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Abstract. According to the wheel/rail actual dimensions, the modeling process of a 3-D full-size 
wheel/rail sliding contact finite element model is introduced in detail. During modeling process, 
the partitioning strategy method and MPC method are adopted. The temperature characteristics of 
the contact region during sliding contact are researched. The research results show the contact 
patch shape is close to an ellipse. The stress in the contact area is very concentrated, and the 
maximum von Mises stress appears in the subsurface at a distance of 2 mm from the contact 
interface. During the sliding contact, the maximum temperature appears at the contact center. The 
temperature on wheel contact surface ascends continuously and is significantly greater than the 
rail surface temperature. High temperatures of contact region are mainly distributed in the contact 
surface and subsurface, and the influence depth of temperature does not exceed 3 mm.  
Keywords: finite element method, modeling method, sliding contact, temperature. 

1. Introduction 

As an important product of the Industrial Revolution, railways have played an extremely 
important role in promoting social development, freight transportation, and information exchange. 
From the first railway built in Britain in 1825 to the developed railway transportation systems in 
various countries around the world, railway construction has achieved rapid development. The 
speed and axle load of the train have significantly increased. During the 18th century, the axle 
load of trains is only about 10 tons, while currently the United States and Australia operate 
heavy-duty railways with axle loads of 30 to 40 tons. The train speed has gradually increased from 
less than 60 km/h to 120 km/h, and now the passenger train speed can reach 350 km/h [1]. 

There are enormous vertical forces, lateral force and longitudinal force acting on the interface, 
the wheel/rail material is prone to damage under these forces (Fig. 1). During the train traction or 
braking process, the wheel will be in rolling-sliding contact state or pure sliding contact state. At 
this time, severe friction between wheel and rail can cause surface scratches and can cause phase 
transformation of the wheel/rail material [2-4]. Thermal load and mechanical load can lead to 
thermal fatigue cracks and damage to the material. The frictional heat on the surface directly 
affects the braking performance, driving safety and maintenance cost of the train [5-7]. 

 
Fig. 1. Damage to wheel tread 
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Numerical calculation methods are often adopted to research frictional heat. The temperature 
characteristics, elastic-plastic deformation, stress and thermo-mechanical coupling on contact 
surface under different contact cases are studied [8-11]. Zhou et al. built a finite element model 
(FEM) and studied the surface temperature distribution during train breaking [12-15]. Naeimi et 
al. employed the wheel/rail contact FEM to analyze the thermal fatigue, elastic-plastic 
deformation, temperature field and stress during the sliding contact process [16-20]. In addition, 
boundary element method [21], infinite element method [22], Fourier transform [23-25] and 
Green’s Function [26-28] are employed to research the wheel/rail contact characteristics. 

According to the research achievements of authors and other scholars, the method for modeling 
a three-dimensional (3-D) full-size wheel/rail thermo-mechanical directly coupled FEM is 
introduced minutely in this paper. The temperature distribution characteristics of the contact 
region in the braking process are analyzed. The research results in this paper will be helpful to the 
application of numerical calculation method in thermo-mechanical coupling analysis, and to 
clarify the temperature distribution law of the contact area. 

2. Finite element model 

2.1. 3-D wheel/rail contact FEM 

In this paper, a FEM including wheel/rail, pad, sleeper and foundation is established, as shown 
in Fig. 2. The wheel tread is LM-type tread, and its web type is a S-type plate. The rail is 60 kg/m 
rail. The cross section is shown in Fig. 3. The wheel diameter is 915 mm, and the rail length is 
6.75 m. The sleeper gauge is 0.6 m. The rail can’t is 1:40. The model has 65850 elements and 
66020 nodes. The smallest element size is 0.1 mm. 

 
a) FEM 

 
b) Wheel/rail contact c) Contact pair 

Fig. 2. Wheel/rail contact model 

 
a) Wheel 

 
b) Rail 

Fig. 3. Cross section 

2.2. Meshing method 

The contact region in models is very small and characterized by significant variations in stress 
and temperature. In order to obtain accurate stress and temperature values and their distribution 
patterns, small and high-quality elements are employed in the contact region. However, the contact 
region only accounts for a small part of the entire wheel/rail component. If small elements are 
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used for overall components, the number of elements and nodes is too large, which can consume 
computational resources. Therefore, in order to guarantee calculation accuracy and efficiency, the 
partitioning strategy method is adopted to get the wheel/rail contact FEM. 

