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TRANSMISSION OF VIBRATIONS AND NOISE FROM THE PRIMARY SOURCE 
OF THE TANK WAGONS

Abstract: The research, of which this article is a part, deals with the design, implementation 
and verification of the methodology of measuring the transmission of vibro-sound energy 
from the contact of the tread profile with the rail through the primary suspension blocks, side 
bearers, bogie pivot and brake system to the tank shell and measuring the generation of sound 
energy by the wagon bogie. It analyses the frequency distribution of vibro-sound energy of 
individual blocks (components) of the tank wagon and the intensity of vibration transmission 
by these blocks until the mounting of the tank shell. Using frequency spectra, the transmission 
loss of individual bogie blocks and tank at a maximum speed of 120 km/h is displayed. The 
measurement methodology, measured amplitudes and frequency distribution of vibrations 
and noise in motion are the basis for reducing the vibro-sound energy not only of the devel-
oped prototype tank wagon, but also of railway wagons with a similar bogie. As part of scientif-
ic research, the proposed methodology was also successfully applied to solving the dynamic 
load of high-speed spinning headstocks used in the textile industry.

Keywords: tank rail vehicle, bogie, kinematic excitation, vibration transmission, noise.

1. INTRODUCTION

Vibro-acoustic measurements were per-
formed on an accredited test circuit in motion 
at different speed of the tested tank wagon 
prototype. Prior to the in motion measure-
ments, a modal analysis was carried out on 
the bogie and tank shell of the tank rail vehi-
cle to determine the Eigen frequencies of the 
Eigen modes of the individual components 
of the bogie and tank shell. For each bogie 
block, time-frequency-amplitude diagrams 
of the vibration acceleration square depend-
ing on the wagon speed were processed, as 
well as the results of the bogie noise analysis, 
which clearly characterize the dependence 
of the dynamic load of the bogie and compo-
nents connecting the tank wagon on the op-
erating speed.

The wagon wheels and the construction of 
their mounting (bogie) in relation to the wag-
on (superstructure) of a freight railway wag-
on is predominantly made of metal compo-

1. ÚVOD

Vibroakustické merania sa realizovali na akre-
ditovanom skúšobnom okruhu za pohybu pri 
rôznej rýchlosti skúšaného prototypu cister-
nového vozňa. Pred meraním za pohybu sa 
vykonala modálna analýza podvozku a  pláš-
ťa cisterny cisternového koľajového vozidla, 
s  cieľom určiť vlastné frekvencie vlastných 
tvarov jednotlivých komponentov podvozku 
a  plášťa cisterny. Pre každý blok podvozku 
sa spracovali časové-frekvenčné-amplitú-
dové diagramy kvadrátu zrýchlenia kmitania 
v závislosti od rýchlosti vozňa, ako aj výsled-
ky analýzy hluku podvozku, ktorý jasne cha-
rakterizuje závislosť dynamického zaťaženia 
podvozku a komponentov spájajúcich cister-
nový vozeň od prevádzkovej rýchlosti.

Kolesá vozňa a konštrukcia ich uloženia (pod-
vozok) vo vzťahu k  vozňu (nadstavbe) ná-
kladného železničného vozňa je vyrobená 
prevažne z  kovových komponentov, ktoré sú 
veľmi dobrým vodičom vibro-zvukovej ener-
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nents, which are a very good conductor of 
vibro-sound energy from the source (contact 
of the wheel with the rail) to the superstruc-
ture of the wagon. If the superstructure is a 
cistern, this energy is also transferred to the 
metal body of the tank shell, thereby increas-
ing the area of radiation of sound energy to 
the surrounding environment, which is most 
pronounced when the natural frequencies of 
the tank shell match the excitation frequen-
cies. Thus, the individual components of the 
wagon, from the wheel to the superstructure 
itself, are characterised by natural frequen-
cies which, when matched with the excitation 
frequency component, cause resonance of 
the component and thus increase the noise 
emission into the surrounding area [1-4]. The 
reduction of the vibro-sound energy gener-
ated by the rolling of the wheelset on the rail 
transferred to the bogie structure and radi-
ated into space as unwanted noise required 
theoretical, numerical, structural, material 
and experimental analysis of the generation, 
transmission and radiation of this energy into 
the surrounding space. In order to reduce the 
vibro-sound energy of rail vehicles, it is im-
portant to analyse the frequency-amplitude 
loading of the individual bogie blocks of these 
vehicles from the primary excitation source, 
which is the contact of the tread profile and 
the rail, directly on the components (blocks) 
of the tank wagon in motion. The aim of the 
proposed methodology and frequency anal-
ysis is to obtain transmission loss values by 
applying accelerometers and measuring mi-
crophones on the blocks (components) of the 
bogie from the primary source to the inputs 
to the tank shell, at the operating speed of the 
rail vehicle [4].

