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ABSTRACT
An automobile disc brake system is used to perform three basic functions, i.e. to reduce speed 
of a vehicle, to maintain its speed when travelling downhill and to completely stop the vehicle. 
During these braking events, the disc brake may suffer from structural and wear issues. It is quite 
sometimes that the disc brake components fail structurally and/or having severe wear on the 
pad. Thus, this paper aims to determine disc temperature and to examine stress concentration, 
structural deformation and contact pressure of brake disc and pads during single braking stop 
event by employing commercial finite-element software, ANSYS. The paper also highlights the 
effects of using a fixed calliper, different friction coefficients and different speeds of the disc 
on the stress concentration, structural deformation and contact pressure of brake disc and 
pads, respectively. The thermal-structural analysis is then used with coupling to determine the 
deformation and the Von Mises stress established in the disc, the contact pressure distribution 
in pads.

ARTICLE HISTORY
received 26 november 2013 
Accepted 5 May 2014

1. Introduction

Passenger car disc brakes are safety-critical compo-
nents whose performance depends strongly on the con-
tact conditions at the pad to rotor interface. When the 
driver steps on the brake pedal, hydraulic fluid is pushed 
against the piston, which in turn forces the brake pads 
into contact with the rotor. The frictional forces at the 
sliding interfaces between the pads and the rotor retard 
the rotational movement of the rotor and the axle on 
which it is mounted (Söderberg and Andersson 2009). 
The kinetic energy of the vehicle is transformed into heat 
that is mainly absorbed by the rotor and the brake pad.

The frictional heat generated on the interface of 
the disc and the pads can cause high temperature. 
Particularly, the temperature may exceed the critical 
value for a given material, which leads to undesirable 
effects, such as brake fade, local scoring, thermoelastic 
instability, premature wear, brake fluid vaporization, 
bearing failure, thermal cracks and thermally excited 
vibration as referred to (Lee and Yeo 2000; Gao and Lin 
2002). Gao and Lin (2002) stated that there was consid-
erable evidence to show that the contact temperature 
is an integral factor reflecting the specific power fric-
tion influence of combined effect of load, speed, fric-
tion coefficient, and the thermo physical and durability 

properties of the materials of a frictional couple. Lee and 
Yeo (2000) reported that uneven distribution of tem-
perature at the surfaces of the disc and friction pads 
brings about thermal distortion, which is known as con-
ing and found to be the main cause of judder and disc 
thickness variation. Abu Bakar, Ouyang, and Li (2009) 
in their recent work found that temperature could also 
affect vibration level in a disc brake assembly. Valvano 
and Lee (2000) simulated thermal analysis on a disc 
brake with a combination of computer-based thermal 
model and finite-element (FE)-based techniques to 
provide a reliable method to calculate the temperature 
rise, thermal stress and distortion under a given brake 
schedule. Wolejsza et al. (2001) performed analysis on 
the thermo-mechanical behaviour of airplane carbon 
composite brakes using MSC/Marc FE software which 
allows accurate simulation of the transient heat transfer 
phenomenon coupled to disc deformations caused by 
frictional sliding contact.

There are three types of mechanical stresses subjected 
by the disc brake. The first one is the traction force cre-
ated by the centrifugal effect due to the rotation of the 
disc brake when the wheel is rotating and no braking 
force is applied to the disc. During braking operation, 
there are another two additional forces experienced by 
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In this paper, thermal and structural analysis is per-
formed on a simple FE model of a real disc brake assem-
bly to obtain the temperature established on the disc, the 
contact pressure distributions on the friction pads and 
the Von Mises stress in disc interface by utilizing the 
ANSYS 11.0 FE software. Sensitivity study on rotation 
of the disc, load pattern and coefficient of friction is also 
performed.

