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Abstract— A vehicle’s interaction with the road is solely determined by tire mounted on it. These contact patches are roughly 
of a postcard size. This contact patch is called as footprint of tire. The size and shape of the contact patch determines the 
behavior of tire under service condition. Another important parameter is the contact pressure distribution along entire 
footprint. Having an idea of footprint pressure distribution in early stage of product development reduces the design cycle time 
and provides an insight about the product. Good correlation of simulation parameter with physical testing indicates the 
reliability of the simulation model. This work is an attempt to enhance the degree of correlation between simulation and 
physical testing. 
 
Keywords: Tire, Footprint, FEA, Abaqus, Contact 
 
I. INTRODUCTION 
 

Finite element analysis of a tire lends a helping 
hand to product development process. It provides an 
idea of the product performance before having the 
product. The extent of correlation of FEA result with 
physical testing determines the usability of this tool. 
Generally, there are some common output parameters 
which are studied from finite element analysis of a tire. 
Some of these parameters are inflated dimensions, 
stress in embedded element, strain energy density, 
contact pressure etc. Since, the contact behavior of tire 
with the road is very critical in determining its 
performance parameters e.g. footprint pressure 
distribution, it is studied very extensively.  

 
Tire simulation can be performed in two broad ways: 

model considering circumferential grooves only and 
model having a fully function tread pattern (detailed 
pattern). Simulation considering only circumferential 
grooves takes significantly lower time to converge 
compared to a model with detailed pattern. However, 
result obtained through model considering fully 
functional tread shows better correlation with the 
physical testing. Hence, it is a tradeoff between result 
accuracy and computational cost. Figure 1 shows the 
comparison of footprint pressure distribution 
corresponding to these two FEA models. FEA results 
are also compared with the physical testing result. 

 

 
Figure 1: Foot print results comparison  

 
II. FOOT PRINT TEST SETUP 
 

The most common method of obtaining contact 
stress optically is referred to as Frustrated Total 
Internal Reflectance.  The setup is shown in Figure 2. 
Light shines into a glass plate from its edges at such an 
angle that so long as nothing touches the surface of the 
plate the light is essentially totally reflected within the 
plate.  The light cannot pass from the glass back into 
the air except for limited leakage associated with the 
presence of an electrical disturbance in the air within a 
few wavelengths of light of the glass surface.  In this 
situation, the angle at the glass/air interface exceeds 
the critical angle determined by Snell’s law [1]. The 
situation is changed when a third medium with a high 
optical density is brought close to the interface.  In the 
presence of the third medium light will be partially 
transmitted across the interface, the total internal 
reflectance is frustrated, and an illuminated spot 
appears in the field.  Here a thin vinyl sheet, a cheap 
tablecloth, with small dimples is introduced between 
the test tire and the glass. The brightness of the 
illuminated spot at each dimple depends on the 
intimacy of contact at the dimple location.  The 
intimacy of contact depends on how firmly the sheet is 
pressed against the glass, thus, the field interpreted in 
terms of brightness is a measure of the applied 
pressure. 

 

 
Figure 2: Foot print test setup 
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III. TIRE LOADING SIMULATION 
 
Previous works [2- 5] discuss extensively about 
structural simulation of a patterned tire. The 
simulation work can be divided in four parts: 

a) Pre-processing 
b) FEA computation 
c) Post-processing 
d) Result Analysis 

Each part is discussed briefly in following 
sub-sections. 
 

A. Pre-Processing 
Geometrically, tire is a torus structure. However, its 
construction has some directional elements also Viz. 
angle of orientation of reinforcements. The best way to 
model a tire is to start with an axi-symmetric model. 
Tread of the tire is a repetition of basic unit ‘pitch’. 
Since, this pitch is not an axi-symmetric geometry, it 
is modeled separately as shown in Figure 3. 
 

 
Figure 3: Simulation pre-processing 

 
B. FEA computation 

The initial axi-symmetric 2D model is rotated about 
the axis of symmetry (wheel shaft) by an angle 
equivalent to the pitch angle. The resultant 3D model 
is tied to the pitch model. This combined model is 
mounted on the rim and inflation pressure is applied. 
The inflated model (partial 3D) is used for generating 
the complete 3D model of an inflated tire. This 
inflated tire is subjected to vertical load from 
analytical road surface. 
 

C. Post processing 
The vertical loading and tires contact with the 
analytical road surface causes generation of contact 
pressure. The value of this contact pressure varies 
around the contact patch. Characteristic dimensions 
and shape are extracted from the contact patch. 
 

D. Result analysis 
The shape of footprint and the trend of contact 
pressure distribution give an idea about the tire 
performance. To gauge the closeness of FEA result, 
simulation result (footprint) is compared with the 
physical testing result (footprint). 

2. CO-RELATION 
For footprint region, one of the important physical 
quantity which is measured is contact pressure. It is 
very important to compare this physical quantity with 
the truly representing parameter of simulation results. 
Commercial FEA solvers suggest many such 
parameters. Abaqus is widely used FEA package for 
tire structural simulation. Most of the past works in 
literature gives a hint that Abaqus is used for this 
purpose. In those works, simulation result parameter 
‘CPRESS’ is shown as the truly representing 
parameter corresponding to the physical quantity 
contact pressure [2- 7].  
 
Many Abaqus analysis are carried out to get an idea of 
contact behavior. In this kind of analysis, the most 
frequently investigated output parameter is contact 
pressure. However, sometimes it is observed that the 
contact pressure extends beyond the contact region [8]. 
Two reasons are suggested for this observation. One, 
the contour plots is a result of interpolation of nodal 
values; this may cause non-zero value of contact 
pressure for the facets outside the contact region. 
Second, to minimize contact pressure noise at the 
fringe of contact region some filtering is applied. Due 
to imperfectness in this filtering, we get non-zero 
value of contact pressure for the nodes outside of the 
region of contact. The non-zero value of contact 
pressure shows some nodes as closed whereas in actual 
these are open. [8] 
 
Hence, these numerical calculations (adjustments) 
may mislead about contact intensity. We may get 
lesser intensity at the contact region and some false 
intensity at open region. In Figure 4 it is evident that 
that in central ribs and two other ribs adjacent to 
central rib pressure intensity (in footprint obtained as 
a result of simulation) is very less in comparison with 
the real footprint. 
 

Figure 4: Comparison between simulation result (CPRESS) and 
physical testing result. 

 
However, nodal contact force output accurately 
represents the contact intensity. The corresponding 
output variable in Abaqus is ‘CNORMF’. This output 
variable is plotted for footprint region. This footprint 
contour is compared with the footprint obtained after 
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physical testing. It is evident from Figure 5 that nodal 
contact force (CNORMF) gives closer representation 
of reality than CPRESS. The claim made holds true if 
same size elements are used in different regions of the 
mesh 

 
Figure5: Comparison between simulation result (CNORMF) 

and physical testing result. 
 
CONCLUSION 
 
CNORMF is found to be a more representative output 
parameter for tire contact intensity distribution. The 
validity of this fact will be studied for dynamic 

simulations also. Mesh sensitivity analysis will 
enhance the usefulness of this approach. 
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