Efforts to reduce mechanical vibration and 
noise are aimed at reducing the sound pow-
er of the source itself, reducing the sound 
energy radiated by the source into the open 
space and preventing the propagation of vi-
bro-sound energy through the mechanical 
system, i.e. the bogie and the tank wagon 
shell itself. This is necessarily preceded by the 
design and verification of the optimal mea-
surement methodology at rest in determining 
the Eigen frequencies of the Eigen modes of 
selected components of the rail vehicle and 
especially in motion by measuring the ampli-
tude-frequency attenuation characteristics 
of individual blocks of the rail vehicle bogie [2, 
3].

gie zo zdroja (kontaktu kolesa s koľajnicou) na 
nadstavbu vozňa. Ak je nadstavbou cisterna, 
táto energia sa prenáša aj do kovového telesa 
plášťa cisterny, čím sa zväčšuje plocha vyža-
rovania zvukovej energie do okolitého pro-
stredia, čo je najvýraznejšie, keď sa vlastné 
frekvencie plášťa cisterny zhodujú s budiacou 
frekvenciou. Jednotlivé komponenty vozňa od 
kolesa až po samotnú nadstavbu sa teda vy-
značujú vlastnými frekvenciami, ktoré pri zho-
de so zložkou budiacej frekvencie spôsobujú 
rezonanciu komponentu a tým zvyšujú emisiu 
hluku do okolia [1-4]. Zníženie vibro-zvukovej 
energie generovanej odvaľovaním dvojkolesia 
po koľajnici prenášanej na konštrukciu pod-
vozku a  vyžarovanej do priestoru ako nežia-
duci hluk si vyžadovalo teoretickú, numerickú, 
štrukturálnu, materiálovú a  experimentálnu 
analýzu vzniku, prenosu a  vyžarovania tejto 
energie do okolitého priestoru. Pre zníženie 
vibro-zvukovej energie koľajových vozidiel je 
dôležité analyzovať frekvenčné-amplitúdové 
zaťaženie jednotlivých blokov podvozku tých-
to vozidiel od primárneho zdroja budenia, kto-
rým je kontakt jazdného profilu kolesa a  ko-
ľajnice, priamo na komponentoch (blokoch) 
cisternového vozňa v pohybe. Cieľ navrhova-
nej metodiky a  frekvenčnej analýzy je získať 
hodnoty prenosových strát aplikáciou akce-
lerometrov a  meracích mikrofónov na bloky 
(komponenty) podvozku od primárneho zdro-
ja po vstupy do plášťa nádrže pri prevádzkovej 
rýchlosti koľajového vozidla [4].

Úsilie o  znižovanie mechanického kmitania 
a hluku je zamerané na zníženie akustického 
výkonu samotného zdroja, zníženie zvuko-
vej energie vyžarovanej zdrojom do voľného 
priestoru a zabránenie šíreniu vibro-zvukovej 
energie mechanickou sústavou, teda pod-
vozkom a  samotným plášťom cisternového 
vozňa. Tomu nevyhnutne predchádza návrh 
a overenie optimálnej metodiky merania v po-
koji pri určovaní vlastných frekvencií vlast-
ných tvarov vybraných komponentov koľajo-
vého vozidla a najmä v pohybe meraním am-
plitúdových-frekvenčných charakteristík útl-
mu jednotlivých blokov podvozku koľajového 
vozidla [2, 3].
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2. GOAL, EVALUATION METHODOLOGY AND 
MEASURING EQUIPMENT

2. 1. Goals

The aim of the vibro-acoustic measurements 
of the developed tank wagon prototype in mo-
tion was to verify the proposed methodology 
for obtaining reliable vibro-acoustic signals at 
different operating speed, to verify and con-
firm the results of previous measurements at 
rest in determining the natural frequencies of 
the basic structural blocks [2, 3] and to anal-
yse the transmission loss of these tank wag-
on blocks, namely the primary suspension 
with the axle box and the axle guide stay, the 
bogie formed by the longitudinal beam and 
bogie main cross member, the side bearer, 
the bogie pivot and the braking system from 
the real kinematic excitation under the de-
fined operating conditions of the tank wagon. 
The obtained vibro-acoustic results together 
with the results from previous measurements 
are the basis for the design of measures to 
effectively reduce the noise of the developed 
tank wagon prototype of a given mass, length 
and volume with a universal bogie usable for 
most types of railway vehicles [5, 6]. By fulfill-
ing these objectives, the environmental noise 
generated by railcars is reduced, which con-
tributes to the promotion of human health 
and well-being [7, 8].

2. 2. Methodology

The procedure for evaluating the operation-
al quality of wagon components in terms of 
their noise is based on the dynamic behaviour 
of the main components (rail vehicle, primary 
suspension, axle box, bearings, longitudinal 
beam, bogie main cross member, tank, break 
system), that is, on the evaluation of the pa-
rameters of the mechanical vibration quanti-
ties. The tank wagon was applied 11 vibration 
acceleration sensors to predefined measure-
ment points on the bogie, on the mounting of 
the shell of the wagon tank and on the shell 
itself [9-11]. Three measuring microphones 
were used to measure the sound pressure lev-
el generated by the wheelset, to measure the 
noise at the bottom of the tank shell, includ-
ing the braking system, and to measure the 
noise generated by the head of the tank shell 
[4, 12]. When applying the sensing elements 
to the tank wagon and their connection to the 
evaluation equipment stored in the measur-

