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Abstract:

Problem statement: This study was made to increase productivity of separating process in many industries, to
achieve the required aim, understanding the relationship between designed arithmetic methods on two and three
coordinate planes to choose the parameters of the separating machine and computing additional factors
including characteristics of materials and type of screen.

Approach: The design of these types of separating machines did not include the addressed factors during the
design; the study of these new factors will provide better understanding of the process and increase the abilities
for improvement. Study made to define the right parameters of the operating surface, amplitude and vibration
frequency that provide necessary productivity, efficient parameters of material.

Results: The improvement included the machine design which consisted of screen; the screen design includes
size, angle of inclination and taking into consideration the effect of the vibration trajectory. After applying
primary data and the standard computation, the dynamic parameters are set and then the geometric parameters.
According to the mathematical computation the design was made and then the verifying of the elements of speed
of material motion. These mathematical equations can solve the problem of low productivity and high power
consumption if implemented correctly and taking into consideration the dynamic and geometric elements of
each case.

Conclusion: The results of this study can be implemented in many fields of the industry where separation
machine were used, the application of the mathematical relations can improve the revenue by increasing
productivity and lowering power consumption for industry. For further study, the effect of wavy surface on the
movement of particles will be advised.
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I.  Introduction

Vibratory classification of rock mass by size is one of the main operations in mineral processing. This
opera-tion has become widespread in various industries such as mining, metallurgy, chemical industry,
construction and food industry. In all these enterprises is exploited over a thousand different frame sizes of
vibrating screens differing both structurally and modes of their work.

Further improvement of the screen’s construction is a very urgent task, especially when the
classification of small and thin size rock mass. In addition, any special requirements are demanded for new
constructions of vibrating screens in today's market of mining machinery, such as high technological
parameters, low energy and metal, as well as high wear resistance. In such a framework the production of the
screens is put in the situation of rising requirements to the quality of the produced raw materials and
intermediate products, increased processing of low-grade raw materials, as well as rising energy costs and
consumables.

Significant scientific and practical interests are the investigations aimed at exploring the possibilities of
using in order to increase the technological performance of the screening with a spatial excitation of the sieving
surface. Use of vibrating unbalanced self-synchronizing drive allows creating a rather simple construction of
vibrator having numerous advantages: low power consumption, the complex nature of movement of the working
body, contributing to the intensification of the process of sieve self-cleaning in the classification of difficult
screening materials by using as a vibrating drive easy to use motor-vibrators.

Important and necessary condition for the effectiveness of the classification process is a sufficient
dislodgement of a sieving material. Due to the excitation of the vibratory screening surface can reduce the path
length of the particles within the material layer to the sieve surface, given the location of their contact, the force
of adhesion and the internal friction between the particles. Thus the process of vibratory screening includes
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continuous momentum exchange between the sieve and feedstock (recyclable raw materials). Thus, the nature of
the vibration sieve is of great importance in determining the discrete values of the transmitted energy pulse of a
separate material particle [1, 3].

II. Methodology And Materials

The main requirement for the dynamic scheme of the screen is to provide the necessary, chosen from the
conditions optimal behavior of a technological process one of the masses of law oscillations, which is its
working body. While the dynamic scheme should provide the required level and the basic operational
characteristics of vibrating screen: stability, balance and amplification factor of the driving force.

On horizontal and slightly inclined screens to enhance their technological performance can answer the
implementation of the authors’ proposed layout of inertial self-synchronizing vibration exciters (Fig. 2.1. (a)),
which creates a spatial variation of the screen box [5], and (Fig. 2.1 (b)) were just changed the direction of force
Py [1]. The scheme consists of two unbalanced exciters with a rotating acceleration vector, located on the sides
at a distance from the center of system’s mass perpendicular to the transverse axis of the car box. The planes of
unbalanced masses rotation are inclined in opposite directions at a certain angle B to the plane of the sieving
surface.

