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ABSTRACT 
Tyre/road noise is greatly influenced by the dynamic forces generated in the contact patch. 

The current research for predicting the contact stresses is based on analytical formulations in 
two or three dimensions. 

The paper deals with the validation of an analytical multipoint contact pattern currently 
developed for introduction in a full model for tyre/road noise. The tyre tread is modelled by 
an elastic half-space and the road surface by several rigid asperities with random shapes. The 
contact law for each indenter depends on the interpenetrated volume, the area and the 
perimeter of its base. The model is three-dimensional and considers the interaction between 
the contact points. 

The contact between a rubber block and a periodic surface composed of spherical indenters 
was studied. The contact areas and stresses were measured using pressure sensitive Fuji 
Prescale films. The accuracy of the measurement method was estimated using the hertzian 
contact between a spherical indenter and the rubber block. The experimental results were 
compared with the multipoint model. 

Next work will focus on the validation of the model for real road surfaces, by evaluating 
the contact stresses first in statics and then in rolling conditions. 
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1 INTRODUCTION 
Tyre/road noise is greatly influenced by the dynamic forces generated in the contact patch. 

These forces are due to a complex interaction between the tyre tread and the surface 
roughness. Sandberg and Descornet [1] showed that tyre/road noise level was linked to road 
texture level using statistical correlations. Then, an envelopment procedure, based on an 
analytical contact model in two dimensions, was developed by Klein et al. [2] in order to 
predict the tyre deformations from road texture profile. An analytical contact model in three 
dimensions for tyre/road interaction in rolling conditions was developed by Wullens and 
Kropp [3]. 

Recently, Sameur [4] proposed an analytical multipoint approach for modelling tyre/road 
interaction in three dimensions. The purpose of the present study is to validate this model 
from contact area and pressure measurements for a simple configuration. More realistic cases 
will be studied in a near future. 

2 ANALYTICAL MULTIPOINT CONTACT MODEL 

2.1 Hypothesis 
The tyre tread is modelled by a perfectly flat three dimensional elastic half-space with a 

Young’s modulus E and a Poisson’s ratio ν. The road surface is described by several perfectly 
rigid indenters with random shapes. The surfaces in contact are frictionless, which means that 
there is no tangential tractions and only the normal pressure is taken into account in the 
contact area. 

The contact problem is solved in statics along the driving path line for each space step Δx. 
The time-dependence of the contact forces is then obtained by a combination of the static 
results at each time step Δt = Δx/V, where V is the car velocity during rolling. 

2.2 Contact model for a single asperity with random shape 
The contact between an elastic half-space and a single asperity with random shape can be 

described by the theory of interaction potential of Wilke [4]. When a normal load P is applied 
on the elastic half-space, its surface penetrates into the indenter. The normal deformation of 
the surface δ at the summit of the indenter is called the interpenetration. 

 The relation between P and δ is named the contact law. It can be calculated from the 
interaction potential U using equation (1), where c is a constant depending on the indenter 
shape and Ω, Σ and Γ are respectively the interpenetrated volume, the area and the perimeter 
of its base. 
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The model was analytically and experimentally validated for single spherical and conical 
asperities by Sameur [4]. The constant c was 0.36 for a sphere and 0.45 for a cone, which 
means that the geometry of the indenter has a small influence on the contact force. 
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2.3 Multipoint formulation 
When the elastic half-space is loaded on a surface composed of N asperities (Fig.1), the 

total normal load P is divided into N normal forces Pi applied at the summit Mi of each 
indenter.  

These forces are figured out using the interaction potential Ui as in equation (1). The local 
interpenetration δi at the point Mi is calculated from the total interpenetration δ0, the height Hi 
and the interaction displacement ui due to the forces existing at the other points Mj. 

Fig. 1. Contact between the elastic half-space and several asperities with random shapes. 

The multipoint formulation results in a system of N non-linear equations (2) with N 
unknowns Pi. The interaction coefficients Tij are calculated from the Boussinesq’s theory [5] 
for a concentrated normal force loading the surface of an elastic half-space.  
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The problem is solved using the Newton-Raphson’s iterative method. Then, the contact 
areas and the pressure distribution are locally calculated from the normal forces Pi. 

