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The low-cost cleaning and classification of granular agricultural products in a
vibrating environment is possible via the mathematical modeling of the movement
of a grain on the surface of the screen. In this study, design and analysis of a vi-
bratory screen used for cleaning and classifying peanuts has been realized.
Therefore, firstly a mathematical model of this process has been developed based
on analysis carried out on a grain making translation on a vibrating surface. A 6-
bar mechanism was selected as the driving system and the kinematical analysis
was performed to obtain the basic inputs of the vibratory screen. Based on the
mathematical model developed, a design algorithm has been formed by which de-
sign and operating parameters are selected so as to satisfy the necessary condi-
tions for effective sieving. This way ensures saving money and time. The algo-
rithm has been demonstrated on a numerical example and it is shown suitable to
sieve the peanut.
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Introduction

Separation of agricultural products is one of the major post-harvest processes em-
ployed for cleaning and grading to ensure standardization for sale and/or manufacturing practic-
es. Particulate agricultural products could be separated by employing their physical properties
such as color, blemish, shape, size, weight, density, etc. Sizing is one of the major separation
processes for cleaning debris and grading granular materials using measurable dimensions.

Many and various types of screening mechanisms are used in cleaning and sizing of
agro-products such as flat and reel vibrating screeners [1-6]. Among these mechanisms, the
vibratory screen has been widely used [1]. Vibrating screen is one of the most important ma-
chines used extensively in order to categorize the product.

There are a lot of sifting factors which affect to screening. However, the major sift-
ing factor is vibration motion. Vibration motion has defined frequency and amplitude of vi-
bration and direction of vibration motion. It is very important because election performance of
screen depends on screen vibration [7-11].

Cleaning and grading of particulate products according to size is extensively
achieved using vibratory screens. The major factor governing the efficiency of a vibratory
screen is the vibration motion defined by the parameters of frequency, amplitude and direc-
tion of the vibration. Efficiency of vibratory screens is modeled analytically [12], empirically
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[13, 14], and numerically using simulation programs [15-17]. The real time experimental test
is the very final step, because of the high cost, in current design works for justifying the mod-
el.

There are new studies and types designs of vibratory screens used for mining, named
vibrating flip-flow screens (VFFS) and single-body circular vibrating screen (CVS) [18]. Yu
et al. [18] said that VFFS screening performance was better then CVS.

Modrzewski et al. [19], suggested double frequency vibrators on screens and ana-
lyzed their dynamical behaviour. Researchers formulated high complexity vibration frequen-
cies of vibratory screens [19].

Chen et al. [20] investiged elliptical vibratory screen for industrial application and
applied numerical analyses. The screening parameters and performance of the vibrating
screen are set forth for future research and development activities [20].

In this study, kinematic analysis of the selected 6-bar sieve drive mechanism was
used to calculate effective acceleration components on the sieve surface. The mathematical
model of the relative motion of the peanut according to the sieve surface was obtained with
the effect of acceleration components. A design algorithm has been developed that includes
the mathematical model and the elimination index. The algorithm is converted to Pascal lan-
guage. Thus, numerical experiments have been made effectively by changing systematically
the operation and dimension parameters in the computer program. Based on the numerical re-
sults, the design process has been completed by determining the elimination parameters that
make the elimination index the best. As a result, the vibratory screen is theoretically, de-
signed, analyzed, manufactured and tested.

Material and methods

Formulation of the problem

In vibratory screens, the separation takes place on a planar screen of perforated steel
or woven wire in general. Particles with smaller sizes than those of meshes of the screen fall
through the mesh openings due to gravitational force. Particles remaining on the surface are
moved forward along with the screen. During the motion, particles are under the effect three
major forces, namely the normal force between the particle and screen surface, friction force
resisting the motion of the particle and the weight of the particle. In order to control the
screening, it is necessary to know the relative motion of the product under gravity effect.

Motion of the grain on the screen

The motion of the particle along screen must be analyzed relative to the screen itself.
Let a grain with mass of m be moving on the surface of a screen with the screen slope of &,
accelerations of aex and aey in the x- and y-axes, respectively and the coefficient of kinematic
friction of 4, figs. 1 and 2.

