https:// bps-journal.ru

Safety of Technogenic and Natural Systems. 2024;8(1):50-57. eISSN 2541-9129

TECHNOSPHERE SAFETY
TEXHOC®EPHASA BE3OITACHOCTD

W) Check for updates
BY

UDC 331.453 Original article
https://doi.org/10.23947/2541-9129-2024-8-1-50-57

Ensuring Safe Working Conditions under the Influence
of Vibroacoustic Factors on Train Crew Workers
Dmitriy A. Sokolov'*’, Elena I. Golovina'='D<

Voronezh State Technical University, Voronezh, Russian Federation .
< u00111@vgasu.vrn.ru EDN: WMKRZO

Abstract

Introduction. The increased intensity of noise and vibration of railway traffic may become not only an urgent problem
in the field of occupational safety, but also a serious environmental problem in the near future due to the constant need
to increase the weight of freight trains, the speed of passenger trains and the capacity of railway lines. Recently, a lot
has been done to minimize the negative effects of noise and vibration in railway transport. However, the problem of
exceeding the indicators of vibration noise factors remains relevant. Reducing the harmful effects helps to improve the
working conditions of train crew employees and improve the comfortable conditions of transport passengers. As a rule,
the main focus of the analysis is on the external impact of vibroacoustic factors on residential areas and less attention is
paid to the impact on rolling stock. However, these studies do not provide a complete picture of how noise and vibration
actually affect the train in motion. The aim of the study was to obtain the result of an analysis of the impact of
vibroacoustic factors on train crew workers and to propose a method of comprehensive protection based on the use of
vibration damping materials.

Materials and Methods. In the course of the work, regulatory documents were studied, a comprehensive analysis of
relevant information on this topic was carried out, and methods for calculating vibration and vibration acceleration were
used. The values of the sound pressure levels were obtained using a SPM-101 sound level meter. The object of the
study was a carriage of the "reserved seat" type in the process of movement. As part of the research plan, sound
pressure was measured at selected sites and a class of working conditions was determined.

Results. The result of the analysis of the impact of vibroacoustic factors on train crew workers indicated the need to
strengthen comprehensive measures to protect them. The obtained calculation of the vibration force became the basis of
the method proposed by the authors to minimize the harmful effects of vibroacoustic factors, which was based on the
use of vibration and sound insulation materials suitable for the necessary acoustic parameters in the construction of the
car. In particular, it was proposed to cover the floor of the car with dense rubber and the ceiling of the car with an
inorganic fiber material for sound insulation. The work also provides an economic assessment of the effectiveness of
measures to minimize harmful vibration noise effects.

Discussion and Conclusion. The proposed methods for minimizing noise and vibration impacts can help reduce the level
of sound pressure and vibration indicators to standard values, which will significantly reduce the negative impact of
vibroacoustic factors on train crew workers and railway passengers. The considered complex for minimizing vibration and
noise includes a set of methods in which affordable materials based on recycled substances have found application.
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AHHOTALMSA

Beeoenue. lloBbIlIeHHAas WHTEHCHBHOCTH IyMa W BHOpAalMH HA JKEJIE3HOAOPOXXHOM TPAHCIIOPTE MOXKET CTaTh HE
TONBKO aKTYaJIbHOHW MPOoOIeMoii B 001aCTH OXpaHBI TPyAa, HO M CEPhe3HON IKOIOTHIECKOH Ipo0IeMoii B OIKaiiieM
OymymieM H3-3a HE0OXOANMOCTH MOCTOSTHHOTO YBEJIMUCHHUS BECa TPy30BBIX H0E3/10B, MOBHIILICHNS! CKOPOCTH JBIKEHUS
MACCAKUPCKUX TI0€3/I0B U BO3PACTAaHMs HMPOITYCKHOW CIIOCOOHOCTH >KEJIe3HOJOPOXKHBIX JHMHHUHM. B mocnennee Bpems
HEMaJIO C/IeJIaHO JJIsi MUHUMH3AIMU HETaTUBHOTO BO3AEHCTBUS IITyMa U BHOpPAIMU Ha >KEeJIe3HOOPOKHOM TPAHCIIOPTE.
Onnako mpobieMa IpeBBINIEHHsS IOKa3aTeleld BHOPOUIYMOBBIX (DaKTOPOB OCTAeTCs aKTyaJbHOW. YMEHBILICHHE
BPETHOTO BO3/ICHCTBUS IIIyMa U BHOpAIMU CIIOCOOCTBYET YITyUIICHHIO YCIOBUH Tpy/Ja paOOTHUKOB MOE3JHBIX OpHraz u
MOBBIIICHHIO KOM(DOPTHBIX YCIOBHH IS MacCaxupoB. Kak mpaBuiio, OCHOBHOE BHUMAaHHWE MPH aHAINU3E BO3IACHCTBHUS
BUOPOAKyCTHYECKUX (haKTOPOB YJEISIETCs] BHEIIHEMY MX BO3JCHUCTBHIO Ha CEIMTEOHYIO TEPPUTOPHIO U MEHbIIE —
BO3/ICHCTBHUIO HA MOJBIDKHOI cocTaB. K ToMy ke Takue McCIeoBaHMs HE SIBISIFOTCS KOMIUIEKCHBIMHU, TaK Kak HE JAl0T
MIOJTHOTO TPEJICTABICHHS O BO3ICHCTBHY IIyMa W BHOpPAIMK HEMIOCPEICTBEHHO Ha COCTaB B JBIXKEHUH. Llenb naHHOTO
WCCIIEIOBAaHUS — AaHalM3 BO3JCHCTBUS BHOPOAKyCTHUYECKHX (DaKTOpOB Ha pabOOTHHKOB IOE3AHBIX Opurag u
MAacCAKUPOB IS pa3pabOTKM METOAa WX KOMIUIEKCHOM 3allWThl, OCHOBAaHHOTO Ha NPHUMEHEHWH BHOPOTACSIINX
MaTepHaoB.

