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SELF-CLEARING OF VIBRATING SCREENING SYSTEMS

Stefan Pulev
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ABSTRACT. During the screening process, particles can block the system by becoming trapped in the screening surface which causes a decrease in performance
called blinding. This paper studies the forces acting on a blocked particle from the sample and the conditions under which it becomes free again. Self-clearing is the
ability of sieves to dislodge blocked particles by no means other than the forces created by the sieving itself. The determinant factors for self-clearing are correctly
selected vibration frequency, amplitude and direction, as well as screen slope. The purpose of this work is to investigate the effects of these on the ability to self-clear
with forces of friction taken into account. The relationships between particle dimensions and the size of surface openings that permit self-clearing are determined.
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PE3IOME. B npoueca Ha npecsiBaHe Taka HapeyeHuTe TPyOHW 3bpHa 3acsgaT B OTBOPUTE HA CMTOTO M MPWYMHSBAT 3aJpbCTBAHE, C KOETO MOHWKaBaT
npou3BoANTENHOCTTa. /3cnenBat ce cunuTe, AeiCTBALLM BbPXY eAHa 3acedHana yacTula oT MpecsiBaHns Matepuan v yCroBusTa 3a HEHOTO U3nu3aHe oT ToBa
CbCTOsHME. CamMoouMCTBAHETO e CBOCTBO HA CUTOTO Aa Ce 0cBOBOXAaBa OT 3aceaHanuTe TPyAHWM 3bpHa 6e3 pa3nuyHN MOMOLLHM CPeACTBa, @ CaMo C NOMOLYTa Ha
pencTealmuTe cunu. Peluasally dhakTopy 3a CaMOOYMCTBAHETO Ha MPECeBHWUTE MOBLPXHOCTU Ca MpaBWUNHO nopbpaHuTe YecToTa, aMnnuTyAa U Hanpasrexne Ha
TPEMNTEHUATa 1 HaKMOH Ha NpeceBHaTa NOBbPXHOCT. LlenTa Ha Taau paboTa e 13cneABaHe Ha BIMSIHMETO Ha CroMeHaTuTe (akTopu BbPXY CMoCcOBHOCTTa Ha CUTOTO
Aa Ce CamMoo4NCTBA MU OTYNTAHE M Ha CUIUTE Ha TPUEHE. V3BeaeHM ca 3aBUCMMOCTM MeXay pasMepuTe Ha YacTULMTE U rofieMuHaTa Ha OTBOPUTE Ha CUTOTO,
ocurypsiBalLit Camoo4NCTBaHETO.

Kniouosu AyMu: BM6paLlMOHHM npecesHn ypeAGM, CaMoo4ucTBaHe

Introduction The shape of the particles and their relative weight are also
Screen b||nd|ng degrades Screening performance and important. ObjeCtS with flat and elongated Shapes can cover
efficiency. It is of particular importance to formulate the exact openings more easily. It is of paramount importance that the
reasons and identify means to prevent it from occurring. shape of the openings be suitable for the shape of the
] ) o ) particles. Round holes are recommended for spheres and
It is clear from the practice of mining enterprises that the cubes. Rectangular ones are suitable for flat and elongated
main factors for blinding are the physical properties of material particles.
screened (Denev, 1964; Tsvetkov, 1988). The particle-size
distribution is particularly important. The larger the "under-size" Self-clearing is the ability of sieves to dislodge blocked
particle groups and smaller the “limit-size” (or “near-size”) particles by no means other than forces created by the sieving
particle groups, the lower the risk of blinding. The general rule itself. The determinant factors for self-clearing are correctly
is that small partides easi]y pass through the Openings and the selected vibration frequency, amplitude, and direction, as well
screen proves to be large enough for near-limit particles. as screen slope. The purpose of this work is to investigate the
. . o . . o effects of these on the ability to self-clear with forces of friction
High material humidity also contributes to intensified taken into account. This work is a continuation of the quoted

blinding. Finer particles stick together and form larger pieces study by Pulev (2015).
which cause congestion. Sieving is made difficult not by the
humidity itself, but by the water on the surfaces of particles.
Water connects particles pulling them together. Increased
humidity prevents screening only up to certain limits.
Screening beyond these is called wet screening.

Analysis

S 3 The most common cause of screen blinding is openings
Contamination in the feed also creates conditions for blocked by near-sized particles. These are particles with a size

blinding of the screen surface. Even in low humidity, loamy d areater than or equal to the size of the holes / (Fia. 1
impurities form lumps which remain in the material bed and g a (Fig. 1.

block the openings. Fine dust can also adhere to surface
openings and reduce their size.
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Fig. 1. Diagram of forces acting on a near-sized particle

We investigate a screening surface sloped at an angle a
relative to the horizon that performs rectilinear vibrations
governed by the law

n = hsinwt .

