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Changing the dynamic characteristics of the tracka reduce noise emissions
- numerical study

Abstract: The paper presents the concept and preliminaryitsesfi numerical study of
changes in the rail track dynamic characteristtgange of the characteristics is introduced in
order to reduce noise emissions. The theoretidaltioaship between the studied track
dynamic characteristics (TDR - Track Decay Rate) aoise was briefly explained, and then
the methodology of FEM modelling for the standast simulation was described. Four mass
modification variants and two rail types (49E1 &@%E1 profiles) were analyzed. Numerical
study show correlation between the railroad trackssn increase and its dynamic
characteristics and thus the noise emission. Hstwut that the obtained effect may cause
reduction of noise emission in some frequencied,iacrease in others.

Keywords: Track decay rate; Track dynamics; Rail damperssé&eduction; FEM

Introduction

Rail transport is a source of significant noise afgtations - mainly due to mechanical
vibrations, and to a lesser extent the impact ofesistance. The reduction of these adverse
effects without significant financial outlays ankicessive complications in the construction
and operation of railways should go hand in handhwhe development of railway
infrastructure. The key to achieving this goal @s understand the sources of noise and
vibration and the parameters that may affect thend then propose economically sound
technical solutions.There are many studies devdtedthe theoretical description of
phenomena that make up the noise associated wiittrarasport [10]. The noise during the
passage of the rail vehicle may be a mixture dinginoise, aerodynamic noise and others.

Research conducted for years indicates that inynsétnations rolling noise is the
dominant source of sound (see [5, 6, 1]). It isegated by the roughness or waviness of the
surface of the wheel and rail, which causes dyndances affecting the contact surface. As a
consequence, this results in relative vibrationthefwheel and rail, wherein the amplitude of
the vibrations of each element depends on its di;@noperties. The vibrations created in
this way are the main source of noise.

There are developed analytical and empirical mofdelpredicting the intensity of the
sound emitted for particular types of wheel andKkraepending on the roughness. The
TWINS model (Track Wheel Interaction Noise Softwdrg is the most widely used, thanks
to which rolling noise can be calculated as the sinthe sound power emitted from the
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wheel, rail and underlay. The condition is to h#twe results of measurements carried out on
an existing track and thus virtual testing of n@lugons is limited.

The dynamic properties of the railway track arec@lin noise forecasting, and the
appropriate track dynamics model should take irtcoant interactions between different
components [13]. The rail can be treated as anitafy long beam in which the propagation
of mechanical waves takes place. In addition, #iehras much more damping capabilities
than the wheel due to its attachment. This dampsngainly due to energy losses during
transmission of a mechanical wave from the loaatpaiong its length. The speed of decay of
these waves along with the distance along thededérmines the so-called effective length of
the rail. For this reason, the attenuation intr@duioy attaching to the sleepers is an important
parameter for the track, because it affects thapghisarance of vibrations along the track, and
thus determines the effective length that is suldgwibrations. The longer the rail section,
which vibrates under the influence of each whdw, ihore noise will be emitted. We can
distinguish three main sources of this dampingsdssoccurring in fastening systems (e.qg. ralil
pads), energy transferred to sleepers and embankarah damping of the rail [8]. Support
systems block transmission of vibrations along rdikebut only at low frequencies. On the
other hand, the transfer of vibrations to the stegmnd embankment (application of rigid
supports) causes that the sleepers themselves bdbensource of noise, and the vibrations
have an adverse effect on objects located nearatlveay line. Increasing the ability of the
rail itself to damp vibrations seems to be the Be&ition.

The amplitude of the rail vibrations decreases ayprately exponentially along with
the distance along the track. The more dampingéiie, the faster the loss of vibrations. The
parameter used to describe this phenomenon isat@ydate of the vertical and transverse
vibrations of the track (Track Decay Rate - TDRmgo [3]) and the value is usually
expressed in dB / m. The decay rate is the mosbiitapt indicator of the dynamics of the
track in relation to rolling noise. Low values bfd parameter lead to a longer effective length
of the rail, and thus to high noise emission fréva track. High TDR values cause less noise
and can be obtained, for example, by using rigidheas between the rail and the sleepers.
However, soft pads are often used for non-acoustsons, e.g. to minimize damage to
primers or vibrations transmitted through the gichuFDR values derived from measurements
are commonly used to calculate rolling noise in eteduch as TWINS. According to the
norm [2], the coefficient can be determined experitally, using a hammer/modal hammer
and accelerometers. It is also possible, althoeghrically more difficult, to determine the
TDR coefficient by measuring the vibration of tlad during the passage of the train.

