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The problem of reducing the negative impact of vibration on staff and equipment and their compliance with sanitary standards
is always relevant for construction vibrating machines with vibration exciters of various types and modes. So, in practice,
vibration isolation of vibroactive elements of vibrating machines and technological equipment is applied using systems with
quasi-zero stiffness. This article highlights the results of experimental studies of changes in the elastic qualities of vibration
support parameters at different pressure levels and changes in the length of the free part of the elastic element. Therefore, the
construction of a vibration support with a limiter of the free part of the elastic element was developed. The stiffness of the
support changes as a result of changing the free part of the support with metal limiters. The results of the search experiment
showed that the deformation of the rubber element is carried out according to a law close to the linear one. Therefore, a
mathematical model in the form of regression was built to conduct the main experiment and process the obtained data. The
obtained regression equation makes it possible to establish the dependence of the shrinkage of the support when the pressure
on it changes and the height of the free part of the elastic element.

Keywords: vibration amplitude, vibration support, vibration isolation, vibration platform, vibration exciter

OOrpyHTYBaHHS JOUIIBHOCTI 32CTOCYBAHHS BiOpauiiiHuX onop
3i 3SMIHHMMH IapaMeTpamMu

Ilexa O.IL.'*, SIkoBenko A.M.2, Bexmins B.B.3

12,3 HanionansHuii yHiBepcuTeT «IlonTaBchka mosiTexHika iMeni FOpis Kongparioka»
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IIpu cTBOpeHHI BiOpamiiHIX MalIMH 3 BiOp030yIHUKaMHU Pi3HUX THIIB 1 COCOOIB il 3aBXK/AM aKTyaJbHOIO € TIpoOIIeMa 3MEH-
LIEHHS HEraTMBHOTO BIUIMBY BiOpamii Ha mepcoHan Ta oONagHaHHA Ta iX BINNOBIAHICTH caHiTapHUM HopMmaM. [l ii
PO3B’s13aHHS Ha MPAKTHUIl 3aCTOCOBYIOTh BiOPOI30JSAIiI0 BiOPOAKTUBHHUX €JIEMEHTIB BiOpAIIfHUX MAIIMH I TEXHOJOTIYHOTO
00aHaHHS 3 BUKOPUCTAHHSAM CHUCTEM i3 KBa3iHYJILOBOIO JKOPCTKICTIO. 30KpeMa, Y BIOPOIUIONIaIKaxX i3 KIACHYHOIO TBOMACO-
BOIO CHCTEMOIO BiOpOi30IIsIist MAIIMHY Bif yHIaMeHTy abo poO0oYOro opraHy Ta paMu 3[iH{CHIOETHCS LIIIXOM 3MIiHHU KOPCT-
KOCTI mapaMeTpiB X BiOpauiifHux onop. B cTaTTi BUCBITIIIOETHCS Pe3YIBTaTH EKCIIEPUMEHTATBHUX JOCIIPKEHb 3MIHU TPYXK-
HUX BJIACTUBOCTEH MmapaMeTpiB BiOpamiiHOi ONOPH MPH Pi3HUX 3HAYCHHIX HABAaHTA)KECHHS Ta 3MiHH JIOBKHHHU BUTbHOT YACTHHU
MpYKHOTO eJeMeHTa. BimnosigHo Oyia po3pobieHa KOHCTPYKIisS BiOpoomopu 3 0OMeKyBadeM BUIFHOI YaCTUHH MPY>KHOTO
exeMeHTa. [Ipu HepiBHOMIpHOMY PO3IIONTY HABAaHTaXXKEHHSI Ha BiOpaIiiiHy MaIlliHy 3aIpOIIOHOBaHA KOHCTPYKIIiS OMIOPH JI0-
3BOJISE MiAIOpaTH MapaMeTpH KOPCTKOCTI 1S ii piBHOMIPHOT poOOTH HIISIXOM 0OMEKEHHSI BUCOTH POOOYOT YACTHHU OIOPH.
YKopcTkicTh omopH 3MIiHIOETBCS BHACIIIOK 3MiHM BiJIbHOT YaCTHHHU OTIOPH METAJICBUMH OOMEXyBauyaMH. 3 METOI0 OTPHUMaHH:
JIOCTOBiIpHOT MaTeMaTHYHOI MO/IeJi eKCIIEPUMEHTAJIbHI TOCHIKEHHS IPYHTYIOTBCS HA METO/IaX MaTeMaTHYHOTO [UIaHyBaHHS
EKCIIepIMEHTY Ta MaTeMaTHYHOI CTATUCTUKH. Pe3yJIbTaTH MOIIYKOBOTO EKCIIEPUMEHTY TOKa3aiu, o AedopMallisi F'yMOBOTO
SJIEMEHTY 3/IMCHIOETHCS 32 3aKOHOM, OJIM3BKHUM JI0 JiHiHOT0. ToMy 1UIsl MPOBEACHHS! OCHOBHOTO €KCIIEPUMEHTY Ta 00pOOKH
oJlepKaHUX JaHUX M0OYJOBAaHO MaTeMAaTHYHy MOJIENb y BUIIAIL perpecii. Po3paxoBaHi 3HaueHHs KoeillieHTIB perpecii me-
peBipeHo 3a kpurepieM CrhrogenTa. OTpuMaHe piBHSIHHS Perpecii 103BoJIsie BCTAHOBUTH 3aJI€XKHICTh yCAIKU ONIOPH IIPH 3MiH1
HABAHTA)XCHHs Ha Hei Ta BUCOTH BIJIbHOT YaCTHHH TPYKHOTO €lIeMEHTa. 32 OTPUMAHHMH JAaHUMH MOXKHA MPHUITYCTHTH, IO
3MIHIOIOYH JKOPCTKICTh MPYKHOT BiOpaIiifHOI OMOPH, MOYKHA 3MIHIOBATH B OTPIOHUX MEXaxX aMIUNTYXy BUMYIICHUX KOJH-
BaHb PyXOMOI YaCTHHY BiOPOIUIONIAAKY BiAMOBIHO, 3a0€3MeuyBaTH NOTPIOHY AKICTh YIIIbHEHHS O€TOHHOT CyMili.

