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ABSTRACT

The application of vibration damping material is considered to be the most effective way of vibration
absorbing of the steel shells of wagons and locomotives. The study showed dissipative characteristics of material
by the example of the "Teroson WT 129", which were obtained experimentally: the elastic modulus E=0,096;
0,103 MPa, the dissipation factor n=0,628; n=0,454 for appropriate coating thickness 3.6 mm and 6.1 mm. Based
on the findings comparative analysis was made with existing vibration-absorbing mastics: characteristics of the
new coating "Teroson WT 129" higher than dissipative properties of other materials. In addition, our task was to
estimate the effectiveness of the new material: a reduction of the vibration level AN is equal to 29dB. The final
result of this study was the good prospects of practical application of studied material in thin sheet metal
constructions in the manufacture of vehicles, railway wagons.
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1. Introduction

The successful development of raising volumes of traffic is impossible without improving the carrying
capacity, which requires further growth of the technical level of rolling stock, installation of new efficient
constructions of freight and passenger cars, more intensive use of carriage rolling stock: accelerated car turn
round, increase the speed and weight of trains, elevation the static load of the car [1].

Working mechanisms of the systems actuate the sound vibrations in the body. It produces airborne noise in
different rooms. Riding vibration may cause resonance, leading to unpleasant drumming noise. The integration of
rails on a railway track, ventilation and the heating system in the trains are also considered to bw the causes of
noise generation.

Noise, which is affecting passengers of trains, refers to fluctuating non-permanent noise. It is the noise
produced by rolling stock, electrical and mechanical machines, i.e., there are two types of noise affecting the
person: mechanical noise and noise from electrical machines. According to the width of the spectrum as tonal
noise (signal of the locomotive) can be as broadband noise (noise from rolling stock). It depends on the following
factors:

* type of rolling stock (passing through a station freight transport creates more noise impact compared to
the passenger car);

« technical condition of the rolling stock (wear factor, the quality of netting the engine, etc.);
* type and quality of the roadbed and superstructure;
* speed (increasing speed raising the noise from the rolling wheels, etc.);

« application conditions (movement with the constant velocity, acceleration, deceleration, length of the
stock).

The noise restriction, regulation and conduct of engineering, technical and organizational measures are
performed to protect from the effects from vibrations. Their goal is to limit sound pressure to acceptable levels at
which the noise impact will not affect the safety of human life. The sound insulation and sound absorption are
among them. In order to reduce the noise, which emitted into the environment by train, the use of mufflers on the
cars, installations, replacement connection joint to the continuous welded rails, the application of rubber rail pads,
limit speeds are conducted. To reduce the noise inside the trains the design activities associated with the
introduction of sound absorption in the cover of locomotives, improvement of stopping mechanisms and
drawbars, etc.

The passenger is subjected to the impact of transport vibration which is common, since results in
concussion of the whole body. It occurs due to the movement of the rolling stock. Under the influence of general
vibration on the organism humans can feel irritability; headaches; decreased attention, memory, sleep; increase
of the probability of neurosis, hypertension, gastrointestinal diseases, peptic ulcer, angina. Prolonged exposure to
vibration on the human body can cause fibroblast. It is a severe occupational disease that often ends in disability.

The fight against harmful effects of vibration is a very complex problem. Its effective solution can be
achieved with the participation of many professionals, engineers, doctors, technologists, exploiters.

The main measures of the protection from vibrations are:

* requirements to limit the parameters of vibration in the workplace to the permissible values according to
Health Standards (CH 2.2.4/2.1.8.566-96);

» organizational and technical activities aimed at maintaining the technical state of cars at the level
prescribed by normative technical documentation;

« the application of the means of vibration isolation and absorption.

There is the widest application of such means of vibration absorption as vibration-absorbing coatings or
special vibration-absorbing structural materials. Cover (hard, reinforced, soft, etc.) is applied on the finished
constructions for the increase of energy loss during periodic deformations. We can produce structures from
vibration-absorbing materials with high dissipative properties without the use of special coatings. These materials
include layered vibration-absorbing materials, vibration-absorbing alloys, fiberglass [2].

