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Implementation of European directives is closely related to the quality of production and the associated
operational safety, maintenance of machines and mechanical systems, both mobile or stationary, in order
to reduce the dynamic load (vibration and noise) on the working environment, not only during their
operating state but also during their design, production, and setting of the vibration isolation components.
Reducing the dynamic load of mechanical systems and their components is reflected in the working
environment by reduced emissions and immissions of noise and vibration. The presented paper investigates
the methods and conditions for noise and vibration control, focusing mainly on increasing the quality of
rotating machine components, such as bearings by means of effective vibration isolation of the machines.
The solution of this problem requires theoretical analysis and methodology for the measurement of the
mechanical systems involved. The results of the vibroacoustic measurements were analysed in terms of
the low frequency vibration and noise level (quality) of bearings and conditions for effective vibration
isolation of the machines using vibroacoustic diagnostic method. Furthermore, the impact on the working
environment was also analysed. Finally, the paper suggests some actions to be taken to effectively reduce
the unwanted vibrosound energy in working places, also using recycled material as a vibration isolation
element.
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1. Introduction

Reducing the dynamic load of machines with re-
spect to the surrounding environment and humans
leads to their increased safety, reliability, and lifetime,
as well as to reducing emissions and immissions of me-
chanical vibration and noise, thus improving the work-
ing environment. The application of noise and vibra-
tion control principles in the work environment is es-
sential for the production of machine components, its
mounting, and designing of new workplaces in terms
of minimising the dynamic impact with respect to the
surrounding environment, human factor, structures,
and machine systems themselves. Optimal machine de-
signs and well made components are characterised by
low vibration levels, and hence levels of noise. In such
cases, vibration is an undesirable phenomenon that
initiates the sources of damage and accelerates their
progress. Vibroacoustic diagnostics is one of the most

effective methods of reducing unwanted vibration and
noise (Randal, 2011; Kreidl, Šmid, 2006; Tirinda,
2009; Galovič, 2006). It is used both for detecting
faults in machine components such as bearings, and for
designing and evaluating high quality vibration isola-
tion.

Bearing diagnostics involves extracting the proper-
ties of vibration signals (time history and frequency
spectra) of bearing components operating in good, as
well as faulty, conditions. Under both conditions, the
properties of signals generated by the individual com-
ponents are recovered from the overall dynamic re-
sponse. In addition to energy levels, phase information
can be used effectively to diagnose bearing condition in
many instances. Statistical descriptors of the wave or
spectral forms are useful to identify faults generated by
impulsive events. The vibration and noise of primary
sources is also significantly influenced by manufactur-
ing precision, technology of assembly, appropriate lay
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out and location of the constituent parts, used ma-
terial components, load, and process technology. Vi-
bration generated during the test quality and a ser-
vice component of machinery contains a lot of useful
information about their technical conditions and also
reflects the nature of the working processes and the
intensity of the load of the component or the machine
itself.

Vibration isolation and structural damping consti-
tute the two most widely applicable means for the con-
trol of vibration and structure borne sound, particu-
larly in the audio frequency range. Data on the damp-
ing inherent in materials cover a wide range, extend-
ing from comparatively low damping for high strength
structural materials to a very high damping for some
viscoelastic and resilient materials (typically, plastics
or elastomers) with a limited strength. The structural
components that are sufficiently strong and that also
exhibit a relatively high damping may be obtained by
combining high damping viscoelastic materials with
structural materials in the form of added layers, or
in sandwich arrangements. The article is therefore fo-
cused on primary vibration and noise reduction pro-
cesses for machine systems to reduce noise in the work-
ing environment (Flimel, 2017; Smagowska, Ple-
ban, 2018; Žiaran, Chlebo, 2016; 2017).

2. Goals, tool design, and methodology

An undesired dynamic loading generated by bear-
ings is presented as an increased vibration severity and
increased noise, both of which affect the machine it-
self and human surroundings. The first scientific aim
of the article is to design vibroacoustic parameters for
the objective methodology for the assessment of bear-
ings in terms of their dynamic load, where the accel-
eration of vibration is measured and evaluated from
the time history and autospectrum. Furthermore, the
generated bearing noise is simultaneously subjectively
assessed by the operator’s auditory skills (see Fig. 2a).
The proposed methodology is based only on objec-
tively measurable parameters that characterise the vi-
bration intensity and nature of the noise generated by
the bearing and cannot be affected by the residual
noise detected in the location of the quality assess-
ment of the bearing. The subject of testing was a sta-
tistically representative sample of double row ball-ball
bearings. The second aim of the article is to investi-
gate and analyse the transmission of structure borne
vibrosound energy flow of the machines mounting by
the vibration isolation materials. The study shows that
low frequency excitation waves generated by different
machines can have a negative effect on the accuracy
of production, working places (human), and the ma-
chine itself. Frequency spectrum of the measured vibra-
tion signals after application of the vibration isolation
mounting base (Fig. 1, top) and through an experimen-

Fig. 1. Real mounting of the machine (top) and experimen-
tal set up (bottom) for determination of the transmission
loss represented by block diagram (see Fig. 3) of vibration
source – vibration isolation – receiving building structure.

tal sample (Fig. 1, bottom), where is unambiguously
no flanking transmission, were compared and analysed.

