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Compaction of products is an important stage of construction work and engineering projects. It has a significant impact on the
stability and reliability of the construction. However, the compacting quality of the products depends on various parameters
that are controlled and adjusted on vibration machine. Analysis of these parameters will allow us to determine the optimal
values to achieve the maximum quality of compacting products using a vibration machine. The article studies the influence of
different parameters of the vibration machine on the quality of the material compaction. The purpose of this article is to
determine the choice of the optimal design of vibration machine, depending on the specific conditions of production and the
size of reinforced concrete products. The authors emphasise on such key factors as vibration amplitude, frequency, workload
and duration of exposure. Therefore, taking into account the fact that these parameters can help to understand better the
vibration compaction process and develop optimal conditions for achieving high quality material compaction. This study
presents the most rational design scheme of a small-sized vibration machine and its optimal dynamic parameters. The results
of this study will be interesting for engineers, construction contractors and specialists who are engaged in the design or working
on compaction of products

Keywords: vibration, vibration oscillation amplitude, vibration exciter, vibration machine, debalance, forced oscillations

AHaJsi3 nmapaMeTpiB BiOpaniiiHOI yCTAHOBKH,
110 BIUIMBAKOTh HA AKICTH YIIUIbHEHHS

Bacmianes O.C.'*, SIkoBenko A.M.?

L2 Hanionanbuuii yHisepcureT «IlonTaBebka nonitexnika imeni IOpis Konngpatiokay
*Anpeca st muctyBanas E-mail: a.s.vasiliev.76(@gmail.com

YminsHEeHHS BUPOOiB € BAKIMBUM €TaroM OyIiBeTbHHUX POOIT Ta IHKEHEPHUX IMPOEKTIB i Ma€ 3HAUHUH BIUIUB Ha CTIMKICTB i
HaJil#HICTh KOHCTPYKLiil. OIHAK, AKICTH YIIIIbHEHHS BUPOOIB 3aJI€KHUTH BiJl pi3HUX MAapaMeTpiB, sIKi KOHTPOIIOIOTHCS Ta Hajla-
LITOBYIOThCS HA BiOpaI[ifHNX yCTaHOBKax. AHaJIi3 UX MapaMeTpiB J03BOJIUTh BU3HAYNTH ONTHMAJbHI 3HAYEHHS VIS JOCAT-
HEHHS MaKCHMAJILHOI SIKOCTI YIIUTFHEHHS BHPOOIB 3a JIOTIOMOTOO BiOpaIiifHOi YCTaHOBKH. MeToo Ii€i CTaTTi € mpeacTas-
JICHHS Pe3yJIbTaTiB TOCIHIIKEHHS U1 BU3HAUSHHS BHOOPY ONTUMAILHOT KOHCTPYKTHBHOI CXeMH BiOpaliifHOro obsaHaHHS B
3aJIE)KHOCTI BiJl KOHKPETHHX YMOB BUPOOHHIITBA Ta PO3MIpIB 3ai300eTOHHUX BHPOOiB. OcoOnuBicTh BiOpaIiifHOrO MeToay
TOJISITaE B TOMY, 1[0 TUTBKH 338 PaxyHOK 3HM)KEHHsI IHTEHCHBHOCTI KOJIMBaHb poOOYOro oprany BiOpauiiiHOT MaIlluHA MOXKHA
3IiICHIOBATH MIPUHIIMIIOBO OKPEMi TEXHOJIOTIYHI MPOLECH, TPUIOMY Ii TEXHOJIOTIUHI MPOIECH He BUIUISIOTHCS YiTKO 3a pe-
JKIMaMH KOJIBaHb, a IIOCTYIIOBO IEPEXOIATh Y Pi3Hi mpouecH. B ctaTTi qocmipKy€eThes BIUIMB Pi3HUX apaMeTpiB BiOpariiftHol
YCTaHOBKHM Ha SIKICTh YIIITFHEHHS MaTepiary. ABTOpH 3BEpPTAIOTh yBary Ha TakKi KJIIOYOBi (PaKTOPH, SIK aMILTITYJa KOJIWBaHb,
YacTOTa, HABAHTAXKCHHS 1 TPUBANICTH BILIMBY. TOMY BpaxyBaHHS LIMX [TapaMeTPiB MOXKeE TOMOMOTTH Kpallle 3p03yMiTH IPoLiec
BiOpaniifHOro yminbHEHHS i PO3POOHUTH ONTHMAaIbHI YMOBH JUIS TOCSTHEHHS BUCOKOI SIKOCTI YIIUTEHEHHS Martepiainy. Y Jgoc-
JIJDKEHHI IPOBE/ICHO aHaJli3 OCHOBHHUX MaTepialliB, [0 BUKOPHUCTOBYIOTHCS ITiJl YaC BUTOTOBJICHHS BiOpaniifHO MalvHy, Ta
TXHBOI e(eKTUBHOT poIi B 3a0e3neueHH] eeKTHBHOTO yIIbHEeHHs. B poOoTi pencraBieHo Hal6iIbII panioHabHY KOHCTPY-
KTUBHY CXeMy MajiorabapuTHOI BiOpauiitHOT ycTaHOBKH Ta ii ONTHMaNbHI JUHAMIYHI TApaMeTpH. ABTOPH HAaBOJATh IIPUKIIAIH
MIO3UTUBHOTO BIUIUBY 3MiHM LIUX TAPAMETPiB Ha I'YCTHHY MaTepiaity, HOoro cTabilbHICTh Ta 3AaTHICTh ONUPATHCH PYHHYBaHHIO.
Pesynprati 11p0T0 IOCTIKEHHS OyIyTh IiKaBi iHXKEeHEpaM, OyJiBeTbHUM MiAPSIHUKAM i (axiBLsM, sIKi 3aiiMaIOThCs MPOEK-
TYBaHHSM 1 IPOBEICHHAM POOIT 3 YIIiJIbHEHHS BUPOOiB.

