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Molding processes are among the most important in the manufacture of reinforced concrete
structures. Vibration and shock-vibration technologies for concrete mixtures compaction and
concrete products molding have the greatest distribution in the construction industry. Therefore,
the issues of optimizing vibration modes, correct choice of vibration equipment do not lose their
relevance. The article discusses the dynamical behavior of a shock-vibrational low-frequency
resonant machine. Its mathematical model corresponds to a two-body 2-DOF vibro-impact system
with a soft impact, which is simulated by a nonlinear interactive contact force in accordance with
Hertz’s quasi-static contact theory. Changing the control parameters can, on the one hand, improve
the compaction process, but, on the other hand, lead to unwanted vibrational modes. The article
discusses such control parameters as the exciting frequency, the technological mass of the mold
with concrete, and the stiffness parameters of elastic elements. Decreasing the exciting frequency,
the mold mass, the vibro-isolating spring stiffness and increasing the Young’s modulus of
elasticity of the rubber gasket provide an increase in impact acceleration, which improves the
compaction process. However, with such changes in the parameters, coexisting regimes arise,
many of which are undesirable. These are modes with a large periodicity and several impacts per
cycle, chaotic modes, and transient chaos. The regime diagnostics is performed by traditional
numerical means, namely, by constructing time series, phase trajectories, Poincaré maps, Fourier
spectra, and the largest Lyapunov exponent. We hope that this analysis can help avoid unwanted
platform-vibrator behaviour during design and operation. The presentation is accompanied by
many graphs and a table.

Keywords: platform-vibrator, vibro-impact, mold with concrete, technological mass,
coexisting modes, control parameter, stiffness parameters

1. Introduction

Molding processes are among the most important in the manufacture of
reinforced concrete structures. Vibration and shock-vibration technologies for
concrete mixtures compaction and concrete products molding have the greatest
distribution in the construction industry. This priority is likely to continue in
the future. Therefore, the issues of optimizing vibration modes, correct choice
of vibration equipment do not lose their relevance [1].

Nowadays, the opinion has been established that low-frequency
compaction modes have undoubted advantages; it is they that make it possible
to obtain high-density concrete with a shorter compaction time. The low-
frequency resonant platform-vibrator with shock use this technology. Their
employment is quite effective; it significantly improves the quality of the
products front surfaces and the degree of their factory readiness. The
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efficiency of the concrete mixture compaction in machines with vertical
vibrations is achieved by the shocks on the mold directed upwards.

Despite the wide application of the already developed platform-vibrators,
the increase of their operational efficiency, the choice of parameters, and the
effect on the machine dynamics of the concrete mix (first liquid and then
gradually hardening) and other problems are still being discussed at present [2-
4]. The efficiency of the vibrational molding of concrete products depends on
the rational vibration modes and the selected parameters of the equipment.
Effective compaction modes can be realized by choosing the parameters of the
oscillating system “working body — elastic element — mold with concrete” [2].
The gasket stiffness is one of the most important parameters of this system. It
is determined by the shape, sizes and elasticity modulus of the gasket material
[5, 6]. In [2], the influence of the gasket stiffness on the system dynamics was
experimentally investigated in a particular case of a shock-vibrational
machine. In [7], the author considers the stiffness of the vibro-isolating spring
as the most “convenient” parameter for creating a poly-frequency oscillatory
mode. A complex process of interaction between the concrete mixture particles
takes place under vibration influence. Many aspects of this process are not well
understood. The proposed models and the corresponding equations of the
concrete mixture state, the criteria for the compaction effectiveness and the
front surfaces quality remain debatable [8]. Many experiments have been
carried out to study various aspects of the concrete compaction process. In [9],
the interaction of a building concrete mixture and a working body of a shock-
vibrational machine during compaction is studied.

Thus, the investigation of the influence of both its parameters and the
parameters of external excitation on the machine dynamics is relevant.

