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UPGRADING A SWINGING SCREENING SYSTEM WITH LINEAR MOTIONS IN A
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ABSTRACT. This research proposes and proves a method of upgrading swinging screening systems with linear motions in the horizontal plane — namely, replacing
the rigid link between the housing and the vibration exciter with an elastic one. This can be achieved with the introduction of an elastic connecting rod. With the help of
methods from analytical mechanics and the mechano-mathematical models of the initial and improved constructions we prove that this leads to reduced dynamic
bearing reaction forces and significantly improved vibroisolation.

Keywords: swinging screening systems, elastic connecting rod, upgrading

MOZEPHWU3ALMSA HA NIONIKOBA NPECEBHA YPE[LBA C NPABOJIMHENHU ABUXXEHWUA B XOPU3OHTANIHA PABHUHA
CmedpaH lNynes
MunHo-eeonoxku yHusepcumem "Ce. MgaH Puncku", 1700 Cogpus, e-mail: st_pulev@yahoo.com

PE3IOME. B Hacrosiata pabota ce npeanara 1 o60cHOBaBa €fH HaYMH 33 MOAEPHU3ALMS Ha MIOMKOBUTE MPECEBHN Ypeabu C MpaBONMMHENHN [BIKEHUS B
XOPW3OHTaNHa paBHMHA — 3aMsAHa Ha TBbpAATa Bpb3ka Mexay kopryca W BuOpoBBL3BYAMTENs C enactiyHa. ToBa MOXe [a Ce OCbLUECTBU C BbBEXAAHETO Ha
enactyHa MoToBunka. C nomoLyTa Ha U3rpafeHuTe MexaHo-MaTeMaTiHU MOLENM Ha CbLUecTByBallaTa U Ha MOLEpHU3MpaHaTa KOHCTPYKUMM, C METOAUTE Ha
aHanuTUYHaTa MexaHuka ce [0KasBa, Ye Mo TO3M HauMH Ce HamansiBaT CTOMHOCTUTE Ha AMHAMUYHUTE OMOPHU PeakuuM U 3HAYMTENHO ce nopobpsiBa
BMGPOU30NMPaHOCTTA.

Kniouosu AYMU: NIOSIKOBU NPECEBHA ypeA6M, €nacTyHa MOTOBUINKa, MOAepHU3aUmnA

Introduction Description of existing swinging screening
systems with linear motions in the horizontal
The main advantages of swinging screening systems with plane

linear motions in the horizontal plane are:

e simple construction; Representatives of this type of screening system are

e easy maintgnance; o characterized by constant kinematic parameters at all points of
¢ small magnitude of the friction forces; the screening surface because of the rigid connection between
o insignificant operating costs. the drive and the housing, as well as the inelastic attachment

of the housing to the foundation. Fig. 1 shows the schematic
diagram of a swinging screening systems with linear motions in
the horizontal plane (Denev 1964; Tsvetkov 1988). The
housing together with the screening surfaces is secured by the

cylindrical joints 4 and B and levers AB . It moves
translationally. The distance AB = b from the support 4 to

Because of them, such systems continue to be used today
despite their serious disadvantage, namely the large
unbalanced forces transmitted to supporting structures and
surrounding facilities.

This work proposes and proves an easy method for
upgrading swinging screening systems with linear motions in

the horizontal plane — namely, replacing the rigid link between the housing is much larger than the eccentricity e of the
the housing and the vibration exciter. This can be done by vibrator, and therefore it can be assumed that the sieve
installing an elastic connecting rod. With the help of the surface moves in a horizontal line instead of a circle. The
established mechanometric models and the methods of the  source of oscillation is the eccentric shaft OD that rotates

analytical mechanics, it is proved that in this way the values of
the dynamic bearing reaction forces are reduced and the vibro-
isolation and working conditions in the mining enterprises are
significantly improved. BD.