The amplitude and frequency are denoted by h and W,
respectiviey, and the angle B determines the direction of

vibrations . Fig. 1 presents a blocked particle that has covered
the screen opening, modelled as a completely rigid body with a

spherical shape and mass m . A coordinate system CXy is

introduced with the X axis parallel to the screening surface.
The active forces acting on the particle are the force of gravity

G=mg
and the periodically changing inertia force
F = mho? sin ot

with components

G, = mgsina
G, = mgcosa
_ 2 . .
F, =mho” sin wt.sin

F. =mho’ sin wt.cos

The normal forces with which the screen acts on the particle
at the ponints of contact with the screen surface A and B

are denoted by N and N . Sliding friction forces of type
T, = uN;and T, = N,

are applied at the same points. The coefficient of friction

between the particle and the screen is M The border state in
which the particle separates from the screen in the positive

direction of the ¥ axis is examined. It is assumed that

120

separation is possible at the maximum value of the inertia
Ginowt=1).
then

F, = mhw?’sinf 2.1)

F. = mho’ cosp

As there are no external causes, it is considered there is no

possibility for the particle to rotate around its center O  The
conditions for equilibrium of this setup are:

F,+G, +(N, -N,)siny+(T, - T,)cosy= 0
F,-G,+(N, +N,)cosy-(T +T,)siny=0

Following transformations, the expression below is derived:

FX+GX
siny+pucosy

Gy Fy
cosy-pusiny

2N, = (2.2)

From Fig. 1, the following holds for the geometric
dimensions:

2 2

_ . /
cosy = , Siny =—.
4 14 dJ
The concept of relative particle size is introduced. It is
denoted by

d
a=—
/

and represents the ratio between particle size and sceen
opening size. The size of the particle is relative. The following
equations then hold:

a‘-1 .
cosy= , siny= (23)

1
3
It is considered that the release of the particle will occur

when the particle does not exert pressure on the screening
surface, i.e.

N, (2.4)

After taking into account conditions (2.1) to (2.4), we can
derive the expression for the relative particle size

a=\/1+

The relative particle size determined by (2.5) gives an idea of
the ability of the screen to self-clear. At values close to 1,

g(cosa + usina) - hw? (sinB - ucosB) ’ 2.5)
g(sina- pcosa) + hw? (cosB + usinB)
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particles fall deep into the openings, block them, and release
becomes harder. As values become greater than 1, the particle
center of gravity is more distant from the surface and the
probability of self-clearing increases.

Numerical experiment and discussion

The analysis of (2.5) shows that the the following four factors
influence self-clearing:

— vibration frequency ®.
— vibration amplitude h ;
— vibration direction determined by angle s ;

— screen slope a.

To investigate their impact, charts (see Fig. 2, 3, 4, and 5)
have been plotted using (2.6) with the following parameters set
at:

h=2mm ®=400s"' g=9°
f=15° u=102

Fig. 2 shows changes of relative particle size against an
amplitude variation from 1 to 10 mMm. It can be seen that

self-clearing improves as amplitude increases. The reason is
that a larger inertial force pulls near-sized particles out from the
openings more easily.
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Fig. 2. Influence of vibration amplitude on self-clearing ability

Figure 3 illustrates relative particle size against a vibration

frequency varying from 50 to 250 S " As can be seen, high
vibratoin frequency adversely affects self-clearing.

Fig. 4 shows how screen surface slope affects self-clearing.

The angle @ varies from 0 to 40°. Increases in slope only
sightly imporove self-clearing because they reduce the gravity

component Gy = MI COS A At the same time, steep slope
increases material movement speed and can negatively affect
screening efficiency.

Fig. 5 illustrates the influence of vibration direction
determined by the angle B . The anble varies from 0 to 40°.
At smaller angles, self-clearing is weak, but the magnitude of
the horizontal component F of the inertial force is large.
This leads to improved transport of material over the screen
surface. Increasing B causes an increase in the vertical

component of the inertial force and improvements in self-
clearing, but it can adversely affect the vibration stability of
individual particles.
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Conclusion

The ability of the screen to self-clear is an extremely
important for increasing the performance and efficiency of
vibrating screening systems. It is a complex dependency on
the parameters of the vibration and on the slope of the
screening surface. The deduced formula (2.5) and its analysis
can be used to correctly select the amplitude, frequency and
direction of oscillation, as well as screen slope. The results of
this study can aid technologists in mining enterprises.
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