Kurouogi ciioBa: BiOpailis, aMIutiTy1a BiOpokouBaHb, BiOpo30ymKyBad, BiOpaliiiHa MalnHa, nebanatc, BidpailiiiHa ycTaHo-
BKa, BUMYIIICHI KOJHBAaHHS
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Introduction

Compaction of products is an important stage of con-
struction work and engineering projects and has a sig-
nificant impact on the stability and reliability of the
structure. One of the most effective compaction meth-
ods is the use of vibration machines. Vibrating machine
creates vibration waves to reduce porosity and increase
material density [1].

However, the quality of product compaction depends
on various parameters that are monitored and adjusted
on the vibration machines. Engineers and specialists in-
volved in this field feel the need to have a deep under-
standing of how these parameters affect the compaction
process and the quality of the final result [2].

This article is devoted to the analysis of the parame-
ters of the vibrating machine, which affect the quality
of compaction of the products. Our goal is to look at
various factors such as vibration amplitude, vibration
frequency, workload and machine design and deter-
mine their correlation with compaction quality.

The analysis of these parameters will allow us to de-
termine optimal values and recommendations for
achieving maximum quality of material compaction us-
ing vibration machines. These results can be used by
engineers, construction contractors and industry profes-
sionals to improve compaction processes and achieve
optimal results in construction and engineering projects

(3].

Review of Research Resources and Publications

A review and analysis of literary sources shows that
at the national and international levels, two concepts of
structural modeling of concrete mixtures have been de-
veloped: corpuscular, which represents concrete mix-
ture as a three-component medium consisting of solid
particles divided into liquid and vapor phases; the cor-
puscular and phenomenological phase describe the con-
crete mixture as a uniform material of constant density,
changing its retention properties during compression.
Both concepts with all their variations still cause a lot
of discussion [4,5].

The peculiarity of the vibration method is that it is
possible to carry out fundamentally separate technolog-
ical processes only by reducing the vibration intensity
of the platform of the vibration machine, and these
technological processes are not clearly separated by vi-
bration modes, but gradually transition from one into
one another [6,7].

To achieve a certain technical result of vibration, the
active inertia forces must act in a certain way in corre-
lation to the friction forces, viscosity and viscous re-
sistance forces, and if the inertia forces differ slightly
from the optimal value, the same result can be achieved
by changing the duration of the vibration process [8-
10].

The vibration effect necessarily requires a very useful
effect of vibrational activation of the mixed compo-
nents, which is absent in non-vibration methods.

Definition of unsolved aspects of the problem
Strengthening products is an important process in
construction and engineering projects, and vibration

machines are one of the key tools to achieve an optimal
level of compaction. However, the quality of the com-
paction can vary greatly depending on the different pa-
rameters of the vibration machine, such as vibration
amplitude, vibration frequency, workload and machine
design.

Analysis of these parameters will allow us to deter-
mine the optimal values for achieving the maximum
quality of products compaction using vibration technol-
ogy. The results of the study can be useful for engi-
neers, construction contractors and specialists involved
in the design or working on compacting the material
[11, 12].

This article studies the issue of analyzing the param-
eters of the vibration machine, which affect the quality
of the compaction. One of the key aspects that requires
attention is the amplitude of the vibrations, since the
magnitude of the vibrations can affect the depth of com-
paction of the material. Studying the optimum ampli-
tude values can improve the performance of the vibra-
tion compaction and ensure uniform sealing over the
entire surface.

Thus, taking into account these parameters will help
to better understand the vibration compaction process
and develop optimal conditions for achieving high
quality material compaction.

Problem statement

The purpose of this article is to determine the choice
of the best design scheme of the vibrating machine de-
pending on the specific production conditions and di-
mensions of the molded reinforced concrete products.

