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1. Introduction 
 

The wheel squeal is usually known as a monotonic, high 

frequency and high level railway noise. Cause of the wheel 

squeal is a typical self-excited vibration of the wheel due to 

stick-slip in the contact patch as result of negative slope of 

the friction-creepage relation on high creepage. It normally 

happens when the train passes sharp curves and lateral 

creepage of wheel on rail gets more than critical creepage. 

Stick-slip in a multi-degree of freedom self-excited 

vibrating system has been modeled and analyzed by 

Ranjbar and Tadayon (2017). 

It has been reported that curve squeal is the dominate 

source of train noise at frequencies above 125 Hz Soeta and 

Shimokura (2013). North railway has one of oldest lines in 

Iran. Due to passing through mountain areas, there are 

several tight curves with less than 300 m radius along this 

line. The noise of traveling trains has brought nowadays 

discomfort and complains to the adjacent residents. Reports 

show that one of the main sources is the wheel squealing 

recognized by its tonal spectrum. The purpose of this study 

is finding a semi-active and effective solution for reducing 

squealing noise applicable in similar lines.  

Noise measurement is one of the most common primary 

steps for studying the wheel squeal. Different methods have 

been applied so far to the wheel squeal noise measurement. 

They can be categorized based on the measurement 

variables and sensors placement. The wheel noise might be 

measured and analyzed by installing the microphones on the  
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bogie, close to the wheel (Vincent et al. 2006) or locating 

microphones next to the railway track (Stefanelli et al. 

2006, Volz and Feldman 2007, Anderson et al. 2008, 

Glocker et al. 2009, Meehan et al. 2010, Hanson et al. 

2014). The first method is more efficient to precisely 

identify the wheel squeal source but it is more expensive 

and complicated. The other method is usually more suitable 

to study environmental aspects of the squeal noise in 

neighborhood of the railway tracks. Unstable vibration 

inner wheel of the bogie's front axle is introduced as the 

main source of squeal noise according to previous studies. 

Frequency analysis of the measured noise shows that axial 

vibration mode shapes are dominant in squeal noise 

spectrum. Effects of different parameters such as the attack 

angle (Anderson et al. 2008), train speed (Meehan et al. 

2010), rail parameters (Volz and Feldman 2007, Hanson et 

al. 2014) and humidity (Meehan et al. 2010) have been 

investigated by different researchers. According to the 

presented results, the rail is not an effective source of squeal 

noise and the attack angle, train velocity and humidity 

influence the squeal noise level and occurrence but not its 

frequency. 

Different models have been presented so far in time and 

frequency domains for simulation and analysis of the wheel 

squeal. Modeling in frequency domain is normally used for 

prediction of the wheel squeal occurrence and also for 

parametric study to the squeal threshold. However, for 

calculating the vibration and noise level, a time domain 

model is normally required. An experimentally validated 

model in frequency domain has been applied for prediction 

and investigation of wheel squeal in presence of one 

(Monk-Steel and Thompson 2003, Marjani and Younesian 

2017) and two contact points (Squicciarini et al. 2015). 

Those models take the wheel and track dynamics, contact 

force and rail vehicle dynamics into account.  
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Huang et al. (2007) transferred similar models to the 

time domain and applied that for the wheel squeal analysis. 

Pieringer (2014) developed a new precise model for the 

wheel/rail interaction in high-frequency range to study the 

curve squeal in constant wheel/rail friction. It was shown 

that the wheel squeal can occur in the absence of negative 

slope of the friction. Based on the energy method and result 

of laboratory tests, Liu and Meehan (2015) presented a 

simplified model to study the influence of velocity and 

angle of attack. Shape optimization is always a solution for 

improvement of acoustic performance in many engineering 

applications. Ranjbar et al. (2010, 2012a, b) examined 

different optimization techniques and found that the method 

of moving asymptotes (MMA) is the most appropriate 

technique for acoustical shape optimization of thin-walled 

structures. However, due to safety and several other 

operational limitations we cannot straightforwardly change 

the wheel profile just because of squealing cancellation.    

