
 

 

CRoNoS railway rolling noise prediction tool: 
wheelset model assessment  

Ainara Guiral 

CAF S.A., Beasain, Guipúzcoa, Spain. 

Blas Blanco 

TECNUN – University of Navarra, San Sebastián, Guipúzcoa, Spain. 

Egoitz Iturritxa 

CAF S.A., Beasain, Guipúzcoa, Spain. 

Asier Alonso 

TECNUN – University of Navarra, San Sebastián, Guipúzcoa, Spain. 

CAF S.A., Beasain, Guipúzcoa, Spain. 

Summary 

Rolling noise predictions strongly depend on the theoretical models used. In this paper the impact 

of modelling a whole wheelset instead of a stand-alone wheel will be assessed. The theoretical 

model in order to derive the dynamics of a wheelset is integrated in CAF Rolling Noise Software 

(CRoNoS). Results are compared to a reference case which represents the typical way in which 

rolling noise predictions are made. As such, in the reference case, the wheelset dynamics is 

reduced to that of a stand-alone wheel and the track consists in an analytical continuously 

supported model. The impact of using a more accurate theoretical approach of wheelset is 

highlighted in terms of sound power level, where significant differences in spectral results have 

been found. 

PACS no. xx.xx.Nn, xx.xx.Nn 

 
1. Introduction

1
 

Railway noise is an issue of utmost importance 

for citizens living in the surroundings of rail 

tracks. It results from the contribution of various 

noise sources (HVAC, traction equipment, 

auxiliary electrical equipment, rolling noise, ...) 

distributed along the vehicle with different 

physical source mechanisms (mechanical, 

electrical, aero-acoustical,...). At conventional 

speeds, between 50 – 250 km/h, wheel-rail noise 

predominates over other sources and has therefore 

been the subject of the greater amount of research 

regarding railway noise. 

The first fundamental investigations on wheel‐rail 

noise were undertaken in the 1970s. In that 

decade, some authors worked together for the 

United States Department of Transportation 

carrying out probably the most comprehensive 

study of the topic. Remington [1], Rudd [2], Vèr 

                                                      

 

 

[3] and Galaitsis [4] among other authors 

identified the basic physical phenomena 

accounting for noise generation and published the 

first theoretical models of wheel‐rail noise. In the 

1980’s the work was continued in Europe mainly 

by Thompson [5], who extended Remington’s 

rolling noise model. Subsequent research funded 

by the European Rail Research Institute (ERRI) 

gave rise to a software package called Track‐
Wheel Interaction Noise Software (TWINS) [6]. 

The program was experimentally verified based on 

full‐scale experiments and has been used within a 

number of European rail research projects. In 

TWINS, the wheel receptance is derived from 

stand-alone wheel model, based on the assumption 

that axle modes are unimportant for rolling noise 

prediction. For its part, the rail receptance of a 

typical ballasted track can be derived in two ways: 

a continuous track model which neglects the effect 

due to sleeper spacing, or a discrete model which 

accounts for the sleeper spacing. Both neglect the 

vehicle speed and have an equivalent model 

including the effects of cross-sectional 

deformation of the rail. However, the latter 
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requires much more user and computational effort 

and has no significant impact in the predominant 

frequency range for the track radiation [7]. 

The aim of this paper is to present CRoNoS, 

which stands for CAF Rolling Noise Software, 

and is the rolling noise prediction tool developed 

by CAF S.A. CRoNoS was born out of the need to 

carry out more precise rolling noise predictions in 

order to meet increasingly demanding noise 

requirements and is the result of 10 years of 

research into rolling noise. It takes advantage of 

the improvements carried out by the scientific 

community in further developing the theoretical 

models used to derive the structural vibration of 

railway tracks and wheels. Significant progress 

has been made in the wheelset dynamics area, 

where it is worth highlighting the wheelset models 

presented in references [8–11] which account for 

gyroscopic and inertial effects while remaining 

computationally efficient. In the track dynamics 

field, for its part, significant efforts have been 

made to develop efficient models that account for 

the discrete nature of the sleepers and vehicle 

movement and avoid end-effects associated with 

finite track models [7,12–14].  