KurouoBi ciioBa: ammiitya BiOpokosiBaHb, BiOpamiiiHa omnopa, BiOpoi3ousiis, BibpamiitHa ruomiaaka, Bibpo3oymkyBayd
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Introduction

The development of the construction industry in our
country and abroad is impossible without the creation
of high-performance energy-saving machines and
equipment. The technical operation of machines for the
production and compaction of building materials
(sieves, vibrating plates, conveyors, vibrating stands,
etc.) causes vibrations, which inevitably increases the
intensity and widens the spectrum of their vibration
field’s negative effects. Vibration in machines contrib-
utes to the growth of dynamic pessure in structural ele-
ments, joints and connections, causes the formation and
increasing the number of cracks, decreases the load-
bearing capacity of structural parts, and has a negative
impact on the health of staff [1]. Problems of vibration
isolation of dynamic objects arise in almost all branches
of modern technology. The use of vibration isolation
for vibroactive elements of machines allows to reduce
the negative impact of vibration on technological
equipment and technical staff.

In construction engineering, vibration isolation sys-
tems installed between the source of vibration and the
protective object are widely used to protect against the
dynamic effects of vibrating objects [1,2]. It is better to
use passive vibration isolation systems to protect from
the harmful effects of vibration in practice. as simple
and economic version.

The main characteristics of passive vibration isolation
systems are the frequency of their own oscillations and
load-bearing capacity (reaction to static preasure) [3].
The lower the frequency of natural oscillations of the
vibration isolator, the wider the range of frequencies of
the disturbing force in which the action of the vibration
isolator is effective can be. However, in linear vibration
systems, ensuring the load-bearing capacity of the vi-
bration isolator is usually accompanied by an increase
in its overall dimensions.

Non-linear systems with quasi-zero stiffness are also
used for the construction of anti-vibration systems with
a low natural frequency of oscillation [4]. These sys-
tems are distinguished by the fact that in the working
range they have a gentle section of the force character-
istic and, therefore, have a comparatively low stiffness,
while maintaining a high load-bearing capacity in the
equilibrium position. This allows such systems to be
used as a vibration isolation for objects of large mass,
effective at low vibration frequencies [5], although
their construction may cause certain technological dif-
ficulties.