The stationary and non-stationary excitation sig-
nals of the bearings and the signal of the machines and
their technological process in an industrial plant was
generated and measured using the frequency analyser.
The apparatus consists of a piezoelectric accelerome-
ters with a frequency range from 1 Hz to 10 kHz, seis-
mic accelerometer for low frequency vibrations from
0.1 Hz to 1.5 kHz (Fig. 2c), impact hammer, and dis-
play and memory module. To identify the energetically
dominant Eigen frequencies of the bearings more pre-
cisely, the fast Fourier transform (FFT) analysis was
carried out using the frequency analyzer PULSE. The
microphone was used for the acoustic measurements
of the signal generated by bearings and was compared
to the vibration signal. The hand held precision sound
analyser Type 2250 (classes 1) was used to do FFT
transformation of the time signal into the frequency
domain. The sensors mounted on the structural ele-
ments were attached to the building structure (con-
crete floor) by means of a circular steel plate which was
glued in position (Fig. 2b). The measurement of the in-
vestigated objects corresponded to ISO 5348 and ISO
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a)

b) c)

Fig. 2. Bearing test equipment and subjective evalua-
tion (a); attaching the sensors to the sides of the vibroiso-

lation layer (b); attachment of a seismic sensor (c).

7919-1 guidelines for accelerometers and were made
with respect to past experiences (Darula, Žiaran,
2011; Žiaran, Darula, 2013). The goal was to ensure
that the sensor would correctly reproduce the motion
of the analysed components without interfering with
the response. For the signal type, besides the frequency
range, it is also very important to select the appro-
priate type of averaging, as well and number of aver-
ages per unit time and a suitable time window (Tuma,
2009). The methodology presented in the article can be
also applied for other sources of vibration.

3. Conditions for transmission of vibration
through vibration isolation element

This part of the paper explains why the dynamic
transfer stiffness is the most appropriate to charac-

Fig. 3. Simplified block diagram of the vibration source – vibration isolation element – receiving structure
and flanking path.

terise the vibroacoustic transfer properties of isola-
tors and/or resilient material for many practical ap-
plications. The vibrosound energy from the mount-
ing base of the vibrating machine (input side) to its
receiving structure (output side) transferred through
a vibration isolation element depends on the loading
and mounting strategy. Dynamic transfer stiffness is
the most appropriate parameter to characterise the
vibroacoustic transfer properties of the vibroisolation
element for many practical applications. At low fre-
quencies only elastic and damping forces are impor-
tant; low frequency dynamic stiffness is only weakly
dependent on frequency due to the material proper-
ties. In principle, the dynamic transfer stiffness of vi-
broisolation elements is mainly dependent on the static
preload and its perfect isolation from the source and
the receiving structure (Izrael et al., 2011; Žiaran,
Chlebo, 2016; 2017). In other words, the following
theory only applies if there is no flanking transmis-
sion between the vibration source and the receiver sys-
tem.

The system consists of three blocks which represent
the vibration source (machine and mounting base as
a source(s) of vibration), vibration isolation element(s)
(isolator), and the receiving structure(s) (building and
technological structures) respectively, as is shown in
Figs 1 and 3. The blocked transfer stiffness is suitable
for isolation element characterisation in many practi-
cal cases. For the presented case, the damping force
was not necessary to be considered. Assuming uni-
directional vibration of a vibration isolation element
(perpendicular to the contact surface), the isolation el-
ement equilibrium may be expressed by the following
stiffness equations:

F1 = k1,1x1 + k1,2x2 and F2 = k2,1x1 + k2,2x2, (1)

where k1,1 and k2,2 are driving contact stiffnesses oc-
curring when the isolator is blocked at the opposite
side (i.e. x2 = 0, x1 = 0, respectively) and k1,2 and k2,1
are blocked transfer stiffnesses, i.e., they denote the
ratio between the force on the blocked side and the
displacement on the driven side. For passive isolators
k1,2 = k2,1, because passive linear isolators are recipro-
cal. The matrix form of Eqs (1) is

