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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.
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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. UVOD

Vibroakustické merania sa realizovali na akre-
ditovanom skusobnom okruhu za pohybu pri
réznej rychlosti skisaného prototypu cister-
nového vozna. Pred meranim za pohybu sa
vykonala modalna analyza podvozku a plas-
ta cisterny cisternového kolajového vozidla,
s cielom urcit vlastné frekvencie vlastnych
tvarov jednotlivych komponentov podvozku
a plasta cisterny. Pre kazdy blok podvozku
sa spracovali Casové-frekvencné-amplitu-
dové diagramy kvadratu zrychlenia kmitania
v zavislosti od rychlosti vozna, ako aj vysled-
ky analyzy hluku podvozku, ktory jasne cha-
rakterizuje zavislost dynamického zatazenia
podvozku a komponentov spdjajucich cister-
novy vozen od prevadzkovej rychlosti.

Kolesa vozna a konstrukcia ich ulozenia (pod-
vozok) vo vztahu k voznu (nadstavbe) na-
kladného zeleznicného vozna je vyrobena
prevazne z kovovych komponentoy, ktoré su
velmi dobrym vodi¢om vibro-zvukovej ener-

89



AKUSTIKA, VOLUME 48 / April 2025

www.akustikad.com

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
shellitself. Thisis 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,
31.

gie zo zdroja (kontaktu kolesa s kol'ajnicou) na
nadstavbu vozna. Ak je nadstavbou cisterna,
tato energia sa prenasa aj do kovového telesa
plasta cisterny, ¢im sa zvacsuje plocha vyza-
rovania zvukovej energie do okolitého pro-
stredia, ¢o je najvyraznejsie, ked' sa vlastné
frekvencie plasta cisterny zhoduju s budiacou
frekvenciou. Jednotlivé komponenty vozna od
kolesa az po samotnu nadstavbu sa teda vy-
znacuju vlastnymi frekvenciami, ktoré pri zho-
de so zlozkou budiacej frekvencie sp6sobuju
rezonanciu komponentu a tym zvysSuju emisiu
hluku do okolia [1-4]. Znizenie vibro-zvukovej
energie generovanej odval'ovanim dvojkolesia
po kolajnici prendsanej na konstrukciu pod-
vozku a vyzarovanej do priestoru ako nezia-
duci hluk sivyZzadovalo teoretickl, numericku,
Strukturdlnu, materidlovd a experimentalnu
analyzu vzniku, prenosu a vyzarovania tejto
energie do okolitého priestoru. Pre znizenie
vibro-zvukovej energie kol'ajovych vozidiel je
dolezité analyzovat frekvencéné-amplitudové
zatazenie jednotlivych blokov podvozku tych-
to vozidiel od primarneho zdroja budenia, kto-
rym je kontakt jazdného profilu kolesa a ko-
lajnice, priamo na komponentoch (blokoch)
cisternového vozna v pohybe. Ciel navrhova-
nej metodiky a frekvencnej analyzy je ziskat
hodnoty prenosovych strat aplikaciou akce-
lerometrov a meracich mikrofénov na bloky
(komponenty) podvozku od primarneho zdro-
ja po vstupy do plasta nadrze pri prevadzkovej
rychlosti kol'ajového vozidla [4].

