
 

Proceedings of the 17th International Conference on Manufacturing Systems – ICMaS 
ISSN 1842-3183 

 

University POLITEHNICA of Bucharest, Machine and Manufacturing Systems Department 
Bucharest, Romania 

 

 
 

CONSIDERATIONS ON THE MODELLING AND ANALYSIS OF BRAKE PAD 
 

Alina DUŢĂ, Nicolae CRĂCIUNOIU 
 
 

Abstract: The main part of a brake system, pads and disc, are generally considered as a source of 
the brake noise. Manufacturing parameters and composition of component materials can affect the 
final brake lining produced.  In this paper the results of modelling and analysis of brake pad is dis-
cussed. A correlation between noise index and compressibility of brake pad is established. A static 
analysis is performed. Some results are presented that relate the displacement of the top and bottom 
parts of the brake pad and vibration modes of the lining assembly. 
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1. INTRODUCTION 
 

In order to decrease noise and vibration of all vehicle 
systems and to eliminate this source of discomfort many 
experiments have been performed. Noise generated by 
the brake system is a common fact for all vehicle types. 
A classification of these noise levels is based on the fre-
quency range of each noise.  

Break squeal is generally defined as an unpleasant, 
self-induced, high-frequency (2000 − 10000) Hz, 
Chargin s.a [1]. Brake groan typically refers to noise lev-
els below 500 Hz. The intermediate 500 Hz − 1000 Hz 
range can fall into either category depending on the opin-
ion of the listener. 

Much of the published work has included definition 
of brake squeal mechanism, definition of models to de-
scribe the dynamics of the brake system and the devel-
opment of general methods to reduce brake noise. 

It is agreed that brake noise is the result of vibration 
generated at the interface of the rotor and friction mate-
rial. It has been suggested that the reason for brake noise 
is either due to vibration excitation of an unstable mode, 
or due to vibrations caused by large magnitude driving 
forces.  

Liles [2] shows that the friction force instabilities 
generate the brake squeal, either from normal force vi-
bration or from the negative slope of the speed and coef-
ficient of friction plot.  

Bergman, s.a [3] considers that the brake squeal not 
be generated if the coefficient of friction is kept below 
some critical level. For the tested pad/disc combination 
the level find by the authors was found to be 0.4. A small 
increase in the coefficient of friction in the close vicinity 
of the critical level causes a dramatic increase in squeal 
generation. 

Nishiwaki [4] derived the equations of motion for a 
disc brake system using Lagrangian dynamics. Nishiwaki 
expanded the theory to suggest that all brake vibrations 
are generated by the same type of modal instability but at 
different modes depending on frictional input forces and 
modal displacements. The instability is generated due to 
a frictional force fluctuation as a result of normal force 

variations. The normal forces vary as a result of the in-
teractions with the vibrating rotor and brake pads. The 
friction forces are used along with kinetic and potential 
energy expressions to develop the equations of motion 
using Lagrange’s technique. 

Yang and Gibson [5] present a comprehensive review 
of the research on brake noise and vibration. Are pre-
sented the researches, opinions and suggestions of the 
many authors on: noise and brake classification, research 
on brake squeal, methods of research, reduction of brake 
noise and vibration, brake materials and the future con-
siderations 

Hulten, s.a [6] presents the measured mode shape of a 
squealing drum brake. Also is presented the operational 
deflection shape while squealing under an operating con-
dition.  
 
2. FRICTION MATERIALS AND ELASTIC 

CONSTANT 
 

A friction material composition is made up of as 
many as 10 − 20 raw materials, each with a unique vol-
ume percentage and function as strength and friction 
(steel, copper), friction (iron, copper, brass), strength and 
processing (mineral, cellulose), binder (phe-
nol/formaldehyde), friction level (carbides), friction sta-
bility (graphite, rubber)).  

The physical properties of this material influence the 
overall properties of the brake lining. Processing parame-
ters and composition of friction materials affect brake 
noise.  

In order to characterize the friction material, the next 
parameters can be measured: hardness, porosity, fre-
quency and damping, and elastic constant that can be 
measured with ultrasonic waves.  

In order to measure the first natural frequency and the 
rate of vibration amplitude decay that is proportional to 
damping for a given structure, an adequate test was used.  