We have created a mathematical model of a platform-vibrator with shock.
It is the two-body 2-DOF vibro-impact system. It is strongly nonlinear non-
smooth discontinuous system. The mold with concrete is the upper body, the
platform table with an attached rubber gasket is the lower body. The electric
motors are under table. The mold with concrete, which has a huge mass m,, is

not fastened. When the motors start their work, it breaks off the limiters, and
then collides with blocks in oncoming motion. Because of this, accelerations of
different magnitudes arise when the mold moves up and down, that is, the
accelerations are asymmetric. The mold acceleration in the uppermost position
is the upper acceleration wy, , the mold acceleration in the lowest position is

the lower acceleration w, . Their ratio w, /w, is the coefficient of the
asymmetry. Exactly the lower acceleration w; is considered as acceleration
that realizes the mix compaction. The prevalence of w; over w, accelerates
the compaction process. The maximum acceleration of the mold with concrete
in the lowest position w; , that is, at the moment of collision with the platform

table, is one of the main criteria for the technical assessment of the vibration
machine efficiency. The asymmetric vibrations use makes it possible to
increase the value of this compaction acceleration up to several g (2...4...62);
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g is the acceleration due the gravity. The process of concrete mixture
compaction is intensified due to such asymmetric vertical mold vibrations.
Accelerations wy; that tear off mixture from the form pallet become smaller,

and the pressing accelerations w, become larger with such oscillations. These

asymmetric vibrations can be obtained precisely in shock-vibration
compaction machines [10, 11].
Fig. 1 (a)-(c), (e)-(g) show that the impact acceleration w;, increases with a

decrease in the exciting frequency w, the technological mass m,, the stiffness

of the vibro-isolating spring, which improves the compaction process [12].
Fig. 1(d, h) show that it also increases with increasing Young’s modulus of
elasticity of the rubber gasket.

However, in these cases, other, possibly unwanted modes arise. In
particular, with such a change in the control parameters, coexisting regimes
occur under different initial conditions. This should be borne in mind when
operating the platform-vibrator.

The model exhibits coexisting regimes with different initial conditions
when the control parameter is varied. This phenomenon is observed with
different control parameters, namely, exciting frequency, technological mass,
and stiffness parameters of vibro-isolating spring and rubber gasket. The zone
of coexisting regimes, i.e., the hysteresis effect (jump phenomenon) is defined
as follows. The dynamical systems in general and nonlinear systems in
particular may typically have the coexisting solutions at certain fixed
parameter values. A jump phenomenon is simple example of crisis or saddle-
note bifurcation, while the process of different patterns of response for
increasing and decreasing parameters is called hysteresis [13].

The goal of this article is to show the emergence of coexisting modes for
different initial conditions when the control parameters change. Some of these
regimes may be undesirable.

2. Brief model description

The creation of mathematical model for platform-vibrator with shock was
described in detail in [14]. A detailed description of the model and its
verification were made in [12,15,16]. Therefore, only a brief model
description is given here in order to understand the analysis of its dynamic
behavior.

The accepted simplified design scheme of the platform-vibrator with shock
is shown in Fig. 2.

The platform table with mass m, is attached to the base by linear vibration

isolating spring of stiffness & and a linear dashpot with damping factor ¢, .
Exciting external periodic force F(¢) is generated by electric motors (vibration

exciters) mounted under the table. Elastic rubber gasket with thickness % and
stiffness k; is attached to the table. A linear dashpot with damping factor ¢, is

placed between the table and the mold. The mold with concrete with mass m, is
placed on the gasket but is not fastened either to the gasket or to the table. The
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platform table is equipped with limiters that prevent the mold from sliding and
rotating; therefore, the movement is only vertical. For volumetric compaction,
this machine uses vertically directed mold vibrations.
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Fig. 1. Acceleration of the mold with concrete for different values of (a) the exciting frequency w = (1
—130,2—157,3—170,4—190) rad's™ ; (b) the technological mass of the mold with concrete my =(1
- 8000, 2 - 10000, 3 — 15000, 4 - 18000) kg; (c) the vibro-isolating spring stiffness k; = (1 - 1.0-10°,
2-2.610°3-2.6107,4—2.0-10% N-m"; (d) Young’s modulus of elasticity of the rubber gasket
E, =(1-3510°%2-3.510",3 -3.5-10%, 4 — 3.5-10°) N-m”. Dependence of impact acceleration

w; on (e) the exciting frequency ; (f) the technological mass of the mold with concrete m, ; (g) the
vibro-isolating spring stiffness &, ; (h) the elastic modulus of the rubber gasket. The impact

acceleration w; increases with decreasing the control parameter in (e), (g), (f) and with increasing
the elastic modulus of the rubber gasket in (h)
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The machine starts their v
movement when the electric motors | e B s
begin their work. First, the table and  fyy) s 2
the mold move vertically together. hl e ko, R EH G ¥
Then the mold with a huge mass lm"E"U' Y

