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The article determines the total kinetic energy of the vibrating table, in which the vibrator is fixed on a lever vertically in the
center under the vibrating plate. To find the total kinetic energy, a kinematic diagram of the vibrating table under study was
drawn up, and the functional dependence of the vibrating table total kinetic energy on the factors acting on it obtained. A graph
of the change in the vibrating table kinetic energy under study was drawn depending on the lever length, on which the vibrator
was fixed. The analysis of the resulting dependence indicates an increase in the kinematic energy of the vibrating table with an
increase in the lever length. The obtained kinetic energy is necessary for the development of an above-mentioned equipment
mathematical model, which will be compiled later using Lagrange equations of the second kind
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B crarTi npoBOaNTHCS BU3HAYEHHS 3aTalbHOI KIHETUYHOI €HEPTii TEXHOJIOTIYHOTO KOMITIEKTY 00JIaJHaHHsI [Tl BAPOOHUIITBA
0eTOHHUX BHPOOIB (BIOPOCTOIY), y IKOTO BiOp030yIKyBad 3aKpIlUTIOETHCS Ha BayKelli BEPTUKAIBHO MO LEHTPY i BiOpOIum-
Tor0. JlaHe 0OnaqHaHHS BUKOPHCTOBYETHCS IJIsl BUTOTOBICHHS ManorabapuTHUX OeTOHHHUX BUpoOiB. [Ipn BUKOHaHHI J0CTi-
JDKeHb OyJIM BUKOPHUCTaHHI METOIM MaTeMaTHIHOI (i3UKH Ta (Hi3NKO-MaTeMaTHYHE MOJISIIIOBaHHS METOJaMH MPUKIIATHOT Me-
xaHiku. {1 BU3HAYCHHS MTOJIOXKEHHS 1 OMUCY BUIBHUX PYXiB MaTepialbHUX Tij, 3 IKHX CKJIAJA€ThCs PO3TIIAyBaHa MEXaHiYHA
cucTema, Oylia 3aCTOCOBaHA OPTOrOHANBHA BiOpalliliHa cucTeMa BiUTiKY 3 TPhOX CUCTEM KoopauHaT. [ 3HaXOKEHHS 3ara-
JIbHOT KIHETUYHOT SHEPTiI, 1[0 € CYMOIO KIHETHYHHX SHEPTiil AeKiTbKOX MaTepiaIbHUX TiJ - IUTMTH, KOPIYCY BiOpo30ymKyBaua,
nebanaHca 1 €eMHOCTI 3 OETOHHOIO CyMIMIIIIo, Oylla CKJIaJieHa KIHEeMaTHYHa cXeMa JTOCHiKyBaHOTO BiOPOCTONY i OTpUMaHa
(hyHKIIOHATBHA 3aJIeKHICTh 3aralbHOI KIHETHYHOI eHeprii BiOpocTomy Bix nitounx Ha HEOTO (pakTopiB. ByB moOymnoBanwmii rpa-
(hik 3MiHH KIHETHYHOT €HepTii JOCHTIHKyBaHOTO BiOPAIiITHOTO CTOITY 3aJIeKHO BiJl JOBKUHH BaXKellsl, Ha SIKOMY 3aKpIiILTIOBABCS
BiOp030yIKyBad, 13 BpaxXyBaHHSIM HOMIHAIBHUX YHCEIbHUX 3HAYCHD BEUUiH MapaMeTpiB BiOpocTory. AHami3 oepkaHoi 3a-
JIOKHOCTI BKa3ye Ha 301IbIICHHS KIHEeMaTHYHOT eHepril BIOPOCTOTy pH 301IbIICHH] TOBKUHH BaXKEIs, 1110 MiATBEPIKYE ede-
KTHBHICTb Ba)XIIFHOTO 3aKpilUIeHHsT BiOp0o30ymxyBaua. L{e B CBOIO uepry nmpu3BOAMTH A0 3MEHIICHHS SHEPrOBHUTPAT IIiJ| Yac
BIOpOYIIiTbHEHHsI OETOHHUX BHPOOIB 3a PaXyHOK 3MEHIIEHHS MOTY>KHOCTI BUKOPUCTOBYBAHOTO ISl YIIINEHEHHS BiOp030y-
oKyBada. OTprMaHa (QyHKI[IOHaNbHA 3aJISKHICT KIHETHYHOT eHepril Tako)k HeoOXiHa A CKIIaaHHs B OAANBIIOMY MaTe-
MAaTHYHOI MOJIEeNT BHIIE3TaJaHoro O0IaIHAHH 32 JOTIOMOTOI0 PiBHSHB JlarpaHka Ipyroro poay
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Introduction