From the point of view of noise reduction, it issdable to design such solutions that
increase the TDR ratio while maintaining the infiola of the sleepers (without introducing
stiffer rail pads). One of the more effective smns are the tuned absorbers systems [12].
The theory of such a tuned arrangement of thearallmuffler is presented in [11].

The aim of the article is to present the methodploigforecasting the TDR coefficient
depending on the dynamic characteristics of thektr&hanging the characteristics can be
achieved by using silencers. The initial verifioatiof the solutions was made with the use of
FEM computer simulations (finite element method®)e analysis was carried out in two
stages. In the first stage, the entire track wadateal (one rail track, taking into account the
elastic foundation on the sleepers and then thkadtal The results from the first stage
analysis served as a reference point. In the sestag, the track was modeled along with a
simplified model of the device (in the form of acliete mass). The main goal is to develop a
silencer that significantly increases the TDR doefht and thus potentially the most
effective solution in terms of noise attenuation.

The relationship between the TDR parameter andnthise emitted is described,
among others in the annex to the standard [2]. vibetion amplitude of the rail course
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decreases with the distance from the excitatiomtp@vhich is actually the point of contact
between the wheel and the rail, and during the T&R the point of impact with a hammer).
The measured value is usually the acceleratiomeed of the rail running in the direction
perpendicular to the track axis (vertical or homtzd). In figure 1, this relationship is
illustrated by taking the reference point at thenpof being as a reference point.

Amplituda drgan [mm)]

0 2 4 6 8 10 12 14
Odleglos¢ od punktu wzbudzenia [m]

1. Loss of vibration amplitude along the track (ddtted line described by the formula 1)

Although the case of the classic ballast surfahbe, rail is supported periodically,
which means that the function describing the disapgnce of vibrations does not have to be
monotonic. However, in practice, for the sake ofiicity, it is assumed that the amplitude
of the vibrations changes according to the follaywilependency:

A(x) = A(0)e B* (1)
where:
A — vibration amplitude (normal acceleration [fhé speed [m/s]),
x — distance from the excitation point [m],
p — parameter describing the speed of vibration ylg¢a
The power of the sound emitted by the rail is prapoal to the vibration amplitude

along the rail CoursefoooIA(x)Izdx. It also depends on other parameters (e.g. acousti

impedance of the air), which we cannot influence.tle other hand, th& parameter can be
influenced by the use of appropriate structuralismhs (e.g. pads, underlays), or additional
devices (silencers). Therefore, it is used in weasment of track dynamics and indirectly its
acoustic properties. Theoretically, it can be deteed on the basis of the slope of the
vibration decay diagram (see equation 1), showthensemi-logarithmic plane. However, due
to the deviation of the actual results from thealdexponential dependence, the standard [2]
recommends the use of a simplified formula (thévdéon of the formula can be found in the
annex to the standard).

4,343
TDR = Nmax|A(xg)|? (2)
Zn20 |aCen) 0
The field test, allowing to determine this parameig performed by measuring the
acceleration signal (or speed) at different distanitom the excitation point. For practical
reasons, the geophone or accelerometer is mouoteti€ duration of the test in one cross-
section. In contrast, the excitation location isialale (impact with a hammer, with a suitable
tip to measure force). The distribution of pointsthe initial part of the study is shown in

Figure2.
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2. Schematic diagram of the TDR test

Research methodology
The analyzes are based on computer simulation Uslitlg (finite element methods). The
simulation of the TDR test is carried out using thedel shown in Figur8. At the current
stage of the research, the dampers were repladkdnaisses focused rigidly connected to the
rail tracks.

» Simulation of the TDR study was carried out in tstages:

* track without dampers,

» track with silencers in the form of a rigidly atted mass,

A more general model is shown in FigBeThe lack of dampers can be obtained by
substituting the zero mass added in the model.tfHok without dampers is a reference point
against which the proposed solutions will be ev&daThe model with rigidly clamped
masses aims to assess to what extent the dynaoperties of the track depending on the
mass of the silencer. So that in future studiesotild be possible to compare results with
more advanced models using viscoelastic charatitsrigeflecting the rigidity of the casing
and damping the properties of the material).

The TDR study was prepared in the Abaqus and Py#@mwironments. The model was
parameterized, among others in terms of:

* length of the tested track section

» spacing of sleepers

* replacement weight of discrete silencer

» parameters of the rail pad

» ballast parameters

* impulse for vibration.

The model (Fig3) enables testing using two different rail profil@®E1 and 49E1). The
acceleration signal is read at the points indichtethe standard [2].
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3. Substitute track model for simulating the TDR tes
For all analyzes, the same track parameters waptedl They were adopted mainly
on the basis of the results of previous studiedabla in the literature [4, 9] and summarized
in Tablel.