Mamepuanst u memoost. B xone paboTe ObIIIM M3y4eHBl HOPMATHUBHBIE JIOKYMEHTBI, IPOBEAEH KOMIUIEKCHBIN aHAIN3
aKTyaJbHOM MH(pOpPMalMK 10 AaHHOH TeMe, MCHOJIb30BaHbl METOAMKU II0 pacyeTy BHOpaluu W BHOPOYCKOpPEHHS.
3HavyeHHs ypOBHEH 3BYKOBOTO JIaBJICHUS! OBUIM MTOJy4YEHBI C IOMOIIbI0 mrymoMepa SPM-101. O6bexToM nccieioBaHus
ObUT BBHIOpaH BaroH THIA «IUIALIKapT» BO BpeMs IBIDKEHWS. B pamkax wnccienoBaHus OBLIO M3MEPEHO 3BYKOBOE
JlaBJIeHMe Ha BBIOPAHHBIX yYacTKaX AOPOTH U ONPEAENeH KIace YCIOBUH Tpya.

Pesynomamut uccnedosanuii. Pe3ynpraT aHamM3a BO3JCHCTBHSA BHOPOAKyCTHYECKHMX (AKTOPOB HA pPAOOTHHUKOB
MOE3JHBIX OpHTaj CBUAETEIBCTBYET B HEOOXOANMOCTH yCHIICHHSI KOMIUIEKCHBIX Mep MX 3amuThl. [lomydeHHbIH pacuer
CHJIBI BHOpAalMy CTajll OCHOBOM TPEUVIOKEHHOTO aBTOpPaMH METOJAa MHHHMH3AIMH BPEIHOTO BO3ACHCTBHUS
BHOpOaKyCcTHYECKUX (aKTOpOB, B OCHOBE KOTOPOTO HCIIOJIb30BAaHHE B KOHCTPYKIMM BaroHa BHOpO- W
3BYKOH3OJIMPYIOIIMX MAaTEpPHANIOB, MOJXOSIIMX 110 HEOOXOIMMBIM aKyCTHUECKMM IlapaMeTrpaM. B uacTHoCTH,
IPEUIOKEHO C IIENbI0 IIYMOM3O/SIUKM Ha IOJI BaroHa YJIOXKHUTh IUIOTHYIO PE3HHY, a Ha IOTOJOK — MaTepual U3
HEOpraHMYEeCKOTO BOJOKHAa. B pabore Tarke aaHa SKOHOMHYECKash oueHKa 3()(EeKTHBHOCTH MEpONPHATHH I10
MHHHUMH3ALUH BPEAHOTO BUOPOIIYMOBOTO BO3ICHCTBHSI.

Oécyscoenue u 3akniouenue. 11pennoxeHHpIe METOABl MUHUMH3AIMH IIIyMOBOTO ¥ BUOPAIIMOHHOTO BO3IEHCTBUS MOTYT
CIIOCOOCTBOBATh CHIDKEHUIO YPOBHS 3BYKOBOT'O IAaBICHHWS M ITOKa3areseil BHOpAlMU 0 HOPMAaTHBHBIX 3HAYEHHH, 4YTO
COKpAaTUT HETaTUBHOE BO3ICHUCTBHE BHOPOAKYCTHIECKMX (PAaKTOPOB Ha paOOTHUKOB IMOE3THOM OpHTrajpl W MacCaKUpPOB.
PaccMOTpeHHBIH KOMITIEKC 10 MAHMMH3AILMK BHOPAILMK | IIyMa BKIIOYAeT B ce0s COBOKYIMHOCTh METOZOB, B KOTOPBIX
HAIIUTH IPIMEHEHNE OI0PKETHBIE MaTepUaIbl, CO3IaHHBIC HA OCHOBE BTOPUYHO IepepadOTaHHOTO CHIPHSI.