1

“bounce”, that is, comes off from the
gasket for a very short distance. The
table and the mold are moving
separately until the mold falls down
onto the rubber gasket. An impact
occurs; it is soft due the softness and
flexibility of the rubber gasket. The
bodies move together again until the
mold comes off the gasket and so on.

s | o 0
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Fig.2. Design scheme for platform-vibrator
with shock. Platform table with attached
rubber gasket is attached to the base with a
linear vibro-isolating spring. The mold with
concrete is installed on the gasket without

fastening. The platform table is equipped
with limiters that prevent the mold from

. sliding and rotatin,
The calculation schemes of & &

resonant vibration machines are based on assumptions that are common for
most applied problems in vibration theory. The main moving masses are
assumed to be absolutely rigid. The masses of elastic bonds are not taken into
account due to their relative smallness. The conditions guaranteeing single-
axis motion are also fulfilled. Such assumptions turn out to be quite acceptable
and do not introduce significant errors into the final results of resonant
vibratory machines calculating.

This model of the shock-and-vibration machine corresponds to the two-
body 2-DOF vibro-impact system. In the two-body model, the masses are
concentrated in the mass centers of both bodies. The parameters y;, and y,

represent the coordinates of these centers for the lower body (a platform table)
and the upper body (a mold with concrete) respectively in the selected
coordinate system. The origin of y coordinate is chosen in the table center in a
state of static equilibrium.

Vibro-impact movement of the platform includes both joint movement
during impact and separate motion between impacts. The equations of this
movement are:

. . 1
M =g;(—w]2y, =203, +ﬁF(f)+
1

+H(Z){2§ow2?()"1 _wgl[h—(h_Y1)]_mLIFcOn(Z)}, 0

Py =—g-26m,7, +
. 1
+H(Z){w§ [h_ (» _)ﬁ)]_ 280w, +m_2Fcon (Z)}

The exciting force is periodic F(¢) = Pcos(@t+¢,); its period is T =27/®.
The initial conditions are:
At t=0 we have

0=0, y=0, =0, y,=h—4y, y,=0. (2
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The static deformation of the gasket is: A, =m,g/k, , g is the acceleration

due to gravity.
Here the standard notations are introduced:
ky > ko 2 C < ) m,
— =, —=w,, —=25,0,, —=25w,, ==25,w0,, —==x.(3
m, "m2 2m2 éozm] f]]m2 ézzm] x-3)

H(z) 1is Heaviside step function relatively bodies’ rapprochement
z=h—(y,—»). F,,(2)is contact interactive force that simulates an impact

and acts only during an impact.
The damping forces are taken to be proportional to the first degree of

velocity: in the rubber gasket Fy,,,,=¢cy);, in the vibro-isolating spring
Flyamp1 = 131 - The influence of the concrete mixture can be taken into account
as some additional damping Fj,,,» =¢,), .
The interactive contact force F, ,(z) simulates a soft impact and is taken as
a nonlinear contact Hertzian force in accordance with the quasistatic contact
Hertz’s theory [17, 18].
2 2
4 q 1-v 1-v;
Fon(2)=K[2(0)]%, K = e (4
36,+6,Wa+B = Em’ T En

Here z(¢) is the rapprochement of the bodies, as before, z=(y, —y,)-#,

when (), —)3)<h; v; and E, — Poisson’s ratios and Young’s moduli of
elasticity for both bodies; 4, B, ¢ — are constants characterizing the local
geometry of the contact zone. The gasket surface is flat, but it is expediently to
consider it as a sphere of the large radius R. Then in the collision of a plane
(mold) and a sphere (rubber gasket) A=B=1/2R, qg=0.318.

The model numerical parameters are listed in Table 1.

