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The article presents the design of the compaction table with the option of fixing the vibration exciter on the lever, providing
that there is free space under it (when fixing the compaction table on the supporting structure above the floor line). The authors
have conducted research on a specially created research model, aimed at determining the dependence of the amplitude of
vibration on the lever length, on which the vibration exciter is fixed, and on the load on the moving member of the compaction
table. A research model of the compaction table with lever fixturing of the vibration exciter was created in order to conduct
research and obtain measurement results. The results of the conducted research have shown that with increasing the length of
the lever, on which the vibration exciter is fixed, the values of the shock pulses acting on the vibratory plate increase accord-
ingly, and the increase in the load leads to the decrease in the magnitude of the shock pulses. The obtained results provide an
opportunity to reduce energy consumption in production and to continue further research in this study area.

Keywords: concrete mixture, resilient support, spatial vibrations, vibration exciter, vibration amplitude, vibration compaction,
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BB Ba:KiJIbHOIO 3aKpinuieHHs BiOPO30yaKyBada
Ha 3arajbHy eQeKTHBHICTH BiOpPOyIIiIbHEHHSA
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! Hauionanbhuuii ynisepcuter «IlontaBebka nosnitexuika iveni FOpist KongpaTiokay
2 HanjonaneHuii ynisepcuret «Ilonraschka nositexnika imeni I0pis Konaparroka»
*Anpeca s muctyBanHs E-mail: korobko@pntu.edu.ua

V crarTi po3risiHyTa KOHCTPYKILS BiOPOCTOITY, Y SIKOTO 33 HassBHOCTI BUIBHOTO MPOCTOPY i HUM (IpH 3aKpimuieHHi BiOpoc-
TOJIy Ha KapKaci BHIIE IUTOIIMHY ITi/UTOTH) BUHUKAE MOXKIMBICTh 3aKpIIUIEHHs BiOp0o30y/KyBada Ha Baxeni. Baxins 3 BiOpo3-
OyIKyBadeM 3aKpIINTIOETECS BEPTUKAIBHO ITiJT BIOPOILIUTOIO 1O HEHTPY 3HU3Y. [IpuBoauThCs omuc podotH BiOpocToy npu
Iii Ha HBOTO BaXIJIBHOTO 3aKpiruieHHs BiOpo30ymxyBada. Hanani kineMaTnaHa cxeMa BiOpOCTOITY 3 BaXKUIBHUM 3aKPIIUICHHIM
BiOp0O30yKyBaUa Ta po3paxyHKOBa CXeMa BU3HAUEHHs BiOPOKOIMBaHb Ha BiOporumrTi. JlaHa KOHCTPYKIis BiOpocToiry Oyna
CTBOpEHA y BUIIISAI fociiaHoi Moeri. Ha Hi 3a 7omoMororo BUMIpIOBaIbHOTO 00IaiHAHHS IPOBEACHI HOCHIPKSHHS, METOIO
sIKuX OyJI0 BUSIBJICHHS BIUIMBY Ba)KiIbHOTO 3aKpilIeHHs BiOp030ymKyBada Ha BiOPOYILIIbHEHHSI, @ CaMe ICHYBaHHS 3aJIe)KHO-
CTi aMIUTITYyAM BiOPOKOJIMBAaHb Bijl TOBXKHUHU BaXKellsl, HA SIKOMY 3aKpiIUIeHHI BiOp0o30yKyBad, Ta BiJf HABAHTAXKCHHS HA Py-
XOMY 4acTuHy BiOpocrtoiy J{oBxuHa BaxKiisl MmiJ Yac eKCIepUMEHTY 3MiHIoBajacs noctymnoso Bix 0 10 150 MM, a HaBaHTa-
JKEHHS TaKoXK 301LIbIIyBasIoch mocTynoBo Bifg 0 no 0,36 kr mpu moctiiiHiii nomxuni Baxinst 150 mm. Ha 6asi pesynbrariB
JOCII/IIB Ta OTPUMAaHHX NOKA3HHKIB OOy n0BaHi Tpaiky 3a1€XKHOCTI BEIMYIHN yAApPHUX IMITYJIBCIB BiJl JOBXKUHU BayKels Ta
BiJl HABAaHTA)KCHHS Ha BIOPOCTLN. Pe3ynpraTé mpoBeaeHuX JOCIIPKEHb ITOKa3yIOTh, IO IPH 301IBIICHH] JOBKHHY BAXLIS, HA
SIKOMY 3aKpITUTIOEThCS BIOpO30yxKyBad, BiIOBIIHO 30LIBIIYIOTECS 3HAUEHHS yJapHUX IMITYJIECIB, IO AIIOTH HA BIOPOILIUTY,
a 301IbLICHHS] HABaHTA)KEHHSI Ha BiIOPOIUTHTY MPUBOAUTD 10 3MEHILICHHS BEIMYUHH YIAPHUX iMITybciB. OTprMaHi pe3yabTaTi
BKa3yIOTh Ha Te, 1[0 33 PaXyHOK MMOKPAIICHHs BiOPOYIIINbHEHHS BiJl 3MiHH aMIUTITYJ{ € MOXJIMBICTh 3a0IIaANTH SHEPrOBH-
TpaTH NpH BUPOOHUUTBI. JlaHi pe3y/bTaTh TaKoXK AAl0Th NEPCIEKTUBY I IPOBEACHHS IOJAJIBIINX AOCHIIDKEHb Y HAIPAMKY
MOKpAIIEHHS eHeproeeKTUBHOCTI Ta 3arajbHOi eeKTUBHOCTI BiOPOYIIIIbHEHHSL.