Basic material and results

The study covers the analysis of the main materials
used in the manufacture of the vibrating machine and
their effective role in providing effective compaction
[13].

The obtained dependencies determine the nature of the
oscillating movements of the movable frame of the vi-
brating machine and, when the form is rigidly fixed, also
attached to its pallet.

Non-rigid fastening of the form and its massive elastic

sides make the graphics (Fig. 1), where X, —offset from

the center of gravity of the zero point in the first em-
bodiment, Y, — offset from the center of gravity of the

zero point according to the second option.
Consider the nature of the multicomponent oscillations
of the system depending on the amount of displacement
of the vibration exciter below the working surface of
the movable frame. An absolutely solid body on elastic
point supports of constant rigidity is taken as a dynamic
model of a vibration installation with a shape rigidly
fixed on it (Fig. 2), where 2b; — height of mold rigidly
fixed on movable frame of vibration machine,
2b, — height of movable frame,
p.1, p.2, p.3—vibrational movements that are
considered.

It is also accepted that the trigger force is the horizon-
tal and angular speed of the shaft is constant. The flat
problem is solved in the inertial coordinate system, the



beginning of which correlates with the center of gravity
of the vibration machine in the static equilibrium posi-
tion, in accordance with the cross section of the vibra-
tion platform.

Oy min
ﬂyﬂm\ S %xg

P =

= ‘ Q
J g L
/-:7 E Gy min
L‘/‘/ 4 HXW&'A’
s ¥
[

Figure 1 — Nature of vibration amplitude distribu-
tion of the movable frame at B/L=0.5

The generalized coordinates are taken:

Xo(t) — coordinates of the system center of gravity;

w,(t) — rotation angle of the system in the plane
near the center of gravity.
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Figure 2 — Scheme of options for applying forced
vibrations, relative to the center of mass of the os-
cillatory system

Neglecting the dissipation of energy in supports and
concrete, the differential equations of oscillations of the
system are obtained in the form:

, @
+F, -sinat @

lo 17 =—2(Cy-d? +C, -a%) -y —
—2C, - Xg-d —I; - Fysinat
where M, =M, +Mpp —mass of the entire system;

@

M ;- mass of form;

M ,, —weight of movable frame;

C.,C, - rigidity of point supports in
directions of corresponding axes;

|i — different distances of the point of

application of the disturbing force to the center of
gravity of the system;
a,d - design parameters.

A partial solution of this system, describing forced
vibrations in the resonance constant mode, is:

X (t) =a, sinot, (3)
wo(t)=a, sinat, 4)
where amplitudes of vibration movements are

determined by formulas:
Dy

==X 5
a =5 ()
D,
__v
a(/_Fl (6)
D=0 My ly-0?(2C, - My -d?+ -
+2C,-Mp-a®+2C, -1g)+4C, -C,-a*
D, = Fo[2C,-d*+2C, -a* -
: ®)

—ly-@?+2C, -1, -d]
2
D, = Rol(Mp -0® - 2C,)l; - 2C, -d] (9)

From the ratios of the values of the main parameters
(M ,,C,.Cy,l,, @) of the vibration machine of this
type, it follows that in the obtained expressions for the
amplitudes of vibration movements, their components
are determining their value: 1,-M, -0*, F, -1, @,
F-M, -0l

An approximate estimate of amplitude values al-
lows us to conclude that with the removal of the vibra-
tion exciter from the center of gravity, the amplitude of
the rotary vibration movements increases noticeably,
but the amplitude of the horizontal vibration move-
ments slightly decreases.

The increase in coordinates, that characterize the vi-
brational movements of system points, are determined
by equations:

M =X (t) =77 (),
Ayk = gk ! l//(t),

where fk and 7], — constant coordinates, which

(10)
(11)

determine the position of the k-th point in the system,
is rigidly connected with the vibrating mechanism. For
characteristic points 1, 2 and 3 on the open surface of
the form (Fig. 2) are defined as:



n =1, =1y =-h, (12)
& =-6=4 (13)
£, =0. (14)

where h, — distance to the center of gravity of the

system from the open surface of the form and
accordingly:

My =My =Mg =Xy +he -y (), (15)

Ay ==Lz =a-y (1), (16)

The magnification of coordinate X is zero, that is,

horizontal vibration movements are absent at a point
that we call "zero" and the coordinate of which we

0
denote 77 . Find the position of this point by putting
AX = 0, from where:
0_%® _
w(t)
i ~1g-@®+2C, -1, -d+2C, -d%+2C, -a

. (18)

(Mp % ~2C,)-1, ~2C, -d
As previously called, the magnitude and sign of
expressions for d, and au/ are determined by the first
components, and therefore it is obvious from equation

0
18, that 7] < 0 and with increasing |i decreases, that

is, with the vibration exciter moving down from the
center of gravity, the "zero" point approaches the center
of gravity and horizontal vibration movements on the
upper surface of the form decrease.

