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Abstract:

Power system stability, control, and design studies are time-consuming due to the formation of large size
and heavy interconnection networks. Reduced ordered dynamic equivalent methods are thus so desirable for
performing these studies. Simple equivalents are obtained by converting large and complex networks into
smaller networks. One of the approaches to the problem of model reduction is to find coherency-based
generator grouping and aggregation. In this method, first, based on network characteristics, each group of
coherent generators is replaced with a dynamic equivalent, and then the dynamic equivalent of the
generators is used in the studies of power networks. In this regard, in this article, using graph theory and
clustering quality index, a novel method for finding coherent generators in a power network is presented.
The proposed method is simple and the network admittance matrix is the only information required by this
approach. The IEEE 39-bus network is used to show the effectiveness of the proposed approach. The
comparison of the results with other research shows that the proposed method identifies the coherent
generators with an acceptable approximation.
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1. Motivation of the work

To ensure economical and reliable electricity supply,
power networks are becoming increasingly complex,
with growing interconnections. Consequently, studying
isolated sections of power systems is no longer feasible.
Given the scale of these interconnected networks,
detailed representation of the entire system in dynamic
studies is impractical. Dynamic equivalencing techniques
can significantly reduce simulation scales, enabling
comprehensive dynamic modeling of large power
systems. Coherency-based clustering is an effective
method for dynamic equivalencing, widely used in
applications such as transient simulations [1], online
security assessment [2], and designing special protection
and wide-area control systems [3][4].

2. Contributions

This paper introduces a new, simple, and accurate
method for identifying coherent generators using graph
theory and electrical distance concept. It eliminates
unnecessary information without requiring complex
calculations, relying only on the admittance of
transmission lines between generator buses. The
algorithm effectively groups coherent generators using
clustering quality and normalized association indices.

3. Procedures

To wverify the efficacy of the proposed algorithm,
the IEEE 39-bus network was used. Initially, the
buses of the network were reduced using the Ward
method, resulting in a network consisting only of
generator buses. Subsequently, the corresponding
graph is developed. The graph is then divided into
two parts, and the cluster quality index is calculated
for both. The Nassoc index is then used for the best
type of coherent generators subdivision. If the goal
is to find two coherent groups, the process ends.
Otherwise, the group with the lower Nassoc index
is selected and this group is again divided into two
parts, and all previous steps are repeated

4. Findings

Simulations were conducted on the 39-bus network,
which was divided into three coherent groups. This
network was implemented in the DIgSILENT software to
test its performance. The oscillations of generator angles
due to a fault were then simulated. A comparison was
made between the results of the proposed method and
several other references. The proposed method requires
less information compared to other methods, and due to
less complex calculations, it is faster and easier to
implement.

5. Conclusion

In this paper, based on the graph theory and
clustering concepts, a novel model-based method
for identifying slow coherent generators in a power
network is presented. Initially, by removing all
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buses except for the generator buses, the power
network is reduced to a network consisting of
generator buses and equivalent lines connecting
them. The graph of this network is then developed,
and using an algorithm based on cluster quality
indices and the Nassoc index, the network is
subdivided into two groups of coherent generators.
If more coherent groups are needed, the proposed
algorithm can be reapplied to the subnetwork
identified by the proposed method (the network
with  weaker connections), further dividing the
subnetwork into smaller subgroups.
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