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The effective vibro-isolation of machinery redudias transmission of vibro-acoustic energy into
supporting and surrounding structures. The predepdper investigates the conditions for the
transmission of dynamic loading (vibration, shooll acise) from vibrating sources, industrial ma-
chines with impact processes, transmitted throbhglbuilding structure of an industrial hall and its
subsequent impact on the mounting base of a lasehinme used for the production of sheet metal
components and on the workplace, as well. The isalwf this problem requires theoretical
knowledge and methodology for the measurementeo$tituctures involved. Measurements of vi-
bration at the sources and along the path of tressgon, as well as noise measurements in the
working place, were performed. The results of ibeation and noise measurements were compared
before and after application of vibration isolatmgterial to determine the effects on the machines
mounting base and workplace environment. Measuresmeare performed also on an experimental
sample to compare real results at the mountingwikexperimental results on the sample under
the same conditions. Sound pressure level (nagkjreechanical vibration were measured and FFT
analysis was used for the detection of vibro-acoestergy. In the first case, low-frequency vibra-
tion is analysed in the mounting base and thermeasson of structurally-borne waves are investi-
gated. Finally, the paper suggests necessary amgland measures which may have an impact on
the reduction of unwanted vibro-acoustic energingabn the laser tool machine and its working
environment.
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1. Introduction

Passive vibration isolators of various kinds aredu® reduce the transmission of vibrations and
shocks. One particular example are resilient suppmed as mounting bases for machinery installed
in an industrial hall. The passive vibration isotatcan be made of different resilient materialsciv
are mainly used to prevent low frequency vibrapooblems and/or shock loads from machines and
technological processes which are a sources ofigriaading. Passive vibration isolators of various
kinds are also used to reduce the transmissioibadtions and shocks from the sources through the
supporting structures. The application of resilieraterials (elements) are used to reduce the trans-
mission of audio frequency vibrations (structurerAgosound, 16 Hz to 16 kHz) through a structure
which may, for example, radiate fluid-borne souaidoorne, fluid borne, or other), and the transmis-
sion of low frequency vibrations (typically 1 Hz1060 Hz), which may, for example, affect sensitive
machinery, persons within the vicinity, or evensg®damage to structures when the vibration and/or
shocks are severe.

Isolation and structural damping constitute the tamst widely applicable means for the control
of vibration and mitigation of structurally-bornewnd, particularly in the audio frequency range. In
essence, vibration isolation involves the use msdlient connection between a source of vibration
and an object to be protected, such that the objbrates less than it would, if a rigid connection
were to be used. In a typical situation, the soamsists of a vibrating machine or structure drad t
object to be protected is e.g. persons, environnesttuments, and machines. Many salient features
of vibration isolation can be analysed in termaaimple model consisting of a rigid mass that is
connected to a support via an isolator of vibrafi@silient element) that is constrained to tratesla
along a single axis [1, 2, 3, 4]. More complex medee needed to address situations where the
magnitude of excitation depends on the motions,reva@ additional vibro-isolator mass system is
inserted between the primary object and the supaond/or at comparatively high frequencies where
the vibro-isolator mass plays a significant rolewdrere the isolated items do not behave as rigid
masses. Other complications arise due to combiramns and nonlinearities [5].

2. Goals, instrumentation and methodology

2.1 Goals of the study

The goals of the study were to investigate andyaedhe transmission of structure-borne vibro-
acoustic energy flow of an impact excitation getextdy the technological process of tool machines.
The study shows that the low frequency excitati@aves generated by these processes can have a
negative effect on the precession of nearby lasmregses for the production of components from
sheet metal. Frequency spectrum of the measuredtiaib signals, before and after the production
of a concrete mounting base, were compared angs®thl The paper also investigates the energy
flow throughout an experimental sample.

