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1- Introduction 
 

The purpose of this project is to analyze the dynamic response of the train wheel, trying to relate 

its eigenvalues to the presence of the squeal. The squeal is a highly audible noise between 2 and 8 

kHz generated by the train during its rotation. 

Probably, the main cause of the squeal is due to the coupling between the eigenfrequencies of the 

wheel and the frequency of its rotation. For this reason, the problem has been treated using the 

commercial software Abaqus, creating the finite element model, and solving the frequency 

analysis with the proper boundary condition. 

Furthermore, the results have been analysed deeply, associating them to the possible cause of the 

squeal. In particular, in the problem the following causes are developed: 

1) Coupling between the wheel eigenfrequencies and the frequency of the wheel due to its 

rotation. 

2) Frequency of the sleepers (transversal beams that support the rails) 

3) Frequency of the rail-junctions  

Since the squeal phenomenon happens with high speed, considering the maximum speed of the 

modern high-speed trains, it has been checked if this extreme velocity might be related to this 

issue. In particular, it has been considered the maximum speed of 350 km/h. 

2- Problem statement 
First of all, the geometric model with the following dimensions, has been creating on Abaqus. 
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Using the extrusion it has been obtain the 

tridimensional geometry. 

In order to obtain a structured mesh and to 

insert properly the boundary conditions, the 

model has been divided in 4 parts, using 6 

datum points. It is possible to do this operation, 

thanks to the symmetry of the geometry. 

 

 

 

 

 

 

The material has a linear elastic behavior with the following properties:  

 

Creating a new step, with this options, the first 10 eigenvalues and eigenmodes are analysed and 

calculated. 

 



5 
 

The key part to obtain good 

results is to create correctly 

mesh and boundary 

conditions. Indeed, this kind 

of problem is mesh 

dependent. For the shape of 

the wheel, the problem has 

been optimized, using a 

structured symmetric mesh.  

 Furthermore, more meshes 

are developed in the 

following chapter of the 

report. 

 

 

Discretizing the wheel geometry with hexahedral finite elements and using "approximate global 

size" equal to 0.05, a 720 nodes mesh has been created, compatibly with the student version of 

the software. 
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The following boundary conditions are imposed: 

 Fixed displacement in the 

central hole of the model since in 

those points there is the linchpin that 

blocks the displacements. 

 Encastred points in the lower 

line of the geometry, in order to 

simulate the instantaneous center of 

rotation in the motion on the rails. In 

this way the stick-slip is avoided. 

 

 

 

 

 

3- Results and discussion 

3.1 – Eigenmodes analysis 

The results obtained are represented in the following table and images.  

 

In particular the deformations of the first four eigenmodes are represented in the following images. 
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Deformation of first mode. Eigenvalue equal to 24559 

 

Deformation of first mode. Eigenvalue equal to 27138 
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Deformation of first mode. Eigenvalue equal to 44174 

 

Deformation of first mode. Eigenvalue equal to 93651 
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Using the eigenfrequencies of the wheel the corresponding critical velocity are calculated, first in 

meters per second and then in kilometers per hour. Considering only the eigenvalues it is possible 

to hypothesize the presence of a squeal for this critical velocity. In fact, when the train travels at 

this high speed (in this ideal model without friction and using a simplified shape geometry), the 

wheel is subject to strong stress and strain that can cause the phenomenon of resonance. The 

formula used to find the result is: 

𝑣𝑐𝑟𝑖𝑡 = 𝑓𝑐𝑟𝑖𝑡 ∙ 2𝜋𝑅 

 

From the table it is easy to see that only the first three values are reachable in the reality, the 

others are only theoretical. This is the reason why, traveling at these velocities, it is necessary to 

follow most restricting laws. Indeed, the squeal may be a minor problem, but also more dangerous 

issues might damage the mechanical part of the train until reaching the derailment. 

3.2- Analysis for high-speed train 

In the real case, high-speed trains can reach the maximum velocity of 350 km/h. It could be 

interesting applying the previous method in the opposite way, starting from a known velocity and 

finding the corresponding frequency.  

 

The found value does not correspond to any critical mode. On the other hand, to reach this 

velocity, the trail need to travel at two different critical velocity found before. To be more precise, 

when it travels at 281 and 296 km/h, the squeal may appear. 