In the present study the vibration damping material "Teroson WT 129", provided by LLC "HenkelRus", was
used. It is aqueous dispersion based at the synthetic resin with fire retardant additives. This material is used to
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reduce secondary noise and vibration, is applied by spraying or with a spatula. "Teroson WT 129" has a reliable
adhesion to stainless and galvanized steel, anodized aluminum. The surface of non-galvanized steel and raw
aluminum requires pre-application of the corrosion protection (primer). The material is resistant to sagging while
spraying on vertical surfaces a layer thickness up to 6 mm.

The material does not crack on large flat paved surfaces during the drying. If this cover accumulates in the
grooves or corners or drying conditions are unfavorable (in the absence of convection), the formation of
microcracks may be. Covering with "Teroson WT 129" are allowed to expose to water. Slight swelling of the
material is eliminated after drying. Flaking of the coating from the surface will not occur.

"Teroson WT 129" is used to reduce secondary noise and vibration (sound insulation or absorption of
structural noise) on sheet metal constructions in the manufacture of vehicles, railway wagons, construction of
ships, as well as in the construction of buildings and equipment. The coating is applied in different types of
wagons and locomotives in Russia, for example, in the locomotive 2T325KM at the KMT Production Company
(Russia, Saint-Petersburg, Lomonosov) (Fig.1), and Bryansk Engineering Plant (BMZ) (Fig.2).

ST N

Figure 1. Locomotive - 2T9325KM.
Application of the coating on the internal surface
of the cabin

Figure 2. Using on the Bryansk Engineering
Plant (BMZ)

This coating is quite new on the Russian market. Therefore, it is necessary to know what its vibration
damping characteristics for further use of the coating for the purpose of vibration isolation will be.

The topics of development and creation of vibration damping coatings were devoted to research of Russian
and foreign scientists. Currently known fundamental works, which set out the main theoretical patterns that
influenced the further development of science in the direction of decrease of vibration: L. Nielsen "Mechanical
properties of polymers and polymer composites" (1978), Nikiforov A. S. "Vibration absorption" (1979), "Damping
of oscillations" (1988), lvanov N.l. "Technical acoustics of transport cars" (1992), Solomatov V. |. "Vibration-
absorbing composite materials" (2001).

Intensive development of engineering and technology in the last two or three decades contributed to the
deterioration of the vibration field that surrounds the person, at the expense of increasing the capacity and speed
of existing and new sources of vibration [3]. To combat these vibrations the researches on creation of vibration
damping materials that meet modern application requirements were carried out [4].

Despite the large number of works devoted to this issue, the creation of new high damping coating is still
relevant. The novelty of this study is to experimentally obtain the dissipative characteristics of the vibration
damping material "Teroson WT 129" deposited on the steel substrate.

The aim of the study is a comparative assessment of the effectiveness of this structural vibration-absorbing
material with previously known mastic compound.

To achieve this goal it is necessary to solve the following tasks:

1. To examine the means of vibration absorption.
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2. To determine experimentally in the testing and certification center "Visota" (Peter the Great St.
Petersburg Polytechnic University, hereinafter — SPbPU) the dynamic modulus E and the mechanical loss factor n
of the samples of vibration damping coverage, provided by LLC "HenkelRus".

3. To compare the properties of the coating with the above values of similar vibration-absorbing materials.

4. To evaluate the effectiveness of the coating samples vibration damping material "Teroson WT 129"
using calculation method.

5. To perform the analysis of the results.

2. Methods

The main purpose of the use of means of vibration absorption is increasing the mechanical loss factors of
constructions, i.e. dissipative characteristics, which determines the levels of vibration of the structure. That is why
the reduction of vibration levels depends on the original mechanical loss factor. The effect is greater, the smaller
the mechanical loss factor of the constructions prior to the application of vibration-absorbing means [5]. The
measured mechanical loss factor takes into account the joint effect of losses in the connections of structural
elements (cladding, ceilings, etc.), in the constructions of the body, in heat - and sound-insulating coatings [6], the
loss of radiating energy in space, the uncompensated consumption of energy in the construction. Losses in the
joints are a significant factor of energy dissipation in the structure [15-17]. The creation of uniform structural
materials with large mechanical loss factors is considered to be one of the most promising means of vibration
absorption. These materials can be either metal or nonmetal, for example, fiberglass has a number of
technological and operational advantages over steel. Metal materials with a big value of the mechanical loss
factor appeared not so long ago [8]. The effect is achieved through the small-meshed structure of the material,
leading to significant losses due to dry friction, and due to the use of alloys, which contain viscous components

[9].

