are calculated.

Five fault points, which will be described later in this section,
are considered. Considering a close fault extra to the beginning
of zone 2 and including related operating discrimination times
of O/C and distance coordination in OF is one of the novelties
of this paper. After that, GA will start.

The key variable in the GA is the chromosome and consists
of all relay TSMs and all relay characteristics. In other words,
some TSMs and characteristic sets, that is, (TSM1, TSM2,
TSM3, , TSMn, CHAR1, CHAR2, CHAR3, , CHARn),
(TSM’1, TSM’2, TSM’3, , TSM’n, CHAR’1, CHAR’2,
CHAR’3, , CHAR’n), belonging to relay set (R1, R2,
R3, , Rn) are initially randomly selected. The structure of
the chromosome in this paper is shown in Fig. 3. As can be

Fig. 4. Critical fault locations for the coordination between P/B overcurrent
relays.

seen, considering both TSMs and relays characteristics is the
second novelty compared to [1] and [5].

The third novelty is new OF development. The new OF con-
sists of the terms related to combined O/C and distance relays
coordination. The contents of OF are extracted from the fol-
lowing descriptions.

In interconnected networks, all distance and O/C relays can
be backup protection for other O/C or distance relays. Four
different coordination processes containing distance-distance,
O/C-O/C, O/C-distance, and distance-O/C should be fulfilled.
Distance-distance relays coordination should be done before
the optimization process to calculate the impedance settings for
three different zones of distance relays. In the next step, these
settings are used in the optimization algorithm for the coordi-
nation of overcurrent and distance relays. Therefore, TSMs of
all O/C relays and the operating time of the second zone of all
distance relays must be determined for critical conditions.

As mentioned before, the critical conditions for O/C-O/C re-
lays coordination (The O/C relay is backup of O/C relay) are
shown in Fig. 4. The discrimination times between the operating
times of relays for faults occuring at (near end fault) and
(far end fault), should be checked as follows:

(2)

(3)

where and are the operating times of the main and
backup O/C relays, respectively, at critical point , and is
the coordination time interval for O/C-O/C relays coordination.

and depend on the characteristic type of the O/C
relay selected by GA.

In O/C-distance coordination, the O/C relay is the backup of
the distance relay. The critical points are shown in Fig. 5. When
faults occur at and , the discrimination times between the
operating time of the O/C relay and that of the distance one
are minimum. Therefore, the following expressions must be ap-
pointed at the critical fault locations and :

(4)

(5)
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Fig. 5. Critical fault locations for the coordination between overcurrent and
distance relays.

where is the operating time of the O/C relay at Fi,
and are the operating times of the first and second zone of
the distance relay, and is the coordination time interval
for O/C-distance coordination.

The other critical point seen in Fig. 5 is for distance-O/C co-
ordination—that distance relay is the backup of the overcurrent
relay

(6)

where is the coordination time interval for distance-O/C
coordination. Other parameters are defined in the previous
equations.

The fulfillment of (2) and (3) is given in the OF formula.
is formulated as

(7)

guaranties the constraints (4) and (5) that are formu-
lated as follows:

(8)

The O.F of coordination when the distance relay is the backup
of the O/C relay is as follows:

(9)

The final OF of the genetic algorithm for O/C and distance
relays coordination is obtained as follows:

(10)

where and are the weighting factors, is the
number of main and backup O/C relays pair that changes from 1
to , and is the number of main distance and backup O/C re-
lays that changes from 1 to , is the number of main O/C and
backup distance relays that changes from 1 to ,
is called the discrimination time between the main and backup
O/C relays for the fault occurring at , and is
the discrimination time between the main distance and backup
O/C relays for the fault at which are obtained from

(11)

(12)

where and are the operating times of the
main and backup O/C relay for the fault at , respectively, and

is the operating time of the first zone of the main dis-
tance relay at .

is defined as follows and used in to
decrease the operating time of the second zone of the distance
relay.

(13)

where (the operating time of the second zone of the distance
relays) at each iteration of GA is obtained according to (6) as
follows:

(14)

where is the initial time delay for the second zone of the
distance relay.

