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ANALYSIS AND SYNTHESIS OF CREATION
OF VIBRATION MACHINES WITH AN
ESTIMATION OF THEIR EFFICIENCY

AND RELIABILITY

Posznsnymo anania npouecis, wo npomikaioms 6 cepedosuuyi nid diero ¢ibpauitinux cun. 30iticneno cunmes
OMPUMANUX PE3YIbMamis 0Lsi PO3POOKU 106020 KIACY SIOPAUIHUX Mawun, SKi 3abesneuyioms kpumepii epex-
muenocmi ma naditmocmi. OcHoBHUM KpUumepiem ouinku epexmusnocmi npuinama Gynxyis amniimyou i uac-
mMomu KOIUBAHD, IKA BUSHAUAE WEUOKICM® ab0 npuckopenns npovecy ywinvnenns. Ipu yvomy dosedena nozixa
cmaditinozo posenady npovecy yuiavrenns. Ilepuuil 3 nux — npovec nepeykiadanns CKiadosux cymiui — inmen-
CUBHO NPOMIKAE MINLKU NPU 8I0CYMHOCE AKUX-HeOYOb SHAUHUX 306HIUNIX Hasanmaxcenv. Peanisyemocs ueil
npouec 3a0e3neUeHHAM MAUUNO0I0 HUZDKOT WUOKOCTE, MOOMO 6eAUK0T aMniimyou ma Maioi 4acmomu KoJIUGaAmb.
Jpyzuil — ye npouec 301uNcenHs YacmunoK cymiud i3 OLAbUL WHALHUM, KOMNAKMHUM YKIAOAHHAM CKIA00BUX Uil
cymiwi mizc co6010. Bin npomixae npu nasagnocmi 3naunux OUHAMIMHUX HABANMAICeHD, 30INbULeHIS AKUX 00 Ne6-
1oi medci dae nosumuenutl ecpexm. Ha yiti cmadii peanizyiomocs mani snavenns amniimyo KoIueans ma 6ucoka
uacmoma. Oonum 3 HatlOiIbLUWL NPOOIEMHUX MICUb Y GUPTILEHHT MAK020 NI0X00Y € 8I0CYMMICb He MINbKU 342a1b-
HONPUUHATUX MEMOOI8 OUIHKU YUX BLACTRUBOCTEI, AJle HAGIMb 1 €0UN020 N021A0Y Ha il npupody. B nosocmeope-
Hitl 6i6pauitinitl Mawumi 3a3navent npouec 00CA2a0MvCs 3G PAXYHOK ULICCIPAMOBAH020 GUKOPUCTANH YOAPY
i ibpayii. Koncmpyxmueno ye sabesneuyemvcs 3acmocysanusm 0omexncnuxis xoausanns. 06’ckmom docaioncenis
€ 6ibpauitini ma 6i6poyoapmi nPoyecu 6 Mawunax Ois yuiavienns oyoiseavnux cymiueti 6 0opoNcHvbomy ma 6yoi-
8ebHOMY BUPOOHUYMEE. Busnaueno 3oxpema 6ionosionuii niobip acopcmrxocmi 00MeNCHUKIE KOAUBATD, 30iliCHEHO
BUOID PAUIONANIBHOZ0 CNIBEIOHOWENHS uacy YOapy i nepiody KOIueams. 3a60aKu UboMy GUAGLEHI HOGI AGULA NPU
peanisayii cmaditinux pexrcumie podomu i3 6CMAHOBICHHAM OCKIIbKOX CMIUKUX pexcumis. Anania naditnocmi
GlOpauitinux Mawun 301CHI0BABCA MEMOOAMU AKICH020 MA KIAbKICH020 anarizie. [Ipocmoma xoncmpyxyii mawuiu
sabesneuye naditnicmn i pobomu. 3menuyemvcs 6 06a pasu PeNcum yugiivrenis 6emonnoi cymiwi y nopisnusni

Nazarenko I,
Slipetskyi V.

i3 iCHYIUUMU NAPAMemPamu GI6Pauilinux npoyecie.

Kmouosi crosa: siOpayilina mawuna, npoyec yuirvenns, cmadii peicumie yuirvienns, oyodiservna cymiu,

amnﬂimyaa ma uacmoma KOJAUBAHD.