2. CIELE, METODIKA HODNOTENIA A MERA-
CIE ZARIADENIE

2. 1. Ciele

Ciele vibroakustických meraní vyvinutého 
prototypu cisternového vozňa za pohybu 
boli overiť navrhnutú metodiku získavania 
spoľahlivých vibroakustických signálov pri 
rôznych prevádzkových rýchlostiach, ove-
riť a  potvrdiť výsledky predchádzajúcich 
meraní v  pokoji pri určovaní vlastných frek-
vencií hlavných konštrukčných blokov [2, 3] 
a analyzovať prenosové straty týchto blokov 
cisternového vozňa, konkrétne primárneho 
vypruženia s ložiskovou skriňou a rázsochou, 
podvozku tvoreného pozdĺžnym nosníkom 
a  hlavným priečnikom podvozku, klznicou, 
guľovým čapom podvozku a  brzdného sys-
tému z  reálneho kinematického budenia 
v  definovaných prevádzkových podmien-
kach cisternového vozňa. Získané vibroakus-
tické výsledky spolu s výsledkami z predchá-
dzajúcich meraní sú podkladom pre návrh 
opatrení na účinné zníženie hlučnosti vyvi-
nutého prototypu cisternového vozňa danej 
hmotnosti, dĺžky a  objemu s  univerzálnym 
podvozkom použiteľným pre väčšinu typov 
železničných vozidiel [5, 6]. Naplnením tých-
to cieľov sa redukuje environmentálny hluk 
generovaný vagónmi, čo prispieva k podpore 
zdravia a  pohody človeka [7, 8].

2. 2. Metodika

Postup hodnotenia prevádzkovej kvality kom-
ponentov vozňa z  hľadiska ich hlučnosti sa 
zakladá na dynamickom správaní sa hlav-
ných komponentov (koľajové vozidlo, primár-
ne vypruženie, ložisková skriňa, rázsocha, 
pozdĺžny nosník, hlavný priečnik podvozku, 
nádrž, brzdná sústava), čiže na hodnotení 
parametrov mechanických veličín kmitania. 
Na cisternový vozeň sa aplikovalo 11 senzo-
rov zrýchlenia kmitania na vopred definované 
meracie body na podvozku, na uloženie pláš-
ťa cisterny vozňa a na samotný plášť [9-11]. Tri 
meracie mikrofóny sa použili na meranie hla-
diny akustického tlaku generovaného dvoj-
kolesím, na meranie hluku na spodku plášťa 
cisterny vrátane brzdového systému a na me-
ranie hluku generovaného dnom plášťa cis-
terny [4, 12]. Pri aplikácii snímacích prvkov na 
cisternový vozeň a  ich pripojení k  vyhodno-
covaciemu zariadeniu uloženému v meracom 
vozni sa musela zohľadniť maximálna rých-
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ing wagon, the maximum speed of 120 km/h 
of the measuring train had to be taken into 
account of the measuring train so as not to 
interrupt and affect the sensed signals from 
the defined measuring points and damage to 
the connecting cables and sensing elements, 
shown in Fig. 1 [4, 13].

Fig. 1: View of the distribution of accelerometers 
and microphones and schematic diagram of the 
transmission of vibration from the contact of the 
wheel with the rail to the shell of the tank.

2. 3. Measuring equipment

When measuring mechanical and acous-
tic vibration, the most modern measuring 
technique was used from the renowned 
Bruel & Kjaer (B&K) company, namely the 
12-channel B&K PULSE measuring card; ac-
celerometers with usable frequency ranges 
of 0.2 Hz – 12 800 Hz; sound analyser with a 
usable frequency range up to 25 600 Hz for 
control recording of measured signals, in-
cluding residual noise. The attachment of 
the sensor to the investigated objects was 
in accordance with the requirements of ISO 
5348 [11] on the accelerometer as well as in 
accordance with the previous experience of 
the researchers [6, 9, 14-16]. The aim was to 
ensure that the accelerometer would correct-
ly reproduces the movement of the analysed 
component without interfering with its sound. 
In addition to the frequency range, it was also 
very important to choose a suitable averaging 
method for the signal type and the number 
of averaging per time unit, as well as a suit-
able time window [17, 18]. For this reason, the 
Hanning window was chosen with linear aver-
aging and 66.67 % overlap that provides com-
pletely uniform weighting, as it is was deemed 
useful for analysing generated signals.

losť 120  km/h meracieho vozňa, aby nedošlo 
k prerušeniu a ovplyvneniu snímaných signá-
lov z definovaných meracích bodov a poško-
deniu spájacích káblov a snímacích prvkov, 
znázornených na obr.  1 [4, 13].

Obr. 1: Pohľad na rozmiestnenie akcelerometrov 
a mikrofónov a schéma prenosu kmitania z kon-
taktu kolesa s koľajnicou na plášť nádrže

2. 3. Meracie zariadenie

Pri meraní mechanického a akustického kmi-
tania sa použila najmodernejšia meracia 
technika od renomovanej spoločnosti Bru-
el  &  Kjaer (B&K), konkrétne 12-kanálová me-
racia karta B&K PULSE; akcelerometre s  po-
užiteľným frekvenčným rozsahom od 0,2  Hz 
do 12 800 Hz; analyzátor zvuku s použiteľným 
frekvenčným rozsahom do 25 600 Hz na kon-
trolný záznam nameraných signálov vrátane 
reziduálneho šumu. Pripevnenie senzora na 
skúmané objekty bolo v  súlade s  požiadav-
kami ISO  5348 [11] na akcelerometer, ako aj 
v  súlade s  predchádzajúcimi skúsenosťami 
výskumníkov [6, 9, 14-16]. Cieľ bol zabezpečiť, 
aby akcelerometer správne reprodukoval po-
hyb analyzovaného komponentu bez rušivých 
vplyvov na jeho zvuk. Okrem frekvenčného 
rozsahu bolo veľmi dôležité zvoliť aj vhodnú 
metódu priemerovania pre daný typ signálu 
a počet priemerovaní za časovú jednotku, ako 
aj vhodné časové okno [17, 18]. Z tohto dôvodu 
bolo zvolené Hanningovo okno s  lineárnym 
priemerovaním a  66,67  % prekrytím, ktoré  
poskytuje úplne rovnomerné váženie, pretože 
sa bralo do úvahy za užitočné na analýzu ge-
nerovaných signálov.
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3. DYNAMIC ANALYSIS OF TANK WAGON 
BOGIE

