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 The contact between rail and wheel is a function of many factors, which some of those 

important factors of elasticity is the geometry of rail and wheel. The connectivity of rail 
and wheel is directly effective on the amount of their corrosion and determining the 

railroad’s duration. In this essay has been tried to be calculated the amount of stress 

type of UIC50 in different slopes. At first the theoretical approach of hertz has been 

used to calculate the contact stress of the railroad. Then the sectional area of the 

railroad using the finite element method and the train’s wheel by Solid works are 

modeled, Ansys is used to calculate contact stresses in different slopes. Finally, the 
results of two methods are compared to each other. Vossloh Cogifer’s diagrams are 

used to design rail’s profile, train’s wheel. 
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INTRODUCTION 

 

 Nowadays static and dynamic forces are exerted to railroads from vehicles due to an increase in axial load 

and train’s speed. Since all these forces are transferred through the interaction between rail and wheel, the small 

surface area between them undergoes the severest contact stress, pressures. Therefore, the improvement of 

connectivity between rail and wheel greatly can reduce the stresses exerted to them, prevent from extreme 

surface demolition such as fatigue and abrasion. There are many factors which has an effect on connectivity, for 

example, the geometry of rail and wheel, rail and wheel’s materials, wheel’s load and dynamic forces [1]. 

 The first theories of connectivity between rail and wheel which were handed in were related to hertz in 

1882. [2] Mr.Hertz considered the contact between conical surface of wheel’s profile and rather even railhead as 

a single contact, he obtained the surface area and contact pressure under these conditions [2]. After hertz, kalker 

[5] and aizenman [3] began to complete hertz equation. Newland [7] handed in a model for the contact between 

rail and wheel in arcs. According to newland’s model, in an arched path, if the radius of arch is long enough, it’s 

possible to measure arch by bosy without any contact between wheel’s edges with rail. Tournay [10] showed 

that the contact between rail and wheel has two forms of profile, that is, pointed and comparative according to 

profile’s shape. A big Surface area is formed in comparative contact; as a result, contact stresses decrease. But 

there is two separate surface contacts in two points’ contact [10].   

 The Community  of European railways (CER) Considered the abrasion of rail and wheel, which the results 

of research showed that the contact area of conical wheel and rail head is slip and rolling type, in contrast, the 

wheel’s edges and rail is slip type, as a result, the lateral abrasion is formed quicker than its vertical abrasion. 

Abrasion causes profiles to change, then it leads the connectivity to comparative contact, the result is an increase 

in contact area, a decrease in stress [3].  

 A precise 3D model of rail, wheel has been made to analyze the connectivity of them. Ansys used to 

analyze rail and wheel’s model due to its high accuracy. 

 The connective theory of hertz: the theory prevailed on rail; wheel’s contact is hertz’s theory. According to 

this theory, when two objects are compressed by vertical forces, a contact area with an elliptical figure is formed 

between them. Assumption of hertz’s theory are as follows [4]: 

 The elliptical radius of contact area in comparison with the dimensions of objects in contact is so small.  

There is only the pressure force in contact area, the tangential force is ignored. Deformation remains in elastic 

range.  The contact area is even. These Parameters and relations are given: 
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Where the main radius of wheel R1, the main radius of rail R2 (R2 is usually ∞ for rail). 
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After calculating a,b parameters, big and small radius of hertz’s ellipse are given by: 
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Where F is a vertical load, 1δ ,  2δ are parameters dependent on material, are defined as: 
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M,n are obtained by β and  from the table below: 
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Table 1: m,n quantities [4]. 

 
 

Finally maximum compressive stress at contact point are given by the dimensions of hertz’s ellipse: 
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 Geometry parameters of rail, wheel (the Main and lateral curvature), and mechanical properties (Modulus f 

elasticity, Poisson's ratio) must be known to obtain hertz’s ellipse and contact stresses. The theoretical 

parameters of hertz for rail and wheel are given in the table below: 

 
Table 2: The theoretical parameters of hertz [4]. 

 ( )R mm ( )R mm  ( )E Mpa 

Wheel -920 460 0.3 205000 

Rail 300  0.295 206900 

 

The parameters of material are given by: 
2 2

6 6

1 2

1 0.3 1 0.295
2.22 10 , 2.2 10

2 205000 2 206900

  
       

   
 

Also the parameters of radius are given by: 
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M,n quantities are calculated by extrapolation and the angle from  the table: 
0.988 , 1.009m n   

 

To calculate hertz’s ellipse radii: 
6
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Finally, the maximum compressive stress is calculated by the equation: 

max

3 0000
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2
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 The type of rail used in the railroad of country [6]:   
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 UIC has extensively been used in the railroad of country due to being up to date based on the standard of 

Europe. From the figure below, we can identify the rail used in any area. 

 
Fig. 1: The type of selected rail. 

 

 Uic50 has been chosen to design and analyze. At first we notice the sizes offered by Vossloh Cogifer’s 

company, these sizes have been shown in the table below: 

 
Table 3: The parameters of used rail. 