Vibration is the most common method of compacting
concrete composites [1,2]. More than 90% of all con-
struction products made of concrete and reinforced
concrete are made using this method of concrete mix
compaction [3]. This is explained by the fact that in the
process of vibrational action on concrete mixtures, fa-
vorable conditions for thixotropic rarefaction and the
most compact placement of aggregate particles are cre-
ated [4,5].

The modern development of construction requires the
introduction of the latest technologies and the installa-
tion of engineering equipment for various purposes ac-
cording to the criteria of energy minimization and high
efficiency of the technological process. There are a
huge variety of vibration machines used in construc-
tion, which differ in design and purpose. And, above
all, great attention should be paid to the development
and implementation of energy-saving technologies and
equipment.

A review of various vibration equipment designs
shows, that in the manufacture of a wide concrete prod-
ucts range equipment with the required operating pa-
rameters used, with the help of which high-quality vi-
bration compaction of the concrete mix is achieved. In
order to find out the influence of individual parameters
of the developed by us technological set of equipment
for the manufacture of concrete products [6] on the
movement of its working body and energy consump-
tion, it is necessary to determine the kinetic energy and
make a mathematical model of this mechanical system.

Review of the research sources and publications

Extensive use of vibration technology, numerous theo-
retical and experimental studies of the dynamics of vi-
brating machines made it possible to identify the features
of their work, to explain and put into practice the peculiar
effects that occur during the action of vibration on me-
chanical systems [7,8,9]. Therefore, a lot of research and
development is devoted to this issue [10,11], which re-
veals such advantages of vibration equipment as high
sealing efficiency, simplicity of design, high reliability
and relatively low metal consumption and energy inten-
sity. One of the priority directions of construction vibra-
tion equipment development is to reduce energy costs in
production. Energy saving technologies along with in-
creasing productivity and improving product quality oc-
cupy a priority place in modern construction.

In our case, we need to create a vibrating table, which
by placing a vibration exciter on the vertical lever under
the vibrating plate would save energy in the manufacture
of concrete products by reducing the power of the vibra-
tor while maintaining the required parameters of vibra-
tion compaction.

Definition of unsolved aspects of the problem

It is necessary to make a mathematical model of the
developed and constructed vibration table according to
the kinematic scheme, that has not been used before, hav-
ing previously determined its kinetic energy.

Problem statement

The purpose of this work is to obtain the functional de-
pendence of mechanical system total kinetic energy, that
simulates a vibrating table with a vibrating exciter placed
on a vertical lever under the vibrating plate. This func-
tional dependence of kinetic energy is necessary for the
analysis of technological factors, in particular the length of
the lever, having an impact on the energy intensity of this
mechanical system, as well as for further compilation of a
technological equipment set mathematical model for the
manufacture of concrete products (vibrating table) us-
ing the Lagrange equations of the second order.

To achieve a certain goal, it is necessary to solve the
following tasks:

1. Create a kinematic diagram of the vibrating table
with a vibration exciter placed on a vertical lever under
the vibrating plate.

2. To determine the kinetic energy of individual ma-
terial bodies composing the vibro-table.

3. Formulate the functional dependence of the total
kinetic energy of the vibro-table on the factors affecting
it.

4. Build a graphical dependence of the change in the
kinetic energy of the vibrating table under study de-
pending on the length of the lever on which the vibra-
tion exciter is fixed.

