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Collected data on the failure of traction transformers ODSE-5000/25B, 

which are in operation for 2017−2019 and air humidity in these years. Based 
on these data, a model has been developed that determines the dependence of 
the technical failure of traction transformers on air humidity. The conducted 
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studies show that the model of the dependence of the technical failure of traction 
transformers on air humidity has a polynomial character. 

 
Traction transformers of electric locomotives lower the voltage to a value 

that is most favorable for the operation of traction motors [1−4]. 
The traction transformer on an electric locomotive performs the following 

functions [2−5]: 
− reduces the voltage of the contact network to the level of power supply of 

the TED and other electrical equipment; 
− regulates the output voltage within the specified limits; 
− provides power to the power supply system of passenger wagons. 
Traction oil transformers play an important role in ensuring reliable and un-

interrupted power supply of railway transport [3−6]. Failure of traction trans-
formers can cause many problems [4−5]. Traction transformers are affected by 
factors that cause them to fail or stop working during operation [4−6]. One of 
them is air humidity. 

The data on failure indicators of ODSE-5000/25B traction transformers, 
which are in operation for 2017−2019, and the average indicators of air humidi-
ty in these years, have been collected. 

Regression analysis is a statistical method for studying the influence of one 
or more independent variables X1, X2, …, Xp on the variable Y. 

The regression equation [7], which establishes a linear relationship between 
two indicators, has the form: 

 
y1= a1 + b1x1,                                                 (1) 

 
where уi are the number of traction transformers repaired; x1 is humidity index; 
а1 is regression constant; b1 is the regression coefficient. 

In regression, the R2 coefficient of determination is a statistical measure of 
how well the regression predictions approximate the real data points. An R2 of 1 
indicates that the regression predictions perfectly fit the data. 

Values of R2 outside the range 0 to 1 occur when the model fits the data 
worse than the worst possible least-squares predictor (equivalent to a horizontal 
hyperplane at a height equal to the mean of the observed data). This occurs 
when a wrong model was chosen, or nonsensical constraints were applied by 
mistake.  

Fig. 1, 2 and 3 below show the relationship between the technical failure of 
traction transformers and the humidity in the air. 

https://en.wikipedia.org/wiki/Least-squares
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Fig. 1. Dependence of indicators of technical failures of traction transformers  
on indicators of air humidity 

 
 

Fig. 2. Dependence of indicators of technical failures of traction transformers  
on indicators of air humidity 

 
Fig. 3. Dependence of indicators of technical failures of traction transformers  

on indicators of air humidity 
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The linear, logarithmic, and polymial equations of the relationship between 
two variables were obtained using the regression method. The results of the ob-
tained equations are given in Table 1. 

Table 1 
Formulas for the dependence of the number of technical failures of traction 

transformers on air temperature 
ОDSE-
5000/25 

B 

Linear Logarithmic Polymial 

2017 y = 0,0231x −  
− 0,4038 

y = 0,6302 ln(x) –  
− 1,5399 

y = −8∙10−10x6 + 2∙10−7x5 – 
−3∙10−5x4 + 0,0015x3 − 0,0368x2+ 

+ 0,3716x − 1,0456 

R² = 0,8462 R² = 0,5998 R² = 0,9542 
2018 y = 0,0231x –  

− 0,5705 
 

y = 0,572ln(x) − 
1,495 

 

y = −3∙10−20x6 + 9∙10−10x5 – 4∙10−7x4 + 
+ 5∙10−5x3 − 0,0024x2 + 0,0355x – 

− 0,1252 
R² = 0,7646 R² = 0,4465 R² = 0,9334 

2019 y = 0,018x + 
0,3479 

 

y = 0,5654ln(x) − 
− 0,8047 

 

y = 10−10 −x6 – 3∙10−8x5 + 2∙10−6 ∙x4 +  
+ 10−5x3 − 0,0061x2 + 0,1954x –  

 − 0,6779 
R² = 0,7606 R² = 0,7102 R² = 0,9376 

 
Conclusions: 1. A model has been developed that determines the dependence 

of the technical failure of traction transformers on air humidity. 2. The conduct-
ed studies show that the model of the dependence of the technical failure of trac-
tion transformers on air humidity has a polynomial character. 
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Для определения повреждений наиболее целесообразным и эффектив-

ным является метод продления ресурса изоляции путем капсулирования 
локального повреждения с использованием пропиточных материалов и 
теплового излучения. На протяжении последних десяти лет в 
УП «Ўзтемирйўлмаштаьмир» сохраняется стабильная тенденция по 
пробою изоляции и межвитковому замыканию (МВЗ) обмотки якоря типа 
НБ-514. В этой связи была выдвинута гипотеза о том, что пробои изоля-
ции и межвитковые замыкания обмотки якорей наиболее часто происхо-
дят в результате интенсивных процессов тепло- и массообмена в изоля-
ции лобовых частей их обмоток с открытыми головками секций. 

 
Традиционный путь исследования надежности электрических машин – 

исследование статистических данных об отказах. При первоначальном 
изучении статистики отказов по типам электрических машин наибольшее 
внимание уделяется «слабым» узлам и причинам отказов. При исследова-
нии надежности систем или отдельных технических изделий пользуются 
следующими приемами: система разбивается на блоки, затем определяют-
ся надежность каждого блока и результирующая надежность всей систе-
мы. 


