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Abstract. Original calculation schemes of the motor-axle bearing and the distribution of heat 
flows in the process of heat removal from the surface layer of lubricant to the axle journal of the 
wheel pair and to the motor-axle bearing liner are proposed, taking into account its middle layer. 
In order to substantiate the maximum amount of heat released in the motor-axle bearings of a 
freight diesel locomotive of the 2TE10 series and caused by the action of friction forces in the 
zone of contact their with the journals of the axles of the wheel pairs, taking into account the 
theoretical foundations of heat transfer and the accepted assumptions in the specified calculation 
schemes, analytical dependencies were obtained to determine the quantities characterizing heat 
removal from the mentioned motor-axial bearings using three flows. As a result of implementing 
the proposed analytical dependencies and performing numerical calculations, it was proved that 
the operation of the studied motor-axial bearings is carried out in the semi-fluid friction mode and 
at negative temperatures of the external (atmospheric) air, their normal operation is not ensured 
due to the low proportion of heat removal by the lubricant, which does not exceed 1.5 percent, 
and therefore, this leads motor-axial bearings to premature wear and failure, and thereby reduces 
the operational reliability of the wheel-motor unit of diesel locomotives. 
Keywords: diesel locomotive, motor-axle bearings, antifriction liner, wheelset, axle journal, 
wheel-motor unit, heat transfer coefficient, temperature conditions, heat generation. 

1. Introduction 

Motor-axle sliding bearings are an antifriction liner in the form of a Babbitt layer coating and 
the surface of the wheel pair axle journal, separated by an oil film of axial oil, which are the 
responsible and connecting link of the wheel-motor unit of the locomotive. 

Therefore, in order to ensure high operational reliability of the wheel-motor unit, the 
corresponding technical condition of the motor-axle bearings requires diagnostics of failures in 
order to eliminate them in advance and promptly. 

Reliable and timely determination of the technical condition of motor-axial bearings is an 
urgent task for enterprises of the locomotive complex involved in the operation and repair of this 
unit. 

The physical processes occurring in sliding bearings are complex and depend on many external 
and internal factors. In general, all problems arising during operation related to the technical 
condition of sliding bearings can be divided into three groups [1, 2]: problems with the condition 
of the working surfaces of the bearing; problems with the size of the gap between the journal of 
the wheelset axle and the antifriction liner; problems with the bearing capacity of the oil film.  

In addition, the main and basic disadvantages of a typical motor-axial bearing are [3, 4]: 
– Low load-bearing capacity of the oil wedge of the liner (increased wear and scuffing of the 

babbitt, heating). 

https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2025.24955&domain=pdf&date_stamp=2025-05-15
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– Lubricant entering through the gap of the motor-axle bearing along the axis of the wheelset 
into the gear housing (mixing lubricant compositions). 

– Intensive consumption of lubricant compositions. 
– Moisture entering the motor-axial bearing (stimulating the corrosive aggressiveness of 

petroleum acids, which have a destructive effect on non-ferrous metals). 
– Dust entering the motor-axial bearing (decreased lubrication quality, increased likelihood of 

heating). 
– Negative impact on the environment. 
In addition, studies [5-7] by employees of the Department of Locomotives and Locomotive 

Economy of the Tashkent State Transport University noted a violation of the temperature regime 
of traction electric motors during the movement of rolling stock in real operating conditions of 
mainline diesel locomotives. 

Recommendations and proposals of scientists [8-13] to improve the operational reliability of 
various types of bearings, including axle bearings of high-speed trains, obtained as a result of 
justification of vibration parameters and thermal characteristics for real operating conditions, 
undoubtedly have great scientific interest and of enormous practical significance, however, they 
did not study at all the issues related to the motor-axial bearings of traction electric motors of 
diesel locomotives. 

The scientific novelty of this study is in the analysis of heat transfer processes in the 
motor-axial bearings of traction electric motors of diesel locomotives, taking into account the 
operating conditions [6-8]. The study of thermal fields under long-term operation conditions 
makes it possible to identify critical overheating zones. The results of the study can be used in the 
modernization of elements of the cooling system of locomotive traction electric motors in order 
to improve their operational reliability and efficiency in route of rolling stock. 

This article is devoted to the theoretical analysis and assessment of the influence of 
temperature and lubrication conditions in the friction zone of motor-axle bearings with the axle 
journal of a wheelset on heat generation and heat dissipation, taking into account the ambient 
temperature (outside air). 