Basic material and results

To clarify the general trend of vibration table for the
manufacture of small-sized concrete products individ-
ual parameters influence on the movement of his work-
ing body, as well as the mutual influence of the vibrat-
ing table individual nodes movement let us consider it
as a mechanical system, get this mechanical system a
mathematical model, and solve it.

The general view of the technological set of equip-
ment for the concrete products manufacture (vibrating
table) is shown in Fig. 1.

Figure 1 — General view of the technological set
of equipment for the manufacture
of concrete products

Technological set of equipment (subsequently vibrat-
ing table) consists (see Fig. 2) from the plate / with
dimensions 2a;x2b; in projections and thickness 24,
which rests on a fixed supporting surface with the help
of four elastic elements with rigidity C each. To the
plate 1 lever 2 is rigidly attached with length yer, to the
lower end of which is also rigidly attached mechanical
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centrifugal imbalanced oscillator exciter (vibrator), de-
balancing shaft axis of rotation 4 which, at rest, the vi-
brating table is parallel to the longer axis of symmetry
of the plate 1. On shaft 4 imbalance 5 rigidly fixed, the
rotation of which generates, provides and determines
the working technological movement of the vibrating
table under consideration. On plate 1 symmetrically
placed and rigidly fixed technological tank for concrete
products molding.

Undoubtedly, the primary source of operation for the
vibrating table used in the production of small-sized
concrete products is the rotation of the unbalanced shaft
4 with imbalance 5 of exciter, parameters and charac-
teristics of which completely determine the structure,
magnitude and effectiveness of the dynamic action on
the processed medium [12].

To obtain a mathematical model, let us use the
Lagrange equations of the second order [13]

4} o _o
o4, ’

dt oq,
where T — kinetic energy of a mechanical system.

To find kinetic energy 7 let us consider in Figure 3
the kinematic scheme of the vibration table, as a me-
chanical system consisting of a plate 1, which is the
working body of the vibrating table and which we will
consider as an absolutely solid body in the form of a
homogeneous rectangular parallelepiped with mass m;.
The external restraints that limit the movement of the
slab are elastic elements (springs), with distances be-
tween vertical longitudinal axes equal to 2a and 2b
(see. Fig. 2). Lever weight 2 ignored. The exciter con-
sists of its body 3, which we take for an absolutely solid
homogeneous hollow circular cylinder with a mass ms,

1,2,....s), (1)

inside which the debalanced shaft 4 has the ability to
rotate (the mass of which is also neglected) with an im-
balance5 located on it, with mass m and eccentricitye.
Central longitudinal axis of the body 3 of exciter deter-
mines the rotation axis position of its debalancing
shaft 4.

In a first approximation, the container fixed on the
slab, together with the concrete mix to be molded, will
be considered as a homogeneous solid with mass mg in
the form of a rectangular parallelepiped dimensions
2asx2bex2hs, which is rigidly attached to the plate 1
(see Fig. 2).

Thus, the considered vibration device is modeled by
a mechanical system consisting of four material bodies.

During the direct vibration action, which determines
the process of manufacturing (molding) concrete prod-
ucts, material bodies 1,3 and 6 carry out complex spa-
tial movements that can be considered as free.
The movement of a free solid can be decomposed in
many ways [14] for two movements: a) translational
motion together with an arbitrarily selected fixed point
of the body, which is called the pole; b) spherical mo-
tion around this pole.

To determine the position and description of the free
motions of material bodies of the mechanical system
under consideration, we apply an orthogonal vibration
reference frame [15], which consists of three coordinate
systems: fixed Oxyz and movable Cx%%”and Cxiyizi.
Start of count O of system Oxyz let us associate with
the center of plate 1 inertia C in the position of mechan-
ical system static equilibrium, which is shown in the
Figure 2, by aligning the corresponding coordinate axes
with the main central axes of plate inertia.