The uniqueness of the rolling noise prediction 

model here presented is that it allows considering 

both features by deriving the wheel receptance 

from a complete wheelset model and the track 

receptance from a discrete model in which the 

train speed is considered. In this paper, the 

proposed model is applied to predict a typical 

rolling noise case in order to assess the impact the 

modelling of the whole wheelset has on rolling 

noise predictions.  

This paper is organized as follows: Section 2 gives 

a brief overview of CRoNoS prediction tool and 

describes its main features. In Section 3 the 

proposed prediction model is applied to a typical 

rolling noise case in order to evaluate the impact 

of modelling the whole wheelset. Before that, 

CRoNoS and TWINS results for the reference case 

are compared. In it, the wheel receptance is 

derived from a stand-alone wheel FE model and 

the track is described by a Timoshenko beam 

representing the rail resting on a continuous 

spring-mass-spring foundation. Finally, some 

conclusions are drawn in Section 4. 

2. CRoNoS rolling noise prediction tool 

Figure 2-1 shows a schematic diagram of the 

theoretical model implemented in CRoNoS. Each 

of the boxes represents different modules 

encompassed in one of the following three sub-

models; structural vibration model (white), sound 

radiation model (grey) and sound propagation 

model (red). The sub-models are solved 

sequentially in order to provide the required inputs 

to the next sub-model. 

 
Figure 2-1. Schematical diagram of the model 

implemented in CRoNoS for rolling noise prediction. 

The structural vibration sub-model focuses on the 

wheel-rail contact mechanics, whose main inputs 

are the wheel and rail receptance and roughness 

data.  

 The wheelset model enables two modelling 

options – wheelset or independent 

wheels/stand-alone wheel – and accounts for 

rotational effects such as gyroscopic or inertial 

forces. The wheelset model is fed by the 

results of a modal analysis – natural 

frequencies and mode shapes – carried out 

externally in a Finite Element Method (FEM) 

software package. 

 For its part, the track model enables two 

additional modelling options; a continuous and 

a periodically supported track. Both consider 

speed effects. The continuous model is 

basically a Timoshenko beam resting on a 

continuous two-layer support [15]. The 

periodically supported track model [16] makes 

use of Timoshenko elements to obtain the 
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stationary load rail and sleeper receptance, 

from which the moving load rail receptance is 

evaluated through time domain simulations. 

Either the continuous or the periodically 

supported track model is used, two different 

sleeper models are available to represent bi-

block and monoblock sleepers.  

 The roughness input is introduced as 

combined wheel-rail roughness spectra. The 

contact patch is known to attenuate it at 

wavelengths that are short in comparison with 

its length. In order to account for this effect a 

so-called contact filter needs to be applied.  

With these three inputs the contact force module 

solves for the contact forces and the wheel, rail 

and sleeper vibrations are derived.  

The sound radiation from the wheel, rail and 

sleeper is then calculated, in the first instance, in 

terms of sound power. It is calculated by 

combining predicted vibration spectra with 

radiation efficiencies in narrow band. Sound 

power level results are useful to make 

comparisons between different scenarios. 

However, to compare results with experimental 

data, sound pressure estimations are also required. 

Therefore a sound outdoor propagation model 

developed in EU Acoutrain project [17] has been 

implemented. The reflection from the partially 

absorbing ground is included considering the 

phase relationship between direct and reflected 

rays. In addition, the Doppler Effect due to train 

speed is also accounted for. 

The following subsections describe in more detail 

the wheelset dynamic model and present some 

general comments about the way in which the 

sound power level radiated by the wheelset is 

calculated. 

2.1. Wheelset dynamics model 

Existing prediction tools reduce the wheelset 

dynamics to that of a stand-alone wheel. The 

modal basis is derived from an FE model of a 

single wheel based on the assumption that it is 

sufficient to represent the mode shapes of all 

significant modes with more than one nodal 

diameter. Zero- and one-nodal diameter modes, in 

contrast, cannot be well predicted from a stand-

alone wheel model as they combine with axle 

compressional and bending modes, which play an 

important part in determining the natural 

frequency. In addition, as different axle 

compressional and bending modes may appear, the 

same zero and one-nodal diameter wheel modes 

may arise several times in the frequency range of 

interest for rolling noise. 