F = [k]x (2)
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with the dynamic stiffness matrices

[k] = [ k1,1 k1,2
k2,1 k2,2

]. (3)

For excitation of the receiving structure via isolator

kr =
F2

x2
, (4)

where kr denotes the dynamic driving contact stiffness
of the receiver. From Eqs (1) and (4) it follows that

F2 =
k2,1

1 + k2,2
kr

x1. (5)

Therefore, for a given source of displacement x1 the
force F2 depends both on the isolator driving contact
dynamic stiffness and on the receiver driving contact
dynamic stiffness. However, if ∣k2,2∣ ≤ 0,1 ∣kr∣, then F2

approximates the so called blocking force to within
10%, i.e.,

F2 ≈ F2,blocking = k2,1x1. (6)

Fig. 4. Bearing frequency spectrum of vibration (top) and radiated noise frequency spectrum with filter A (bottom).

Because vibration isolators are only effective be-
tween structures of relatively large dynamic stiffness
on both sides of the vibration isolation element, Eq. (6)
represents the desirable situation at the receiving end;
therefore these conditions have to be met when setting
up the vibration isolation elements.

4. Results and discussion

The methodology for assessing the vibroacoustic
response of bearings based on the measurement of
acceleration and auditory identification in comparison
to etalon is subjective and cannot always reliably
identify the specific bearing noise near the permissible
noise limit. The subjective method is also dependent
on residual noise in the test room and, in particular,
discrete frequencies limit the identification of discrete
components representing specific bearing damage
(Fig. 4). It is clear from Fig. 4 that the vibration
sensing within a specified frequency range (see Fig. 6)
is much more transparent than the noise sensing per-
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formed either by the microphone, or the auditory or-
gan. The differences in the perception of satisfactory
and unsatisfactory sound in the selected frequency in-
terval are minimal, which may lead to an incorrect
evaluation of the bearing quality.

Vibrosound energy generated by machine
components. Rotational frequency and bearing load-
ing , as well as those generated stationary and non-
stationary vibration signals of variable intensity which
were dependent on the quality (vibration and noise
level according to the subjective methodology) and
type of bearing faults (damage) were analysed under
specified test conditions. The amplitudes of vibration
and sound at rotational frequencies depend on the ac-
curacy of the production of individual components and
on the assembly technology of bearings. A total of 45
good, bad, and unclassified bearings were diagnosed
and classified according to the original methodology.
For the design of the objective methodology, maximum

Fig. 5. Time histories of the dynamic response qualified as satisfactory bearings: a) and b) and qualified as unsatisfactory:
c), d) and e).

acceleration values read from the time history of the vi-
bration signal generated by the bearing were recorded.
Moreover, effective decibel values of the acceleration
were measured by means of an FFT analyser within
the selected frequency range, based on the experimen-
tal results of a representative sample of that type of
bearings (Žiaran et al., 2015).

The time response of the vibroacoustic signal gener-
ated by the bearings unambiguously contributed to the
determination of the quality parameters of the bear-
ing assessment. From the recorded time responses, the
time variation of noise can be assessed, and the char-
acter (nature) of the noise can be determined.

The comparison of the time history of the dynamic
response of the tested bearings shows significant dif-
ferences in the amplitudes and their time distribution,
where the dynamic response of satisfactory bearings,
bearings with significant noise, and pulse rattling
bearings are shown (Fig. 5). In Figs 5a,b time histories
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measured vibration acceleration generated by bear-
ings, qualified as satisfactory (good), are specifically
selected. The amplitudes of the time histories of these
bearings are steady and their sound response is very
weak. Figure 5c,d,e presents the specifically selected
time histories of the vibration acceleration measured of
three bearings classified as unsatisfactory for the given
type. The selection of these time histories of tested
samples was carried out on the basis of their acoustic
responses, so that they represent the different nature of
noise, such as loud noise, rattling, low frequency noise,
impulse noise, and tonal noise. The dynamic noise is
less pronounced and smoother in high quality bearings
than in low quality ones, where the amplitude of vi-
bration is, on average, greater, with more pronounced
regular and irregular maximum amplitudes achieving
high acceleration values.

Abnormal time dynamic response of the bearings
over the maximum value of acceleration value is, ac-
cording to the proposed methodology, one of the three
criteria (parameters) for the objective evaluation of
bearing quality, whose upper limit, for the given type
of bearing, is set at 30 m/s2.

