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ANALYSIS OF OPERATION FEATURES OF SIZING

Introduction

Commercial separation of mineral fines is
complicated by chocking of screen meshes
with wet or ‘difficult’ grains, which greatly
reduces the sifting surface and, consequently,
worsens the sieve sizing efficiency [1, 2]. Pre-
vention of such unwanted difficulties during
sieving of wet granular materials by means
of creation of favorable conditions for self-
cleaning of sifting surface can enable major
improvements in sieve sizing efficiency.

Existing experience of sizing difficult-to-
sieve and wet granular materials in Russia and
abroad shows that a promising solution to this
problem can be the separation screens with
vibrating sifting surfaces. The review of the
designs of vibrating screens and the research
of their separation efficiency revealed their

SCREEN WITH PARAMETRIC EXCITATION

The article presents the studies into the operation of a sizing screen with parametric
excitation of the sifting surface. The nonlinear differential equation describes the motion of the
sifting surface. Solution of this equation with regard to the factor of nonlinear elasticity deter-
mines the amplitude of steady-state lateral vibrations of the sieve. The probability of particle
pass through the sieve mesh during vibration shear flow of particles along the sifting surface
with continuous tossing is determined. The derived relations allow finding the required length
of the sifting surface for sizing particles at the preset fidelity, as well as the time-variable mesh
sizes with regard to tension and bending. The change in the sieve deformation versus the shift
angle between the longitudinal and lateral vibrations is found. The value of relative deforma-
tion during parametric vibrations grows linearly with an increasing angle of phase shift between
the longitudinal and lateral vibrations, and arrives at the maximum at the phase shift angle of
m/2. The mathematical relations describing conditions of mesh emptying and removal of stuck
grains are presented. The testing data on sizing of wet limestone aggregates 5 mm in size on the
sieve with parametric excitation of the sifting surface are given. It is found that in the beginning
of sizing, the sifting surface is chocked at the test points with limiting size grains due to insuf-

ficient displacement of opposite mesh walls. Later on, the open space of the screen is stabilized.

Efficiency of self-cleaning of the sifting surface is estimated in terms of the screening surface
loss versus operation conditions and time of screening.

major advantages as against conventional
shaking screens. The advantages include
compound motion and deformation of the sift-
ing surface, high rate of loosening and mixing
of a screenable material, activation of the sieve
self-cleaning owing to higher relative movabil-
ity of the sizing screen components, reduced energy input and
material content of the screen, as well as weaker impact on the
footing of a separation screen [3-6].

All these advantages belong in the separation screen with
parametric excitation of sifting surface. This type screen dif-
fers from the screens with direct excitation of sifting surface
by simpler design and by resonance vibrations of the sieve.
Transferability of tension and flexure deformations to an oper-
ating sieve ensures efficient self-cleaning of the sieve open-
ings from adhered material and stuck grains. The wave motion
of the sifting surface supposes the use of sieves made of elas-
tic materials (rubber, polyurethane) which perceive alternating
load and possess high abrasion resistance. Small sifting sur-
face is balanced by high movability of the sieve components
as compared with the steel braided sieves widely applied in
screen sizing [7, 8].

The studies of the parametric resonances in engineering
mainly focused on recommendations on the resonance elimi-
nation to enhance reliability of machines. Regarding screen
sizing, the parametric resonance is used with intent as a ben-
eficial effect, which governs a new route of the research.

Free screen sizing is amply discussed [9-15], while the
behavior of difficult-to-sift particles on a sifting surface with
parametric excitation remains yet poorly studied.

Structurally, a separation screen with parametric excitation
of the sifting surface is a screen with direct excitation [16-22].
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Lateral vibrations of the sieve are excited by means of change
in the flexural stiffness of its elastic components by applying
the periodic axial force on them (in plane of the sieve) at a fre-
quency two times higher than the free frequency of the sift-
ing surface. The vibration mode is governed by the half-wave
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Fig. 1. General layout of screener with parametric excitation
of sifting surface:

1 — fixed mounting of screen (hinge mount); 2 - sieve; 3 — movable
mounting of screen; 4 — directed-action vibration exciter; 5 -
spring linkage; 6 — stretching device; 7 — travel direction of
vibration exciter
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number K of lateral vibrations, which depends on the screen
geometrics and manner of fastening, as well as on the value
of process load.

Motion of the sifting surface is described with a nonlinear
differential equation:
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where A is the amplitude of oscillations of the sieve; w, is the
frequency of the sieve vibrations of a K-th form governed by
the half-wave number of lateral oscillations of the sieve; u =
=p,/p, is the coefficient of pulsation; ¢ is the oscillation attenu-
ation coefficient; Y(A; dA/dt; d?A/dt?) is a nonlinear function; 6
is the sieved material viscosity.

