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Abstract: It is known that proper exploitation of wheel tires of tractors is difficult and it depends on many 

influencing factors. Tire inflation pressure has a significant importance on their stress and strain distribution. 

Tire strain influences the size of the contact surface with the rolling track. Low pressure generates an 

exaggerated flexing of the tire carcass, increasing the rolling resistance of the wheel. Too large pressure causes 

the decrease of tire adhesion, irregular and faster wear, especially for the driving wheels. For various soil 

conditions depending on the tire pressure, different soil stress distributions can be obtained. The paper presents 

an analysis a model of a 65 HP tractor driving wheel tire, by means of the Finite Element Method. A model of 

the tire is developed, for which the parameters characterising the elastic behaviour of tire rubber were defined. 

The study was developed for various tire air pressures (0.5, 0.8, 1.1, 1.4, 1.7, and 2 bars). The results and 

conclusions obtained from the study are useful in the identification of optimal operating parameters for the tires 

of the driving wheels of agricultural tractors, and this FEM model can be adapted and used for other tractors and 

agricultural machinery. 
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Introduction 

Tires provide the following functions for a land vehicle: attenuate the shocks caused by uneven 

rolling tracks, ensure proper adhesion to the rolling track, and ensure safety and resistance to high-

speed movement, take the loads distributed on wheels, contribute to passengers or operators comfort. 

The complex geometry and the multitude of factors influencing the mechanical behaviour make the 

modelling of stresses and strains distribution in the tires of agricultural land vehicles difficult. The 

interaction between the tire and rolling track is a very complex research topic and has been considered 

a critical problem in the design of agricultural vehicles. 

Tire inflation pressure is particularly important for the shape of the contact surface between the 

tire and soil, and thus on the soil stress distribution (Fig. 1). For various soil conditions (soil type, 

moisture, etc.), depending on tire pressure, different distributions of soil stresses can be obtained. 

 

 

Fig. 1. Influence of tire air pressure on the shape of the 

contact surface and on soil stress distribution 
Fig. 2. Tire deformation under the 

action of an external load 

Due to the wide diversity of shapes, sizes, material characteristics and operating conditions, lately 

more studies and researches regarding mathematical modelling and the analysis of stress and strain 

distribution in the tires of land vehicles have appeared. This is necessary in order to adopt a rapid and 

inexpensive procedure, capable to evaluate tire behaviour in different situations. With the great 
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development of computers and numerical computation programs, a natural opportunity arose to use 

these tools to simulate tire mechanical behaviour of land vehicles using the Finite Element Method. 

The primary difficulty is to model accurately the nonlinear mechanical behaviour of the tires 

material (rubber reinforced with textile or metal). 

Under the action of an external load (weight per wheel), a tire deforms as shown in Figure 2. 

According to Hedekel’s equation, tire deformation is given by the following relationship: 

 
rRp

F
f

i ⋅⋅⋅π⋅

=

2
 (mm),  (1) 

where F – vertical load acting on the wheel, N; 

 pi – air pressure inside the tire, MPa; 

 R – free radius of the wheel, mm;  

 r – radius of the tire running path in cross section, mm. 

The static tire radius is given by:  

 fRRs −= (mm), (2) 

and the length of the contact chord is:  

 222 sRRL −⋅= (mm).  (3) 

Materials and methods 

The analysis was developed for the tire of the rear wheel of the 65 HP Romanian tractors U-650, 

the main characteristics of which are given in Table 1. The analyzed tire is symbolised as 14-38 R35. 

Table 1 

Main characteristics of U-650 tractor 

Tractor Soil interaction part 
Gauge, 

mm 

Weight (total / 

per axle), kg 

Contact patch 

width, mm 

Front tire 1170 180 U-650 

(65 HP) Rear tire 
1600 3380 

2210 367 

 The tire is made of rubber, which is generally considered to be a non-linear, incompressible or 

nearly incompressible, hyper-elastic material, which often experiences very large deformations upon 

loading [6]. The element selected for analysing the rubber material was HYPER185, used in 

conjunction with the two-term Mooney-Rivlin material model [6]. ANSYS v12.1 program was used 

for the analysis of 3D model, respectively Quick Field Students v5.6 was used to analyze the plane 

model of the tire section in the “plane strain” mode. 