4 3 tank
tank = = 2b,
- 0 1y | = "
- . i - - C - cx ! [ 3
- ‘I' b e
Y 4 | 1 3 '
== @,
A AL AT o, WL
2a,
. 2a .
[
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o | 1
@ y @ q

I 1
v

Figure 2 — Vibrating table for the manufacture of concrete products
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Figure 3 — Kinematic scheme of the vibrating table

The origin of both moving coordinate systems moves
with the point C; In this case, the system Cx % Z moves
progressively, so that its axes remain parallel to the
axes of the fixed coordinate system, and the system
Cx1yiz; rigidly bound to the plate 1. In the static equi-
librium position of a mechanical system, all three coor-
dinate systems coincide, and when a mechanical system
moves, a point C uniquely characterizes the motion of
the center of inertia of a plate relative to a fixed coordi-
nate system Cxyz.

Euler's angles of rotation of the moving system rela-
tive to the fixed one will be replaced by vibrational an-
gles of rotation ¢, fand y (Fig. 4), where:

e o specifies the plate rotation angle 1 (or movable
system Cxyizi) in the frontal coordinate plane
Cx %z’ around the axis Cy’ or (which is the same)
around a fixed axis Oy with angular velocity d¢;

e [(—plate 1 rotation angle in the profile plane Cy %’

around the axis Ox with angular velocity f3;

v — plate 1 rotation angle in the horizontal plane

Cx %’ around the axis Oz with angular velocity 1.

Figure 4 — Vibration count system

When moving a mechanical system, vibration angles
a, [ and w acquire only small values, which distin-
guishes them favorably from Eulerian angles, in which
only the nutation angle is small, and the angles of pre-
cession and self-rotation may not be small. Vibration
angles are of the same order and are given by periodic
trigonometric functions; corresponding angular veloci-
ties d, £ and v are same order with angular velocity

w = ¢.

Such assumptions make it possible to significantly
simplify the process of determining kinetic energy and
obtain a simpler mathematical model, which describes
with a high degree of accuracy the position and move-
ment of any point and individual material body of the
table under study.

Since the mechanical system that simulates the vibrat-
ing table consists of four material bodies, its kinetic en-

crgy
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T=T1+T5+T1s+Ts, 2

where T1, T3, Ts, Ts — accordingly, the kinetic energies
of each of the bodies.

To find 77 let's choose the center of inertia beyond the
pole C of plate 1; then by Koenig's theorem [16]

T, = m 'Vc2~ n 142 "012-(21 )
2 2

Where v. — point speed module C;
w142 — plate 1 instantaneous angular velocity module
around the axis (2, of instant rotation, which in the con-
sidered position of the mechanical system passes
through a point C;
1,0, — axial moment of plate inertia 1 relative to the
instantaneous axis 2.

Due to the fact that the origin of the moving reference
frame is chosen in the plate 1 inertia center, then [17]

2

m 1
T =71Vc2 +E(11x1a)12x +[1yla)12y +]1z]0)122) )

where I, I1y,, I17,— accordingly, the plate 1 inertia
moments relative to coordinate axes Cxi, Cy: and
Cz1; w1y, W1y 1 @y, — projections of instantaneous an-
gular velocity @;,, on the corresponding axes of the
fixed system Oxyz.

Next, we note that w,, = £, wyy = a and wy, = Y,
and with the coordinate method of determining the

point motion [18] module v, = /véx + v, + V%,

where V¢ = X¢, V¢y = Y¢ and v, = Z — vector pro-
jections ¥ to the axis Oxyz. Then
vé = x¢ +y¢ + 2E
Substituting all the above values, we finally get that
m .2 .2 )
h=—@c+ye+ic)+
’ G)
+ﬂﬂz+[1)ﬁdz+ﬁl/}z ’
2 2 2

To find 73 we choose the center of inertia for the pole
C; of the exciter body 3. Similar to the definition 7; we
get that

my 5 1 2 2 2
I = TVQ "‘5(13)(3‘03)( +1, 03, + 15, 03;) .

Since the plate 1, lever 2 and body connected rigidly,
then according to the concepts of theoretical mechanics
these three different physical bodies are one material
body, because of which

w3x:w1x:ﬁ’

oy, =, =a,

oy, =0y, =Y
Absolute speed [19] vector U5 of body mass center 3
Ve, = Vze + Vyrs

where V¢, and U, — respectively, the vectors of
portable and relative velocities of the point Cj.
Since portable movement is free, then

- _ = -
Vgze = Vgge1 T Vggezs

where ¥¢, 1 — pole velocity; U, .,— point velocity Cs
in its spherical motion around the pole.
Since a point is chosen as the pole C, then

- - - 5 - . T .
vcselzvczl-xc+]-yc+k-zc.