2.2 Instrumentation

The transient signal of short duration was gendrate the technological process, mechanical
shock and the consequent response on the plannadtingpbase, and was measured using the FFT
analyser PULSE Bruel & Kjaer platform (Fig. 1a).€l$ystem consists of a piezoelectric accelerom-
eter with a frequency range from 1 Hz to 10 kHz ghimde £10 %), seismic accelerometer for low
frequency vibrations from 0.1 Hz to 1.5 kHz, anshpihy and memory module. To identify the energy
dominant low frequencies more precisely, the seis@nsor was attached to a steel cylinder (Fig. 1b)
and the fast Fourier transform (FFT) analysis veased out using the FFT analyser PULSE. Sensors
mounted on the structural elements were attach#dtetbuilding structure (concrete floor) by means
of a circular steel plate, which was glued in posit(Fig. 1¢). Measurement of the investigated ob-
jects coincided with 1ISO 5348 guidelines for acomteeters and with respect to past experiences [6,
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7, 8]. The goal was to ensure that the sensor atyneproduces the motion of the analysed compo-
nents without interfering with the response. Thagbpressure level was analysed using Sound Level
Meters 2250 Bruel & Kjaer platform. Other than thregquency range, for the type of signal, it is also
very important to select the appropriate type araging as well and number of averages per unit
time as well as a suitable time window [7, 9]. Thethodology presented in the paper can also be
applied to other excitation sources of low frequewibration.

| <l X ————— T3 [T A -
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Figure 1: Measurement instrumentation

2.3 Methodology of the measurement and determination of the transmission loss

The measurement of the transmission loss assuratththresilient material behaves in a linear
fashion and that it has negligible mass comparéhd the mass loading (Fig. 2). The method deter-
mines the impedance of the material when loadedrbgss providing a compression force equivalent
to that found when the resilient material is prdssetween the floor, as a vibration source (input
side), and receiving system (output side). Herleesystem consists of three blocks, which represent
the vibration sources of surrounding tool machiesugh the floor, isolator (resilient materialdan
the receiving system (which is laser tool machine &orkplace situated on the mounting base) re-
spectively (Fig. 2). A fixed contact is assumecath connection between the source and isolator
and between the isolator and receiver. This is diyneeasuring the transfer function of the mass-
loaded material at all the required frequencie®[3,0]. The method uses a vibration excitationr sys
tem above which the resilient material (elemenplaeed with the loading mass(mounting base
plus tool machine — Fig. 2a, or concrete blockg- Eb, as a receiver system) on top of the resilien
element.

/FX1 /rxz laser tool machine /raz /Fa1

floor m
mounting base

resilient material
vibration source (concrete material)

a)

Figure 2:Theoretical model (a) and experimental setup (bji&ermination of the transfer function and/or
transmission loss represented by block diagranibwétion source — isolator of vibration — receiggstem

Two accelerometers measure the vibration of theceo(on the floor as a vibration sourca),
(%1), and the vibration of the mass(on the mounting base and concrete bloak)j,) (Fig. 2).
Assuming the resilient material tested has nedégifiass, the equation of motion is

MK, = =Z, (%, = %) 1)
from which the mechanical impedance is
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at a single frequency it follows that [5]

M = magnitudex [cosphase) + | sinfphase)]
A(jw)
where
A(jw) is Fourier’s transformation of acceleratiar(x;);
magnitude — the magnitude of the ratio denotedAajAy;
phase — the phase difference betwe&andAo.

If only the mounting base (receiver system) of na@atal impedancg, is under consideration, the
equation of motion can be written as
ZXy ==Zy (%~ %) 3)
from which the required vibration transmissibildy transfer function when the resilient material is
loaded by the mounting base system or concreté idee Fig. 2) can be expressed as
X Z
2l=| @)
Xl Zb + Zm
It is more suitable to directly determine the traission los® (in dB) of the resilient material which
can be calculated by the formula
22 -2
D=10lgz or D=101g3; (5)
2 2
The methodology presented here can also be applietther sources of very low frequency acous-
tical vibration, as e.g. air-conditioning systelmsiler systems, cogeneration units, etc. [5, 7,12].,

T =

2.4 Conditions for transfer of vibration through resilient material

The vibro-acoustic energy from the surrounding fl@oput side) to the mounting base (output
side) transferred through the resilient materi#brgwisolation layer) depends on their loading and
implementation (mounting) (see Fig. 2). The dynatraasfer stiffness is most appropriate to char-
acterize the vibro-acoustic transfer propertiethefvibro-isolators for many practical applications
At low frequencies only elastic and damping forases important, the low frequency dynamic stiff-
ness is only weakly dependent on frequency duedtemal properties. In principle the dynamic
transfer stiffness of vibro-acoustic isolators épdndent on static preload and temperature.

