
Proceedings of Asia International Conference on Tribology 2018, pp. 134-135, September 2018 

__________ 

© Malaysian Tribology Society 
 

Thermal stress analysis of the multi-disc friction clutches 

Oday I. Abdullah1,2,*, Josef Schlattmann1 

 
1) System Technologies and Engineering Design Methodology, Hamburg University of Technology 

Denickestraße 17 (L), 21073 Hamburg, Germany. 
2) Department of Energy Engineering, College of Engineering, University of Baghdad, Baghdad, Iraq. 

 
*Corresponding e-mail: oday.abdullah@tuhh.de 

 

Keywords: Dry friction; multi-disc clutches; finite element method 

 

 

ABSTRACT – The accurate thermal stresses estimation 

of any machine element that subjected to high gradient 

in temperatures is considered an essential matter for the 

mechanical engineers to obtain a successful design. 

Friction clutches are subjected periodically to thermal 

stresses during the beginning of engagement due to the 

relative motion between driving and driven parts. 

Axisymmetric finite element models were developed to 

simulate the multi-disc clutches to compute thermal 

stresses, contact pressure, heat generation, and 

temperature field at any time during the sliding period. 

Axisymmetric models were used to simulate a multi-

disc clutch works under the dry condition during the 

sliding period. 

 

1. INTRODUCTION 

High thermal stresses are considered one of the 

main reasons which lead the friction clutches to failure 

before the expected lifetime. The thermal stresses may 

cause serious disadvantages such as thermal cracks and 

permanent deformation, and when the friction clutch 

works under these conditions for sufficient time this will 

lead the contacting surfaces to premature failure in some 

cases. The main parts of the multi-disc friction clutch 

system consists of pressure plate, clutch discs, plate 

separators and piston as shown in Figure 1. 

 

 
Figure 1 Main parts of a multi-disc clutch system. 

 

Abdullah and Schlattmann [1-4] investigated the 

temperature field and energy dissipated of dry friction 

clutches during a single and repeated engagement under 

uniform pressure and uniform wear conditions. They 

studied the effect of the contact pressure between 

contacting surfaces when torque is varying with time on 

the temperature field and the internal energy of the 

clutch disc using different techniques. Furthermore, they 

studied the effect of engagement time, sliding speed and 

thermal load on the thermal behavior of the friction 

clutches during the beginning of the engagement. 

2. FINITE ELEMENT FORMULATION 

In this work the thermoelastic model of a multi-

disc clutch (Figure 2) was developed numerically to 

investigate the contact pressure, heat generated, 

temperature field and thermal stresses during the sliding 

period. The sequentially coupled thermal-mechanical 

approach has been used to investigate the thermoelastic 

problem involves thermo-mechanical coupling that 

occurred in the friction clutches. Where this approach 

used two different models, the first one is used to solve 

the elastic problem to yield the displacement field and 

the contact pressure distribution. Whereas the second 

model is used to solve the transient thermal problem in 

order to compute the change in the temperature field. 

Both models are however coupled to each other since 

the contact pressure from the first model is needed to 

define the frictional heat flux for the second model. 

Given the temperature field T(r,z,t), the thermoelastic 

contact problem is solved for the contact pressure p(r,t). 

This is done by solving Hook’s law with thermal strain 

relations, 
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and the equilibrium equation, 
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The next step is applying the boundary conditions that 

involve the exposed surfaces and displacement 

constraints. The contact pressure from the thermoelastic 

problem is used to define the frictional heat flux,  

rpq rwm=                                (3) 

Where p, ωr and r are the contact pressure, angular 

sliding speed and disc radius, respectively. The second 

problem that needs to be solved is the transient heat 

conduction equation, 
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in order to yield a new temperature field ),,( ttzrT d+ . 

The boundary conditions of this problem involve the 

heat flux )(rq  given at the contact interface and some 

other boundaries, which can consist of convective and 

insulated surfaces. It was assumed a homogeneous and 

isotropic material for all computations of the friction 

clutch model. All parameters and materials properties 

are listed in Table. 1. In this analysis also assuming 

there are no cracks in the contacting surfaces. 
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Figure 2 FE model of a multi-disc clutch system with 

elastic boundary condition (No. of elements= 4428). 

 

Table 1 The properties of materials and operations. 

Parameters Values 

Inner and outer radii of friction clutch disc 

[m] 

0.052 

0.067 

Thickness of clutch disc including the friction 

surfaces [m] 
0.00193 

Thickness of friction material [m] 0.00053 

Inner and outer radii of pressure plate [m] 
0.052 

0.067 

Thickness of pressure plate [m] 0.0074 

Inner radii of piston [m] 
0.0235 

0.0535 

Outer radii of piston [m] 
0.032 

0.067 

Thicknesses of the piston [m] 
0.006 

0.024 

Applied pressure, p [MPa] 1 

Coefficient of friction, μ 0.2 

Number of friction clutch disc, n 5 

Maximum angular slipping speed [rad/sec] 300 

Young’s modulus of friction material [GPa] 0.30 

Young’s modulus of pressure plate, plate 

separator,  piston and h plate [Gpa] 
125 

Poisson’s ratio of friction material, 0.25 

Poisson’s ratio of pressure plate, plate 

separator, piston and clutch plate 
0.25 

Density of friction material [kg/m3] 2000 

Density of pressure plate, plate separator, 

piston and clutch plate [kg/m3] 
7800 

Specific heat of friction material and steel  

[J/kg K] 

120 & 

532 

Conductivity of friction material and steel, 

[W/mK] 
1 & 54 

Thermal expansion of friction material and steel 

[K-1] 
12e-6 

Slipping time, ts [s] 0.5 

3. RESULTS AND DISCUSSION 

The numerical model of the multi-disc clutch 

system was developed using finite element method to 

investigate the thermal stresses, heat generation, contact 

pressure and temperature at any instant during a single 

engagement. Figure 3 shows the distribution of the heat 

generated with disc radius of the last surface of 5th disc 

clutch at different intervals time. It can be seen, that the 

hot spot was generated near the mean disc radius. 

 

 
Figure 1 Frictional heat generated on10th friction 

surface. 

 

4. SUMMARY 

The thermal stress analysis of the multi-disc 

friction clutches working under dry condition during the 

sliding period has been investigated in this research 

paper. The developed numerical model specified the 

complex interaction that exists among the contact 

pressure, the frictional heat generated and thermal 

stresses. The highest values of the thermal stresses 

appeared on the last two friction discs and less effect on 

the other friction discs. The results proved when the 

temperature decreases in the radial direction can 

negatively affect the magnitude and the distribution of 

the thermal stresses. This study presents a promising 

design tool to investigate the effect of materials, surface 

roughness, sliding speed and boundary conditions on the 

thermal stresses which induce in the surfaces of the 

friction clutch. 
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