To find ¥, let's apply vibration angles and depict
body 3 inertia center Cs (see Fig. 5) in three orthogo-
nal projections, where £ = CC5 = £y + (61 + R3);
R; — outer body radius 3.

Let's write §C3e2 as the sum of three addends

Veger = Uaxy T VUsyz + Vsyzs
where V3, U3, and U3,,, — vector projections ¥g,e, to
planes xy, yz and zx

Figure 5 — To determining a portable speed U ., and U¢_,
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From Figure 5 it is obvious that the velocity modules
V3y; =B 2, 3y = a - £ and v3y,y, =1 -0=0,and
the corresponding projections on the specified planes:

Vi, = J V3 ccosPrk vy, sinf=

=j-B-l-cosB+k-pB-1-sinB

Vi :—l?-vm -cosa +I€-v3XZ -sina =

=—i-a-l-cosa+k-c-l sina '
Adding, we get that

§C3ez =—l7-d~l~cosa+]-,3-l-cosﬂ+

+k-(a-1-sina+B-1-sinB)

‘_;Cje:;(xc'd'l‘cosa)"'j()./c+ﬁ'l'00sﬂ)+
+l€(z'c+d-l‘sina+ﬂ.-l-sinﬁ) '

Since the plate 1, lever 2 and body 3 connected rig-
idly, then any movement of the point Cs relative to the
point C absent, which is why ¢, = 0, and

ve, =ik, -a-l-cosa)+ j(y, +f-1-cosf )+
+k (¢, +c-1-sina+ f-1-sinB) '

Squaring the resulting expression and substituting the
value vé into the formula of kinetic energy 73 for body
3, we get

T :O.5m3(ykc2 +y? +z'02)—m3 X, a-cosa+

+my-1-y,-f-cosf+my-1-2, - -sina+
Ch : “4)
+my-l-z, - fB-sinf+0.5m; -1 6* +

22 -2 2
+0.50, -7 +0.505, -a”+0.51;; -y~
Choosing center of Inertia Cs as pole of material

body 6, similar to the definition 73 we consistently es-
tablish that

T =0.5m6()'c62+y3+z'f)—m6-l6-)'cc - -cosa —
—mg-lg-y, - f-cosfrmg-lg-z,-a-sina -
—mg-lg-z, - f-sin B +0.5mg-Ig -a* - %)
—mg-lg 2, -a-f-sina-sinf+0.5mg-I2 - f* +

+0.51¢, 2 +0.51, -6’ +0.51, -y,

To determine T let's decompose the complex move-
ment of imbalance 5 on portable with the body 3 and
relative movement with respect to the specified body.
Portable movement is free. The relative motion of the
imbalance is rotation with angular velocity w = ¢.
By Koenig's theorem

Ty =0.5m-v; +0.515- ¢,

where /’5— moment of imbalance inertia 5 relative to the
axis passing through its center of mass parallel to the
axis of rotation of the debalancing shaft 4.

Vector 1765 of absolute velocity of the imbalance
center of mass 5

- - -
Ves = Vege + Vegrs (6)

Since portable movement is free, then
UCSe = stel + vCSeZn (7)

where 17C531 — pole velocity;
1_5c592— center of mass imbalance velocity 5 in its spher-
ical motion around the pole.

To simplify rather complex and cumbersome calcula-
tions, we apply a coordinate method for determining
motion and its kinematic characteristics.

Since a point is chosen as the pole Cs, then

Ve, = Ve, =1 (X, -a-1-cosa)+

+]0>C+,B-l-cosﬂ)+ ,
+1€(z’c +a-1-sina+ f-1-sinf)
To find ¥, we will use vibration angles and for
clarity we will depict schematically in the figure 6 the

imbalance 5 center of inertia Cs in three orthogonal pro-
jections, where e = C5Cs — its eccentricity.