KaoueBble ciioBa: 3BYKOBOC NaBJICHUC, BI/I6paL[I/I$I, ITYMOBOC 3arps3HCHUC, IITYMOU3O0JIALA

BaarogapHocT. ABTOPHI Osarogapst npodeccopa, J0KTopa TEXHHYSCKHX HayK |B;mecnaBa SlkoBneBuya MaHoanal

3a HaCTaBHHUYCCTBO.

s uutupoBanus. Coxonos [I.A., I'onosuna E.M. OGecnieuenne Ge30macHbIX yCIOBUIT TpyAa IPH BO3JCHCTBUU Ha
PabOTHUKOB HOE3IHBIX Opuraz BUOPOAKYyCTHUECKHX (AKTOPOB. He30nacHocmv mexHo2eHHbIX U NPUPOOHBIX CUCHEM.
2024;8(1):50-57. https://doi.org/10.23947/2541-9129-2024-8-1-50-57

Introduction. Rail transport has always created and continues to create noise and vibration, which, in most cases,
cannot be fully eliminated and are likely to have a negative impact on the environment, despite the use of various
mitigation measures. The problem of reducing the impact of noise and vibration of railway transport on people and the
impact on engineering structures is very difficult due to the large number of parameters and factors of distribution of
noise and vibration energy. The negative impact of vibroacoustic factors is growing every year due to an increase in the
number and weight of freight cars, their high wear and tear, untimely maintenance of passenger cars, as well as the lack
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of free space in urban areas, as a result of which new business and residential facilities are located in close proximity to
the railway. The problem of noise and vibration from railway transport is especially acute in large cities with large
railway connections, mainly due to short distances from the railway tracks to the nearest buildings. This fact limits the
possibilities for taking measures to reduce noise and vibration. To date, the primary task is to protect against excess
sound pressure using the "external noise source — environment" system. The system implies the impact of noise on
nearby infrastructure facilities, residential areas, and nature. Protection against such impacts is achieved by installing
acoustic screens. With their help, it is possible to significantly reduce the sound pressure.

The problem of complex protection against vibroacoustic effects is still poorly studied. It is also worth noting the
lack of vibration damping devices that would be able to reduce the combined effects of noise and vibration. According
to the authors, the scientific novelty of this study lies precisely in the fact that an integrated approach to solving the
problem of minimizing the impact of vibroacoustic factors is considered and simple noise-absorbing materials for their
mass installation are proposed.

Vibration from rail transport can have negative effects directly or in combination with background noise. A
significant excess of noise level standards causes discomfort not only to employees and passengers, but also to residents
of areas adjacent to the railway track, and is often a significant cause of deterioration in well-being and decreased
performance. The specificity of noise pollution in railway transport is such that, with long-term exposure in
combination with vibration, it has a very negative effect on railway transport workers [1]. Prolonged and systematic
exposure to excessive noise pressure can lead to the development of chronic diseases of the nervous system,
musculoskeletal system, be the cause of loss of vigilance, deterioration of well-being, discomfort, feelings of
irritation [2]. Constant exposure to noise, even at nominal values (especially at night), can cause sleep disorders and
chronic neuroses [3]. The number of people with sleep disorders is very large — most are exposed to constant noise
of 50-60 dB at night, which, in the absence of other daytime noise sources, is one of the main factors of insomnia [4].

Of all the harmful environmental factors, vibration is one of the most widespread ones. From 50 to 70% of the
population is under its influence [5]. The analysis of vibrations resulting from the movement of rolling stock is very
important, since the railway is the main transport system covering most of the territory of our country and neighboring
countries. The volume and quantity of goods transported by rail are growing every year [6].