The resulting dependencies can be reduced to a
form convenient for calculations. We introduce the
following dimensionless coefficients:

k = % 19)
P
b
o (20)

We present b, +b, = B and express the main

characteristics of the vibration machine through these
coefficients.

The position of the center of gravity of the machine
in relation to the open surface of the form is determined
by the distance:

h,=B- 1 + K, , (21)
1+k, 1+Kk,

Moment of inertia of the system correlate with the
center of gravity.

2 2 2
., _a’ b k; +1+ 3k |3
3 3 [ 1+k, (+k)
Limited to approximate values of vibration

(22)

movement amplitudes &, and @, :

FO
a, ~— , (24)
b Mp’a)z
a, = =——-a,. (25)
14 |0-a)2 i2 X

Find the increase in coordinates:

AX, =ay -(1+Iii'#j~sin wt, (26)

.
Ay, =-a,-& -5 -sinat.  (27)
i
The position of the "zero" point is determined by
equality:
o__ I
n= I
Amplitudes of vibration movements of points on the
open surface of the mold:
Qy =8y =83y =
. . (29
=a, 1_'|_'2.B.( 1 _k_2) (29)
i 1+k 1+k,

(28)

I
g, =8°8, e (30)
The obtained dependencies (Fig. 3) for the vibration

system with the following data:

M
_(1'):2'

Mp=210"ke;
Mp

2C, =9,6-10° H/m; 2C, =72-10° H/m;

@ =150 paol ¢ ; F,=2-10°H;

a=15m; 2b =0,9 .

The results found by the above formulas have good
correspondence to natural measurements on several vi-
bration machines with a width of a movable
frame 2a ~ 3m.

Finally, it should be noted that when the vibration
exciter is buried under the working surface of the mov-
able frame, it increases the vertical component of vibra-
tion displacements near the longitudinal sides of the
rigid non-removable frame, increasing the intensity of
vibration compaction of the concrete mixture. How-
ever, calculations and analytical studies show that the
penetration of the vibration exciter by more than 0.6 m
under the working surface of a movable formwork with
a width of less than 3 m is impractical, since the metal
consumption of the vibration machine increases, and
the excess vertical component leads to formwork colli-
sions and increased production noise [14].



Selection of the best structural scheme of the vibra-
tion machine depending on the specific production con-
ditions and dimensions of the formed reinforced con-
crete products (Fig. 3).
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Figure 3 - Dependence of vibration
displacement amplitudes at characteristic points 1-
3 and position of "'zero"" point on location of
vibration exciter

Conclusions

In this paper, the most rational design schemes of
small-sized vibration machines and their optimal dy-
namic parameters were outlined:

1. When the vibration exciter is located on the vi-
bration machine in the central window of the movable
frame and below its working surface, the vibration pat-

tern of the movable frame will be uniform and symmet-
rical distribution of the displacement amplitudes of the
peripheral points of the shape. The vertical component
of displacements of the movable frame is noticeable. In
this design, the vibration exciter does not protrude
above the working surface of the movable frame, which
is convenient for conveyor lines. In this case, the cen-
tral window weakens the cross section of the movable
frame, and makes it difficult to access the vibration ex-
citer. It can be recommended for the formation of hol-
low floor slabs from inactive mixtures.

2. When the vibration exciter is located on the vi-
bration machine at the end of the movable elongated
frame and at 100...300 mm above its working surface
there is an uneven distribution of displacement ampli-
tudes along the length of the form. Transverse and ver-
tical components are unequal at the ends and smaller in
the middle part. Therefor, there is good access to the
vibration exciter. Simple and reliable vibration ma-
chine design, convenient for open polygons. Recom-
mended for vibration sites and vibration forms that are
used for forming long structures from moving mixtures.

3. If the vibration exciter is located on the side and
in the middle of the long side of the movable frame, a
more even distribution of displacement amplitudes oc-
curs above or below its working surface compared to
other cases. Also, the movable frame retains a continu-
ous section in the central part, which contributes to its
strength. Good access to the vibration exciter. Asym-
metric arrangement of the vibration drive relative to the
axis of the vibration platform. Recommended for use
on open polygons and for vibration forms.

4. When the vibration exciter is located at the end
or at the corner of the equilateral movable frame and
raised above its working surface on the calculated value
of 400...1200 mm, it is the most distinct multicompo-
nent nature of vibrations of the movable frame and
shape with significant vertical components of vibration
displacements. There is also good access to the vibra-
tion exciter. Conveniently placed in deep pits and open
landfills. Simple and reliable vibration machine design.
It is recommended for the formation of high volume el-
ements, reinforced concrete pipes, etc.
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