Researchers suggested various methods for decreasing 

or canceling of the wheel squeal noise. All methods can be 

classified into two main groups. In the first category, 

methods focus on the wheel/rail interaction as the main 

source of wheel excitation. Rail lubrication (Hanson et al. 

2014, Curley et al. 2017, Garg and Sharma 2010), 

asymmetric grinding of the rails in curves (Müller and 

Oertli 2006) and railhead optimization (Hiensch et al. 2007) 

are in this class. Rail lubrication is widely used for reducing 

the wheel squeal noise but it can cause loss of adhesion and 

increases the maintenance costs. The two other methods are 

still under study in different research centers. Purpose of the 

methods in the second category is to reduce the wheel 

vibration by increasing its structural damping. Efficiency of 

the added damping in decreasing the wheel squeal noise has 

been analytically and experimentally proved. These 

methods include dynamic vibration absorbers (Shakeri and 

Younesian 2016, Rusli et al. 2015), double metallic 

damping ring (Brunel et al. 2010), inserting preload ring in 

the wheel rim (Brunel et al. 2004), and mounting damping 

layers (Merideno et al. 2014).  

In recent years, application of the piezoelectric actuators 

for active and passive control of vibration is widely studied 

(Li et al. 2014, Zenz et al. 2013). Marjani and Younesian 

(2017) investigated piezoelectric actuators in wheel 

squealing noise suppression. 

But all these methods must be specifically designed for 

each wheel and there are limitations for any of them. In this 

study, a novel solution is suggested based on the dither 

signal induced in the rail or wheel by piezoelectric 

actuators. Dithering is a high-frequency and very low 

amplitude excitation that applied on one of bodies that are 

connected. It can effectually negate the negative slope in the 

friction-creepage relationship (Thomsen 1999). As result 

the dither control prevents stick-slip phenomenon in the 

contact point and has been addressed in other dynamical 

systems (Lin et al. 2015, Teoh and MohdRipin 2017). It will 

be shown that dither control is effective method for wheel 

squeal noise suppression.  

In this study, noise next to a curved track has been 

measured and the experimental and field test results are 

used to validate the model. The steady-state parameters are 

determined by multi-body dynamics software. Wheel modal 

data are obtained by the FEA modeling and they are 

validated by experimental modal test. All these is used for a 

comprehensive wheel squeal model including wheelset 

dynamics, track dynamics, nonlinear contact force and train 

curving dynamics. The model is used for the investigation 

of dither control by piezoelectric actuators applied to the 

wheel or rail. The main contribution of this paper is to 

propose and evaluate performance of a new control strategy 

based on the dithering. It is shown that dither control is 

effective in suppression of the wheel squeal noise. 

 

 

2. Wheel squeal noise measurement  
 

The selected curve is located in the north of Iran in the 

middle of two villages. The geometry of the curve and is 

summarized in Table 1. Traffic of this line is mixed type 

having freight and passenger trains. The noise measurement 

is performed for both types of trains. The velocity is 45 

km/h for freight cars and 60 km/h for passenger cars in this 

curve.  The location of microphones is shown in Fig. 1. 

Frequency analysis is used for investigation of the recorded 

noise. In this study, 4 microphones are used which are 

capable of measuring up to 4 kHz. The height of 

microphone 1, 3 and 4 is 1.5 m and height of microphone 2 

is 0.5 m above the rail head. 

 

2.1 Measurement data analysis 
 

Fig. 2 shows the frequency analysis of the measurement 

results for passenger and freight trains. As can be seen, the 

wheel squeal occurred when the freight car passed the 

curve.  

 

Table 1 curve properties 

Axle load Super elevation Length Radius 

20 Ton 136 mm 800 m 220 m 

 

 
(a) 

 
(b) 

Fig. 1 Microphones placement on noise measurement 
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(a) Passenger train 

 
(b) Freight train 

Fig. 2 Noise spectrum, microphone 

 

 

For passenger car, the level of squeal noise is lower. It can 

be the result of a more flexible suspension and lower attack 

angle. As seen in Fig. 2, main frequency of the squeal noise 

is 350 Hz. 