KuarouoBi cioBa: amiuniTyna BiOpokosBaHb, OCTOHHA CyMiml, BiOpo30ymKyBad, BiOPOCTLNI, BiOPOYIIiIbHEHHS, IIPOCTOPOBI
KOJIMBaHHS, IIPYXKHS OIOpa
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Introduction

Concrete mix compaction is one of the most respon-
sible operations in the manufacture of concrete and re-
inforced concrete products. As far as concrete-mix vi-
bration is widely used in the construction industry, the
process of its application has been considered by a
number of authors [1-5]. In other words, it can be said
that the manufacture of construction products without
vibration compaction is not carried out at all [6,7].
Therefore, the manufacturing application of the design
of the vibratory compactor, which, at limited metal in-
tensity has the appropriate characteristics of vibration
compaction, is an urgent challenge [8]. The ability of
the vibratory compactor to transmit the appropriate
level of vibration compaction to the concrete product
without significantly complicating its design is closely
related to the reduction in the time of vibration compac-
tion. With the increase in electricity prices, reducing the
operating time of the electrical part of the device leads
to electricity savings. Therefore, the creation of an en-
ergy-saving vibratory compactor is the task that must
be solved, first of all in order to reduce the cost of con-
crete products.

Review of the research sources and publications

The manufacture of concrete and concrete products is
regulated by standard specifications and engineering
standards [9-13]. Compaction tables for paving flags
are widely used in the production of small-scale con-
crete products [14]. The structure consists of movable
and immovable frames. The immovable frame serves
as the basis of the vibration exciter. The movable frame
is installed on an immovable frame through vibration-
damping springs. A mechanical vibration exciter, the
axis of rotation of which is located parallel to the plane
surface of the frame, is rigidly mounted directly to the
lower plane of the movable frame. Plastic molds, pre-
liminarily filled with concrete, are installed on the up-
per plane of the movable frame. Plastic molds are made
with a profile, which is provided to future products.
When the vibration exciter is brought into action, the
vibrational oscillations from it are transmitted directly
to the plastic molds, in which concrete-mix vibration
takes place. The movable frame is held due to vibra-
tion-damping springs, which transmit gravitational
forces to the immovable frame.

There is also a vibration machine for the formation of
small-scale concrete and reinforced concrete products
[15]. In design, it coincides with the previous model
[14], but the axis of rotation of the vibration exciter is
located at an angle of 30 degrees to the plane of the
movable frame. Such location of the axis of the vibra-
tion exciter allows changing the direction vector of vi-
bration oscillations pertaining to the plane of reinforced
concrete products, which improves the conditions of
their vibration compaction. However, direction change
of vibration does not allow to reduce the energy con-
sumption of the vibration compaction process.

Definition of unsolved aspects of the problem

One of the main problems in mechanical engineering,
which constantly needs to be solved or improved, is the
problem of energy conservation [16].

Vibration-damping springs reduce the amplitude of
vibration oscillations, especially in the area of their lo-
cation. This requires increasing the power of the vibra-
tion exciter to achieve the required values of vibration
oscillations [17].

Problem statement

The main task is to create conditions for increasing
the amplitude of vibration vibrations without signifi-
cantly complicating the design of the compaction table
in order to improve the compaction of construction
mixes and reduce energy consumption.

For this purpose, the authors offer the effective model
of a compaction table with lever fixturing of the vibrat-
ing exciter in free space under a vibrating plate. It is
necessary to conduct research on a specially created
bench tester and then to estimate the efficiency of the
offered installation (model) based on the obtained re-
search results.

The purpose of this study is to identify the depend-
ence of the amplitude of vibration on the length of the
lever, on which the vibration exciter is installed.