Figure 3 illustrates 3D physical model for the rear tire of the 65 HP tractors, developed by means 

of Solid Works program, which takes into consideration all the details on tire sizes.  

 
  

Fig. 3. Physical tire model Fig. 4. Meshed tire 3D model Fig. 5. Meshed tire 2D model 

F1 

pi 
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This geometrical model was imported in ANSYS v12.1, thus obtaining the meshed model of FEM 

analysis (Fig. 4), consisting in three dimensional finite elements for both tire and rim, as well as for 

the rigid surface of the rolling track. In the contact area finer and more precisely meshing was 

developed, using a higher number of finite elements having smaller sizes. For easier analysis also a 

plane, symmetric model of the tire in the frontal plane was developed, using Quick Field Students v5.6 

program (Fig. 5), for which the tire air pressure and the load on the wheel were taken into account. 

Results and discussion 

Figure 6 (a) shows the influence of the tire pressure on the dimensional characteristics of the 

wheel (Figure 2), respectively the tire deformation (Eq. 1), static radius Rs (Eq. 2) and the length of 

contact chord L (Eq. 3), for the rear wheel. The tire air pressure influences the tire pressure applied on 

the soil. That dependency is shown in Figure 6 (b), for both the front (f) and the rear wheel (b) of U-

650 tractor. 
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Fig. 6. Influence of tire pressure on the dimensional characteristics of the wheels (a),  

and on the contact pressure (b) 

Figure 7 presents the modelling results of tire air pressure on how the tire deforms. Figure 8 

shows the distribution of equivalent stresses by the Von Mises criterion in the tire, in the contact area 

with the rolling track. Also the tire outline after the strain is traced, due to the application of the 

external load.  

 

Fig. 7. Influence of tire pressure on tire deformation  

pi = 0.5 bar 

 

pi = 0.8 bar 

 

pi = 1.1 bar 

 

pi = 1.4 bar 

 

pi = 1.7 bar 

 

pi = 2.0 bar 
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It can be noticed that the highest values of equivalent stresses are found in the joint area of the lug 

with the tire carcass. Figure 9 shows the distribution of total displacement in the tire for the same 

section. The highest displacements arise in the mean area of the tire carcass. Figure 10 shows the 

graphical variation of equivalent stresses on the outline and Figure 11 shows the graphical variation of 

total displacements on the outline of the analyzed axis-symmetric model.  

 

Fig. 8. Distribution of equivalent stresses in the tire in the contact area with the rolling track:  

a – pi = 0.5 bar; b – pi = 0.8 bar; c – pi = 1.1 bar; d – pi = 1.4 bar; e – pi = 1.7 bar; f – pi = 2.0 bar 

 

Fig. 9. Distribution of total displacements in the tire in the contact area with the rolling track: 

a – pi = 0.5 bar; b – pi = 0.8 bar; c – pi = 1.1 bar; d – pi = 1.4 bar; e – pi = 1.7 bar; f – pi = 2.0 bar 
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Fig. 10. Graphical variation of equivalent stresses 
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Fig. 11. Total displacements for the analyzed plane outline, for various values of tire air pressure 

Conclusions 

1. The Finite Element Method is the most advanced mathematical tool used for the complex study 

of the interaction between the rolling bodies of land vehicles and the rolling track. 

2. The highest difficulty for this study was encountered in the modelling of nonlinear hyper-

elastic behaviour of the tire material – rubber, which included the cord angles in each layer, 

respectively the analysis of stress and strain distribution. 

3. The tire air pressure has an important influence on the equivalent stress distribution in soil. Soil 

stresses increase at higher tire pressure.  

4. The present study allows the highlight of some areas of the analyzed tire in which stresses are 

higher, as well as the fact that the mean area of the tire carcass is subjected to the highest strains. This 

also leads to the highest danger of tire wear during depressurisation. This led to the conclusion that the 

thickness of the carcass walls should be increased. 
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