Tablel. List of adopted parameters of the track model

Parameter Parameter value Unit
length of the model (half) 60 m
substitute mass of foundations 150 kg
spacing of sleepers 0,6 m
elastic parameter of the under 2,010° N/m
sleeper pad
viscous parameter of the under 1,010° N-s/m
sleeper pad
elastic parameter of the ballast B0 N/m
sticky balast parameter 110° N-s/m

Using the above-defined model, a series of analyse:®e carried out, assuming
various masses of silencers (substitute mass pames to two silencers located on both sides
of the rail):

e variant No. 0 - massy = 0 kg

* variant No. 1 - massy = 6 kg, which corresponds to 10 kilograms per meteail,
* variant No. 2 - massy = 12 kg, which corresponds to 20 kilograms peremet rail,
* variant No. 3 - massy = 18 kg, which corresponds to 30 kilograms peremet rail,

FEA analysis was carried out in the Abaqus® envitent. The entire system was
modeled in 2D space. The rail pulley was modeleith &i continuous beam. Discrete visco-
elastic joints (rails with sleepers and foundatiwiih the ground) were created using special
elements designed for this purpose (so-caladineering features). A linear load was
assumed in the form of a rectangular pulse, disteedb evenly over a distance of 6 cm in the
middle of the span. The duration of the pulse @23 s and its amplitude is 2.773F N /

m, which is supposed to simulate a hammer blowndute standard TDR test.

The beam has been divided into 15 cm finite elementh square shape functions.
The model reproduces a fragment of a track witeraggth of 120 m. However, because the
symmetry conditions have been used, the lengtheofrtodel is 60 m.
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The dynamic analysis was carried out in two stsgan@ard type - implicit). The first
step is the load phase lasting 0.0023 seconds. sEkend step is represented by free
vibrations in the time of 0.20 s. A constant inseaf time in the following analysis periods
was assumed, which was 8.00° s, allowing recording of vibrations with a frequgnof
5000 Hz. After the calculation, an acceleratiomalgecorded at the nodes was recorded in
the same distance as during the standard tesVi@jalization of the track model (without
dampers) with marked points on the initial sectbthe track is shown in Figure

L.
4. Location of measuring points on the initial sectof the track

The acceleration results were processed usingyt®® environment to visualize and
analyze the impact of the applied dampers on theamhjcs of the track. The acceleration
signal from each point is band-filtered to splitoiri/3 octave bands from 100 to 5000 Hz. A
Butterworth filter was used for this purpose, detieed by the function of transmittance:

1

H(f) = —— ®3)

where:

f — filtered frequency [Hz],

fo — cut-off frequency [Hz],

n — filter row (adoptedn = 4) [-],

Then, the mean square of the RMS (root mean sqgeayedl is calculated from each
sample. It is an estimation of the amplitude, bseauwith the assumption of signal
harmonics, the amplitude is proportional to RMS.eThssumption is a significant
simplification, however, used in practice.]

On the basis of each set of samples from all megspoints and a given third-octave
band, the TDR value is calculated according to #gu&. The results of all measurements
are presented as a function of frequency. Incrgagia TDR at a given frequency can be
interpreted as a reduction in the noise emitte@ dpplication of a given solution may cause
an increase in TDR in one frequency range and eedse in another. Therefore, in order to
compare two solutions, one should still adopt tpanaization criterion. The procedure for
analyzing the results is shown schematically iruFed.



Transportation Overview - Przegl Komunikacyjny

5/2019

pojedyncza symulacja w programie Abaqus

.
%\f IR A\
(.--). () (i)

sygnatly przyspieszenia zmierzone w 29 punktach

kazda prébka przefiltrowana w 18 pasmach 1/3 oktawowych
razem 29%18 = 522 proébki

e b s 7 = - . .
T T T e LT T T T
= o

w kazdym pasmie przeanalizowana zalezno$¢ miedzy amplituda
a odlegtoscia od punktu wymuszenia, razem 18 wykresow

4 «  masa punkiows 18 kg

()

z powyiszych danych sporzadzony pojedynczy wykres TDR

.~ Zestaw parametrow nr 0

TOR [¢Bim]

3
/

10 10 10!
crgsiotiwost [Hz]

5. Processing diagram for calculating TDR basedherrésults of FEM simulation
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Analysis of results

According to the adopted methodology, first ofsiginals of accelerations at measuring points
along the rail course were determined. Howevergriter to verify the correctness of the
conducted simulations, especially at the initiahst other aspects of the dynamic response of
the structure (e.g. displacement) were also andlyZée visualization of displacements
recorded in the final stage of load applicatioehiswn in Figures.

U, Magnitude
+1.004e-04
+9.203e-05
+8.367e-05
+7.530e-05
+6.693e-05
+5.857e-05
+5.020e-05
+4.183e-05
+3.347e-05
+2.510e-05
+1.673e-05
+8.367e-06
+0.000e+00

B R R

Step: free_vibrations

A Increment  13: Step Time = 1.0000E-03
1 Primary Var: U, Magnitude
Lanal Deformed Var: U Deformation Scale Factor: +1.000e+03

6. Deflection of the rail coupling in the final pleasf the load (scaled 103 times) - maximum
deflection 0.11 mm

The track decay rate, which was used to assessffiiveness of solutions is highly
processed and aggregated information, which caseba in the scheme of conduct (Figure
5). Before starting to calculate the TDR track, thiput and intermediate calculation results
were analyzed. Selected results will be presentadl discussed below. In the case of
acceleration graphs with a green background, tléysis step is marked, in which the loads
are applied and the white vibrations are free.
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7. Acceleration signal registered at the point @d@pplication. Track with 49E1 rail profile
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8. Acceleration signal registered at the point ofllegplication. Track with rail profile 60E1

Figures 7 and 8 present the acceleration signals recorded at thet f load
application, respectively, with the use of rail fdes 49E1 and 60E1 in the track.
Acceleration graphs are very similar, regardleshefuse of additional mass. The comparison
of results between the 49E1 and 60E1 profiles alknvs us to state that the nature of the
acceleration does not differ significantly in thase of both profiles. However, as for the
maximum values, it can be seen that the acceleratigplitudes are greater in the case of the
49E1 profile, which is, of course, related to geér stiffness.
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9. Acceleration signal registered at a distance. ®h0 from the point of load application
(above the foundation). Track with 49E1 rail prefil
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10. Acceleration signal registered at a distance.®i® from the point of load application
(above the sleeper). Track with rail profile 60E1

Analogous acceleration diagrams, however, at antst of 30 cm from the point of
load application (above the foundation), are shamirigures9 and 10. Qualitatively, the
acceleration plots are similar to those recordethenmiddle of the span, however, as to the
value, the amplitudes are more than one hundredstismaller. Such a large decay of
acceleration is associated not so much with theéamte as with the location of the
measurement cross-section over the foundation.afisbe seen in diagranid and12, the
amplitude of acceleration is again greater, dedpiefact that the distance has increased by
another 30 cm.
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11. Acceleration signal registered at a distance.®i® from the point of load application (in
the middle of the span). Track with 49E1 rail plefi
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12. Acceleration signal registered at a distance oh®@f6om the point of load application (in

m
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the middle of the span). Track with rail profileE8D

Supporting the structure in a periodic manner catisat the drop in the amplitude of
the acceleration is not a monotonic function at @the accelerations recorded over the
sleepers will stand out from the general trend. fitvet graphs show the results recorded at a
much greater distance, where the construction resspappears with a certain delay and the
vibrations are no longer so violent. Therefore, thsults from a longer time interval are
presented.
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13. Acceleration signal registered at a distance.@3 from the point of load application (in

the middle of the span). Track with 49E1 rail plefi
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14. Acceleration signal registered at a distance.@3 from the point of load application (in
the middle of the span). Track with rail profileE8D

The response of the structure at a distance ofn8.om the point of extortion
(Figuresl3 and14) is already more diverse. In the case of the treith the rail profile 49E1,
it can be noticed that track vibrations without iiddal mass reach maximum earlier and
disappear in time much faster than track vibratisith silencers (modeled in the form of a
point located mass). However, the use of the 60&fil@ means that track vibrations with an
underloaded rail path do not disappear so quickky for a certain time they remain at a
similar level as when using additional weight.sltalso worth noting that in the case of both
rail profiles one frequency of the acceleratiomalgs clearly dominant in the track without
attenuators, and after their application, the digheomposed.

As the distance increases, the differences becoere more apparent. Figurés and
16 show the graphs of accelerations recorded at tamtis of 18.0 m from the point of
extortion.
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15. Acceleration signal registered at a distance8o® In from the point of load application
(in the middle of the span). Track with 49E1 ranfde
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16. Acceleration signal registered at a distance8o® In from the point of load application
(in the middle of the span). Track with rail prefOE1

Analyzing Figurel5, it can be seen that in a given section the mirge experiences
much smaller accelerations if no additional load apgplied. On the other hand, the
introduction of faders makes the recorded accebteragreater. The biggest one is when
adding a weight of 6 kg, and then with increasivayl, the acceleration decreases. In the case
of the 60E1 rail profile (Figurel6), the situation is almost the opposite. Maximum
accelerations were recorded in the track withouhmirs while as the mass increased, the
amplitude of the acceleration decreases.