Table 1

Numerical parameters of platform-vibrator with shock
Mass of table m1; , kg 7400 Damping ratio of dashpot in spring af] 0.5
Mass of mold with con. 71, , kg 15000 Damping ratio of dashpot in gasket afo 0.02
Stiffness of gasket K, N-m™' 3.0-10° Damping ratio in concrete mixture &, 0.03
Stiffness of spring k2 ,N-m™ 2.6:107 Elastic modulus of mold E2 ,N-m™ 2.10"
Poisson’s ratio of gasket v 04 | Elastic modulus of gasket B ,N-m™ 3.5.10°
Poisson’s ratio of mold V, 0.3 | Amplitude of exciting force P, N 2 44-10°
Thickness of gasket #, m 0.0275 | Frequency of exciting force o, Hz 25
Radius of gasket R, m 5
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3. Coexisting regimes with different initial conditions

3.1. Exciting frequency o is a control parameter

When the exciting frequency changes, the amplitude-frequency responses
are constructed. They show the dependence of vibration amplitudes of both
bodies on the exciting frequency. Amplitude is half the peak-to-peak distance
on the displacement plot.

After direct numerical integration the movement equations (1) the
oscillatory amplitude for non-harmonic vibrations is calculated by the simple
— Ymax = Vmin
- 2
platform table (Fig. 3 (a)) and for the mold with concrete (Fig.3 (b)) are
depicted in Fig. 3. The curves AC (A’C’) and BD (B’D’) are obtained for
different initial conditions. The coexisting modes occur in range between B
and C. It is marked with vertical dashed lines with arrows. The dynamical
system at these points “jumps” from one regime to another with a further
change in the control parameter.

formula A4, . The amplitude-frequency responses for the

6,E-03

Apax1y M

a5 b w, rad-s°

3.E-03

1.E-03 D

x,(#) at Poincaré
points

Az, M

0,E+00

70 110 ®, rad-s! 0 110 w, rad-s!
(b) (d)
Fig.3. Amplitude-frequency responses for: (a) the platform tableand (b)the mold with concrete;

(c)the dependence of the largest Lyapunov exponent Ay.x on the exciting frequency w;
(d)bifurcation diagram for the platform table

=

The graph of the largest Lyapunov exponent A.x (Fig. 3 (c))and bifurcation
diagram (Fig. 3 (d))confirm the presence of coexisting regimes in this range.
The negative sign of A, corresponds to the periodic modes, and its positive
sign hints at chaotic dynamics. This means that chaotic regimes probably exist
in a narrow range of the control parameter (the exciting frequency). The
bifurcation diagram also determines the mode type — it shows regime
periodicity. One point (black or red) corresponds to 7-periodic regime, two
points on the same vertical — 27-periodic one, solid vertical line — to chaotic
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mode. These graphs show that chaotic motion may be realized in the frequency
range 94 rads”’ < w < 103.5 rad-s”. Chaotic motion in the frequency range 98
rad's’ < w < 103.5 rad's” can be realized in the zone of hysteresis along with

periodic (1,1)-regime, when the initial conditions are different.
Note. The notation (n, m)-regime means that regime is n7-periodic with m impacts per cycle.
The chaotic movement at the exciting frequency @ = 100 rad-s” (15.9 Hz)
with An.x—=11.88 is shown in detail in Fig. 4.
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Fig. 4. The movement picture of chaotic regime for @=100 rads”, An.=+1.88. (a) Time series for
both bodies. Their penetration into each other is very large due a soft impact. (b) Graph of Hertz’s
contact force and exciting force. (c), (¢) Phase trajectories with Poincaré maps in red for
(c)platform table and (e) mold with concrete; (d), (f) Poincaré maps in a larger scale for
(d)platform table and (f) mold with concrete; (g) Fourier spectrum in logarithmic scale; (h) the
lower part of spectrum on a large scale shows that it is broad and continuous