3 EXPERIMENTAL VALIDATION FOR A SIMPLE CONTACT PROBLEM 
The quasi-static contact between a rubber block and a periodic surface composed of 25 

spherical indenters was studied. The purpose was to validate the multipoint model from 
contact force and area measurements for a simple configuration. 

3.1 Experimental set-up 
The rubber block was a square parallelepiped of side 140 mm and thickness 20 mm. The 

Young’s modulus E of the rubber was estimated from a pure compression test (E = 5.25 MPa) 
and its Poisson’s ratio assumed to be ν = 0.5.  

The periodic surface was elaborated using 25 steel-made rolling balls of equal radius 
(R = 5 mm). The spherical indenters were arranged as shown in Fig. 2 and their summits were 
in the same plane.  

The surfaces of the bodies were brought into contact using a press (Fig. 2) and the total 
applied load P was measured during the experiment. 
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Fig. 2. Periodic surface and experimental set-up for the contact tests with the rubber block. 

3.2 Measurement of contact forces and areas 
The contact forces and areas were measured using LLW and LLLW Fuji Prescale films at 

the contact interface. Such films are color-forming materials which print density depends on 
the pressure level. Each film has its own applicable pressure range (0.5 to 2.5 MPa for LLW 
film and 0.2 to 0.6 MPa for LLLW film). Thus, the LLW film, which has a wide pressure 
range, is well suited for contact force measurements, while the LLLW film is more adapted 
for area measurements, since it is very sensitive but saturates very fast. 

The precision of the films was estimated using the Hertz’s contact theory [6] between a 
single spherical indenter and the rubber block. It was found that the differences between 
experiments and theory were less than 6 %, considering an equivalent Young’s modulus 
Eeq = 6.54 MPa for the composite structure composed of the film and the rubber block. 

The contact forces were measured using LLW Fuji film. An example is given in Fig. 3 for 
a total normal force P = 419 N. The mean gray level inside the print of each indenter was 
calculated. It was converted in a mean contact pressure using a calibration curve. The LLW 
film was calibrated following the recommendations of Liggins et al. [7]. Then the contact 
forces Pi were calculated by multiplying the mean pressure by the apparent contact area, 
which was evaluated using the number of reacted pixels. The measured forces were compared 
to the theoretical normal forces given by the multipoint model. 
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Fig. 3. Comparison between the experimental and the theoretical contact forces for P = 419 N. 
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The contact areas between the rubber block and the periodic surface were measured using 
LLLW film. An example is given in Fig. 4 for a total normal force P = 500 N. For each 
spherical indenter, the apparent contact radius as was locally estimated from the contact print 
in gray level n, using a best-fit ellipse procedure [8]. The measured radii were compared to 
the theoretical radii given by the multipoint model and calculated using Hertz’s theory. 
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Fig. 4. Comparison between the experimental and the theoretical apparent radii for P = 500 N. 

3.3 Results 
The contact forces and the radii of the contact areas were measured using Fuji films and 

compared to the multipoint model for four loads P varying between 289 N and 500 N. The 
average errors Pε and aε for forces and contact radii and their standard deviations PεΔ  and 

aεΔ  were calculated for each loading case. The results are given in Table 1. 
The differences between experiments and theory were less than 10 % for the contact radii, 

which is fairly acceptable. However, the differences can be over 10 % for the contact forces. 
This could be explained by the difficult calibration of the LLW films that leads to some 
uncertainties. This problem has to be investigated more thoroughly for a reliable validation of 
the model. 

Table 1. Errors between experiments and model for the contact forces and  the apparent  radii. 
P (N) (%)Pε  (%)PεΔ  (%)aε (%)aεΔ
289 5.6 ± 5.8 5.1 ± 3.9 
355 7.3 ± 5.1 4.4 ± 3.3 
419 8.0 ± 5.4 3.5 ± 3.0 
500 8.8 ± 6.8 2.4 ± 1.9 

4 CONCLUSIONS 
The analytical multipoint contact model was formulated for the contact between an elastic 

half-space and a surface composed of asperities with random shapes. It was experimentally 
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validated for contact areas for a periodic surface of spherical indenters. However, the 
differences between experiments and theory for contact forces were not fully satisfactory. 

Further investigation is needed for the validation of the multipoint model. For instance, a 
more accurate experimental procedure or device (Tekscan) could be used or the model could 
be compared to a FEM model. Finally, next work will focus on the validation for more 
complex configurations, in statics first and then in rolling conditions. 
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