The second and the third terms of (7) fulfill the requirement
of O/C relays coordination. In other words, these terms are sim-
ilar to the second expression of the modified (1) to keep the
necessary discrimination times between the main and backup
O/C relays. To describe the role of these two terms, consider

to be positive, then the relative term is zero; how-
ever, if is negative, the mentioned term will be

and obviously for positive values of , the
new terms will have large values. Then, based on a concept of
the evaluation and selection parts of GA, those values that have
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TABLE I
CHARACTERISTIC OF THE OVERCURRENT RELAYS

a lower value of OF in the chromosomes are granted more op-
portunities to select the next iteration.

If the GA selects O/C relays with very inverse characteris-
tics, it is probable to have large discrimination time values for
critical fault locations which are not desirable. As mentioned in
Section III, it is necessary to avoid having large values of dis-
crimination times. To solve this problem, two new terms (i.e.,
the second and the forth terms) are added to . When

or are positive and by the positive
values of and , these new terms will have large values and
will not be selected for the next generation of GA. By choosing
the best values for , , and , having optimal coordination
and logical discrimination times will be supported.

The in (8) is related to overcurrent and distance re-
lays coordination constraints. Similar to (7), is the weighting
factor for negative values of in the first and
second term in (8). These terms are used in OF to satisfy con-
straints (4) and (5) that are related to faults in critical points

and . The following two terms in (8) are similar to the
last terms in (7) and are added in to guarantee ob-
taining a minimum fault clearing time for various O/C relays
characteristics.

After completing the stages of part X, if the necessary re-
quirements are not fulfilled, the new TSM and CHAR sets of
relays are chosen as shown in part B. In other words, after com-
pletion of each iteration, in the feedback route after ,
new TSM and CHAR sets are selected. It should be noted that
for finding the O/C relays operating times, a more common for-
mula for approximating the relay characteristic is used [12]

(15)

where is the ratio of short-circuit current to the pickup
current of relay , and is the relay oper-
ating time. are the scalar quantities and are given in
Table I. With these values of , eight different charac-
teristics, which are used in practice for each O/C relay, can be
chosen by GA to have optimal coordination. The curves of these

Fig. 6. Eight relay characteristics.

Fig. 7. Sample network.

eight different characteristics are shown in Fig. 6. The process
continues until the requirements are fulfilled.

V. TEST RESULTS

To test the method described in Section IV, two different net-
works, namely, sample 1 and 2 (i.e., one with six buses and the
other with IEEE 30 buses) are selected.

A. Sample 1

As mentioned before, sample 1 is the six-buses network
shown in Fig. 7. To analyze the results of the proposed method
application to the sample network, the description is divided
into two subsections named: 1) network and protection data,
and 2) results and discussion, which will be given below:

1) Network and Protection Data: Fig. 7 consists of 7 lines,
6 buses, 2 transformers, and 2 generators. As shown in Fig. 2,
prior to starting optimal O/C and distance relays coordination,
the coordination of distance relays for all branches must be
made. In this paper, for considered networks, the settings of dis-
tance relays (i.e., the impedances of first, second, and third zones
plus the relative operating times) have been obtained using the
method described in [13]. As will be given later, the operating
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TABLE II
PICKUP CURRENT SETTINGS’ DATA

TABLE III
SC CURRENT FOR MAIN AND BACKUP OVERCURRENT RELAYS

times of the first, second, and third zones of all distance relays
have been 20(ms), 0.3(s), and 0.6(s) and all points of starting
second zones of all lines are 80% of the lines. It is assumed that
all of the lines are protected by distance and O/C relays, and the
characteristics of O/C relays are formulated by (7) and the best
of them will be chosen by GA to have the optimal coordination.

The network information is given in Appendix B. To obtain
the OF, short-circuit (SC) currents of the main and backup O/C
relays must be calculated on critical fault locations. The in-
formation of pickup current settings for the relays is given in

TABLE IV
GA PARAMETERS

TABLE V
PARAMETER VARIATIONS

TABLE VI
GA OUTPUTS (TSMS AND RELAY CHARACTERISTICS)

Table II. As can be seen from Table II, the value of pickup cur-
rent of each O/C relay is assumed to be approximately 1.2 times
the relevant maximum load. This is because the important influ-
encing factor is the maximum load current and many papers,
such as [2] and [7], used the same manner. Also, the informa-
tion, including some SC currents of the backup O/C relays for
critical fault locations, is given in Table III.