3.3 – Further analysis  

3.3.1 – Sleepers analysis (fixed distance equal to 0.6 m) 

Another cause of squeal might be related to the positioning of the sleepers. Indeed if the 

frequency of the wheel is coupled with the frequency of the sleepers, the phenomenon of 
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resonance may appear. Assuming the distance between the sleepers equal to 60 centimeters, the 

corresponding critical velocity is calculated with the expressions: 

𝑓𝑠𝑙𝑒𝑒𝑝𝑒𝑟𝑠
𝑐𝑟𝑖𝑡 =  𝑣𝑡𝑟𝑎𝑖𝑛

𝑐𝑟𝑖𝑡 /0.6 

𝑣𝑐𝑟𝑖𝑡 =  𝑓𝑤ℎ𝑒𝑒𝑙
𝑐𝑟𝑖𝑡 ∙ 0.6 

 

 

This critical velocity are easier to reach rather than the one found before. This means that the 

presence of the squeal is probable using this spacing between the sleepers. 

In this case the wheel touches the sleeper in a different position of the perimeter. For the 

symmetry of the geometry it is not import to touch each time the same point of the wheel to 

reach the resonance. The vibration inside the material does not depend on the direction of the 

load. 

On the contrary, if we want to consider the effect of the sleepers that touch every time the same 

point of the perimeter of the wheel, we can hypnotize that the perimeter is approximately equal 

to 3.1 meters. In this way a point, to complete a complete round, it overcomes 6 sleepers (without 

touching them). For this reason, it is necessary to overcome 26 sleepers before having a new 

contact between the point considered and the sleeper. The expression used to calculate this 

iteration is: 

𝑓𝑠𝑙𝑒𝑒𝑝𝑒𝑟𝑠
𝑐𝑟𝑖𝑡 =  𝑣𝑡𝑟𝑎𝑖𝑛

𝑐𝑟𝑖𝑡 /(0.6 ∙ 26) 

𝑣𝑐𝑟𝑖𝑡 =  𝑓𝑤ℎ𝑒𝑒𝑙
𝑐𝑟𝑖𝑡 ∙ (0.6 ∙ 26) 
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The velocity values found  are only theoretical and are really far from the reality. So this is not a 

cause for the production of squeal. 

3.3.2 – Sleepers analysis (modified distance) 

It is possible to improve the analysis, trying to avoid the squeal problem related to the sleepers, 

changing the distance between them. Since the critical velocity found before was very low, the 

sleeper distance has been increased, to couple the squeal issue with higher velocity, more difficult 

to reach for a normal train. 

For a distance equal to 1 meter, the following results are obtained. 

 
In this case the squeal problem is still present even for velocity lower than 150 km/h. 
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For a distance equal to 2 meter, the following results are obtained. 

 

In this case the squeal problem appears only for quite high velocity and it is possible to avoid this 

issue for low-speed trains using this distance. Of course this can create other kinds of problem 

because the sleepers have structural importance both for the load entity and the thermal 

expansion. 

3.3.3 – Rail Junction 

Another important interaction between the structure of the railway and the wheel that can create 

some perturbation, is the presence of welding junction within the railway. 

In this case it is used the same 

approach of the study of the 

sleepers, considering, this time, a 

distance of 12 meters instead of 60 

centimeters (that is a standard 

length of a section bar for the 

railways). 
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This results are meaningless in the real world, so the junctions are not a source for the squeal. 

3.4 – Analysis of mesh dependence 

In order to prove the mesh depending of this problem, some different kinds of models have been 

creating. The method used to create the model is the same of before, changing the mesh option 

and creating 

3.4.1- Unstructured mesh 

As second attempt, the problem is solved with an unstructured mesh. 

 

As the table shows, the range of the solution is the same 

of before but the values are quite different, on one hand 

for the values of frequencies obtain and on the other 

hand, even the deformation is similar but not the same of 

before. 
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3.4.2 – Quadratic element type mesh 

Trying to create a mesh with quadratic type element, with the prescribed element size of 0.05 

with the student version of the software is impossible. The software created 2652 nodes, and the 

job cannot be submitted. 