 
 
3. Transient wheel squeal model 

 

The wheel squeal model is briefly explained in this 

section. The model includes wheelset dynamics, vertical 

and lateral track dynamics and nonlinear contact theory and 

it also takes vehicle dynamics into account. Vibration of the 

wheelset is solved and it is fed into a calculation package to 

determine the sound pressure level (SPL) by using the 

method presented by Younesian et al. (2015). 

The relationship between different parts of the wheel 

squeal model is illustrated in Fig. 3. In the first step, 

simulation begins by a disturbance input. 

 

 

 

Fig. 3 Transient wheel squeal model 

 

Then the wheel and rail responses are calculated. Wheel 

lateral response is used for the noise calculations. Contact 

forces are obtained according to the wheel and rail 

responses in contact point. The loop repeats by replacement 

of disturbance by contact force. The transient simulation is 

fulfilled by the step by step integration. 

 

3.1 Wheelset dynamic model 
 

Wheelset modal data is used for dynamic modeling. 

Natural frequencies and mode shapes are calculated by 

FEM software and verified by an experimental modal test. 

Also modal damping can be estimated based on the Ref. 

Jones and Thompson (2000) as 

0.001 0

0.01 1

0.0001 2

n

n

n






 
 

 (1) 

in which, n is the number of nodal diameters. Equation of 

motion for the wheelset is represented by 

w w w w wy A y B f         (2) 

w w wv C y     
(3) 

in the state-space, where wy is a 2n-order state-variable 

vector including modal velocity 
rq  and the modal 

displacement rq for the mode r (1 to n), 

   1 2 1 2 1 2 2, ,..., , , ,..., , ,...,
TTw w w w

n n ny q q q q q q y y y   (4) 

where,  2 3,w w wf f f and  2 3,w w wv v v  are input 

dynamic forces and output dynamic velocities in lateral and 

vertical directions respectively. The system matrix [A
w
], the 

input matrix [B
w
] and output matrix [C

w
] are obtained by 

using the modal data in the state space according to 

Squicciarini et al. (2015). 

 

3.2 Track dynamics 
 

Effect of the track response inside the contact point 

cannot be ignored for contact force calculation. The vertical 

track dynamic model is based on the Sadeghi et al. (2016). 

The rail is modeled as an infinite Timoshenko beam. 

Sleepers are assumed to be concentrated mass elements. 

Discrete linear springs and dampers are used for modeling 

the pad and ballast.  

The rail deformation must be in addition considered to 

model lateral track dynamics in high frequencies. 

Therefore, the rail is modeled by three attached beams 

including two infinite Timoshenko beams for the rail head 

and foot and another beam for the rail web (Jiang et al. 

2013, Knothe and Wu 1998, Younesian and Kargarnovin 

2009). 
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(a) Vertical 

 
(b) Lateral 

Fig. 4 Track model (Jiang et al. 2013, Knothe and Wu 

1998) 

 

 

FEA package is used for calculating the track frequency 

response in both vertical and lateral directions. The track 

equation of motion in state space can be then represented by 

2,3 2,3 2,3 2,3 2,3

r r r r ry A y B f         (5) 

2,3 2,3 2,3

r r rv C y     
(6) 

 

3.3 Contact theory 
 

Fig. 5 shows the contact coordinate system on the 

wheel. Perpendicular to the contact patch is taken as 

direction 3, lateral direction as 2 and direction of motion 

along track line as 1. 

 

 

 

Fig. 5 Coordinate system on right wheel 

 

The vertical force in contact point F3, can be calculated 

by Monk-Steel and Thompson (2003) 

 
3 3

3 3 3

.h

w r

F N k w

w w w

  

  
 

(7a) 

(7b) 

where N is the static vertical force on the contact patch that 

is obtained by vehicle dynamic analysis, kH is the Hertzian 

contact spring stiffness; 
3

ww  and 
3

rw are the wheel and 

rail vertical deflections in the contact point. 