3. 1. Time analysis

The recording of instantaneous vibration val-
ues versus time is usually analysed graphi-
cally to account for broadband signal peaks, 
beats, modulation, or envelope analysis, 
which is directed at the process of demod-
ulation of low-level components in a narrow 
frequency band that are masked by high-level 
broadband vibrations (pulse-excited free vi-
brations, vibration from gear tooth shots, etc.). 
It should be noted that envelope detection 
provides a means of detecting damage earlier 
and with greater reliability. 

The time history in Figure 2 (top), taken at the 
primary suspension input at 120 km/h, rep-
resents a reference condition of vibration am-
plitudes with significant peak value generated 
by the irregular rail surface and wheel flange 
of the rolling vehicle bogie. Less significant 
vibration with significant random peak value 
were observed at the bogie pivot outlet and 
the inlet of tanker shell and the rolling vehicle 
superstructure, respectively (figure in the mi-
dle). The random peaks are generated by the 
random impact contact of the journal with the 
transverse tank seat casing. The time histo-
ry of vibrations at the side bearer and tanker 
shell inlet is even lower and without signifi-
cant peaks (figure bottom).

The graphical representation of the time his-
tories very clearly shows the magnitude of 
the transmission loss of the individual com-
ponents of the tank wagon bogie, namely the 
bogie pivot and the side bearer, which were 
the subject of the investigations. Also on the 
basis of the time history, measures can be 
taken to reduce the transmission of vibra-
tion-sound energy not only to the tank wagon 
shell but also for different types of rolling ve-
hicles [19, 20].

3. DYNAMICKÁ ANALÝZA PODVOZKU CIS-
TERNOVÉHO VOZŇA

3. 1. Časová analýza

Záznam okamžitých hodnôt kmitania v závis-
losti na čase sa zvyčajne analyzuje graficky 
s  cieľom zaznamenať výkmity (špičky) širo-
kopásmového signálu, záchvevy, moduláciu 
či obálkovú analýzu, ktorá je nasmerovaná na 
proces demodulácie nízkoúrovňových zložiek 
v úzkom frekvenčnom pásme, ktoré sú zamas-
kované širokopásmovým kmitaním s vysokou 
úrovňou (impulzne budené voľné kmitanie, 
kmitanie od záberov zubov ozubených kolies 
a iné). Treba podotknúť, že detekcia obálky 
poskytuje prostriedok na skoršie rozpoznanie 
poškodení a  s  väčšou spoľahlivosťou. 

Časový priebeh na obrázku 2 (hore), snímaný 
na vstupe primárneho vypruženia pri rýchlosti 
120 km/h, reprezentuje referenčný stav ampli-
túd kmitania s výraznými výkmitmi (vrcholmi, 
špičkami) generovanými nerovnomerným 
povrchom koľajnice a okolesníka kolesa pod-
vozku koľajového vozidla. Menej výraznejšie 
kmitanie s  výraznými náhodnými výkmitmi 
sa zaznamenalo na výstupe guľového čapu 
a  vstupe do plášťa cisterny, respektíve nad-
stavby koľajového vozidla (obrázok v  strede). 
Náhodné výkmity sú vybudené náhodným rá-
zovým kontaktom čapu s puzdrom priečneho 
nosníka. Časový priebeh kmitania na klznici 
a vstupe do plášťa cisterny je ešte nižší a bez 
výrazných výkmitov (obrázok dole).

Grafické znázornenie časových priebehov 
veľmi názorne zobrazuje veľkosť prenosové-
ho útlmu jednotlivých komponentov podvoz-
ku cisternového vozňa, a  to guľového čapu 
a klznice, ktoré boli predmetom skúmania. Aj 
na základe časového priebehu možno prijať 
opatrenia na redukciu prenosu vibračno-zvu-
kovej energie nielen do plášťa cisternového 
vozňa, ale aj pre rôzne typy koľajových vozi-
diel [19, 20].
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Fig. 2: Time history recorded at the primary sus-
pension inlet (top), at the bogie pivot (middle) and 
at the side bearer (bottom)

3. 2. Frequency analysis

A great deal of vibration analysis is done in 
the frequency domain because the various 
sources of vibration can usually be isolated 
by the frequencies at which they occur. A sin-
gle channel analysed in the frequency domain 
gives a great deal of information, but often it 
is important to relate vibration to a second 
channel as either a phase or amplitude refer-
ence, or both.

The intensity of vibration-sound energy gen-
eration of the primary source depends on the 
roughness of the contact surfaces and the ir-
regularity of the rail shape and the tread pro-
file of the wheel, which generates the kine-
matic excitation of the rail vehicle, dependent 
on the load, resp. contact pressure (Hertzian 
pressures), rail vehicle speed, but also from 

Obr. 2: Časový priebeh snímaný na vstupe pri-
márneho vypruženia (hore), na guľovom čape 
(v  strede) a  na klznici (dole)

3. 2. Frekvenčná analýza

Veľká časť analýzy kmitania sa vykonáva vo 
frekvenčnej oblasti, pretože rôzne zdroje 
kmitania sa môžu obvykle oddeliť podľa frek-
vencií, na ktorých sa vyskytujú. Jeden kanál 
analyzovaný vo frekvenčnej oblasti poskytuje 
veľké množstvo informácií, ale často je dôleži-
té vzťahovať kmitanie k druhému kanálu, kto-
rým je buď fázová alebo amplitúdová referen-
cia, alebo oboje.