The right border of the hysteresis corresponds to the frequency w=111rad-s™
(17.6 Hz). The characteristics of the regime implemented at this frequency are
presented in Fig. 5. Time histories and contact force are shown in Fig. 5 (a),
(b). The large penetration of bodies into each other due to a very soft impact is
clearly visible. The graph of contact force and exciting periodic force shows 4
impacts per cycle. Phase trajectories with Poincaré maps for platform table and
mold with concrete are given in Fig. 5 (¢), (d). The period of this movement is
2T: the phase trajectory for one period of the external load is not closed; it
becomes closed only for two periods. But the movement in each half of this 27
is very similar. The two dots on the Poincaré maps have almost merged and
look like a cloudlet. The Fourier spectrum in Fig. 5 (e) is typical for periodic
movement. It shows the main frequency w=111 rad's™, superharmonics 2w,
3w, and harmonics that are multiples of w/2, which confirms 2 7-periodicity.
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Fig. 5. The movement picture of periodic (2,4)-regime for w=111 rad-s™”, Any=-8.37. (a) Time
series for both bodies. Their penetration into each other is very large due a soft impact. (b) Graph
of Hertz’s contact force and exciting force shows four impacts per cycle. (c), (d) Phase trajectories
with Poincaré maps for (c)platform table and (d) mold with concrete; (e) Fourier spectrum shows
the main frequency w=111 rad-s”, superharmonics 2w, 3w, and harmonics that are multiples of
/2, which confirms 2 T-periodicity

Thus, oscillatory regime at =111 rad-s™ with Ay=-8.37 is a periodic (2,4)-
regime with a period of 27 and 4 impacts per cycle.

3.2. Technological mass of the mold with concrete mz is a control
parameter

The picture of movement when the control parameter is the technological
mass of the mold with concrete and it varies is shown in Fig. 6. The curves AD
(A’D”) and BC (B’C’) are obtained for different initial conditions. The
coexisting modes occur in range between B and C. The zone of hysteresis
(jump phenomenon) is extending in the narrow range of the control parameter
6400 kg > m, > 5550 kg. These different regimes are realized in the hysteresis
zone when the control parameter is kept constant, but initial conditions are
different.

Fig. 6 (c) and (d) show that the kinds of regimes obtained with the same
initial conditions along the AD ( A’D”) curve are different. Among them there
are periodic modes with different periodicity and chaotic ones. The negative
sign of the largest Lyapunov exponent A, indicates a periodic regime, and its
positive sign hints at a chaotic one. The number of points on the same vertical
on the bifurcation diagram determines the regime periodicity. Four dots (or
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two dots) on the same vertical indicate periodicity 47 (or 27). And only for
large values of mold mass m, (m, =7500kg) T-periodic regime becomes
stable and steady-state. This fact should be known when light molds can be
used to better concrete compaction.
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i 3 H ¢ @
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\_ D & j Q“I' .
ey ' ‘ ke ~0.00 L
H, kg
1000 4000 7000 my, kg 1000 4000 7000 m,, kg
(b) (d)

Fig. 6. Dependence on the mold mass m;: the oscillatory amplitudes 4n.x for (a) the platform table
and (b) the mold with concrete. The curves BC and BLICL] correspond to coexisting modes; (c) the
largest Lyapunov exponent Ama; (d) bifurcation diagram for the platform table. Red curves and
lines in (¢) and (d) show the characteristics of coexisting regimes

Fig. 6 (c) shows a frequent change in the sign of the largest Lyapunov
exponent Am.x in coexisting regimes (the red curve). That is, the modes
alternate many times in this narrow range of the control parameter. The
alternation of coexisting regimes in this zone is shown in detail in Table 2.

Table 2
Alternation of the coexisting regimes in hysteresis zone

Mass m,,kg | 5550 | 5575-5600/5650 - 5750|5800 - 5850|5900 - 5950|6000 - 6350| 6400
Regime (8,8) (3,2) chaos (6,4) (3,2) chaos 2,2)

Fig. 7 shows the characteristics of coexisting modes, which are
implemented at the same control parameter value m,=5700 kg, but under
different initial conditions. The periodic (4,4)-regime is realized when the
initial conditions correspond to the 4D curve, the chaotic regime is obtained
with the initial conditions corresponding to the BC curve.

A broad continuous spectrum on the right side of Fig. 7(c) and the
undefined set of dots on the Poincaré map on the right side of Fig. 7(d)
correspond to a chaotic regime.
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(d
Fig. 7. The characteristics of two coexisting regimes at the same control parameter value
m, =5700 kg, but under different initial conditions; (a) time histories; (b) Hertz’scontact force;

(c) Fourier spectra; a broad continuous spectrum for chaotic mode; (d) phase trajectories with
Poincaré maps in red; the undefined sets of dots (smears) for chaotic mode

3.3. Stiffness parameters are the control parameters
The parameters of the stiffness strongly affect the platform-vibrator
dynamic behavior. The stiffness of vibro-isolating spring &, and Young’s

modulus of elasticity of the rubber gasket E, are those stiffness parameters,

the variation of which allowed observing the coexisting modes in the
hysteresis zone.