The lateral force F2 connects the vertical force to the 

lateral friction coefficient 2μ  

 2 2 2 3F = μ F  (8) 

The lateral fiction coefficient is a function of lateral 

creepage 2 . Lateral creepage is caused by the lateral 

displacement of the wheel relative to the rail and is defined 

by 

2 2
2

r wv v
=

V



 (9) 

in which, 
2

rv  and 
2

wv are the rail and wheel lateral 

velocity in contact point and V denotes the train speed. The 

for modeling lateral friction coefficient Vermeulen-Johnson 

is used that can be obtained by the following equation 

Hanson et al. (2014), 

2 3

0 2 2 2 2

2

0 2

1 1
3

3 27

3

μ for
=

μ for >



  
        
  

  

 (10) 

where the rolling friction coefficient 0μ  and normalized 

creepage 2  can be calculated by 

   2 20.138/ 6.9/

0 2 1 0.5e 0.5e
V V

statμ =
 

 
 

   (11) 

22
2 2

0

GC ab
=

μ N


 
(12) 

In the above equations a, b are the semi-axis length of 

the Hertz contact ellipse in the rolling and lateral direction 

(m), G is the shear modulus of steel and C22 the Kalker 

constant presented in (Kalker 1991, Kouroussis et al. 2014). 

In saturation region, static friction coefficient is calculated 

by 

R W
stat

R W

τ τ πab
μ =

τ +τ N
 (13) 

where ,W R  are the shear strength of the wheel and rail 

material. Fig. 6 shows the general trend of the lateral 

friction coefficient as a function of the lateral creepage. 
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Fig. 6 General form of lateral friction coefficient 

 

 

3.4 Noise calculation 
 

Vibration profile for the points on outside wheel surface 

is used for calculating acoustic pressure in desired point P. 

The wheel surface is meshed into different surface elements 

and response of point in the middle of each element is taken 

into account. Transient response for the acoustic pressure 

can be calculated by Rayleigh integration approach 

presented by Shakeri and Younesian (2016), 

0
2

0

1
( , , , ) ( , , )

2 wheel

w

A

R
p R t w r t dA

R c


  


   (14) 

R is the distance of the point P and the surface element, 

c0 and ρ0 are the sound propagation velocity and density of 

the air and 
2

ww denotes the wheel lateral acceleration. 

 

 

4. Dither control 
 

Dithering here is defined as a high frequency vibration 

that it is induced in the system for prevention of stick-slip. 

The negative slope of friction-creepage relationship (Fig. 6) 

can be effectively canceled by dithering (Thomsen 1999). 

As result self-excited vibration will be prevented and it 

causes wheel squeal suppression (Lin et al. 2015). In this 

study, dither signal is applied tangential to the friction 

surface on the wheel or rail. Piezoelectric actuators are used 

for supplying such signal. This additional input to the 

system is schematically shown in Fig. 7. 

 

 

Fig. 7 Transient wheel squeal model in presence of dither 

signal 

 

 

Fig. 8 Piezoelectric patches on the wheel thread 

 
 
4.1 Dither signal on the wheel 
 

To apply dither signal on the wheel, piezoelectric 

patches are installed on the wheel thread as shown in Fig. 8. 

The piezoelectric actuators induce a bending moment and 

consequent lateral vibration of the wheel on contact surface. 

The equation of motion of the wheel is presented by 

[ ] [ ] [ ]w w w w w w

actuator actuator

w w w

y A y B V B f

v C y

  

   

 (15) 

In the above equations, all matrixes must be 

reconstructed according to the wheel modal data after 

attaching piezoelectric actuators. The wheel input matrix of 

actuator,
w

actuatorB  can be obtained by 

11 12 11 12 11 12

21 21 22 22 2 2

11 12 11 12 11 12

31 31 32 32 3 3

1 2 1 2 1 2

21 21 22 22 2 2

1 2 1 2 1

31 31 32 32 3 3

P P P P P P

n n

P P P P P P

n n

w

actuator a

Pm Pm Pm Pm Pm Pm

n n

Pm Pm Pm Pm Pm P

n n

B K

     

     

     

     
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       

 

       

        2

0 0 0

0 0 0

0 0 0

0 0 0

T

m

 
 
