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In order to increase the stability of electricity supply in distribution systems, this
article has determined the number of transformers needed in the warehouse and their
storage location. To ensure reliability in distribution substations, spare transformers
are required in each substation. If there is no spare transformer in a post, the fault of
the transformer may lead to disconnection of the load connected to it. On the other
hand, having a spare transformer at each post would be very costly. For this reason,
in this article, the problem of determining the location of spare transformers will be
discussed. For this purpose, the desired cost function is considered according to the
distance function, and three functions of Euclidean distance, squared Euclidean
distance and direct distance are used. What is searched for is a place that can
minimize the determined total cost function. For this purpose, a combined method
(Markov and Monte Carlo) has been used to model transformer maintenance and
then to determine the optimal location of spare transformers, and Matlab software
optimization algorithm has been used for simulation. The proposed model has been
implemented in a 33-bus IEEE network and it can be seen that the location of the
spare transformers also changes with the change in the importance of the load and
this change is more intense in the direct distance method.
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Introduction

Transformers are considered essential components of any power system [1]. They play a crucial role in
reliability and accessibility, making them require significant investment [2]. Additionally, the
probability of vital equipment loss, such as transformers, in transmission and distribution systems
increases with the age of power assets [3]. Therefore, the investment risk and reliability of
transformers should be considered. Repair and replacement are measures used in asset management to
enhance reliability and investment, and a balance must be struck between them.

Optimizing the number of spare transformers is a challenging task because having too many spares
can jeopardize the company's budget while having too few spares can compromise the system's
reliability [3]. Many distribution substations operate radially, and a transformer failure in such
substations can lead to a power outage. Indeed, the failure and aging of transformers play a crucial role
in power outages, as the process of purchasing and installing these equipment takes significant time
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[2]. Therefore, to reduce the downtime, minimize costs, and enhance accessibility to spare equipment,
it is essential to have the storage of spare transformers in suitable locations.

Model description

The proposed model in this article develops a method for determining the optimal locations of backup
transformers in a way that addresses the limitations present in previous models, such as not
considering preventive maintenance of transformers, different load levels for various load points, and
even load response methods. It also takes into account factors like determining the state of transformer
aging, various statistical distributions for the lifespan, and modeling random faults and aging to find
the optimal number and locations of backup transformers. Parameters that have not been considered in
existing references or were not previously feasible to incorporate are included in this proposed model.

Results and discussions

In this article, analytical approaches are presented to solve some of the location-allocation problems of
standby transformers using three methods: Euclidean distance, squared Euclidean distance, and
straight-line distance. These methods provide optimal locations for standby transformers to reduce
costs, particularly emphasizing the location-allocation issues where the relocation cost of each
candidate site is modeled as a linear, Euclidean, and quadratic function of the Euclidean distance.
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