Usilie o znizovanie mechanického kmitania
a hluku je zamerané na znizenie akustického
vykonu samotného zdroja, znizenie zvuko-
vej energie vyzarovanej zdrojom do volného
priestoru a zabranenie Sireniu vibro-zvukovej
energie mechanickou sustavou, teda pod-
vozkom a samotnym plaétom cisternového
vozna. Tomu nevyhnutne predchadza navrh
a overenie optimalnej metodiky merania v po-
koji pri urCovani vlastnych frekvencii vlast-
nych tvarov vybranych komponentov kol'ajo-
vého vozidla a najméa v pohybe meranim am-
plitidovych-frekvencnych charakteristik utl-
mu jednotlivych blokov podvozku kol'ajového
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 vibroakustickych merani vyvinutého
prototypu cisternového vozha za pohybu
boli overit navrhnutl metodiku ziskavania
spolahlivych vibroakustickych signalov pri
roznych prevadzkovych rychlostiach, ove-
rit a potvrdlt vysledky predchadzaJU(:lch
merani v pokoji pri ur¢ovani vlastnych frek-
vencii hlavnych konstrukcnych blokov [2, 3]
a analyzovat prenosové straty tychto blokov
cisternového voznha, konkrétne primarneho
vypruzenia s loziskovou skrinou a razsochou,
podvozku tvoreného pozdlznym nosnikom
a hlavnym priecnikom podvozku, klznicou,
gulovym ¢apom podvozku a brzdného sys-
tému z redlneho kinematického budenia
v definovanych prevadzkovych podmien-
kach cisternového vozna. Ziskané vibroakus-
tické vysledky spolu s vysledkami z predcha-
dzajucich merani su podkladom pre navrh
opatreni na ucinné znizenie hlu¢nosti vyvi-
nutého prototypu cisternového vozna danej
hmotnosti, dizky a objemu s univerzalnym
podvozkom pouzitelnym pre vacsinu typov
zelezni¢nych vozidiel [5, 6]. NapInenim tych-
to cielov sa redukuje environmentalny hluk
generovany vagéonmi, ¢o prispieva k podpore
zdravia a pohody cloveka [7, 8].
2.2. Metodika
Postup hodnotenia prevadzkovej kvality kom-
ponentov voznha z hladiska ich hlu¢nosti sa
zakladd na dynamickom spravani sa hlav-
nych komponentov (kol'ajové vozidlo, primar-
ne vypruzenie, loziskova skrina, rézsocha,
pozdlzny nosnik, hlavny priec¢nik podvozku,
nadrz, brzdnd sustava), Cize na hodnoteni
parametrov mechanickych veli¢in kmitania.
Na cisternovy vozen sa aplikovalo 11 senzo-
rov zrychlenia kmitania na vopred definované
meracie body na podvozku, na ulozenie plas-
ta C|sterny vozha a na samotny plast [9-11]. Tri
meracie mikrofdny sa pouzili na meranie hla-
diny akustického tlaku generovaného dvoj-
kolesim, na meranie hluku na spodku plasta
cisterny vratane brzdového systému a na me-
ranie hluku generovaného dnom plésta cis-
terny [4, 12]. Pri aplikacii snimacich prvkov na
cisternovy vozen a ich pripojeni k vyhodno-
covaciemu zariadeniu ulozenému v meracom
vozni sa musela zohladnit maximalna rych-
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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].

lost 120 km/h meracieho vozna, aby nedo$lo
k preruseniu a ovplyvneniu snimanych signa-
lov z definovanych meracich bodov a posko-
deniu spdjacich kablov a snimacich prvkov,
znazornenych na obr. 1[4, 13].

tank shell J

I side bearer braking
system
l = J_
FT
T L

hogie frame

bagie pivot

primmary suspension % (=]

1, 3 - side of the tank; 2, 4 - braking system; 5 - tank head; 6 - axle box: 7 - wheelset measuring microphon
8 - tank head measuring microphone; 9 - inlet of the side bearer; 10 - inlet of the bogie pivot; 11 - outlet of tt
side bearer; 12 - outlet of the bogie pivot; 13 - tank bottom measuring microphone

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 itis was deemed
useful for analysing generated signals.

Obr. I: Pohlad na rozmiestnenie akcelerometrov
a mikrofonov a schéma prenosu kmitania z kon-
taktu kolesa s kolajnicou na plast nadrze

2.3. Meracie zariadenie

Pri merani mechanického a akustického kmi-
tania sa pouzila najmodernejSia meracia
technika od renomovanej spolo¢nosti Bru-
el & Kjaer (B&K), konkrétne 12-kanalova me-
racia karta B&K PULSE; akcelerometre s po-
uzitelnym frekven¢nym rozsahom od 0,2 Hz
do 12 800 Hz; analyzator zvuku s pouzitelnym
frekvencnym rozsahom do 25 600 Hz na kon-
trolny zaznam nameranych signalov vratane
rezidudlneho Sumu. Pripevnenie senzora na
skimané objekty bolo v sulade s poziadav-
kami ISO 5348 [11] na akcelerometer, ako aj
v stlade s predchadzajucimi skusenostami
vyskumnikov [6, 9, 14-16]. Ciel' bol zabezpecit,
aby akcelerometer spravne reprodukoval po-
hyb analyzovaného komponentu bez rusivych
vplyvov na jeho zvuk. Okrem frekvencného
rozsahu bolo velmi délezité zvolit aj vhodnu
metodu priemerovania pre dany typ signalu
a pocet priemerovani za ¢asovU jednotku, ako
aj vhodné ¢asové okno [17,18]. Z tohto dovodu
bolo zvolené Hanningovo okno s linedarnym
priemerovanim a 66,67 % prekrytim, ktoré
poskytuje Uplne rovnomerné vazenie, pretoze
sa bralo do Uvahy za uzito¢né na analyzu ge-
nerovanych signalov.
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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. DYNAMICKA ANALYZA PODVOZKU CIS-
TERNOVEHO VOZNA

