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DEVELOPMENT OF THE ORGANIZATIONAL
PRINCIPLES OF FORMATION OF THE
OPTIMAL DIAGRAM AND PARAMETERS
OF VIBRATION SYSTEM

Posznsanymo 3azanviii numanins po3pooKu ONmumMaibHol NPUHUUN0B0T CXeMU GIOPAYiN0T cucmeMu il 6U3HaUeH -
1A napamempis yiei cxemu, wo 3abesneuyiomns excmpemym Kkpumepiio onmumaiviocmi. 06 ’ckmom docaioxcenis
€ MexXHIuNT MAWUHY | MEeXHOJL02IUNI Cepedosullla, SKi PO32AA0ambCs K CUCeMd, W0 nioKopena c0unomy 6ibpa-
uitinomy npovecy. Texniunumu mawunamu npuiinami ¢ pobomi eibpayiiini mawunu 0s peanisauii npouecie yuyiin-
nenns. Texnonozivnumu cepedosuiyamu nputinsami 060¢hasmi oucnepcii cepedosunld, wo 6UKOPUCMOBYIOMbCst 0L
yuginonenns. Taxumu cepedosuuamu nputinsmi 6emonii Cymiwi ma rpyumit. SHudicerns eHepzemuvnux eumpan,
BUCOKUIL pisens | weudKicmsb nepedadi enepzii na GUKOHAHHS MEXHOL02IUN020 NPOUECY € 20JI0GHUMU UUHHUKAMU
6 CMEopeHHi ONMUMALLHUX cXeMm sibpocucmem. QOOnum 3 HAOLILUL NPOOIEMHUX MICUb Y SUPTULEHIT MAK020 NI0X00Y
€ sidcymuicmy 3a2aipHONPULHAMOL MO0 63aeéMO0iL POGOUUX OP2aNie MAWUN 13 00POOIIOCANLHUM CePeOOBUULCM.
Icnyroui docnidacenns 6azyeanucs na po3diivHomy GudHauenni napamempie mawun i cepedosuw. Taxi memoou
Xapaxmepusyromvcst SHAUHUMU SUMPAMAMU eHepeii ma 00682010 MPUBANICMIO NPOMIKAHHS MEXHOL02IUH020 NPO-
uecy. 3anpononosanutl nidxio Ha 0CHOGI 2apMOHI3AUTL CUL MAWUM T CePe00BULL, WO SUNUKAIOMY Y GIOPAUIHHOMY
npoueci, 003604UE 3HAUHO SHUSUMU GUMPAMU enepeii. Y poOomi maxolc Oompumano HoBULl cunepzemudnull egexm
cucmemu. Ile nos'si3ano 3 mum, wo y 3anponoOHOBAH0Z0 MEMOOY CMEOPEHHS ONMUMALLHOL cXeMU € Psd 0CoOMU-
socmeil. Tax, 6 x00i docuidncenss BUKOPUCTNOBYBANUC PENCUMU NOEOHANII NPYICHO-THEPUTIHUX CUlL nidcucmem
6 eduniii cucmemi. Busnaueno 3oxpema peanizayis cyope3oHancHux ma CyneppesoHancHux pexcumis. 3ae0axu
UboMYy 3a0e3neuyemoCs MONCAUBICID 008eCMiL 00 MAKCUMYMY ePeKmusHicmy 8i6pocucmem ne miloKu 6 HOBUX
KOHCMPYKMUBHUX DIUEHHIX, ALe T 6 YLLeCNPAMOBAHOMY GUKOPUCTANHI 6HYyMPIUHIX éracmusocmetl 06’'eonanoi
cucmemu. Y nopiensnii 3 anaio2iviumu 6100 MUMU GIOP AUITHUMU MAUUUNAMU 346C3NeUYEMbCs SMEHULCHIL BUMPAM
enepzii na 50 %. 3anpononosana memoouxa po3pooKu Op2anizauiinux nPUHUNIG (popMYEanis ONMUMALLHOL CXeMU
ma napamempie sUKOPUCMANi npu npoeKmyeanni 6iopauitnux cucmem 0is 6iOpauitinux ma 6iopayiino-yoapnux
pedcumie yuinonenis 6yoisesvux cymie.