Given the significant reduction in computation 

times achieved in the last years, there is no longer 

a reason for not including the complete wheelset 

in the noise prediction tool. In addition, this makes 

it possible to assess in terms of rolling noise the 

differences between deriving the wheel receptance 

from a stand-alone FE wheel or from a whole 

wheelset model, which to the author’s knowledge, 

has not been done yet. 

The most recent and comprehensive works 

regarding flexible wheelsets are probably the ones 

presented by Popp et al. [18], Fayos et al. [9] and 

Guiral et al. [19]. These works present a technique 

for modelling the dynamic response of a flexible 

rotating wheelset that takes into account the 

inertial and gyroscopic effects in all three 

directions [19] or only due to main rotation [9,18], 

which is an acceptable hypothesis for rolling 

noise. When it comes to predict rolling noise, 

Fayos et al. model presents an important 

advantage as it is derived in Eulerian coordinates 

which makes it very proper to be used in such a 

tool. Thus, the wheelset model implemented in 

CRoNoS is the one developed by Fayos et al., 

which is a widely proven model. 

2.2. Wheel sound power level 

The sound power radiated by the wheel is 

dependent on the acoustic impedance, ρc, the 

radiation efficiency, 𝜎, and the spatially-averaged 

mean-squared velocity, 〈𝑣𝑟𝑚𝑠
2 〉, of the wheel 

vibrating surface, S. 

 

𝑊 = 𝜌𝑐𝑆𝜎〈𝑣𝑟𝑚𝑠
2 〉.  (2) 

 

In Ref. [20] the modal radiation efficiencies of a 

stand-alone metro wheel were compared to that of 

the whole wheelset showing good agreement 

except for one-nodal diameter mode-shapes. Thus, 

in the present paper the semi-analytical functions 

developed for a wheel in Ref. [21] will be used. 

Two ways of deriving the spatially-averaged 

mean-squared velocity will be evaluated; one 

based on the velocity of a few discrete points (see 

Figure 2-2a) and the other one by averaging the 

velocity level of all the nodes in a ring (see Figure 

2-2b), with several rings considered, increasing 

the results accuracy while maintaining the 

computational cost. 
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(a) 

 

(b) 

Figure 2-2. FE points at which the vibrational velocity 

is derived for the sound power calculation a) points and 

b) rings procedures. 

3. Application 

The rolling noise prediction tool presented in this 

paper will be applied to the study of a reference 

case. Given the fact that TWINS is currently 

probably the most widely used calculation tool, 

both prediction tools results will be compared for 

the reference case. To make this comparison 

possible, the wheel receptance is derived from a 

stand-alone wheel FE model and the track 

receptance from an analytical continuous model 

representing a typical ballasted railway track. This 

way, the models implemented on the tools 

compared will be equivalent. 

In a subsequent computation the impact of 

substituting the wheel by a complete wheelset 

model will be assessed. Differences in terms of 

contact point mobility and sound power level will 

be analysed.  

3.1. Reference case results 

The reference case consists in a wheel running at a 

speed of 160 km/h on a typical ballasted railway 

track, whose main parameters are listed in Table I. 

The track model is an analytic model in which the 

rails are described as Timoshenko beams on a 

continuous spring-mass-spring foundation 

representing the pad, the sleeper and the ballast 

respectively. 

 

Table I. Ballasted track parameters. 

Track parameters   

Rail type UIC54  

Shear Coefficient 0.4 [-] 

Loss Factor  0.02 [-] 

Pad vertical stiffness  1300  [MN/m] 

Pad lateral stiffness  70 [MN/m] 

Pad loss factor  0.25 [-] 

Sleeper type Bi-Block  

Sleeper spacing  0.6 [m] 

Sleeper mass  122 [kg] 

Ballast vertical stiffness 70 [MN/m] 

Ballast lateral stiffness 35 [MN/m] 

Ballast loss factor 2  [-] 

 

The wheel diameter is 850 mm and has a straight 

web. The structural behaviour of the wheel is 

characterized by its modal basis. A Finite Element 

(FE) model is generated to predict the natural 

frequencies, mode shapes, and modal masses in 

the frequency range of interest (up to about 6000 

Hz). 