The comparison of the vibration acceleration of
time histories for the tested bearings showed signifi-
cant differences in the size of the amplitude and their
time distribution. The dynamic noise at high quality
(satisfactory) bearings is not so pronounced (analysing
the amplitude of vibration) and smoother (Fig. 5a,b)
than in the case of low quality (unsatisfactory) bear-
ings, where the vibration amplitude is significantly pro-
nounced with regular and irregular amplitude peaks,
reaching high acceleration values (Fig. 5c,d,e). These
stationary and/or non stationary signals and their
maximum amplitudes represent a response of the size

Fig. 6. Frequency spectra of bearings with different dynamic response; spectra highlighted in black represent unsatisfactory
bearings and the grey ones show satisfactory bearings.

and type of bearing damage, and/or component dur-
ing the production and/or indicative of an insufficient
technology and/or inadequate installation and envi-
ronmental influences. A more detailed identification is
possible using frequency analysis which allows detect-
ing the causes and types of faults (Žiaran et al., 2015).
However, that is not the purpose of this article.

The frequency analysis, as stated above, does not
serve only to determine syndromes and symptoms of
bearing faults, but also to determine the statistically
significant frequency interval, as well as the equiva-
lent decibel acceleration values in this frequency in-
terval. Frequency spectra of thirty bearings (15 satis-
factory and 15 unsatisfactory) in certain parts of the
frequency interval form a significant boundary between
the quality of satisfactory and unsatisfactory bearings
(Fig. 6). Thus, from the effective acceleration value the
quality of bearings (satisfactory/unsatisfactory) can be
determined. It should be emphasised that the quality
(satisfactory) bearing will always have some external
dynamic response. This dynamic response may not re-
duce the quality of the bearing itself. Based on the
plots of frequency analysis, using probability theory
and experience of investigators in determining the lim-
iting equivalent acceleration value for the given type
of bearings, the frequency interval from 1.05 kHz to
4 kHz, to assess the quality of the bearings of the given
type, was determined.

The frequency response of the bearing through the
effective value of the acceleration at the determined fre-
quency interval is, according to the proposed method-
ology, the second of the three criteria (parameters) for
the objective evaluation of bearing quality.

The frequency response of the bearings through
effective acceleration values expressed in decibels
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at a specified frequency range is, according to the
methodology developed, the second criterium for
the quality assessment of the type of bearings and,
to some extent, it characterises the severity of their
vibration. A statistically significant frequency range
for determining the effective (equivalent) accelera-
tion values expressed in decibels ranges from 1.05 kHz
to 4 kHz for the investigated type of the bearings
only and is the third parameter of quality. The up-
per limit of the equivalent level of acceleration was
set to 125.5 dB, corresponding to an acceleration of
1.88 m/s2 of the dynamic behavior of the investigated

Fig. 7. Frequency spectra representing the transmission loss of the excitation input and output of the experimental sample
(top) and on the mounting base (bottom).

bearing type (Žiaran et al., 2015). The difference
r.m.s. between satisfactory bearings and unsatisfac-
tory bearings was approximately 10 dB. The vibra-
tion values in dB for unsatisfactory bearings ranged
from 125.6 dB to 135.5 dB, and for satisfactory bear-
ings from 117.2 dB to 125.5 dB, considering the tested,
statistically representative, samples of the satisfactory
and unsatisfactory bearings. By eliminating the unsat-
isfactory bearings, the dynamic load on the machine
is greatly reduced, thus decreasing the vibration and
noise impact on both the surrounding environment,
and on people.
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Vibrosound energy generated by the machi-
nes. The model shown in Fig. 1 utilising Eqs (1) to (6)
are correct under the assumption that the vibration
isolation elements form the only transfer path between
the vibration source (mounting base) and the receiv-
ing structure (building structures and human). In prac-
tice there may be mechanical and/or acoustical parallel
transmission paths which cause flanking transmissions.
For any measurement method of isolator properties,
the possible interference of such flanking with proper
measurements has to be minimised.

The results of frequency analysis on the mounting
base showed that the transmission attenuation of vi-
bration isolation material does not reach the calculated
value (Žiaran, 2010). The measurement results indi-
cated the formation of flanking transmission that was
flowing back through the fine grained concrete into the
gaps between the mounting base and the surrounding
environment (floor, ground).