2. Objects and methods of research 

To study the influence of the temperature regime in the friction zone of the motor-axle bearing 
(MAB) with the wheel pair axle journal, calculation diagrams were drawn up (Fig. 1 and Fig. 2), 
taking into account the distribution of heat flows perceived by the wheel pair axle journal, the 
MAB liner and lubricant (grease). 

 
a) 

 
b) 

Fig. 1. Calculation diagrams of a) the motor-axial bearing and b) heat removal  
from the surface layer of lubricant to the journal of the wheelset axle 

The following designations are introduced on the design diagrams: 𝑄௦ – heat released during 



RESEARCH OF HEAT TRANSFER PROCESSES IN MOTOR-AXIAL BEARINGS OF TRACTION ELECTRIC MOTORS OF DIESEL LOCOMOTIVES.  
OLEG ABLYALIMOV, GABIT BAKYT, NODIRJON TURSUNOV, UTKIR SAFAROV, YERMEK BAUBEKOV 

266 ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479  

MAB operation; 𝑁௣ – reduced radial load on the MAB liner; 𝑙଴, 𝑟଴, 𝜔଴ – length, radius and 
rotational speed of the bearing surface of the wheel pair axle journal; 𝐻଴ – thickness of the surface 
layer of lubricant, equal in magnitude to the height of micro-irregularities on the surface of the 
axle journal; 𝜋 − 2𝜑௕ – angle within which the loading zone is located; 𝐻௕ – thickness of the 
surface layer of lubricant, equal in magnitude to the height of micro-irregularities on the surface 
of the liner; 𝑄௦௢ – heat removed by the axle neck; 𝑧௕, 𝛿௕ – radius and thickness of the insert MAB; 𝑄௦௕ – heat removed through the insert MAB; 𝛿௖ – average thickness of the lubricant layer in the 
loading zone; 𝛿௥ – radial clearance in the MAB; 𝑂௕, 𝑂௢ – centers of rotation of the MFB liner and 
the axis of the wheelset; 𝑂௦௦ – heat removed by the lubricant; 𝑡௠ – average heating temperature of 
the surface layers of the lubricant in the loading zone; 𝑡௦ – average temperature of the middle layer 
of lubricant in the loading zone. 

 
a) 

 
b) 

Fig. 2. Calculation schemes for heat removal a) from the surface layer of lubricant  
to the liner of the motor-axial bearing and b) to the middle layer 

Using the accepted notations, we will analyze the heat transfer in the motor-axial bearings of 
diesel locomotives of type 2TE10 (Fig. 1(a)). 

It is known that during the operation of a motor-axial bearing, the heat generated due to the 
action of friction forces can be determined by the dependence [14, 15], namely: 

𝑄௦ = 𝑁௣ ∙ 𝑓଴ ∙ 𝑟଴ ∙ 𝜔଴10000 ∙ 𝐾௠௘௖௛ , (1)

where 𝐾௠௘௖௛ – mechanical equivalent of heat, 𝐾௠௘௖௛ = 0.427; 𝑓଴ – average friction coefficient 
depending on the lubrication mode. 

The heat generated in the motor-axial bearing is removed by three main flows. 
In the first flow, heat is transferred to the neck of the wheelset axle, then to the wheel center 

with a bandage, effectively cooled by atmospheric air when the diesel locomotive moves (see 
Fig. 1(b)), that is: 

𝑄௦௢ = 𝑘௦௢3600 ∙ 𝜋𝑑଴𝑙଴ሺ𝑡௠ − 𝑡଴ሻ, (2)

where 𝑘௦௢ – first flow heat transfer coefficient; 𝑡଴ – atmospheric air (environment) capacity. 
In the second flow, heat is transferred to the section of the liners (see Fig. 2(a)) of the motor-

axial bearing, located within the loading zone (corner 𝜋 − 2𝜑௕), that is: 

𝑄௦௕ = 𝑘௦௕3600 ∙ (𝜋 − 2𝜑௕)𝑟௕𝑙଴(𝑡௠ − 𝑡௕), (3)
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where 𝑘௦௕ – heat transfer coefficient of the second stream; 𝑡௕ – heating temperature of the outer 
surface of the liners in the loading zone. 

In the third flow, heat is removed from the surface layers 𝐴଴, 𝛿଴, 𝐵଴ (Fig. 2(b)) and 𝐴଴௕, 𝛿଴௕, 𝐵଴௕ to the middle layer, moving relative to the latter with an average linear speed of 0.5∙ 𝑟଴ ∙ 𝜔଴, 
that is: 