For an efficient separation, the particle is supposed to have no relative motion in the
y-direction. In other words, the grain velocity, Vey, and acceleration, aey, should be equal to
those of the screen in the y-direction. The relative motion is supposed to be only in the x-di-
rection. Under the given conditions, according to Newton’s Second Law:

N =m(a,, +9gcosd) (@)

5, =—0SING —SUN(V ) 4(3y, +GCOSS) 2)
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where N is the normal force, an — the is absolute grain acceleration in the x-direction, g — the
gravitational acceleration, Vi — the relative velocity of the particle with respect to the screen,
and Sgn(Vrex) — a sign function:

Vi >0

1
Sgn (erx) = {_1 Vv <0 (3)
fex

Scrren surface Scrren surface “
gy Y ex
/ agy ey
/ - /

Figure 1. Upwards relative motion Figure 2. Downwards relative motion

Then, the particle relative acceleration, ary, the grain relative velocity, Vs, and the
relative displacement in the x-direction, Ssx, become:

Apex = _gSin5_Sganex)ﬂ(aey +0C0S0) — 8y 4)
&

Vi, = J'afexdt, t =t +h, i=1..n )
tg
{;

Ster = [Viedty =ty +h, =1, (6)

g

where, t;, ti.1 are consecutive times separated by increment of h.
The initial condition can be written:

|afex 0
|er>< =0 = 0 (7
|Sfex 0

For the separation to take place, N should be larger than zero, eq. (1), for the particle
to be contact ever with the screen, and expressed mathematically by:

8, > ~9005(0) ®)

Another condition is the existence of relative motion of the grain in the x-direction.
If at any time Vrex = 0, @ex must overcome the friction force between the particle and the screen
defined by:

AbS(2,) = ABS[GSIN G +SgN(8y,) (3, +9C0S )] ©)
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Screening conditions

The possible relative motion of the particle with respect to the screen and its possi-
ble position with respect to the mesh is depicted in figs. 3(a) and 3(b).

Figure 3. Screening conditions; (a) upwards relative motion and (b) downwards relative motion

Accordingly, the initial condition for the motion:
x(0)=0

y(0)=0

=0 (10)

Then the position of the grain is expressed by:

x(t) :—%gsin St? +V g t (11)

y(t) = —%g cos 5t (12)

For the grain to pass through the mesh:
0O>y>-k-e, 0<x<b (13)

where k is the screen thickness, e — the thickness of the grain, and b — the mesh length.
Considering the position of the grain, egs. (11) and (12), and the limiting condition
in eq. (13) the critical speed is obtained:

gcoso

V. =[b tano(k +e
fex [ +g ( + )] 2(k+6)

(14)

In the case of downward motion of the grain, fig. 3(b), the following limiting condi-
tion is in effect:

0>x>-b (15)
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Accordingly, relative downward velocity is:

gcoss

Vi =[-b+gtans(k +e)] 2+ o)

(16)

Determination of screen acceleration

Many various mechanisms can be used to drive the screen. In this work 6-bar mech-
anism, fig. 4, is selected as the screen driving mechanism. Screen of acceleration component
is presented on fig. 5.

Figure 4. Screening drive system Figure 5. Screen acceleration component

For the kinematic analysis of the system, if the DCMQ four-bar mechanism is select-
ed as a parallelogram linkage, the analysis is reduced to OABM four-bar mechanism, fig. 6.

Figure 6. Simplified 4-bar mechanism Figure 7. Screen drive system position

The 4-bar mechanism functions as a crank-rocker mechanism generating a vibration
at an angle of a. With two limiting positions of the crank-rocker, fig. 6, if Sinus theorem is
applied within QB1M and QB2M triangles for p = r4 and z = 900, the crank-rocker mecha-
nism dimensions would be:
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n_1 sin(-a+xa) +si-n Xy (17)
L 2| siny, sinz
p_1 sin(_a+xa)_si_nxa (18)
L 2| siny, sinz
where x, =90 —tan(p/q), r, =+/p?> +0°, y, =180 — (& + X, + f3).
Then the following loop equation could be written for fig. 7 in the scalar form:
L+h+l—1=0 (19)

where

@, =2tan‘l[_bl_ “2_4’&1%} (20)
1

a =K +17 + 12 —r2 =211, cos(@ — @) — 21,1, oS @, + 21,1, COS AR (21)
b, =2(2r,1,sin@, - 2r,r;sin @) (22)

Q=+ + 12 =12 — 21K, coS(@, — @) + 21,1, COS ), — 21K, COS R (23)
@, = 2tan™! [_bz ! V;’i_ 42,62 J (24)

a, =17 + 17 +r7 —r2 —2nr, cos(@, — @) — 2r,t, CoS @, + 2KT, COSAQ (25)
b, =2(2r,1,sin@, —2nr,sin@) (26)

C, =K + 17 + 17 —r7 — 211, coS(®, — @) + 2r,¥, COSd, — 21T, COS A (27)

Assuming the mechanism input link w» rotates with at a constant angular velocity,
the first time derivative of eq. (19) with respect to time results in two scalar equations with
two unknowns, namely angular speeds of the connecting link, ws, and output link, wa:

T, Sin(a, - @)
? 1y sin(a, — @)

3 =

(28)

_ ., K sin@ -a,)
s~ )

The second derivative of eq. (19) with respect to time gives the acceleration and re-
sults in two scalar equations with two unknowns, namely angular acceleration of the connect-
ing link, as, and output link, aa:
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o - r,W5 COS(@, — @) + W3 COSS(D, — @y) + I, W2