Intenzita generovania vibračno-zvukovej 
energie primárneho zdroja závisí od drsnos-
ti styčných plôch a  nepravidelnosti tvaru 
koľajnice a profilu kolesa, ktorý generuje ki-
nematické budenie koľajového vozidla v  zá-
vislosti od zaťaženia, resp. kontaktného tlaku 
(Hertzove tlaky), rýchlosti koľajového vozidla, 
ale aj od polomeru zatáčania alebo sklonu 
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the turning radius or track slope and lateral 
loading of the wheel flange with the rail during 
random transverse movement of the wagon, 
transverse slope of the rails and in the curve 
with predominant centrifugal force prevails 
over the horizontal component of the gravity 
force or vice versa.

The aim of the primary suspension of the bo-
gie is to reduce the intensity of vibro-sound 
energy from the primary source, i.e. the con-
tact of the wheel and, in the case of trans-
verse movement, also the wheel flange with 
the rail [10]. The primary suspension connects 
the axle box with an axle guide stay firmly 
connected to the longitudinal beam and the 
bogie main cross member, which is the outlet 
but also the input measuring point for the side 
bearer and moved along the bogie main cross 
member for the bogie pivot, shown in Fig. 3. 
The vibration transmission through the pri-
mary suspension, which contains two inter-
posed parallel springs on the sides of the axle 
box and the axle guide stay, is analysed at the 
axle box location – primary suspension in-
put, sensor 6 shown in Fig. 3 and at the upper 
axle guide stay firmly connected to the lon-
gitudinal beam and bogie main cross mem-
ber – the output of the primary suspension 
where the vibration acceleration was sensed, 
sensor 9 and 10 shown in Fig. 3. The primary 
suspension dampens vibrations in the entire 
frequency band. Friction plates are also ap-
plied to the axle box and axle guide stay in the 
discontinuity at which the power flow is at-
tenuated. By applying a material with a higher 
transmission loss in the contact surfaces of 
the axle box and the axle guide stay a greater 
reduction of the power flow from the primary 
source will occur. From the frequency spectra 
in Fig. 3, and in especially from the frequency 
spectrum on a linear scale (bottom), the dif-
ferences in the transmission loss of the inves-
tigated bogie blocks can be seen. These fre-
quency spectra are used to effectively design 
the reduction of the transmission loss and 
therefore the environmental noise reduction 
of the railway vehicle bogie [19].

koľaje a bočného zaťaženia okolesníka koľaj-
nicou pri náhodnom priečnom pohybe vozňa, 
priečnom sklone koľajníc a v oblúku s preva-
hou odstredivej sily nad vodorovnou zložkou 
gravitačnej sily alebo naopak.

Cieľ primárneho odpruženia podvozku je zní-
žiť intenzitu vibračnej energie od primárneho 
zdroja, čiže kontaktu kolesa a v prípade prieč-
neho pohybu aj okolesníka s  koľajnicou [10]. 
Primárne vypruženie spája ložiskovú skriňu 
s  rázsochou pevne spojenou s  pozdĺžnym 
nosníkom a  hlavným priečnikom podvozku, 
ktorý je výstupným, ale aj vstupným mera-
cím bodom pre klznicu a  posúva sa pozdĺž 
hlavného priečnika podvozku pred guľový 
čap podvozku, znázornený na obr. 3. Pre-
nos kmitania cez primárne vypruženie, ktoré 
obsahuje dve medziľahlé paralelné pružiny 
na bočných stranách ložiskovej skrine a  ráz-
sochy, sa analyzuje v  mieste ložiskovej skri-
ne – vstup primárneho vypruženia, senzor 6 
(obr. 3), a v mieste hornej časti rázsochy pev-
ne spojenej s pozdĺžnym nosníkom a hlavným 
priečnikom podvozku – výstup primárneho 
vypruženia, kde sa snímalo zrýchlenie kmita-
nia, senzor 9 a 10 (obr. 3). Primárne vypruženie 
tlmí kmitanie v  celom frekvenčnom pásme. 
Na ložiskovú skriňu a rázsochu sa tiež aplikujú 
trecie dosky v diskontinuite, pri ktorej sa tlmí 
tok energie. Aplikáciou materiálu s  vyššou 
prenosovou stratou v  kontaktných plochách 
ložiskovej skrine a rázsochy dôjde k väčšiemu 
zníženiu toku energie od primárneho zdroja. 
Z  frekvenčných spektier na obrázku 3 a  naj-
mä z frekvenčného spektra v lineárnej mierke 
(dole) je vidieť rozdiely v  prenosovom útlme 
skúmaných blokov podvozku. Tieto frekvenč-
né spektrá slúžia na efektívny návrh redukcie 
prenosového útlmu, a  teda aj redukcie hluku 
podvozku koľajového vozidla [19].
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Fig. 3: Frequency spectrum in logarithmic and 
linear scales at the input of the primary suspen-
sion (6) and the outputs of the bogie pivot (10) 
and side bearer (9) into the tank shell at a speed 
of 120 km/h.