Basic procedures and results of the research

The behavior of a nonlinear function depends on the fac-
tors of nonlinear attenuation, nonlinear inertia and nonlinear
elasticity. The latter is the dominating nonlinear factor in the
system under analysis. With regard to this factor, solution of (1)
comes to the relation for finding the amplitude of steady-state
lateral oscillations of the sieve:

B 2wk n2_1+[£_n2A2}1/2 12 o
- 12 - 2 ’
(3V)’ 4 ™

In expression (2), y and n are the values found in terms
of the parameter K, reduced stiffness C, of the system, sieve
vibration attenuation decrement A, as well as the mass and
geometrics of the sieve.

For a screen with parametric excitation, it is typical that the
particle flow experiences vibrations and constant tossing. As a
result, after each toss, a particle falls down, and it is probable
that the particle passes through a sieve opening. This prob-
ability can be given by:

_(dsina;-D)(c-D)

p= (d+e)sina;(c+e)’ 3

where d and c are the areal sizes of a mesh, mm; D is the diam-
eter of a particle, mm; e is the strand width, mm; a; is the angle
of particle fall on the sieve, deg.

Considering that the particle jump probabilityisqg =1 - p,
the probability of the particle pass through the sieve at an n-th
point of the sieve at the preset fidelity € is of the form of:

Py=01Qy- Gy 1P, <E (4)

Relation (4) makes it possible to find the required length
of the sifting surface for particle sizing at the preset fidelity &:
lmp =2l, where /; is the projection of a particle fall path on the
sieve center line at an i-th stage of the particle flight.

Motion of a particle at the flight stage is described by a
system of differential equations below:

mad?x/dt? = mgsina
md?y/dt? =-mgcosa. (5)

The flight initiation condition is the zero normal force N
found from the system of equations describing the particle
flow on the curved sieve surface:

m(vz/p) =N-mgcos(a+p)
m(dv/dt)=fN-mgsin(a+B), (6)

where ais the incline of the screen box; B is the angle between
the tangent to the sieve curvature and the screen box center
line; p is the sieve curvature radius at the test point.

Separation efficiency of difficult-to-sieve granular materi-
als greatly depends on relative mobility of the sifting surface
components as it creates favorable conditions for self-clean-
ing of the sifting surface from adhered materials and particles
stuck in the mesh. For mesh sieves, the relative mobility of
the sieve components is achieved by imparting one or a few
modes of deformation to them. The main deformation modes
in the screens with direct excitation are tension, bending and
shearing. For a screen with parametric excitation, the typical
deformation modes are tension and bending. Tension is con-
ditioned by the periodic axial force effective in the plane of the
sieve. The bending deformation is connected with the wave
motion of the sieve, when cross sections of the sieve rotate
relative one another.

The sieve length under parametric vibration is given by:

Sy = b7'(1+p?)2E[km, p(1 + p?)~1/2], (7)

)
where b and p are some coefficients found from parameters of
the vibration process; E[km, p(1 + p2)-1/2] is the second-order
elliptic integral.

The time-dependent sizes of the sieve mesh, conditioned
by tension are

Aoy = o1+ &5y),

Cpity = Co t EHEY ),

where d, and ¢, are the mesh sizes in the longitudinal and lat-
eral directions, respectively; y,is the lateral deformation coef-
ficient of the sieve material (Poisson’s ratio); €t), is the relative
deformation of the sieve during vibration.

The mutual rotation angle of cross sections in normal
direction to the screen center line is equal to the angle of con-
tingence of tangents to the sieve bend line at the test points.
Considering deformation of tension and bending, the time-
dependent sizes of the mesh and the internal angle between
the opposite mesh walls are:

iy = o1+ €5p) + rBAé(X_t);

Ciyy = Co  CUEyy);
By = 8o T A8, 4,

where A§,, , is the change in the angle between the opposite
mesh walls during parametric vibrations.

The analysis of the sieve deformation shows that the rela-
tive deformation value linearly grows with an increasing angle
of shear between the longitudinal and lateral vibrations, and
reaches a peak value at the phase shift angle of /2.

Alimiting size grain stuck in a mesh experiences forces from
the mesh walls, as well as gravity and inertia. In unfavorable
conditions (friction or gripping between the particle and mesh
walls exceed the expulsive force), the particle can stay in the
mesh for a long time and can prevent passing of other particles
thereby. A particle can go from the mesh with oversize fraction
or with undersize fraction. In this respect, the mesh emptying
condition and removal of the stuck grain can be given by:
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Fig. 2. General view of sizing screen test bench with
mechanical excitation of sieve

— when particle goes with oversize fraction:

my” > mg + 2Nsin(A8,, ,/2) + 2fNcos(83,, ,,/2) (8)
— when particle goes with undersize fraction:

my” +mg + 2Nsin(A6(“)/2) > 2chos(A6(XA,)/2) (9)

A more favorable condition of separation is when a particle
goes with undersize fraction as then the particle never comes
in the mesh and the repeated jamming is eliminated.

