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In this article, the influence of mechanical impurities formed in transformer 

oil on their condition is analyzed using fuzzy logic. A system has been developed 

that calculates the technical condition of the transformer by the amount of me-

chanical impurities in them. 

Failure of the traction transformer can cause failures of  other electrical 

equipments of electric locomotives. This leads to the failure of electric 

locomotives, which in turn leads to many other problems. During operation, 

traction transformers are affected by many external factors that cause them to 

break down and fail [1‒5]. 

Mechanical (solid) impurities are the most significant element affecting trans-

former oil's operational properties [2]. Mechanical impurities are substances that 

are not dissolved and are present in the oil as sediment or in a suspended state. 



These include contaminants such as fibers, dust, metal flakes, and others [3]. 

Transformer oil's quality is determined by mechanical impurities, which have a 

substantial impact on its operating characteristics. They might become visible 

while transformer oil is operating as a result of paint, varnish, and insulation dis-

solving. Power transformer performance is adversely affected by mechanical con-

taminants [2‒5]. 

Modern systems based on artificial intelligence (SI) tools, such as artificial 

neural networks (SNT) and artificial fuzzy logic (SNM), allow to calculate the 

technical condition of transformers due to the ability to study input data and ap-

proximate calculation [4‒6]. In order to evaluate the technical condition of the 

transformer, it is necessary to determine the parameters describing its condition. 

A structural scheme for evaluating the effect of mechanical mixtures on the tech-

nical condition of transformers using fuzzy logic is presented in Fig. 1 

Fig. 1. Structural scheme for assessing the effect of mechanical mixtures on the technical 

condition of Transformers using fuzzy logic 

Fig. 2‒3 shows the change functions of the input and output variables. 

Fig. 2. Input variable change function 
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Fig. 3. Output variable change function 

Fig. 4 shows the process of entering the rules of relationships between input 

and output variables. 

Fig. 4. Entering the rules of dependencies between input and output variables 

Fig. 5 shows the System for assessing the effect of mechanical mixtures on 

the technical condition of Transformers using fuzzy logic. 



Fig. 5. System for assessing the effect of mechanical mixtures on the technical 

condition of Transformers using fuzzy logic 

Fig. 6 shows the Simulink model of determining the value of the transformer 

condition by the amount of mechanical impurities in its oil. 

Fig. 6. A simulink model of calculating the value of the transformer state 

by mechanical impurities 
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Рассматриваются характеристики движения сферического тела в вяз-

кой среде. Предполагается, что плотность тела больше плотности среды 

и тело в ней падает, не изменяя своей формы. Изучается влияние присоеди-

ненной массы, которая вводится по Буссинеску. Показано, что теоретиче-

ская установившаяся скорость падения при бесконечном времени падения 

одинакова как в случае с присоединенной массой, так и без нее. При прове-

дении экспериментов предлагается считать в качестве установившейся 

скорости величину несколько меньшую теоретической. Обсуждается вли-

яние этой величины на время установления скорости и на расстояние, ко-

торое пролетает частица за это время. Сравниваются эти характери-

стики при учете присоединенной массы и без нее. Влияние стенок сосуда, в 

который налита жидкость, на характер движения тела учитывается че-

рез поправки по Хантеру. Приводятся результаты расчетов примени-

тельно к реальным экспериментам.  


