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Abstract 

This article explores the theoretical foundations for improving the durability of housing-type parts restored with WEICON-TI 

metal-polymer, focusing especially on bearing assemblies, where thermal conductivity is crucial. Modern mechanical systems 

rely heavily on the reliable performance of bearings, as they are constantly exposed to dynamic loads, friction, and varying 

operating temperatures. When the housing surfaces become worn or damaged, restoring them using polymer-metal composites 

like WEICON-TI provides an efficient and cost-effective alternative to traditional repair methods. One of the key factors 

affecting the performance of these restored assemblies is the material’s ability to conduct heat away from contact surfaces. 

Proper thermal conductivity not only helps stabilize operating temperatures but also reduces the risk of localized overheating, 

which can lead to accelerated wear, microstructural damage, or even failure of the assembly. Therefore, understanding the 

principles of heat transfer in metal-polymer restored surfaces is essential for predicting service life and ensuring long-term 

reliability. This article systematically analyzes these theoretical aspects and shows how the thermal conductivity of WEICON-TI 

contributes to the enhanced load-bearing capacity, stability, and operational safety of restored bearing assemblies. By efficiently 

transferring heat, the material prevents excessive temperature rises, minimizes wear, and helps maintain the mechanical integrity 

of the system. As a result, parts restored with WEICON-TI last longer, operate more safely, and provide more stable performance 

under demanding conditions. Understanding these principles allows engineers to optimize repair processes and ensure that 

mechanical systems continue to function reliably over time, even in challenging thermal and mechanical environments. 
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1. Introduction 

The durability of housing-type parts with bearing assem-

blies depends on their physico-mechanical properties as well 

as the level of thermal conductivity. 

The reliability of bearing assemblies is determined by their 

thermal conditions. 

The transfer of heat to the housing is especially important 
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during the start-up of the hub, since its temperature is much 

lower than that of the bearing. After the hub heats up, the 

transfer of heat to the housing stabilizes and decreases. 

In steady operating mode of the hub, about 85-90% of the 

heat generated in the bearing is dissipated into the atmosphere 

through the lubricant, the bearing housing, and the hub 

housing, while 10-15% is transferred to the hub shaft [1, 2]. 

2. Manuscript Formatting 

The heat balance equation of the bearings is expressed as 

follows: 

1 2N N
c q t

J



                  (1) 

Here: 

1N - power loss due to the shearing of oil layers during the 

rotation of the hub shaft; 
2N - power spent on squeezing oil 

through the bearing; J - mechanical equivalent of heat;  - oil 

density; c - heat capacity of the oil; q - amount of oil in the 

bearing; )( вхм ТТt  - increase in the temperature of the oil 

layer; 
мТ - average temperature of the oil layer in the loaded 

part of the bearing; 
вхТ - oil temperature at the inlet part of the 

bearing [3, 4]. 

Power does not have a significant effect on the heat balance 

of the bearing. Therefore, in calculations it can be neglected, 

and the heat balance equation takes the following form: 

,

2

1 tqc
J

d

J

N прО



 

 l
           (2) 

Here, О  the factors include the dynamic viscosity of the 

oil, пр the angular velocity of the shaft,  the working 

length of the bearing, and d the shaft diameter. 

Under operating conditions, the bearing assemblies of 

housing-type parts must satisfy the following condition to 

operate stably in the hydrodynamic friction phase [5, 6]. 

2
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         (3) 

Here, Z is a dimensionless indicator describing the oper-

ating mode of the bearing; nP the oil pressure in the bearing; 

m is the parabola exponent; and ε is  the relative eccen-

tricity. Solving equation (4) tPn   and substituting the value 

of Δt, we obtain the following: 

2

( )n м вх

Р
P Т Т

J c Z
 

  
               (4) 

In the critical operating mode of the bearing, the average 

temperature of the oil layer is determined as follows: 


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
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              (5) 

Here, 
нТ  is the allowable maximum temperature; ψ is the 

exponent, which ranges from 0.45 to 0.65 for plastic sliding 

oils within the temperature range of 50-100°C. 

Under the established thermal regime, the bearings, shaft, 

and various points of the oil heat up to certain temperatures, 

and the resulting excess heat is dissipated into the environ-

ment [7, 8]. 

Figure 1 shows a schematic view of the hub housing re-

stored with WEICON-TI metal polymer, the shaft, and the 

inner ring of the bearing. In this case, the following heat flow 

scheme is assumed: heat is generated at the contact point 

between the bearing ring and the shaft, while the temperature 

of the shaft surface, Tv, is considered constant along both the 

radial and axial directions. 

Thus, the temperature field around the bearing ring is not 

symmetric. For computational convenience, the heat removal 

scheme through the ring is converted into a symmetric form, 

and this process is represented using a special coefficient, Kφ. 

1Т

Т
К




                       (6) 

Т - the average excess temperature of the bearing ring 

working surface.  

The amount of heat Q generated on the rubbing surfaces per 

unit time is determined as follows [9, 10]: 

1aQ f P d                       (7) 

Here: f - the coefficient of friction; aP - the specific load 

acting on the ring;  - the sliding velocity; 
1d - the nominal 

diameter of the ring;  - the width of the ring. 

