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Abstract: Condition evaluation of the electrical equipment in operation is an important prerequisite for building 

reliable and efficient electrical systems and networks. In order to increase accuracy of power transformers condition 

monitoring, method for analyzing the diagnostic parameters of power transformer oil temperature have been developed. 

The method is based on parametric identification of the thermal model using particle swarm optimization. In order to 

test the efficiency of the proposed method, simulation was performed using the experimental data obtained on the 

power three-winding transformer of the network substation. In view of the impossibility of deliberately changing the 

technical condition of the transformer, the performance evaluation is based on the confirmation of the absence of 
changes in the technical state. The analysis of the obtained results confirms the efficiency of the developed method and 

algorithms. 
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I. INTRODUCTION 

 

In today's world, it becomes obvious that to improve the efficiency of the electric power companies, it is urgent to shift 

to a more progressive strategy of operational reliability maintenance. This strategy is based on the repair measures that 

are carried out on the actual condition of electrical equipment [1]. This requires reliable and timely information on the 

technical condition of electrical equipment such as power transformers. To perform this objective, power transformer 
diagnostic systems is used [2]. They can determine the current status of all transformer equipment using all available 

diagnostic parameters. 

 

Current level of measuring instruments development makes it possible to obtain information about the meaning of most 

of the parameters of electrical equipment directly in the process of its operation under load [3]. Modern hardware 

allows to automatically measure the primary diagnostic parameters under operating voltage by using sensors installed 

directly on the transformer body. Application of permanent condition monitoring enables even to detect defects that are 

developing rapidly, with a period of several minutes. Therefore, the problem of improving the technical condition 

identification methods of the power transformers is very important in the current electrical networks. Research 

associated with the development of such methods in carried out in large number of studies [4-7]. 

 

II. PROPOSED METHODOLOGY 

 

To assess the technical condition of power transformers in operating modes, it is convenient to compare the current 

values of the diagnostic parameters with the base data [8]. In order to identify reliable indicators of deterioration of the 

transformer condition, it is suggested to determine the statistical characteristics of a random process ( )tν  for a certain 

base time bT , which ensure smoothing of sudden fluctuations and underscore long-term trends. The measurement of 

the primary diagnostic parameters occurs at a sampling rate in time, so the formulas for determining the derivatives of 

the diagnostic parameters are conveniently written in a discrete form. 

 

The mathematical model for determining the basic values of the diagnostic parameter is: 

    . , ,i M i
x f u λ  (1) 

 

where .i Mx  is the value of the diagnostic parameter, which was simulated at the i-th sampling interval;  
i

u  are input 

variables of the model;  λ  are coefficients of the model. 
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Deviation of the measured value is calculated as: 

. .
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  (2) 

 

where .i Px  is the value of the diagnostic parameter measured at the i-th sampling interval. 

 

Proposed derived diagnostic parameter are: 

 quantile with probability iα : 

 . inf : ( ) ,i iCDFα νν ψ ψ α  R  (3) 

 

where ( , )CDF tψ  – is the distribution function 

  . .( ) , .i i k bCDF p k i N iανψ ψ     (4) 
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Model for determining the basic values of diagnostic parameters generally contain a certain set of coefficients  . The 

main task of parametric identification of this model is to find the set of model coefficients  
opt

λ  from the solution 

space , for a typical load mode of the transformer, which minimizes the total error between the measured and 
modeled values of the diagnostic parameters [9]. This task can be considered as minimization without restrictions for 

the objective function, defined as a weighted sum of estimation errors: 
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λ

λ u λ
 (6) 

 

To solve the optimization problem, the particle swarm method [10] was used, which optimizes the function, supporting 

the population of possible solutions (the so-called "particles") and moving these particles in the solution space. Each 

particle in the swarm corresponds to its coordinates  
i

λ , velocity  
i

υ , and the best-known position of this 

particle  
i

p from the solution space . Particles moving obey the principle of the best position found in this space, the 

situation constantly changes when the particles find advantageous positions. 

The differential equation for the process of temperature change in the upper oil layers has the following form [9]: 

11 0 ,o

o o a

d
k

dt

θ
θ τ θ θ     (7) 

 

where oθ  is the oil temperature; aθ  is the ambient temperature; oθ  is the excess of the oil temperature above the 

ambient temperature; 0τ  is the time constant for heating the oil; 11k  is the – coefficient, depending on the power and 

type of cooling of the transformer. 

 

In [9] it is suggested to use the difference form of the notation of equation (7), which has the following form: 
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 (8) 

 

where K  is the load factor of the transformer; or is the excess oil temperature at maximum load; R is the ratio of 
short-circuit losses to idle losses; η is the exponent of the oil. 

 

At each time interval, the value oDθ  is calculated on the basis of (n-1)-th value according to the formula: 

( ) ( ) ( ) .o n o n o nDθ θ θ   (9) 
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It is proposed to fill the set of model coefficients that are used to parametric identification by such values as excess of 

oil temperature at maximum load or; the ratio of short-circuit losses to idle losses R; oil time constant 0τ  and 

exponent of the oil : 

 or .o Rθ τ θλ η  (10) 

 

III. SIMULATION RESULTS 

 

The effectiveness of the proposed method is estimated using the data measured on the operating transformer with 

cooling type OF. The calculations were performed using the mathematical package MATLAB. The results of the 
simulation and parametric identification are presented in Table. 1. On the basis of parametric identification the 

coefficients included in the set are refined using the data measured in the normal operating mode of the transformer. 

Refined values of thermal characteristics allowed to reduce by 5 % the average deviation of the measured values from 

the simulated ones. 

 

TABLE I RESULTS OF THE TRANSFORMER THERMAL CHARACTERISTICS A MODELLING 

 

 Nominal excess of oil temperature 

in or, °С 

Ratio of 

losses R 

Oil 

exponent, η 

Time constant 

0τ , min 

Nominal value 56 6 1 90 

Calculated value 48.6 9.7 0.9 112 

Relative difference, % 13.2 -61.7 10.0 -24.4 

 

After the parametric identification of the thermal model, a calculation of the diagnostic parameters for evaluating the 

transformer condition has been performed. As experimental data, the recordings of the normal operating modes of the 

transformer were used, which were recorded by data acquisition system. 

The load factor was calculated as 

n

,i

i

S
K

S
  (11) 

 

where n 31500S   kVA is the rated power of the transformer. The obtained values of the load factor are shown in 

Fig. 1. 

 

 
Fig. 1  Load factor 
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The value of the oil temperature does not exceed 40 °C, which can be explained by the insignificant load of the 

transformer, and also by the low temperature of the cooling air in the period under consideration. 
 

 
Fig. 2 Oil temperature simulation results 

 

 
Fig. 3 Dependence of diagnostic parameters for oil temperature on time 

 

Fig. 3 shows the diagnostic parameters of the oil temperature, obtained by (3), (5). As we can see, the absolute values 

do not exceed 0.08, which indicates that there are no signs of deterioration in terms of the thermal processes in the 

transformer over the considered period of time. 

 

The analysis of the obtained results of the calculation of the diagnostic parameters for the oil temperature confirms the 

effectiveness of procedures for reducing the effect of random errors and the efficiency of the developed algorithms and 

indicates the possibility of their use with data obtained with sensors mounted on the transformer. 
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IV. CONCLUSION 

 
A mathematical model for diagnostic parameters analysis of the oil temperature of a power transformer is developed, 

which is based on parametric identification of the thermal model by the particle swarm method. The use of the 

developed model in the of power transformers diagnostic system will improve the accuracy of detecting the defects of 

the transformer in operating conditions.   
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