𝑄௦௦ = 𝑘௦௦3600 ∙ (𝜋 − 2𝜑௕)𝑟଴𝑙଴(𝑡௠ − 𝑡௦), (4)

where 𝑘௦௦ – third flow heat transfer coefficient. 
Under normal operating conditions of motor-axial bearings, the maximum amount of heat 

removed by all three flows must exceed the amount of heat 𝑄௖ released from the action of friction 
forces, namely: 𝑄௦௢ + 𝑄௦௕ + 𝑄௦௦ > 𝑄௦, (5)

or taking into account Eqs. (1-4) we have the following: 𝑟଴∙𝑙଴3600 ∙ ൜2𝑘௦௢𝜋(𝑡௠ − 𝑡଴) + (𝜋 − 2𝜑௕) ൤𝑟௕𝑟଴ 𝑘௦௕(𝑡௠ − 𝑡௕) + 𝑘௦௦(𝑡௠ − 𝑡௦)൨ൠ≥ 2.24 ∙ 10ିସ ∙ 𝑁௡ ∙ 𝑓଴ ∙ 𝑟଴ ∙ 𝜔଴, (6)

from where, after transformations, it is possible to determine the average heating temperature of 
the lubricant 𝑡௠ in the surface layers in contact with the axle journal and liners of motor-axial 
bearings.  

To determine the friction coefficient 𝑓଴, we first use the well-known dependence [16] to 
determine the coefficient 𝜉 [16-18], which characterizes the type of rubbing bodies, their material 
and geometric dimensions, as well as the time and modes of heat release, taking into account the 
calculation schemes (Fig. 1 and Fig. 2), that is: 

𝜉 = 2𝑁௡ ∙ 𝛿௡ଶ(𝜋 − 2𝜑௕) ∙ 𝑙଴ ∙ 𝑑଴ଷ ∙ 𝜂 ∙ 𝜔଴ < 1, (7)

where 𝜂 – dynamic viscosity of the lubricant. 
Preliminary analysis and calculations carried out using Eq. (7) showed that motor-axial 

bearings operate in the semi-fluid friction mode, therefore the friction coefficient 𝑓଴ will be 
determined by the formula [16]: 

𝑓଴ = ඨ𝜂 ∙ 𝜔଴ ∙ (𝜋 − 2𝜑௕) ∙ 𝑙଴ ∙ 𝑑଴2𝑁௡య . (8)

3. Results and their discussion 

Using Eqs. (1-8), calculations were made for 12 modes (3 options for changing the speed 
movement of the diesel locomotive and 4 options for changing the radial clearance in the 
motor-axial bearings) at an ambient temperature 𝑡଴ = +20 °C, the results of which are summarized 
in Table 1. 

From the analysis of data in table. 1 shows that with an increase in the speed of the diesel 
locomotive, the heating temperature of the axial winter oil in the friction zone increases from 
57.1 °C to 84.1 °C, and the share of heat removed by the lubricant is only 1-2 percent. In addition, 
we can also conclude that the lubrication of motor-axial bearings is carried out in the semi-fluid 
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friction mode, since the mentioned coefficient 𝜉 > 1 and the friction coefficient 𝑓଴ lie in the range 
of 0.0031-0.0055 units, which are rises with increasing speed movement of the diesel locomotive. 

Table 1. Calculated values of quantities characterizing heat dissipation from motor-axial bearings 

Designations of 
calculated 
quantities 

Diesel locomotive movement speed V, km/h 
30,0 60.0 90.0 

Radial clearance in the bearing 𝛿஼·103, m 
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 

1 2 3 4 5 6 7 8 9 10 11 12 13 𝑄с, kcal/s 0.35 0.35 0.35 0.35 0.90 0.90 0.90 0.90 1.96 1.96 1.96 1.96 𝑘௖௢, kcal/m2h0C 454 454 454 454 454 454 454 454 454 454 454 454 𝑄௦௢, kcal/s 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 𝑘௖௕, kcal/m2h0C 3636 3636 3636 3636 3636 3636 3636 3636 3636 3636 3636 3636 𝑄௦௕, kcal/s 0.208 0.214 0.221 0.227 0.208 0.214 0.221 0.227 0.208 0.214 0.221 0.227 𝛿௖∙103, m 0.098 0.196 0.294 0.392 0.098 0.196 0.294 0.392 0.098 0.196 0.294 0.392 𝑘௦௦, kcal/m2h0C 1326 663 442 331 1326 663 442 331 1326 663 442 331 𝑄௦௦, kcal/s 0.031 0.015 0.011 0.008 0.031 0.015 0.011 0.008 0.031 0.015 0.011 0.008 
∑𝑄, kcal/s 0.839 0.829 0.832 0.835 0.839 0.829 0.832 0.835 0.839 0.829 0.832 0.835 𝑡௠, °C 58.1 57.5 57.2 57.1 61.6 61.4 61.3 61.2 80.7 82.8 83.6 84.1 𝜉 5.35 21.4 48.2 85.6 2.30 9.22 20.7 36.9 1.66 6.66 14.9 26.6 𝑓଴∙10-4 31 31 31 31 47 47 47 47 55 55 55 55 

To study the influence of ambient air temperature on heat generation and heat removal in 
motor-axial bearings, calculations were also made of the values characterizing the indicated heat 
generation and heat removal in motor-axial bearings for the most unfavorable variant (case) - of 
movement speed (𝑉 = 90 km/h) of a diesel locomotive and the maximum radial clearance  𝛿௉ =2∙10-3 m in motor-axial bearings at 5 combinations of ambient air temperatures  
(+40, +20, 0, –20, –35) °C. 