 

For this reason, a more coarse mesh is created. As it is possible to see in the image, the number of element 

is lower, but the number of nodes is higher than before.  
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The results obtain are quite meaningless in terms of eigenfrequencies. There are not points in 

common with the previous solution. This is caused by the small number of element of the mesh. A 

different speech can be developed as far as concern the deformations: because of the boundary 

condition are always the same, the shape of the deformations for the modes are similar to that of 

the previous model. 
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3.4.4 – More refined mesh 

The convergence of the solution may be reach solving the problem with a more refined mesh. The 

purpose of this chapter is to compare the solution obtained before with a new solution, obtained 

for the maximum number of node insertable in the model. A model with 924 nodes and 420 linear 

type elements is created. 

The values obtained are almost perfectly 

comparable with the results obtained in the 

main chapter. This statement is valid both 

for the eigenvalues and eigenmodes. 
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3.4.4 – Symmetry problem 

Because of the symmetryc geometry of the wheel, an attempt to study just an half of wheel is 

compute. This is useful to reduce the computational cost of the analysis. In this case, the mesh can 

be even be refined, because the 960 nodes and 429 elements are concentrated only in one half of 

the wheel. 

As the table displays, the value obtain are 

similar but not the same of before, especially 

for the highest modes. This is due to the fact 

that, even if the geometry is symmetric, the 

same is not valid for this dynamic problem. 

The frequency problem, indeed, depends 

strongly from the boundaries conditions and 

the shape of the model. For these reasons 

the results are not considered valid. 
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3.5 – Comments about other squeal sources 
One another importance source for the squeal is created by the unstable lateral creepage between wheel 

and rail. Indeed the motion of railway vehicles on the track is not perfectly straight. The vehicles, mainly 

due to the taper of the rims and the investable small irregularities of the rolling surface and the laying of 

the track, proceed with a swinging motion which sends the edges of the wheels to alternatively strike 

against the rails. 

 

This kind of motion depends on the velocity, on the weight and the friction coefficient. Obviously, 

the wheel striking against the rail, for some particular frequency, can cause the squeal. 

A further source of squeal is the stick-slip transitions of the wheel with respect to the rail.  

Stick-slip is a mechanical phenomenon that regards the sliding friction, caused by spontaneous 

motion and characterized by violent accelerations that occur between two surfaces in sliding 

contact. When there is the "abrupt" transition from the static friction (which prevents relative 

motion between the surfaces) to the dynamic friction (which works on the sliding of them) and 

then the static friction (which is greater than the dynamic friction) it lowers up to the value of the 

dynamic one, this phenomenon occurs. 
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4- Conclusions and future work 
 

Studying the problem, we discovered that the squeal is not always related to high-velocity. This 

phenomenon may appear for many reason, even for structural issues as the distance between the 

sleepers. In particular we tried to solve this problem suggesting a new distance for the sleepers, 

but without ignoring the structural issues that will occur in this case.  

Nevertheless, the main source of squeal is connected to high-velocity. We discovered that the 

eigenfrequencies of the wheel are coupling at least with velocity bigger than 280 km/h. 

We analyze only theoretically other possible sources of squeal, so a future work might be an 

acoustic analysis of the problem (indeed we know that the high audible noises are between 2 and 

8 kHz). Another possible improvement of the project, could be obtained analyzing a more realistic 

shape for the wheel (inserting the interaction between linchpin and wheel) and considering other 

sources of squeal as the lateral creepage. 

Further, a more specific model, without 

geometry simplification, might deeply 

change the eigenmodes. The real shape 

of the wheel is not a cylinder but a 

truncate cone. Besides, even the 

presence of the lateral wings can have a 

non negligible important in this 

problem. 

Another interesting consideration that 

can be done about this problem, is that 

the software version used is a limited 

student version. Indeed it is not possible 

to insert more than 1000 nodes in the model. Of course this is a big limitation for a finite element 

program. In this case the model in quite small, regular and simple so the results are considered 

correct, but in other situations it could be different. For example, using a limited number of node, 

it is impossible to mesh properly the wheel with quadratic type element. In theory this is the best 

kind of element to model circular geometries like the one we have. The quadratic shape function, 

indeed, are better adapted to the curve geometries. In this case the mesh is quite refined, so this 

difference may be neglected, and the results are still considered valid even with linear type 

elements. 

Finally, to validate the results, the problem has been solved with a more refined mesh, obtaining 

similar results.  
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6 – Appendix 
 

The work has been entirely done in group, without subdivisions but always working together at 

the same argument. 
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