As shown in Fig. 4, the wheel and rail are divided into three parts (part A, part B and part C). 
In the sliding process, the values of stress and temperature far from the contact region are small 
and almost constant, and this part is meshed by large size elements (part A). In the sliding contact 
region, the stress and temperature values are large, and the changes are drastic, the small size 
elements are used (part B, blue part). The transition part between large-sized elements and 
small-sized elements is the part C. On the wheel, the nodes between part B and part C are common 
nodes, and the elements remain continuous. The size of elements in part A and part C is different, 
and they are connected using the multi-point constraint method (MPC method). On the rail, the 
two ends of contact region are coarse elements (part A), and the middle is part B and part C. The 
elements of different sizes between part A and part B/C, and between part B and part C are 
connected by MPC method. The pad, sleeper and foundation are meshed by coarse elements. 

In the FEM, SOLID226 element is adopted to mesh the wheel/rail contact region (part B). 
SOLID226 element is a hexahedron element and has twenty nodes with up to five degrees of 
freedom per node. SOLID226 element can be used to analyze multi-field coupling problems. The 
wheel/rail parts away from contact region (part A and part C), pad, sleeper and foundation are 
simulated with SOLID185 element. The interaction relationship between wheel and rail is 
simulated with CONTA174 and TARGE170 elements. This contact pair can emulate the pure 
rolling contact, rolling-sliding contact and pure sliding contact. 

 
a) Whole 

 
b) Contact parts 

Fig. 4. Component meshing method 

2.3. Calculation parameters and boundary conditions 

The material parameters adopted in the FEM are presented in Table 1 [29]. The constitutive 
relationship of wheel/rail materials is a bilinear hardening model, and the hardening modulus is 
one in ten of the elastic modulus. The material of the rail pad and sleeper is seen as linear elastic 
material. The elastic modulus and Poisson’s ratio of the pad are 40 MPa and 0.47, respectively 
[30]. The modulus of elasticity and Poisson’s ratio of the sleeper are 39.8 GPa and 0.2, 
respectively. The foundation stiffness is 1200 MPa/m [31]. The convective heat transfer 
coefficient is 25 W/(m2·℃), and the initial temperature and environment temperature are both 
20 ℃. 

In the model, the symmetrical constraints are applied on the inner surfaces of the foundation 
and sleeper. The vertical displacement of the foundation bottom is restricted. The lateral and 
longitudinal displacements at both ends of rail are constrained. The lateral displacement of wheel 
is also limited to prevent from falling off the rail surface. The sliding distance of wheel is 100 mm, 
and the sliding speed is 1 m/s. The load acting on the interface is 100 kN, and applied to the center 
of wheel. 



3-D WHEEL/RAIL CONTACT MODELING METHOD AND TEMPERATURE ANALYSES.  
ZEXIN WANG, TAO YANG, YUNPENG WEI 

50 ISSN PRINT 2351-5279, ISSN ONLINE 2424-4627  

Table 1. Material parameters  

Temperature 
/ ℃ 

Specific heat 
capacity / 
(J/kg·℃) 

Thermal 
conductivity 
coefficient / 
(W/m·℃) 

Thermal 
expansion 

coefficient / 
(×10-6/℃) 

Friction 
coefficient 

Elastic 
modulus / 

GPa 

Poisson’s 
ratio 

Yield 
stress / 
MPa 

25 490.1 47.7 11.0 0.334 209 0.3 608 
100 499.9 48.9 11.6 0.301 207 0.3 608 
650 571.5 57.8 14.8 0.139 105 0.36 502 

1000 617.1 63.4 15.7 0.085 50 0.39 237.9 
1450 671.8 76.4 16.1 0.045 2.1 0.4 7 

3. Results 

3.1. Contact characteristics 

Fig. 5(a) shows the contact stress on the interface. Fig. 5(b) presents the von Mises stress at 
the contact center. Fig. 5(a) illustrates the wheel/rail contact patch is approximately elliptical, and 
its area of 121 mm2. Fig. 5(b) indicates the von Mises stress in the contact region is relatively 
concentrated and gradually decreases outward. The calculation results show the maximum von 
Mises stress is located at the subsurface of the contact region, with maximum values of 568 MPa. 
The variation law of von Mises stress during sliding contact has been studied in reference [32], so 
it will not be studied in this article. 

 
a) Contact stress 

 
b) Von Mises stress 

Fig. 5. Stress (Pa) 