While counter-rotating shaft of exciters' the unbalanced masses are rotated to a corresponding phase

angle (¢1 =@l g P =@ ) and with equality of their unbalanced masses (m1 = m2) develop
equal centrifugal force of inertia Py [1, 2, 6].
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Fig. 2.1 — Scheme of screening forces distribution with two unbalance exciters
The sum of the projections of all forces on each of the three coordinate axes(0x, Oy, 0z) and the sum of
their moments relative to the center (point 0) lying in the plane of the forces, represented by systems of

equations:

J—

Y B = P, sinlwt) sinf + B, sinln — wt) sin{—§) =0
L P, = Py coslwt) + Pycosln — wt) =0 — (1)
Y B = B, sin(wt) cosf + B, sinlw — wt) cos(—F) = 2F, sinfet) cos B

¥ M, = B, sin{wt )cos(fla — F, sin(m — wt) cos(—F)a =0
EM, =0 ()
¥ M, = P, sin{wt) sin{f)a + B sin(x — wt) sin[—fla =2 B, sinwt) sin(f) a

—

To simplify the analysis of the basic motion laws of screening surface we will accept assumption: screen
box is absolutely a rigid body. Moment of couple of force ( > . PR, -sin(w- 1) -sin(f) - a ) equals by the

module to the product to the module one of the forces on the shoulder of the pair (2 - &) [7].
From systems of equations (1) and (2) follow that while working on the vibratory drive the screen box
acts  harmonic  perturbing force (2. R, -sin(w-t) - cos(f) ) and the moment (

2. P -sin(w-1)-sin(f) - a) directed, accordingly, along and around the axis 0z and creating

translational alternating vibrations of the screening along the vertical axis [1].
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III.  The Basic Theoretical Backgrounds of the trajectory of material motion in the
tossing mode

Established character of the variations allows determining the behavior of the material particles
(trajectory and speed) on the screening surface of the vibrating screen, that in the future will allow developing a
new design of the machine when implementing the principle of resource saving of its construction.

The fig. 3.2 below, shows the calculation scheme of vibration displacement of a material particle by the
mass m (using the original coordinates X: Y) at a certain angle o, taking into consideration the effect of the air
current P with a certain angle y [3, 4].
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Fig. 3.2 - Calculation scheme of vibration displacement of a material particle on sieving surface of the
screening using the original coordinates X: Y

mX =F" cos f+Gsinat +Pcos y - Fy,

m j =F" sin §-Geos @ +Psiny -N
Calculation scheme of vibration displacement of a material particle by the mass m (using the original

coordinates X: Y: Z) on sieving surface of the screening with spatial variations of the box, inclined to the
horizon at a certain angle a, shown in Fig. 3.4, [1, 2].
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Fig. 3.4 - Calculation scheme of vibration displacement of a material particle on sieving surface of the

screening using the original coordinates X: Y: Z

Particle motion of the material in three coordinate planes is described by the system of equations [2, 7]:
m-X=m-A, @ -cosfB-sinw-t+m-g-sina;

2

m-y=m-A, @ -sinw-t,

m~2=m~AZ-a)2-sinﬁ-sina)-t—m~g-cosa, 3)

where A =Y- Ay Ay = X - a, Z is the amplitude of variations on the coordinate axes, MM;

@ -isan angle of plane’s rotation of the sieve relative to the axis x, grad ..
Particle motion of the material in tow coordinate planes is described by author [7] taking into
consideration the effect of bending oscillations on the motion of the material in the vibro-drying machines [7]:
Rotary fluctuations amplitude of the box:

i
o
where a; — is the amplitude of horizontal fluctuation on the contour of the box, mM; X, — is a distance
from the center of the box to its discharge end, mm.
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Coefficient of the vibro- displacement mode at the particles location point where the:
A w* -sin B

>

A

where 4 — / Az + A7 - is a resulting amplitude of variations of the screen box, mm; ® —is a
L. i A o . .
frequency of variation, ¢ L L=L +o; 8y = arctan A—z — vibration direction angle to the horizon, deg.; a -
X

inclination angle of the sieving surface, deg.
Equation (4) and phase angle of the separation of a material particle from the surface of the sieve y, are
related by [3, 4, 6]:

.1
= arcsin —
Yo 7

From the system of equations (3) we will define the law of motion of a particle with tossing relative to
the coordinate’s z, entering as a variable phase:

.. 2 . .
Z=A, -w ‘sm,B‘sml//—g'cosa;

z'=—AZ-a)-sinﬂ-cosz//—g-cosoz-£+C1
0]

)
2
z=—A_-sinf-siny —g-coso - ¥ 5+ C) -£+C2
2-w w (6)
From the conditions of material separation from the working surface (initial conditions) :
£2=0;z=0byl =1, (y=y,) for t =1, (y =y ) we define C, and C; (5) and (6):
C,=A, -w-sinf-cosy, +g-cosa-&
@ (7
_ 4 -sing-si Yo . Yo_ 4 . sing.si
C,=A,-sinf-siny,+g-cosa- >—C - = A, -sin B -siny, +
2-w @
2 2
+g-cosa-—25—A,-sinf-cosy, y,— g -cosa-—%
2-w 0] (8)
Substituting the values of constant coefficients (7) and (8) in equation (6), we define z:
2
z=—A, -sinf-siny —g-cosx - 21// >+ A, -w-sin B -cosy,, ‘W+g-cosa-w+
- w
2 2
+A, -sin f-siny, + g-cosa - 2W°2 — A, -sinf-cosy, -y, —g-cosa-w—g
- w
Taking into consideration (4), the equation becomes:
_ 2
z=A_-sinf-|siny, —siny +cosy, - (v —y ) —w
2-A4 ©)

Determine the coordinates of Az meeting of a material particle with the plane of the screening working
body (at i =y ,):
) _ (l//a" — l//o)z
2-4

From equation (9) we will define phasic meeting angle of the particle with the surface v, under boundary
conditions:

Az = A, -sin,B~|:sinl//0 —siny,; +cosy, -(w; —y,

2-A4 B (10)
Transcendental equation. Considering that the particle moves with continuous tossing we assume that
v, is close to 2 7z . In this case W, =27+ Ay, Expression (10) takes the form:

o 2
siny, —siny; +cosy, - (¥ —l//o)—w—
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Rz +Aw; —yy)?
2-4

siny, —sin(27z + Ay ;) — +cosy,-Lr+Ay,;—wy)=0

Hence, considering that for small, we obtain:

1 f 1 5
Ay, =——-b —.bh)% —
Vi 5 b+ (2 ) —c an

Where: b=47Z'—2-l//0+2-14~-(1—COSl//0)
c=4r> +y§ —Ar-ywy—2-A-[sing, + (27 —w,) - cosy, ]

Similarly we will define coordinates for longitudinal x and transverse y displacement of a material
particle. As a result of the calculation obtained the following equation:

tanatan.[?{t,ﬂa t,LD:]]

x= —A, cosf [sint,f:,:.— siny + coswy (W —wy) +

y=A, -[cosy, (W —y,)—siny +siny,)].

Coordinates of meeting of a material particle with the sieve plane (at y =y ,):

[ o, =1, 12
Ax = -4, cosf [sint,ﬂ:n — siny; + cosyy @z — W) + tang tan § {4y -1y ]

14 (12)
Ay =A,-[cosy, -(W; —y,) —siny, +siny,)]
Average speed vibro-displacement particles:
o — Ax - w
g = ———
27 (13)

Here, it is possible to compare the equations (12, 13) with work [3, 4] where the author found in the same
way the average speed vibro-displacement particles on the surface. The value of particle displacement over one
period of oscillation of the operating member is defined:

. . 1
AS = ACOSﬂ[smwo —siny, +cosy, (v, —y, )+ 5 Oy, _V/o)z]

and average velocity of vibro-transporting.
v = ASw
» 2z

The obtained equations allow to simulate trajectory of particles' movement on the working body (700 x
1300 mm) of the screening by the software tools «Mathcad». The authors [1, 2] had working body (500 x 1500
mm). Input parameters: A, =1 mm, A, = 1,5 mm, A, =2 mm, o =25 Hz, f =45 deg., 0=15 deg.

Represented analytical expressions for determining the particle's trajectory of rock mass on the sieving
surface of the screening with adjustable spatial trajectory of variations allow investigating the path and speed of
movement of the material's particles of different masses and density in the mode of tossing [2].