Working vibration of the rails occurs at the junction of the wheel and the rail (wheel — rail system) and spreads not
only through the track support system to the ground cover and surrounding buildings, but also directly to the rolling
stock. In some cases, passengers can directly feel the vibration, which is usually referred to as vibration from the
interaction of the rolling stock and the railroad bed. Ground vibrations caused by railway traffic mainly occur in the
contact area between the wheel and the rail [7]. Therefore, it is important that the effect of this mechanism of
occurrence of a negative factor is minimized. The main source of vibration on the railway is rolling vibration caused by
an imperfect working surface of the wheel and defects on the working surface of the rail. These vibrations are
transmitted to the wheel and track structures, which leads to the occurrence of the values exceeding the threshold for the
main octave levels. As a result, vibration, transmitted through the wheelsets, the car truck, causes vibration of the car
body, which is especially noticeable at high train speed. High-amplitude vibrations can lead to a critical condition of car
components, damage to the structure of the rail rolling stock. In order to preserve equipment, vibrations of this kind
should be reduced not only in the wheel — rail system, but also by directly taking measures to protect the main parts of
the car. This, in turn, minimizes the appearance of secondary vibration from the car body. To minimize the mechanical
impact of the wheel and rail, the surface of the rail should be as smooth as possible. The vibrations created by the
construction of the car and car truck should also be minimized in order to reduce the amount of vibrations transmitted to
people in the car [8]. In order to create a system with the desired acoustic and structural-dynamic properties, while
minimizing human exposure to noise and vibration, it is necessary to take into account the design of the track, wheels,
trucks, and cars. Another important aspect is to ensure that these parts are maintained appropriately (timely maintenance
and scheduled repairs).

Current vibration reduction methods are generally divided into two main categories: the category of passive
measures and the category of active measures. Currently, passive measures are most often used. These include the use
of traditional vibration dampers, shock absorption systems of various kinds (collision of cars) and insulation of the
base [5]. However, modern vibration reduction methods should be aimed at passive-active vibration control, which
consists in the active application of a force equal to the opposite forces created by external vibration. Sometimes, to
dampen the vibrations, it is proposed to use developed control systems and damping forces that create vibration, as well
as structures created on the basis of new composite materials. In particular, piezoelectric elements can be used to
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dampen excessive vibration'. The essence of this method is that a piezoelectric element generates electrical energy
under mechanical tension and reacts in the form of deformation if electric energy is applied to it. Another method of
minimizing noise and vibration is the method of using disc brakes instead of cast iron pads. The replacement of cast-
iron blocks with agglomeration or composite ones is an alternative to disc brakes, which are more difficult to adapt,
install and are expensive. All the methods mentioned above are aimed at the main components of the car. The authors
carried out a calculation of vibration insulation in the car itself in the passenger seats.

Materials and Methods. A "reserved seat" type car was considered as the research material. The measurements
were carried out using a sound pressure measuring device — SPM-101 sound level meter. The areas with the most
negative impact of the vibroacoustic factor were selected based on the design features of the car truck and the internal
structure of the car space. Consequently, the research plan included measuring the sound pressure in the car and
determining the class of working conditions.

To analyze the possibility of noise reduction in the source of a "reserved seat" type car, the scheme of the car was
considered and the areas of the most negative impact of vibroacoustic factors were marked on it (Fig. 1). These sections
implied the highest sound pressure levels in the car, and as a result, a critical negative impact from vibroacoustic effects
under various conditions (speed, state of the railway track, ete:)

1 2

Fig. 1. Sound pressure values in the car by sections (1, 2, 3)

The next method of studying the minimization of vibration effects was the calculation of vibration insulation of
passenger seats in the car based on methodology?. Vibration-proof inserts made of rubber material were used. The floor
of the car at the base of the seat vibrated with frequency f= 50 Hz, with vibration velocity v = 0.4 m/s and a seat weight
of 22 kg. Let us assume a passenger weighs 70 kg. Modulus of elasticity: 6,on = 0.04 MPa, E=2.5 MPa, 7=0.1 m,
coefficient of resistance £ = 600 H-s/m.

Let us determine the mass of inserts when the passenger is sitting. The passenger's weight per seat is 70%, which
means:

m, =70-0.7 =49 kg, )
mys =49+22="71kg. 2)
Let us determine the maximum static deflection of the inserts:
c
z=nZen 1.2 6007 3)
E, 250
Frequency response of natural vibrations of an amortized passenger seat will be:
0=2122 231405 g9 4)

N 16-10

Vibration transmission coefficient is determined by formula:

! Snizhenie urovnya shuma v krivykh. Zheleznye dorogi mira. 2009;6:70-76. URL: https://zdmira.com/images/pdf/dm2009-06_70-76.pdf (accessed:
14.11.2023). (In Russ.).