'Fl F’J

- . - Receiver system
Resilient material (output side)
X, X, p

Vibration source
(input side)

Figure 3: Simplified corresponding block diagrantloé vibration source — isolators — receiver system

The system consists of three blocks, which reptabervibration source (floor and ground excited
by tool machines), isolator of vibration (resilianaterial) and the receiving system (laser tool ma-
chine and workplace on the mounting base) respaygtas is shown in Figs. 2 and 3. The blocked
transfer stiffness is suitable for isolator chagagzation in many practical cases and for this thee
damping force is not needed. For unidirectionatation of a single vibration isolator, the isolator
equilibrium may be expressed by the following stfs equations

I:l = kl,le + k],2)(2 and I:2 = k2,1X1 + k2,2x2 (6)
whereki,1 andk 2 are driving point stiffness’s when the isolatobiecked at the opposite side (i.e.
x2 =0, x1 = 0, respectively) ankh > and k1 are blocked transfer stiffness’s, i.e. they detlogeratio
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between the force on the blocked side and theatisphent on the driven side. For passive isolators
is k1,2 = ko1, because passive linear isolators are reciprdba&.matrix form of equations (6) is

F=[K] x (7)
. . . . _ k1,1k1,2
with the dynamic stiffness matrices [k] = K (8)
21722
For excitation of the receiving structure via teelator
k =2 (©)
XZ

wherek;, denotes the dynamic driving point stiffness of theeiver. From Eq. (6) and Eg. (9) it
follows that

X 10
i (10)

Therefore, for a given source displacemarthe forceF. depends both on the isolator driving point
dynamic stiffness and on the receiver driving pdiyiamic stiffness.

However, if‘kzz‘ < O,]jkr| , thenF2 approximates the so-called blocking force to withd %, i.e.

F2 = F2, blocking= k2,1 X1 (11)

Because vibration isolators are only effective ket structures of relatively large dynamic stiff-
ness’ on both sides of the isolator of vibratiogs{lient material), Eq. (11) represents the intende
situation at the receiving end, therefore thesditmms have to be respected when setting up the
vibration isolator.

3. Frequency analysis of the results and discussion

3.1 Frequency analysis before the installation of the mounting base

In Fig. 4 the position of the vibration sourcesndeed by 1, 2 and 3, with respect to the
mounting base and the corresponding frequency gpast of the vibrations measured on the
floor, in close proximity to the mounting base,different measurement points is shown. The
prolonged effects of the vibro-acoustic waves esdifrom these sources can lead to damage in
the technological and building structures (e.gcksain walls and floor), decreased accuracy of
products, as well as health risks to persons invtbimity [13, 14, 15, 16]. With respect to the
dynamic loading of the mounting base, the amplitudelow frequencies are affected by the
chosen measuring points on the surrounding floarcstires. Design of the mounting base vi-
bro-isolation must incorporate the amplitudes afederation in the frequency range from 1 Hz
up to approximately 100 Hz. The distances of therses of vibration and shock loading from
the mounting base of a machine are important véagin calculating the maximum amplitude
of waves that propagate from these sources [1117p,

From the frequency spectra in Fig. 4 the peak valceeleration amplitudes can be deter-
mined. The maximal values of the dynamic loadingusced in the frequency range from 30 Hz
up to 100 Hz and at a frequency of 224 Hz. It sHda# noted that the frequency of 224 Hz is
significant during technological idle times, as Wwdlhe source of this frequency with strong
amplitude is ventilating system and have not efemt the foundation. From the frequency
spectrums an obvious dependence of the amplituddeofvibration acceleration on the fre-
guency, and the amplitude difference between thekdp@und and the individual measuring
points near the installation of the mounting bagere observed.
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Figure 4: Position of the dynamic sources withmerfee to the analysed space amduency vibration spec-
trum of the floor exited by machine tool (dynamic sourcesi different measurement points

3.2 Frequency analysis after the installation of the mounting base

The frequency response of the mounting base sudiage and their transfer to the vibro-
isolated foundation (mounting base) is shown in. BigBy comparing frequency-amplitude
characteristics for the measured mounting basejfgignt differences in the transmission loss
of vibration energy can be observed. The inputespnted by measurement point M6 and out-
put represented by chosen measurement points MAardM7 (see Fig. 4) were analysed. The
transmission loss at the 63 Hz (maximal amplitusla¥ different and depended on the flanking
transmission and theory of wave propagation [5The attenuation of the transferred vibration
energy between point M6 and M2 was 12.7 dB, betwsents M6 and M5 it was 14.7 dB and
between points M6 and M7 it was only 6.6 dB. Basedthe measured maximum vibration
acceleration values shown in Fig. 5, for variousaswement points, exposure to the analysed
vibration and shock of the vibro-isolation mountingse, returned higher values of acceleration
than was expected [9]. It was based on a compaw$dhe requirements of the manufacturer
with refer to maximum acceleration and maximum sbeslues of the vibration and shock and
the measured results of dynamic loading on the mingrbase of the laser tool machinery, and
on the comparison of the amplitudes of accelerateiore and after installation of the mounting
base. The amplitude difference between the backgt@nd excitation from external sources
considering vibro-isolation with flanking transmies was analysed, as well. The flanking
transmission was confirmed by experimental measarmgsmperformed on a sample near the
mounting base for the same excitation, resilientemal and measurement conditions.