3.1. Casovaanalyza

Zaznam okaméitych hodndt kmitania v zavis-
losti na ¢ase sa zvycajne analyzuje graﬂcky
s cielom zaznamenat vykmity ($picky) Siro-
kopasmového signalu, zachvevy, modulaciu
Ci obalkovu analyzu, ktora je nasmerovana na
proces demodulacie nizkourovnovych zloziek
vUzkom frekven¢nom pdsme, ktoré st zamas-
kované Sirokopasmovym kmitanim s vysokou
urovnou (impulzne budené volné kmitanie,
kmitanie od zaberov zubov ozubenych kolies
a iné). Treba podotknut, Ze detekcia obalky
poskytuje prostrledok na skorsie rozpoznanie
poskodeni a s va¢Sou spolahlivostou.

Casovy priebeh na obrazku 2 (hore), snimany
navstupe primarneho vypruzenia prirychlosti
120 km/h, reprezentuje referencny stav ampli-
tud kmitania s vyraznymi vykmitmi (vrcholmi,
Spickami) generovanymi nerovnomernym
povrchom kol'ajnice a okolesnika kolesa pod-
vozku kol'ajového vozidla. Menej vyraznejsie
kmitanie s vyraznymi nahodnymi vykmitmi
sa zaznamenalo na vystupe gulového Capu
a vstupe do plasta cisterny, respektive nad-
stavby kol'ajového vozidla (obrazok v strede).
Nahodné vykmity su vybudené nahodnym ra-
zovym kontaktom Capu s puzdrom priecneho
nosnika. Casovy priebeh kmitania na kiznici
a vstupe do plasta cisterny je este nizsi a bez
vyraznych vykmitov (obrazok dole).

Grafické znazornenie Casovych prlebehov
vel'mi ndzorne zobrazuje velkost prenosové-
ho utlmu jednotlivych komponentov podvoz-
ku cisternového vozna, a to gulového Capu
a klznice, ktoré boli predmetom skumania. Aj
na zaklade ¢asového priebehu mozno prijat
opatrenia na redukciu prenosu vibracno-zvu-
koveJ energie nielen do plasta cisternového
vozna, ale aj pre rozne typy kolajovych 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

olo

Obr. 2: Casovy priebeh snimany na vstupe pri-
mdrneho vypruZenia (hore), na gulovom cape
(v strede) a na klznici (dole)

3.2. Frekvenc¢na analyza

Velkd ¢ast analyzy kmitania sa vykonéva vo
frekvencnej oblasti, pretoze rbzne zdroje
kmitania sa m6zu obvykle oddelit podla frek-
vencii, na ktorych sa vyskytuju. Jeden kanal
analyzovany vo frekvencnej oblasti poskytuje
velké mnozstvo informacii, ale ¢asto je dblezi-
té vztahovat kmitanie k druhému kanalu, kto-
rym je bud' fazova alebo amplitidova referen-
cia, alebo oboje.

Intenzita generovania vibra¢no-zvukovej
energie primarneho zdroja zavisi od drsnos-
ti styCnych ploch a nepravidelnosti tvaru
kolajnice a profilu kolesa, ktory generuje ki-
nematické budenie kolajového vozidla v za-
vislosti od zatazenia, resp. kontaktného tlaku
(Hertzove tlaky), rychlosti kol'ajového vozidla,
ale aj od polomeru zatacania 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-
ferencesin the transmission loss of the inves-
tigated bogie blocks can be seen. These fre-
guency spectra are used to effectively design
the reduction of the transmission loss and
therefore the environmental noise reduction
of the railway vehicle bogie [19].

kol'aje a boéného zatazenia okolesnika kol'aj-
nicou pri néhodnom priecnom pohybe vozna,
priecnom sklone kol'ajnic a v obluku s preva-
hou odstredive] sily nad vodorovnou zlozkou
gravitacnej sily alebo naopak.