It is necessary to know the material stress-strain properties, such as the mechanical loss factor, elasticity
modulus and the loss modulus [10,11] to choose the right type of structural material with appropriate vibration-
damping characteristics. The ratio of the thicknesses of the covering mastic and underlying coating is important
for definition the properties of material [12]. According to the studies of some authors [13,14], the greatest effect
of vibration absorption is achieved with the value of ratio equaled approximately 3-4.

We compared the materials’ stress-strain properties with the obtained by the testing and certification center
"Visota" (SPbPU) characteristics of the mastic "Teroson WT 129", provided by LLC "HenkelRus".

Determination of elasticity modulus of the interlaying materials is performed by one of the methods due to
Standard-Setting Authority (TOCT 16297) [18]. Elasticity modulus of insulation materials and products E is
determined on the device, shown in figure 3, during the transverse vibrations of the loaded sample on the
resonating frequency. E for all materials and products is calculated by the formula:

__4an?f?Mn

E="020 (1)
where f — the resonance frequency, Hz;
M — mass of load, kg
h — the height of the sample under load, m;
F — the total area of simultaneously tested
samples, mZ2.

The mechanical loss factor must be
calculated at each sample test by the formula
2). Figure 3. Device for the determination the elacticity

modulus
1 (2)
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where a1 — the amplitude of acceleration, m/s2 (or velocity, m/s, or bias m) of the vibrator table at the value
of oscillating frequency of 5 Hz;

a2 - the amplitude of acceleration, m/s? (or velocity, m/s, or bias m) of the load at the resonance frequency
f-In our case, the resonance frequency had an average value of 12 Hz.

Thus, the values obtained for repetitive measurements of samples are shown in table 1.

Table 1. The stress-strain properties of the vibration-damping coating "Teroson WT 129" drifted on the steel
disc @ 160 mm with a thickness of 2 mm.

Mechanical loss Elasticity modulus Loss
Thickness of factor, y ’ modulus,
the coating, mm
n E, MPa nE, MPa
3.6 0.628 0.096 6.03*102
6.1 0.454 0.103 4.68*102

3. Results and discussion

We compared the obtained properties of the coating with the characteristics of other vibration absorbing
materials. Currently there is a production of vibration-absorbing sheet materials of the reinforced type in the
industry of Russia and foreign countries.

Mastic «MABWI» [20] is designed for the effective noise and vibration reduction of structures and
equipment (buildings, foundations, pipelines, etc. in shipbuilding, engineering and other industries), as well as to
enhance their durability.

Mastic «BMJ1-25» [21] contains polyvinyl acetate dispersion, chlorinated paraffin, nepheline flame retardant
and graphite.

Noise - and vibration-absorbing mastic «kAHTUBMGPUT-M» [22] is a dense homogeneous mass, made on the
basis of epoxy resin with target additives with a density of 1.6-1.7 g/sm?3.

The vibration-absorbing mastic «BINM-1» («Agem») [23] is applied for the protection from the noise and
vibration of various machines, mechanisms, metal building structures; for damping within hull structures and
premises: decks, platforms, diaphragm walls, coverings and stiffening cleats, closures, pipelines, etc.

Materials with optimal stress-strain properties are presented in table 2. The coatings were tested using one
of the methods (resonance and reverberation), i.e. on a steel plate or without its use.

Table 2. Foreign and domestic commercial vibration-absorbing coatings.

The brand of the coating Tt.uckness of The mechanical loss
coating, mm factor, n
"DF-10AL" (Noisebuster, 55 0.4
"NPPTechnicalconsulting”, Tolyatti) [19] ' )
"LD-17" (Antihpon, Sweden) [24] 2.4 0.17
"Hushmat Ultra" (HushMat, USA) [25] 1.5 0.3
"Dynamat Extreme" (Dynamic Control, USA) 17 0417
[26] ' '
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«MABWIM» (Yaroslavl, Russia) 5 0.17-0.33

Is not defined according to

«BMJ1-25» (Klin, Russia) 10 Federal Standards

«AHTMBMOPUT-5M» (KIlin, Russia) 7 0.25

«BlMNMM-1» («Agemy») (Saint-Petersburg,

Russia) 5..6 0.18

In table 3 we compared the superior for its stress-strain properties material "Dynamat Extreme" (table 2)
with the tested material "Teroson WT 129".

