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1.	 Introduction

The modeling of tires is one of the most complex tasks 
in the mathematical modeling area. The task consists of real 
physical model creation, which is most commonly mathematically 
described by the system of differential or algebraic equations. 
In a  simpler case, these equations are linear. That means 
the possibility to get acceptable results in acceptable time of 
calculation. In a  case, when the equations are nonlinear, the 
calculation is much more complicated [1].

2.	 Tire modeling

Simplified mathematical description of the tire behavior 
during operation leads to linear differential equations. This 
approach is acceptable in the case the tire is not in the centre of 
attention by the simulation. This can happen by the evaluation of 
the complex vehicle dynamics by different simulation scenarios. 
The main task of the calculation is then reduced to gather dynamic 
properties of vehicle parts or to analyze the level of vibrations or 
noise inside the vehicle, the level of frame parts loading, etc. [2].

If the calculation is focused on monitoring driving quality 
of tires, it is necessary to create a detailed model for calculation, 
including, for example, [3 and 4]:
·	 material properties of rubber and other structural elements of 

the tire,
·	 the level of inflators,
·	 shape and height of the tread etc.

This kind of calculation creates the need for application 
of modern computing resources to get acceptable results. An 
important factor affecting the duration of calculation is the right 
choice of the virtual mathematical model and also the method for 
creating the calculation algorithm.

2.1 Tire models

It is possible to make principal distribution of wheel and tire 
dynamic models to [5]:
·	 simple dynamic models:

•	 with the point contact (Fig. 1a),
•	 with the cylinder contact (Fig. 1b).
•	 complex dynamic models:
•	 with the solid track (Fig. 1c),
•	 with the radial springs (Fig. 1d),
•	 with the radial and tangential springs and elastic ring 

(Fig. 1e).
·	 continuous dynamic models:

•	 created by the finite element method (Fig. 1f),
•	 created by the boundary element method,
•	 created by other methods of continuum analysis.

The most commonly used model for dynamic analysis of 
vertical or longitude and transversal oscillations of the vehicle 
with consideration of wheel - road interactions is the model 
with radial and tangential springs and elastic ring (Fig. 1e). The 
detailed description of this model is shown in Figs. 2 and 3.
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elastic characteristics of the tire in the vertical direction. This 
model follows the vertical vibrations and it can be useful after 
some improvements to solve the dynamics of the wheel - road 
interaction.

Fig. 4 Vehicle model with a simplified tire model (Source: authors)

Fig. 5 Vehicle model with the wheel - road interaction  
(Source: authors)

The models described above can be used for solving the 
problems of computer evaluation of the driving characteristics of 
inflated and underinflated tires and especially the run-flat state.

Fig. 2 Detail of tire model inner structure (Source: authors)

Fig. 3 Detail of tire model with the road interaction  
(Source: authors)

2.2 Vehicle models

One of the models of vehicle dynamics calculation is shown in 
Fig. 4. This model allows to obtain information about oscillations 
in the vertical and horizontal direction of the vehicle cab and axle. 
The tire model is in this case simplified. This model is suitable 
for prototyping simulation of vehicle stability in the transverse 
direction as well as the analysis of driving characteristics of the 
vehicle in the vertical direction [6].

Figure 5 shows a different vehicle model with a more detailed 
model of dynamic wheel with an elastic disk and also with 

   
	 a)	 b) 	 c) 	 d) 	 e) 	 f)

Fig. 1 Tire models (Source: [5])
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Fig. 7 ISO lane change test track in ADAMS/Car environment 
(Source: authors)

The goal of the simulation was to follow the car velocity at 
the end of the manoeuvre. The calculation rating was selected by 
0.8 according to the influence of ADAMS/Driver on the progress 
of the manoeuvre.

Figures 8 and 9 show the velocity diagrams during the 
manoeuvre for the inflated and under-inflated tires.

Fig. 8 ISO lane change velocity graph - inflated tires 
(Source: authors)

Fig. 9 ISO lane change velocity graph - under-inflated tires  
(Source: authors)

2.3 Calculation software

The programs, which solve also tasks related to vehicle tires, 
are based on FEM [7]. The most popular are:
·	 ANSYS, 
·	 LS-DYNA,
·	 ADINA,
·	 ABAQUS.

The simulation programs already obtain models of commonly 
used tires defined by their producers based on the so called 
”multibody dynamics“. The best known software in this class is:
·	 ADAMS with its module Car,
·	 MEDYNA,
·	 NEWEUL,
·	 MATLAB – Simulink.

3. Simulation of iso lane change manoeuvre

The task solved in this example was focused on the simulation 
of a run-flat tire based on the standard driving manoeuvre – the 
ISO lane change. The model was based on the standard sedan car 
model platform in ADAMS/Car software (Fig. 6). The conditions 
and the results of the simulations are described below.

Fig. 6 Standard ADAMS/Car vehicle model (Source: authors)

The simulations were done for 6 types of tires inflated to 220 
kPa and 4 tires under-inflated to 110 kPa. The configuration files 
were developed after experimental measurements of necessary 
relations.

The car behavior was monitored by the prescribed ISO lane 
change manoeuvre. This manoeuvre is simulated at an initial 
velocity of 60 km.h-1. The acceleration pedal is held in a constant 
position during the manoeuvre. ADAMS/Driver controls just the 
direction of the steering axle of the car.

The scheme of the track and vehicle model developed for the 
overtaking manoeuvre is shown in Fig. 7.
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4. 	Conclusion

It is possible to create various vehicle models with elastic tires 
according to the user´s specific needs for particular calculations. 
It depends on the goal of the analysis and the decision which 
results are significant and which are irrelevant [8 and 9]. The 
presented simulation used the software model of a standard car 
equipped with tire models defined by the user. There was a specific 
test done and the velocity results for different tires presented in 
graphs enable to compare the behavior of the modeled tire types.
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