Ciel' primarneho odpruzenia podvozku je zni-
zit intenzitu vibracnej energie od primarneho
zdroja, Cize kontaktu kolesa a v pripade priec-
neho pohybu aj okolesnika s kolajnicou [10].
Primarne vypruzenie spaja loziskovu skrinu
S razsochou pevne spojenou s pozdlznym
nosnikom a hlavnym priec¢nikom podvozku,
ktory je vystupnym, ale aj vstupnym mera-
cim bodom pre klznicu a posuva sa pozdlz
hlavného priecnika podvozku pred gulovy
C¢ap podvozku, zndzorneny na obr. 3. Pre-
nos kmitania cez primarne vypruzenie, ktoré
obsahuje dve medzilahlé paralelné pruziny
na bocnych stranach loziskovej skrine a raz-
sochy, sa analyzuje v mieste loziskovej skri-
ne — vstup primarneho vypruzenia, senzor 6
(obr. 3), a v mieste hornej Casti razsochy pev-
ne spojenej s pozdlznym nosnikom a hlavnym
prieCnikom podvozku — vystup primarneho
vypruzenia, kde sa snimalo zrychlenie kmita-
nia, senzor 9 a 10 (obr. 3). Primarne vypruzenie
timi kmitanie v celom frekvencénom pasme.
Na loziskovu skrifu a razsochu sa tiez aplikuju
trecie dosky v diskontinuite, pri ktorej sa timi
tok energie. Aplikaciou materidlu s vyssou
prenosovou stratou v kontaktnych plochach
loziskovej skrine a razsochy déjde k vacsiemu
znizeniu toku energie od primarneho zdroja.
Z frekvencnych spektier na obrazku 3 a naj-
ma z frekvencného spektra v linearnej mierke
(dole) je vidiet rozdiely v prenosovom Utlme
skdimanych blokov podvozku. Tieto frekvenc-
né spektra sluzia na efektivny navrh redukcie
prenosového utlmu, a teda aj redukcie hluku
podvozku kol'ajového vozidla [19].
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Bogie pivot

Primary suspension

Side bearer

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: Frekvencné spektrum v logaritmickej a li-
nedrnej mierke na vstupe primdrneho vypruZe-
nia (6) a vystupoch z gulového capu (10) a kiznice
(9) do pldsta cisterny pri rychlosti 120 km/h

Z autospektra modalnej analyzy boli ziskané
vyraznejsie amplitudy diskrétnych frekven-
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guencies at the input of the primary suspen-
sion were obtained, in the vicinity of 500 Hz,
820 Hz, 1.05 kHz, 1.8 kHz, 21kHz 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-
guency-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.

53
€

Ll

}

xxxxxxxxxxxxx
R S - L -

Frequency,

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

cii na vstupe primarneho vypruzenia v oko-
If 500 Hz, 820 Hz, 1,05 kHz, 1,8 kHz, 2,1 kHz
a 2,9 kHz [2, 3]. Podobné frekvencné spek-
tra s vyraznymi amplitidami pri nameranych
frekvenciach v pokoji predstavuje aj kmitanie
bloku primarneho vypruzenia v pohybe [4].
Okrem uz spominanych frekvencii je vyraz-
na diskrétna hodnota amplitudy zrychlenia
kmitania pri frekvencii 1,3 kHz, ktora nie je
v autospektre modalnej analyzy vyrazna, a to
z dovodu, ze cisternovy vozen zabezpecu-
je brzdu, ktora timi amplitudu vlastnej frek-
vencie podvozku. Z amplitud frekvencnych
spektier ziskanych z ¢asovych priebehov na
primarnom vypruzeni, gulovom cape a klzni-
ci (pozri obr. 2) mozno na obr. 3 vidiet hodno-
tu utlmu zrychlenia kmitania analyzovanymi
komponentmi podvozku.

Intenzitu frekvencného rozlozenia vybude-
ného kmitania primarneho vypruzenia spoje-
ného s loziskovou skrifou na vstupe a rézso-
chy pevne spojenej s pozdlznym nosnikom a
hlavnym prie¢nikom podvozku potvrdzuje aj
rychlostny a casovy-frekvencny-amplitudovy
diagram na obr. 4 vpravo. Mozno konStatovat,
ze s rychlostou vozna sa meni len amplitida
zrychlenia kmitania. To znamena, ze tieto dis-
krétne frekvencie s vyraznymi amplitudami
predstavuju vlastné frekvencie vliastnych tva-
rov jednotlivych komponentov bloku primar-
neho vypruzenia a nasledujucich komponen-
tov k primarnemu vypruzeniu.

1/3 octave dependence of vibration acceleration on speed
output primary suspension — input side bearer

2)2

celeration amplitude, (m/s

of ac

Square

Frequency, Hz

Obr. 4: Analyza hluku vozna v tretinovo-ok-
tavovych pdasmach (vlavo) a kmitanie hlavného
priecnika vozina (vpravo) v zavislosti od jeho
rychlosti
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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
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