Journal of Iranian Association of Electrical and Electronics Engineers
Vol. 21 No. 4, 2024 -
DOI: 10.61186/jiacee.21.4.176

Presenting a New Protection Scheme for Active
Distribution Networks considering Two-level Fault
Current

Salar Rashaei', Amin Yazdaninejadi?

! MSc Student, Department of Electrical Engineering, Faculty of Electrical Engineering,
Shahid Rajaee Teacher Training University, Tehran, I.R. Iran
s.rashaei(@sru.ac.ir,
2Assistant Professor, Department of Electrical Engineering, Faculty of Electrical Engineering,
Shahid Rajaee Teacher Training University, Tehran, [.R. Iran
a.yazdaninejadi@sru.ac.ir

Abstract:

Fast and selective protection brings more security, reliability and stability in power systems. Accomplishing this task by
directional overcurrent relays is one of the main challenges in the active distribution network. Due to the presence of
two-level fault currents, conventional methods fail to meet selectivity requirements. Tackling this issue renders the need
for using the dynamic model for relays operation, which may result in miscoordination or increase the operation time of
relays in large scale networks. Therefore, in this article, a new protection coordination approach is presented based on
employment of the dynamic model of relays operation and using some modification in this model. The presented model
simplifies the optimization space of problem and provides fast-response protection. On the other hand, this model of the
operation model may cause mal-operation in normal conditions. Therefore, a new logic is also devised that can be
implemented based on numerical relays. Since this logic requires to employ numerical relay, the proposed method is
modeled techno-economically to provide fast and selective protection with the minimum number of numerical relays.
This model is formulated as a multi-objective optimization problem and TOPSIS algorithm is used as a decision-
making approach. Results are discussed in depth.
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1. Motivation of the work

Changing the network topology may cause relays
coordination fails to meet selectivity tasks. Opening the
switch on the other side of the line during a fault may
change the short circuit level and increases the current
passing through the relay, which may disturb the
coordination between the main and backup relays. In
reference [1], in the worst conditions of the network
topology, in which the short-circuit current has the
highest value, protection coordination process is
performed. However, using this method in interconnected
networks may cause difficulties in satisfying selectivity
constraints due to the intersect among some curves [2]. In
[3], a method based on the use of the dynamic model for
overcurrent relays operations besides considering the
two-level fault current is presented. The presented
scheme in [3] can meet the pointed problem associated
with the change of the network topology during the fault.
However, due to being closer to the real conditions by
considering the two-level fault current, increasing the
protection constraints and considering the dynamic
model, the presented solutions lead to an increase in the
operation time of the relays.

In interconnected and multisource networks, owing to the
presence of two-level fault currents, the conventional
protection based on overcurrent relays cannot meet
selective protection requirements. On the other hand,
addressing this problem calls the need for employing
dynamic model for directional overcurrent relays
operation. Using this model may result in
miscoordination or increase the operation time of relays
in large scale networks. Therefore, presenting a new
protection scheme to meet this challenging task seems to
be of essence. In this study, at the outset, the
abovementioned problem is unveiled. Then, a new
protection scheme for addressing this problem is devised.

2. Contributions

In this paper, a new protection coordination method
based on numerical relays is presented to meet this
problem. This method is presented based on a modified
dynamic model for relays which helps to meet the
constraints associated with two level fault currents. The
use of this new model simplifies protection coordination
and makes protection faster. The coefficients of new
model along with other protection settings are determined
during the optimization process. Using these new
coefficients in the performance model of the relays may
cause them to work incorrectly in some network
operation conditions. Therefore, in this study, a new
protection logic is also presented with the ability to be
implemented on numerical relays. Since this method
requires the use of numerical relays, in the continuation
of this article, the proposed method is modeled in a
technical-economical way so that with the minimum
number of numerical relays, fast and selective protection
can be provided. Finally, this model is formulated as a
multi-objective optimization problem and TOPSIS

algorithm [4] is used for decision making. Studies have
been conducted on IEEE 14-bus test network and the
results have been fully discussed.

3. Procedures

In line with the implementation of the proposed

approach, the following steps are conducted in this study:

1. Executing protection coordination based on the
conventional approach;

2. Testing this approach with two level fault currents;

3. Executing protection coordination based on the
proposed approach;

4. Testing this approach with two level fault currents;

5. Formulating the proposed approach throughout a
techno-economic model;

6. Testing this techno-economic model with two level
fault currents;

Likewise, the same simulation steps are also followed. At

the outset, the coordination between the relays is first

investigated by the conventional method and in the

conditions of fast operation of the remote relay, in order

to show the ineffectiveness of this method for two-level

currents. In the following, the method based on the

modified dynamic model to solve the mentioned problem

is examined. Finally, in order to test the reduction of the

operation time of the relays and meeting selectivity tasks,

the proposed method based on the use of techno-

economic model is tested.

4. Findings
This paper, first, unveils that relays coordination with
conventional approaches can not meet the selectivity
constraints for probable changes in the network topology
during faults. Then, a new modified dynamic operation
model for overcurrent relays is devised to tackle this
challenging tasks. Afterward, the proposed approach is
formulated based on a techno-economic model. Based on
this approach, the key findings of the paper are as
follows:
* Protection coordination with two-level fault current
is done;
* A new protection coordination approach is presented
by using new dynamic model,;
* A new logic has been presented to implement the
proposed method based on numerical relays;
» The presented method is also modeled in a technical-
economical way;
» Selectivity constraints are fully met and relays
operation times are diminished significantly.

5. Conclusion

This article showed that due to the presence of two-level
fault currents, coordination with common methods is not
possible. Solving this problem requires the use of the
dynamic model of relays, which also causes lack of
coordination or increases the operation time of relays in
large networks. Therefore, in this paper, a new method
for coordinating relays was presented. In this method,
considering the dynamic model of the relays and
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introducing the new variable K in the model related to the
operation time of the relays, it was tried to provide quick
protection in addition to estimating the coordination
between the relays. Although this factor simplifies the
optimization space and provides faster protection, it may
cause erroneous performance under normal network
conditions. Therefore, to cover this problem, a new logic
with the ability to be implemented in numerical relays
was presented. Since this method requires the use of
numerical relays, the proposed method was modeled in a
techno-economic way to provide fast and selective
protection with the minimum number of numerical
relays. According to the results, it was observed that this
method can introduce a selective protection. Also, the
operation time of the relays also shows a significant
reduction, so that the minimal use of numerical relays
compared to the state without numerical relays reduces
the value of the objective function from 15.607 seconds
to 10.988 seconds, in other words, the total operation
time of the relays is a significant reduction of 29.5 Finds
a percentage.
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