An urgent task that requires a solution is the usage of
systems with quasi-zero stiffness is to ensure vibration
isolation of structural elements of technological equip-
ment with vibration processes and unbalanced moving
joints [4,6].

Review of Research Resources and Publications

A significant number of scientific developments are
devoted to the study of the influence of the parameters
of elastic vibration supports on the characteristics of vi-
brations of moving parts of vibrating machines [7].
In particular, one study emphasizes that one of the im-
portant characteristics that determine the amplitude of

vibrations of the concrete mixture is the stiffness of the
elastic support. Also, in the scientific thesis it is stated
that the stiffness of the elastic vibration supports is one
of the key parameters for determining the amplitude of
vibration movements of the points of the movable
frame of the vibrating platform [8].

Oscillations in different configurations can be
achieved by adjusting the stiffness of the support in the
horizontal and vertical directions and accordingly
choosing the trajectory that best meets the process con-
ditions [9].

Definition of unsolved aspects of the problem

The characteristics of vibration supports are selected
in accordance with the mass, size and frequency param-
eters of the equipment being isolated, as well as in ac-
cordance with the conditions of its fixation [10].
In most cases a classic two-mass system is imple-
mented for building vibrating construction machines,
since it makes it possible to isolate the machine from
the foundation or from the working body and frame.
Depending on the mass of the sealing medium or the
mode of operation of the vibrating machine, there is a
need to change the parameters of the vibration supports
by changing their stiffness. This can be achieved by re-
placing elastic elements with others with other stiffness
parameters. However, this effect can also be achieved
by changing the length of the free part of the elastic
support element. Therefore, there is a need to study the
change in the elastic properties of the support depend-
ing on the length of its free part.

This article examines the question of changing the
stiffness of the support by installing auxiliary variable
bushings of different heights without replacing the sup-
port itself. At a constant value of the mass of the sealing
medium, reducing the length of the free part of the elas-
tic element of the support, as is known, leads to an in-
crease in its stiffness, and vice versa. As a result, their
rigidity changes for the same design of the supports.

Problem statement

The purpose of this article is to highlight the results
of the study of changes in the elastic properties of the
parameters of the vibration support at different preasure
values and changes in the length of the free part of its
elastic element.

Basic material and results

The elastic supports of vibrating platforms simultane-
ously perform several functions. The most important of
them are the perception of the force of gravity from
those parts of the vibrating platform that are in oscillat-
ing motion and their isolation from the foundation.

It is known that the quality of concrete mixture com-
paction depends on the vibration parameters of the
moving part of the vibrating platform [11,12]. The main
parameters that affect this are the amplitude and fre-
quency of oscillations of the moving part of the vibrat-
ing platform. Also, the moving part of the vibrating
platform is in a state of forced oscillations, the fre-
quency of which is set by the vibration exciter, and the
amplitude depends on the mass of the moving part with
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the mixture and the stiffness of the elastic parts of the
vibration supports [13]

In addition, a change in the stiffness of vibration sup-
ports affects the amplitude of oscillations of the moving
part of the vibrating machine [14], which follows from
equation (1):

A= Jo , )

\/(a)g —a)z)z +45°0*
where 4 — displacement amplitude of the working
body;
fo =Fo/m 5
o — natural cyclic frequency of forced oscillations of
the working body;

p=b/2m;
b — coefficient of dissipative viscous resistance;
) k
Wy =—, 2
m

where k — stiffness coefficient of the elastic support;
m — mass of vibrating parts of the vibrating platform.

From equations (1) and (2) it follows that with an in-
crease in the cyclic frequency wo of the free oscillations
of the system under the action of an elastic force, which
is caused by an increase in the stiffness k of the elastic
support at a constant mass m of its vibrating parts, the
amplitude A of the forced vibrations of the moving part
of the vibrating machine will be decreasing.

In addition, according to these equations, the ampli-
tude of forced oscillations of the working body depends
indirectly on the mass of the vibrating part of the vi-
brating platform, if its other parameters do not change.

In production conditions, there are often cases when
products of different nomenclature are formed on the
same vibrating platform [10, 11]. This means that the
masses of molding products fluctuate within certain
limits, which also negatively affects the quality of seal-
ing.