Young’s module, shear module and Poisson’s ratio 
are determined by measuring the transit time of shear and 
longitudinal modes using ultrasonic technique. 
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Fig. 1. Coordinates definition for sample lining. 
 
 

The relation between the ultrasonic velocity and the 
engineering constants for anisotropic materials is some-
what more complex. In principle, it is possible to use 
ultrasonic to measure all nine independent elastic con-
stant in orthotropic materials. Experience with friction 
materials suggests that they can be treated as transversely 
isotropic materials. As such, there are five independent 
elastic constants. In order to determine these constants, 
minimums of five independent measurements are needed.  
The typical composition of brake pads is referred at [7]:  

a. structural materials: metals, carbons, glass and/or 
Kevlar fibres, added to obtain the mechanical stability; 

b. matrix: in generally, phenolic resins are used, and 
sometime, different rubber type are used; 

c. filler: added to decrease the cost and/or to im-
prove the manufacturability; some fillers may affect the 
friction characteristics of the material; 

d. frictional additives are added to control the coeffi-
cient of friction. 
 
3. THEORETICAL MODEL 
 

In order to find the equations of motion, Nishiwaki 
[4] develops a theoretical model of disc brake squeal, 
where the lining material it is assumed to be a spring 
without any mass installed in the direction of surface 
pressure. 

Starting with relations for surface pressure variations 
that occur by relative displacements between the brake 
pads and the disc, kinetic energies, the following equa-
tion can be obtained: 
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where: 
E1 represents Young modulus for lining 
h represents lining thickness 
Surface pressure variations, Pop and Pip are: 
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where: 
Rop and Rip surface pressure variations for outer pad 

and inner pad; 
wd, wop, wip  disc, outer pad and inner pad width. 
Surface pressure variations, produce variations in 

frictional force, respectively: 
 

 opop μRF =   
 ipip μRF =  (3) 
 
4. STATIC ANALYSIS OF THE BRAKE PAD 
 

In order to perform the static analysis a brake system 
assembly is considered (Fig. 2).  

Lining assembly, schematically presented, is consid-
ered as shown in Fig. 2. The pressure in the brake circuit 
was assumed to be in the range (1 – 9) N/mm2. The 
model used for the analysis is represented in Fig. 3, and 
the generated mesh is shown in Fig. 4.  

In this case the data used for analysis are: pressure in 
the calliper chamber, respectively the range (1-9) N/mm2 

is equivalent to the range (0.76-6.08) N/mm2 on the 
backside of the shoe plate. 

Area of active calculated for the calliper piston is 
2450 mm2, and area of the active surface of shoe plate 
(under piston) is 2210 mm2. In this analysis 6 N/mm2 
value for the pressure in the calliper chamber is used. 

Figure 5 shows the displacement fields in the brake 
pad and Fig. 6 shows the variation of Ez with displace-
ment.   

Figure 7 presents the generated mesh for the pad, and 
Figs. 8 − 11 the pad displacements for the studied case. 

 

 
Fig. 2. Brake system assembly. 

 

 
Fig. 3. Schematic representation for brake pad assembly. 
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Fig 4. Generated mesh model  for the calculation. 

 

 
 

Fig. 5. Displacement fields  in the brake pad. 
 

 
 

Fig. 6. Variation of Ez  with displacement. 
 

 
 

Fig. 7. Generated mesh for pad of this analysis. 

 
 

Fig. 8. Pad displacements I. 
 
 

 
 

Fig. 9. Pad displacements II. 
 
 

 
 

Fig. 10. Pad displacements III. 

 



346 

 

The frequencies values for ten vibration modes ob-
tained in this analysis are presented in Table 1. 

 

 
5. CONCLUSIONS 
 

From the results of the analysis reported in this paper 
the following conclusions are given.  

On the brake pad, for a passenger vehicle, under pres-
sure, some displacements occur at the top and bottom 
part of the pad. The power regression curve shown in 
Fig. 5 indicates that 87 % of variation in displacement is 
accounted by the variability in the Young’s Modulus of 
the lining material in the Z direction, Ez. 
 In order to analyse the pad displacement  a static FEA 
analysis was developed. Mode shape and frequencies for 
the considered case are presented. 
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