To confirm this, an experimental sample was set
up (see Fig. 1, bottom) using the same isolation ma-
terial and the same conditions of excitation. It is clear
that there is no flanking transmission and the contact
of vibration isolation material is only with the floor
(source of excitation) on the input side and with the
concrete block on the output side (receiving building
structure). The results are confirmed by the frequency
spectra in Fig. 7, where transmission loss between the
receiver and the exciter, e.g. at the frequency of 235 Hz,
reaches a value of 23.5 dB for the experimental sam-
ple (Fig. 7, top) and the transmission loss between the
two measuring points situated on both sides of the vi-
bration isolation element (on the mounting base and
beyond this element) is only approximately one third,
i.e., 8.1 dB for the same excitation (Fig. 7, bottom)
(Žiaran, Chlebo, 2017).

It is notable that the value of the maximum accel-
eration measured using an experimental sample (near
the mounting base) on a concrete block which repre-
sented a building structure was several times less than
recorded on the building structure itself at the same
source of excitation, and the attenuation between the
input and output is more than 10-fold, in contrast to
the 3-fold attenuation in the measuring points (input)
on the mounting base and (output) on the floor of the
building structure (see Fig. 2b). Also, a transmission
loss of 23.5 dB on the experimental sample is sub-
stantially greater than the transmission loss between
different points around the perimeter (input) on the
mounting base and around the perimeter (output) on
the floor. These values corresponded to 14.7 dB and
just 8.1 dB respectively, which is one third of the value
of the measured experimental sample, as mentioned
above. The values of maximum acceleration and trans-
mission loss for the mounting base and the experimen-
tal sample confirm the presence of flanking transmis-
sion between the mounting base and the ambient build-

ing structures. In this case, structure borne noise is
generated by the badly installed machine, and negative
transmission loss values represent the vibration energy
concentration in the mounting base corners (Fig. 7,
bottom). Structure borne noise in industrial plants is
typically generated by machines and their technolog-
ical process that are not adequately isolated. A well
designed isolation of the vibrating sources can effec-
tively reduce the transmission of low frequency energy
into acoustically protected spaces, such as work places.

5. Conclusions

The aim of this paper is to show that in order to
decrease noise pollution in the working environment
it is necessary to reduce vibrations and the noise of
individual components of the machine, as well as the
transmission of vibrations generated by the machines
into the surrounding and technological structures. The
vibrosound energy from the machines, when transmit-
ted through the poorly applied vibration isolation ele-
ments into the surrounding structures, radiates an un-
desirable noise which may harm the employees of the
company. Therefore, it is essential to reduce the vibra-
tions and noise of individual components of the ma-
chines and to design an effective vibration isolation of
the machinery and install it in situ.

The analysis of these measurements and using the
results for statistically representative number of sam-
ples tested, helped determine the boundaries of the
quality bearings, thus complying with the boundary
between dynamically satisfactory bearing and dynam-
ically unsatisfactory bearing in terms of noise and
vibrations. From the frequency spectra the statisti-
cally significant frequency range for determining the
equivalent acceleration values expressed in decibels
was determined and from time dependence the maxi-
mum value of the acceleration in m/s2 was identified.
Thus unwanted noise of the bearings can be moni-
tored through a maximum acceleration value deter-
mined from the time history and time-frequency plots;
the nature and intensity of the noise generated by the
bearing can be determined. The acceleration limit val-
ues were obtained from the time history and the spec-
ified frequency spectrum boundaries with the deter-
mination of the maximum acceleration level was ap-
plied to a particular bearing. The proposed methodol-
ogy can be applied to all types of bearings respecting
the above theory and experimentally verified criteria,
namely, the maximum acceleration from the time his-
tory and the maximum acceleration level in the statis-
tically defined frequency interval.

Vibration and structure damping constitutes the
two most widely applied means for the control of vibra-
tion and structure born sound, particularly in the au-
dio frequency range. Vibration isolation in essence in-
volves the use of a resilient connection between a source
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of vibration and a space to be protected. For the ef-
fective insulation, some necessary parameters must be
fulfilled and it is important to create specific conditions
(Žiaran, Chlebo, 2016; 2017). It is very important to
obtain the frequency spectrum of the source of vibra-
tion. Using the theory introduced above the transmis-
sion loss of the material which requires isolation can
be calculated.

The problem of low frequency vibration sources,
transmission, and their influence on machines, struc-
tures, and humans is currently of great interest. In par-
ticular, their effects on persons in proximity to these
sources, long-term exposure to these frequencies can
affect physical health and cause mental problems, as
is shown in (Argalášová et al., 2013; Balážiková,
Sinay, 2012). Increasing noise due to unsatisfactory
machine components and their insufficient vibration
isolation affects the comfort of employees as well as
their safety and productivity. Reducing vibration in-
tensity of each rotating machine component and low-
ering the intensity of structure borne noise by effective
vibration isolation will also reduce noise levels at the
workplace (Šooš et al., 2016).
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