2. Heat flux entering the disc

The initial heat flux q0 into the rotor face is directly cal-
culated using the following formula (Reimpel 1998):
 

where z = a∕g is the braking effectiveness, a is the 
 deceleration of the vehicle [m/s2], ϕ is the rate distri-
bution of the braking forces between the front and rear 
axle, Ad disc surface swept by a brake pad [m2], v0 is the 
initial speed of the vehicle [m/s], εp is the factor load dis-
tribution on the disc surface, m is the mass of the vehicle 
[kg] and g is the acceleration of gravity (9.81) [m/s2].

There are two types of disc: full discs and ventilated 
discs. The full discs, of simple geometry and thus of sim-
ple manufacture, are generally placed on the rear axle of 
the car. They are composed quite simply of a full crown 
connected to a “bowl” which is fixed on the hub of the 
car.

The ventilated discs, of more complex geometry, 
appeared more tardily (Figure 1). They are most of the 
time on the nose gear. However, they are increasingly 
at the rear and front cars upscale. Composed of two 
crowns – called flasks – separated by fins (Figure 2), 
they cool better than the full discs thanks to ventilation 
between the fins which, moreover, promote convective 
heat transfer by increasing the exchange surfaces discs. 
The ventilated disc comprises more matter than the full 
disc; its capacity for calorific absorption is thus better.

(1)q0 =
1 − �

2

m g v0 z

2Ad�pthe disc brake. Firstly, compression force is created as the 
result of the force exerted by the brake pad pressing per-
pendicular onto the surface of the disc to slow it down. 
Secondly, the braking action due to the rubbing of the 
brake pad against the surface of the disc brake is trans-
lated into frictional or traction force on the disc surface 
which acts in the opposite direction of the disc rotation.

A disc brake of floating caliper design typically con-
sists of pads, calliper, carrier, rotor (disc), piston and 
guide pins. One of the major requirements of the cal-
liper is to press the pads against the rotor and should 
ideally achieve as uniform interface pressure as possible. 
A uniform pressure between the pads and rotor leads 
to uniform pad wear and brake temperature, and more 
even friction coefficients as cited in Limpert (1999). 
Unevenness of the pressure distribution could cause 
uneven wear and shorter life of pads. It has also spec-
ulated that they may promote disc brake squeal. The 
interface pressure distributions have been investigated 
by a number of people. Tirovic and Day (1991) studied 
the influence of component geometry, material prop-
erties and contact characteristics on the interface pres-
sure distribution. They used a simple and nonvalidated, 
three-dimensional model of the disc brake. Tamari, Doi, 
and Tamasho (2000) presented a method of predicting 
disc brake pad contact pressure for certain operating 
condition by means of experimental and numerical 
methods. They developed a quite detailed model and 
validated the model by fitting the numerical deforma-
tions of the disc brake components with experimental 
results. Hohmann et al. (1999) also presented a method 
of contact analysis for the drum and disc brakes of sim-
ple three-dimensional models using ADINA software 
package. They showed a sticking and shifting contact 
area in their results. Like Tirovic and Day (1991), vali-
dation of their model was not made, Ripin (1995) devel-
oped a simple, validated three-dimensional FE model 
of the pad, and applied rather simple piston and finger 
force onto the back plate interface in his analysis. He 
studied the contact pressure distribution at the disc/pad 
interface, where gap elements were used to represent 
contact effect.

Figure 1. full disc.

Figure 2. Ventilated disc.
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The brake disc consumes the major part of the heat, 
usually greater than 90%, by means of the effective con-
tact surface of the friction coupling. Considering the 
complexity of the problem and the limitation in the 
average data processing, one identifies the pads by their 
effect, represented by an entering heat flux (Figure 3).

The loading corresponds to the heat flux on the disc 
surface. The dimensions and the parameters used in the 
thermal calculation are recapitulated in Table 1.

The material of brake disc is grey cast iron (GF) with 
high carbon content, with good thermophysical charac-
teristics, thermoelastic characteristics of which adopted 
in this simulation of the rotor and the pads are recapit-
ulated in Table 2.

