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The aim of this paper was to compare axisymmetric and 3D model to analyse transient 
temperature fields and quasi-static thermal stress in a disc of a brake system. The governing 
equations of heat conduction problem and thermoelasticity as well as the approximate finite 
element equations are given. A simulation of a single braking process for an axisymmetric [1] 
and 3D [2] arrangements of the disc brake is carried out. It is assumed that the contact 
pressure on the friction surfaces is constant and uniformly distributed, and the angular speed 
decreases linearly. 

 
Fig. 1. Temperature changes on the friction of the disc surface during braking 

Heating of cast iron brake disc cooperating with the metal-ceramic (FMC-11) pad are 
considered. The material of the disc is homogenous, isotropic, and its physical properties are 
temperature independent [3]. The heating process is described by the linear theory of heat 
conduction (parabolic type). The heat transfer through convection and thermal radiation is 
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neglected. The temperature changes on the friction surface during braking for specific radii 
(rd − inner radius of the disc, rp − inner radius of the pad, rm − average radius of the pad, and 
Rp = Rd − outer radius of the pad and the disc) are shown in Fig. 1. The thermal stresses due to 
non-uniform temperature field, are determined from the solution of the linear system of 
equations of uncoupled thermoelasticity [4]. The evolutions and the spatial distributions of the 
components of the stress tensor in the disc brake are analysed. Figure 2 shows the evolution 
of the equivalent Huber-Mises stress corresponding to temperature shown in Fig. 1. 

 
Fig. 2. Equivalent Huber-Mises stress σHM changes on the disc surface during braking 

Based on calculated results the following conclusions are drawn. Both computational models 
show similar trends in the changes of Huber-Mises stress. The axisymmetric model does not 
reveal the changes of stress caused by the periodic heating by friction zone and it can be used 
to determine the average values stress during a single rotation disc at high rotational speeds. 
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