Taking into account this circumstance, we come to
the conclusion that elastic supports, which have design
possibilities for operational changes of their parame-
ters, in particular for changing stiffness, allow to select
the necessary amplitudes of vibrations of the moving
part of the vibrating machine during the formation of
concrete products of various nomenclature, which en-
sures the proper quality of compaction for the accord-
ing concrete mixtures.

We proposed the construction of an elastic support
(Fig. 1), consisting of a rubber cylindrical hollow cen-
tral part, lower and upper sleeves and variable metal
limiters of the working height of the support. As elastic
elements of vibration dampers, we suggest using rubber
cord sleeves [15].

Limitations of the working height of the support are
proportional to the amplitudes of oscillations of the
working body or the moving frame of the vibrating plat-
form.

With uneven distribution of the load, the proposed de-
sign of the elastic support allows, by limiting the work-
ing height of the support, to select such parameters of
its stiffness that ensure uniform operation of the vibrat-
ing platform.
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Figure 1 — Diagram of a vibration support
with limiters of the free part of
the elastic support element
H — support height; H; — working height of the support;
h; — limiter height 1, high 50 mm;
hy — limiter height 2, high 40 mm;
h; — limiter height 3, high 30 mm.

In order to study the elastic qualities of the support of
the proposed structure, experimental measurements of
support shrinkage were carried out within the ranges of
changes in the initial factors - the load on the vibration
support and the height limitation of the free part of its
elastic element (Fig. 2), and the statistical processing
and analysis of the obtained experimental data was car-
ried out.

The methods of mathematical planning and mathe-
matical statistics were applied during the experimental
studies in order to obtain a reliable mathematical model
of the elastic support [16].

Measurements of support shrinkage were carried out
in the ranges of change of the initial factors described
above, the numerical values of which are shown in ta-
ble 1.

The results of the search experiment showed that the
deformations of the elastic element of the support sat-
isfy the conditions of dependence close to linear. There-
fore, a two-factor linear experimental design was
adopted for the main experiment.

Table 1 — Ranges of change of initial factors

Factor values
Code Code ergfrie
value Xi (load) parto
elastic sup-
port)
The main 0 35 75
level
Yarlatlon AXG 45 25
interval
Upper + 130 100
level
Lower ) 40 50
level
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Figure 2 — Measurement of the load
on the vibration damper with a limiter

The experimental planning matrix and obtained
measurement results are shown in table 2.

Table 2 - Implementation
of the experimental plan

Experi- Inter-
ment ) Y, Y» Y3 Yo
No plan action
X1 | Xo | XiX2
1 + + |+ 7,9 8 7,85 7,92
R - + |- 26 |27 |25 2,6
B + - - 5,9 5,4 5,6 5,63
U - - + 1,9 1,7 1,9 1,83

The implementation of this experiment and the pro-
cessing of the obtained data allow obtaining a mathe-
matical model of elastic support in the form of a regres-
sion equation (3):

y=bot+ b1 Xi+ b Xo+ b3 X1 X, (3)

where y — support shrinkage;
bo, b1, ba, b3 — regression equation coefficients.

As a result of the calculations, the numerical values
of the regression coefficients were obtained:

bo = 4,5;

b1 =12,28;
by =0,76;
b3 =0,38.

The calculated values of the regression coefficients
were tested for significance according to the Student's
test and found that all of them are significant.

So, the required regression equation has such
form (3):

y=45+228X1+076 X2 +0.38X; X5, (4)

The resulting equation establishes the dependence of
support shrinkage on changes in the external preasure
on it and the height of the free part of the elastic support
element.

This equation was tested for adequacy by the Fisher
test. It was established that the difference between the
corresponding values of the experimental data and
those calculated according to the regression equation
does not exceed the permissible limits and the regres-
sion equation reflects the real process of the vibration
support with sufficient accuracy.

The value of the elastic support shrinkage during the
experiment is given in table 3.

Corresponding graphs were constructed according to
the obtained dependence. Thus, the graph of the de-
pendence of the shrinkage of the elastic support on the
preasure during the absence of a limiter is shown in
(Fig. 3).