Received date: 11.09.2019
Accepted date: 03.10.2019
Published date: 30.12.2019

1. Introduction

An analysis of a number of works [1-3] shows that
the existing vibration technique does not fully satisfy the
modern requirements of efficiency and reliability. Similar
results were obtained in the authors’ own studies [4].
It is noted that neither the amplitude of the vibration,
nor the speed, nor the acceleration, taken separately, is
a parameter for evaluating the effectiveness of the compac-
tion process. Therefore, these parameters taken separately
do not ensure the achievement of the necessary density
and strength of the finished product. The process will
be effective only if the speed of movement of the com-
ponents of the mixture is sufficient to reduce the forces
of internal friction [5]. For concrete of this composition
with a constant duration of vibration, there is a limit
speed beyond which density and strength slowly increase
or remain unchanged. This is due to the fact that in
a concrete mixture with the plastic-viscous properties of
the cement test, structural bonds are destroyed at low
vibration frequencies [6]. In this case, amplitude deforma-
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tions arise in the mixture, which are able to create the
necessary conditions for rearrangement and compact packing
of aggregate grains. The physics of the compaction process
defined in this way is a prerequisite for the formulation
of the idea of creating a new machine to determine the
parameters of this machine, providing criteria for effi-
ciency and reliability. The main criterion for evaluating
the effectiveness is adopted function of the amplitude
and frequency of vibration, which determines the speed
or acceleration of the compaction process. Moreover, the
logic of the stage-by-stage examination of the compaction
process is proved [7]. The first of them — the process of
reconnecting the components of the mixture is intensive
only in the absence of any significant external loads. This
process is realized by providing a machine with a low
speed, that is, large amplitude and a low frequency of
vibrations. In the presence of significant forces of compre-
hensive compression or in cramped conditions, the process
of renegotiation develops weakly or does not occur at all.
The second is the process of convergence of the particles of
the mixture with a denser, more compact conclusion of the
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components of this mixture with each other. It proceeds in
the presence of significant dynamic loads, the increase of
which to a certain limit gives a positive effect. This process
is determined by the optimum ratio between the static and
dynamic components of the total pressure on the mixture.
At this stage, small values of the vibration amplitudes and
a high frequency are realized [7]. The process of achieving
high efficiency depends on two completely dissimilar factors.
These are the true characteristics of the mechanical properties
of the mixture (ultimate shear resistance and viscosity) and
the characteristics of the type and intensity of the dynamic
effect on the mixture. The reason for this situation is the
complexity of the process of shaping (flowing) the mixture.
The process must be considered as a dependence on two
completely dissimilar factors. That is, the true characteristics
of the mechanical properties of the mixture (ultimate shear
resistance, viscosity). As well as the characteristics of the
type and intensity of dynamic effects on the formation of the
future product. It can be a concrete roadbed or a concrete
product. In other words, with the vibrational formation of
products, we are not dealing with the true, but with the
effective or vibrational viscosity of the mixture. This paper
does not talk about effective shear resistance, since it is
practically not manifested when using modern vibration
molding machines. The process of achieving high efficiency
depends on two completely dissimilar factors. These are
the true characteristics of the mechanical properties of the
mixture (ultimate shear resistance and viscosity) and the
characteristics of the type and intensity of the dynamic
effect on the mixture. One of the most problematic places
in taking these factors into account is the lack of not only
generally accepted methods for assessing these properties,
but even a single view of its nature. Thus, the urgent is
the problem of qualitative and quantitative analysis on the
basis of which structural synthesis is formed, and is a pre-
requisite for the development of a new design of a vibration
machine. The object of research is vibration and vibration
shock processes in machines for compaction of building mix-
tures in road and construction industries. The subject of
research is the analysis and synthesis of vibration machines
for the implementation of compaction processes. And the
aim of research is development of new designs of vibration
machines that will provide high efficiency and reliability
during their operation.

2. Methods of research

Reliability analysis methods are used to predict reliabi-
lity, maintainability, availability and measures to ensure the
safety of a vibration machine, as well as to compare the
consequences of forecasting with specified requirements [8].

The task of reliability analysis and its volume depend
on the stage of the life cycle of a vibration machine, taking
into account the entire process of use up to its decommis-
sioning [9]. You should also consider the depth of mining
assembly units and the condition of the vibration machine as
awhole [10]. Important investigated components of reliability
are the assessment of the consequences of failures and its
ultimate states [11]. Analysis of the reliability of the system
and solving optimization problems in the elements of struc-
tural synthesis is carried out by the following methods [12]:

1) qualitative analysis (determination of types of mal-
functions, failure mechanisms of elements and their conse-
quences for the system, analysis of the functional diagram

of the vibration machine, analysis of the maintenance and
repair system, construction of structural diagrams of the
system reliability);

2) quantitative analysis (building mathematical models
of the reliability of elements and systems with dynamic
parameters).

The analysis of the literature and the results of pre-
vious studies [4] allows to determine the effectiveness
criteria (Table 1).

Tahle 1

Criteria for evaluating the effectiveness of the processes
of compaction of building mixtures

No. Criterion name Analytical dependence
1 | Intensity of vibration exposure: u=Af*
— for sinusoidal vibrations (pro- a-A (1+ kﬂ)z
duct of speed and acceleration) u= 4T 2
2
for dual f ibrati a4 (1+3kn)
or dual frequency vibration U= o
for multi-f ibrati oA
— for multi-frequency vibration = 4T
9 Efficiency of using the power of _
the base machine
I1
3 | Specific productivity = N
4 | Dynamic load intensity I=0, -0
. . .. 1
5 | Averaged core height intensity n, = EJG(h) . \)(h)dh
6 | Specific vibration compaction A=P-¢
_ kkox,-a,-(1+k,)
Specific power for building com- P= ,
7 ; Tk,
paction seals
P=k -k, xt o°

According to these criteria, parametric synthesis is
carried out — part of the research process of solving the
problem of determining the main structural (geometric
and mechanical) parameters of machines in general, its
individual mechanisms, devices and working bodies [7].
The structural synthesis of the vibration machine is carried
out according to the block hierarchical principle. In accor-
dance with it, at each level of research and development,
a certain rank of the system is synthesized. At the first
stage — the general scheme, then the functional scheme
and elements of functional systems (the units are prefab-
ricated units), then — the individual functional elements
and parts that are part of the prefabricated units [4]. New
vibration platforms with the implementation of the sub-
resonance regime have been developed; see Fig. 1, and the
implementation of the super-resonance regime in Fig. 2.

The task of developing new vibration machines with
high efficiency and reliability is considered as a task, it
involves the consistent solution of the following subtasks:

1. The selection and justification of criteria for evaluating
the effectiveness of the parameters of the working process
of compaction of building mixtures and energy-saving mode.

2. The search for such structural solutions of elements
and vibration machines as a whole, which, when speci-
fied in the statement of the general problem, ensure the
reliability of their work.
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3. Development of the design of vibration machines
with the implementation of the multi-mode spectrum of
their working process of compaction of building mixtures.

s N

Fig. 1. Vibration shock pad with sub-resonance mode of operation:
1 — frame; 2 — drummer; 3 — form with a compacted mixture;
4 — vibration isolating supports; 5 — drummer buffer;
B — additional buffer; 7 — vibration exciter

2 I 10 9 8§ 7

Fig. 2. Besonant vibration pad with super-resonance operation mode:
1 — submotor frame; 2 — vibration mounts; 3 — working frame;
4 — bracket; 5 — onboard equipment; 6 — pallet; 7 — vibration limiter;
8 — vibration blocks

3. Research results and discussion

The studies and the consistent solution of these sub-
tasks allow to formulate a solution for the development
of effective modes and the creation of reliable vibration
machines for compaction of building mixtures:

1. Creation of machines with harmonious excitation on
the product, which is formed by a multicomponent spectrum
of vibrations with the following parameters: amplitude of
vibrations in the horizontal plane — 0.85-1.2 mm; in the
vertical — 0.35-0.45 mm; vibration frequency — 25 Hz.

2. Development of multi-purpose machines, combining
the processes of conclusion, distribution and compaction
of building mixtures.

3. Development of vibration machines operating in an
area close to resonance with vibration impact on the sealing
medium when the following parameters are implemented:
semi-range of vibrations — 0.75-0.95 mm; vibration fre-
quency — 15-20 Hz.

4. Development of vibration machines with non-linear
characteristics, which use the effects of sub- and super-
resonances.

The analysis and parametric synthesis makes it pos-
sible to propose criteria for evaluating the determination
of energy-saving modes and parameters of the working
process of vibration machines (Table 1).

In the developed vibration machines, the problem of
implementing these processes is achieved through the
targeted use of shock and vibration. Structurally, this is
ensured by the use of vibration limiters.

The improvement of machines is aimed at creating such
constructive solutions that would preserve the advantages
of resonant-type machines and ensure reliability and stable
operation in a given mode.

4. Conclusions

In the course of the study, in particular, the appropriate
selection of the rigidity of the vibration limiters is determined,
and a rational choice is made of the ratio of the impact time
and the vibration period. Thanks to this, new phenomena
are discovered during the implementation of staged modes
of operation with the installation of several stable modes.
The simplicity of the machine design ensures its reliability.
The mode of compaction of the concrete mix is reduced by
half in comparison with the existing vibration parameters.

The obtained research results can be effectively used
in the research and development of vibration technology
and for other technological processes of their application.
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