Calculations have shown that with a decrease in ambient air temperature 𝑡଴, increases the 
viscosity of the axial winter lubricant from 0.018 to 15.0 N s/cm2, the friction coefficient from 
0.002 to 0.058 units, but heat generation from 0.39 to 14.37 kcal/s and heat dissipation from 0.48 
to 2.33 kcal/s. The results of this theoretical study obtained through numerical calculations, the 
general trend of which is reduced to an increase in all the parameters under study depending on 
the decrease in the ambient air temperature 𝑡଴, are in fairly good agreement with the research of 
scientists from near [19-22] and far [23] abroad. For subsequent substantiation of the numerical 
values, the obtained calculation data and the adequacy of the calculation models developed by the 
authors, it is necessary to conduct a series of laboratory and bench tests of thermodynamic 
processes in motor-axial bearings of traction electric motors of wheel-motor units of locomotives. 

Also, numerical calculations have shown that the heating temperature of the lubricant 𝑡௠ in 
the surface layers in the friction zone of the motor-axial bearings with the journal of the wheelset 
axle, when the ambient temperature 𝑡଴ decreases, first “falls” (decreases) from 64.3 °C to 57.5 °C, 
and then, at subzero, negative temperatures, it begins to increase sharply and at the mentioned 
temperature 𝑡଴ = –38 °С approaches the critical flash point of the lubricant (oil) 𝑡௠ = 130 °С [1]. 

In addition, the results of the theoretical studies presented served as a kind of prerequisite for 
the development of original designs of motor-axle bearings, ensuring increased efficiency [24] 
and operational reliability [25] of motor-axle bearings of serial-design locomotives in route of 
rolling stock. 

4. Conclusions 

Analysis of the results of this research to substantiate the influence of temperature and 
lubrication conditions in the contact zone of motor-axial bearings of traction electric motors of 
diesel locomotives with the journal of the axle of the wheelset on the heat transfer processes in 



RESEARCH OF HEAT TRANSFER PROCESSES IN MOTOR-AXIAL BEARINGS OF TRACTION ELECTRIC MOTORS OF DIESEL LOCOMOTIVES.  
OLEG ABLYALIMOV, GABIT BAKYT, NODIRJON TURSUNOV, UTKIR SAFAROV, YERMEK BAUBEKOV 

 VIBROENGINEERING PROCEDIA. MAY 2025, VOLUME 58 269 

them, taking into account the outside air temperature, allowed us to formulate the following 
general conclusions and proposals. 

1) A calculated diagram of the motor-axial bearing and heat removal from the surface layer of 
lubricant to the neck of the wheelset axle has been developed. 

2) A calculation scheme has been developed for heat removal from the surface layer of 
lubricant to the liner of the motor-axial bearing and to its middle layer. 

3) At absolute maximum positive and negative values of the outside air temperature in the 
range of its decrease from +40 °С to –35 °С, viscosity, friction coefficient, heat generation and 
heat removal increase, respectively, in 833.33; 29.0; 36.85 and 4.85 times. 

4) At negative (minus) temperatures of the outside (atmospheric) air, the heat release 
significantly, several times (approximately 7.6 times), exceeds the heat removal, creating the risk 
of overheating in the friction zone. 

5) Numerical calculations prove (confirm) that at negative outside air temperatures of more 
than 𝑡଴ = –38 °С, the phenomenon of overheating of motor-axle bearings in the area of their 
contact with the neck of the wheelset axle is observed, which is caused by greatly increased 
viscosity and friction coefficient of the lubricant and, as a consequence, the heating temperature 
of the lubricant 𝑡௠ in the surface layers of the friction zone is equal to the critical flash point of 
the lubricant. 

6) It is recommended to continue these studies in real conditions of organizing the operational 
activities of railways with locomotives of diesel tractions (diesel locomotives) in sections with 
varying degrees of difficulty. 

Thus, studies of heat transfer processes in motor-axial bearings have shown that their operation 
is carried out in the semi-fluid friction mode, while the heat removal in them, especially at negative 
ambient temperatures, does not ensure their normal operation, and the share of heat removed by 
the lubricant is only approximately 1.5 percent, which leads to motor-axial bearings premature 
wear and their failure. 
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