 
Figure 1. Calculation scheme of the bearing. 
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In Figure 1: вмD
ТТТТТТТ ,,,,,,

4321 - the ring, met-

al-polymer layer, inner and outer surfaces of the layer, 

к ,, 21
the environment, and the excess temperatures of the 

oil and shaft; - are denoted as heat transfer coefficients. 

The heat balance is determined using the following formula 

[11, 12]: 

б м вQ Q Q Q                       (8) 

Here, 
вмб QQQ ,, the heat fluxes dissipated per unit time 

through the housing, oil, and shaft, respectively, are expressed 

as follows: 

1k kQ К Т  , м м мQ К Т  , в в вQ К Т           (9) 

Here, 
вмk ККК ,, the heat transfer parameters characterize 

the amount of heat removed per unit time through the housing, 

oil, and shaft, respectively, when the surface is heated by 1°C. 

Additionally, 
вм ТТ , - the excess temperatures of the oil and 

shaft working surfaces, respectively. 

The heat flux dissipated through the housing is determined 

by the following formula: 

. . .k вх т п к пQ Q Q Q                   (10) 

Here, 
твх QQ , and 

... пкпQ  represent the heat fluxes dissi-

pated through the housing, metal-polymer layer, and the outer 

ring of the bearing, respectively. 

Based on the heat balance equation, the overall heat dissi-

pation parameter Kt of the bearing assembly is determined 

using the following formula [13]: 

m k м вК K К К                      (11) 

The process of heat transfer from the housing to the envi-

ronment is considered as heat conduction through a multilayer 

cylindrical wall (see Figure 2). 

The specific parameters of heat dissipation through the 

housing, metal-polymer layer, and the outer ring of the bear-

ing are expressed as follows [14]: 
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            (12) 

Here, B, B1, B2, B3, B4 are the specific parameters of heat 

dissipation to the environment through the bearing inner ring, 

the metal-polymer layer, 
1 and 

2  the bearing outer ring, 

respectively; and are the heat transfer coefficients for the 

bearing inner ring, oil, and metal-polymer layer, respectively; 

х is the heat transfer coefficient of the bearing outer ring 

with the environment; 
пс  , and 

4 are the thermal conduc-

tivity coefficients of steel, metal-polymer material, and 

bronze, respectively; 
32 ,dd and 

4d are the diameters of the 

metal-polymer layer and the bearing ring, respectively; 
1t and 

2t are the thicknesses of the bearing inner ring, bearing outer 

ring, and housing wall, respectively. 

 
Figure 2. Heat transfer scheme through the main bearing housings. 

In Figure 2, 
321 ,,  and 4 denote the excess tempera-

tures of the bearing inner ring, metal-polymer layer, bearing 

outer ring, and the environment, respectively. 

The heat flow sequentially passes through the shaft journal 

(Qshaft), the metal-polymer layer (Qlayer), and the bearing inner 

and outer rings (Qbearing), and is finally dissipated into the 

environment (Qenv). Under the specified thermal regime, the 

amounts of heat passing through these components per unit 

time must be equal. 

Qвх=Qп=Qп.п.=Qо                 (13) 
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The heat flux for sequential heat removal is: 
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Here, 
м

ТТТТТ ,,,,
4321

and о
Т represent the excess tem-

peratures of the bearing inner ring, the metal-polymer layer, 

the bearing outer ring surfaces, and the environment, respec-

tively. 

From the system of equations (15), we determine the partial 

differences of these temperatures [15]: 
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By adding the left and right sides of the system of equations, 

we obtain the following: 
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For computational simplicity, the excess temperatures of 

the bearing assembly surfaces are expressed in a relative form, 

i.e., they are referenced to the excess oil temperature: 

;
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К                (17) 

By substituting these coefficients into equation (17), taking 

into account expressions (7) and (13), we obtain the equation 

for the heat dissipation parameter through the bearing layer 

when a metal-polymer layer is present. 

1 2 3 4

1 1 1 1 1
о
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К К
К

В В В В В

 

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           (18) 

The heat dissipation parameter through the bearing layer 

without the metal-polymer layer is expressed as follows: 

1 3 4

1 1 1 1
о

п

К К
К

В В В В

 

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              (19) 

3. Results 

The temperature on the working surface of the bearing in-

ner ring is determined as follows: 

1

1
( )м п м оТ К Т К К Т Т

В
                 (20) 

Thus, the heat dissipation of the oil layer between the 

bearing inner and outer ring surfaces is determined by the heat 

dissipation parameters, which depend on factors such as the 

heat transfer coefficient between the bearing outer ring and 

the housing, the thermal conductivity of the materials, the 

cross-sectional area, and the temperature required to maintain 

the thermal balance of the housing.  

4. Conclusions 

The experimental results show that the operating surface 

temperature of a bearing installed in a housing with a met-

al-polymer coating is only 1.20°C higher than that of a bear-

ing without the coating under identical operating conditions. 

This slight temperature increase has a negligible effect on the 

operational performance and reliability of the bearing housing 

components, indicating that the application of the met-

al-polymer coating does not adversely influence the thermal 

behavior or functionality of the bearing assembly. 

Abbreviations 

О  
The Factors Include the Dynamic Viscosity of 

the Oil 

pr
 

The Angular Velocity of the Shaft 
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  
The Working Length of the Bearing 

d  
The Shaft Diameter 
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