 
 
 
 
 
   

(16) 

where 
Pmi

kn is the wheel mode shape gradient, k is the 

number of nodal circle , n is the number of nodal diameters 

and Ka is the actuator coefficient and can be calculated by 

Kouroussis et al. (2014) 

31 ( )a p p p wK b d E t t 
 

(17) 

where Ep, bp, tp and d31 respectively denote the Young
'
s 

modulus, width, thickness and transverse a strain constant 

of the piezoelectric. tw is thickness of the wheel in the 

location of actuator attachment. The voltage of the actuator 

has sinusoidal form 

 0 0sinactuatorV V t
 

(18) 

Choosing appropriate voltage amplitude V0 and voltage 

frequency 0  is important for the suppression of the 

wheel squeal noise. 

 

4.2 Dither signal on the rail 
 

Piezoelectric stacks are used for applying dither signal 

on the rail. In this type of actuators, direction of the force 

and deformation are the same. The actuator installation is 
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shown in Fig. 9. By this configuration, a lateral vibration is 

induced to the rail tangential to contact surface. 

The relation between the applied voltage on 

piezoelectric actuator ( actuatorV ) and the induced force on 

rail (Fp) is given by 

 33p A p actuatorF K L n d V    (19) 

where np is the number of piezoelectric, L is the length 

change of actuator and d33 is the strain constant  of 

piezoelectric. KA denotes the piezoelectric stack constant 

p p

A

p

A E
K

L


 

(20) 

in which, Ap is the area of piezoelectric actuator section. It 

is assumed that the piezoelectric actuator is fixed in one 

side and the other side is connected to the rail. Therefore we 

have 

 2 33

r

p A p actuatorF K y n d V   (21) 

Equation of lateral dynamics of the track is presented by 

2 2 2[ ] [ ] ( )r r r

pr A r B f F  
 

(22) 

 

 

5. Case study 
 

In this study, a similar model to the one in field test 

measurement is simulated. It consists of a freight wagon 

with speed of 45 km/h passing through a curve with 

properties listed in Table 1. Measurement results are used to 

validate the wheel squeal model. 

The first step is to calculate the steady state part of 

parameters including normal force, stationary lateral 

creepage, and contact position. Multi-body dynamic 

software is used for this purpose. The obtained parameters 

and contact variables are listed in Table 2. 

 

Table 2 Steady state curving parameters 

Value Unit Symbol Parameter 

67.8 KN N Normal force 

11.1×10-3 --- 2  
Stationary lateral creepage 

 

 

 

Fig. 9 Installation of the piezoelectric stack on the rail 

 

5.1 Wheel modal characteristics 
 

FEA software is used to calculate the wheel modal data. 

An experimental modal test is applied for validation of the 

FEA model. A UIC920 wheelset is taken into consideration 

with the properties listed in Table 3. Experimental modal 

analysis with impulse is applied for obtaining the natural 

frequencies. Fig. 10 shows the modal test setup. For having 

free-free condition similar to FEM model, the wheelset is 

placed on a very soft layer. As shown in Fig. 11, three 1-

axis accelerometers are used for recording the impulse 

response. After recording all responses, modal analysis 

software is used for calculating the natural frequency of the 

wheelset. 

The main axial natural frequencies and mode shapes 

obtained by FEA and modal test are compared in Table 4. 

As can be seen, differences between the FEM and the 

experimental modal results are in an acceptable range. 

 

5.2 Track dynamic model 
 

The track model is based on the standard ballasted track 

including UIC 60 rail and concrete sleepers spaced 60 cm 

apart. Tables 5 and 6 list the rail and foundation properties. 

Calculated track mobility is shown in lateral and vertical 

directions in Fig. 12. 

 

 

Table 3 Wheel material properties Monk-Steel and 

Thompson (2003) 

Value Unit Symbol Parameter 

200 GPa E Elastic modulus 

7850 Kg/m3 
 Density 

0.3 ---   Poisson's ratio 

 

 

Fig. 10 Modal test setup 

 

 

 
 

(a) test 1 (b) test 2 

Fig. 11 Sensors configuration 
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Table 5 UIC 60 rail properties (Vincent and Thompson 

1995) 

Value Unit Symbol Parameter 

210 GPa E Elastic modulus 

7850 Kg/m3 
 Density 

0.3 ---   Poisson's ratio 

 

 

Table 6 Track modeling parameters (Vincent and 

Thompson 1995), 1) Lateral, 2) Vertical 

Kp 

(MN/m) 

Cp 

(KN.s/m) 

Kpr 

(KN.m) 

Cpr 

(N.m.s) 

Ms 

(Kg) 

Kb 

(MN/m) 

Cb 

(KN.s/m) 
 

50 12.5 654 163.5 162 80 48 1 

350 87.5 ----- ----- 162 50 50 2 

 

 
5.3 Piezoelectric properties 
 
Piezoelectric stack actuator is applied for inducing 

dithering in rail. Its properties and dimensions are listed in 

Table 7. 

Properties for the employed piezoelectric patches in the 

wheel dithering are represented in Table 9 according to data 

sheet of a manufacturer. Dimensions of the piezoelectric 

patches are listed in Table 8. 

 

 

Table 7 Piezoelectric stack properties PPA Datasheet & 

User Manual (2017) 

Value Unit Symbol Parameter 

54000 kN/m  Longitudinal stiffness 

19*10-12 m2/N S33 Compliance module 

500*10-12 m/V d33 Piezoelectric constant  

7800 Kg/m3 
 

Density  

244 mm L Length  

25 mm d Diameter 

3 mm  Maximum elongation 

0-100 V  Allowable Voltage range 

 

 

 

Fig. 12 Track mobility 

 

Table 8 Piezoelectric patch dimension 

Parameter Symbol Value 

Thickness tp 0.02 m 

Length Lp 0.163 m 

Width 
wpf front 0.058 m 

wpb back 0.04 m 

 

 

Table 9 Piezoelectric patch properties PPA Datasheet & 

User Manual (2017) 

Value Unit Symbol Parameter 

1700 --- 
33

T  Relative permittivity 

190 10e-12 m/V d31 Piezoelectric constant 

18.8 10e-12 m2/N 33

ES  

Compliance matrix 

16.4 10e-12 m2/N 11

ES  

-5.74 10e-12 m2/N 12

ES  

-7.22 10e-12 m2/N 13

ES  

47.5 10e-12 m2/N 44

ES  

44.3 10e-12 m2/N 55

ES  

44.3 10e-12 m2/N 66

ES  

 

 

6. Model validation 
 

Frequency content of the calculated wheel response and 

the squeal noise are shown in Figs. 13 and 14 respectively. 

In both figures the main peak occurs in the mode (2, 0) with 

the natural frequency of 365 Hz.  

 

 

Fig. 13 FRF of lateral velocity of wheel 

 

 

 

Fig. 14 Calculated wheel squeal noise 
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It is seen that the squealing happens and its noise level and 

frequency is quite close to the measurement results in the 

field test for a freight train. 

 

 

7. Results 
 

The results after applying dither signal to the wheel is 

presented and analyzed in this section. According to the 

wheel modal analysis, frequencies above 10 kHz might be 

selected. Fig. 15 shows the efficiency of the wheel dither 

control system on the squeal noise suppression. The 

maximum sound pressure level is decreased more than 35 

dB. However, the induced dither signal causes an increase 

in the SPL in the frequency range higher than 3000 Hz. It is 

also seen that changes in voltage does not influence the 

dither control effect. As seen in Fig. 16, increasing the 

frequency of the applied voltage decreases the control 

efficiency. The best suppression performance can be 

achieved by taking the voltage amplitude equal to 10 V and 

its frequency to 10 kHz. Figs. 17 and 18 show the effect of 

dither control on the wheel responses. 

Figs. 19 and 20 explain how wheel dithering causes 

suppression of squealing noise. As can be seen in Fig. 19, 

wheel dithering changes shape of lateral creepage from 

harmonic shape to random shape. As result range of lateral 

force on contact point variation has been decreased. 