The thermal conductivity and specific heat are a func-
tion of temperature (Figures 4 and 5).

Figure 3. Application of flux.

Table 1. input parameters.

Description Values
inner disc diameter, mm 66
outer disc diameter, mm 262
Disc thickness (th), mm 29
Disc height (h), mm 51
Vehicle mass m, kg 1385
initial speed v0, m/s 28
Deceleration a, m/s2 tstop 8
effective rotor radius Rrotor, mm 100.5
rate distribution of the braking forces �, % 20
tire radius R

tire
, mm 380

surface of the pad Ac [mm2] 5246
factor of charge distribution of the disc ɛp 0.5
surface disc swept by the pad Ad, mm2 35993

Table 2. Mechanical properties of the disc and pad.

Properties Disc Pad
thermal conductivity, k (W/m°c) 57 5
specific heat, c (J/kg °c) 460 1000
thermal expansion, α (10−6/°c) 10.85 10
Young modulus, E (gPa) 138 1
Poisson’s ratio, v 0.3 0.25
Density, ρ (kg/m3) 7250 1400
coefficient of friction, μ 0.2 0.2
Angular velocity, ω (rd/s) 157.89
hydraulic pressure, P (MPa) 1

3. Modelling in ANSYS CFX

Considering symmetry in the disc, one took only the 
quarter of the geometry of the fluid field (Figure 6) using 
software ANSYS ICEM CFD.

This stage consists in preparing the mesh of the fluid 
field. In our case, one used a linear tetrahedral element 
with 30,717 nodes and 179,798 elements (Figure 7).

3.1. Results of the calculation of the heat transfer 
coefficient h

The heat transfer coefficient is a parameter relates with 
the velocity of air and the shape of brake disc, and many 
other factors. In different velocity of air, the heat transfer 
coefficient in different parts of brake disc changes with 
time. Heat transfer coefficient will depend on air flow 
in the region of brake rotor and vehicle speed, but it 
does not depend on material. In this simulation, it is 
determined the average value of the coefficient h “Wall 
heat Transfer Coefficient”, variable with time (Figures 
8 and 9).

3.2. Meshing details

The goal of meshing in Workbench is to provide robust, 
easy to use meshing tools that will simplify the mesh 
generation process. The model using must be divided 
into a number of small pieces known as FEs. Since the 
model is divided into a number of discrete parts, to carry 
out a FE analysis. A FE mesh model generated is shown 
in Figure 10. The mesh results are as shown in Table 3. 
The elements used for the mesh of the model are tetra-
hedral three-dimensional elements.
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(4)  Increment of maximal initial time = 0.5 s.
(5)  Initial temperature of the disc = 20 °C.
(6)  Materials: grey cast iron FG 15.
(7)  Convection: one introduces the values of the 

heat transfer coefficient (h) obtained for each 
surface in the shape of a curve (Figures 8 and 9).

Flux: one introduces the values obtained by flux 
entering by means of the code CFX.

3.3. Thermal boundary conditions

The boundary conditions are introduced into module 
ANSYS Workbench [Multiphysics], by choosing the 
mode of first simulation of the all (permanent or tran-
sitory), and by defining the physical properties of mate-
rials. These conditions constitute the initial conditions 
of our simulation. After having fixed these parameters, 
one introduces a boundary condition associated with 
each surface.

(1)  Total time of simulation = 45 s.
(2)  Increment of initial time = 0.25 s.
(3)  Increment of minimal initial time = 0.125 s.
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Figure 4. thermal conductivity vs. temperature.
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Figure 5. specific heat vs. temperature.

Figure 6. Definition of surfaces of the fluid field.