Stiffness of vibro-isolating spring £, is a control parameter
The stiffness of the vibro-isolating spring k; determines the partial

frequency a)12 (3) and enters with it into the motion equations (1).
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Four branches of coexisting regimes in hysteresis zone were obtained at
very low values of the spring stiffness under different initial conditions
(Fig. 8). In Fig. 8 (c) and (d), the black curve, lines and points correspond to
the branch A, the red ones — to the branch B, the blue — to the branch C, the
green — to the branch D. Some curves in Fig. 8(c) practically coincide. Fig.8
(d) shows that only T-periodic regime without coexisting modes is established
only at k; 2 3.7-10° N'm™". The largest Lyapunov exponent A,y is positive in a
very narrow range of small control parameter values; a chaotic motion may
occur in this range.
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Fig. 8. Dependence on the stiffness of vibro-isolating spring ; in fourd, B, C, D branches of

coexisting regimes: the oscillatory amplitudes Ama for (a) the platform tableand (b) the mold with
concrete; (c) the largest Lyapunov exponent An.x; (d) bifurcation diagram for the platform table.
The black curve, lines and points in (c¢) and (d) correspond to the branch 4, the red ones — to the
branch B, the blue — to the branch C, the green — to the branch D

The arrows in Fig. 8 (a), (b) show that dynamical system at this point
“jumps” from one regime to another with a further increase in the control
parameter.

As an example, four different regimes for small value &, = 2.6:10*N'm™ in
A, B, C, D branches are shown in Fig. 9. The phase trajectories are very close
one to another at each period of the external force and almost merge in the
(3,1)-regime in the D branch. But the contact force graph clearly shows that
the regime has a periodicity of 37 and 1 impact per cycle. The external force
F(¢) is shown on a reduced scale. The red dotes on the phase trajectories are
Poincaré sections: n dots for an nT-periodic mode, and an undefined set of dots
(smear) for a chaotic signal. Fourier spectra have frequencies that are multiples
of @/n for nT-periodic regime. A chaotic signal produces a broad continuous

spectrum.
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Fig. 9. Characteristicsof4 different coexisting regimesin 4, B, C, D branches obtained at small
valueof spring stiffness &, = 2.6:10*N-m™" under different initial conditions: (a) phase trajectories

with Poincaré maps in red; n dots for an n T-periodic mode, and an undefined set of dots (smear)
for a chaotic signal; (b)graphs of Hertz’scontact force show the impact numbers per cycle; (c)

Fourier spectra have frequencies that are multiples of a)/ n for nT-periodic regime. A chaotic

(©

signal produces a broad continuous spectrum

Young’s modulus of elasticity for rubber gasket E, is a control

parameter

Fig. 1 (g, h) shows an increase in the impact acceleration w, with an
increase in the elastic modulus of the rubber gasket. However, an increase in
the elastic modulus may lead to hysteresis phenomenon, where some of
coexisting regimes can be undesirable.

Fig. 10 shows a general movement picture with a change in the elastic
modulus of the rubber gasket.

The curves AB (A’B’) and CD (C’D’) are obtained for different initial
conditions. Coexisting regimes occur in a very narrow range of the control
parameter. In points B(B’) and C (C’) the dynamical system ‘“jumps” from
one regime to another with a further increase in the control parameter. The
CD-curve modes that occur when the control parameter is increased are likely
to be undesirable. Fig. 10 (¢) shows that they all have the positive largest
Lyapunov exponent, that is, they are chaotic. The bifurcation diagram in
Fig. 10(d) confirms this fact. The amplitude of the platform table vibrations

decreases but the oscillatory amplitude of the mold with concrete is greatly
increased.
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Fig. 10. Dependence on the elastic modulus of the rubber gasket E; the oscillatory amplitudes

Amax for (a) platform tableand (b) mold with concrete; (c) the largest Lyapunov exponent Apax; (d)
bifurcation diagram for platform table