In general, the vibration isolators are effectivdyobetween the structures relatively high
dynamic transfer stiffness on both sides of theatilon isolator and without flanking transmis-
sion as is shown hereinafter.
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Figure 5: Frequency spectra of measurement pomtee@mounting base and background
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3.3 Determination of the vibro-isolation efficiency

The model shown in Fig. 1 utilizing Egs. (1) to 14 correct under the assumption that the resil-
ient elements form the only transfer path betwdenvibration source and the receiving structure
(mounting base). In practice there may be mechboiGcoustical parallel transmission paths which
cause flanking transmissions. For any measuremetitad of isolator properties, the possible inter-
ference of such flanking with proper measuremeasstb be minimized.

The results of frequency analysis on the mountiagebshowed that the transmission atten-
uation of vibration isolation material does not cleahe calculated value. The measurement
results indicated the formation of flanking transeion that was flowing back through the fine-
grained concrete into the gaps between the mouridasg and the surrounding environment
(floor, ground).

To confirm this, an experimental sample was setge (Fig. 2b) using the same isolation
material and the same conditions of excitatioms ktlear, that there is no flanking transmission
and the contact of vibration isolation materialoisly with the floor (excitation) on the input
side and with the concrete block on the output $ideeiver). The results are confirmed by the
frequency spectra in Fig. 6, where transmissios ksthe frequency of 63 Hz reaches a value
of 24.5 dB for the experimental sample (Fig. 6bgl @ime transmission loss between the meas-
uring points M6 and M2 situated on the mountingebasonly half, i.e. 12.7 dB (Fig. 6a).
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Figure 6: The frequency spectra representing #resinission loss of the excitation input M6 and ntoun
ing base output M2 (a) and on the experimental &y, and time record representing the transioissi
loss in the mounting base and in the experimeatale (c)

It is notable that the value of the maximum acaien measured using experimental sample
(near the mounting base) on the concrete block whepresented the mounting base was sev-
eral times less than the actual mounting baseeas#ime excitation, and attenuation between
input and output is more than 10-fold, in contrasthe 3-fold attenuation in the measuring
points M6 (input) and M2 (output) on the mountingsk. Also, a transmission loss of 24.5 dB
on the experimental sample, is substantially gretiten the transmission loss between points
M6 (input) and M5 (output) on the mounting base atlue of 14.7 dB and between measuring
points M6 (input) and M2 (output) with just 12.7 dBhich is half of the value of the measured
experimental sample. The values of maximum accgterand transmission loss for the mount-
ing base and the experimental sample confirm tlesegmce of flanking transmission between
the mounting base and the ambient environment titora
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4. Conclusions

Vibration and structure damping constitutes the twost widely applicable means for the
control of vibration and structure-born sound, attrly in the audio frequency range. Vibration
isolation in essence involves use of a resilienhection between a source of vibration and a space
to be protected. For the effective insulation, sareeessary parameters must be fulfilled and it is
important to create specific conditions [5, 8, 1R]is very important to obtain the frequency
spectrum of the source of vibration. Using the tizgentroduced above the transmission loss of the
material which requires isolation can be calculated

The problem of low frequency vibration sourcesngraission and their influence on machines,
structures and humans is currently of great intekespecially, their effects on persons in proxynbit
these sources which can affect physical healthcesate mental problems when an exposed to these
frequencies for long periods of time as is showiréfs. [11, 13, 14, 16]. Increasing noise due to
insufficient vibro-isolation has an effect on thentdort of employees and affects their safety and
productivity.

Figure 6¢ contains the time record of the impulsesa with corresponding time record of the
mechanical vibration. Decreasing noise after theaoh of the tool machines is more gradual than
the vibration. It is causes by transformation ofistural-borne noise from the surrounding building
structures on the air-borne noise. Lowering thernsity of structural-borne noise by effective
vibro-isolation will also reduce noise levels at thorkplaces.
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