1y 2 Z
8 A |}
a N
Vi . N C,
k 7 X" e 2
D Wy T § NNy
B o Uy B T a CN .. & X X
. S NAVAS V,é el
0] < G 4
: = = 1
e-sing Cs aC Usy: V' )

4

Figure 6 — Decomposition ﬁCSeZ into three components
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Let's write now ¥¢_e, as the sum of three terms:

VUtge2 = VUsxy + Usy, + Usyzs (®)
S S S . S Lo .
where Vg, , Usy, and Us,,, — velocity vector U, projections to coordinate planes xy, yz and zx.
From Figure 6 it is obvious that the velocity modules

Vsyz = B-e, Vs, =d-e-cosp and Vsxy = Y - e - sing,
and the corresponding projections on the speciﬁed planes
Usy, = J * Vsy, - COSP + k- sy, - Sing = - B-e-cosp + k- B -e-sing,
Vgyy = —L * Usy,COSA + k- VsyzSiN@ = —1- @ - ecospcosa + k-a- ecos¢sina,
Vsxy = —1* VsxyCOSY — J - Vsyysing = —7 -1 - esingcosyp — J - 9 - esingsinyp.
Substituting these values in formula (8), and the values of §C5e1 and ﬁCSeZ in formula (7), we have

ﬁcse=?-(xc—d-{’-cosa—d‘e-cosqb‘cosa—l,l}-e-sinqb'cosz,b)+
47 [yc+B-€-cosp+pf-e-cosp—1-e-sing - simp| +
+E-[Z'C+0'c-{’-sina+d-e-cos¢-sina+ﬁ’-t’-sinﬁ’+B-e-sin¢].
Since the relative motion of the imbalance is rotational, then (see Fig. 7) the module v¢ , = C3(5 - w =€ - ¢,
and a vector

Vegr =f-vcsr-cos¢+ﬁ-vcsr-sin¢ =j-¢-e-cosp+k--e-sing.

!

z

3

_ 3 d

S- @ Y
“ o
S e Ve
& P @

Cj\'\_

5 | -
q-sinQ

Fig. 7. To determine the relative speed ﬁcsr of an imbalance

After substitution ﬁcse and V¢, into formula (6), squaring and substituting the value Ucz's into the formula of
kinetic energy 75, we get

Ty =2 G2 + 92 +28)
-m-f-X;-&-cosa—m-e- xC @ - cosa - cosp —m-e-x; - - cosy - sing +
+m-4£- yc B-cosf+m-e-y-B- cosd)—
—m-e-y.--simp-sing+m-e-y.-¢-cosp +
+m-£-Zc-a-sina+m-£€-z;-f-sinf +
+m-e-Z.-d-sina-cosp+m-e-z.-f-sinp+m-e-z;-¢-sing —

m 2 2 52 m 2 2 2
—5-3 -a‘-cos2a+m-f-e-a -cosd)—?-e -a“-cos“¢ - cos2a +

m . . m .om .
+E-fz-,82+m-{’-e-,82-cos(,[>’—¢)+—-ez-[>’2——-ez-wz-sin2¢+
+m-€%-a- /)’ sina -sinf +m-£-e-d-f -sina - sinf - cosg +
+m-f-e-a-f-sina-sinp +m-£-e-d-y-cosa-cosy -sing +

m
+m-£-e-a-¢-sma-sm¢)+7-e - - - sina - sin2¢ +

m . H . m . H . .
+?-ez-a-¢-cosa-cos¢-sm2¢+5-ez-a-q.’)-sma-std)—

—-m-£-e-f-1-cosf-simp-sing+m-£-e-f-p-cos(f—¢)—
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m . .
—?-ez-ﬁ-lp-sinlp-sin2¢+m-ez-ﬁ-¢—

. . h2
~Z.e2-4p- - simp - sin2¢p + =, ©)
Substituting values (3), (4), (5) and (9) to the formula (2), and having performed legitimate transformations, we

get that the kinetic energy of the vibrating table

M M
—[mg+m)-£+mg-€g] - Xc-d-cose —m:-e- X a-cosa-cosp —
—m-e-%c--cosy-sing + [(mz +m) - € —mg-£s] - Ve - B - cosp +