From the auto-spectrum of modal analysis, 
more pronounced amplitudes of discrete fre-

Obr. 3: Frekvenčné spektrum v logaritmickej a li-
neárnej mierke na vstupe primárneho vypruže-
nia (6) a výstupoch z guľového čapu (10) a klznice 
(9) do plášťa cisterny pri rýchlosti 120 km/h

Z  autospektra modálnej analýzy boli získané 
výraznejšie amplitúdy diskrétnych frekven-
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quencies at the input of the primary suspen-
sion were obtained, in the vicinity of 500 Hz, 
820 Hz, 1.05 kHz, 1.8 kHz, 2.1 kHz and 2.9 kHz [2, 
3]. Similar frequency spectra with significant 
amplitudes at the measured frequencies at rest 
also represent the vibration of the primary sus-
pension block in motion [4]. In addition to the 
frequencies already mentioned, a significant 
discrete value of the vibration acceleration am-
plitude is at a frequency of 1.3 kHz, which is not 
significant in the auto-spectrum of modal anal-
ysis, due to the tank wagon providing a brake 
that attenuated the bogie’s natural frequency 
amplitude. From the amplitudes of the frequen-
cy spectra obtained from the time histories on 
the primary suspension, bogie pivot and side 
bearer (see Fig. 2), the value of the damping of 
the vibration acceleration by the analysed bo-
gie components can be seen in Fig. 3.

The intensity of the frequency distribution of 
the excited vibration of the primary suspension 
connected to the axle box at the entrance and 
the axle guide stay firmly connected to the lon-
gitudinal beam and bogie main cross member 
is also confirmed by the speed and time-fre-
quency-amplitude diagram in Fig. 4-right. It 
can be stated that only the amplitude of the 
vibration acceleration changes with the speed 
of the wagon. This means that these discrete 
frequencies with significant amplitudes repre-
sent the Eigen frequencies of the Eigen modes 
of the individual components of the primary 
suspension block and the following compo-
nents to the primary suspension.

Fig. 4: Third-octave analysis of the bogie noise 
(left), and bogie main cross member vibration 
(right) as a function of wagon speed.

cií na vstupe primárneho vypruženia v  oko-
lí 500  Hz, 820  Hz, 1,05  kHz, 1,8  kHz, 2,1  kHz 
a  2,9  kHz [2, 3]. Podobné frekvenčné spek-
trá s  výraznými amplitúdami pri nameraných 
frekvenciách v pokoji predstavuje aj kmitanie 
bloku primárneho vypruženia v  pohybe [4]. 
Okrem už spomínaných frekvencií je výraz-
ná diskrétna hodnota amplitúdy zrýchlenia 
kmitania pri frekvencii 1,3  kHz, ktorá nie je 
v autospektre modálnej analýzy výrazná, a to 
z  dôvodu, že cisternový vozeň zabezpeču-
je brzdu, ktorá tlmí amplitúdu vlastnej frek-
vencie podvozku. Z  amplitúd frekvenčných 
spektier získaných z  časových priebehov na 
primárnom vypružení, guľovom čape a klzni-
ci (pozri obr. 2) možno na obr. 3 vidieť hodno-
tu útlmu zrýchlenia kmitania analyzovanými 
komponentmi podvozku.

Intenzitu frekvenčného rozloženia vybude-
ného kmitania primárneho vypruženia spoje-
ného s ložiskovou skriňou na vstupe a rázso-
chy pevne spojenej s pozdĺžnym nosníkom a 
hlavným priečnikom podvozku potvrdzuje aj 
rýchlostný a časový-frekvenčný-amplitúdový 
diagram na obr. 4 vpravo. Možno konštatovať, 
že s  rýchlosťou vozňa sa mení len amplitúda 
zrýchlenia kmitania. To znamená, že tieto dis-
krétne frekvencie s  výraznými amplitúdami 
predstavujú vlastné frekvencie vlastných tva-
rov jednotlivých komponentov bloku primár-
neho vypruženia a nasledujúcich komponen-
tov k  primárnemu vypruženiu.

Obr. 4: Analýza hluku vozňa v tretinovo-ok-
távových pásmach (vľavo) a kmitanie hlavného 
priečnika vozňa (vpravo) v závislosti od jeho 
rýchlosti
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4. ZÁVER A VÝSLEDKY

Vibroakustické merania prototypu cisterno-
vého vozňa za pohybu sa zamerali na analý-
zu frekvenčného a amplitúdového rozloženia 
vibroakustickej energie prenášanej podvoz-
kom cisternového vozňa vrátane brzdové-
ho systému. Počas kinematického budenia 
vozňa sa sledoval frekvenčný-amplitúdový 
prenos vibroakustických vĺn na plášť cister-
ny a emisia akustickej energie z podvozku do 
okolia. Z obrázku 4 vyplýva frekvenčná zhoda 
kmitania a  hluku generovaného podvozkom 
[13]. Maximálne hodnoty hladín A v  tretino-
vo-oktávových pásmach v  blízkosti stred-
ných frekvencií 1,25  kHz a  2  kHz sa zhodujú 
s maximálnymi amplitúdami kmitania, pričom 
hodnoty amplitúd hluku a kmitania závisia od 
rýchlosti vozňa. Nižšie hodnoty hladín zvuku 
a  kmitania s  vážením A sa dosiahli pri stred-
ných frekvenciách pásiem v  tretinovo-oktá-
vových pásmach od 315 Hz do 800 Hz. V tom-
to frekvenčnom pásme sa prejavovala najmä 
cisternová nadstavba vozňa.
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4. CONCLUSION AND RESULTS