IV.  Constructive realization of vibrating screen with the transverse fluctuations of
The working body and its testing

To confirm the effectiveness of the developed scheme of the vibratory drive were carried out
comparative tests of the screening technological parameters with circular, directional and spatial trajectory of
variations, most recent of which are implemented by the proposed kinematics. Experimental stand-screening,
shown on the Fig. 4.4, consists of set on the support frame 6 through elastic dampers 5 of a box 3 with a sieving
surfacel. The mounted vibratory drive 4 and rubber 2 is used for creating spatial and circular oscillations of the
box and during the installation of the vibration exciters 4 at the same angle to the horizon (45 deg.) obtained
directed variations. As shakers in all the schemes were used vibration exciters (Pyom = 0.12 kW, ® pom = 1500
r/min). For all the investigated schemes vibration perturbation design parameters were constant, and the identity
of regime parameters were provided equal to the power consumption of 0.1 kW + 5% by changing the
installation angle of the unbalanced masses (static moment) on the shaft of the vibration exciters[1, 2].
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\
67
1 - sieving surface; 2 - internal vibration (rubber); 3 — duct (box); 4 - vibratory drive; 5 — dampers
(springs); 6 - frame
Figure 4.4 - The construction of an experimental stand-screening

Comparative tests of technological parameters of the process - performance of the screening on the
initial nutrition and efficiency of the classification process with spatial (Q; and E;), circular (Q. and E.) and
directional (Qq and Ey) trajectories variations of the working body undertook by the separation of tuff (class of
10 mm, g/cm’ p = 15) weighing 50 kg., as such as in the work [1].

Fig. 4.5, shows the dependence of technological parameters from vibration exciter's shaft rotation
frequency @ (r / min), which shows that the dependence of all three types of trajectories of variations remains. It
should be noted that the screening efficiency for the entire range ® while working of the screening with the
proposed scheme dynamic for 7-13% is higher greater with 2-3% of performance by the initial nutrition than
with the scheme of a rotational trajectory, but below 4.3% than the scheme with directional variations[1]. The
curve 7 and 8 shows more efficiency and productivity when same cross sectional area but greater in width and
less in length.
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a) with cross sectional area (500 x 1500 mm): 1 — E((®); 2 — E¢(®); 3 — Eg(®); 4 — Qc(w); 5 — Qy(w); 6 —
Qq(®). b) with cross sectional area (700 x 1300 mm): 7-E; (®); 8- Qq4(®);
Fig. 4.5 - Dependence of technological parameters from vibration exciter's shaft rotation frequency ®

Experimental dependence of technological parameters from the angle of inclination of the sieving
surface (Fig. 4.6) showed that the efficiency of the screening while the spatial excitation of the sieve is higher
than the other two. Thus, the performance of the screening with the angle exceeding 15 degrees for exceeds 2%
than given indicator of work in comparison with the scheme of linear variations and for 4% - in comparison with
circular. As for the curve 7, we find a relatively high efficiency whenever a few angle, but compared to the
previous works, we find a small decrease in the amount of production.
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a) with cross sectional area (500 x 1500 mm): 1 — E((®); 2 — E((®); 3 — E4(®); 4 — Qc(®); 5 — Qs(w); 6 —
Qq(®). b) with cross sectional area (700 x 1300 mm): 7-E;(®); 8- Qq4(m);
Fig. 4.6 - The dependence of technological parameters from the angle of inclination of the sieving
surface o

V.  Conclusion
The proposed design of dampers and choose the dynamic scheme of the screening vibratory drive

allows to create alternating translational variations of the screen box along its vertical axis. The choice of
suitable sectional area with the small increase in the width of the surface works to increase the efficiency of the
classification process. Spatial variations of the working body can intensify the movement of the material on the
screening surface in the longitudinal and transverse directions. Thus increases the technological parameters of
the classification process due to the movement of the material in a weaving path in which increases the length of
the path of the rock mass on the sieving surface. Additional to transverse the longitudinal variations of the box
also enable more efficient use of space by the sieve width.

(1]
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