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Abstract. Wheel and turnouts life safe operation and life span prediction may be improved 

through a more thorough research. Currently, numerical methods for the study of the before 

mentioned problem bring significant overhead in computing systems. The present work 

describes a multi-point contact study between wheel and switch using Kalker's three-

dimensional theory, using CONTACT software. This method has the advantage to suit well the 

frictional aspects of the phenomena. More than that, comparisons between results obtained 

with FE software and with CONTACT software reveal a remarkable similarity. The latter 

method however, is significantly more efficient from the numerical method point of view and it 

also allows computing the contact points position either on the fly or using look up tables. 

1.  Introduction 

Developing computer applications for the study of train–turnout interaction has been a main goal in 

the recent years for both the UIC (International Union of Railways) and railway researchers [1]. The 

subjet has been approached employing commercial multi-body or finite element (FE) software. In the 

proposed methods contact points position is computed either on the fly or using look-up tables.  

 In the case of the latter method, contact points coordinates are computed in advance, stored in look-

up tables and intermediate points are determined using interpolation [2,3,4].  

 If the contact resolution is performed on the fly, iterations and secondary contact points search is 

necessary.  

 Whether the first or the second method is used, the computation brings significant overhead, even 

for powerful computation systems available today. Various methods to express constraint contact 

forces may be employed, e.g., Lagrange multipliers.  

 The present paper will employ Kalker’s three dimensional theory in the research of the train–

turnout interaction. This method has the advantage to suit well the frictional aspects of the phenomena. 

More than that, comparisons between results obtained with FE software and with CONTACT software 

reveal a remarkable similarity [5]. The latter method however, is significantly more efficient from the 

numerical method point of view and it also allows using any of the two contact points computation 

methods mentioned above.  

 The presence of of simultaneous contact points on wheels in contact with the turnout is an intrinsic 

feature of the phenomena. FE analysis is difficult to apply as contact areas depend on the deformation 

of the bodies and the deformations depend on the contact forces and areas.  
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2.  Basic knowledge of Kalker's theory 

The tangential force dependence on creep in rolling contacts features a maximum, known as friction 

saturation. Starting from a null value, the gradual increase of the creepage leads to the friction 

saturation. Further, creepage amplifying is followed by a decreasing force section.  

 During the past decades a number of wheel-rail contact theories have been developed, based on 

Kalker’s research. The studies aim is to define the relationship between forces, spin moment and linear 

and spin creepage. Each model has its limitation therefore several theories were introduced [29], i.e., 

linear theory, strip theory, empirical theory, simplified theory and exact three dimensional rolling 

contact theory.  

 The linear theory may handle small spin and creepages. This assumption neglects the pressure 

applied at the edges of the contact area. Hence, the boundary conditions are not enforced at the trailing 

edge where the wheel and rail particles leave the contact patch. Rather similar drawbacks are featured 

by the strip theory which, although giving a very good result regarding the shape of the contact area, 

fails to be accurate in predicting the tangential forces. 

- Inside the contact ellipse, equation (1): 
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- Outside the contact ellipse, equation (2): 

 0 p x,y     (2) 

 Integrating Equation 1 it results, equation (3): 
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where g(y) is an arbitrary function. 

 The g(y) arbitrary function should observe that the traction has to be continuous at the limit of the 

driving direction of the traction surface between the railway and the wheel. However, the result thus 

obtained presents a different limit value of the friction force than the rear limit of the contact force [6]. 

 The traction increases up to the rear limit of the contact area where normal stress disappears and 

the traction drops to a null value. As a consequence, the friction’s coefficient value has a 

discontinuous transition up to infinite.  

 The computation of the g(y) expression gives a linear dependence between the forces and pseudo-

sliding, equation (4): 
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  (4) 

where: a, b – contact ellipse’s semi-axes, x, y,  - longitudinal, transversal and spin pseudo-sliding 

movements in the contact points, C11 , C22, C23,32, C33 – Kalker’s coefficients which depend on the 

values of Poisson’s coefficient and are being obtained based on the equations given below [7], 

equation (5): 



3

1234567890‘’“”

ModTech 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 400 (2018) 022057 doi:10.1088/1757-899X/400/2/022057

 

 

 

 

 

 

   

 

11 22

3
23

0

   

  


       

 


   

 x y

yx

x y

y

FF
C / a b G , C / a b G

F
C / a b G

  (5) 

 Kalker is also defining the pseudo-sliding coefficients as following, [1], equation (6): 
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 The longitudinal, transversal and spinning pseudo-sliding movement are determined based on the 

following relation, equation (7): 

        


     
yx s

x y

ww r
, , ,

V V V
   (7) 

s - the spinning angular speed. The wx,y pseudo-sliding speeds are established based on the (1). 

 

3.  Numerical application 

The numerical application presented in this section takes into account an axle equipped with wheels 

featuring S78 profile (the nominal rolling radius is of 460 mm) on rails with profile type UIC 60, 1:20. 

The speed of the axle is of 35 m/s.  

 The value of the normal force applied on the wheel is 10 kN. In order to analyse the contact area, 

the wheel and rail profiles are described using circular arcs and the contact points are found through 

the method of the minimum distance [8, 9].  