In the hysteresis zone between points B and C at E, =1.2-10'° N-m™, there

is aT-periodic regime on the 4B branch, when zero initial conditions are taken
from the resting state. On the CD branch there is a chaotic mode, more
precisely, transient chaos. Its lifetime depends on the initial conditions. Fig. 11
shows these modes for the platform table.
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Fig. 11. Coexistingregimes in hysteresis zone at £} =1.2- 10" N-m? . Time series for platform

table: (a) T-periodic regime when zero initial conditions are taken in resting state; (b) short

transient chaos when initial conditions are taken in chaotic motionat £} =1.7- 10" N-m?; (c)

long transient chaos when initial conditions are taken in chaotic motion at £, =1.3- 10" N-m?
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The transient chaosis a very interesting phenomenon. In [15], we described
it in detail. When a transient chaos occurs, a dynamical system that was in a
chaotic movement abruptly turns into a periodic one with the same value of the
parameter! (Or, on the contrary, it suddenly goes from the periodic movement
to a chaotic one.)The lifetime of transient chaos depends both on the control
parameter value and on the initial conditions [12, 15, 16].

4. Conclusions

The mathematical model of a platform-vibrator with shock corresponds to
two-body 2-DOF nonlinear non-smooth discontinuous vibro-impact system
with soft impact. It exhibits coexisting regimes when changing the control
parameters, which were the exciting frequency, the technological mass of the
mold with concrete, and the stiffness parameters of elastic elements. On the
one hand, a decrease in the exciting frequency, the mold mass, the vibro-
isolating spring stiffness and an increase in Young’s modulus of elasticity of
the rubber gasket provide an increase in impact acceleration, which improves
the compaction process. On the other hand, such changes in the parameters
lead to arising of the coexisting regimes, many of which are undesirable. These
are modes with a large periodicity and several impacts per cycle, chaotic
modes, and transient chaos. Both permanent and transient chaos may often be
dangerous and unwanted states. Therefore, when operating the equipment, it is
desirable to avoid the control parameter range in which these states can occur.
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Bascenos B.A., [locopenosa O.C.,I[locmuixoea T.I.
CHIBICHYIOUYI PEKUMH B 30HAX I'ICTEPE3ICA Y BIBPOYJAPHOMY
MANJAHYUAKY

Ipouecn QopmyBaHHS € OJHUMH 3 HAWBAKIMBIMMX y BUPOOHHUITBI 3a1i300€TOHHUX
KOHCTpYyKUiil. BibpauiitHi Ta ynapHo-BiOpauiiiHi TexHOIOrii yIMinbHeHHs OETOHHHX cymimieil Ta
(hopmyBaHHsI OCTOHHMX BHPOOIB MAIOTh HaiOiNblIe MOMMPEHHS Yy OyAiBEIbHIH IPOMHCIOBOCTI.
ToMy HHMTaHHS ONTHMI3aLil pexuMiB BiOpauii, mpaBUIbHOr0 BUOOPY BiOpawiiiHOro 00IaxHAHHS
HE BTPA4yaloTh CBOEl aKTyaJbHOCTI. Y CTaTTi OOrOBOPIOETHCS AMHAMIYHA IOBEAIHKA YAApHO-
BiGpALiiiHOi HH3BKOYACTOTHOI PE3OHAHCHOI MAIMHM — BIGpOyZapHOro Maiizanumka. Moro
MaTeMaTH4Ha MOJeNb BiANOBigae JBOX MAcCOBiH CHCTeMi 3 JBOMa CTYNHSIMH BUIBHOCTI 3 M’SIKMM
yIapoM, SIKMHA MOJEIIOEThCA HENiHIHHOK IHTEPAaKTHBHOK KOHTAKTHOK CHIIOK BiMOBIIHO 10
KBa3iCTaTUYHOI KOHTAaKTHOI Teopii ['epra. 3MiHa MPOBIAHHMX MapaMeTpiB MoXe, 3 OAHOro OOKY,
MOKPAIIMTH MPOLEC YUIIBHEHHS, ajle, 3 IHIIOro OOKY, MPUBECTH 10 HEOa)KaHMX KOJMBAIBHUX
pexuMiB. Y cTaTTi OOrOBOPIOIOTHCS Taki MpPOBIIHI MapaMerpH, sIK dYacToTra 30YMKCHHS,
TexHojoriyna maca ¢GopMu 3 OCTOHOM Ta MapaMeTpH JKOPCTKOCTI MPYKHUX EJICMCHTIB.
3MeHIIEeHHST 4acTOTH 30yMKEHHS, MacH (OpMH, JKOPCTKOCTI BiOPOI30JI0I0YOI MPYXKHUHH Ta
301IbIIeHHsT MOAYJIs1 py)XHOCTI FOHra rymMoBoi npokiaaku 3a6e3nedyroTh 301IbIIeHHS yapHOro
HPUCKOPEHHSI, L0 IIOKpally€e Impouec yuiabHeHHs. OIHaK Mpd TakUX 3MiHAaX I[1apaMeTpiB
BHHHUKAIOTh CHIBICHYIOWI pexuMHu, Oarato 3 skuX € HeOaxkaHumu. lle € pexumMu 3 BEIHKOIO
HEPIOAMYHICTIO Ta KUIbKOMa yJapaMH 3a LUK, XaOTHYHI POKMMH Ta MNepexigHuil Xaoc.
JliarHocTHKa PEXHMY HPOBOAMTHCS TPAJULIMHMMH YHCEIbHUMHU 3aC00aMH, a came Mo0yI0BOO
4acoBHX psAiB (peanizawiii curnany), gasoBux TpaekTopiii, nepepisis Ilyankape, cnektpis Dyp'e
Ta OOYHMCICHHAM HaWOUIbLIOro mokasHuka JlsnyHoBa. CrioaiBaeMoch, IO LeH aHa3 MOXe
JIONIOMOI'TH YHUKHYTH Heba)kaHol MOBEAIHKM BIOPOyJapHOro MalaaH4YMKa IiJ 4ac MPOEKTyBaHHSI
Ta eKcrutyaratiii. Bukiag cynpoBoukyeTbest 6ararbma rpadikaMu Ta TabiInIeto.