2 Posobie po akusticheskoi vibroizolyatsii tsentrobezhnykh ~mashin. Moscow: lzdatel'stvo literatury po stroitel'stvu; 1973. 35p.
URL: https://meganorm.ru/Data2/1/4293801/4293801338.pdf (accessed: 14.11.2023). (In Russ.).
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1+[2ij
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z 3 : &)
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[1 —(“’J ] + (ZD(DJ
o o
Let us find relative damping D and circular frequency w:
= 5 __600__ 0.05 6)
20 -myg  2-79-71
oo=2nf=2-3.14-50=314s_1;ﬂ=ﬁ=4. 7
o, 79
We get:
2
1+(2-0.05-4
T, = I ( > ) =0.071. ®)
\/[1—(4)2] +(2:0.05-4)’
Then we determine the vibration velocity on the seat:
v=0.4-0.071=0.028 m/s . Q)
Frequency of oscillation of the seat will be:
g 79
=—=——=12.57Hz. 10
Jo 2n 2-3.14 (10)

Results. According to GOST 33787-2019, for a frequency of 12.57 Hz, vibration velocity should not
exceed 0.0056 m/s>. The indicator obtained as a result of the calculation did not meet this requirement. To improve it, a
vibration-proof material with other characteristics could be used — this could be a composite sheet made of tough
rubbers (Fig. 2). Due to a higher coefficient of resistance, vibration exposure could be minimized.

Fig. 2. Location of the vibration-proof material:

1 — passenger seat; 2 — vibration-proof insert

3 GOST 33787-2019. Rolling stock equipment. Shock and vibration tests. URL: https://docs.cntd.ru/document/1200170805 (accessed: 14.12.2023).
(In Russ.).
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Table 1 shows the results of measuring sound pressure levels in the areas shown in Figure 1. Comparing them with
the norms of the sound level in the car according to SP 2.5.3650-20, we could conclude that there was an excess of
indicators*.

Table 1
Noise pressure indicators in the car by zones
Section, no. Sound level, dB
1 71.5
2 74.1
3 78.5

The calculations carried out in this work allowed the authors to conclude that it was necessary to use a method
for minimizing vibroacoustic factors based on the use of vibration-damping materials. Its effectiveness was
confirmed by the presented study. The authors have proposed a set of measures, including the installation of
noise-absorbing material in the lining of the ceiling of the car in the most noise-prone areas to minimize noise
pollution. The material was a composite of inorganic fibers with a sheet thickness of 2 to 4 cm. Additionally, to
reduce noise and vibration, it was suggested to install inserts in the car's floor, similar to the creation of a
shock-absorbing system. To calculate the effectiveness of the method, the vibration effect on the passenger seat
was calculated taking into account the vibration of the floor of the car. The material was safe in operation for
humans and the environment, met the fire safety criteria that were established for a passenger car in accordance
with order of JSC "Russian Railways" dated November 5, 2009 No. 2255p°.

Discussion and Conclusion. The assessment of the effects of vibration and noise obtained in this study shows
that it significantly affects the working conditions of train crew workers and passengers. Workers who spend a lot
of time on the road, workers who repair tracks in the immediate vicinity of the railway track, and train passengers
are exposed to extremely harmful noise and vibration effects, which have a devastating effect on their health.
Therefore, it is so important to minimize this harmful effect at the source of its occurrence. Undoubtedly, the
improvement of the existing and the introduction of new methods to minimize the effects of noise and vibration
factors on the railway will positively affect the health of employees and will contribute to the creation of a
favorable social environment. It is worth emphasizing that measures to minimize the negative effects of noise and
vibration from railway trains give a relatively small economic effect, but at the same time, they are of great value
for ensuring the protection of the health of both employees and passengers, creating conditions that are more
comfortable for them.

The complex of measures proposed by the authors to minimize vibration and noise uses materials created from
recycled raw materials. Tough rubber is used for the floor of the car, and an inorganic fiber composite with a
thickness of 2—4 cm is used for the ceiling. By equipping wagons with these materials, it is possible to achieve:

— minimization of noise pressure in the car by 7-12 Db;

— reduction of the vibration effect.
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3asenennvlii 6K1a0 c0a8mMopos:

J.A. Cokol0B — TNIpOBeEHHE IKCIIEPUMEHTA, aHAJIW3 PEe3yJbTaTOB HCCIEAOBaHWI, MOArOTOBKA U odopmileHHe
TEKCTa CTaThu, HOPMHUPOBAHUE BHIBOIOB.

E.W. T'onoBuHa — HaydHOE PYKOBOACTBO, (HOPMUPOBAHIE OCHOBHOM KOHIICTIITUH, IIENTN 1 3aJa91 HCCICIOBAHNUS.

Kongruxm unmepecos: aBTOpHI 3asBISIIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.

Bce asmopul npouumanu u 0006punu okonuamenbHulli APUAHI PYKORUCU.
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