Figure 7. Mesh of the fluid field.
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Figure 8.  Variation of heat transfer coefficient (h) of various 
surfaces for a full disc in transient case (fg 15).
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press the inner pad against the disc and simultane-
ously the outer pad is pressed by the caliper against 
the disc. Figure 13(a) shows the FE model and bound-
ary conditions embedded configurations of the model 
composed of a disc and two pads. The initial temper-
ature of the disc and the pads is 20 °C, and the surface 
convection condition is applied to all surfaces of the 
disc and the convection coefficient (h) of 5 W/m2 °C 
is applied to the surface of the two pads. The FE 
mesh is generated using 3D tetrahedral element with 
10 nodes (solid 187) for the disc and pads. Overall, 
185,901 nodes and 113,367 elements used (Figure 12).

In this study, a transient thermal analysis will be car-
ried out to investigate the temperature variation across 
the disc using Ansys software. Further structural analysis 
will also be carried out by coupling thermal analysis.

6. Results and discussion

6.1. Thermal analysis

Figure 14 shows the variation of the temperature vs. 
time during the total time simulation of braking for a 
fall disc and a ventilated disc. The highest temperatures 

4. FE model and simulation

In this work, a three-dimensional CAD and FE model 
consists of a ventilated disc and two pads with single 
slot in the middle as illustrated in Figures 11 and 12, 
respectively. The materials of the disc and the pads are 
homogeneous and their properties are invariable with 
the temperature.

A commercial FE software, namely ANSYS 11 (3D) is 
fully utilized to simulate structural deformation and con-
tact pressure distributions of the disc brake during single 
braking stop application. Boundary conditions are imposed 
on the models (disc–pad) as shown in Figure 13(a) for 
applied pressure on one side of the pad and Figure 13(b) 
for applied pressure on both sides of the pad. The disc is 
rigidly constrained at the bolt holes in all directions except 
in its rotational direction. Meanwhile, the pad is fixed at the 
abutment in all degrees of freedom except in the normal 
direction to allow the pads move up and down and in con-
tact with the disc surface. In this study, it is assumed that 
60% of the braking forces are supported by the front brakes 
(two rotors) as cited in (Mackin et al. 2002). Using vehicle 
data as given in Table 1 and Equations (1)–(3), braking 
force on the disc, rotational speed and brake pressure on 
the pad can be calculated, respectively.

 

The rotational speed of the disc is calculated as 
follows:

 

The external pressure between the disc and the pads is 
calculated by the force applied to the disc; for a flat track, 
the hydraulic pressure is, as referred to Oder et al. (2009):
 

where Ac is the surface of the pad in contact with the 
disc and μ is the coefficient of friction.

5. Coupled thermomechanical analysis

The purpose of the analysis is to predict the tempera-
tures and corresponding thermal stresses in the brake 
disc when the vehicle is subjected to sudden high 
speed stops as can occur under autobahn driving con-
ditions. A commercial front disc brake system consists 
of a rotor that rotates about the axis of a wheel, a 
caliper–piston assembly where the piston slides inside 
the caliper, which is mounted to the vehicle suspen-
sion system, and a pair of brake pads. When hydraulic 
pressure is applied, the piston is pushed forward to 

(2)
Fdisc =

(30%)
1

2
Mv20

2
Rrotor

Rtire

(

v0tstop −
1

2

{

v0

tstop

}

t2stop

) = 1047.36[N]

(3)� =
v0
Rtire

= 157.89 rad∕s

(4)P =
Fdisc
Ac.�

= 1 [Mpa]

Figure 10. feA model mesh model for solid disc and ventilated 
disc.
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torsion and shear modes. This high stress concentration 
can cause a rupture to the bolt holes.