3 r,sin(@, — @) )
W5 COS(@, — By) + [, W] COS(d — ) + Iy (31)
4 r,sin(@; — ;)

Using w4 and as two components along the axes of the x-y co-ordinate system, fig. 5,
is obtained :

a,, = WZr, Cos(360° — @, — &) — a, I, cos(270° — @), — 5) (32)
3, = W1, Sin(360° — @, — 5) — a1, Sin(270° - @, — ) (33)

Screen design and analysis according to the suitable product motion

The following algorithm developed using the mathematical model was employed for
an effective screening design together with the provided parameters through given steps:
1. Basic parameters (p, 0, &, Z, &, W2, 1, n) are entered, where n stands for the number of
time increments. Enter the basic parameters (p, q, &, z, &, Wz, i, N).
2. Using p, g, &, z and egs. (17) and (18), the fixed body position angle, @, and link
lengths (r1, ra, r3, r4) are determined.
3. The time increment is found through T = 2r/w; and h = T/n, (T is cycle period of the
screen).
At the start of the motion to = 0 is taken for i = 0.
Timeisgetrunbyti=ti—1+h.
The crank angle is computed through @, = wsh(i — 1) for t = ti.
Connecting and output link, @si, @4, are determined using eqs. (20) and (24) for
t=t.
Angular velocities, wsi, wai, are computed using egs. (28) and (29) for t = t;.
Angular acceleration, aui, is determined using eqg. (31).
0. Screen drive acceleration components, aexi, @eyi, are calculated using egs. (32) and
(33) fort =ti.
11. If eq. (8) does not work, indicating bouncing, Step 20 is executed.
12. The Ni/m is calculated for asi = aeyi using eq. (1) for t = t.
13. If i # 1 and to # 0, Step 15 is executed.
14. The a; is set equal to aexi, for initial conditions of asexi = 0, Viexi = 0, Stexi = 0 and for t
=t
15. If Step No. 8 does not work for Viexi —1 = 0 and t = t;, Step 20 is executed.
16. If Aps(Viexi — 1) # 0 or Aps(Vrexi — 1) = 0 and Step 8 works, the following calculations
are carried out:

No oM

B © o

N: .
A5 =GNV - gsinG @)
Aexi = Agxj — Agy (33)

h .
erxi = (afexi + afexi—1)§ +erxi—1 (trapeZOIdaI rUIe) (34)
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17. If Sgn(Vrexi) = Sgn(Viexi-1) Step 19 is executed.
18. The following calculations are executed for asi, arexi and Visexi:

N. .
afxi = _Sgn(vfexi )/UFI —gsin o (35)
Qexi = Apxj — By (36)
h
erxi = (afexi + afexi—l) E +erxi—l (37)

19. Relative displacement is calculated using:
h
Sfexi = (erxi +erxi—1)§ + Sfe><i—1 (38)

20. The i is increased by 1 and the loop is restarted again executing Step 5 till the maxi-
mum value of i is reached.

Criteria for screening

The previous algorithm provides a method for calculating the relative acceleration,
relative velocity and relative displacement of the grain with respect to the screen surface using
given input parameters. In assessing the relative

;&5 . motion of the grain on the screen, a criterion

> Upper called index of screening efficiency, e, is taken
g H Vup /\ imit into account.

. oo /| e The e is determined using fig. 8 which

& Tme () Shows variation of the relative velocity, Vre, of

v Vetow \ / Down the grain vs. time. Screening does not take place

N, Vgilgﬁcigty through time periods of t; and ty, since the grain

t (period) velocity beyond the limiting relative velocity.

The same way it does not happen through time

Figure 8. Possible relative velocity of the periods of t; and ts, since the grain relative ve-
product on the screen locity is zero.

The screening would be effective for ts = T — (t1 + t2 + t4 + t5), thus the ratio giving
the period through the screening is effective to the cycle period of the screen, &:

LG+ 4G

T T (39)
The average relative velocity of the grain, Viexay, given in eq. (5) is determined from:
T
J.O |er><|dt
Vi == (40)
So, the index of screening efficiency, e, can be defined:
€=6Viay (41)

Accordingly, the efficiency of the screening practically gets larger with increasing e.
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Results and discussion

The previously provided analysis and design algorithm presents assessable conclu-
sions under the light of suitable designing criteria. Setting up an example for this, the applica-
tion incident to peanut will be demonstrated. The algorithm in question has been converted in-
to a computer software program to allow the analysis of relative acceleration, velocity and
displacement values within the two cycles of the screen. The input parameters of the program
and effective parameters in screening are the same. The change within the first two cycles of
relative velocity and relative displacement obtained from changing of input parameters sys-
tematically and the changing of screening index with respect to the effective parameters in
screening are developed into graphs. With the application of designing criteria suitable to
these graphics, an optimum screen design will have been suggested.
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Here, apart from the aforementioned input parameters, the constant magnitudes se-
lected as inputs are as follows:

Screen plate hole diameter b = 20 mm, screen plate thickness k = 1 mm, the average
thickness for peanut e = 6 mm.