Table 3. The dissipative characteristic of materials "Dynamat Extreme™ and "Teroson WT 129".

The bfand of the Thickness of coating, mm The mechanical loss factor, n
coating
"Dynamat Extreme" 1.7 0.417
"Teroson WT 129" 3.6 0.628

According to the table 3, we can conclude that the tested vibration-absorbing material "Teroson WT 129"
despite its large value of thickness is better than "Dynamat Extreme".

Since the mechanical loss factor n of homogeneous thin-sheet steel structures [27-29] has a very small
value of (2-7)*10-4, the application of the vibration-absorbing coatings increases the internal losses of hull
structures. This results in a significant decrease of vibrations of the walls of wagons and locomotives during the
moving on high speed highways [30].

Consequently, the material "Teroson WT 129" is aimed for damping of the walls of wagons and
locomotives.

Reduction of the vibration levels at constant perturbing strains acting on the smooth plate AN is determined
by the formula [5]:

AN =101g-L,
9 (3)
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where no — the mechanical loss factor of the plate prior to coating,
n — the mechanical loss factor of the plate after coating.

The effectiveness of the coating for reduction of vibration is determined by the ratio of the loss factors of
the plate before and after coating [31]. But this formula is used only when the vibrational energy of the plate is lost
only due to internal losses, i.e. f < f1. This condition describes the suspended or clamped plates, in which the
power consumption of the circuit is missing.

Re-calculation with taking into account the changed loss factors and other characteristics more fully shows
all the changes in the vibration levels [32]. The effect of damping at low frequencies will not provide significant
reduction of vibration levels. At high frequencies increase of losses is realized in a greater degree.

The following approximate analytical correspondence is proposed in [6] which takes into account all the
factors on the basis of averaging data about the passage and dissipation of energy. It determines the reduction of
vibration levels as a result of change the value of the mechanical loss factor of no to the value n:

AN = (4 + 21gf/50) lgn”—o\/?, (4)

where f — resonance frequency.

In the formula (4) the observed in real conditions increasing effectiveness of coatings during the ascending
frequency is taken into account. However, any method of calculation determines the constraint of the
effectiveness of vibration absorbing means from the value of the mechanical loss factor of the construction before
and after its damping.

For vibration-absorbing material "Teroson WT 129" with the resonance frequency f= 12 Hz:

AN =29 dB

4. Conclusion

The application of vibration-absorbing mastic is the most effective mean of vibration absorption of steel
shells in wagons and locomotives. The stress-strain properties of new coating "Teroson WT 129", obtained by
testing in the testing and certification center "Visota" (SPbPU), are higher than the dissipative characteristics of
another materials. The effectiveness of the samples "Teroson WT 129" is equaled to the value of reduction of the
vibration level AN = 29 dB.

Thus, it is recommended to use vibration-absorbing material "Teroson WT 129" to reduce secondary noise
and vibration in thin-sheet metal structures in the manufacture of vehicles, railway wagons.
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OueHka achcpekTMBHOCTU BUBpoaemndupyrowero matepuana «Teroson
WT 129»

N.U. NecTpsikoB Z, 3.U. l'ymeposa 2, A.H. Kynuun 3
1.2 CaHkm-lNemepbypackull nonumexHuyeckuli yHueepcumem [lempa Benukoezo, 195251, Poccus, 2. CaHkm-
lMemepbype, NonumexHu4eckas yn., 29

3 O0O0 "lMpakmuyeckasi mexaHuka", 198095, CaHkm-lemepbype, yn. Mapwana Moeoposa, 52, ogpuc 304

MUHdopmauus o ctatbe UcTopus KnroueBble cnoBa
YK 691 Mopana B pegakumio 11 anpens 2016 Bnbpaums;
BUOPONOrMoLWEeHNE;

BMGponornoLwarLwye Matepuarnbi;
KO3(PPULMEHT MEXaHNYECKNX MOTEPD;
Kene3HoO40POXHbIN TPaHCMOPT;
CTPOUTENbCTBO