As it results from the presented example resuliisrations closer to the point of
excitation occur rapidly, with high frequency anch@itude. As we move away from the
source of excitation, we can observe not only anghan the amplitude but also a change in
the dominant frequency. It can be concluded frois ttat vibrations of different frequencies,
propagating along the rail, disappear at differat#s. Therefore, the analysis is carried out by
comparing the signals separated into third bandsofding to the standard [2] from 100 to
5000 Hz). The results are presented as the RM& atithe signal at a given point to the RMS
signal at the point of excitation (RMSO0). It is abstitute measure to map the ratio of
acceleration amplitudes, but easier to determissufing an exponential drop in amplitude,
the charts should be arranged in a straight linee @ some deviations from the assumptions
(e.g the structure is not supported uniformly aretiqulically), the diagrams take on a
different shape. Therefore, instead of determirtimg TDR directly from the slope of the
graph, the standard proposes a simplified formet¢adtion 2), which should be resistant to
these deviations. An exemplary vibration decay @dagis shown in Figur?.

13



Transportation Overview - Przegl Komunikacyjny 5/2019

* tor bez dodatkowej masy
oy, °° = * masa punktowa 6 kg
= . T . * masa punktowa 12 kg
. * e * masa punktowa 18 kg
- °
_10—4 | &
L ]
0 10 20 30 40 50 60 70

odlegtosé [m]

17. Visualization of the vibration decay in the 1088 frequency band (60EL1 rail profile)

In the shown graph (Fid.7), it can be seen that the higher the added welightfaster
the vibrations disappear along the path (this meahgyher value of the TDR parameter).
However, in the case of the 630 Hz band (FiduB)ethe situation is reversed.
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18. Visualization of the vibration decay in the 638 tlequency band (rail profile 60E1)
Adding weight makes the situation worse. Probalolyirecreased weight of the track

influenced the reduction of the natural frequentthe structure. This is even more visible on
the TDR chart (Figuré9).
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Fig. 19 — Track decay rate (TDR) determined onbths of the simulation of the test
using the finite element method (60E1 rail profile)

When analyzing the graph, it can be noticed thatdifpimg the dynamic
characteristics of the track may reduce the emitt@de in some frequencies and increase in
others. An analogous effect is shown in Fig@f which shows the TDR diagram of the
solutions used in the track with the 49E1 rail peof
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=)

10° 10° 10°
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20.Track decay rate (TDR) determined on the basie@fttmulation of the test using the
finite element method (rail profile 49E1)

In both cases, the vibrations disappear the slowette bands between 630 Hz and
800 Hz, with the additional mass transferring teisdency to the lower frequencies. One can
not unequivocally answer which of the proposed tsmiis brings the greatest reduction in
noise emission. It is necessary to develop andtatopptimization criterion in order to select
the best solution.
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Conclusions
The simulations of the TDR study and the analy$i;termediate results and final results
presented in the article allow to draw many valaatanclusions.
* The increase in mass affects ambiguously the ltraitaof vibrations in the railroad
(and thus noise emission) at different frequendtes.example, in the bands from 630
HZ to 800 Hz one should expect higher vibrationemwhdding the concentrated mass.
However, in the 1000-2000 Hz bands, the additionass influences the increase of
TDR, and thus the reduction of noise emission.
* It is necessary to develop an optimization criteribat allows to clearly determine
which solution gives the best noise suppressiaceff
* The solution consisting only of rigid connectiontbé mass (e.g. welding of weights),
would be unfavorable, and probably even unacceptdibé to a significant increase in
noise emission in the bands from 630 HZ to 800IHZact, the dynamic response of
the dampers is more complex, so it should be strife better mapping and
development of the FEM model.
* As the presented research methodology developanibecome a cheap and accurate
tool for testing solutions to protect against ndirsen rail and tram traffic.

Further work will focus on modeling silencers wittore complex models. Instead of
replacing the dampers with a single concentratessmgidly fixed to the rail course, models
from a series of viscous-elastic joints will be dis&uch a model is more similar to the
behavior of real dampers. It allows reflecting tingt few natural frequencies of these devices
and additional material damping. Finally, the depeld methodology will allow you to test
the designed devices in the track (in a simulagiovironment), before the prototype is built.
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