It is assumed that with increasing the lever length, the
amplitude of vibration will increase.

It is also necessary to confirm the effectiveness of the
proposed design of the compaction table depending on
the load level. It is planned to conduct the study of the
load capacity of the structure, which would determine
the dependence of the amplitude of vibration oscilla-
tions on the load on the moving part of the compaction
table.

Basic material and results

The formulated problem is solved due to the lever fix-
turing of the vibration exciter 3 relative to the vibro-
plate 1 (see Fig. 1).
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Figure 1 — Kinematic scheme of the compaction ta-
ble with lever fixturing of the vibration exciter
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Vibroplate 1 is fixed on the elastic supports 5 and 6.
Under the bottom of the compaction table, in its middle
(point A), lever 2 is rigidly fixed at the angle of 90 de-
grees. The lever length £ is determined by the height of
frame 4 of the compaction table, and the increase in its
length € may affect the change of the amplitude of vi-
bration. The operation of the compaction table with the
lever fixturing of the vibration exciter is as follows. The
vibration exciter is an electric motor with an eccentri-
cally fixed load. When the electric motor shaft of the
vibration exciter rotates, the vibrating exciting force is
directed in the radial direction and changes it circle-
wise within 360 degrees. For example, let us consider
the instantaneous horizontal direction which is shown
in Fig.1. We present the compaction table with the lever
as a braced structure. The vibration direction on the vi-
broplate 1 at the anchorage point of the fixturing of the
elastic support 5 is as follows. The horizontal compo-
nent Fr is transmitted from the horizontal force of the
vibration exciter F3. But, in addition to the horizontal
component Fr, there is a vertical component F, whose
operation is conditioned by the lever fixturing of the vi-
bration exciter. When considering the rotation of the vi-
broplatform with the lever with respect to the point
“A”, the horizontal force of the vibration exciter F3 tries
to rotate the vibroplate with respect to the point “A” and
causes the occurrence of the specified vertical force
component FB, the value of which increases with in-
creasing the length € of the lever 2. The joint action of
forces FB and Fr in general, through the single-sided
support of the vibration exciter, significantly increases
the value of vibration not only for the horizontal direc-
tion of the F3 force but also for all 360 degrees of di-
rection.

Figure 2 — Calculation scheme for determining
vibration oscillations on the vibroplate

The compaction table with the lever fixturing of the
vibration exciter, which contains the vibroplate (1),
elastic supports (5,6), the frame of the compaction table
(4), the vibration exciter (3), is characterized by the
availability of the lever (2), which is rigidly fixed to the
vibroplate (1). The vibration exciter (3) is fixed on the
lever (2), the lever fixturing of the vibration exciter (3)
causes an increase in the component values of vibration
oscillations on the entire plane of the vibroplate (1).

Let us consider the relationship between the exciting
force of the vibration exciter F3 (see Fig. 2) and the val-
ues of vibrations on the vibratory plate in the place of
fixing the spring-controlled vibration-damping spring —
the point “C”.

Let’s say that the vibroplate with a lever is a braced
structure. The vibroplate on the perimeter is in resting
contact upon flexible supports and has the possibility of
free motion in any direction. Put the case that the spec-
ified braced structure conditionally rotates with respect
to the point of attachment of the lever to the vibroplate
(point “A”). Therefore, we have indicated the point “A”
as an instantaneous fulcrum point (Fig. 2). The axis of
the vibration exciter is located parallel to the plane of
the vibroplate and is defined by the point “O”. When it
rotates with an angular velocity w, the centrifugal ex-
citing force F3 arises. In Figure 2, some points of the
gravitational center of the unbalanced load of the vibra-
tion exciter are marked as 1-4. The instantaneous excit-
ing force F3 is applied at these points. For example, let
us consider the instantaneous position of the gravita-
tional center of the vibration exciter at point “4”. In this
position, the action of the exciting force F3 causes a
burst of the vertical component of the force FB over the
flexible support at the point “C”. Its value can be deter-
mined by the formula through the ratio of the length of
the fastening levers:

F=F.Ub; (1)

From the analysis of formula (1) it is apparent that
with increasing lever 1 length, the vertical component
of the force FB increases in direct proportion. Assuming
the actual size of the experimental vibration exciter,
namely: / = 0; 0.025; 0.05; 0.075; 0.1; 0.125; 0.15 m
(seven variable sizes); b = 0.2 m; F. = 0.64 H, we have
constructed a theoretical graph of the change in the val-
ues of shock pulses depending on the lever length of the
vibration exciter (see Figure 6). In this graph, we have
presented not the values of the vertical component of F,
force, but the values of shock pulses in the dimension
of decibels (dB) caused by the FB force. The change of
the values of the dimension of the force “H” into the
dimension of the shock pulses “dB” was carried out
based on table 6 [18]. We need a dependency graph in
the specified dimension to further compare the theoret-
ical values of vibration pulses with their practical meas-
urements.