+m~e-jzc~,[5’-cos¢)—m-e~yc-(/}~sint//~sin(/)+
+m-e-yc-¢p-cosp+ [(mg+m) € +mg L] zc- - sina +
+m-e-Zc-d-sina-cosp + [(mz +m) - £ —mg - 5] - 2 - B - sinf +
mg - €2 + mg - £2
2

+m-e-Z.-f-singp+m-e-z; - -singp + a?—
m-£* o m-e?
-ac-cos2a+m-£-e-a*-cos¢p —

- @? - cos?¢ - cos2a +

2

ms+m) -£2+mg-£2+m-e? . .
+( & ) 3 6 ¢ “pE+m-L-e-B*-cos(B—¢)—
m-e? . .
T <% -sin?¢ + [(mg + m) - €2 —mg - 2] - @ - B - sina - sinf +

+m-£-e-a-f -sina-sinf - cos¢p +
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where M = m; + m3 + my + m — the total weight of the vibrating table;

Ly = Lix, + Izx, + loxg, Iy = Ly, + 15y, + Iy, and I, = I, + I3, + g, — reduced moving part iner-
tia moments of the table relative to the corresponding axes.

As an example of the application of equation (10), we construct a graph of the change in kinetic energy 7' of
vibrating table under study, which it is able to reproduce depending on the length of the lever £, , to which the
vibration alarm is fixed in the center under the vibrating plate. For construction, the mathematical program
"Mathcad Prime" was used and taking into account the nominal numerical values of the greatness of the parameters
of the vibrating table, which are included in the equation (10) (See. Table. 1).

Table 1 — Nominal parameters of the vibrating table.

Ne Parameter name Denomi- Unit of measure Size
nation

1. Mass of vibrating plate mi kg 170

2. Mass of the excitor ms3 kg 10

3. Mass of imbalance m kg 2

4. Mass of load with form me kg 50

5. Imbalance eccentricity e m 0,03

A vibration excitor UB-99bY?2 was used (power N=0,5 Kw, frequency 50 Hz, rotational speed n = 3000 rpm,
acting force P =2,5 KN), which was fixed to the vibrating plate in size Za X2b= 1,6 m X1,3 m, thru the lever.
Lever length €., was accepted equal accordingly 0; 100; 200; 300 mm based on constructive images.

The plot is shown in Fig. 8. The dependence curve increases, which confirms the effectiveness of the lever
fastening of the vibrating device to the vibrating table.
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Fig 8. Graph of the change in the Kinetic energy of the vibrating table T, which it is able to introduce
when compacting concrete products, depending on the length of the lever £,

Conclusions

To obtain a mathematical model of the developed design
of the vibrating table, we proposed to use the Lagrange
equation of the second kind. This method is the most
common method used in solving problems regarding
the motion of mechanical systems.

The considered vibrating table was modeled by a me-
chanical system, which consists of several material bodies
- plate, vibration exciter body, imbalance and tank with
concrete mix. To determine the position and description
of the mechanical system above-mentioned material
bodies free motions under consideration, an orthogonal
vibration reference system from three coordinate sys-
tems was used.

The total kinetic energy of the vibrating table was de-
termined, which is the sum of the kinetic energy of the
four material bodies that make up it.

This functional dependence of the total kinetic energy
will later be used to compile a mathematical model of

the vibration table in the Lagrange equations of the sec-
ond kind, with the help of which it will be possible to
analyze the influence of its constituent parameters — ge-
ometric and kinematic — on the process of compacting
the concrete mix to reduce energy consumption during
vibration compaction of products.

As an example of the application of functional de-
pendence, a graph of changes in the kinetic energy of
the investigated vibration table depending on the length
of the lever was constructed, on which the vibration ex-
citor was fixed. Analysis of the obtained dependence
indicates an increase in the kinematic energy of the vi-
brating table with increasing lever length. The lever
made it possible to create conditions for successful
power transfer from the vibration excitor to the table
without unforeseen losses.
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