6.3. Contact pressure distribution

Figure 16 illustrates contact pressure distributions of 
the inner pad at different braking times. It shows that 
the contact pressure increases gradually and reaches its 
maximum value of Pmax = 1.8 MPa at the end of brak-
ing period. It is believed that the rise in pressure on the 
contact surface can also cause a rise in the temperature 
of the disc and wear of the pads. At the leading side and 
inner radius of the pad, contact pressure is seen to be 
higher compared to the other regions. This is due to this 
area is mostly in contact with the disc surface. Figure 17 
shows the evolution of contact pressures along angular 
positions of the pad. The maximum value of the contact 
pressure is located at the leading edge and at the level of 
the lower edge of the pad. Contact pressure distributions 
of the outer pad are depicted in Figure 18. It shows that 
the maximum contact pressure is predicted in the mid-
dle of the pad with the value of 1.3 MPa. This is much 
lower than that obtained on the inner pad. Indeed, via a 
rotating disc brake and in the presence of the centrifugal 
forces due to the contact disc–pads, it can be product 
the phenomena of instabilities of the sliding contact in 
forms of damping following the presence of noise and 
vibrations phenomena, thus the pressure change at the 
leading and trailing areas is effected seriously from lining 
thickness. As the lining thickness, the tilting moment is 
being increased considerably. Since the pressure increase 
at the leading side and pressure decrease at the trailing 
side are symmetrical, the total braking moment won’t 
be changed.

6.4. Effect of a fixed caliper

For a comparative study, the effect of a fixed caliper (disc 
with double pressure) is also simulated where it main-
tains the same boundary conditions used in the case 
of a single-piston caliper. Figure 19 shows the levels of 
equivalent Von Mises stresses in a section of a disc brake 
at the end of braking period. Unlike the case of the disc 
with a single-piston caliper, it is noted that the highest 
stress appears at the outer side of the fins with the value 
of 8.3 MPa. This is lower than the stress predicted at the 
bolt holes with the value of 31.4 MPa for single-piston 
caliper. It is also found that the stress is well distributed 
to the disc interface compared with stress predicted in 
Figure 15.

are reached at the contact surface of disc–pads. The 
strong rise in temperature is due to the short duration 
of the braking phase and to the speed of the physical 
phenomenon. For the two types of discs, one disc has 
an immediate, fast temperature rise followed by a fall in 
temperature after a certain time of braking.

We can conclude that the geometric design of the disc 
is an essential factor in the improvement of the cooling 
process of the discs.

6.2. Von Mises stress distribution

Figure 15 shows distributions of the equivalent Von 
Mises stress over braking period and it is shown that 
the highest stress occurs at the bolt holes at the time 
t = 0.25 s. This is due to the disc having experience in 

Table 3. Details of mesh model.

Model Number of elements Number of nodes
full disc 114421 172103
Ventilated disc 94117 154679

Figure 11. cAD model of the disc and pads.

Figure 12. fe model of the disc and pads.
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Figure 13. Boundary conditions and loading imposed on the disc–pads.
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configurations of the total deformation of the model 
in the final stage of braking. It is clearly seen that the 
total deformation is slightly decreased with an increase 
in the friction coefficient. Indeed, the high mechanical 

6.5. Effect of friction coefficient

It is interesting to see deformation behaviour of the disc 
and the pads with respect to variation of friction coef-
ficient from 0.25 to 0.35. Figure 20 shows the different 

Figure 15. stress concentration at the bolt holes.

Figure 16. contact pressure distribution on the inner pad.
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generated coefficient of friction can vary depending 
on the type of material used for the brake rotor. If the 
value of the coefficient of friction is increased, the disc 
is slowed down by friction forces which are opposed to 
its movement, and the maximum deformation that it 
undergoes is less significant.

advantage of hydraulic and mechanical disc brakes 
allows a small lever input force at the handlebar to be 
converted into a large clamp force at the wheel, this large 
clamp force pinches the rotor with friction material pads 
and generates brake power. The higher the coefficient 
of friction for the pad, the more brake power will be 
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Figure 18. contact pressure distribution on the outer pad.
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that the maximum contact pressure is produced on 
the pad at the leading edge.

