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EXPERIMENTAL STUDIES
OF FORMING DESIGN AT DYNAMIC
LOAD

O6’ckmom docnidcernv € npouec pyxy Gopmoymeopiouoi KOLCmpyKyii 6i0payiinoi YycmanosKku i3 npocmopo-
sumu Koausanusmu. OcnoeHuM Hedoikom nodibHux 6IOPOCUCTNEM € GIOCYMMICTY OANUX NPO B3AEMOCTIUGC MAULUN
i cepedosuuy. Pospobiena ma 6uzomosiena excnepumenmanivia sibpayiina ycmanosxka. Yemanosxa ooiaonana
080MA ACUMEMPUUNO BCMANOBIEHUMU SIOPAUTTHUMU 30Y0XCYBAUAMU KOLUBANHD, SKI NPUKpInLeni 6e3nocepedivo 0o
hopMOYMEOPI0I0U0T NOGEPXIHL. 3ANPONOHOBANO HOBY MEMOOUKY GUMIPIOBAHISA PYXY (POPMOYMEOPIOIOUOT KOHCTPYKUIT
i3 posmawyeaniim 0aMUUKi6 6 30HaAX OUHAMIUN0Z0 HaAGaNMadcents. B 0ciosy ixnvozo posmawyeanis nokiadeno
nepeoymosy GUIHAUEHI KOHMAKMHUX CUL 83AeMO0LT niocucmem mixc co6010. A maxoic OuinKy cnieeioHouwens
uacy 0ii ma uacy posnogcrooycenns xeuiv. Taxuil nioxio € HOBUM, OCKIILKU 6PAXOBYE PeabHi CNIBEIOHOWEeHHS
QUNAMIYHUX NAPAMEPIE MAWUNI T cepedosuuya Mide c00010 1 Cmyninb 63acMo8nausy. B x00i docrioncenis suko-
PUCTNOBYBANUCS 3anucu besnepepenol Qikcayil posnooiienns aKkmusHux KoIUeas hopmMoymeopiouoi nosepxui.
Ompumano npunyuno6o HoBUN Pesyivmam, AKuil Noiizae 6 MoMY, wo nepexionutl npovyec nepeddbaueno epaxo-
BYBAMU NPU BUHAYEHT NAPAMEMPIE MA MICUb POIMAUYEAHIHS 6IOPAMOPIE. 3A60AKU UbOMY Peani3yIomvcs opmu
BILACHUX KOIUBAND CUCTIEMU 3 OLIGUUMU 30 SHAYEHHUAM AMNIIMYOAMU KOIUBAHD A GI0N0GIOHO HUNCHOTO UACTNO-
moro. Y nopisusuni 3 ananozivnumu 6i0oMuUMU KOHCMPYKUIAMU 8I6POYCMAN0B0K Ue 00360AE 3HAUHO SMEHUUMU
enepzoeMnicms npueodis 6ibpauitinoi mawun. 3acmocysaniis NHeeMamuuHux 30YOHUKI6 8 PealbHUX 3A600CLKUX
YMOBAX 3HUNCYE PIBEHb WYMY MA NPUCKOPIOE WEUOK00H0 npouecy yuwirvienns bemonnoi cymiwi. Pospobaeni
npaxmuuni pexomenoauii Ois Pauionaivbnozo KOHCMPYKMUEH020 0(hopMieHis nepepizie Gopmoymeopionuoi
Koncmpyxryii. Busnaueni mexnonoziuii napamempu Koiusany 3 HOGUMU SHAUEHHAMU SUXIONUX YUCIOBUX SHAYUCIHD
AMNIIMYOHO-UACTNOMI020 PeHCUMY 30YOHUKA KOAUsas. [Ns KOHCMPYI08aniis noOiOHUX (OPMOYMBEOPIOIOUUX
KOHCPYKYIU 6U3Hadeni Micus ycmanosxku siopamopie. Ompumani pesyiomamu Mojicyms Oymu uKopucmai
Y CYMINCHUX NPOUECAX, HANPUKLAO, 8 20PHOPYOHIL NPOMUCIOBOCTIE, K AKMUGHT NOGEPXHI s MPAHCIOPMYBANILI
PYou, 0ist nepemiueniist CYcnensii i PoUUnie 6 XiMiunii nPOMUCIOBOCTII.