Kmwouosi cnosa: opzaiizauiiiini npununu, ONmMuMaibina cxema, 6ipauiina cucmema, Kpumepii onmumaisHoCmi,
napamempu cxemu, cyope3oHancHi i CYneppe3oHaHCH PEXCUMIL.
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1. Introduction

The choice of the optimal circuit diagram of the vibra-
tion system and the determination of the parameters of
this circuit are the tasks of synthesis of the optimal power
vibration systems. And the choice of a scheme is a task of
structural synthesis, the choice of parameters of a given
constructive scheme is a task of dynamic synthesis. Both in
content and in the methodology for solving these problems
are significantly different, and if the dynamic synthesis of
a given structural scheme of a vibration system can be
carried out for almost any such scheme, the structural
synthesis of optimal power vibration systems is not suf-
ficiently developed. The adopted approach to the selection
of the circuit diagram of the power vibration system is
based on the analysis of known power vibration systems.

The process of improving technical systems is continuous.
The effectiveness of this process is determined by how much
the problem of developing methods for determining the

optimal structures of technical systems at the design stage
is solved [1]. The study of the general problems of creating
resonant vibration apparatuses is the subject of work [2].
The structure itself (that is, the totality and interconnec-
tion of certain elements) to some extent determines the
reliability and durability of the system. The widespread
adoption of such vibrational techniques is constrained by
a number of existing reasons [3]. So, the adequacy of the
calculation model to the real process for a long time is
based on simplified approaches to taking into account the
mutual influence of working bodies and processing media.
Studies [4] are performed taking into account the stress-
strain state of the metal structures of the machine for
technological purposes, but do not take into account the
dynamic effects on their condition. Under modeling condi-
tions, when the nature of the behavior of the system is
accepted harmonious, in real vibrational systems, the emer-
gence of lower and higher harmonics is possible [5]. The
nature of their manifestations is different. In any case, this
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is the effect of nonlinearity effects.
In a certain way, these can be
subresonance and superresonance
regimes. Phenomena in complex

compaction

[ Stages and models of mixture ]

nonlinear systems, as noted by the
authors of [6], are a promising
direction and require additional

Process essence
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research. In [7], the method of
active vibration control is applied
to nonlinear systems. The advan-
tage of such an integral method
is that there is no need to know
the parameters of the system, such
as mass, dissipation and stiffness
coefficients, which are usually ob-
tained by finite element methods. 1
To measure the dynamic process of

the system’s motion, the accelera-
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tion method is used [8]. However,
there are other alternative solu-
tions. So, in [9], options for remote
measurement of vibrations using
laser and optical instruments are

1. Discrete.

2. Elastic-viscous.

3. Elastic-plastic.

4. Elastic-viscous-plastic

1. Elastic
2. Elastic-viscous-plastic
3. Continuum

1. Elastic-viscous-plastic
2. Discrete-continuum

considered. The use of vibration
sensor based on optical fiber is
proposed in [10].

In [11], when studying the processes of processing tech-
nological media, the effects of the interaction of the work-
ing body and the medium are taken into account. Thus,
obtaining the final method for creating optimal vibration
systems is the initial condition for the adequacy of the
calculation model to the real technological process.

Thus, the urgent problem is the development of basic
organizational principles for the formation of the optimal
scheme and parameters of the vibration system. From the
point of view of the possibility of solving the problem of
structural synthesis, theoretical and experimental analysis
of systems allows to identify ways to improve the modes
and parameters. This conclusion is the prerequisite for
this research.

The object of research is technical machines and techno-
logical media, which are considered as a system subordinated
to a single vibration process. By technical machines, vibra-
tion machines adopt in the work for the implementation
of compaction processes are adopted. Technological media
adopt two-phase dispersed media used for compaction.
Concrete mixes and soils are accepted by such media.
Reducing energy costs, a high level and speed of energy
transfer to the process, are the main factors in creating
optimal schemes of vibration systems.