152 The overall height of the rail(mm) 

125 The width of rail(mm) 

49.4 The hight of railhead(mm) 

72.2 The width of railhead(mm) 

15 The thickness of body (mm) 
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Fig. 2: The final form of rail. 

Designing the cross section of rail (railways, n.d.): 

 At first, the cross section of rail is designed in this way. After drawing the cross section, we use the 

procedure of extrude to emboss the cross section. The cross section of rail has been extruded. The edges of rail 

must be round to match with the real rail. The edges of cross section have been rounded as much as 20 

millimeters. The crown of rail and rail’s leg must be chamfered. These chamfers are made by chamfer’s 

procedure.20c and 30c temperatures are used to make the chamfer under the crown and on the leg respectively. 

After all these stages, finally the final form of rail will be designed in this way. 

 

 
Fig. 3: The cross section of wheel. 
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 The prototype has been rotated by   the revolve procedure. A radius of 92 cm is considered for wheel based 

on the extracted radii. After all these stages, the final form of wheel will be shown in the table below: 

 
 

Fig. 4: The prepared model of wheel. 

Designing the cross section of train’s wheel:  (railways, n.d.): 

 The wheel of the train is designed, modeled after rail. At first the diagram of cross section of wheel is 

inserted into solid works ‘software. Lines and radii are drawn using the diagram of cross section. The reason for 

this is to design a better and more accurate model. 

 

The slope of rail: 

 Based on available standards, the slope of rail is defined 1:20 to horizon, which this scale of slope is equal 

to 2.86 degrees. The prepared wheel, rail is prepared as follows: 

 

 
 

Fig. 5: The prepared model of rail and wheel in Ansys. 

 

The definition of force: 
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 Bearing load’s order is used to increase forces. These forces are applied in two directions, x, y; the first 

force causes normal stress, the latter cause shear stress in the rail. These forces are given in a parametric way to 

adjust the forces if need be. The magnitude of x, y forces are30000 , 51.5 10 N respectively.  

 

The analysis of model: 

 This model has been run to get the stress of Von mises after molding and designing. 

 

 

 

Fig. 6: The stress of Von mises in a slope of 1:20. 

 As described earlier, the standard slope of rails is 1:20. The analysis has been run in 4 different slopes to get 

the effect of slope in Von mises stress, Von mises stress has been gotten in each slope. 

 
Table 4: The results of Von mises stress, normal stress and shear stress. 

slope 1:10 1:15 1:20 1:25 1:30 

Von mises stress(MPA) 479 571 930 994 1123 

Normal stress(MPA) 147 153 586 597 653 

Shear stress(MPA) 247 317 471 648 651 

 

Conclusions, discussions: 

The causes of the difference of hertz’s theory and finite element method’s results: 

 A high percent of errors of finite element method and hertz’s theory results from hertz’s theory, that is, 

elasticity of material in contact phenomenon, in other words, hertz’s theory assumes that there is no deformation 

in elasticity due to the contact of two objects. Under these conditions, material, geometry while the results of 

finite element method showed that the surface of the wheel has undergone plasticity. The plasticity has caused 

the surface area to increase, to decrease the maximum vertical stress in the analysis of elastoplastic to that of 

hertz’s plastic. On the other hand, basically the theoretical method of hertz is based on the assumption of semi-

unlimited media; this assumption is only acceptable when the dimensions of the contact area of two objects are 

so small in comparison with their curvature. 

 The assumption of semi-unlimited media of the contact between wheel and rail, which has many curved 

profiles in different radii, isn’t a correct assumption, especially the contact between the edges of rail with that of 

wheel. Therefore, considering that the mentioned statements above, we can say that the solutions of finite 

element method have a high accuracy, that is, they are more accurate than hertz’s theory. 

 A comparison between hertz’s theory and numerical solution shows a rather good conformity. In addition, 

the numerical solution of elastoplastic is more accurate, real, considering that the plasticity between rail and 

wheel. 

 

The cause of high stress of standard slope: 

 Von mises stress of standard slope of 1:20 is more than that of other slopes. The reason for this can be due 

to high shear and normal stresses. From the table3, shear and normal stresses at a slop of 1:20 significantly 

increase,   then causes Von mises stress to increase at a slope of 1:20.the results of similar research prove this. 

The reason to choose a slope of 1:20 as a standard one can be described by train’s safety. Because   the more 

slope, the more Von mises stress, this relationship can play an effective role to shorten train’s duration. If the 

slope of rail is chosen less to decrease Von mises stress, this can cause the train to move faster, and then it is 

overturned. 
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The relationship of slope and Von mises stress: 

 It is observed that the more slope, the more Von mises stress, but designers have to consider some degree of 

slope to prevent the train from overturning. 

 We can create an adjusted model using the obtained results. The designers can use rails at a slop of 1:30 

where is no spiral route to significantly reduce Von mises stress.  

It can be observed the changes of Von mises stress, normal stress and shear stress in the figure below: 

 
 

Fig. 7: The changes of Von mises stress versus slope. 

 
Conclusion: 

 In this essay, the contact of rail and wheel was assessed in two forms, that is, numerical and analytical, 

according to modern global standards. Ansys software and hertz ‘theory were used for analytical and numerical 

solution respectively. Also the role of railroad’s slope was considered at the change of Von mises stress. The 

changes of Von mises stress followed a logical trend with a change in railroad’s slope. In this essay, it was also 

proved that the more railroad’s slope, the more Von mises stress. 
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