The vibro-acoustic measurements of the tank 
wagon prototype in motion focused on the 
analysis of the frequency and amplitude dis-
tribution of the vibro-acoustic energy trans-
mitted by the tank wagon bogie, including the 
braking system. During the kinematic exci-
tation of the wagon, the frequency-amplitude 
transmission of vibro-acoustic waves to the 
tank shell and the emission of acoustic energy 
from the bogie to the surrounding area were 
monitored. From Fig. 4 shows the frequency 
coincidence of the vibration and noise gener-
ated by the bogie [13]. The maximum values of 
A-weighting levels in the third-octave bands 
near the middle frequencies of 1.25 kHz and 
2 kHz coincide with the maximum vibration 
amplitudes, the values of the noise and vibra-
tion amplitudes being dependent on the wag-
on speed. Lower values of A-weighting sound 
levels and vibrations were achieved at the 
middle frequencies of the third-octave bands 
from 315 Hz to 800 Hz. In this frequency band, 
the tank wagon superstructure was particu-
larly evident

ACKNOWLEDGEMENT

The research presented in this paper is an out-
come of the project No. 030STU-4/2022: RORE-
SA – Application of augmented reality in the 
education process of machine tools and pro-
duction systems – funded by the Ministry of 
Education, Science, Research and Sport of the 
Slovak Republic. The paper is a part of the re-
search done within the project APVV-23-0619 
“Research of progressive technology of decom-
position of glued layered materials” funded by 
the Slovak Research and Development Agency.

REFERENCES

[1] Thompson, D.: Railway-noise and vibration. Printed and bound in Great Britain, 2009

[2] Žiaran, S., Chlebo, O., Pokusová, M., Šooš, Ľ., Úradníček, J., Mačák, L.: New Generation of 
Freight Railway Vehicles. Part 1: Measurement of Vibroacoustic Properties of a Tank Wag-
on. Research report of Mechanical Engineering Faculty of Slovak University of Technology 
in Bratislava, pp. 73, 2019

[3] Žiaran, S., Chlebo, O., Musil, M., Šooš, Ľ., Úradníček, J., Mačák, L.: New Generation of Freight 
Railway Vehicles. Part 2: Frequency Analysis of Tank Wagon Bogie Sound. Research report of 
Mechanical Engineering Faculty of Slovak University of Technology in Bratislava, pp. 31, 2020



 99

AKUSTIKA, VOLUME 48 / April 2025
www.akustikad.com

[4] Žiaran, S., Chlebo, O., Šooš, Ľ., Petrák, P. at al.: New Generation of Freight Railway Vehicles. 
Part 3: Frequency Analysis of Vibration and Noise of a Tank Wagon in Motion with Pro-
posed Measures. Research report of FME STU in Bratislava, Trnava, pp. 166, 2020

[5] Žiaran, S., Chlebo, O.: Dynamic Load of HYDAC BIERI Pumps During Motion of the Wagon. 
Research report – HYDAC Ltd. International Switzerland & HYDAC s.r.o. Martin, pp. 35, 2021

[6] Žiaran, S., Chlebo, O., Šooš, Ľ.: Influence of Kinematic Excitation on the Dynamic Load of 
Rotary Machines Bearings Mounted on a Rail Vehicle. Springer Vehicle and Automotive En-
gineering 4 Select Proceedings of the 4th VAE2022, pp. 835-847, Miskolc, Hungary, 2022

[7] Argalasova L., Lekaviciute J., Jeram S., Sevcikova L. and Jurkovicova J.: Environmental 
Noise and Cardiovascular Disease in Adults. Noise Health, 62:22-31, 2013

[8] Balazikova, M., Sinay, J.: Implementation of Auditory and Non-auditory Effects of Noise in the Risk 
Assessment Process in Mechanical Engineering. Procedia Engineering, No. 48, 621-628, 2012

[9] Darula, R., Žiaran, S.: On experimental study of optimal measurement point location for 
gear wheel state-of-wear measurements by means of vibro-acoustic diagnostics. Journal 
of Mechanical Engineering. Vol. 62/2, pp. 61-79, 2011

[10] EN 13715: Railway applications. Wheelsets and bogies. Wheels. Tread profile

[11] ISO 5348: Mechanical Vibration and Shocks. Mechanical Mounting of Accelerometers

[12] ISO 3095: Acoustics. Railway applications. Measurement of noise emitted by railbound 
vehicles

[13] Žiaran, S., Chlebo, O., Šooš, Ľ., Petrák, P.: The main sources of vibration and noise of tank 
wagons. Book of extended abstracts acoustics, International Conference ACOUSTICS 
High Tatras Slovakia, pp. 116-119, 2024, ISBN 978-80-228-3419-3

[14] Žiaran, S., Chlebo, O.: Evaluation of the Response Vibration of Emo12 Electrical Switchgear 
Cabinets. Research report – VUJE, a.s. Trnava for Mochovce nuclear power plant, pp. 45, 2019