The aim of research is development of the basic orga-
nizational principles for the formation of the optimal scheme
and parameters of the vibration system.

2. Methods of research

The analysis of literature and the results of previous
studies [1, 3] makes it possible to develop a structural
diagram of the stages of the processes of compaction of
mixtures (Fig. 1).

The rheological models are presented that reflect the
principle of compaction processes at the entire stage of com-
paction of mixtures and allow to suggest the values of the
main parameters during the implementation of various modes.

Fig. 1. Stages and models of the processes of compaction of mixtures

For harmonic vibrations with a frequency of o=
=300-600 s~ !, the optimal amplitude:

(4-6)g

o?

Xopr = M

where g — the acceleration of gravity (g=9.8 m/s%).

For a frequency of 314 s~!, the optimal vibration am-
plitude is determined by the lower and upper acceleration,
that is, Xppr=0.4—0.6 mm; for higher frequencies with an
upper acceleration limit (for ®=420 s™!' Xopr=0.35 mm,
for ®=628 s~! Xopr=0.15 mm).

For vibration shock modes with a frequency of =
=105-157 s, the optimal amplitude of vibrations (half-
range vibrations) is determined by the dependence:

(2-2.25)g
e

(2)

oPT =

The task of forming optimal vibration systems is con-
sidered as a task, which involves the sequential solution
of the following subtasks:

1. The search for such controls in power vibration systems,
when specified in the formulation of the general problem in its
conditions, provides an extremum of the optimality criterion.

2. The choice of structures in which optimal controls
are found can be implemented (structural synthesis).

3. Determination of optimal dynamic parameters of selec-
ted structures of power vibration systems (dynamic synthesis).

3. Research results and discussion

The studies and the consistent solution of these sub-
tasks allow to formulate the following principles for the
formation of the optimal scheme of a vibrating machine
for compaction of the mixture:

1. The optimal, time-varying frequency of the vibration
processing of the medium.
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2. Change in the amplitude of vibrations in the process
of vibration processing of the medium.

3. The condition by which a smaller distance of the
points of the medium in the vibrating organ is provided.

4. The provision to change the friction and adhesion
forces only in the pronounced direction of the active force.

5. The optimal conditions under which the maximum
energy is transferred from the working body to the pro-
cessed medium.

6. The system provides the most approximate transmis-
sion of the movement of the working body to the largest
number of particles of the processed medium.

7. Optimization parameters and system mode to take
into account the features of the stages of the process of
compaction of the mixture.

Thus, a vibration system that satisfies the above prin-
ciples is controllable and optimal in time for acting on
the processing medium.

The task of forming the optimal circuit is interpreted
as designing and creating a vibration system that satisfies
the principles listed above. Of these, the principle of time
variation in the frequency and amplitude of the vibrations
is especially important. The design of a device for changing
parameters is reduced to continuous or discrete changes
in temporary optimization of the workflow.

The obtained results follow that:

1. The stages of the process of compaction of mix-
tures consist in the renegotiation of the components of
the mixture (transition from chaotic to stable conclusion
of the components), their compaction (compact layout
of the components of the mixture) and compression to
compaction (air removal).

2. The accelerated and efficient process flow requires
at the first stage significant amplitudes of vibrations
(0.8..1.2 mm) with a frequency (100..150 s~'). And at
the next stages of ensuring the amplitudes of the vibra-
tions (0.4..0.45 mm) with a frequency (250..314 s71).

3. The basic principles of the formation of the opti-
mal circuit are determined, the essence of which is the
harmonization of the modes of motion of the vibrating
machine and the medium.

4. Conclusions

As a result of the studies, the basic principles of creat-
ing the optimal scheme of the vibration system, which is
based on the targeted use of the internal dynamic prop-
erties of machines and media, are established. Moreover,
such a system in research and determination of optimal
parameters is considered as being subjugated by a single
vibrational process.

The method proposed in the work for determining the
basic principles of the formation of the optimal scheme

of the vibration system can be effectively used for the
implementation of other technological processes in various
industries where vibration technologies are used.
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