KuarouoBi cioBa:BibpoynapauiimMaiiianurk,popma 3 OETOHOM,TYMOBA MPOKJIAJIKa, 4acToTa
30y KCHHS,TEXHOJIOT{YHA Maca, IapaMeTPHU JKOPCTKOCTI,CIIBICHYIOUI PEXKUMH.
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VK 539.3

Baocenos B.A., Ilocopenosa O.C., [locmuikoséa T.I'. CniBicHy104i pe:kuMu B 30HaX ricrepesica
B yAapHo-BiOpauniiinomy maiinanmunky// Onip MartepianiB i Teopis CHOpyn: HayK.-TeX. 30ipH. —
K.: KHYBA.2021. — Bumn. 107. — C. 3-19. — Aura.

Mamemamuuna moodenv yoapHo-6ibpayitinoeo ManoaHyuka, wo WUPOKO 3ACMOCO8YEMbCIL Y
OyOisenbHill 2any3i 05l YWIbHeHHs. Ma (OPMYSAHHS OeMOHHUX 8UPOOI8, NPU 3MIHI KOHMPOIbHUX
napamempie 0eMOHCMPYE HU3KY HeNIHIUHUX SA6UWY, 30Kpema make yikaee ma “npumxiuee”’ seuuye,
SIK nepexionull Xxaoc.

Tabu. 2. Puc. 11. Bi6niorp. 18 Ha3s.

UDC 539.3

Bazhenov V.A.,Pogorelova O.S., Postnikova T.G.

Coexisting Regimes in Hysteresis Zone in Platform-Vibrator with Shock// Strength of
Materials and Theory of Structures: Scientific-and-technical collected articles. — K.: KNUBA.
2021.—Issuel07.—P. 3-19.

The article discusses the dynamical behavior of a shock-vibrational low-frequency resonant
machine, which is widely used in the construction industry for compacting and molding concrete
products.Its  mathematical model corresponds to a strongly nonlinear nonsmooth
discontinuoustwo-body 2-DOF vibro-impact system with a soft impact.When changing the control
parameters, coexisting oscillatory regimeswere observed in the hysteresis zone, many of which
may be undesirable and sometimes dangerous. These are modes with a large periodicity and
several impacts per cycle, chaotic modes, and transient chaos.

Tabl. 2. Fig. 11. Ref. 18.
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