[15] Žiaran, S., Chlebo, O., Šooš, Ľ.: Methodology of objective evaluation of quality bearings by 
vibro-acoustics and its comparison with a subjective method. AKUSTIKA ISSN 1801 9064, 
Studio D – Akustika s.r.o., České Budějovice, VOLUME 37, pp. 58-66, 2020, https://journal-
akustika.com/old/journal/volume-37-2/

[16] Žiaran, S., Chlebo, O., Šooš, Ľ.: Determination of Bearing Quality Using Frequency Vibration 
Analysis. Journal of Mechanical Engineering. Vol. 71(02), pp. 343-350, 2021, http://www.
sc-jme.com

[17] Žiaran, S.: Technical diagnostics. Scientific monograph. Issued by STU in Bratislava, pp. 
332, 2013, ISBN 978-80-227-4051-7

[18] ISO 18431-2: Mechanical vibration and shock. Signal processing. Part 2: Time domain win-
dows for Fourier Transform analysis

[19] Žiaran, S., Šooš, Ľ., Chlebo, O., Pokusová, M., Úradníček, J., Túma, J. Mačák, L.: Use of Vibro-Iso-
lation and Non-Conventional Materials for Reducing Noise of Railway Wagons. ICSV27, An-
nual Congress of International Institute of Acoustics and Vibration (IIAV), Prague, 2021

[20] ISO 2017-1: Mechanical vibration and shock. Resilient mounting systems. Part 1: Technical 
information to be exchanged for the application of isolation systems

https://journalakustika.com/old/journal/volume-37-2/
https://journalakustika.com/old/journal/volume-37-2/
http://www.sc-jme.com
http://www.sc-jme.com


100

AKUSTIKA, VOLUME 48 / April 2025
www.akustikad.com

Dr.h .c. Prof. Ing. Ľubomír Šooš, PhD.
Dean of the FME STU in BA

Ľubomír Šooš is currently Dean of the Faculty of Mechanical Engi-
neering the Slovak University of Technology in Bratislava. Since 2015 
to 2017 he has been Head of the Institute Production System, Envi-
ronment Technique and management of Quality and since 2007 to 
2015 he has been Dean of the Faculty of Mechanical Engineering. 
As the ordinary Professor he guaranties Program study “Production 
Engineering” in first, second a thirst degree. His professional back-
ground is in the theory and design, especially design of Machine 
Tools and Equipment for Machinery Production. Mr. Šooš in the last 
time has considerable experience in the research and development 

of machines and equipment for treatment and recycling of waste, the transfer it to alternative 
sources as a new row material or as energy. Professor Šooš has got very good collaboration 
with Industry. He is also Vice-President of the Automotive Industry Association and Vice-Pres-
ident of Mechanical Engineering Association of the Slovak Republic.

Stanislav Žiaran completed his M.Sc., Ph.D. 
and Professor at the Slovak University of Technology in Bratislava. He 
established 4 subjects into teaching: Noise and Vibration Control, Engi-
neering Diagnostics, Protection of Human Beings against Noise and Vi-
bration, Strategy of Noise and Vibration Control. He undertook a one se-
mester graduate study at the Institute Sound and Vibration Research in 
UK. He is the author and co-author of 22 textbooks and 5 monographs 
from mechanics, acoustics and vibration, the author and co-author 
of more than 300 scientific articles, he worked out 160 standards and 
solved more than 120 technical and scientific problems for practice and 
within the framework of science-research activity at the university. He 
presented 18 requested lectures at World Congresses abroad; 10 invited 
lectures at InterNoise (Canada, Portugal, Japan, USA 3x, Austria, Austra-

lia, Germany, Hong Kong), 1 at EuroNoise (Netherlands) where he organized and led one section, 
2 plenary lectures on Noise Control (Poland), 2 at the IFToMM World Congress (Taiwan, Poland) 
and 3 at the ICSV (UK, Japan, Canada) Congress. He also lectured at ICSV congresses in Australia, 
InterNoise in China, COMPDYN in Greece and ICME in South Africa. He is chair and editor of the 
proceedings of the annual conference Noise and Vibration in Practice (26 conferences organized). 
At the present time he deals with problems of noise and vibration control, the transmission of vi-
bro-acoustic energy through the environment and its effects on human beings, the vibro-diagnos-
tics of machines, determination of the quality of machines and their parts. 

Ondrej Chlebo completed his PhD. 

In 2014, at the Slovak University of Technology in Bratislava. His PhD. the-
sis was vibro-diagnostic method for determining the damage gears. He 
defended his habilitation thesis with the topic Reduction of operational 
shapes of vibration of the moving structure in 2024 at Slovak University 
of Technology in Bratislava. He is the author and co-author of more than 
75 scientific and technical articles. He is the author and co-author 6 utility 
models. He has solved more than 13 technical and scientific problems for 
practice. As a member of the team, he collaborated on 3 European project, 5 
APVV projects and 5 VEGA projects. He is member of the Slovak Acoustical 
Society at the Slovak Academy of Sciences (SKAS). At the present time he 

deals with problems of noise and vibration control, the transmission of vibro-acoustic energy 
through the environment and its effects on human beings, the vibro-diagnostics of machines, 
determination of the quality of machines and their parts, and solving problems from other ar-
eas of applied mechanics and acoustics.


	_Hlk182556887
	_GoBack
	_GoBack
	_Hlk189029724
	_Hlk190984424
	_Hlk191295248
	_Hlk179905739
	_Hlk180759967
	_GoBack
	OLE_LINK1
	OLE_LINK2
	_GoBack