with a constant angular velocity . Movement is transmitted
to the screening surfaces with the help of the connecting rod
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Fig. 1. A swinging screening systems with linear motions in the horizontal plane

The described screening system is considered to be a one-
mass swinging system with one degree of freedom. For the

coordinate ?, the angle of rotation of the levers 4B relative
to the vertical is selected. The mass of the housing and the

screening surfaces is 72 . The distance from the axis O of
the eccentric shaft to the joint B in the position of static
equilibrium is indicated by ly. The levers AB, the

connecting rod BD and the eccentric are considered lean,
due to the fact that their weight is hundreds of times smaller
than that of the screen housing. Friction in the cylindrical joints
is disregarded.

Fig. 2. Determining the relationships between kinematic parameters

Fig. 2 presents a scheme for determining the relationships
between kinematic parameters. At the initial moment of motion,
the crank of the vibrator and the housing suspension lever are

respectively OD, and AB,. At any point in the movement
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they occupy positions OD, and AB, . On the one hand,

point B can be viewed as part of the vibrator and its motion
will be represented as e.sinwt . On the other hand, the same
point belongs to the lever 4B and moves along the arc

@lBZ =ly.

Therefore, the following equality applies (Pulev, 2014)
. e .
b.p=e.sinwt ,or p= Esma)t )

The speed of the housing and the screening surfaces at any
point in time is

v=>b@ = ewCoSwt.

The centrifugal inertial force acting on the screen body is

2
my

b= = ﬂ(ea)COSa)z‘)‘2 )
b b

The dynamic bearing reaction force R, is

(ea)COSa)z‘)2
R, =mgcosp+® =m| gCose +-————
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Description of the upgraded swinging screening
system

Fig. 3 shows a dynamic model of the upgraded swinging
screening system with linear motions in the horizontal plane.

Fig. 3. Schematic diagram of the upgraded swinging screening system with linear motions in the horizontal plane

The elasticity of the newly installed connecting rod is
characterized by the coefficient ¢ .

An analysis of this model has been carried out with the
methods of analytical mechanics (Pulev, 2016). The
approximate differential equation of movement is

. ce .
p+k’p=—sinawt
mb
The law of motion of the screening surfaces is

¢=—(Sina)t—28inktj
(kz—a)z)mb k ’

and the expression for the variation in the speed is

. cew
Q= W(COSQJZ - COSkt) , (3)

where

= /mg+cb
mb

is the system’s circular frequency of vibration.

With the help of the deduced expressions (2) and (3), the
centrifugal inertial force @ = mbg” , acting on the screen

body, can be determined, as well as the dynamic bearing
reaction force R, of the support A , namely

R, =mgC08¢+@=m(gCOSg0+b(b2). ()

Numerical experiment

To prove the positive effect of the upgade, a numerical
experiment is carried out with the help of MATLAB. The aim of
the experiment is to compare the values of the dynamic
bearing reaction force between the initial and upgraded
swinging screening system. The values of the parameter are

c=200000N/m
m= 2000 kg
®=600s"
[,=0,7m
b=0,8m
e=0,03m

Fig. 4 presents the graph of time-varying values of the
bearing reaction force R, in the initial system. Formula (1) is

used. A maximum value of 24804 N is recognized.
Fig. 5 shows the variation of the bearing reaction force R,

in the upgraded version by applying formulas (2), (3) and (4).
Values do not exceed 19663 /N . Difference between the
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minimum values of the two systems is not observed. After
comparing the data in Fig. 4 and 5, a reduction in the maximal
value of the dynamic backlash was observed by 5141 N or by

20.73% in favor of the upgraded version.
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The results of the numerical experiment clearly demonstrate
the benefits of installing an elastic connecting rod. The
upgrade costs are low, but the the vibrations are significantly
reduced.
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Fig. 4. Variation of the dynamic bearing reaction force in a conventional swinging screening system
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Fig. 5. Variation of the dynamic bearing reaction force in the upgraded swinging screening system
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