The control parameters of GA are listed in Table IV. The
process of finding the parameters of the OF is trial and error.
The parameters of the expression have been found for two dif-
ferent networks (of this section and sample2) with a different
configuration using the mentioned method. As a result, the same
parameters are approved for them. However, for other networks,
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TABLE VII
GA OUTPUTS (OPERATING AND DISCRIMINATION TIMES FOR THE CRITICAL FAULT POINT)

especially for networks with a different configuration, the same
approach (i.e., trial and error) should be applied to find the suit-
able parameters. For testing the effectiveness of GA for the pur-
pose of O/C relays optimal coordination, two trials with dif-
ferent values of , , and are tested. The variations
of control parameter values are listed in Table V.

2) Results and Discussion: By applying the GA with selected
values to the network of Fig. 7, the output results are obtained.
TSMs and O/C relays characteristics selected by the GA are
given in Table VI. The results are given for three different cases.
Different parameter values for cases 1, 2, and 3 are listed in
Table VI. The values of parameters for case 4 are the same as
case 3, but in case 4, the fixed relay characteristic (characteristic
number 2) has been considered for all relays. Therefore, we can
have a comparison with the results of case 3.

In all cases, TSMs are considered to be continuous and in
the range (i.e., 0.05 to 2). Discrimination times of relays for the
fault at critical points of O/C-O/C and O/C-distance coordina-
tion are given in Table VII. The operating time of O/C relays (for
the fault close to the CB) and the operating time of the second
zone of distance relays are given in Table VIII. As mentioned
in Section IV, all CTI values are considered to be 0.2 s. There

are 20 M/B set relays for Fig. 7; therefore, for each critical fault
location, 20 exist.

In all cases, the discrimination time values greater than 0.01
and less than zero are considered zero. This means that in (11)
and (12), when , the values compared to 0.2 s
are very small and can be neglected. Therefore, 0.2 s.
The time interval of the main and backup relays for faults at the
critical point is ideally 0.2 (i.e., of equations) to be zero.
However, in practice, by using the described method of GA and
choosing the suitable parameters, zero values of can be
rarely obtained. But the small values of can be achieved.
To check which case is suitable compared to the others (i.e., the
suitable time intervals have been achieved), the for faults
at the critical point are checked, and the negative values within

and small positive values are selected as a
suitable case. A greater description relative to this selection will
be given.

As can be seen from Table VII, in all assumed cases because
of considering a great weight for satisfying the coordination
constraints 100) almost all M/B discrimination times

are positive values. There are only two small negative
in case 4 without the characteristic selecting case.
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Fig. 8. IEEE 30-buses network.

In case 1, is assumed to be zero. So the TSM and oper-
ating time of relays, which are shown in Tables VI and VIII, are
without the weighting factor to control and have great values.
On the other hand, the discrimination times for five critical con-
ditions in Table VII have normal values when considering other
suitable weighing factors.

To consider the role of the novelties of the OF (i.e., the two
last terms of (7) and (8)), the results of GA without those terms
are surveyed in case 2. It can be seen that in the old OF method,
the TSMs and operating time of relays are small values.
Despite the small values of TSMs and , the discrimination
and operating times have large values for faults at the critical
points as given in Table VII.

Therefore, the backup O/C relays will clear the faults late,
while in the new OF method, the suitable relays characteristics
are chosen, and this problem is solved.

In case 4, the coordination of O/C and distance relays is
solved without selecting relays characteristics (i.e., the fixed
characteristic (number 2) is used for all O/C relays). The relay
characteristics are number 2, which is a standard inverse. As
can be seen in Fig. 6, this characteristic is more inverse than
characteristics 1 and 6. The results show that the TSM values of
case 4 are smaller than case 3, but the operating times of relays
with these settings that are given in Table VIII are much larger
than case 3. The average O/C relays operating times is 0.65
s, which is 6 times greater than case 3. Also, the second zone
operating time of the distance relays in case 4 is much greater
than case 3. In Table VII, the average values of
and can be seen to be more in case 4 than in
case 3.