Kmouosi cnosa: excnepumenmanviia Mooenb, hopmoymeopoioua KOHCMPYKUis, nPoCmopose HaAGAHMANCenLs,
HANPYACeHo-0ehopMOsaAnUil Cmai.
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Svidersky A.,
Oryshchenko S.

high quality of the finished product, a significant reduction
in energy costs and increased productivity. Energy saving
is an urgent task of research and development. Vibra-
tion machines and processes occupy an important place
in the construction industry. With the help of vibration,

1. Introduction

At the present stage of development of the construction
industry there is an urgent problem of introducing such
technologies and machines, which make it possible to ensure

s
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the processes of grinding, sorting, transportation, mixing and
compaction are carried out. As a rule, such machines are
designed and created on the basis of design models that take
into account the characteristics of the processing medium
and the machine with discrete parameters. To date, there
is a significant discrepancy between the existing physical
and mathematical models that describe the movement of
vibration machines and sealing media. This lack of gene-
rally accepted computational models adequately reflects
the real picture of the movement of the machine and the
movement of the processing material makes it difficult to
develop an effective vibration technique. The behavior of
metal structures of machines of this type under the ac-
tion of dynamic loads was studied very little. Performing
experimental studies of models is the basis for creating
a new class of machines with minimizing energy costs.

2. The ohject of research
and its technological audit

The object of research is the movement process of forming
structures of a vibration unit with spatial oscillations. The
main disadvantage of such vibration systems is the lack
of data on the mutual influence of machines and media.

The vibration unit simultaneously performs the function
of a mold for a concrete mix and consists of a welded
box-section frame, which is installed on rubber elastic sup-
ports on a concrete foundation. Vibration unit is equipped
with two, not symmetrical installed centrifugal generators
of high-frequency oscillations. Two non-removable sides
and one movable side are fixed on the frame. A geo-
metric 3D model is created to study the vibration unit,
on the basis of which the design finite element model is
developed (Fig. 1).

Fig. 1. Design 3D model of vibration unit for the formation and compaction
of concrete mixtures

The preliminary calculations are performed to deter-
mine simple and more complex waveforms. The choice is
the possibility of implementing modes of operation with
higher levels of energy transfer to the processed medium.

The most interesting issue in the study of such struc-
tures is the determination of the laws of energy transfer
from the forming surfaces to the processed medium. As
well as the use of wave phenomena in the forming sur-
faces in the implementation of operating modes at the
main oscillation frequencies.

3. The aim and ohjectives of research

The aim of research is experimentally determination of
the amplitudes of oscillation forming the surface of the
structure of the vibration unit.

To achieve this aim, the following objectives are defined:

1. To develop an experimental model of vibration unit
with active forming surfaces.

2. To evaluate the basic frequencies and amplitudes
of oscillation of forming surfaces.

3. To test the hypothesis of the presence of wave phe-
nomena in the forming surfaces of the structure of the
vibration unit.

4. Research of existing solutions
of the prohlem

A number of works are devoted to the study of vibra-
tion units. Thus, in [1], an approach for modeling dynamic
systems with distributed parameters is proposed. The given
method of taking into account not only elastic, but also
dissipative properties of the medium processed during
oscillation. In [2], an analytical method is proposed for
determining the influence of the processed medium on
the dynamics of the «machine — medium» system. The
analytical dependences for estimating the influence of the
medium resistance at poly-frequency oscillations are ob-
tained. In [3], studies of a shock vibration machine for
molding concrete products are given. Studies are based on
the determination of the reduced mass and the equivalent
coefficient of resistance of a concrete mix. As a result,
the dependences for the description of wave phenomena
in the medium are obtained. However, the results of ex-
perimental determination of the dynamic parameters of
the investigated units in the above works are absent.
The authors of [4] consider a dynamic system capable
of accumulating internal energy. Phenomena in complex
nonlinear systems, as the authors note, are promising
direction and require additional research. Experimental
studies of the oscillatory system using measurements of
accelerations are given in [5]. The study is based on
a certain oscillation spectrum and the identification of
natural oscillation frequencies. The method can be used
to study more complex dynamic systems. Measurements of
the dynamic characteristics of systems in order to identify
defects in structural elements are described in [6, 7]. In
these works, the technique of applying experimental stu-
dies of vibration and their processing is presented. It is
proposed to improve the computational model based on
the obtained dynamic characteristics. Such an approach
can be used to verify the conformity of the mathemati-
cal and experimental models of the investigated complex
dynamic systems [8, 9]. In [10], the method is applied to
nonlinear active vibration control systems. As the authors
note, the advantage of such an integral method is that
there is no need to know the system parameters, such
as mass, attenuation and stiffness coefficients, which are
usually obtained by finite element methods. According to
the measurement of oscillations, acceleration measurement
sensors are usually used [11]. But at the same time there
are alternative solutions. Thus, in [12], options for remote
measurement of oscillations using laser and optical devices
are considered. And the use of oscillation sensor based
on an optical fiber is proposed in [13]. Of course, such
data acquisition systems are highly accurate and sensitive.
But their application is limited to high cost.

Thus, the results of literary analysis allow to conclude
that acceleration measurement sensors are used to measure
dynamic parameters. The use of strain gauge measurement
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methods is one of the modern and effective for fixing
dynamic parameters. This is due to the ability to simul-
taneously record both numerical and qualitative charac-
teristics, taking into account the phase shift.