 If two contact points occur on the same wheel, the normal load is distributed on the two contact 

patches. The ratios of the load on the two contact areas is determined assuming that the elasticity and 

force dependence on the deformations are the same for both of the points, according to Hertz [10] 

theory for the contact between two cylindrical bodies. Hence, the ratio of the vertical loads within the 

contact areas is given by equation (8): 

 3 2
1 2 1 2  

/
Q / Q /

    (8) 

where  and  are the vertical projections of the penetrations in the two contact areas and the sum of 

the vertical projections of the normal loads in the contact areas, namely Q1 and Q2, balances the 

wheel load i.e, 1 2 Q Q Q
 

 In order to study wheel - rail tongue interaction an algorithm is developed within CONTACT 

software frame. The algorithm may take into account multiple contact points. The stages of the 

computation algorithm are as follows, [11], [12], [8]:  

a. Coordinates for the first contact point are determined using the minimum height difference criteria.  

b. Assuming that there is a single contact point, penetration is determined.  

c. The possibility of an additional contact area is verified and the previous stages are iterated again, if 

necessary.  

d. Final values of penetrations and normal loads are obtained.  

 Numerical studies of the axle operating conditions (i.e., traction or braking) upon penetrations and 

stresses in the wheel and turn out areas are described. Figures in the left column are for the rolling 

surface and in the right column for the flange surface.  

 Vector field of the tangential stress is represented in figures 1 - 4. Results in figures 1 and 2 are 

obtained considering that neither traction, nor braking is exerted by the axle, while in figures 3 and 4, 
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traction occurs. A stick area may be noticed on the rolling surface in the absence of traction, figure 1. 

The stick area disappears when traction occurs, figure 3, and the stress vector is augmented. Stress 

vector field remains rather similar on the flange in both situations, figures 2 and 4, and spin slip is not 

present in this area. 
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Figure 1. Stress vector field on the rolling 

surface area. No traction. Stick area is present. 

 Figure 2. Stress vector field on the flange 

surface area. No traction. No spin slip. 
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Figure 3. Stress vector field on rolling surface 

area. Traction occurs. Stick area disappeared. 

Stress vector field is augmented.  

 Figure 4. Stress vector field on the flange 

surface area. Traction occurs. No spin slip. 

 

 Friction power density is represented in figures 5-8. In accordance with the previous plots, the 

friction power density increases when traction increases. Figures 9-12 describe the distribution of the 

tangential stress in the wheel-turnout contact area.  

 According to figures 5-8, the friction power density is greater when the axle traction force occurs 

both on the rolling surface and the flange, figures 7 and 8, compared to the situation when the axle is 

braking. This fact is explained by the slip increase which aggravates wheel flange and inner turnout 

wear. At the same time, lateral axle displacements and slip are increased conducing to a negative 

influence upon the hunting movement. 
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Figure 5. Friction power density for traction 

torque, on rolling surface area. 

 Figure 6. Friction power density for traction 

torque, on wheel flange area. 
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Figure 7. Friction power density for braking 

torque in the wheel-turnout contact area – 

wheel on rolling surface area. 

 Figure 8. Friction power density for braking 

torque in the wheel-turnout contact area – 

wheel on wheel flange area. 
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Figure 9. Distribution of the tangential stress 

for traction torque in the wheel-turnout 

contact area – wheel on rolling surface area.  

 Figure 10. Distribution of the tangential stress 

for traction torque in the wheel-turnout contact 

area – wheel flange area.  
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Figure 11. Distribution of the tangential stress 

for braking torque in the wheel-turnout 

contact area – wheel on rolling surface area. 

 Figure 12. Distribution of the tangential stress 

for braking torque in the wheel-turnout contact 

area – wheel flange area. 

 

 The distribution of the tangential stress in the wheel-turnout contact area is plotted in figures 9 and 

10 for traction torque and figures 11 and 12 for braking torque. In the wheel flange contact area, the 

tangential stress is significantly increased during traction mode due to the fact that guidance forces are 

also applied in this area, i.e., from 112 N/mm2 to 140 N/mm2, figure 9. In the wheel rolling surface 

area the variations are insignificant, i.e., from 140 N/mm2 to 142 N/mm2, figures 10-12.  

 The main parameter in the tangential forces expression is pseudo-sliding defined as the ratio 

between the sliding velocity in the contact point and the forward axle velocity. These parameters 

distinguish between static and rolling friction.  

 The present study brings a solution to obtain sliding velocities and stress distribution in the contact 

area which are essential for the study of the vehicle-rail interaction.  

4.  Conclusions 

Wheel and turnouts life safe operation and life span prediction may be improved through a more 

thorough research. The approach proposed in this work is significantly more efficient from a 

numerical method point of view and it also allows computing the contact points position either on the 

fly or using look up tables. Numerical studies of the axle operating conditions (i.e., traction or braking) 

upon penetrations and stresses in the wheel and turn out areas are described.  

Aspects of the influence of the axle operating conditions upon the wheel-turnout areas stresses are 

studied. In the wheel flange contact area, the tangential stress is significantly increased during traction 

mode while in the wheel rolling surface area the variations are insignificant. A wide class of problems 

may be solved using the present method.  
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