In order to determine the statistical relationship be-
tween the shrinkage of the elastic support and the preas-
ure applied to it, the correlation coefficient (5) was cal-
culated for each of the options for limiting the free part
of the support, which are presented in table 4.

Lo 2Dy covny), )
DL LD sl

The calculation was carried out using the Microsoft
Office Excel spreadsheet.

Thus, for the free part with a height of 100 mm,
75 mm, and 50 mm, accordingly, the correlation coef-
ficients exceed r = 0.99, which indicates the existence
of a statistically significant relationship between the
variables under investigation.
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Table 3 - Results of measurements

Shrinkage S,mm
No Preasure F,
" |H Free part, L=100 mm _ _
(Without restrictions) Free part, L=75 mm Free part, L=50 mm
1 |40 2,1 |27 2,8 1,9 2,1 2,1 1,5 1,6 1,7
2 |80 4,7 |55 5,5 3,9 4,1 3,9 3.5 3,6 3,5
3 1120 7,1 17,6 7,8 6,6 6,6 6,3 52 52 52
4 | 130 8,31 | 8,7 8,4 7,0 7,0 6,7 5,8 5,7 5,7
10
Table 4 — Correlation coefficients ’ .
Correlation coeffi- ¢ :
Free part . 7 £
cient .
L=100 mm (without limiter) 0,997 7. !
L=75 mm 0,999 5
L=50 mm 0,999 . '
The coefficient of variation (6) for is also calculated, 0
which allows you to compare the level of variation be- ’ » “ Smen ™

tween different limit variants that have different values.

2

s
K, =—Lt100; (6)

S

m _ 2
Vi = Yi
o 2 ™
! m—1

where y;; — value of the optimization parameter in the

Jj-th parallel experiment;
y — the arithmetic average value of the optimization

parameter from m repeated experiments in each i-th ex-
periment;
m — number of parallel experiments.

The calculated values of the coefficient of variation
are presented in table 5, which do not exceed 10%.
So, we can talk about sufficiently high reproducibility
of measurement results during experiments.

Table 5 — Coefficients of variation

Coefficient of vari-
Free part .
ation
L=100 mm (without lim- 3.74%
iter)
L=75 mm 0,47%
L=50 mm 0,48%

Figure 3 — Graph of the dependence of the
shrinkage of the elastic support under the preasure
with the absence of a limiter.

A mathematical model of support with two factors in
natural values was also obtained.

If in the above obtained regression equation (4) to ac-
cept:

_Fi-F, F -85

X, = ;
AF 45 )
S =8, S,-75
X2 = = ;
AS 25

then we obtain the functional dependence of the shrink-
age h; of the elastic support under the external preasure
Fi on the elastic support and on the height S; of the lim-
iter of the free part of the elastic element of the support:

h =—132+0,04 F +0,025, +0,00012F,-S, (9

Graphs of the dependence of the shrinkage of the vi-
bration support under the external preasure on the sup-
port at different values of the limiter are shown in
(Fig. 4, 5).
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Figure 4 — Graph of the dependence of the
shrinkage of the elastic support under the preasure
with a free part of 75 mm.
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Figure 5 — Graph of the dependence of the shrink-
age of the elastic support under the preasure with a
free part of 50 mm

Using the regression equation, it is possible to deter-
mine the shrinkage of the support at arbitrary values of
the external preasure and the height of the free part of
the elastic element within the above-mentioned ranges
of changes in the numerical values of these initial fac-
tors: force values - from 40 N to 130 N; the height of
the free part is from 50 mm to 100 mm.

Conclusions

1 It is described the method of changing the stiffness
of an elastic support by changing the linear size of the
free part of its elastic element with limiters of different
heights.

2 Experimental dependences were obtained to deter-
mine the shrinkage of the support while the external
preasure on it changes and the height of the free part of
its elastic element changes.

3 Practical value of the research is presented in des-
ined vibration resistance with variable stiffness param-
eters. By changing the stiffness of the elastic vibration
support, it is possible to change within the required lim-
its the amplitude of the forced vibrations of the moving
part of the vibrating platform or its moving frame and,
accordingly, ensure the required quality of compaction
of the concrete mixture.
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