5. Methods of research

To implement the research of vibration unit, the fol-
lowing sequence of research works is assumed:

— analysis of calculations of the structural elements
of the machine in terms of accounting for all types
of loads that are carried out in the machine design;
— development of a computer model of the object of
research (general or some of the most loaded nodes,
structural elements);
— carrying out additional modeling and calculations
to determine the behavior of structural elements and
the machine as a whole, while the various loads act
simultaneously;
— development on a computer model of a matrix of
control points of limiting values of integral characteristics
of the structure state for further use in field tests;
— carrying out field tests by applying certain loads
on its model;
— adjustments of the computer model until the com-
parison of the integral characteristics obtained by mea-
suring at the control points during the experiment
and in the simulation will differ among themselves
within the limits of the permissible error. The computer
model obtained in this way will be adequate to the
real construction within the limits of adequacy — the
points of the integral characteristics control.

In the case of modernization of the existing machine
model for technological purposes, the computational mod-
el in such a complex will allow analyzing the technical
level of the structure and predicting its reliability. And
in combination with the performed experimental studies,
assess the current technical condition, the appearance of
possible failures, and the like.

On the basis of such studies, it is possible to assess
the nature and magnitude of the change in the stress-
strain state of elements and steel structures as a whole.
This will make it possible to determine the quality of the
fabrication of the structure and its compliance with the
design data (performance of welds, bolted joints, struc-
tural integrity).

6. Research results

The experimental model of the vibration unit is develo-
ped on the basis of studies of the computational model [13].
Vibration experimental unit is made of metal. The design
consists of a welded tubular frame with forming surfaces.
The frame rests on rubber elastic supports. A general view
of the vibration unit is shown in Fig. 2.

The vibration unit is equipped with two asymmetrically
mounted vibration exciters (Fig. 3), which are attached
to the frame with fasteners. To control the excitation fre-
quency and the unbalance position in space, the vibration
exciters are equipped with unbalance position sensors.

To determine the amplitude of oscillations, inductive
type displacement sensors are used (Fig. 4, a). The con-
dition of the forming surfaces is monitored using strain
sensors (Fig. 4, b).

Fig. 2. General view of the vibration unit

Fig. 4. Sensor: a — displacements; b — deformations

The oscillation amplitude of the investigated unit is
determined on the basis of measurements of amplitudes at
three points located along the structure. The control of
the deformed state of the forming surfaces is carried out
on the basis of data from 18 strain gauges. The layout of
the measurement sensors is shown in Fig. 5.

;10
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sensor X3 amplitude of oscillations, sensors of inductive

Q type are used (Fig. 4, a). The condition of
the forming surfaces is monitored using strain
o sensors (Fig. 4, b).

The motion of the vibration unit at an

excitation frequency of 18.6 Hz and 24.3 Hz,
in contrast to the previous one, indicates the
0 realization of an oscillation form with anti-
phase movement (Fig. 9, 10).

sensor X1 sensor X2
C\ o
V \V
sensor 1 sensor 4 sensor sensor18 sensor15 sensor12
0 1] 1} 0 1}
sensor 2 sensor D sensor 8 sensor17 sensor 14 sensor11
1] 1] 1] 1] 1]
sensor 3 sensor B sensor 9 sensor16 sensor13 sensor10
0 1] 1} 1] 1}

To assess the stress-strain state of forming
structures, the data of strain sensors are ana-
o lyzed. Based on the obtained results, the fol-
lowing can be noted. When implementing the

Fig. 5. Layout of measurement sensors

Data readings from sensors and their subsequent pro-
cessing are carried out using the developed circuit based
on a 32-bit controller with two independent analog-digital
converters. Such a system provides the speed of sampling
signals from 20 kHz sensors. Data processing is carried
out using a PC. A general view of the experimental unit
with the measurement system is shown in Fig. 6.

When conducting experimental studies, a number of
oscillograms are obtained on various operating modes
of the vibration unit. Typical oscillograms are shown in
Fig. 7. As can be seen from the oscillogram in Fig. 6,
there are transients, which are explained by a change
in the oscillation frequency.

After processing the received oscillograms of vibra-
tion unit movements, the main oscillation frequencies are
determined. Also, the waveforms that are carried out at
these frequencies are analyzed. So, with an excitation fre-
quency of 12.5 Hz, the forming surfaces perform vertical
oscillations (Fig. 8). The movement of the unit occurs in
the common mode, which indicates the realization of the
oscillation form, when the whole structure moves pro-
gressively in the vertical direction. So, to determine the

15.0

14.0

operating mode at a frequency of 24.3 Hz,
a complex stress-strain state arises in the
forming surfaces.