 
Figure 3-1. Railway wheel FE mesh. 

The modal description is completed by defining 

the modal damping ratios, ξ, of the wheels. The 

standard values commonly used for monoblock 

wheels will be used [22]. These are defined as a 

function of the number of wheel nodal diameter, n:  

 ξ = 0.1%    for wheel mode-shapes with n = 0 

 ξ = 1%       for wheel mode-shapes with n = 1 

 ξ = 0.01%  for wheel mode-shapes with n > 1 

The combined wheel-rail roughness spectrum is 

shown in Figure 3-4. 

 

 
Figure 3-2. Rail contact point vertical, lateral and cross-mobility. 
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Figure 3-3. Wheel contact point vertical, lateral and cross-mobility for vanishing rotational speed. 

 

 
Figure 3-4. Combined wheel-rail roughness spectrum 

as a function of frequency for a vehicle speed of 160 

km/h. 

Figure 3-2 shows the rail mobility (amplitude and 

phase) as a function of frequency for TWINS and 

CRoNoS models. The vertical, lateral and cross-

components are presented. For its part, Figure 3-3 

shows the wheel contact point vertical, lateral and 

cross-mobilities respectively. 

The rail mobility curves of both prediction tools 

show very good agreement. This is not surprising 

given the fact that the track model is exactly the 

same in both prediction tools. The wheel mobility 

curves show very good agreement too. Note that 

the rotational speed is set at zero in order to limit 

the comparison to the wheel dynamic modelling.  

In order to account for the rotational effect both 

software make use of different techniques, whose 

study is out of the scope of this paper. The wheel 

radial sound power level is shown in Figure 3-5. 

CRoNoS results are given for two calculation 

procedures; deriving the mean-square spatially-

average vibrational velocity from discrete points 

(CRoNoS points) or from all the nodes located 

along a ring (CRoNoS rings) as already introduced 

in section 2.2. 

 
Figure 3-5. Wheel radiated sound power level. 

There is good agreement between the TWINS and 

CRoNoS points curves, as the calculation 

procedure is in both tools based on discrete points. 

However, the average velocity is more accurately 

derived when using rings, and this means a 

reduction of around 2.5 dB in all the third-octave 

bands. 

 

Figure 3-6. Rail radiated sound power level. 

Consistent results for the rail radiation sound 

power level predicted by both tools are shown in 

Figure 3-6.  
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Table II presents the global sound power level 

emitted by the wheel and the track (rail + sleeper) 

predicted by both tools.. 

Table II. Global sound power level in dB. CRoNoS and 

TWINS results for the reference case. 

 
Sound Power Level [dB] 

 
Wheel Track Total 

CRoNoS 111.7 114.7 116.5 

TWINS 114.3 114.2 117.3 

 
-2.7 0.5 -0.8 

3.2. Assessment of a wheelset vs. a stand-

alone wheel model 

In the second computation the stand-alone wheel 

model is substituted by a whole wheelset model to 

analyse to what extent the rolling noise predictions 

based on a single wheel FE model or a whole 

wheelset may differ. 

In the wheelset model, the wheel modes are 

similar to those of a stand-alone wheel – lateral, 

radial and torsional – and combine with axle 

modes classified, in turn, into three groups – 

bending, torsional and axial/compressional modes. 

As shown in Figure 3-7 one-nodal-diameter wheel 

modes are usually combined with axle bending 

modes, while zero-nodal diameter wheel modes do 

it with axial and torsional axle modes.  

  
Figure 3-7. Axle and wheel coupled mode-shapes.  

On the contrary, wheel modes with higher order of 

nodal diameters present negligible axle 

deformation. The wheels vibrate independently; 

thereby the natural frequency coincides to that of 

the single wheel. 

 
Figure 3-8. Wheel two-nodal diamenter lateral mode. 

Table III shows the natural frequencies of the 

stand-alone and complete wheelset FE models. As 

expected, the natural frequencies of zero and one-

nodal diameter wheel and wheelset modes differ, 

while there is a good agreement for higher nodal 

diameter modes. 