For the sizing tests of wet limestone aggregates 5 mm in
size, a sizing screen test bench with parametric excitation of
the sifting surface was designed and manufactured. The sift-
ing surface was a rubber rolled sieve with mesh size 4.5x10
mm. The sieve design and selection of operation conditions
are described in [23, 24].

The general view of the sizing screen test bench is shown
in Fig. 2, and deformation of the sieve under two half-waves of
vibration is demonstrated in Fig. 3.

The test scope embraced motion paths of points of the
sifting surface under vibration in the mode of parametric reso-
nance. Such vibrations typically have paths of the type of a Lis-
sajous figures at a frequency ratio of longitudinal and lateral
vibrationsof 2: 1.

When the sieve enters the mode of parametric resonance,
the paths of the points acquire a crescent shape which then
transforms into a serpentine path due to the phase shift
between the longitudinal and lateral vibrations. At the phase
shift angle of /2, quenching of the lateral vibrations take
place, and the sieve enters the mode of forced vibrations at
a frequency ratio of longitudinal and lateral vibrations of 1:1.

Fig. 3. Deformation of sieve under two half-waves of
vibrations
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Fig. 4. Screening surface loss versus time of screen sizing in
different operation conditions:
1-K=1;2-K=2;3-K=3;4-K=4

The presence of the lateral vibrations is explained by the sag
of the sieve under own weight and the weight of the load.

In the tests, we determined the separation efficiency of wet
carbonate aggregates versus the sieve design and operation
conditions. The carbonate aggregates had a size of —10 mm
at the -5 mm size content of 44.6%. The moisture content of
the aggregates was maintained at the level of 10-12%, which
represented the most unfavorable sizing conditions.

Due to small weight of the sieve and owing to the resonant
vibration mode, separation on the sieve with parametric exci-
tation is possible under small loads which ensure steady-state
lateral vibrations. Such load is not to exceed 2 t/(h-m?2) at the
exciter vibration amplitude of 5 mm and four half-waves of the
sieve vibrations.

Classification of the undersize sampled at different points
along the sifting surface to analyze the grain size distribution
shows that the content of flaky grains in the undersize grows
at the final stage of screening, in the zone nearby the immobile
frame of the sieve. This is explained by the lower flow velocity
in this zone and by the buildup of the particle layer thickness
as a consequence of reduced amplitudes of the longitudinal
and lateral vibrations of the sieve at the immobile frame, which
ends with extrusion of liming size grains through the mesh
under the overlying material weight.

In the estimate of the sifting surface self-cleaning effi-
ciency, we determined the screening surface loss versus the
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sieve operation parameters and the screen sizing time. It is
found that the screening surface loss grows nonlinearly for a
certain time after the sieving start, and the open space of the
screen is stabilized then (Fig. 4).

Actually, in the beginning of the screen sizing processes,
the sifting surface is chocked at the test points with limiting
size grains due to insufficient value of mutual displacement of
the opposite mesh walls. Further, the mesh jamming and emp-
tying come to equilibrium and the value of the open space of
the screen gets stabilized.

The comparative analysis of the testing data shows that
during size screening of fine and wet carbonate aggregates,
the rate of self-cleaning of the sieve meshesis 1.5 times higher
in case of the sifting surface with parametric excitation than
with conventional-type vibro-screens in the same operation
conditions. Positively, the sieves with parametric excitation are
more efficient in sizing of wet fines of difficult-to-sieve materi-
als or materials with high content of grains of the same size as
the sieve meshes have in case of low specific load applied to
the sieves, i.e., in field conditions.

Conclusions

1. Parametric excitation of the sifting surface of a siz-
ing screen ensures sizing of difficult-to-screen mineral fines
owing to integrated effect of longitudinal and lateral vibrations
of the sifting surface components and due to deformation of
the sieve meshes in vibration.

2. The value of relative deformation under parametric
vibrations grows linearly with an increasing angle of phase shift
between the longitudinal and lateral vibrations and achieves
the maximum at the phase shift angle of m/2.

3. Inthe beginning of size screening, the sifting surface is
chocked with limiting size grains at the test points due to insuf-
ficient mutual displacement of the opposite mesh walls. Then
the value of the open space of the screen is stabilized.

4. The sizing screens with parametric excitation are the
most efficient in sizing of fine and wet difficult-to-screen mate-
rials at small process loads on the sieve.
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