3.2. Temperature fields 

At the end time of sliding contact, the contact surface temperature fields and the sectional 
drawings of temperature distribution in the contact region are show as Fig. 6 and Fig. 7 
respectively. Fig. 6 displays the highest temperature on the surface is located at the contact center, 
and the maximum temperature of wheel and rail is respectively 1754 ℃ and 721 ℃. Because the 
wheel contact surface remains unchanged during the sliding contact process, the wheel contact 
surface temperature is much greater than the values on rail surface. Since the phase transition of 
the material is not considered in the model, the wheel surface temperature can exceed the melting 
temperature. Fig. 7 indicates the high temperature is mainly concentrated in the contact region and 
decreases outward. Due to heat dissipation, the temperature in other regions is low, and the depth 
of temperature influence does not exceed 3 mm during a single sliding contact process. 

3.3. Node temperature 

In order to analyze the temperature variation process, several nodes are selected at different 
depths from contact surface. The node position on the wheel locates at LW position (maximum 
temperature position), as shown in Fig. 8(a). Three positions (L1, L2, L3) on the rail are selected 
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(Fig. 8(b)). The relationship curves between the temperatures of nodes at different depths from 
the wheel surface and sliding distance are shown as Fig. 8(c). The temperature rise curves of nodes 
at the location of L1, L2 and L3 positions on the rail are presented as Fig. 8(d), 8(e) and 8(f), 
respectively. 

 
a) Wheel 

 
b) Rail 

Fig. 6. Temperature fields (℃) 

 
a) Wheel 

 
b) Rail 

Fig. 7. Sectional drawings of temperature distribution (℃) 

 
a) Node position on the wheel 

 
b) Position on the rail 

 
c) Node temperatures at LW 

 
d) Node temperatures at L1 

 
e) Node temperatures at L2 

 
f) Node temperatures at L3 

Fig. 8. Node temperatures 

Fig. 8(c) indicates the temperature of node on the wheel surface ascends rapidly with the 
increase of sliding distance, while the temperature of node at a distance of 1.55 mm from the 
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surface ascends slowly. When the depth to the wheel surface exceeds 3.15 mm, the temperature 
of nodes remains almost unchanged. In addition, because the wheel contact surface remains 
unchanged, the temperature on the wheel surface has been continuously increasing. Fig. 8(d) 
indicates the temperature curve of the surface node at the L1 position has three distinct change 
stages, which correspond to the wheel approaches the node, passes through the node and moves 
away from the node. Due to the position of L1 and L2 are located in the middle sliding contact 
area, the temperature change of nodes at L2 in Fig. 8(e) is the same as that in Fig. 8(d). The node 
temperatures at L3 have only two stages, without descending stage (Fig. 8(f)). This is because the 
nodes at L3 are located at the end of sliding contact area, and the wheel only approaches the node 
and contacts with the node. Therefore, the temperature remains unchanged first and then increases 
rapidly. Fig. 8 shows the influence region of frictional heat is mainly concentrated on the 
subsurface and surface. And in a single sliding contact process, the influence of frictional heat is 
very small when the distance to the contact surface exceeds 3 mm. Fig. 9 shows the temperature 
variation of surface node at positions of LW and L2 along the depth when the sliding distance is 
50 mm. Fig. 9 indicates the temperatures rapidly decrease from the contact surface to the inside. 
When the depth exceeds 3 mm, the temperature remains unchanged. 

 
Fig. 9. Temperature variation along depth 

4. Conclusions 

In this paper, the modeling method of a 3-D full-size wheel/rail sliding contact FEM is 
introduced in detail, and the temperature fields and the node temperature change rules during the 
train sliding process are researched. The main conclusions are obtained. 

1) During the process of modelling, the partitioning strategy method and MPC method are 
employed, and the suitable elements are selected for different contact regions and components. 
These methods can significantly reduce the number of elements and nodes, while ensuring 
calculation accuracy and efficiency. 

2) The area of contact patch is 121 mm2, and its shape is close to an ellipse. The stress 
concentration in contact region is relatively obvious, and the maximum von Mises stress in contact 
region appears on the subsurface at a distance of 2 mm from the contact interface, with maximum 
values of 568 MPa. 

3) During sliding contact state, the maximum temperature appears at the center of contact. The 
wheel surface temperature ascends continuously, and is much higher than the temperature on rail 
surface. The temperature curve of the rail surface node has three obvious change stages. High 
temperatures of contact region are mainly distributed in the contact surface and subsurface, and 
the influence depth of temperature does not exceed 3 mm. 
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