This is evidenced by various forms and values of defor-
mation in the corresponding parts of the surface. It should
also be noted about the presence of wave phenomena
(Fig. 11, 12), which occur in the forming surfaces.

Fi) 5,; | U_[!mw '

Fig. 6. General view of the experimental unit

——sensor X1

30 40
Time, sec
——sensor X3

Fig. 7. Oscillogram of vibration unit movement

15.0

4.1 4.2

——sensor X1

4.3 4.4 4.5
Time, sec
——sensor X3

Fig. 8. Oscillogram of the vibration unit movement at an oscillation frequency of 12.5 Hz
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——sensor X1

178.7
Time, sec

——sensor X3

Fig. 9. Oscillogram of the vibration unit movement at an oscillation frequency of 18.6 Hz

15.

o

8

——sensor X1

Dy

Time, sec
——sensor X3

Fig. 10. Oscillogram of the vibration unit movement at an oscillation frequency of 24.3 Hz

2.45 2.50 2,55
——sensor 10

Fig. 11.

——sensor 11

2.65

2.70
Time, sec

2.60

——sensor 12

Deformations of the forming surfaces at an oscillation frequency of 24.3 Hz (sensors 10, 11, 12 (Fig. 5))

. OL‘,I'A‘&\ /‘M'\ i i/ﬂ""\“ e \l-,; ;.}rfﬁ."w\l“ J'/m"n“ \ y W\'.l
’ ﬂ R, T 0 WL i \"TNJVA L .L H,,\V;{v, \ ,\VN 1, \"'N Wi \q,n
0.8 S W Y [ I LW YR Y A 4 f W I
ool P S B A e
. 2.45 . 2.50 255 2.60 2565‘ ‘ ‘2:70
Time, sec
——sensor 3 ——sensor 5 —sensor 4

Fig. 12. Deformations of the forming surfaces at an oscillation frequency of 24.3 Hz (sensors 3, 4, 5 (Fig. 5))

Thus, the presence of poly-frequency (Fig. 11, 12,
sensors 4, 12) and anti-phase character (Fig. 12, sen-
sors 3, 5) of oscillograms indicates wave propagation both
in the longitudinal and in the transverse directions of
the structure.

7. SWOT analysis of research resulis

Strengths. Research results indicate the presence of
complex oscillation forms of forming frame of vibration
unit. Thus, the possibility of implementing modes of opera-

tion in the presence of wave phenomena in the forming
surface is confirmed. This is a proof of research conducted
by the authors in [14].

Weaknesses. This research has limitations, since unex-
plored modes of unit operation at higher vibration frequen-
cies. As well as the necessary calculations of qualitative
and quantitative indicators of changes in the stress-strain
state of the forming surfaces. For objective analysis, se-
veral other methods should be applied, such as spectral or
wavelet analysis. Such studies are planned by the authors
for the future.

;12
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Opportunities. A promising direction for further research
is the need to search for possible locations of the vibra-
tion exciter on the forming surfaces. The second direction
of research is the use of parametric oscillations in such
systems. In theoretical studies, this solution is effective.
The problem is only in the absence of effective construc-
tive and reliable solutions to implement such fluctuations.
The possibilities of such research lie in the plane of the
development of practical recommendations for the rational
constructive design of sections of forming structures. As
well as the development on the basis of certain techno-
logical parameters of oscillations of the latest structures
similar to the investigated.

Threats. The rapid development of the construction
industry of Ukraine in the direction of the use of frame-
monolithic technology for the construction of buildings
and structures displaces machines of this type from the
market. But foreign experience shows that there is no
need for such machines. The threat may be the lack of
machines of this class on the Ukrainian market and the
loss of production capacity, which can be applied to the
object of research.

Among the threats to this area of research is the at-
tempt of technologists to use auxiliary additives to reduce
the need to use vibration methods. At the same time,
additional studies of the life cycle of the structures crea-
ted using this technology are required. Abroad there are
similar solutions for other environments.

1. On the basis of preliminary calculations and mo-
deling of frame bearing elements by beam finite elements,
elastically deformed under the action of longitudinal force,
bending moments in two planes and torque, an experimental
model of vibration unit with active forming surfaces is
developed. In the investigation of the system, principles
are applied that ensured the model adequacy, as well as
the possibility of further research — solving other types
of problems.

2. The main oscillation frequencies are determined,
which are realized at 12.50 Hz, 18.60 Hz and 24.30 Hz.
At the same time, oscillation forms with complex move-
ment of forming surfaces are realized.

3. The presence of wave phenomena in the forming
surface is experimentally proved when implementing modes
of operation at the main frequencies of oscillations. The
amplitudes of oscillations of the unit in the range of
0.0006...0.0003 m are determined at excitation frequencies
of 18.60 Hz and 24.30 Hz.
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