 

 

 

Fig. 15 Effect of the applied voltage amplitude on squeal 

noise reduction in wheel dither control (
0

10000Hz  ) 

 

 

 

Fig. 16 Effect of the applied voltage frequency on the 

squeal noise reduction in wheel dither control (

0 10V V ) 

 

 

Fig. 17 Effect of the wheel dither control on lateral wheel 

velocity (
0 010000 , 10Hz V V   ) 

 

 

 

Fig. 18 Effect of the wheel dither control on the FRF of 

lateral wheel velocity (
0 010000 , 10Hz V V   ) 

 

 

 

Fig. 19 Effect of the wheel dithering control on lateral 

creepage 

 

 

 

Fig. 20 Effect of the wheel dithering control on lateral 

force on contact point 
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Results when the dither control is applied to the rail are 

presented and discussed in this section. It is seen in Fig. 21 

that the maximum squealing SPL is reduced to 85 dB from 

118 dB. This reduction is in the frequency range lower than 

700 Hz. Also this figure shows improving dither control 

effect by increasing the applied voltage. According to Fig. 

22, relation between the applied voltage frequency and the 

squeal noise reduction is not linear. Effect of the rail dither 

control on the wheel responses in the time and frequency 

domain are shown in Figs. 23and 24. 

 

 

 

 

Fig. 21 Effect of applied voltage's amplitude on squeal 

noise reduction of rail dither control (
0 10000Hz  ) 

 

 

 

 

Fig. 22 Effect of applied voltage's frequency on squeal 

noise reduction of rail dither control (
0 10V V ) 

 

 

 

 

Fig. 23 Effect of rail dither control on lateral wheel 

velocity (
0 010000 , 10Hz V V   ) 

 

 

Fig. 24 Effect of wheel dither control on FRF of lateral 

wheel velocity (
0 010000 , 10Hz V V   ) 

 
 

 

Fig. 25 Elongation of the piezoelectric stack actuator 

 
 

 

Fig. 26 Comparison between the wheel and rail dither 

control performance 

 
 

Elongation of the piezoelectric actuators is limited as 

presented in Table 8. This limiting threshold should be 

checked. According to Fig. 25, maximum elongation is 

lower than the allowable limit. Performances of the two 

designs in squealing mitigation are compared in Fig. 26. It 

is seen that the rail dither control has better performance 

over almost all the frequencies. Besides this advantage, it 

must be noted that applying dither signal on the rail is much 

easier, cheaper and more feasible. 

 
 
8. Conclusions 

 

A comprehensive model for the wheel squealing simulation 
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was developed in this paper. The model was validated on 

different levels and in total by comparing the results with field 

test data. As the main objective of this paper, the capability of a 

new approach in mitigation of squealing in sharp curves was 

investigated. Application of a dithering control to the wheel 

and rail was studied. As a first design, piezoelectric patches 

were attached to the appropriate locations on the wheel surface. 

It was found that dithering can reduce the noise level up to 35 

dB in squealing frequency. Although this design may increase 

the noise level in higher frequencies but in total it can cancel 

the squalling and reduce the total noise level up to 10 dB. It 

was shown that the excessive control effort does not have 

remarkable effect on the performance while the dithering 

frequency slightly decreases the squealing noise but 

remarkably enhances the sound level in higher frequencies.  

Although applying this kind of semi-active control system to 

the wheel is somehow complicated but compared to other 

wheel-based solutions, it is independent of the wheel type. 

Toward a more feasible and practical design, dithering was 

applied to the rail. Economically and practically, this design is 

more appropriate, but we had to evaluate its performance. A 

stack type piezoelectric was used as dithering actuator in this 

second methodology. It was found that the second design has 

superior performance. It can not only cancel the squealing but 

also it is able to perform well in higher frequency range. It was 

also checked to guarantee that the system works within the 

threshold of piezoelectric saturation limit. Through a 

parametric study, it was shown that the actuator voltage is 

effectual this time and the dithering frequency influenced the 

performance more in the vicinity of the squealing frequency 

rather than in high frequency range. 
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