TABLE VIII
GA Outputs (OPERATING TIME OF THE SECOND ZONE OF DISTANCE RELAYS

AND OPERATING TIME OF O/C RELAYS FOR THE CLOSE IN FAULT)

Therefore, case 3 is consequently selected as a suitable case.
In this case, miscoordination does not exist, and the backup O/C
relays operating times have relatively small values. Also, the



MOHAMMADI CHABANLOO et al.: OPTIMAL COMBINED OVERCURRENT AND DISTANCE RELAYS COORDINATION 1389

TABLE IX
GA OUTPUTS (TSMS AND RELAY CHARACTERISTICS)

TABLE X
GA OUTPUTS (TSMS AND RELAY CHARACTERISTICS)

operating times of O/C and distance relays are smaller than the
results of previous methods. Therefore, it is revealed that the
new OF plus considering O/C relay characteristics is effective.

B. Sample 2

The second network is the IEEE 30-buses system which can
be considered as a meshed subtransmission/distribution system.
Again, the description of this network application is given in two
subsections. The first subsection includes network information
and protection data and the second one includes the obtained
results and the related discussion.

1) Network and Protection Data: The network consists of
30 buses (132- and 33-kV buses), 37 lines, 6 generators, 4
transformers, as well as 86 O/C relays and 86 distance relays.
Fig. 8 shows the system. The same 8 characteristics mentioned

in Table I are assumed for O/C relays. The generator, transmis-
sion lines, and transformer information are given in [14].

2) Results and Discussion: Again, the GA with selected
values of , , and are given in Table V and GA
parameters given in Table IV have been applied to the network
of Fig. 8. The summary of the discrimination and operating
times is given in Table IX. The detailed relative information of
all relays is not given here because of space limitations. The
O/C relays characteristics selected by GA are also listed in
Table X.

The rows of Table IX consist of , ,
, and greater than zero (fully coordination),
, , , and smaller than

zero (miscoordination) and the average of operating times of
O/C and zones of distance relays. The information values for
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each case are the number of M/B relays and average of them,
respectively. The last two rows of Table IX relate to averages
O/C relays operating times for close-in fault and the second
zone operating time of distance relays.

The comparison of four cases described in the previous ex-
ample is performed on a greater network. In this network, as in
the previous sample, simulation results show that case 3 uses a
new OF with selecting O/C relays characteristics that have pre-
sented better outputs in comparison to other cases that are based
on old methods.

Although the average of operating times in case 2 is suitable
and smaller than the average of operating times of cases 1 and
4, in case 1, despite having low discrimination times for faults
in the critical points, the average operating times for O/C relays
and the second zone of distance relays are so large and the results
of coordination are not useful.

In case 4, the fixed characteristics of O/C relays are used in the
coordination algorithm, the discrimination times have large pos-
itive values. Also, the operating times of distance and O/C

relays result in greater values in comparison to case 3. It
can be seen from Table IX, that the misscoordination number
for case 4 is 48. In other words, this method cannot give a good
coordination for large networks.

As can be seen from Table X, most of the characteristics
selected for the O/C relays are number 1 (short time inverse)
and number 2 (standard inverse). The reason is that the values
of in these cases make the coordination constraints
more important than the others.

Similar to example 1, for this network also, it has been shown
that case 3 is the suitable one. The comparison between cases 3
and other cases revealed that although in some parameters the
cases are similar to each other, to obtain optimal coordination of
O/C and distance relays, the method of case 3 is more efficient.

VI. CONCLUSION

A new optimal method for distance and O/C relay coordina-
tion based on GA has been developed. In the proposed method,
the OF of optimal O/C relays coordination has been fully mod-
ified by adding some new terms which fulfill the optimal com-
bined coordination of distance and O/C relays. Various relay
characteristics have been considered for each O/C relay, and the
best of them have been selected by GA to make optimal coordi-
nation easier. The computer program has been tested on two dif-
ferent power system networks (i.e., IEEE 30 buses and 8 buses
system). From the obtained results, it has been shown that the
new method is successful and efficient.

APPENDIX A

The flow diagram of the GA application to O/C relay coordi-
nation is given in Fig. 9.

APPENDIX B

The information of the sample network in Fig. 7 is given in
Tables XIV–XVI [6], [9], [11], and [12]. They are based on 100
MVA and 150 kV.

Fig. 9. Flow diagram of GA application to overcurrent relay coordination.

TABLE XI
LINES’ INFORMATION

TABLE XII
GENERATORS’ INFORMATION
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