Table III. Natural frequencies for the FE wheel and 

wheelset models. 

 

Wheel 

(clamped) 
Wheelset 

0L0 357 330, 452, 1001 
0L1 274 120, 217, 357*, 659, 994* 
0L2 447 446 
0L3 1125 1125 
0L4 2007 2007 
0L5 2989 2989 
0L6 4021 4021 
0L7 5073 5073 

1L0 1939 1929, 2455 
1L1 2129 1685, 2116, 2299, 2395, 2799, 3470 
1L2 2623 2581 
1L3 3250 3231 
1L4 3974 3963 
1L5 4785 4780 
1L6 5690 5688 

2L0 4662 3826, 4570 
2L1 4722 4493, 4785, 4878, 5665, 5907 
2L2 4932 4590 
2L3 5339 5232 
2L4 5957 5920 

R0 3548 3350 
R1 1617 1353, 2358, 3867, 3993 
R2 2351 2226 
R3 2970 2937 
R4 3674 3668 
R5 4459 4458 

R6 5314 5314 

The differences in terms of wheel contact point 

mobility are shown in figures Figure 3-9 to Figure 

3-11. 

 
Figure 3-9. Wheel contact point vertical mobility 

derived from a stand-alone wheel and a wheelset 

model. 
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Figure 3-10. Wheel contact point lateral mobility 

derived from a stand-alone wheel and a wheelset 

model. 

 
Figure 3-11. Wheel contact point cross mobility 

derived from a stand-alone wheel and a wheelset 

model. 

And the impact in terms of sound radiation is 

shown in Table IV and Table V, where the wheel 

components are shown separately. In terms of 

global values, the maximum difference is found 

for the axial component of the wheel and is around 

1 dB. However, as shown in Figure 3-12 

noticeable spectral differences are found. 

Table IV. Global sound power level results calculated 

with CRoNoS. Stand-alone wheel and a wheelset 

comparison. 

 
Sound Power Level [dB] 

 Wheel Track Total 

Wheel 111.7 114.7 116.5 

Wheelset 111.0 114.2 115.9 

Global -0.7 -0.5 -0.5 

Spectral  
(max.) 

-14.0 
(1600 Hz) 

9.5 
(400 Hz) 

5.6 
(2500 Hz) 

 

Table V. Wheel sound power level results calculated 

with CRoNoS. Comparison of results for a stand-alone 

wheel and a wheelset. 

 
Wheel Sound Power Level [dB] 

 total radial axial torsion 

Wheel 111.7 107.4 108.8 102.2 

Wheelset 111.0 106.9 107.8 101.8 

Global -0.7 -0.4 -1.0 -0.4 

Spectral 

(max.) 
-14.0 

(1600 Hz) 
-17.7 

(1600 Hz) 
25.9 

(315 Hz) 
22.7 

(315 Hz) 

 

Differences of around 20-25 dB are given at 315 

Hz for the axial and torsion wheel components. In 

this frequency range, the wheel radiation is usually 

not that important compared to that of the track. 

However, the radial curve shows its maximum 

spectral difference at 1600 Hz and is around 18 

dB, where the contribution to the overall noise 

may be much more noticeable. 

 
Figure 3-12. Wheel sound power level components; 

radial, axial, torsional. 

Thus, when it comes to analyse the acoustic 

behaviour of a wheel, considering the whole 

wheelset model shows clear advantages. 

4. Conclusions 

This paper has presented CRoNoS, a rolling noise 

prediction software developed by CAF S.A. 

CRoNoS takes advantage of the improvements 

carried out by the scientific community in further 

developing the theoretical models used to derive 

the structural vibration of railway tracks and 

wheels. As such, in addition to the traditional 

wheel and analytical continuous track models, it 

integrates a complete wheelset model and a 

numerical discretely supported track model that 

accounts for vehicle speed. 

The prediction tool has been applied to the study 

of the impact of modeling a whole wheelset 

instead of a stand-alone wheel, for which 
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significant differences in sound power level 

spectral results have been found. 
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