AHHOTALINA

HaHeceHve  BubponornoliatoLlen MacTuUKu  sBnsieTcs caMbiM  [AEeWACTBEHHbIM CpeacTBOM
BMOpodemMndupoBaHMsa cTarnbHbIX 000NoYeK BaroHOB M TEMOBO30B. B cTatbe npeactaBneHbl AMccunaTuBHbIE
XapakTepucTukm Bubpoaemndumpyowero marepvana Ha npumepe mactuku «Teroson WT 129», nony4veHHble
3KCNepuMeHTanbHbIM nNyTeMm: guHamudeckun moayne ynpyroctu Ea=0,096; 0,103 Mna, koadhduumneHT notepb
n=0,628; n=0,454 — oNa COOTBETCTBYIOLLEN TOMLUHBI NOKPbITMSA 3,6 MM K 6,1 MM. o pe3dynbTaTtam UCMbITaHUSA
NpOBEeAEH CPaBHWUTENbHBIN aHanmM3 C CyWwecTBYLWUMU BUOPOMOrNoWanWmMMmM MacTUKaMn: XapakTepUCTUKM
HoBoro nokpbiTua «Teroson WT 129» Bbilwe hMU3NKO-MEXaHUYECKMX CBOWCTB OCTanbHbIX MaTtepuanoB. OueHeHa
3a(ppeKTUBHOCTL 06pasLLOB MOKPLITUS, KOTOpas CoCTaBmna BENUYUHY CHWXKEHUSA YpOBHA BuOpauun AN=29 ab.
lMokazaHa nepcneKkTMBHOCTb MPaKTUYEeCKOro MNPUMEHEHUSI WUCCMNEeAOBaHHOrO Martepuana Ha TOHKOMUCTOBbLIX
MeTannmMyecknx KOHCTPYKUMSIX MpU NPON3BOACTBE TPAHCMOPTHLIX CPEACTB, XXeMNe3HO4OPOXKHbIX BarOHOB.

KoHmakmHbIU asmop:

1*. +7(812)5356334, iscvisota@mail.ru (MectpsikoB Mropb ViBaHOBUY, pyKOBOAMTENMb LIEHTPa)
2. +7(967)5702755, eliza_gumerova@mail.ru (Mymeposa Onu3a VprkoBHa, CTyaeHT)
3. +7(911)991-7193, cupdin@ya.ru (KynunH Anekcen Hukonaesud, pykoBoguTenb HanpasneHus agre3mBHbIX

TEeXHOMOornm)
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	Since the mechanical loss factor ŋ of homogeneous thin-sheet steel structures [27-29] has a very small value of (2-7)*10-4, the application of the vibration-absorbing coatings increases the internal losses of hull structures. This results in a significant decrease of vibrations of the walls of wagons and locomotives during the moving on high speed highways [30].

	Consequently, the material "Teroson WT 129" is aimed for damping of the walls of wagons and locomotives.

	Reduction of the vibration levels at constant perturbing strains acting on the smooth plate ∆N is determined by the formula [5]:

	where ŋ0 – the mechanical loss factor of the plate prior to coating,

	ŋ – the mechanical loss factor of the plate after coating.

	The effectiveness of the coating for reduction of vibration is determined by the ratio of the loss factors of the plate before and after coating [31]. But this formula is used only when the vibrational energy of the plate is lost only due to internal losses, i.e. f < f1. This condition describes the suspended or clamped plates, in which the power consumption of the circuit is missing.

	Re-calculation with taking into account the changed loss factors and other characteristics more fully shows all the changes in the vibration levels [32]. The effect of damping at low frequencies will not provide significant reduction of vibration levels. At high frequencies increase of losses is realized in a greater degree.

	The following approximate analytical correspondence is proposed in [6] which takes into account all the factors on the basis of averaging data about the passage and dissipation of energy. It determines the reduction of vibration levels as a result of change the value of the mechanical loss factor of ŋ0 to the value ŋ:

	where f – resonance frequency.

	In the formula (4) the observed in real conditions increasing effectiveness of coatings during the ascending frequency is taken into account. However, any method of calculation determines the constraint of the effectiveness of vibration absorbing means from the value of the mechanical loss factor of the construction before and after its damping.

	For vibration-absorbing material "Teroson WT 129" with the resonance frequency f = 12 Hz:


