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RESEARCH OF TECHNICAL SYSTEMS OF PROCESSES
OF MIXING MATERIALS

I. Nazarenko, I. Bernyk, O. Dedov,
|. Rogovskii, M. Ruchynskyi, I. Pereginets, L. Titova

RBSTRACT

The process of a vibration concrete mixer has been investigated. Well-coordinated equations of
motion of the system «mixer — concrete mixture» and their solutions have established the regulari-
ties of changing the parameters of the mixer at different angles of inclination. An experimental design
of vibration-gravitational mixing has been developed and manufactured, and studies of the working
process of mixing efficiency have been carried out on it. Research carried out at three warehouses
of concrete mixtures confirmed the assumptions accepted in the work, the assumption and the
selected physical and mathematical model of the «Mixer — concrete mixture» system. The use of
a vibration concrete mixer made it possible to reduce the duration of mixing by 2.5—3 times in com-
parison with conventional free mixing concrete mixers. Provides the preparation of hard concrete
mixtures and improving the quality of concrete mixtures due to the destruction of defective aggre-
gates and a more uniform distribution of the hinder throughout the volume of the mixed mixture.

An algorithm and method for calculating the main parameters of a vibration concrete mixer
have been developed.

KEYWORDS

Vibration mixer, material, physical, mathematical model, equation, resonance, parameters,
experimental setup, vibration frequency, productivity.

41 JUSTIFICATION OF THE CONSTRUCTIVE DIRGRAM OF THE TECHNICAL SYSTEM
FOR THE PROCESSES OF MIXING MATERIALS

The technical systems for the processes of mixing materials include mixers, which are classified
according to the characteristics: the principle of mixing, the nature of work, the method of instal-
lation [1, 2]. According to the principle of mixing the components, concrete mixers are divided into
two classes: with free mixing of materials (gravitational) and with forced [3]. It is most expedient to
use gravity mixers to prepare more plastic mixtures with lower resistivity when mixing them [4]. For
the preparation of hard concrete mixes, mixers with forced mixing of materials are most effective.
At the same time, modern requirements for the quality of concrete mixtures require the use of
more efficient mixing equipment. Such equipment includes mixers using vibration effect [5]. In such
a mixer, up to five component movements take place, and mixing is carried out simultaneously
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DYNAMIC PROCESSES IN TECHNOLOGICAL TECHNICAL SYSTEMS

by translational and rotational movements of the components of the mixture. A free-mixing vibra-
tion concrete mixer (Fig. 4.1) includes a cone-cylindrical mixing drum 1, which is mounted on a base
plate 3 with the help of elastic shock absorbers 2.

O Fig. 4.1 Vibration concrete mixer

This base plate 3 is rigidly connected in its central part to a hollow drive shaft 4, mounted
in a bearing support 5. At the end of the drive shaft 4, a sprocket 6 is mounted, connected to
an electromechanical drive (not shown). On the bottom of the mixing drum 1, a circular vibration
exciter 7 is mounted, which is half mounted in the inner cavity of the mixing drum. In this case, the
vibration exciter of circular vibrations 7 is connected to the drive motor (not shown in the Fig. 4.1)
using a flexible shaft 8 passing inside the hollow drive shaft 4. Inside the mixing drum, the vibration
exciter of circular vibrations 7 is closed with a cone-cylinder protective cap. drum. Blades 10
are located inside the mixing drum 1. The bearing support 5 is mounted on the traverse of the fixing
and tipping mechanism.

Free mixing vibration concrete mixer works as follows.

Mixing drum 1 is installed at an angle of 40-45 degrees to the horizon and is loaded with
a portioned amount of sand, crushed stone and cement. Pour in the required amount of water. The
mixer drum drive is included. In this case, the rotating mixing drum using the blades 10 provides
mechanical mixing of the mixture. This preliminary mixing of the components of the mixture con-
tinues for 15-20 s.

Then, with the help of the fixing and tipping mechanism, the mixing drum is set in a verti-
cal position and the vibration exciter of circular vibrations 7. Under the influence of vibration,
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4 RESEARCH OF TECHNICAL SYSTEMS OF PROCESSES OF MIXING MATERIALS

the mixing drum performs complex vibration movements that cause variable amplitude-frequency
deformations in the concrete mixture. The vibration action of the applied simultaneous torsional and
circular vibrations ensures efficient mixing of the concrete mixture. The duration of vibromechanical
mixing, vibration treatment and vibration activation is 15-25 s, depending on the concrete mix.
After the end of vibromechanical mixing, the vibration exciter of vibrations is turned off and, using
the fixing and overturning mechanism, the mixing drum is transferred to its original position. The
drum is installed at an angle of 40-45 degrees to the horizon and the process of mixing the mixture
continues for 10-12 seconds until a homogeneous state is obtained. Then the concrete mixture
is discharged from the mixing drum.

4.2 DETERMINATION OF THE PARAMETERS OF THE MATHEMATICAL MODEL
OF THE VIBRATION MIXER

The main parameters influencing the choice of the mathematical model of the vibration mixer
are the nature of the mixing drum vibrations, the coordinates of the center of gravity of the mixing
drum, the physical and mechanical characteristics of the mixture, the geometric dimensions of the
mixing drum and the volume of filling it with the concrete mixture.

When vibration in the vertical direction on the bottom of the mixing drum from the side of
the processed concrete mixture, support forces will act, which can be represented in the form of
inertial forces F,, and dissipative forces F,,, i.e. forces of inelastic resistance F,,. These forces

in1

can be described by the following dependencies:

2
Flm = mpM %’ [41]
Fir = b,m% 4.2)

where m,, — reduced mass of the concrete mixture interacting with the bottom of the mixing
drum during vertically directed vibrations; b,, — reduced coefficient of inelastic resistance of the
concrete mixture.

In this case, the value of the reduced mass of the concrete mixture can be determined from
the dependence, modified as a result of the refinement, given in [B]:

pF,
My = k—:tgkﬂr, (4.3)

where p — dynamic density of the concrete mixture; F, — the area of the bottom of the mixing drum
in contact with the concrete mixture; k, — the wavenumber;
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a,= |- (4.9)
P

E — dynamic modulus of elastic deformation of the processed concrete mixture; H, — estimated
thickness of the processed layer, selected from the condition:

at hs"\F, H =h; (4.6)
4o\ p

ahs |Epy-m |E 4.7)
do\p " do\p

where h — thickness of the processed layer.
The coefficient of inelastic resistance of the concrete mixture is determined from the following
relationship:

b, = nkFtgkH,, (4.8)
where m, — coefficient of dynamic viscosity of the concrete mixture;

n, =f,H.[Ep, 4.9
where f, — coefficient of internal friction of the concrete mixture.

From the given dependences (4.2) and (4.8), let’s find the specific values of the reduced mass
and the coefficient of inelastic resistance:

My = kBtgkﬂer, (4.10)
1
b,y = kg H.. (4.11)

The specific values of the reduced mass and the coefficient of inelastic resistance of the con-
crete mixture interacting with the cylindrical walls of the mixing drum during horizontal vibrations
are determined from the following dependencies:

mo = P (4.12)
) 2k () T '
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- byprﬂ — n1k1 tg 1er

b, = (4.13)
270w 20+ W

where p — Poisson’s ratio; L, — length of the processed layer in the horizontal direction.
To determine the nature of the motion of the mixing drum in the vibration operating mode, let’s
consider the design diagram of the dynamic system «mixing drum — processed medium» (Fig. 4.2).

O Fig. 4.2 Design diagram of the dynamic system «Mixing drum — processed medium»

To determine the value of the reduced mass and the coefficient of inelastic resistance of the
concrete mixture interacting with the cylindrical walls of the mixing drum during horizontal vibra-
tions in the direction of the coordinate, let’s conventionally divide the entire mixed concrete mix-
ture located in the cylindrical part of the mixing drum into a number of elementary vertical volumes.
the same width (Fig. 4.2). From Fig. 4.2:

_2R
-2

A, (4.14)

The length of each i-th volume with the width A, located at a distance iA, from the drum shell
is determined from the following relationship:

L =JR2+(R—-iAP. (4.15)

Based on the obtained expressions (4.12), (4.13) and (4.15), let’s determine the values of the
reduced mass and the coefficient of inelastic resistance of the concrete mixture for each elementary
volume interacting with the cylindrical walls of the mixing drum during horizontally directed vibrations:

61



DYNAMIC PROCESSES IN TECHNOLOGICAL TECHNICAL SYSTEMS

hAp
- tokL: (4.16)
M2 = g ) 0
hAmk, (4.17)

e = a0t S

4.3 EQUATION OF MOTION AND ANALYTICAL DESCRIPTION OF VIBRATION MIXER MOTION

Based on the obtained expressions (4.10), (4.11), (4.18) and (4.19) of the calculation
scheme shown in Fig. 4.2 and the method described above, vibrations of a mixing drum loaded with
concrete can be represented in the form of the following system of differential equations:

— vibrations in the horizontal direction along the coordinate axis:

(m+m,,) ¢ dy;f (b, +b,,) dg; +c,y,, = Asnot; (4.18)

— angular (torsional) vibrations about the X coordinate axis:

(m+m,,) o'x - *v 41, bﬂ,gldl% +0,x, = Acosoot; (4.19)

— angular (torsional) vibrations about the X coordinate axis:

(U, +J,) & d"’;f (n, + n,ﬁ)% +koy, =8, sinot; (4.20)
— angular (torsional) vibrations about the Y coordinate axis:

2

dy, dy,
W, +d)—>" i ~+(n, +n,,) dty

— vertical vibrations in the direction of the Z coordinate axis along the X axis:

+ky,, = Al coswt; (4.21)

Z,=Xxy,,; (4.22)

— vertical vibrations in the direction of the Z coordinate axis along the Y axis:

Z, =, (4.23)
where x,., V., V., Z, — linear displacements of the mixing drum in the direction of the coordi-

nate axes X, Y and Z under the action of harmonic exciting forces @coswt and @sinwt in the
operating mode; ., W, — angular displacements of the mixing drum relative to the coordinate
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axes X, Y, respectively, under the action of the moments of exciting forces @sinwt and @coswt in
the operating mode; /, — distance from the center of application of the exciting force of the vibra-
tion exciter of vibrations to the center of gravity of the vibration dynamic system in the operating
mode in the direction of the coordinate Z,

[ ml+m,,(0.5h +a) (4.29)
Y mm,, |

J,, —moment of inertia of the concrete mixture relative to the horizontal axis of gravity passing
through the center of weight:

Jm zim

5 P+ !

I 0.5h+a—1); (4.30)

2
m,oh"+m,,
— coefficient of inelastic resistance of the concrete mixture at angular displacements of the

oscillating system relative to the horizontal axis;
Ny, =0.5hb,,. (4.31)
The solution to the system of differential equations (4.18)-(4.21) for stationary oscillations

describing the steady mation of a vertically installed mixing drum in operating mode is presented
in the following form:

v, t) = A, sinlot —,); (4.32)
X, [t) = A, coslot + @,,); (4.33)
v, (t) =", sinlot —&,); (4.34)
v, ()=, coslwt + &, ), (4.35)

where A, — amplitude of harmonic oscillations of the oscillating center of gravity of the system in
the direction of the coordinate Y in the operating mode; A, — amplitude of harmonic oscillations
of the center of gravity of the oscillating system in the direction of the coordinate X in the operat-
ing mode; ‘¥, — amplitude of angular (torsional) harmonic vibrations of the mixing drum relative to
the axis X passing through the center of gravity of the oscillating system in the operating mode;
P, — amplitude of angular (torsional) harmonic vibrations of the mixing drum relative to the axis Y
passing through the center of gravity of the oscillating system in the operating mode; ¢,,., ¢, — phase
shift angle between the amplitudes of the exciting forces and the amplitudes of the forced vi-
brations; &,,., €, — phase shift angle between the amplitudes of the moments of the exciting forces
and the amplitudes of the angular forced vibrations;
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A = d : (4.36)
' \/[cg—[m+mﬂ, )P +0b,+b,,Fo '
A, = g : (4.37)

Jlos =(m+m, )F +(b, +b,, P
"= & ; (4.38)
Jl =W, +J,JF +(n, + b, P
o ; (4.39)
\/[k W, +Jd, )+, + b, P 0 .
b, +b,,)
0, arcth' (4.40)
¢, —(m+m,,)
b;+b,,)
¢, =arctg—2 (4.41)
c;—(m+m,,)
g, =arctgm; (4.42)
' ky—(J_+d,)
(n, + b,,)o
— anctg—o 02 /® (4.43)
e = A )

Using the obtained solutions (4.32)-(4.43) of the system of equations (4.18)-(4.28) of the
considered dynamic system, let’s successively determine the laws of motion of the bottom and
walls of the mixing drum, as well as the protective cap, affecting the processed concrete mixture
both in vertical and horizontal directions, and causing normal and tangential stresses in the pro-
cessed medium, significantly affecting the destruction of internal bonds in the concrete mixture
and, accordingly, the efficiency of vibration processing and mixing of the prepared concrete mixture.

The law of motion of the bottom of the mixing drum interacting with the processed concrete
mixture horizontally in the direction of the coordinate can be described by the following equation:

Xy )= x, )+ U = aly  ([£) = A, coslot + @, )+ ¥, [/ - alcos(ot +&,,), (4.44)

where X, (t) — horizontal displacement of the mixing drum bottom in the direction of the coordi-
nate X, which causes contacting stresses in the concrete medium.

After transformations of expression (4.44), let’s obtain a dependence convenient for analysis
and computer simulation:

(t) = A,; coslwt +6,), (4.45)
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where A,, —amplitude of harmonic vibrations of the bottom of the mixing drum in the direction of
the coordinate axis,

Ay = A+, [ —aF +24, ¥, ( - alcosly,, — &, ); (4.46)

6, — angle of phase displacement between the amplitude of the exciting force and the amplitude
of the forced vibrations of the bottom of the mixing drum in the direction of the coordinate axis X,

A, sing,, + ¥, ([ —alsing,,

. (4.47)
A, cos@,, + ¥, (I —alcosE,,

0, = arctg

The law of motion of the bottom of the mixing drum interacting with the processed concrete
mixture horizontally in the direction of the coordinate can be described by the following equation:

Y, )=y, )+ -aly, ()= A, sinlot — ¢, )+ P, /- alsinlot - &, ), (4.48)
where Y, (t) — horizontal displacement of the mixing drum bottom in the direction of the coordi-
nate Y, which also causes contacting stresses in the concrete medium.

Transforming expression (4.48), let’s obtain a dependence convenient for analysis and com-
puter simulation:

Y, (t)= A, sinlot —6,), (4.49)

where A, — amplitude of harmonic vibrations of the bottom of the mixing drum in the direction
of the coordinate axis Y,

Ay = A +1¥, U -a)F +24, ¥, - alcosle, &, ); (4.50)

0, — angle of phase displacement between the amplitude of the exciting force and the amplitude
of the forced vibrations of the bottom of the mixing drum in the direction of the coordinate axis X,

A'\r Sin (p’lr + w1r (Z - a)SinEﬂr

. (4.51)
Aﬂr CosQ,. +V,, ([ - B)COSE_,"

6, =arctg

The law of motion of the bottom of the mixing drum interacting with the processed concrete
mixture in the vertical direction along the coordinate Y can be described by the following equation:

Z,lyt)=yy, B)="Y, ysinlot -&, ) at —-A<y<-r,r<y<Rf. (4.52)

dr
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The law of motion of the bottom of the mixing drum interacting with the processed concrete
mixture in the vertical direction along the coordinate X can be described by the following equation:

2, (xt)=xy, (t) = xy, cos(at +&, ) at ~R<x<-r,r<x<R. (4.53)

Here Z,(y,t) and Z,(x,t) — displacement of the bottom of the mixing drum in the vertical
direction along the coordinates X and Y, causing normal stresses in the concrete medium.

The law of motion of the mixing drum shell interacting with the processed concrete mixture
horizontally in the coordinate X direction can be described by the following equation:

Xy l2,8)= X, L)+ 2y ()=
= A, coslot + @, )+ ¥, zcoslot +&,) at —(/—al<z<(H-/+a), (4.54)
where X ,.(z,t) — movement of the shell of the mixing drum in the horizontal direction along the

coordinate X, which causes normal stresses in the medium being processed.
After transformations of expression (4.54), let’s obtain a dependence convenient for analysis
and computer simulation:

X, (2,81 = A, (Z)coslot +6,(2)], (4.55)

obr

where A, — variable amplitude of harmonic vibrations of the mixing drum shell in the direction of
the coordinate axis,

Aﬁob = \/A22r + (WEPZ)E + 2AEPWEPZGOS((p2r - g?r); [456]

0,(z) — variable phase angle between the amplitude of the exciting force and the amplitude of
forced vibrations of the shell of the mixing drum in the direction of the coordinate axis:

A, sing,, +¥,,zsin&,,

. (4.57)
A, cos@,, +¥,.zc0sE,,

0,(2) = arctg

The law of motion of the mixing drum shell interacting with the processed concrete mixture
horizontally in the coordinate direction can be described by the following equation:

Y, 2tl=y, )+ 2y ()=

=A, sinlwt — @, )+ ¥, zsinlwt - &, ) at —(/-al<z<(H-/+a), (4.58)

where Y, (z,t) — movement of the shell of the mixing drum in the horizontal direction along the
coordinate, causing normal stresses in the medium being processed.
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Transforming expression (4.58), let’s obtain a dependence convenient for analysis and com-
puter simulation:

Y, (2.t)= A,,([2)sinlot - 0,(2)], (4.59)

where A, — variable amplitude of harmonic vibrations of the mixing drum shell in the direction of
the coordinate axis Y,

Ay = A2 + (%, 2P +2A, W, z00slg, — &, ); (4.60)

0,(z) — variable phase angle between the amplitude of the exciting force and the amplitude of
forced vibrations of the shell of the mixing drum in the direction of the coordinate axis Y,

A,.sing,, +¥,zsing,,
A’Ir cos (p1r + ‘PVZ c0s iﬂr

0,(z)=arctg (4.61)

The law of motion of the shell of the mixing drum interacting with the processed concrete mixture
in the vertical direction along the coordinates Y and X can be described by the following equations:
— for the cylindrical part:

Z, (t)=Ry  [t)="¥, Asinlot — &, ); (4.62)

obyr

Z,, &)= Ry (t)="¥, Rcoslwt + &, ); (4.63)

obxr

— for the tapered part:

Z, b =Ry ()=

—(h=r-
- ‘I’%[R —y(tgﬁa)]sin[mt+§1,] at (h—(+a)<y<(H-(+a); (4.64)
2 X, 8)= Ry ()=
= ‘I’Q[H —W]ms(mmg?r] at (h—l+a)<y<(H—I+a), (4.65)
where Z,, (t) and Z,, (t) — displacement of the cylindrical part of the mixing drum in the vertical

direction along the coordinates Y and X, causing tangential stresses in the concrete medium;
Z,,ly,t)and Z,, (x,t) - displacement of the tapered part of the mixing drum in the vertical direction
along the coordinates Y and X.
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4.4 DETERMINATION OF THE MAIN PARAMETERS OF THE WORKING PROCESS OF AN OPERATION
OF CONCRETE MIXER

Based on the obtained theoretical dependencies (4.1)—-(4.65), describing the vibrations of the
vibration drum in the operating mode, a program was created in the TurboPascal system designed
to simulate the laws of mation of the mixing drum under the action of disturbing forces generated
by the displaced vibration exciter of circular vibrations.

Fig. 4.3-4.6 show the theoretical values of the vibration amplitudes of the surfaces of a vi-
bration drum in contact with a concrete mixture of different consistency in the horizontal plane and
in the vertical direction. Used cement-concrete mixtures with a cone subsidence OK=3.5—-4 cm
and a stiffness of 30 s, 60 s and 90 s.

The data of the vibration amplitudes of the bottom of the mixing drum (Fig. 4.3, a) and the
shell of the mixer drum (Fig. 4.3, b) with horizontal (1) and vertical (2) movements in the operating
mode are given. The calculations were performed for the preparation of a concrete mixture with
a cone subsidence OK=3.5-4 cm.

A, mm A, mm
0.4 ,_,_,ﬁ_,_,_,_,_ﬂ;,_,__,_,_,_,_ 0.4

. . \\\ 2\ 4
0.3 : L3 == 03f=—=F \\\/—~\\
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0.1 i 0.1 ]

0 52 104 156 208 R,mm 0 50 100150200 250300350H, mm
a b

O Fig. 4.3 Amplitudes of vibrations of the surfaces of the mixing drum (mixture
with cone subsidence OK=3.5-4 cm)
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O Fig. 4.4 Amplitudes of vibrations of the surfaces of the mixing drum (mixture
with a hardness of 30 s)
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O Fig. 4.5 Amplitudes of vibrations of the surfaces of the mixing drum (mixture
with a hardness of 60 s)
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O Fig. 4.6 Amplitudes of vibrations of the surfaces of the mixing drum (mixture
with a hardness of 90 s)

When preparing hard concrete mixes, the distribution of amplitudes is somewhat different
from mobile mixes. Yes, in Fig. 4.9, 4.6 show the results of calculations for mixtures with stiffness
of 60 s and 90 s for the bottom of the mixer drum (a) with horizontal (1) and vertical (2) and
the shell of the mixer drum (b) with horizontal (1) and vertical (2) movements.

The data presented show that during the preparation process concrete mixtures are subjected
to vibration action with sufficiently high amplitudes in the horizontal plane and in the vertical direc-
tion at a frequency of angular vibrations of 292 rad/s, sufficient for effective mixing and vibration
activation of the concrete mixture.

Thus, the obtained expressions (4.1)-(4.65) make it possible to establish the law of mo-
tion of all surfaces of the inner surface of the mixer interacting with the processed cement-
concrete mixture during its preparation, to determine the main parameters of the proposed
vibration device depending on the physical and mechanical characteristics of the processed
mixture, to justify rational modes. actions on the concrete mix during its vibration processing
and preparation.

For experimental research, a vibration mixer was developed and manufactured (Fig. 4.7).
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O Fig. 4.7 Design of the experimental device

It is a cone-cylindrical mixing drum 1, which is mounted on a base plate 3 with the help of
elastic shock absorbers 2. This base plate 3 is rigidly connected in its central part to a drive shaft 4
installed in a bearing support 5. A worm is built into the cross-beam 6 a gearbox 7 connected to
an electric motor 8 through a clutch 9. On the bottom of the mixing drum 1, a circular vibration
exciter 10 is mounted, which is half mounted in the inner cavity of the mixing drum. Inside the
mixing drum, the circular vibration exciter 10 is closed with a conical protective cap 11, which is
hermetically attached to the bottom of the drum. Inside the mixing drum 1 there are blades 12.
The traverse 6 and the locking and tipping mechanism 13 are mounted on the frame 14.

The process of testing the operation of the mixer with the necessary instruments for mea-
suring parameters was carried out in accordance with the requirements of the interstate stan-
dard (GOST 16349-85).

— error of power measuring instruments — no more than 2.5 %;

— rotational speed of the mixing bodies was checked under load,;

— weight of the mixer was determined by weighing on a balance;

— total time of one mixing cycle was determined by a stopwatch and was counted from the
beginning of loading the mixture to the end of unloading the mixed mixture;

— composition, grade of the concrete mixture was determined at the test site;

— during the tests, three batches of mixtures of the same composition were prepared.
The amount of the mixture was sufficient for testing. A total of three mixtures were used.

All indicators provided by the interstate standard, including vibration parameters (amplitude
and frequency of oscillations), were recorded through the appropriate equipment on the computer
display (Fig. 4.8).

On the foundation on the side of the vibration mixer (Fig. 4.8) there is a fixed stand of the
tripod, in which the sensor is fixed on a special clamp. The other end of the sensor is attached
to the bottom of the mixing drum through a special bracket. The length of the sensor base and
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its thickness are selected from the condition that the natural oscillation frequency of the sen-
sor m, exceeds the value of the oscillation frequency by 8...10 times.

As a result of the experiments, the value of the vibration amplitude is recorded on the com-
puter screen in the form of vibrograms. Based on the results of the analysis and processing of
vibration records, both the mutual influence of the working body and the medium and the determi-
nation of optimal modes are established. The analysis of the records was carried out in two stages:
preliminary analysis of the oscillogram; complete control processing.

By processing a series of typical vibrograms according to the above method, the numerical
values of the vibration amplitudes of the bottom of the mixing drum and shell were obtained for
mixtures with different cone draft and different stiffness. Based on the results of data processing,
graphs were constructed with the repetition of each experiment in three dimensions. Fig. 4.9
shows graphs comparing the theoretical and experimental values of the amplitude of oscillations of
horizontal and vertical oscillations of the bottom and shell, depending on the radius, measured from
the axis of rotation of the drum to the shell of the drum.

Computer

[
Drum ADC

M
E

Vibrator

|
1

s Xv
Al / Base ,
Ao plate Tripod
7
O Fig. 4.8 Measurement scheme: X, — horizontal movements
of the mixing drum; X, — vertical movements of the mixing drum
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O Fig. 4.9 Comparison of theoretical and experimental values of the amplitude:
a — horizontal vibrations of the bottom and shell, depending on the radius;
b — vertical vibrations of the bottom and shell for the mixture G=30 s
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An assessment of the performed studies has established that the discrepancy between the
theoretical and experimental numerical values in the vibration amplitudes is 11-15 %.

4.5 METHODOLOGY AND ALGORITHM FOR CALCULATING THE MAIN PARAMETERS
OF A VIBRATION CONCRETE MIXER

The initial parameters are the amplitude, the vibration frequency, set depending on the com-
position of the mixture. An important indicator of the vibration process is the selected type and
direction of vibrations and the nature of vibrations. If, according to the condition of the problem,
the values of the amplitudes and frequencies of oscillations are absent, then their values can be
determined based on the fact that the dominant parameter is acceleration. Then such properties
as amplitude, speed, frequency, acceleration must be considered together.

For harmonic oscillations with frequency, the oscillation amplitude is optimal [7]:

(4-B)g

0)2

Xoor = (4.66)
where g — acceleration due to gravity (g =9.8 m/s). For the frequency @ = 3.14 5™, the optimal
vibration amplitude is determined by the lower and upper acceleration, i.e. X,,; =0.4—0.6 mm.

The second parameter is the drive power of the concrete mixer, which is spent on vibrations
of the mixture P, and friction in the bearings of the vibration exciter F.

The vibration power is calculated according to the maximum value that the existing driving
force can develop with an increase in the dissipative resistance of the system.

Power per vibration, W, is determined by the dependence [71:

1
maxF, =2 fx; o (4.67)
where F, — driving force necessary to maintain a given amplitude is calculated taking into account
the effect of the concrete mixture on the working body of the machine; x; — amplitude of displace-
ments of the working body, taking into account only the reactive forces of the system:
Myl pF

, m, =—tgkH, (4.68)
ma-+m k

’

where o — frequency of forced vibrations.
Friction force power in vibration exciter bearings, W,

d
Py = o (4.69)

where u=0.005...0.008 - coefficient of friction in the bearings; d — diameter of the bearing journal.
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Motor power for vibration exciter, kW:

= w, (4.70)
10001

M

where p — transmission efficiency.

The main parameters of the gravitational action, as components of the general process of mix-
ing the concrete mixture, is the drum rotation frequency, which is determined by the dependence:

w=+2g/D.

(4.71)

The algorithm for calculating the main parameters and characteristics of a vibration mixer
based on gravitational and vibration components is shown in Fig. 4.10.
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Gravitational

The final value of the
parameters and characteristics
of the vibration mixer

O Fig. 4.10 Aigorithm for calculating the parameters and characteristics of a vibration mixer
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4.6 DISCUSSION OF RESEARCH RESULTS

The analysis of the obtained expressions (4.32)-(4.65) shows that the mixing drum in the
process of operation makes complex spatial vibrations, designed to provide an effective vibration
action on the mixed concrete mixture. Moreover, each point located on the inner surface of the
mixing drum has its own law of motion. As a result, the mixed concrete mixture will experience an
alternating amplitude-frequency action, which causes multidirectional normal and tangential stresses
in the mixture, which ensures the ultimate destruction of internal bonds and greater mobility in it,
which contributes to an increase in mass transfer and effective mixing [8-13].

The use of a vibration concrete mixer makes it possible to reduce the mixing time by
2.5-3 times in comparison with conventional free mixing concrete mixers. Provides the preparation of
hard concrete mixes and improving the quality of concrete mixes due to the destruction of defective
aggregates and a more uniform distribution of the binder throughout the volume of the mixed mix.
An experimental design of vibration-gravitational mixing has been developed and manufactured, and
studies of the working process of mixing efficiency have been carried out on it. Research carried out
at three warehouses of concrete mixtures confirmed the assumptions accepted in the work, the
assumption and the selected physical and mathematical model of the «Mixer — concrete mixture»
system. It was found that the use of vibration and gravitational action makes it possible to reduce
the mixing time from 90 to 60 s. The strength of control concrete cubes is 1718 % higher than in
a gravity mixer. The discrepancy between the theoretical and experimental numerical values for the vi-
bration amplitudes is 1115 %. The proposed design and the studies carried out on it have confirmed
the effectiveness of the vibration mixing method. As a result of the studies performed, it was found
that the nature of the vibration of the mixing drum is close to harmonious [14]. The amplitude of verti-
cal oscillations of the bottom varies in the range of 0.3—0.4 mm at a distance R=208-220 mm from
the drum bottom. At a distance of R=120 mm, the vibration amplitude slightly decreased and its av-
erage value is 0.2 mm. Horizontal displacements of the drum bottom have huge vibration amplitudes —
0.02 mm. When loading with a concrete mixture, the amplitudes of vibrations at the same radius have
significantly decreased, and their average value fluctuates between 0.2—0.25 mm and 0.14-0.16 mm.

CONCLUSIONS TO SECTION 4

1. Well-coordinated equations of mation of the system «mixer — concrete mixture» and their
solutions established the regularities of changing the parameters of the mixer at different angles
of inclination.

2. The distribution of the amplitudes of vibrations of the working body of the vibration solvent
has been obtained, depending on the distance of application of the energy source.

3. An experimental design of vibration-gravitational mixing has been developed and manufac-
tured, and studies of the working process of mixing efficiency have been carried out on it.
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tor

4. It has been determined that the use of a vibration concrete mixer makes it possible
educe the duration of mixing by 2.5—3 times in comparison with conventional free mix-

ing concrete mixers. Provides the preparation of hard concrete mixes and improving the quality
of concrete mixes due to the destruction of defective aggregates and a more uniform distribution
of the binder throughout the volume of the mixed mix.

9. The results of experimental studies are presented and a comparative analysis based on

theoretical data has been carried out.

It has been found that the use of vibration and gravitational action can reduce the mixing time

from 90 to 60 s. The strength of control concrete cubes is 17—18 % higher than in a gravity mixer.

6. An algorithm and method for calculating the main parameters of a vibration concrete mixer

have been developed.

10.
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