An experimental model of a compaction table with a
lever fixturing of a vibration exciter was created in or-
der to conduct research and obtain measurement results
(see Fig. 3, 4).

The experimental model is a compaction table with a
reduced scale of 1:10. The vibroplate is placed on the
metal frame with four frame legs by means of elastic
supports. Below it, in the center, we have rigidly fixed
the vertical lever, to which we have connected a vibra-
tion exciter, which is an electric motor with an eccen-
trically fixed load. The lever length can vary within 0O;
50; 100; 150mm. The vibration exciter is actuated by
an electric power supply.
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Figure 3 — An experimental model
of a compaction table with a lever fixturing
of a vibration exciter
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Figure 4 — An experimental model
of a compaction table with leverless fixturing
of the vibration exciter

The ISP-1 vibrometer (see Fig. 5) was used for meas-
urements, with the help of which we obtained the val-
ues of shock pulses (dB) at the test points of the exper-
imental model of the compaction table.

Figure S — The ISP-1 vibrometer for measuring
the values of shock pulses (dB) at the test points
of the experimental model of the compaction table

In the first study, the measurements were performed
as follows.

The place for measurements was chosen on the upper
plane of the compaction table, at the point above the
vibration-damping spring. At the beginning of the
study, the vibration exciter was fixed leverless (/ = 0),
it was actuated and the obtained indicators of shock
pulses in dB were taken. Then the lever length varied
in the above-mentioned ranges from 0 to 150 mm and
the appropriate experimental parameters were received
as well.

Based on the results of the carried experiment and the
obtained indicators, we constructed a graph of the de-
pendence of the magnitude of shock pulses on the
length of the lever, on which the vibration exciter is
fixed (Fig. 6).

a, nb
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Figure 6 — Value change graph of shock pulses

a (dB) depending on the lever length, fixturing

the vibration exciter 1 (mm), relationships ratio:
1 - theoretical, 2 - experimental

From the analysis of the ratio, presented in Figure 6,
the following conclusions can be drawn. The lever lo-
cation of the vibration exciter confidently increases
pulse amplitude, which is confirmed both theoretically
and practically. The discrepancy between theoretical
and practical results, in our opinion, is due to the fact
that the theoretical curve has been obtained without ref-
erence to the weight of the vibroplate and has higher
values than the experimental one. This encourages us
to develop a theoretical model that would take into ac-
count the weight of the vibroplate.

In the second study, we considered the dependence of
the vibration oscillations amplitude on the load on the
moving part of the compaction table at the optimal lever
length / = 150 mm. The load was gradually increased,
changing the weight of the moving part of the compac-
tion table. The weight of the moving part of the com-
paction table was increased by placing additional load-
ing weighing 0.12; 0.24 and 0.36 kg. Values indicators
of shock pulses were measured, as in the first study, on
the upper plane of the compaction table at the point
above the vibration-damping spring (Fig. 7).

Based on the obtained results, we constructed the
graph of values’ variance of shock pulses depending on
the load on the moving part of the compaction table
(Fig. 8).
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Figure 7 — Experimental model
of a compaction table with lever fixturing
of the vibration exciter under load

a, nb

0 - T
0 006 012 018 024 03 036 X

Figure 8 — Value change graph of shock pulses
a (dB) depending on the load on the compaction
table weighing Q (kg)

Conclusions

The results of the research show that with increasing
the length of the lever on which the vibration exciter is
attached, the values of the shock pulses acting on the
vibro plate increase accordingly. That is, without
changing the electric driving power, it is possible to in-
crease the amplitude of vibration with the length of the
lever for fixturing the vibration exciter.

It has been confirmed that increasing the load on the
moving part of the compaction table leads to a decrease
in the current amplitude of vibration oscillations. This
factor must be taken into account in the production of
concrete products, assigning operational and techno-
logical parameters of the proposed design of the com-
paction table.

Having considered the advantages of the proposed
compaction table design, we found out the vibration ex-
citer can be fixed on the lever when there is free space
under it (when fixing the compaction table on the frame
above the floor plane). The lever fixturing of the vibra-
tion exciter allows increasing the amplitude of vibra-
tion oscillations on the compaction table with a slight
increase in steel intensity. This has got a positive effect
on improving the quality of vibration compaction of
concrete products with an overall reduction in energy
consumption.
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