The numerical values of input parameters about which researches were carried out in
all graphics, except the ones with altered parameters are selected as below.

p =400 mm; g = 157.5 mm; a = 50; z = 900; 6= 30; wo =40 r/s; £ =0.5; n =720
number

The dimensions of the crank-rocker mechanism concluded in accordance with this
data are:

ri=438.6 mm; r=17.4 mm; r3= 174.9 mm; rs = 400.0 mm

The relative velocity, Vex, and relative displacement, Stx 0f peanut over screen are
drawn into graphs. In the earlier graphs, figs. 9 and 10, with the research of p, it is observed
that with increase of p values, the magnitude of relative velocity and the relative displacement
rise up. Moreover, from fig. 23, with the increase of p, screening index increases rapidly but
after p =400 mm reduction may be observed. As a conclusion, the selection of p large causes
difficulty to the screening process. For q with respect to figs. 11, 12, and 23, it is possible to
say that the relative velocity, the relative displacement and screening index are not much ef-
fected. This provides freedom of choice to the designer in selecting g. In the low values
(about w> = 20 r/s) of w, drive link angular velocity which is one of the operational parame-
ters, it is observed from figs. 13 and 14 that the peanut from time to time remains still and mo-
tionless on the screen, while the grain jumps on the screen in case of higher values (about
wo = 70 r/s). As it could be observed in fig. 23, angular velocity has a significant effect on the
screening index as well. This situation shows that the angular velocity should be selected
among the specific limit values. From figs. 15 and 16 the effects of the friction coefficient, 4,
between the screen and the product can be discussed. Observing that in fig. 15, the friction
coefficient effect is not effective at an essential degree in the relative velocity, it is seen that it
generates a retarding effect in the relative motion as in fig. 16. Moreover, it can be observed,
from fig. 23, that the screening index is not excessively effected after 0.2 value of the friction
coefficient. This refers to the necessity of taking some precautions in the other parameters
against the probable negative effects of friction coefficient arising from screening of different
products. Effects of oscillation angle o are demonstrated in the curves of figs. 17 and 18. In
the event the curves are examined, as higher as the « value as higher the relative velocity and
relative displacement amplitude. Apart from this, it can be observed that with the increase of
o parameter, screening index will increase rapidly and reduce after « = 60 as in fig. 23. Since
this situation will be negatively effecting the screening, « should be selected carefully.

For the systems where adjustment possibilities exist, one of the variants which can be
considered among the operational parameters is the ¢ angle showing the screen inclination. In
fig. 23 a slowly reduction of screening index is observed when the &increases. Whereas, in figs.
19 and 20 even though little amount of & 'is seen to have increasing effects on relative velocity
and relative displacement. However, the increases in the &, shows that the peanuts have taken
greater displacement on the screen. As a result, it could be suggested that it is an advantage for
the sake of an efficient screening that the screen makes an amount of angle with the horizon.
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Figure 23. Variation of screening index at efficient parameters at screening

From the general evaluation of the graphs, the operation revolution needs to be se-
lected greater than, wy, 20 r/s and smaller than 40 r/s, the oscillation angle about, « 50, while
the existing volume and space restrictions of g taken into consideration are freely selected. Se-
lecting p = 400 mm, screen slope angle, &, about between 30 to 50 can be concluded to be
suitable for an efficient screening.

From the previous observations, the dimensions and operational revolutions of a
screen installed to a peanut breaking machine are selected. Considering, the screen parame-
ters, friction coefficient of the shell, the angular velocity which is determined by electric mo-
tor and number of revolutions. Optimum design parameters can be developed by computer
programs.

The relative velocity and relative displacement of the peanut seed and shell are
shown in figs. 21 and 22. As seen in both graphs, it is observed that for the low revolution and
low friction coefficients causes the difficult screening. So, it will not be a mistake to say that
over reducing operating revolution causes seed and shell to accumulate, while over increasing
of revolution will lead to the removal of screening.
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Figure 24. Manufactured vibratory screen model; (a) drawing of model and (b) photo of model

(a)

Conclusion

In this study an algorithm has been developed for the designing of a vibratory screen
that could provide the separation of the seed and shells of the peanuts. With the assistance of
this algorithm, a screen model being designed to realize specific screening criteria and the
screen was built under laboratory conditions, fig. 24. In the tests carried out on the manufac-
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tured screen, it is observed that the grains moving on the screen are in conformity with the
motion emerged in the result of the theoretical examination.
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