6.7. Thermal deformation in the coupling field

Figure 22 gives the distribution of the total distor-
tion in the whole (disc–pads) for various moments of 
simulation. For this figure, the scale of values of the 
deformation varies from 0 to 284 μm. The value of the 
maximum displacement recorded during this simula-
tion is at the moment, t = 3.5 s, which corresponds to 

6.6. Effect of disc speed

Figure 21 shows prediction of contact pressure dis-
tributions at three different speeds of the disc. It is 
found that contact pressure distribution is almost 
identical in all three cases and its value increases with 
an increase in the angular velocity of the disc. This 
was also confirmed by Abu Bakar, Ouyang, and Cao 
(2003). It is believed that this increase can create the 
wear of the pads as they can leave deposits on the disc, 
giving rise to what is called “the third body”. It is noted 

Figure 19. Von Mises stresses.

Figure 20. total deformation at the end of braking period.
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Figure 21. contact pressure distributions.

Figure 22. total distortion distribution.
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that obtained with the assistance in the mechanical anal-
ysis under the same conditions. One observes a strong 
constraint on the level of the bowl of the disc. Indeed, 
the disc is fixed to the hub of the wheel by screws, thus 
preventing its movement. In the presence of the rotation 
of the disc and the effects of torsional stress and sheers 
generated at the level of the bowl, stress concentrations 
are created. The repetition of these requests will lead to 
risks of rupture on the level of the bowl of the disc.

7. Conclusion

This paper presents thermal-structural and contact anal-
ysis of a reduced brake model without considering ther-
mal effects. The analysis is performed using commercial 
FE software package, ANSYS where the FE model only 
consists of a disc and two pads. From the single stop 
braking simulation, it is found that:

the time of braking. One observes a strong distribution 
which increases with time on the friction tracks, and the 
external crown and the cooling fins of the disc. Indeed, 
during a braking moment, the maximum temperature 
depends almost entirely on the heat storage capacity of 
the disc (on particular tracks of friction); this deforma-
tion will generate a dissymmetry of the disc following 
the rise in temperature which will cause a deformation 
in the shape of an umbrella.

6.8. Von Mises stress distributionin in the coupling 
field

Figure 23 presents the distribution of the constraint 
equivalent of Von Mises for various moments of sim-
ulation; the scale of values varying from 0 to 495 MPa. 
The maximum value recorded during this simulation of 
the thermomechanical coupling is very significant than 

Figure 23. Von Mises stress distribution.
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(1)  It is concluded that ventilated type disc brake 
is the best for the present application. All the 
values obtained from the analysis are less than 
their allowable values. Hence the brake disc 
design is safe based on the strength and rigid-
ity criteria.

(2)  The bolt holes and outer side of the fins could 
first damage due to high stress concentration 
for single and double piston cases, respectively.

(3)  Contact pressure is predicted higher at the lead-
ing side compared to the trailing side and its 
value slightly increases with an increase in the 
disc rotation speeds.

(4)  There is no significant change in disc–pad 
deformation with respect to the variation of 
friction coefficient.

(5)  The total stresss and deformations in the disc 
increase in a notable way when the system is in 
thermomechanical coupling.

Regarding the calculation results, we can say that 
they are satisfactorily in agreement with those com-
monly found in the literature investigations. It would 
be interesting to solve the problem in thermomechanical 
disc brakes with an experimental study to validate the 
numerical results, for example, on test benches, in order 
to demonstrate a good agreement between the model 
and reality.

Regarding the outlook, there are three recommen-
dations for the expansion of future work related to disc 
brake that can be done to further understand the effects 
of thermomechanical contact between the disc and pads, 
the recommendations are as follows:

(1)  Experimental study to verify the accuracy of the 
numerical model developed.

(2)  Tribological and vibratory study of the contact 
disc– pads;

(3)  Study of dry contact sliding under the macro-
scopic aspect (macroscopic state of the surfaces 
of the disk and pads).

Nomenclature
M Vehicle mass, kg
v0 initial velocity, m/s
tstop tstop time to stop, s
Rrotor effective rotor radius, m
Rtire tire radius, m
μ friction coefficient disc/pad
Fdisc rotor force, n
Ac surface of the braking pad, m2

P surface pressure for a single pad, 
MPa
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